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Fig. 1.-Distribution of the DPA indices in four groups of human sera. 

tosus ,  p o l y c y t h e m i a  ve ra ,  a n d  ADDISON'S disease .  T h e  
D P A  i n d e x  r a n g e d  f rom 160 to  376 un i t s ,  w i t h  a m e a n  
v a l u e  of 274 un i t s ,  a n d  a p r o b a b l e  e r ro r  of 4.78 un i t s .  

T h e  t h i r d  g r o u p  was  104 persons ,  5 to  88 yea r s  of age, 
w i t h  m a i g n a n t  n e o p l a s m s ,  n o t  l eukop r o l i f e r a t i ve ,  cons i s t -  
ing  of b r e a s t  t u m o r ,  c a n c e r  of t h e  p r o s t a t e ,  c a n c e r  of t h e  
l iver ,  o v a r i a n  t u m o r ,  sk in  cance r ,  b r a i n  t u m o r ,  o s t eogen ic  
sa rco idos i s ,  c a n c e r  of t h e  e s o p h a g u s ,  l u n g  cancer ,  
i n t e s t i n a l  cance r ,  c a n c e r  of t h e  t ongue ,  a n d  k i d n e y  
t u m o r .  T h e  D P A  i n d e x  r a n g e d  f rom 303 to  406 un i t s ,  
w i t h  a m e a n  v a l u e  of 370 un i t s ,  a n d  a p r o b a b l e  e r ro r  of 
5-02 u n i t s .  

T h e  f o u r t h  g roup ,  c o n s i s t i n g  of 78 I e u k o p r o l i f e r a t i v e  
c o n d i t i o n s  or  t h o s e  i n v o l v i n g  t h e  b lood  f o r m i n g  organs ,  
3 to  75 yea r s  of  age, i n c l u d e d  a c u t e  a n d  c h r o n i c  l eukemia ,  
a c u t e  m o n o c y t i c  l e u k e m i a ,  a n d  c h r o n i c  g r a n u l o c y t i c  
l e u k e m i a ,  r e t i c u l u m  cell s a r c o m a ,  l y m p h o s a r c o m a ,  
l y m p h o b l a s t o m a ,  m u l t i p l e  m y e l o m a ,  a n d  HODC-KIN'S 
disease.  T h e  D P A  i n d e x  r a n g e d  f r o m  298 to  600 un i t s ,  
w i t h  a m e a n  v a l u e  of 448 un i t s .  T h e  p r o b a b l e  e r ro r  was  
5,38 un i t s .  

W e  were  f o r t u n a t e  to  be  ab le  to  t e s t  s eve ra l  e x t r e m e l y  
ea r ly  cases  of l y m p h a t i c  l e u k e m i a .  These  cases  gave  
D P A  ind ices  of 298 to  304 un i t s .  All  o t h e r  cases of 
l e u k o p r o l i f e r a t i v e  d i so rders  h a d  a D P A  i n d e x  of 400 
u n i t s  or h i g h e r  w h e n  we f i r s t  t e s t e d  t h e m .  

T h e  m e a n  va lues  for  t h e  n o r m a l  c o n t r o l s  a n d  t h e  non -  
m a l i g n a n t  p a t h o l o g i c a l  s t a t e s  d i f fe red  b y  26 un i t s ,  b u t  
t h e  m e a n  v a l u e  for  t h e  m a l i g n a n t  n e o p l a s m s  was  122 
u n i t s  h i g h e r  t h a n  t h e  n o r m a l .  T h e  m e a n  v a l u e  of t h e  
t e u k o p r o l i f e r a t i v e  d i so rde r s  was  78 u n i t s  h i g h e r  t h a n  
t h e  m a l i g n a n t  n e o p l a s m s  a n d  200 u n i t s  h i g h e r  t h a n  t h e  
n o r m a l s .  T h i s  d i f f e rence  f r o m  m a l i g n a n t  n e o p l a s m s  is 
su f f i c i en t ly  h i g h  t o  be  usefu l  in  t h e  d i agnoses  of l e u k e m i a .  

