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The osmotic res is tance  of the e ry th rocy tes  is lowered in patients with chronic myeloid and lymphatic 
leukemia,  acute leukemia, polycythemia,  Marchiafava disease,  and hemoplast ic  anemias.  In chronic lym- 
phatic and acute leukemia the glucose-6-phosphate  dehydrogenase and glutathione reductase activity is 
lowered, in Marchiafava disease it is ra ised,  and in polycythemia and the hemoplast ic  anemias it is un- 
changed. In chronic  myeloid leukemia the activity of glucose-6-phosphate dehydrogenase only is raised.  

One cause of the development of anemia in patients with leukemias may perhaps be the chemical-  
s t ruc tura l  and functional defectiveness of the e ry throcytes .  The physiological normal i ty  of the e ry throcy tes  
and their res i s tance  to hypotonie solutions and to cer tain drugs are determined by the ability of these cells 
to split hydrogen peroxide formed in the course  of their metabolic activity [1-3]. 

The whole sys tem of enzymes and reactions responsible for this aspect  of the s t ructural  integrity of 

the e ry th rocy tes  can be represented  schemat ical ly  as follows: g-6-p*+ NADP g-6-p  dehydrogenase ~ 6- 

phosphogluconate + NADP. H2; GSSG + NADP H 2 glutathione reductase 
�9 ~. GSH + NADP; H202 + 2GSH 

glutathione peroxidase 
, 2H20 + GSSG. Omission of one of the links of this chain of react ions leads to dis- 

turbance of the physiological integrity of the e ry throeytes .  

The object of the present  investigation was to study activity of g -6-p  dehydrogenase,  6-phosphogluco- 
hate dehydrogenase,  and glutathione reductase ,  on the one hand, and the osmotic  res is tance  of the e ry th ro -  
cytes of patients with various fo rms  of leukemias on the other.  

EXPERIMENTAL METHOD 

Erythrocytes were obtained from venous blood stabilized with heparin (i0 units/ml blood). The ery- 
throcytes were separated from leukocytes and platelets in gelatin-citrate solution followed by washing 
three times in physiological saline. Hemolysates were prepared from densely centrifuged erythrocytes by 
addition of 20 volumes of cold distilled water. Activity of g-6-p dehydrogenase, 6-phosphogluconate dehy- 
drogenase, and glutathione reductase was determined spectrophotometrically by the change in absorption of 
light at 340 m# at room temperature (details are given in Table i). The osmotic resistance of the ery- 
throcytes was determined by counting those remaining after exposure for 1 h to 0.48% NaCI solution at room 
temperature. The number of hemolyzed erythrocytes was expressed as a percentage of the number of ery- 

throcytes in 1% NaCI solution. 

*The following abbreviations are adopted inthis  paper :  g -6-p  g lucose-6-phosphate ,  GSH reduced gluta- 
thione, GSSG oxidized glutathione. 
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TABLE I. Osmotic Resistance and Activity of Glucose-6-Phosphate and 6-Phosphogluconate Dehydrogcn- 

ases and of Glutathione Reductase in Normal and Pathological Human Erythrocytes, M • m 

Subjects  from whom e r y t h r o -  
cytes obtained 

Healthy 
Pa t ien ts  with chronic  myelo id  

l eukemia  
Pa t ien ts  with chronic  lymphat ic  

l eukemia  
Pa t ien t s  with acute l eukemia  

Pa t ien ts  with po lycy themia  

No. of 
e x p e r i -  
ments  

23 

13 

% of e r y t h r o -  
cytes  hemo-  
lyzed in 
0.48% NaC1 

11.9 • 0.76 
42.2 + 2.64 
P < 0.01 
46.5 • 

Activity of enzymes (in pmoles substratc/ 

min/ml erythrocytes) 

