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The concentration of cyclic adenos ine-3 ' ,5 ' -monophosphate  (cyclic AMP) in the p lasma 
of blood donors (10 regular ,  28 first  time) was investigated by the competitive protein 
binding method on the day before donation and short ly af ter  the removal  of 20 ml blood. 
Two types of responses  of the donors to donation were established: with no change and 
with a change in the cyclic AMP level. In accordance with these responses  the donors 
were conventionally divided into two subgroups - "stable" and "react ive ."  The cyclic 
AMP level in the regular  donors was higher than in the p r imary ,  and at the time of tak-  
ing the blood it was increased still more,  especial ly  among the subjects of " react ive"  
type. The cyclic AMP concentration in f i r s t - t ime donors of react ive type was ei ther  
lower or  higher than the mean value on the day before donation, and at the time of bleed- 
ing it rose or  fell respect ively to the mean level. 
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Cyclic adenos ine-3 ' -5 ' -monophosphate  (cyclic AMP) is a universal  mediator  of many humoral  effects 
on cells.  Its effect has been established on the rates  of glycolysis  and glycogenolysis,  lipolysis, s te ro ido-  
genesis,  andother  metabolic p rocesses .  The cyclic AMP level depends on the activity of two enzymes:  
adenyl cyclase ,  which catalyzes its formation from ATP, and phosphodiesterase,  which catalyzes its hydro-  
ly s i s to  5 ' -AMP. Adenyl cyclase is activated by severa l  humoral  factors ,  including adrenocor t icotropic  
hormone (ACTH), vasopress in ,  parathormone,  glucagon, and Tfl -adrenergic  s t imulators  which act as s t ress  
effectors  [9]. 

The cyclic AMP level in the p lasma of clinically healthy blood donors was determined in o rde r  to 
study one aspect of the mechanism of reactions to donation. 

EXPERIMENTAL METHOD 

Tests were carried out on 38 blood donors (14 males, 24 females) aged from 19 to 44 years, 10 regu- 

lar donors for a period of 6 to 20 years, the remainder first-timers. 

The cyclic AMP concentration was determined in blood plasma taken with EDTA. The plasma was 

kept until analysis  in field ampules in dry ice. Blood for analysis was taken twice: a day before donation 
and shortly af ter  the removal  of 200 ml blood. 

The cyclic AMP level was determined by competitive binding with protein [4], using standard sets 
marke ted  by the Radiochemical  Centre (England). Protein-bound nucleotides were separated from free 
nueleotides by absorption on activated charcoal .  The radioactivi ty in the supernatant was measured  on a 
Mark II l iquid-scinti l lation counter.  

E X P E R I M E N T A L  RESULTS 

The results in Table I point to a tendency toward an increase in the mean plasma cycle AMP level in 
the regular donors under the influence of donation. Analysis of individual variation in the cyclic AMP con- 
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TABLE 1. C y c l i c  A M P  C o n c e n t r a t i o n  in P l a s m a  of  R e g u l a r  B lood  
Donor s  (in p m o l e s / m l )  

Cyclic AMP Normal 

Limits of variations 

Day before 
donation 

After donation 
M+m 

Day before 
donation 

After donation 
P 

8 - - 2 0 *  
10--25T 

13,0• 1,5 $ 

whole 
group 
(n : 10) 

10,0.26,0 
14,0--32,0 

17,50----- 1,87 
22,10~2,28 

> 0,05 

Donors 
sub 

"stable" 
(n = 4) 

16,0.24,0 
14,0--28,0 

19,67----- 1,44 
21,67~2,83 

> 0,05 

roup 

"reactive" 
(n= 6) 

10,0.26,0 
16,0+32,0 

15,20 +- 1,92 
25,50-- + 1,89 

<0,01 

* Data  o f  R a d i o c h e m i c a l  C e n t r e ,  Eng land .  
t D a t a  of  K a m i n s k i i  e t  a l .  [5]. 
._*Data of  P a t t e r s o n  et  a l .  [6]. 

