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T o u t  se passe  d o n c  c o m m e  si, d a n s  ces s6rums ,  it y 
a v a i t  c a p t a t i o n  de  l ' h 6 m o g l o b i n e  p a r  une  as -g lobut ine  
qui  se s a t u r e  r a p i d e m e n t ,  apr~s  quo i  l ' h 6 m o g l o b i n e  
migre  l i b r e m e n t  e t  se p lace  su r  le f r o n t  des  f l -globulines.  

Nous  a v o n s  d ' a i l l eu r s  p u  m o n t r e r  que  c e t t e  c a p t a t i o n  
de l ' h 6 m o g l o b i n e  p a r  une  a , -g lobu l ine  c o n d u i t  ~ u n  
c o m p l e x e  de mob i l i t 6  i n t e r m 6 d i a i r e  e n t r e  celle d ' u n e  
e2- e t  d ' u n e  f l -g lobul ine  (Fig. 2). E n  effet ,  apr~s  l ' a d d i t i o n  
d ' h 6 m o g t o b i n e ,  o n  t r o u v e  su r  le p h 6 r o g r a m m e  color6 
l ' a m i d o  schwarz ,  u n e  f r a c t i o n  a p p a r e m m e n t  nouve l l e ,  
e n t r e  les as- e t  les f l -globul ines ,  e t  qu i  c o r r e s p o n d  A la  
t a c h e  h rep6r6e  au  c r a y o n .  E n  m S m e  t e m p s ,  l ' e m p l a c e -  
m e n t  des a~-globul ines  s ' e s t  v id6  e t  il n ' y  r e s t e  q u ' u n e  
f r ac t i on  m i n e u r e  qu i  ne  s e m b l e  pas  a v o i r  r6agi.  Ceci 
c o n d u i t  au  d i a g r a m m e  /~ t ro i s  s o m m e t s  in t r iqu6s ,  que  
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Fig. 1. a h~moglobine; b h~moglobine additionn~e de 10/~1 de s6rum; 
c h~moglobine additionn6e de 1/~I de s~rura. La raoiti~ sup6rieure du 
ph~rogramme est eolor~e ~ l'amido sehwarz. Dans la rnoit~ inf~rieure 

on pergoit la tache h tr+s l~g~rement indiqu~e. 

Fig. 2. Diagramme pointill6: sfirum ~ ~l~vation des ~2-globulines; 
diagramme en ligne continue: m~me s~rum apr~s addition d'hfmo- 
globine.-  Ph~rogrammes: sup6rieur: m~me sdrum; inf6rieur: m~me 

s~rum additionn~ d'h~moglobine. 

nous  a v i o n s  r e t r o u v 6  su r  des s 6 r u m s  16gSrement  h6- 
mo ly t i ques .  

L a  c a p t a t i o n  de l ' h 6 m o g l o b i n e  p a r  u n e  e2-globul ine  
rappe l le  le c o m p o r t e m e n t  de l ' h a p t o g l o b i n e  de JAYLE e t  
POLONOVSKI 1. VAN ROYEN s a d 6 m o n t r 6  d ' a u t r e  p a r t ,  
que l ' h a p t o g l o b i n e  e s t  c o n g r u e n t e  ~ une  f r a c t i o n  im-  
p o r t a n t e  e t  h a u t e m e n t  v a r i a b l e  des  a2-globul ines .  N o u s  
c royons  d o n e  p o u v o i r  i d e n t i f i e r  la  t a c h e  h au  c o m p l e x e  
h a p t o g l o b i n e / h 6 m o g l o b i n e .  

Ce t t e  o b s e r v a t i o n  n o u s  s e m b l e  d ' u n  in t6 r~ t  c e r t a i n :  
route  t r a c e  d ' h 6 m o l y s e  d i m i n u e  a p p a r e m m e n t  la  q u a n t i t 6  
des ~2-globulines a v a n t  d ' i n f l u e n c e r  l ' e s t i m a t i o n  des  
f l -globulines;  ce t  e f fe t  se ra  d ' a u t a n t  p lus  n e t  que  l'~.,-glo- 
bul ine  se ra  en  c o n c e n t r a t i o n  s u p r a n o r m a l e .  Ce ph6no-  
m~ne fe ra  done  6ca r t e r  de l ' a n a l y s e  61ec t rophor6 t ique  
c o u r a n t e  t o u s l e s  s6 rums /~  t r a c e  d ' h 6 m o l y s e .  I1 p o u r r a i t ,  
d ' a u t r e  p a r t ,  p e r m e t t r e  u n  dosage  de t ' h a p t o g l o b i n e  l ibre.  

R. J .  WI~ME 
Clinique mddicale, Universitd de Gand, le lO ]uin 1953. 

1 M. F. JAYLE et ABDELLATIF, Bull. Soe. Chim. Biol. 28, 80 (1946). 
A. H. H. VAN RoYEY dans L. W. JANSEN: Electrophoretic 

studies on serum proteins (1951), p. 94. 

S u m m a r y  

U s i n g  p a p e r  e l ec t rophores i s ,  t h e  a u t h o r  f o u n d  t h a t  
w h e n  h u m a n  h e m o g l o b i n  is a d d e d  to  h u m a n  sera,  i t  is 
c a p t u r e d  b y  a f r a c t i o n  of t h e  a2-globul in,  w h i c h  r e s u l t s  
in a c o m p o u n d  w i t h  a n  e l e c t r o p h o r e t i c  m o b i l i t y  b e t w e e n  
t h a t  of a2-globul in  a n d  f l -globul in.  

