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effect  on  t he  e x t e n t  of hemolys i s  as c o m p a r e d  to  t h a t  of 
a con t ro l  m i x t u r e  is shown  in t h e  Figure.  Af te r  10 rain,  
c a r b o x y p e p t i d a s e  A no longer  exe r t ed  a n y  inf luence  on  
t he  i m m u n e  h e m o l y t i c  reac t ion .  However ,  e n h a n c e m e n t  
of i m m u n e  hemolys i s  b y  low ionic s t r e n g t h  could be  
d e m o n s t r a t e d  up  to 15 m i n  a f t e r  i n i t i a t i on  of the  reac t ion .  
E n h a n c e m e n t  of gp C b y  low ionic s t r e n g t h  b e y o n d  10 m i n  
is ev idence  t h a t  one or more  c o m p o n e n t s  of c o m p l e m e n t  
are a f fec ted  b y  low ionic s t r eng th ,  w h i c h  are una f fec t ed  
b y  c a r b o x y p e p t i d a s e  A. 

I t  has  been  r epo r t ed  t h a t  C2, C4, and  poss ib ly  C3 com- 
p o n e n t s  of c o m p l e m e n t  are a f fec ted  b y  c a r b o x y p e p t i d a s e  
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Effect of time of introduction of low ionic strength and of carboxy- 
peptidase A on immune hemolytic reaction. O--Q, carboxypepti- 
dase A; �9169 low ionic strength. 

A 5. Low ionic s t r e n g t h  enhances  t he  f o r m a t i o n  of SAC 
1, 4, 2 b y  p e r m i t t i n g  f i rmer  b i n d i n g  of C1 to SA a n d  b y  
p r e v e n t i n g  t he  mac romolecu l a r  complex  C1 f rom dis- 
soc ia t ing  in to  n o n a c t i v e  fo rms  ~. Low ionic s t r e n g t h  can  
exe r t  b o t h  a n  e n h a n c i n g  a n d  a d e t r i m e n t a l  effect  on  C3 
or l a t e r  ac t ing  c o m p o n e n t s  of c o m p l e m e n t  ~. The  fac t  t h a t  
low ionic s t r e n g t h  affects  t he  r eac t ion  for  a longer per iod 
of t i m e  t h a n  c a r b o x y p e p t i d a s e  A (Figure) suggests  t h a t  
i t  is e n h a n c i n g  a l a t e r  s tep  in t he  hemoly t i c  r eac t ion  
s u b s e q u e n t  to  t he  f o r m a t i o n  of EAC1,4 ,2 ,  wh ich  is 
una f fec t ed  b y  c a r b o x y p e p t i d a s e  A. T h a t  c a rboxypep t i -  
dase  A e n h a n c e s  gp C a t  t he  o p t i m u m  ionic s t r e n g t h  
ind ica tes  t h a t  t h e  e n z y m e  exer t s  g rea te r  effect  on  m u t u a l  
c o m p o n e n t s  or enhances  componen t ( s )  C2 a n d / o r  C4, 
una f fec t ed  b y  low ionic s t r e n g t h L  

Zusammen[assung. P o t e n z i e r u n g  v o n  Meerschweinchen-  
k o m p l e m e n t  d u r c h  n iedr ige  I o n e n k o n z e n t r a t i o n  u n d  
C a r b o x y p e p t i d a s e  A zeigt,  dass  das  E n z y m  seinen stair- 
ke ren  E inf luss  wAhrend de r  B i l d u n g  yon  EAC1, 4, 2 aus-  
i ibt .  WS&rend der  I m m u n h i t m o l y s e  i ib te  j edoch  eine 
n iedere  I o n e n k o n z e n t r a t i o n  e inen  zus~Ltzlichen f6 rde rnden  
Einf luss  auf  e ine spAtere R e a k t i o n  aus. 
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Inhibitory Influence of Acid Citrate Dextrose on the Activity of Dehydrogenase in Erythrocytes 

