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The following content of ATP,  ADP, and AMP was  de te rmined  by specif ic  enzymic  methods  
in human  white blood cel ls  in m i c r o m o l e s  pe r  109 ce l l s :  in a donor ' s  granulocytes ,  1.22, 
0.46, and 0.14; in a donor ' s  lymphocytes ,  1.4, 0.53, and 0.15; in the leukoeytes  of pat ients  
with chronic  myelo id  leukemia ,  1.55, 0.38, and 0.20; in the lymphocytes  of pat ients  with 
chronic  lymphat ic  leukemia ,  0.76, 0.23, and 0.12; in the leukocytes  of pat ients  with acute 
myeloblas t ic  leukemia ,  1.94, 0.45, and 0.20; and in the lymphocytes  of pa t ients  with acute 
lymphoblas t ic  leukemia ,  2.02, 0.41, and 0.18. Under anaerobic  conditions there  is v i r tua l ly  
no dec r e a s e  in the ATP level  in the leukocytes .  

Informat ion  on the content of f r ee  adenine nucleot ides in the leukocytes  is l imi ted  e i ther  to the com-  
bined de te rmina t ion  of ATP and ADP or the content of ATP in leukemic  ce l l s  [8, 9]. Separate  f igures  for  
the content of ATP and ADP a re  avai lable  only for  no rma l  granulocytes  [7]. 

This  paper  d e s c r i b e s  the r e s u l t s  of a study of the content of ATP,  ADP, and AMP in heal thy human 
granulocytes  and lymphocytes  and also in the white blood ce l l s  of pat ients  with va r ious  f o r m s  of leukemia .  

E X P E R I M E N T A L  M E T H O D  

Leukocytes  i so la ted  by methods desc r ibed  p rev ious ly  [2, 3] f r o m  the blood of heal thy donors  and pa-  
t ients  with leukemia  were  studied. Suspensions of granulocytes  obtained f r o m  norma l  blood contain 85-90% 
of these cel ls ,  while suspens ions  of isola ted lymphocyte  s contained 95-90% of pr inc ipal ly  smal l  lympho-  
cy tes .  Suspensions containing up to 96% of ce l l s  of the myelo id  s e r i e s ,  of d i f ferent  degrees  of matur i ty  
(not m o r e  than 3% of myeloblas ts )  we re  obtained f r o m  the blood of pa t ien ts  with chronic  myeloid  leukemia;  
in the case  of chronic  lymphat ic  leukemia ,  96-98~o of the ce l l s  in the suspension cons is ted  of lymphocytes .  
In acute l eukemia  the num ber  of undifferent ia ted ce l l s  va r i ed  f r o m  75 to 98%. 

The content of ATP,  ADP, and AMP was  de te rmined  in pe reh lo r i c  acid ex t r ac t s  of ce l l s  neu t ra l ized  
with K2CO 3 to pH 7.4 by a combined enzymic  and spec t ropho tomet r i e  method,  the absorp t ion  of light ult i-  
ma te ly  being m e a s u r e d  at 34 0 rim. 

The composi t ion  of the s amples  for  de te rmina t ion  of ATP  (total volume 3 ml )was  as follows: 1 ml 
neut ra l ized  pe rch lo r i c  acid ex t rac t  of the cel ls ,  150 #moles  t r i s - b u f f e r ,  pH 7.4; 20 #moles  MgC12; 0.5 
#moles  NAD �9 H2, 2 #moles  phosphenolypyruvate  (PEP}. After  s tabi l izat ion of the readings ,  lac ta te  dehy- 
d rogenase  containing P E P - l d n a s e  was  added (150 #g protein).  After  the dec rea se  in extinction had ceased,  
and de te rmina t ion  of ADP was  thus complete ,  myokinase  (100 #g protein) was  added to the same  sys t em and 
the read ings  w e r e  continued to de te rmine  AMP. 

In the de te rmina t ion  of ATP an inc rease  of 2.073 in optical  densi ty (at 340 nm) co r re sponded  to 
1 #mole ATP (in a volume of 3 ml).  
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TABLE 1. Content of Adeninenueleotides (in #moles/109 cells) in 
Healthy Human Leukocytes and Leukocytes of Patients with Leukemias 

Persons from whom cells ATP ADP AMP ATP + ADP + AMP 
were obtained 

D o n o r  . . . . . . . . . . . .  

Patients with chronic 

myceloid leukemia.. 

P . . . . . . . . . . . . . . . .  

With acute myeloblastie 
leukemia . . . . . . . . . .  

P . . . . . . . . .  , . . . . . .  

