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Effect  of  the  M e t h e m o g l o b i n e m i e  
on  H e i n z  B o d y  F o r m a t i o n  

I t  has  been  shown in a previous  p a p e r  t h a t  t he  m e t h e m o -  
globinemic p h a s e  of acu te  n i t robenzone  poisoning  precedes  
the processes founded  on pe rox ida t ive  ox ida t ion  (Heinz 
body and  verdoglob in  formation)~.  I t  seemed possible 
tha t  i t  is t h e  m e t h e m o g l o b i n e m i a  which  inh ib i t s  the  
Heinz b o d y  fo rmat ion .  This  ac t ion  of t h e  m e t h e m o -  
globinemia was inves t iga ted  in an e x p e r i m e n t  p re sen ted  
in the  p r e sen t  paper .  Our  e x p e r i m e n t a l  m e t h o d  was  
founded on  the  cyan ide -pe rox ide  t es t  ~. 

Citrate  p l a s m a  of 5.0 ml  h u m a n  blood was  sepa ra t ed  
by cen t r i fuga t ion  and  15 ml of 2% sodium ni t r i te  was  
added to  t he  blood cells. Af te r  15 min  a t  room t empe r -  
ature,  the  red  cells were  washed  wi th  physiological  NaC1 

twice,  and  a f t e r  wash ing  were  compl i t ed  wi th  c i t r a t e  
p l a sma  to  5 mt. The  con t ro l  sample  was t r e a t ed  wi th  
physiological  saline ins t ead  of n i t r i te .  To 1 - 1 ml  t r e a t ed  
(methem0globinemic)  and  cont ro l  blood 1 - 1 ml 3 × 10 -~, 
3 × 10 -z, and  3 × 10 -a p o t a s s i u m  cyan ide  and  a f te r  5 min 
1 ml of 1% h y d r o g e n  pe rox ide  were added .  This  was 
carr ied a t  37°C. H y d r o g e n  pe rox ide  was dissolved in 
M/15 phospha t e  buffer  of p H  7.0. Solut ions  of lower con-  
cen t ra t ions  p repa red  f rom 3 × 10 -1 M of KCN were d i lu ted  
wi th  t he  same buffer  solut ion.  

The n u m b e r  of Heinz  bodies  in me thy lv io l e t  p repa ra -  
t ions  (supravi ta l  technique)  were c o u n t e d  on samples  
t a k e n  a f te r  90 min.  I t  was  fl)und a t  eve ry  co n cen t r a t i o n  

x L. MAGOS and M. SzxzA, Acta haemat. 22, 51 (1959}. 
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Heinz bodies produced by cyanide-peroxide test in normal (lla, Ilb, and I lc) and methemogi(~binenfic red blood cells (I a, 1 i b, and 11 e) 
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of K C N  t h a t  t h e  H e i n z  b o d y  f o r m a t i o n  was  i n h i b i t e d  in 
r ed  ceils c o n t a i n i n g  m e t h e m o g l o b i n ,  as  c o m p a r e d  w i t h  
con t ro l  series. A t y p i c a l  e x p e r i m e n t  is p r e s e n t e d  in  t h e  
Figure .  