H e  iden t i f i e s  t h i s  f r a c t i o n  of t h e  xs-g lobul in  w i t h  t h e  
h a p t o g l o b i n  d i s c o v e r e d  b y  JAYLE. T h i s  p h e n o m e n o n  
m a y  i n f l u e n c e  t h e  e s t i m a t i o n  of as -g lobu l in  e v e n  in  
s l i gh t l y  h e m o l y t i c  sera.  

Catalase  Inhibit ion:  A Poss ib le  M e c h a n i s m  
for the Product ion  of Heinz  Bodies  

in Ery throcy te s  

I t  h a s  long  b e e n  r e c o g n i z e d  t h a t  inc lus ion  b o d i e s  in  
m a m m a l i a n  red  b l o o d  cells  s i m i l a r  to  t hose  o r i g i n a l l y  
de sc r ibed  b y  ROBERT HEINZ 1 c a n  be  p r o d u c e d  in vivo 
a n d  in  vitro b y  m a n y  tox i c  s u b s t a n c e s .  So d ive r se  a re  

i R. HEIyZ, Virch. Arch. path. Anat. 122, 112 (1890}. 
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t h e  c o m p o u n d s  k n o w n  to  p r o d u c e  HEINZ bod ies  t h a t  
no  c o m m o n  fac to r  is a p p a r e n t  a m o n g  t h e m ,  a n d  WEBS- 
• ER x in  a r e c e n t  r e v i e w  was  fo rced  to  c o n c l u d e  t h a t  
" o u r  k n o w l e d g e  of  t h e  r e l a t i o n s h i p  b e t w e e n  c h e m i c a l  
c o n s t i t u t i o n  a n d  HEINZ b o d y  f o r m a t i o n  is q u i t e  f rag-  
m e n t a r y " .  

T h e  a p p e a r a n c e  of HEINZ bod ie s  in  r e d  cells is a l w a y s  
a s soc i a t ed  w i t h  h a e m o g l o b i n  d e g r a d a t i o n ,  a n d  i t  is 
w ide ly  a c c e p t e d  t h a t  t h e  r e f rac t i l e  i nc lus ion  bod ies  
cons i s t  for  t h e  m o s t  p a r t  of p r o d u c t s  of h a e m o g l o b i n  
b r e a k d o w n .  WARBURG g~ o~l. ~° a n d  HORECKER ~ s h o w e d  
t h a t  HEINZ b o d i e s  r e s e m b l e  d e n a t u r e d  p r o t e i n  in  
s t r u c t u r e  a n d  p r o p e r t i e s .  D e n a t u r a t i o n  of t h e  p r o t e i n  
m o i e t y  of h a e m o g l o b i n ,  t h e n ,  w o u l d  a p p e a r  to  be  a n  
e a r l y  s t age  in  HEINZ b o d y  f o r m a t i o n .  T h e  prec ise  f a t e  
of t h e  h a e m  p r o s t h e t i c  g r o u p  is m o r e  p r o b l e m a t i c a l .  
R o s z ~  a n d  SPICER ~ h a v e  e f f ec t ive ly  s e p a r a t e d  t t ie  
d e n a t u r e d  g lob in  f r o m  HEINZ bodies ,  w h i c h  t h e n  c o n t a i n  
on ly  a sma l l  r es idue  of p ro t e in ,  pos s ib ly  as  a c o n t a m i n a n t .  
T h e s e  e x t r a c t e d  bod ie s  a re  v e r y  o p a q u e  in e l e c t r o n  
m i c r o g r a p h s ,  as are  t h e  H E i n z  bod ies  d e v e l o p i n g  i n  s i t u  
in  t h e  r ed  cell ~, T h e  o p a c i t y  has  b e e n  a t t r i b u t e d  to  t h e  
i ron  c o n t e n t  of t h e s e  bodies% T h e  h a e m  g r o u p  m a y  t h u s  
also be  d e g r a d e d  in  HEINZ b o d y  f o r m a t i o n ,  p e r h a p s  b y  
o p e n i n g  of t h e  r i ng  a t  t h e  a - m e t h e n e  l i n k a g e  to  g ive  
c o m p o u n d s  of t h e  t y p e  d e s i g n a t e d  as cho l eg l ob i n  b y  
LEM~ERGL A r a t h e r  i l l -de f ined  g r o u p  of g r e e n  p i g m e n t s  
c a n  b e  o b t a i n e d  in  h a e m o g l o b i n  d e g r a d a t i o n  w h i c h  
a p p e a r  to  r e s e m b l e  one  a n o t h e r  spec t roscop ica l ly ,  b u t  
n o t  in  o t h e r  p r o p e r t i e s ;  for  c o n v e n i e n c e  t h e y  wil l  be  
r e f e r r ed  to  b y  t h e  gene r a l  t e r m  " c h o l e g l o b i l i " .  I n t a c t  
h a e m ,  c h o l e g l o b i n  a n d  b i le  p i g m e n t s  c a n  a l l  be  e x t r a c t e d  
f r o m  HEINZ bod ie s  ~. 