T A B L E  2. C y c l i c  A M P  C o n c e n t r a t i o n  in P l a s m a  of  F i r s t - T i m e  
Donors  (in p m o l e s / m l )  

Cyclic AMP Normal 

Limits of variation 

Day before 
donation 

After donation 
:llm m 

Day before 
donation 

After donation 
P 

8--20 + 
1 0 - - 2 5  + + 

13,0_~ 1,5+++ 

Donors 

whole .... 
group "stable" 
(n = 28) I (n = 20) 

2,5.34,0 4,0--18,0 
5,0-25,0 5,0.22,0 

12,70~ 0,78 I2,21• 0,77 
13,50• 12,40• 

> 0,05 > 0,05 

subgroup 
"reactive" 

1 ( n = 4 )  2 ( n ~ 4 )  

2 , 5 . 8 , 0  20,0-34.0 
9,9-25,0 i0,0.18,0 

6,18--+0,86 24,20~2,41 
16,50--2,21 12,50--+- ,I,35 

<0,01 <0,02 

c e n t r a t i o n  r e v e a l e d  two t y p e s  of r e a c t i o n  t o  dona t ion ,  on the  b a s i s  of  which  the  dono r s  w e r e  d iv ided  c o n -  
v e n t i o n a l l y  into two s u b g r o u p s ,  d e s c r i b e d  as  " s t a b l e ~  and ~ r e a c t i v e . .  B l e e d i n g  in s u b g r o u p  1 was  not a c -  
c o m p a n i e d  by any change  in the  c y c l i c  A M P  l eve l ,  but in s u b g r o u p  2 the  l e v e l  was  i n c r e a s e d  (Table  1). It 
w i l l  be no ted  tha t  a m o n g  d o n o r s  of  the  " r e a c t i v e "  type  the  c y c l i c  A M P  c o n c e n t r a t i o n  f luc tua t ed  wi th in  w i d e r  
l i m i t s  than  in the  " s t a b l e "  s u b g r o u p .  

The  i n i t i a l  p l a s m a  c y c l i c  A M P  l e v e l  in the  f i r s t - t i m e  d o n o r s  was  l o w e r  on the a v e r a g e  than  in the  
r e g u l a r s ,  and i t s  c o n c e n t r a t i o n  r e m a i n e d  v i r t u a l l y  unchanged  a f t e r  dona t ion  (Table  2). T h e r e  was  an even  
w i d e r  r a n g e  of  i nd iv idua l  v a r i a t i o n s  in the  c y c l i c  A M P  l e v e l .  In the  " s t ab le , ,  s u b g r o u p  the m e a n  c y c l i c  
A M P  l e v e l  the  day  b e f o r e  dona t ion  was l o w e r  than  in r e g u l a r  d o n o r s  of  the  s a m e  s u b g r o u p  (P < 0.05).  F i r s t -  
t i m e  d o n o r s  of  " r e a e t i v e "  type  r e a c t e d  in two ways  to b l eed ing :  in s o m e  the  c y c l i c  A M P  l e v e l  r o s e  t o t w i c e  
i t s  i n i t i a l ,  low c o n c e n t r a t i o n ,  w h e r e a s  in the  o t h e r s ,  by c o n t r a s t ,  it  f e l l  to  ha l f  i t s  i n i t i a l ,  h igh  e o n c e n t r a -  
t inn  (Table  2). 