T h e  f igure  shows  t h e  d i s t r i b u t i o n  of  t h e  D P A  ind ices  
in  t h e  four  g r o u p s  of s u b j e c t s .  T h e  h i g h e s t  D P A  i n d e x  
va lues  c o r r e s p o n d  to  t h e  l e u k o p r o l i f e r a t i v e  cond i t i ons .  
M u l t i p l e  m y e l o m a  g a v e  e spec ia l ly  h i g h  va lues ,  520 to  
606 un i t s .  T h e  i n d e x  a l w a y s  b e c o m e s  h i g h e r  as t h e  
l e u k e m i a  progresses .  W h e n  d r u g s  s u c h  as  A C T H ,  
Cor t i sone ,  A m i n o p t e r i n  (Leder le) ,  t r i e t h y l e n e  m e l a m i n e  
(Leder le) ,  n i t r o g e n  m u s t a r d s ,  or  X - r a d i a t i o n  were  g iven  
to  c o n t r o l  t h e  l e u k o p r o l i f e r a t i v e  d i so rde r s  of p a t i e n t s ,  t h e  
s t e a d y  inc rease  in t h e  D P A  i n d e x  n e v e r t h e l e s s  pe rs i s t ed .  
E v e n  t h r o u g h  t h e  d isease  was  in a s t a t e  of r e m i s s i o n  or  
re lapse ,  as r e v e a l e d  b y  t h e  b lood  a n d  b o n e - m a r r o w  
s tud ies ,  t h e  D P A  i n d e x  c o n t i n u e d  to  i nc rease  a n d  a l w a y s  
r e m a i n e d  e l eva t ed .  All  o t h e r  d iseases  s h o w e d  a dec rease  

to  t h e  n o r m a l  i n d e x  r a n g e  w h e n  t h e  p a t i e n t  was  in t h e  
r e c o v e r y  s tage .  

T h e  range ,  303 to  406 D P A  i n d e x  un i t s ,  for  m a l i g n a n t  
n e o p l a s m s  i n d i c a t e s  t h a t  t h e  t e s t  m i g h t  a lso  be  use fu l  as  
a s c r een ing  t e s t  for  m a l i g n a n c y .  L e u k e m i a  m a y  be  eas i ly  
d i s t i n g u i s h e d  f r o m  t h e s e  p rocesses  d u r i n g  t h e  a d v a n c e d  
s t ages  w h e n  t h e  i n d e x  is h igh .  B o r d e r - l i n e  cases  wil l  
r equ i r e  a d d i t i o n a l  l a b o r a t o r y  i n v e s t i g a t i o n .  

I n f e c t i o u s  m o n o n u c l e o s i s  g a v e  n o  a b n o r m a l  r ise  in  t h e  
i n d e x  r e a d i n g ,  a n d  t h e r e f o r e ,  i t  m a y  b e  d i s t i n g u i s h e d  
f rom l e u k e m i a  e v e n  if t h e  cy to log ic  p i c t u r e  s o m e t i m e s  
m a y  be  confus ing .  

K n o w l e d g e  t h a t  t h e  bas ic  a b n o r m a l i t y  of  a l euko-  
p r o l i f e r a t i v e  d i s o r d e r  was  p r e s e n t  wou ld  l ead  to  a n  
ea r l i e r  d i agnos i s  a n d  p r o v i d e  a bas is  u p o n  w h i c h  to  
beg in  t h e  a v a i l a b l e  t h e r a p e u t i c  m e a s u r e s  a n d  to  s t u d y  
new  ones .  

F u r t h e r  de ta i l s  of t h i s  w o r k  will  be  p u b l i s h e d  else- 
where .  

A. L. WALDO a n d  R.  E.  ZIPF 

Department o/ Research, Diagnostic Laboratoires, 
Miami  Valley Hospital, Dayton, Ohio, June 28, 195ff. 

Zusammen[assung 
Alle l eukAmischen  K r a n k e n  b a t t e n  e inen  h o h e n  

D i p h e n y l a m i n ( D P A ) - I n d e x .  Fa l l s  das  m i k r o s k o p i s c h e  
B l u t b i l d  ke ine  s ichere  Aufk lArung  g ib t ,  k a n n  de r  D P A -  
I n d e x  zu r  d i a g n o s t i s c h e n  U n t e r s c h e i d u n g  zwischen  Pseu -  
d o l e u k ~ m i e  u n d  e c h t e r  LeukAmie  a n g e w e n d e t  we rden .  