T h e r e  is also gene ra l  a g r e e m e n t  t h a t  HEINZ b o d i e s  
c o n t a i n  l ipoid*.  N u m e r o u s  o b s e r v e r s  h a v e  r e m a r k e d  t h e  
f a c t  t h a t  HEINZ bod ie s  are  f o r m e d  a t  t h e  p e r i p h e r y  of 
t h e  cell, a n d  t h i s  h a s  b e e n  c o n f i r m e d  b y  e l e c t r o n  m i c r o -  
g r a p h  s tud ie s  to. I t  h a s  b e e n  p r o p o s e d  t h a t  t h e  bod ies  a re  
d e r i v e d  in  p a r t  f r o m  t h e  cell  m e m b r a n e  xl, b u t  BRAUN- 
STEINER Bt El. 1~ h a v e  s h o w n  n o  c o n n e c t i o n  b e t w e e n  
HEINZ bod ies  a n d  t h e  m e m b r a n e  a n d  h a v e  p r o p o s e d  t h a t  
t h e  i nc lu s ions  are  d e r i v e d  f r o m  t h e  e r y t h r o c y t e  s t r o m a .  
I n  a n y  case,  t h e  m e m b r a n e  is a f f ec t ed  b y  t h e  r e a c t i o n s  as 
i n d i c a t e d  b y  t h e  m a r k e d l y  r e d u c e d  o s m o t i c  f r a g i l i t y  of 
r ed  cells w i t h  HEINZ b o d i e s  ~ .  T h u s  i t  w o u l d  a p p e a r  t h a t  
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HEINZ b o d y  f o r m a t i o n  is a s soc i a t ed  w i t h  cons iderable  
a l t e r a t i o n  of t h e  r ed  cell c o m p o n e n t s  a n d  t h a t  t he  break- 
d o w n  of h a e m o g l o b i n  is o n l y  p a r t  of t h e  process .  

S o m e  of  t h e  s u b s t a n c e s  k n o w n  to  p r o d u c e  HEINZ bod- 
ies also l ead  to  t h e  f o r m a t i o n  of m e t h a e m o g l o b i n ,  and 
m a n y  worke r s  h a v e  a c c e p t e d  o x i d a t i o n  of haemog lob in  
as  p a r t  of t h e  s e q u e n c e  of e v e n t s  i n i t i a t e d  b y  t h e  toxic 
a g e n t  1. H o w e v e r ,  i nc lu s ions  of t h e  s a m e  t y p e  occur  in 
t h e  cells of p r e m a t u r e  n e o n a t e s  in  t h e  a b s e n c e  of methae-  
m o g l o b i n  f o r m a t i o n  2, a n d  some  c o m p o u n d s  w h i c h  form 
HEINZ bodies ,  s u c h  as m e t h y l e n e  b lue  8 a n d  Nile blue 
s u l p h a t O ,  a c t u a l l y  r e d u c e  m e t h a e m o g l o b i n  in  t he  red 
cells. T h u s  m e t h a e m o g l o b i n  f o r m a t i o n  does n o t  seem 
to  be  a n  e s sen t i a l  s t age  in  t h e  process .  

One  c o m m o n  p r o p e r t y  of t h e  t o x i c  s u b s t a n c e s  pro- 
d u c i n g  HEII~Z b o d i e s  w h i c h  h a s  h i t h e r t o  b e e n  over- 
l ooked  is t h e i r  d i r ec t  or  i n d i r e c t  i n h i b i t o r y  a c t i o n  on the 
e n z y m e  ca t a l a se .  Ca t a l a se  is p r e s e n t  in  r e l a t i v e l y  large 
a m o u n t s  in  t h e  r ed  cell, w h e r e  i t  is be l i eved  t o  catalyse 
t h e  b r e a k d o w n  of h y d r o g e n  p e r o x i d e  l i b e r a t e d  b y  the 
d e h y d r o g e n a t i o n  of s u b s t r a t e s ,  n o t a b l y  h e x o s e  phos- 
p h a t e  a n d  l ac t a t e .  W e  h a v e  s u p p o s e d  t h a t  in  t h e  absence 
of a c t i v e  c a t a l a s e  h y d r o g e n  p e r o x i d e  m i g h t  accumula te  
in  t h e  r ed  cel l  in  su f f i c i en t  c o n c e n t r a t i o n  to  a t t a c k  the 
h a e m o g l o b i n  a n d  o t h e r  ce l lu la r  c o n s t i t u e n t s .  T h e  work 
of LEMBERG a n d  h is  a s soc ia t e s  B h a s  e s t a b l i s h e d  tha t  
o x i d a t i v e  b r e a k d o w n  of h a e m o g l o b i n  t o  p i g m e n t s  of the 
cho leg lob in  t y p e  c a n  b e  a c c o m p l i s h e d  eas i ly  b y  the 
a c t i o n  of h y d r o g e n  p e r o x i d e  in  t h e  p r e sence  of a reducing 
agen t ,  e.g. a scorb ic  acid.  I n  i n t a c t  r ed  cells choleg lobin  is 
r a p i d l y  p r o d u c e d  b y  t h e  a c t i o n  of h y d r o g e n  peroxide 
g e n e r a t e d  b y  D - a m i n o  ac id  ox ida se  a n d  m e t h i o n i n e  only 
w h e n  s o d i u m  az ide  is a d d e d ;  in  t h e  a b s e n c e  of this 
s u b s t a n c e ,  a power fu l  c a t a l a s e  i n h i b i t o r ,  cho leg lob in  is 
n o t  f o r m e d  6. Moreove r ,  h y d r o g e n  p e r o x i d e  oxidises 
h a e m o g l o b i n  in  a v i a n  corpusc les ,  w h i c h  h a v e  v e r y  little 
ca t a l a se ,  b u t  n o t  in  m a m m a l i a n  re0  eel lsL 