T h e  ques t i on  is:  h o w  the  m e t h e m o g l o b i n  i n h i b i t s  t h e  
He inz  b o d y  f o r m a t i o n  ? The  cause  of t he  i n h i b i t i o n  m a y  
be  t h a t  t h e  m e t h e m o g l o b i n  b i n d i n g  al l  t h e  KCN,  t h e  
b r e a k d o w n  of h y d r o g e n  pe rox ide  is caused  b y  t h e  un-  
i n h i b i t e d  ca ta lase  i n s t ead  of pe rox ida t i c  u t i l i za t ion .  Th i s  
poss ib i l i ty  was also e x a m i n e d .  0.1 ml  K C N - b l o o d  m i x t u r e  
was a d d e d  to  10 m l  of M/60 p h o s p h a t e  buffer ,  p H  6.6, 
and  t h e  op t ica l  d e n s i t y  was  d e t e r m i n e d  a t  635 mix before  
a n d  a f t e r  a d d i n g  a d r o p  of n e u t r a l i s e d  s o d i u m  cyan ide .  
The re  h a s  been  no  decrease  of t h e  op t i ca l  d e n s i t y  in  t he  
f i rs t  ( 3 × 1 0  -1 M KCN) a n d  in t h e  second  s a m p l e  
(3 × 10 - I  M KCN).  I t  seems c e r t a i n  t h a t  all t h e  ferr ic  ions  
of t he  m e t h e m o g l o b i n  molecules ,  a n d  l ikely t h a t  all  t h e  
ferr ic  ions  of t he  ca t a l a se  molecules ,  were  b o u n d  to  t he  
cyan ide  in t h e  second sample  a n d  t h e r e  m u s t  be  some 
excess c y a n i d e  in  t he  f i rs t  sample .  A n o t h e r  poss ib i l i ty  
is t h a t  t h e  m e t h e m o g l o b i n ,  b i n d i n g  all  t h e  h y d r o g e n  
peroxide ,  causes  a h y d r o g e n  pe rox ide  d e p r i v a t i o n  for  t h e  
ca t a l a se  a n d  in  t h i s  w a y  i n h i b i t s  t he  pe rox ida t i c  f u n c t i o n  
of  ca ta l a se .  

L. MAGOS 

State Institute o/ Occupational Medicine, Department o[ 
Industrial Hygiene, Budapest, September 1, 7959. 

Zusammen[assung 

Die me thAmog lob in i s i e r t en  (mi t  N i t r i t  v o r b e h a n d e l t e n )  
r o t e n  B t u t k 6 r p e r c h e n  s ind  in vitro de r  H e i n z ' s c h e  KSrpe r -  
c h e n  b i l d e n d e n  W i r k u n g  des  Z y a n i d - P e r o x y d - T e s t e s  
gegeni iber  r e s i s t en t e r  als  n o r m a l e  E r y t h r o z y t e n .  

was  t h e n  dr ied  a n d  a u t o r a d i o g r a p h e d .  T h e  d e v e l o p m e n t  
r evea l ed  a r c - s h a p e d  lines, t h e  pos i t ion  of w h i c h  were  iden- 
t ica l  w i t h  c e r t a i n  p rec ip i t a t e s  in  t h e  agar -ge l  (Fig.). Two 
r a d i o a c t i v e  spo t s  were o b t a i n e d  in  t h e  agar-ge l  electro- 
p h o r e t i c  p a t t e r n  a n d  two  d i s t i n c t  arcs  a p p e a r e d  in the  
r a d i o a u t o g r a p h  of t h e  o t h e r  slide w h e n  t h e  c o n c e n t r a t i o n  
of t h e  a d d e d  t h y r o x i n e  d id  n o t  exceed 1 ~gJml p lasma.  
T h e  c o r r e s p o n d i n g  p rec ip i t a t e s  h a v e  b e e n  t e n t a t i v e l y  char-  
ac te r i zed  as  t h e  a~-glycoprote in  n a n d  t h e  a l b u m i n .  A 
h i g h e r  c o n c e n t r a t i o n  of l abe l led  t h y r o i d  h o r m o n e  gave  a 
di f fuse  p a t t e r n  in t h e  agar-ge l  r a d i o a u t o g r a m  b u t  n o t  any  
n ew  arcs.  

starting point ~l-glycoprotein albumin 

Fig. A: Immnno-electrophoretic pattern of a sample of human 
plasma to which labelled thyroxine was added (1 lzg/ml). Starting 
point, the position of the ~l-glycoprotein and the albumin precipitates 
as indicated at the top. Negative pole was on the left, positive on the 
right. Slight retuch of the cq-glyeoprotein arc. On the original slight 

at least 14 precipitates were seen 
Fig. B : Radioautograph of the plate shown in A. Although the radio- 
activity of the ct,-gtycoprotein precipitate was weaker than that  oi 
albumin arc, the specific activity of the former was higher because 
the gtycoprotein was present in the plasma in much lower concentra- 