Alkali-Resistant Cooley's Anemia Hemoglobin is 
Different from Alkali- Resistant Fetal Hemoglobin 

A n  a l k a l i - r e s i s t a n t  h e m o g l o b i n  t h a t  h a s  al l  t h e  p ro -  
p r ie t i es  of  n o r m a l  f e t a l  h e m o g l o b i n  ha s  b e e n  d e s c r i b e d  
in COOLEY'S a n e m i a  ~ a n d  r e l a t e d  M e d i t e r r a n e a n  h e m o -  
p a t h i c  s y n d r o m e s  *. 

Th i s  H b  a n d  t h e  f e t a l  t i b  r e a c t  i d e n t i c a l l y  to  t h e  
d e n a t u r a t i o n  in a q u e o u s  a l k a l i n e  so lu t ions ,  m o v e  t h e  
s a m e  d i s t a n c e  on  p a p e r  e l ec t rophores i s ,  show t h e  s a m e  
p r o p e r t i e s  in  c r y s t a l l i z a t i o n ,  s o l u b i l i t y  a n d  u l t r a v i o l e t  
a b s o r p t i o n  spec t r a .  

Mos t  a u t h o r s  a re  t h e r e f o r e  i nc l ined  to  be l i eve  t h a t  
such  h e m o p a t i c  c o n d i t i o n s  are  a s s o c i a t e d  w i t h  a congen i -  
t a l  i n a b i l i t y  to  pass  f r o m  fe t a l  to  a d u l t  m e c h a n i s m  of 
h e m o g l o b i n  s y n t h e s i s .  

W e  al l  k n o w  t h e  i m p o r t a n c e  of t h e  a p p l i c a t i o n  of 
s eve ra l  i n d e p e n d e n t  m e t h o d s  to  c h e c k  t h e  h o m o g e n e i t y  
of t h e  p r o t e i n  spec imens .  

T h e  fo l lowing  d i f fe rences  b e t w e e n  f e t a l  a n d  COOLEY'S 
a n e m i a  H b  a l r e a d y  h a v e  b e e n  d e m o n s t r a t e d  in o u r  I n -  
s t i t u t e  : 

(1) W h i l e  t h e i r  c o r r e s p o n d e n t  o x y h e m o g l o b i n s  a r e  
k n o w n  to  be  d e n a t u r a t e d  b y  a lka l i  a t  t h e  s a m e  r a t e ,  t h e y  
a re  d e n a t u r a t e d  b y  ac ids  a t  d i f f e r e n t  r a t e s a ;  

(2) t h e i r  c a r b o n  m o n o x i d e  d e r i v a t i v e s  a re  d e n a t u r a t e d  
b o t h  b y  a l k a l i  a n d  b y  ac ids  a t  d i f f e r e n t  r a t e s  z. 
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N o w  we h a v e  b e e n  ab le  to  show t h a t  p a p e r  e lec t ro-  
phores i s  p r o v i d e s  e v i d e n c e  of a d i f f e ren t  b e h a v i o u r  for  
fe ta l  a n d  COOLEr'S a n e m i a  Hbs .  

A f t e r  r e p e a t e d  t r ia l s ,  we h a v e  u sed  t h e  fo l lowing 
t e c h n i q u e  w h i c h  is v e r y  s imi l a r  to  t h a t  de sc r ibed  b y  
REYNAUD 1. T h e  FLYNN a n d  DE MAYO e l e c t r o p h o r e t i c  
a p p a r a t u s  was  used  f i l led u p  w i t h  s o d i u m  v e r o n a l  bu f f e r  
(pH 9). Two H b  s p o t s  were  app l i ed  on  each  t h e  6 cm 
s t r ips  of WHATMAN f i l te r  p a p e r  n. 1, b y  m e a n s  of PEROSA'S 
g a d g e t  ~. Af t e r  12 h e lec t r ic  c u r r e n t  f low (120 W),  im-  
m e d i a t e  f i x a t i o n  was a c c o m p l i s h e d  w i t h  a n  a lcohol -  
e t h e r  m i x t u r e .  