Cho leg lob in  f o r m a t i o n  ha s  b e e n  o b s e r v e d  b y  LB.~I- 
BERG a n d  LEGGE s a f t e r  i n j e c t i o n  of p h e n y l h y d r a z i n e  
i n t o  r a b b i t s .  T h i s  a g e n t ,  a p o t e n t  p r o d u c e r  of HEINZ 
bodies ,  g r e a t l y  i n c r e a s e d  t h e  a m o u n t s  of cho leg lob in  and 
b i l i v e r d i n  w h i c h  cou ld  be  i s o l a t e d  f r o m  t h e  r ed  cells. 
T h e r e  is, i n  fact ,  a r e a s o n a b l y  good  c o r r e l a t i o n  between 
t h e  f o r m a t i o n  of g r een  p i g m e n t s  of t h e  cho leg lob in  type 
a n d  HEINZ bodies .  T h u s ,  KIESE a n d  SEIPELT* have 
d e m o n s t r a t e d  t h e  p r e s e n c e  of v e r d o g l o b i n  (probably 
cho l eg lob in  x°) in  dogs  a f t e r  t h e  i n j e c t i o n  of hydroxyl-  
a m i n e  a n d  a r o m a t i c  a m i n o  a n d  n i t r o  c o m p o u n d s ,  all of 
w h i c h  p r o d u c e  HEINZ bodies .  Cho leg lob in  format ion 
t o g e t h e r  w i t h  HEINZ bod ie s  wcre  s h o w n  to  occur  after 
t h e  a d m i n i s t r a t i o n  0I a l l o x a n  a n d  a sco rb i c  ac id  ix, and a 
s imi l a r  a s s o c i a t i o n  h a s  b e e n  d e m o n s t r a t e d  b y  GAJDOS 

1 S. H. WEBSTER, Blood 4, 479 (1949). 
H. WILLS and F. HARTMEIER, Schweiz. reed. Wschr. 80, 1091 

(1950). 
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206 (1~49). 
4 M. GUTSTEIN and G. WALLEaCH, Virch. Arch. path. Anat. 267, 

144 (1928). 
5 R. LEraBERO and J. W. LEaGE, Hematin Compounds and Bile 

Pigments (Interscience, New York, I949). 
s E. C. FOOLKES and R. LE~BERG, Proc. Roy. Soc. [B] 136, 435 

(1949). 
7 V. S. SHAPOr, Biokhimiya 3, 430 (1938). Quoted by 5. 
s R. LEMBERG and J. ~V. LEGGE, Aust. J. Exp. Biol. Med. Sci. I$, 

95 (1940). 
9 M. KIESE and L. SEIPELT, Arch. exp. Path. Pharmakol. 2no, 

648 (1943). 
10 R. L~MBERG and J. W. LE~E, It~matin Compounds and Bile 

Pigments (Interscienee, New York, 1949). 
11 D. MEELINI, Folia Endocrinol. 4, 1 (1951). 
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a n d  TIPREZ x for  a n u m b e r  of tox ic  a g e n t s .  LEMBERG a n d  
LEGGE 2 h a v e  c o n c l u d e d  t h a t  " t h e  c h a n g e s  w h i c h  axe 
o b s e r v e d  in  e r y t h r o c y t e s  a f t e r  p h e n y l h y d r a z i n e  t r e a t -  
m e n t  a re  e n t i r e l y  c o n s o n a n t  w i t h  cho l eg l ob i n  f o r m a t i o n .  
T h e  s p e c t r o s c o p i c  ev idence ,  t h e  i so l a t ion  of free b i l i ve r -  
d in ,  t h e  a p p e a r a n c e  of d e n a t u r e d  g lob in  in  t h e  H e i n z  
bod ies  a n d  t h e  p r e sence  of l ab i l e  i ron  all  r e p r e s e n t  a s pec t s  
of a s ingle  p rocess" .  

P e r u s a l  of a l is t  of t ox i c  s u b s t a n c e s  p r o d u c i n g  HEINZ 
bod ies  "~ r evea l s  t h a t  m a n y  are  k n o w n  c a t a l a s e  inh ib i to r s% 
e.g. h y d r a z i n e ,  p h e n y l h y d r a z i n e ,  a c e t y l p h e n y l h y d r a z i n e ,  
h y d r o x y l a m i n e ,  p o t a s s i u m  c h l o r a t e  a n d  p o t a s s i u m  
cyan ide .  S ince  m o s t  of t h e s e  s u b s t a n c e s  will  c o m b i n e  
w i t h  h a e m  i ron  in  genera l ,  t h e y  m i g h t  a c t  d i r e c t l y  on  
h a e m o g l o b i n  or  i n d i r e c t l y  t h r o u g h  c a t a l a s e  i n h i b i t i o n .  
Some  of t h e s e  s u b s t a n c e s ,  n o t a b l y  h y d r a z i n e ,  c a n  pro-  
duce  cho l eg lob in  in  so lu t i ons  of h a e m o g l o b i n  1, b u t  i t  is 
d i f f i cu l t  t o  f i t  a l l  t h e  k n o w n  tox i c  s u b s t a n c e s  i n t o  t h i s  
p a t t e r n .  W e  h a v e  t h e r e f o r e  e x a m i n e d  t h e  pos s i b i l i t y  
t h a t  a g e n t s  p r o d u c i n g  HEINZ bod ie s  a c t  b y  i n h i b i t i o n  
of r ed  cell  c a t a l a s e ,  a n d  t h i s  c o m m u n i c a t i o n  e m b o d i e s  
t he  r e su l t s  of our  p r e l i m i n a r y  s tud ies .  