The  i n h i b i t o r y  effect  of some a n t i c o a g u l a n t s  on  t h e  
a c t i v i t y  of enzymes  1-, is no t  on ly  of t heo re t i ca l  i n t e r e s t  
b u t  ha s  also some p rac t i ca l  i m por t ance .  W e  h a v e  the re -  
fore cons idered  i t  i m p o r t a n t  to  pub l i s h  our  f ind ings  on  
t h e  i n h i b i t o r y  inf luence  of acid c i t r a t e  dex t rose  (ACD), 
a n  a n t i c o a g u l a n t  so lu t ion  o f t en  used in b lood  storage,  on  
t h e  a c t i v i t y  of some dehydrogenases  of red  b lood  cell 
(RBC). 

In the course of our studies with the erythrocytic 
enzyme, glucose-6-phosphate dehydrogenase (G-6-PD) we 
have registered a much slower reaction, catalysed by the 
above-mentioned enzyme, when blood samples treated 
with ACD (Figure, Table I). Ratio : ACD/blood 1 : 4 were 
compared to heparin samples. The enzymatic activity 
of G-6-PD in R B C  was d e t e r m i n e d  b y  t he  I{ORNBERG'8 
a n d  HORECKER'S m e t h o d  4 w i t h  some modi f i ca t ions  5. B y  
t r a c ing  th i s  p h e n o m e n o n  in a g rea t e r  n u m b e r  of b lood  
donors ,  we h a v e  been  able  to  p rove  b y  m e a n s  of a doub l e t  
s y s t e m  m e t h o d  t h a t  t he  d i m i n i s h e d  e r y t h r o c y t e  a c t i v i t y  
of t h e  e n z y m e  G-6 -PD in t h e  samples  of ACD has  a 
s t a t i s t i ca l  s ignif icance a t  1% level,  w h e n  H - t e s t  was  
used*. Differences  of e n z y m e  a c t i v i t y  in  b o t h  an t i -  
c o a g u l a n t  med ia  in  each  b lood  sample  e x a m i n e d  are  
d e m o n s t r a t e d  in Tab le  1. There fore  w e  t r i ed  to  answer  
t he  ques t ion  if t he  obse rved  A C D - i n h i b i t o r y  effect  is 
l im i t ed  on ly  to  t he  e n z y m e  G-6-PD or- if  i t  is of a more  
genera l  impor t ance .  Fo r  th i s  r eason  we decided to  use 

a n o t h e r  N A D P  d e p e n d e n t  d e h y d r o g e n a s e  glucono-6-  
p h o s p h a t e  d e h y d r o g e n a s e  (6-PGD).  The  e r y t h r o c y t e  
a c t i v i t y  of t h i s  e n z y m e  was d e t e r m i n e d  b y  t he  m e t h o d  
of I4~ORNBERG a n d  HORECKER 4 us ing  iden t ica l  cond i t ions  
as descr ibed  b y  G-6-PD.  F r o m  10 b lood  donors  e x a m i n e d  
9 showed t h e  m e a s u r e d  e r y t h r o c y t e  ac t i v i t y  of 6 -PGD 
to be  h ighe r  w h e n  h e p a r i n  was appl ied  (Table I). How-  
ever,  d i f ferences  in  e n z y m a t i c  a c t i v i t y  were no t  of such  
a degree as to  be  s t a t i s t i ca l ly  s ign i f ican t  w h e n  t e s t ed  w i t h  
H- tes t .  I n  a n o t h e r  dehydrogenase ,  N A D H  dependen t ,  
lact ic  d e h y d r o g e n a s e  (LDH),  d e t e r m i n e d  b y  the  m e t h o d  
of HORN a n d  AMELUNG 7, we h a v e  been  able  to  prove,  
w h e n  check ing  w i t h  h e p a r i n  samples ,  s t a t i s t i ca l ly  signif-  

1 p.M. EMERSON, J. H. WILKINSON and W. A. WITHYCOMBE, Nature 
202, 1337 (1964). 
H. D. HORN and F. H. BRUNS, Verh. dt. Ges. inn. Med. 65, 407 
(1959). 