( I d e n t i c a l  b e h a v i o u r  h a s  s h o w n  t h e  H b  in one  case of 
c o n g e n i t a l  h e m o l y t i c  s p h e r o c y t i c  j aund ice . )  

(b) F e t a l  H b ,  bes ides  i t s  d i s l o ca t i o n  n e a r e r  to  t h e  
s t a r t i n g  line,  shows  a d a r k e r  f r o n t  b a n d  fo l lowed b y  a 
l i g h t e r  one  w i t h  d i s t i n c t  c o n t o u r s :  t h e  space  b e t w e e n  
t h e  second  s p o t  a n d  s t a r t i n g  l ine is colour less .  

(c) T h e  H b  of COOLEr'S a n e m i a ,  bes ides  i t s  in te r -  
m e d i a t e d  speed  b e t w e e n  t h e  f e t a l  a n d  a d u l t  H b ,  shows 
a f r o n t  b a n d  fo l lowed b y  a l i g h t e r  one,  w ich  un l ike  fe ta l  
H b ,  does n o t  show a s h a r p  c o n t o u r  s h a d i n g  to  t h e  s t a r t -  
ing line.  

These  f i nd ings  h a v e  b e e n  r e p r o d u c e d  c o n s t a n t l y .  The  
p a t t e r n  of a d u l t  H b  t h e r e f o r e  s u b s t a n t i a t e s  ITANO'S 
s t a t e m e n t  t h a t  t h e  n o r m a l  a d u l t  H b  is a f o r m  t h a t  occurs  
free of o t h e r  c o m p o n e n t s .  

COOLEr'S a n e m i a  a n d  f e t a l  Hbs ,  o n  t h e  o t h e r  h a n d ,  
are  r e so lved  i n to  t w o  b a n d s :  t h e  f a s t e r  pos s ib ly  cor- 
r e s p o n d i n g  to  t h e  a d u l t  H b ,  t h e  s lower  co r r e s p o n d i n g ,  
in  one  case, to  t h e  fe ta l ,  a n d  in t h e  o t h e r ,  t o  COOLEY'S 
Hb .  These  t w o  b a n d s ,  as  s h o w n  above ,  h a v e  d i f f e ren t  
p a t t e r n s .  

These  resul ts ,  w h i c h  a p p a r e n t l y  h a v e  b e e n  o b t a i n e d  
also in t h e  DERRIEN'S L a b o r a t o r y  1, wil l  be  f u r t h e r  
d i scussed  on  a n o t h e r  occas ion.  

T h e  e l e c t r o p h o r e t i c  b e h a v i o u r ,  t h e  d i f f e r en t  r e s i s t ance  
of H b  0 3 to  d e n a t u r a t i o n  b y  ac ids ,  a n d  t h e  d i f f e ren t  
r e s i s t ence  of H b  CO to  d e n a t u r a t i o n  b y  a lka l i  a n d  acids,  
s t r o n g l y  sugges t  t h a t  t h e  COOLEY'S a n d  f e t a l  H b s  are  
d i f fe ren t .  

L. PEROSA a n d  L. BINI 

Insti tute o/ Clinical Medicine, Universi ty  o/ Bari,  
March 18, 7954. 

Riassunto 

Gli au tor i ,  b a s a n d o s i  sul  f a t t o  che  l ' H b  a l ca l i r e s i s t en te  
del m.  di C00LEY si c o m p o r t a  d i v e r s a m e n t e  d a l l ' H b  al- 
ca l i - res i s ten te  del  feto,  s ia  pe r  q u a n t o  r i g u a r d a  la  dena-  
t u r a z i o n e  d e l l ' H b  03 con  gli acidi ,  s ia  pe r  q u a n t o  r i g u a r d a  
la  d e n a t u r a z i o n e  d e l l ' H b  CO con  gli  ac id i  e con  gli alcali ,  
e sia, in fine,  p e r  q u a n t o  r i g u a r d a  il loro c o m p o r t a m e n t o  
e l e t t ro fo re t i co  (su ca r t a ) ,  p r o s p e t t a n o  la  poss ib i l i t~  ehe 
le due  H b  a l ca l i - r e s i s t en t i  s i ano  d ive r se  u n a  da l l ' a l t r a .  