1. Production o[ HEINZ bodies with sodium azide.--To 
ou r  knowledge ,  t h e  p r o d u c t i o n  of HEINZ bod ie s  b y  
s o d i u m  azide,  a p o t e n t  c a t a l a s e  i n h i b i t o r ,  h a s  n o t  b e e n  
p r e v i o u s l y  e x a m i n e d .  W e  h a v e  o b s e r v e d  t h a t  h u m a n  r e d  
b lood  cells i n c u b a t e d  in 10-* 3 I  s o l u t i o n s  of s o d i u m  az ide  
in  i so ton i c  g lucose -c i t r a t e - s a l i ne  c o n t a i n  a la rge  n u m b e r  
of HEINZ b o d i e s  a f t e r  6 h,  as  s h o w n  b y  s u p r a v i t a l  
s t a i n i n g  w i t h  0.5 % m e t h y l  v io le t .  

T h e  p r o d u c t i o n  of HEINZ b o d i e s  b y  s o d i u m  az ide  
shows  a m a r k e d  t e m p e r a t u r e  d e p e n d e n c e .  T h e  o p t i m a l  
t e m p e r a t u r e  is 37°C; a t  r o o m  t e m p e r a t u r e ,  few are  
fo rmed ,  a n d  a t  I ° C  n o n e  a t  all. T h i s  c o n f i r m s  t h e  r e su l t s  
o b t a i n e d  b y  GAJDOS a n d  TIPREZ 1 w i t h  o t h e r  s u b s t a n c e s ,  
a n d  sugges t s  t h a t  a c t i v a t i o n  of one  or  m o r e  e n z y m e  
s y s t e m s  is i n v o l v e d .  

2. Production of HEINZ bodies with 2:4-dichlorphenol. 
I t  h a s  r e c e n t l y  b e e n  r e p o r t e d  t h a t  2 : 4 - d i c h l o r p h e n o l  is 
a s e l ec t ive  i n h i b i t o r  of c a t a l a s e  ~. T h i s  s u b s t a n c e  does  
n o t  a p p e a r  to  c o m b i n e  w i t h  h a e m  i r o n ;  t h e r e  a re  n o  
c h a n g e s  in t h e  s p e c t r a  of e i t h e r  c a t a l a s e  or  h a e m o g l o b i n  
in i t s  p resence ,  n o r  does  i t  i n h i b i t  t h e  a c t i v i t y  of o t h e r  
i r o n - c o n t a i n i n g  e n z y m e s  s u c h  as pe rox idase .  T h e  in-  
h i b i t o r y  e f fec t  seems  to  be due  to  c o m b i n a t i o n  w i t h  t h e  
p r o t e i n  c o m p o n e n t  of ca ta l a se .  T h e  c o m p o u n d  g ives  
50 % i n h i b i t i o n  of pu r i f i ed  c a t a l a s e  a t  a c o n c e n t r a t i o n  of 
2 × 10 -6 M .  

I n c u b a t i o n  of h u m a n  e r y t h r o c y t e s  a t  37°C for  6 h 
w i t h  s o l u t i o n s  of 2 : 4 - d i c h l o r p h e n o l  in  g l u c o s e - c i t r a t e -  
sa l ine  s h o w s  t h a t  l a rge  n u m b e r s  of HEINZ b o d i e s  a re  
p r o d u c e d  in  c o n c e n t r a t i o n s  as  low as 10 -5 3 I ;  few of t h e  
red  cells c o n t a i n  HEINZ bod ie s  w i t h  c o n c e n t r a t i o n s  of  
2 × 10 -6 1~I or  less. T h e r e  is t h e  s a m e  t e m p e r a t u r e  de-  
p e n d e n c e  as e x h i b i t e d  b y  azide.  

T h e  c o n c e n t r a t i o n s  of 2 : 4 - d i c h l o r p h e n o l  t h a t  p r o d u c e  
HEINZ bodies  are  s im i l a r  to  t h o s e  k n o w n  to  i n h i b i t  
ca ta lase .  As m e n t i o n e d  above ,  t h i s  s u b s t a n c e  does  n o t  
c o m b i n e  w i t h  h a e m  i ron ,  a n d  a l t h o u g h  t h e  p o s s i b i l i t y  
does e x i s t  t h a t  i t  cou ld  c o m b i n e  w i t h  g lob in  a n d  d e g r a d e  
the  h a e m o g l o b i n  b y  d i r e c t  ac t ion ,  t h i s  s eems  un l ike ly .  