tion than the albumin 

Autoradiographs of Human Sera Tagged 
with Radioactive Thyroxine and 

Investigated in Immunoeleetrophoresis  

The  t h y r o x i n e  c i r cu la t ing  in t he  b lood  is m a i n l y  b o u n d  
to  pro te ins .  I t  h a s  been  found  t h a t  a n  a -g lobu l in  is l ikely 
to  be  t h e  phys io log ica l  ca r r i e r  of t h e  h o r m o n e  1-a. Th i s  
g lobul in  h a s  b e e n  re fe r red  to  as t h e  t h y r o x i n e - b i n d i n g  
p ro t e in  (TBP) .  I f  t he  b lood  c o n c e n t r a t i o n  of t h y r o x i n e  is 
increased,  t h e r e  is also a loose a t t a c h m e n t  to  t h e  a l b u m i n .  
T i t r a t i o n  of t h e  u n u t i l i z e d  b i n d i n g  c a p a c i t y  of T B P  c a n  
the re fore  b e  done  b y  a d d i n g  labe l led  t h y r o x i n e  to  p l a sma ,  
us ing  t h e  a l b u m i n  as  a re fe rence  ~, s. N o r m a l l y ,  one  t h i r d  
of t h e  b i n d i n g  c a p a c i t y  is u t i l ized  4. F u r t h e r  s tud ie s  of 
T B P  h a v e  revea led  t h a t  i t  h a s  a mo lecu l a r  w e i g h t  of a b o u t  
50000, a n  iso-electr ic  p o i n t  be low p H  4.5, a n d  t h a t  i t  
seems to  be  a g lycopro te in  a, ~. Since t h y r o x i n e  is r e l a t ive ly  
loosely a t t a c h e d  even  to  t h e  T B P ,  f u r t h e r  c h a r a c t e r i z a -  
t ion  of t he  T B P  has  no t  been  d e t e r m i n e d .  

I n  c o n t r a s t  w i t h  o r d i n a r y  e l ec t rophore t i c  me thods ,  b y  
m e a n s  of i m m u n o e l e c t r o p h o r e s i s  ~ i t  is poss ible  t o  o b t a i n  
a closer c h a r a c t e r i z a t i o n  of p r e c i p i t a t i n g  c o m p o n e n t s  of, 
for  example ,  h u m a n  sera.  Therefore ,  r a d i o a c t i v e  s y n t h e t i c  
t h y r o x i n e a  was  a d d e d  in  v a r y i n g  a m o u n t s  t o  p l a s m a  of  
a h e a l t h y  e u t h y r o i d  a d u l t  male .  Pa i r s  of s amples  of t h e  
p l a s m a  were t h e n  s e p a r a t e d  b y  m e a n s  of agar-ge l  e lec t ro-  
phores i s  on  o b j e c t  slides 9. One of t h e m  was  f ixed in acet ic  
acid,  dr ied,  a n d  a u t o r a d i o g r a p h e d .  On t he  o t h e r  slide, t he  
e l ec t rophore t i caUy  s e p a r a t e d  c o m p o n e n t s  were a l lowed to  
diffuse a g a i n s t  a r a b b i t  a n t i - h u m a n  s e r u m  ~, ~, 10. Th i s  slide 

T h e  f ind ing  of d i s t i nc t  r a d i o a c t i v e  p rec ip i t a t e s  f rom 
p l a s m a  to  w h i c h  smal l  a m o u n t s  of labe l led  t h y r o x i n e  had  
b e e n  added ,  p e r m i t s  t h e  fol lowing conclusions .  I t  is h ighly  
p r o b a b l e  t h a t  t h e  T B P  is a t  l eas t  p a r t l y  iden t i ca l  w i t h  an  
u~-glycoprote in;  t h i s  is in  a g r e e m e n t  w i t h  p r e v i o u s  as- 
s u m p t i o n s  in t h e  l i t e r a t u r e  a.~,6. W e  c a n n o t  exc lude  the  
ex i s tence  of o t h e r  T B P  c o m p o n e n t s  n o t  deve loped  b y  the  
i m m u n e  s e r u m  used,  b u t  t h e y  m u s t  o c c u p y  closely iden- 
t ica l  e l ec t rophore t i c  pos i t ions .  No r a d i o a c t i v i t y  cou ld  be 
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