g-6-p dehy- 
drogenase 

1.26 • 0.03 
1.52 =L 0.09 
P <  0.01 
0.88 + 0.04 

6-phospho-  
glueonate de- 
hydrogenase  

0.23 • 
0.28 • 0.02 
P < 0.05 
0.24 • 

glutathione 
reductase 

0.2:; • 0.01 
0.21 • 0.02 
P > 0 . 2  
0.16 + 0.03 

21 P< 
11 49.3 

p <  

17 23.3 
p <  

0.001 
i3 .90  
0.001 
+ 4.30 
0.01 

P < 0.001 
0.89 i 0.01 
P < 0.001 
1.30 • 
P > 0 . 5  

P > 0 . 5  
0.22 • 0.02 
P <0.2 
0.26 +0.02 
P > 0 . 2  

P < 0.005 
0.16 • 0.02 
P < 0.001 
0.21 + 0.03 
P >  0.2 

• 0.03 
0.001 
• 0.03 
0.2 

Patients with Marchiafava disease i0 32.7 • 5.31 2.17 • 0.14 0.25 • 0.34 
P < 0.001 P < 0.001 P > 0.5 P < 

Pa t ien t s  with hypoplas t ie  anemia  8 22.6 • 1.20 i 0.09 0.20 • 0.02 0 .19  
P < 0.05 P > 0.5 P > 0.1 P > 

Note. Expe r imen t a l  s a m p l e s ,  3 ml in volume contained (in p m o l e s ) f o r  de te rmina t ion  of g - 6 - p  dehydrogen-  
ase :  g - 6 - p  2; MgC12 20; t r i s  buffer ,  pH 7.4, 125; NADP 1; t e s t h e m o l y s a t e  (1:20) 0.1 ml;  for  de te rmina t ion  
of 6-phosphoglueonate  dehydrogenase  the composi t ion  of the s amples  was the same except  that g -6 -p  was 
r ep laced  by 3 t tmoles 6-phosphogluconate  ; for  de te rmina t ion  of glutathione re ductase:  GSSG 10; K-phos -  
phate buffer ,  pH 7.5, 250; NADP. H 2 0.5; t e s t  hemolysa te  0.1 ml. 

E X P E R I M E N T A L  R E S U L T S  

The r e su l t s  of the study of osmot ic  r e s i s t a n c e  and ac t iv i ty  of g-G-p and 6-phosphogluconate  dehydro-  
genase and glutathione reduc tase  in no rma l  and pathologica l  e r y t h r o c y t e s  are  s u m m a r i z e d  in Table 1. 

It is c l e a r  f rom Table 1 that  the number  of hemolyzed  e r y t h r o c y t e s  f rom leukemia  pat ients  was about 
four t imes  g r e a t e r  than no rma l ,  twice g r e a t e r  for  po lycy themia  and hypoplas t ic  anemia ,  and three  t imes  
g r e a t e r  for  March ia fava  d i sease .  A d e c r e a s e  in ac t iv i ty  of g - 6 - p  dehydrogenase  and glutathione reduc tase  
might  have been expected  in the e r y t h r o c y t e s  of pa t ien ts  with leukemia ,  because  of the low osmot ic  r e s i s -  
tance of these ce l l s .  In fact ,  the e r y t h r o c y t e s  suspens ion  obtained f rom pat ien ts  with chronic  myelo id  leu-  
kemia  showed h igher  ac t iv i ty  of g - 6 - p  dehydrogenase  and 6-phosphogluconate  dehydrogenase  than norma l ly ,  
p r e s u m a b l y  because  of the p r e s e n c e  of a high p ropor t ion  of r e t i cu locy tes  in the blood of these pa t ien ts  (from 
2 to 10% compared  with the no rma l  0.8%), and these have high indices  of ac t iv i ty  of many enzymes .  The in-  
c r e a s e d  g - 6 - p  dehydrogenase  and glutathione r educ ta se  ac t iv i ty  in the e r y t h r o c y t e s  in March ia fava  d i sease  
may also be expla ined by an i n c r e a s e  in the r e t i cu locy te  count. 

A s t a t i s t i c a l l y  s ignif icant  d e c r e a s e  in ac t iv i ty  of g - 6 - p  dehydrogenase  and glutathione r educ ta se  was 
found in the e r y t h r o c y t e s  of pa t ien t s  with chronic  lymphat ic  and acute leukemia ,  p r e s u m a b l y  on account  of 
the i r  p a r t i c u l a r l y  high sens i t iv i ty  to the hemoly t ic  act ion of hypotonic solut ions.  The act iv i ty  of al l  three  
enzymes  was unchanged in the e r y t h r o e y t e s  of pa t ien ts  with po lycy themia  and the hypoplas t ic  anemias .  
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