T h e s e  e x p e r i m e n t s  s u g g e s t  t h a t  c a t a l a s e  i n h i b i t i o n  
m a y  b e  t h e  f i r s t  s t e p  in  t h e  r e a c t i o n s  l e ad i ng  to  t h e  
p r o d u c t i o n  of HEINZ bodies .  T h i s  does  n o t  exc l ude  

I A. GAJDOS and G. TIPREZ, Sang 18, 35 (1947). 
2 R. LE,~tSERG and J. W. LEGGE, 1OC. cir. 
a S. H. WEBSTER, Blood if, 479 (1949). - A. GAJDOS and G. 

TIPREZ, Sang lS, 35 (1947). 
4 H. BLASCHKO, Biochcm. J. 29, ~303 (1935). 
~i p. L. GOLDACRE and A. W. GALSTON, Arch. Biochem. Biophys. 

d i r e c t  a c t i o n  of t ox i c  s u b s t a n c e s  on  h a e m o g l o b i n  a n d  i t  
is p r o b a b l e  t h a t  m e t h a e m o g l o b i n  is f o r m e d  as  a n  inde -  
p e n d e n t  r e a c t i o n  w i t h  m a n y  of t h e  c o m p o u n d s  used.  T h e  
h y p o t h e s i s  of c a t a l a s e  i n h i b i t i o n  is s u p p o r t e d  b y  f u r t h e r  
ev idence .  S u l p h a p y r i d i n e  h a s  b e e n  s h o w n  b y  CLVMAN t 
to  p r o d u c e  in vivo i n h i b i t i o n  of c a t a l a s e  in  t h e  r e d  cell  
a n d  t h i s  d r u g  is well  k n o w n  as a c a u s a t i v e  a g e n t  in  t h e  
p r o d u c t i o n  of HEINZ bod ies  2. 

I n t e r f e r e n c e  w i t h  t h e  a c t i o n  of c a t a l a s e  f u r t h e r  p ro-  
v ides  a bas i s  for  e x p l a i n i n g  t h e  p r o d u c t i o n  of HEINZ 
bod ies  b y  m e t h y l e n e  b lue  3 a n d  b y  Ni le  b lue  s u l p h a t e  4. 
Dyes  w i t h  a r e l a t i v e l y  h i g h  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l ,  
n o t a b l y  m e t h y l e n e  blue ,  a cce l e r a t e  t h e  o x y g e n  u p t a k e  
of  i n t a c t  r e d  cells  ~. A u t o x i d a t i o n  of t h e  dyes  in  t h i s  
s y s t e m  leads  to  t h e  p r o d u c t i o n  of h y d r o g e n  pe rox ide ,  
w h i c h  c a n  c o m b i n e  w i t h  t h e  h a e m o g l o b i n  a n d  ox id i se  i t .  
S u c h  d e g r a d a t i o n  of t h e  h a e m o g l o b i n  w o u l d  be  p r e v e n t -  
ed  b y  a c t i v e  ca t a t a se ,  b u t  excess  h y d r o g e n  p e r o x i d e  in  
t h i s  s y s t e m  i n a c t i v a t e s  t h e  c a t a l a s e  i r r e v e r s i b l y  6, T h i s  
t y p e  of i n h i b i t i o n  b y  i n a c t i v a t i o n  is t y p i c a l  of a sco rb i c  
ac id  8 a n d  b o t h  cho leg lob in  a n d  HEINZ bod ies  c an  be  
p r o d u c e d  in  r ed  cells  b y  excess  a scorb ic  ac idL  

T h e  v i ew  t h a t  c a t a l a s e  m a y  f u n c t i o n  as a p r o t e c t i v e  
a g e n t  in  t h e  r ed  cell is b y  n o  m e a n s  new. BINGOL3 s, i n  
p a r t i c u l a r ,  a t t e m p t e d  t o  p r o v e  t h a t  t h e  f u n c t i o n  of 
c a t a l a s e  in  t h e  r ed  cell  is t h e  p r o t e c t i o n  of h a e m o g l o b i n  
a g a i n s t  d e s t r u c t i o n  b y  h y d r o g e n  pe rox ide .  H o w e v e r ,  h i s  
e x p e r i m e n t s  were  c a r r i e d  o u t  w i t h  r e l a t i v e l y  e n o r m o u s  
c o n c e n t r a t i o n s  of  h y d r o g e n  p e r o x i d e  w h i c h  b r i n g  a b o u t  
a n  u n p h y s i o l o g i c a l  b r e a k d o w n  of h a e m o g l o b i n  to  
co lour less  p r o d u c t s ,  T h e  e x p e r i m e n t s  c a n n o t  be  a c c e p t e d  
in  s u p p o r t  of h is  h y p o t h e s i s ,  n o r  c a n  his  a s s u m p t i o n  t h a t  
s e p a r a t i o n  of c a t a l a s e  f r o m  h a e m o g l o b i n  in  t h e  k i d n e y  
causes  h a e m o g l o b i n  b r e a k d o w n .  I n d e e d ,  KEILIN a n d  
HARTREE 9 h a v e  e x p r e s s e d  d o u b t s  a b o u t  t h e  b io log ica l  
a c t i v i t y  of c a t a l a s e  as  a m e a n s  of p r e v e n t i n g  a c c u m u l a -  
t i o n  of  h y d r o g e n  p e r o x i d e  in  t h e  cell ;  t h e y  s u g g e s t  t h a t  
i t  m a y  h a v e  a p e r o x i d a t i v e  f u n c t i o n  in m o s t  cells. T h i s  
v iew is n o t  s h a r e d  b y  LEMBERG a n d  LEGGE 10, a n d  t h e  
r e su l t s  of o u r  i n v e s t i g a t i o n s  s u p p o r t  t h e  ea r l i e r  be l i e f  
t h a t ,  in  t h e  e r y t h r o c y t e  a t  leas t ,  c a t a l a s e  f u n c t i o n s  as  a 
p r o t e c t i v e  a g e n t  for  t h e  whole  cell a g a i n s t  t h e  p r o d u c t s  
of r e sp i r a t i on .  S u b s t a n c e s  i n h i b i t i n g  c a t a l a s e  a n d  t h e r e b y  
l e a d i n g  to  a n  a c c u m u l a t i o n  of h y d r o g e n  p e r o x i d e  w o u l d  
p r o d u c e  d e g r a d a t i o n  of h a e m o g l o b i n  a n d  also o t h e r  cell  
c o m p o n e n t s ,  in  p a r t i c u l a r  t h e  l ipo ids  a n d  p r o t e i n s  of t h e  
m e m b r a n e  a n d  t h e  s t r o m a .  F u r t h e r  e x p e r i m e n t s  a re  
b e i n g  c a r r i e d  o u t  to  i n v e s t i g a t e  t h e  r e l a t i o n  of b r e a k -  
d o w n  of t h e s e  c o m p o n e n t s  t o  t h e  f o r m a t i o n  of HEINZ 
bodies .  S. t~RENNER 11 a n d  A. C. ALLISON 1~ 
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Zusammen]assung 