Examples of different electrophoresis runs. A = Adult normal Hb; 
F = Fetal Hb (umbilical cord blood) ; C = Hb of CooLEr's disease ; 

IE = Congenital hemolytic spherocytic jaundice. 

F i n a l l y  t h e  p a p e r  s t r i p s  were  d r i ed  a t  80°C a n d  t he  
spo t s  e v i d e n c e d  b y  n a p h t a l e n e  b lack .  T h e  H b  so lu t ions  
were  o b t a i n e d  f r o m  p a t i e n t s  su f f e r i ng  f r o m  COOLEY'S 
a n e m i a ,  a n d  f r o m  t h e  u m b i l i c a l  co rd  a n d  p r e p a r e d  b y  
a m e t h o d  used  also b y  SPAET s. 

T h e  r e su l t s  o b t a i n e d  m a y  b e  s u m m a r i z e d  as fol lows:  
(1) I n  a g r e e m e n t  w i t h  p r e v i o u s  o b s e r v a t i o n s  of 

REVNAUD, t h e  m i g r a t i o n  speed  of a d u l t  H b  is g r e a t e r  
t h a n  t h a t  of t h e  fe ta l ,  w h e r e a s  t h e  m i g r a t i o n  of COOLEr'S 
a n e m i a  H b  ha s  a n  i n t e r m e d i a t e  r a t e .  

(2) W e  h a v e  also no t i c ed  t h a t  t h e  p a t t e r n  of t h e  
spots ,  a f t e r  e v i d e n c i n g  w i t h  n a p h t a l e n e  b lack ,  was  
c h a r a c t e r i s t i c a l l y  d i f f e r en t  for  e a c h  k i n d  of H b  con-  
s ide red  (Figure) .  

(a) A d u l t  Hb ,  bes ides  i t s  f a r t h e r  m i g r a t i o n  f rom t h e  
s t a r t i n g  l ine,  a p p e a r s  l ike  a s ingle  a n d  wel l  de f ined  b a n d .  

1 y.  DERRIEN, Personal communication. 

In vitro Inhibition of Catalase by Ovomucoid 

HARGREAVES a n d  DEUTSCH 1 h a v e  d i s c o v e r e d  t h a t  the  
k o c h s a f t  of t u m o r s  is e n d o w e d  w i t h  a n t i c a t a l a s e  ac t iv i ty .  

W e  h a v e  f o u n d  t h a t  h e n ' s  o v o m u c o i d  acqu i res ,  a f t e r  
boi l ing,  a s t r o n g  i n h i b i t o r y  p o w e r  a g a i n s t  ca t a l a se .  The  
o v o m u c o i d  was  p r e p a r e d  as fo l lows:  t h e  egg whi t e  
d i l u t e d  1 : 1  w i t h  sa l ine  was  p l a c e d  in a bo i l i ng  wa te r -  
b a t h  for  15 m i n  in t i g h t l y  s t o p p e r e d  glass  t ubes .  Af ter  
f i l t r a t i o n  t h r o u g h  paper ,  t h e  c lea r  f i l t r a t e  c o n t a i n i n g  the  
o v o m u c o i d  was  used  for  t h e  assays .  I n  o u r  e x p e r i m e n t s ,  
1 ml  of f i l t r a t e  was  i n c u b a t e d  for  1 h a t  0°C w i t h  0.5 ml 
of 0-02 p e r  c e n t  horse  l iver  c a t a l a s e  ( p r e p a r e d  accord ing  
to  BONNICHSEN 3) a n d  t h e  c a t a l a s e  a c t i v i t y  was  t h e n  
d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  3. 

T h e  a n t i c a t a l a s e  a c t i v i t y  of o v o m u c o i d  h a s  been  
f o u n d  to  be  p r o p o r t i o n a l  to  t h e  t i m e  of bo i l ing  (Fig. 1 a), 
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