The c h i e f  s o u r c e s  of  the  p l a s m a  c y c l i c  A M P  a r e  e v i d e n t l y  the  k i d n e y s  and l i v e r .  F o r  i n s t a n c e ,  n e p h -  
r e c t o m i z e d  p a t i e n t s  d id  not r e s p o n d  with  an i n c r e a s e d  p l a s m a  c y c l i c  A M P  l e v e l  to  i n j ec t i on  of  p a r a t h o r -  
mone  [5]. No i n c r e a s e  was  found in the  p l a s m a  c y c l i c  A M P  l e v e l  in r e s p o n s e  to i n j ec t i on  of  g lucagon  in 
h e p a t e e t o m i z e d  dogs [3]. In the  l ight  of  t h e s e  f ind ings  the  h i g h e r  p l a s m a  c y c l i c  A M P  l e v e l  in the  r e g u l a r  
d o n o r s  both b e f o r e  and a f t e r  dona t ion  m u s t  e v i d e n t l y  be r e g a r d e d  as  the  r e s u l t  of  a c t i v a t i o n  of  r e n a l  a d e n y l  
c y e l a s e ,  fo r  a c c o r d i n g  to  R o d g e r s  e t  a l .  [7], the  s y n t h e s i s  of  r e n a l  e r y t h r o p o i e t i c  f a c t o r  is  m e d i a t e d  t h r o u g h  
c y c l i c  A M P .  The k i d n e y s  of  the  r e g u l a r  dono r s  p r o b a b l y  p r o d u c e d  m o r e  c y c l i c  AMP,  in c o n s e q u e n c e  of  
t h e i r  r e g u l a r  dona t ions ,  and th i s  l ed  to  a h i g h e r  p l a s m a  c o n c e n t r a t i o n  of  th i s  s u b s t a n c e  than  in the  f i r s t -  
t i m e  d o n o r s .  

Changes  in the  p l a s m a  c y c l i c  A M P  l e v e l  in " r e a c t i v e .  f i r s t - t i m e  d o n o r s  m u s t  p r o b a b l y  r e f l e c t  e m o -  
t i o n a l - h o r m o n a l  s t r e s s  c h a n g e s ,  i nc lud ing  g e n e r a l  e x c i t a t i o n  of  the  CNS and an i n c r e a s e d  output  of  a d r e n -  
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alin and cor t icos te ro ids  [1, 2, 8]. Blood loss also act ivates  the secre t ion  of vasopress in ,  which again 
r a i ses  the cycl ic  AMP level in the kidneys. All these factors  may be responsible  for  the increase  in the 
p lasma cyclic AMP concentrat ion associa ted with blood donation. 

It is more  difficult to in terpre t  the response of the r emainder  of the " reac t ive"  f i r s t - t ime  donors,  
in whom the cyclic AMP level was high on the day before donation and fell a f te r  donation. However, some 
donors have been found to have a higher  adrenal in concen t ra t ionbefo re  donation, but not a f te r  it [8]; in 
this group it may be that the parasympathet ic  background is predominant  and that at the moment of s t r e s s  
the cyclic AMP level  falls .  The absence of such a group among the regu la r  donors could be the resul t  of 
the smal lness  of the sample.  

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

LITERATURE CITED 

G. I. Kasimov and G. A. Guseinov, Probl .  Gematol . ,  No. 3, 20 (]967). 
G. I .  Kasimov, Probl .  Gematol . ,  No. 2, 21 (1968). 
A. E. Broadus,  N. J .  Kaminski, R. C. Northcutt,  et al., J .  Clin. Invest. ,  4__9, 2237 (1970). 
A. G. Gilman, Proc .  Nat. Acad.Sci .  (Washington), 67, 305 (1970). 
N. J .  Kaminski,  A. E. Bro~dus, J.  G. Hardman, et al., J.  Clin. Invest. ,  49, 2387 (1970). 
W. D. Pat terson,  J .  G. Hardman, and E. W. Sutherland, Endocrinology, 95, 325 (1974). 
G. M. Rodgers ,  W. J.  George,  and J.  W. Fisher ,  Proc .  Soc. Exp. Biol.  (New York), 4._00, 977 (1972). 
P. P. Ruetz, S. A. Johnson, R. Callahan, et al., Medicine (Baltimore),  46, 363 (1967). 
E. W. Sutherland, J .  Am. Med. Assoc. ,  2144, 1281 (1970). 

1034 