E x p e r i m e n t e l l  wird  gezeigt ,  dass He inzsche  K S r p e r  
du rch  niedere  K o n z e n t r a t i o n e n  yon  N a t r i u m a z i d  und  
2 : 4 -d ich lorphenol  geb i lde t  werden .  Diese S u b s t a n z e n  
h e m m e n  Ka ta l a se  s tark ,  und es wird a n g e n o m m e n ,  dass 
die K a t a l a s e h e m m u n g  die ers te  S tufe  b e i m  A b b a u  VOlt 
H~imoglobin und  andere r  Ze l lbes tand te i le  ist. Dies ff ihr t  
zur  Bi ldung  yon  He inzschen  K6rpern .  

l ~ b e r  e i n e n  m u s k e l a k t i v e n  W i r k s t o f f  
aus  der  A d r e n a l i n r e i h e  ( A d r e n o c h r o m ) ~  

Die I so l i e rung  des ausse ro rden t l i ch  f l i ich t igen  und  i m  
Gewebe  - vo r  a l lem i m  que rges t r e i f t en  Musket  - ve rbre i -  
t e t en  Wirks to f fes  A d r e n o c h r o m  (GREEr¢ und  RICHTER 2) 
und  die Da r s t e l l ung  eines s tab i len  P r~para t e s  Monosemi-  
k a r b a z o n d e r i v a t  des A d r e n o c h r o m s  (BRAcOmER, LB 
B m A ~  und  BEAODET~), n~ml ich  das Adrenoxyl* ,  h a t  
neuerd ings  unser  In teresse  e rweck t  und  neue  Gesichts-  
p u n k t e  ffir das  S t u d i u m  des Muskels tof fwechse ls  er-  
6f iner .  

B e k a n n t l i c h  wi rd  A d r e n o c h r o m  aus d e m  Adrena l in  
fiber das en t sp r echende  Chinon  a u f g e b a u t  (Formel) .  

Das  A d r e n o c h r o m  is t  als ein O x y d a t i o n s p r o d u k t  
des Ad rena l i n s  und  w i rk t  als h o c h a k t i v e r  V~asser - 
s to f f f iber td tger  ffir b e s t i m m t e  Oxydoreduk t ionsp rozesse .  
Dies  geh t  auch  aus dem hohen  R e d o x p o t e n t i M  des Adre-  
na l inch inons  hervor ,  n~ml ich  E ' +  380. Es  spie l t  also 
eine wesen t l i che  Rol le  bei k a t a l y t i s c h - f e r m e n t a t i v e n  
Prozessen  im Organ i smus  des S~uget ieres .  

E ine  Ana lyse  der  b io logischen W i r k u n g  des Adreno-  
ch roms  war  e rs t  m i t  Hi l fe  des s tab i le ren  Adrenoxy l s ,  das 
im K6rpe r  zu A d r e n o c h r o m  a b g e b a u t  und  schliessl ich 
durch  die Nie ren  zum Tell  als I ndo l  (6 %) ausgesch ieden  
wird (FISCHER und  LECOMTES), m6gl ich .  

Diese  S tud ien  ze ig ten  einige Ifir die Phys io log ic  des 
Muskels tof fwechse ls  sehr  in te ressan te  Ergebnisse .  

Methodik 
1. Die  ind i rek te  Re i zung  des f re ip r~par ie r t en  Musculus  

gas t rocnemius  ff ihr t  be im K a n i n c h e n  (unter  U r e t h a n -  
narkose)  nach  A d r e n o x y l - V o r b e h a n d l u n g  - in t raa r te r i e l l e  
I n j e k t i o n  y o n  1 × 50 y A d r e n o x y l / 2  kg  - zu e iner  deut l i -  
chen  und  s ign i f ikan ten  K o n t r a k t i o n s v e r s t / i r k u n g .  Diese 
t r i t t  schon nach  5 rain ein und  e r re ich t  nach  15 min  eine 
hohe,  n a c h  40 rain die  hSchs te  W i r k u n g .  N a c h  e t w a  60 
rain f/illt  die K u r v e  wieder  l angsam,  nach  e inem T e t a n u s -  
reiz sehr  steil  ab. 