Donor ............ 

Patients with chronic 
lymphatic leukemia... 

P . . . . . . . . . . . . . . . .  

With acute lymphoblastie 
leukemia . . . . . . . . .  

Leukocytes 

1,224-0,11 0,46• 
(13) (11) 

1,554-0, 11 0,384-0,03 
(10) (10) 

<0,05 >0, i 
1,94__+0,14 0,45• 

(7) (7) 
d0,02 ~o. 1 

Lymphoeytes 

1,404-0.09 0,534-0,05 
(7) (7) 

0,764-0,04 0,234-0,02 
(12) (12) 

�9 ~0,01 ~0,01 
2 , 0 2  0,41 
(2) (2) 

O, I44-0,02 
0o) 

O, 20+__0,03 
(10) 

> 0 , 1  
O, 204-0,06 

(7) 
~ o ,  1 

o, 154-0,02 
(7) 

O, 124-0,02 
(12) 

~0,2 
0,18 
(2) 

i ,82• 17 

2,13_+0,17 

2,59_+0,31 

2,08~0,16 

1,11-4-0,08 

2,61 

In the determination of ADP, a decrease  of 2.073 in optical density corresponded to 1 #mole ADP. 
The determination of AMP was ca r r i ed  out in the same samples as ADP, but after completion of determin-  
ation of the lat ter .  In the calculations it was taken that 2 ~zmoles ADP is formed per  mole of existing AMP. 

The following prepara t ions  were used: crys ta l l ine  hexokinase (Gee Lawson Chemicals  Lid, England) ; 
g lucose-6-phosphate  dehydrogenase in NADP (Fluka A. G., Buchs G., Switzerland); lactate dehydrogenase 
containing PEP-k inase  (Schnuchardt T., West Germany);  myokinase and NAD �9 H 2 {Biochemica "Boeh- 
r inger , "  West Germany); PEP  and ATP (Sigma Chemical Co., USA). 

EXPERIMENTAL RESULTS 

The results are given in Table 1 show that in cells of the myeloid series (normal granulocytes - 

leukocytes of patients with chronic myeloid leukemia - blast  cells  f rom patients with acute myeloid leu- 
kemia), rejuvenation of the cell composition is accompanied by an increase  in energy potential. 

It is also c lear  that undifferentiated blood cells  f rom patients with acute lymphatic leukemia contain 
the same quantity of adenine nueleotides as  cells  of myeloid origin. Hence, r ega rd l e s s  of their  t i ssue 
origin, blast  cells  contain significantly l a rge r  quantities of the components of the adenylic sys tem than 
more  mature  cells.  

The wr i t e r s  have previously shown that all morphological  var ie t ies  of white blood cells resynthes ize  
ATP completely r ega rd le s s  of the conditions of aeration.  However, in investigations during previous y e a r s  
the method of acid hydrolys is  of nucleotides after their  absorption with charcoal  was used, and in this way 
it is impossible to determine the proport ions  of diphosphates and tr iphosphates  separately.  In the present  
investigation the concentrat ions of ATP, ADP, and AMP were determined in enzymic react ions  in cells  in- 
cubated under both aerobic and anaerobic conditions. These experiments  showed that in the absence of 
oxygen, but in the presence  of glucose in the medium, the general  level of adenine nucleotides and their  
re la t ive proport ions remained  vir tual ly the same as when a f ree access  of a ir  was allowed. For  example, 
in healthy human granulocytes  during incubation under aerobic conditions the level (in #moles/109 cells) of 
ATP was 1.36, of ADP 0.59, and of AMP 0.15, while under anaerobic conditions the values were  1.27, 0.47, 
and 0.15, respect ively ,  in leukocytes of patients with chronic myeloid leukemia the f igures  were  1.63, 0.38, 
0.21, 1.49, 0.41, and 0.19, respect ively ,  and in the lymphoeytes  of patients with chronic lymphatic leukemia 
0.74, 0.14, 0.07, 0.68, 0.16, and 0.07. In other words,  human leukocytes can maintain their  inherent energy 
potential at the normal  level not only under aerobic conditions, but also on account of the glycolytic mech-  
anism only in a s t r ic t ly  anaerobic medium. 
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Hence,  l eukemia  t r a n s f o r m a t i o n  of white blood cel ls  of the myeloid  s e r i e s  leads  to an inc rease  in 
the i r  content of f r ee  adenine nucleotides,  pr inc ipal ly  of ATP:  mode ra t e  in the case  of chronic  myeloid  
l eukemia  and cons iderable  in the case  of acute myelo id  leukemia .  
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