1 Herrn Professor Dr. HANS VON I~ULER, Stockholm, zum 80. 
Geburtstag. 

2 D. E. GREEN und D. RICHTER, Biochem. J. 31, 596 (1937). 
~t F. BRACONIER, H. LE BIHAN et C. BEAUDET, Arch. internat. 

Pharm. Ther. 69, 181 (1943). 
t i  F~r die freundliche ~berlassung der Versuchsmengen des Pr/i- 

p~ates Adrenoxyl sei den Herstellern, Labaz AG. (Basel, Br(issel, 
den Haag, Paris), bestens gedankt. 

P. PINCHER und J. LECOMT G J. Rev. Med. Liege 6, [9], 224 
(19SI). 

2. E i n e n  ana logen  E f f e k t  erz ie l t  m a n  bei R a t t e n  (in 
Narkose) .  Nach  i n t r aven6se r  I n j e k t i o n  einer  Adrenoxyl-  
15sung (1 rag/Tier) ,  :Hihrt die ind i rek te  Re i zung  des 
Musculus  ga s t rocnemius  zu e iner  rasch ansteigenden,  
l a n g a n h a l t e n d e n  (fiber 60 min)  Kont rak t ionsvers t / i r -  
kung,  die wir  g raph isch  (in K u r v e  Nr.  l b) festhielten. 
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Abb. Ia. Mittelwertskurve (mittleres Summenpolygon) des Verbal- 
tens yore Musculus gastrocnemius (Ratten) naeh indirekter Reizung, 

je 3 Reize nach 2 rain ohne Adrenoxylvorbehandlung. 

3. B e i m  Menschen  liess sich ein ~muskeldynamischer  
Effekt,~ des A d r e n o c h r o m s  nach  V e r a b r e i c h u n g  des Deft- 
v a t s  Adrenoxyl ebenfa l l s  fests tel len.  Die  %Virkung trat 
schon a m  3 ,  deu t l i cher  j edoch  a m  6. T a g  nach  t~glicher 
I n j e k t i o n  yon  0,5 m g  Adrenoxyl (1 Ampul le )  intramus-  
kul~tr oder  3 × 1 his 4 × 2 A d r e n o x y t t a b l e t t e n  zu 2,5 mg 
t~tglich ein. B e i m  Menschen  lgsst  sich die ~Virkung nicht 
a m  e inze lnen  Muskel,  sondern  nu r  in der  G e s a m t h e i t  und 
bes tenfa l ls  an e inem Muskelbf indel  s tudieren .  Die Prii- 
l u n g  Iand  a m  3. und  a m  6. T a g  nach  Adrenoxy lve rab-  
r e i chung  du rch  Messung und  Reg i s t r i e rung  der  Arbeits- 
le i s tung des r ech ten  oder  l inken  Mit te l f ingers  am Ergo- 
g r aph  nach  M o s s o  s t a t t .  D u r c h  F i x i e r u n g  des  Unter- 
a rmes  a m  Prf i fungs t i sch  wi rd  nu r  eine Beugung-Hebung  
des ges t r eck ten  Mit te l f ingers  e rm6gl ich t ,  An  seinem End- 
gl ied wird ein 2 -kg-Gewich t  m i t  e iner  Lederschl inge  be- 
fest igt .  Dieses G e w i c h t  soll  d u t c h  B e u g u n g  des Mittel- 
I ingers  in der  Ze i t e inhe i t  (je Sekunde)  ma. ,dmal  gehoben 
werden.  Die H u b h 6 h e  sowie H u b z a h l  k6nnen  durch  Zei- 
ger  auf  die ro t i e rende  T r o m m e l  i ibe r t r agen  und so regi- 
s t r i e r t  we rden  bis zur  v611igen E r m f i d u n g  des betreffen- 
den Muskelb t inde ls  (Musculus f lexor  und  ex tenso r  digiti 
I I I ) .  STANGL1; STANGL, JOCHUM, KWERCtt2; STANGL 3. 

Zu ana logen  Ergebn i s sen  k a m  GOFFART 4, der  die 
m u s k e l a k t i v e  XVirkung des  A d r e n o c h r o m s  in  F o r m  sei- 
nes M o n o s e m i k a r b a z o n d e r i v a t e s  (Adrenoxyt) am Rat- 
t enzwerchfe l l  nachwies ,  und  CONTAMIN und  PARROT ~ am 
isol ier ten  F roschmuske l .  Sie be r i ch ten  n ich t  nur  tiber die 
deu t l i che  Kon t r ak t ionsve r s t /~ rkung  des arbeitenden 
Muskels,  sondern  l e tz te re  wol len  auch eine Sympathikus-  
e r r egung  e n t s p r e c h e n d  der  un t e r  d e m  N a m e n  Orbelli- 
P h ~ n o m e n  b e k a n n t e n  klass ischen Adrena t inwi rkung  fest- 
ges te l l t  haben .  
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