3 G. FORNAINI, G. LEONCINI, P. SEGNI and A. FANTONI, Ital. J. 
Bioehem. 6, 366 (1964). 

4 A. KORNBERG and B. L. HORECKER, Methods in Enzymology 
(Academic Press, NewYork !955), vol. 1, p. 323. 

5 j .  PALEK, V. VOLEK, B. FRIEDMAN and V. BRABEC, Gas. Ldk. 6es. 
705, 775 (1966). 

6 W. H. KRUSKAL, Ann. math. Statist. 23, 525 (1952). 
7 H. D. HORN and D. AM~LUNG, Dt. med. Wsehr. 82, 619 (1957). 



EXPERIENTIA 25/6 Speeialia 639 

Table I. Enzymatic activities in blood sanlples collected in hepalin 
and ACD 

G-6-PD 6-PDG LDH PK 

HEP  ACD HE P  ACD HE P  ACD �9 HEP ACD 

971 840 800 575 25.6 23.4 2.4 2.7 
971 853 834 699 24.5 17.7 3.6 4.0 
928 684 920 753 25.5 19.9 3.5 4.2 

1189 759 1069 798 22.2 18.6 3.4 2.8 
960 953 464 414 20.6 13.5 3.6 2.2 
831 845 890 851 21.5 12.3 1.6 1.5 
771 573 674 660 19.0 11.5 

1005 777 612 759 19.9 12.4 
773 562 635 496 18.6 12.5 

1105 817 760 557 14.6 9.9 
715 662 
738 681 
948 960 

1038 780 
875 763 
753 568 
851 648 
576 566 
815 581 

885 728 ~ 766 656 E 21.2 15.2 ~ 3.0 2.9 

P < 0 . 0 1  P > 0 . 0 5  P < 0 . 0 1  P > 0 . 0 5  

Note: G-6-PD and 6-PGD activities are expressed in IU/1000 ml 
of RBC; LDH and PK activities are expressed in IU/ml of RBC. 
Heparin (HEP) was used in the identical final concentration as 
mentioned in Table II. ~ For LDH the ratio ACD/blood was 1:9. 

i c a n t  d e p r e s s i o n  o f  t h e  t o t a l  e r y t h r o c y t e  a c t i v i t y  of  L D H  
in  h e m o l y s a t e s  of  cel ls  t r e a t e d  w i t h  A C D  (F igure ) .  T h i s  
p h e n o m e n o n  h a s  b e e n  o b s e r v e d  e v e n  if b l o o d  s a m p l e s  
w e r e  co l l ec t ed  w i t h  A C D  in  t h e  r a t i o  A C D / b l o o d  1 : 9  
( T a b l e  I).  L D H  i s o e n z y m e  p a t t e r n s  d e t e r m i n e d  in  h e m o -  
l y s a t e s ,  b y  a g a r - g e l  e l e c t r o p h o r e s i s  a c c o r d i n g  t o  WlEME S, 
h a v e  s h o w n  in  A C D  s a m p l e s  a n  e v i d e n t  r e s t r i c t i o n  o f  al l  
4 b a n d s  w h i c h  a r e  u s u a l l y  o b t a i n e d  in  m a t u r e d  R B C .  
T h e  loss  o f  t o t a l  L D H  a c t i v i t y  is t h e r e f o r e  d i v i d e d  in  t h e  
s a m e  d e g r e e  b e t w e e n  al l  4 e r y t h r o c y t e  L D H  i s o e n z y m e s  
a n d  t h e  r e l a t i o n s h i p  b e t w e e n  i n d i v i d u a l  f r a c t i o n s  re-  
m a i n e d  u n c h a n g e d  w h e n  c o m p a r e d  w i t h  h e p a r i n  s a m p l e s .  
I n  c o n t r a s t  to  o u r  a b o v e - m e n t i o n e d  f i n d i n g s  in  p y r u v a t e  
k i n a s e  (PK) ,  d e t e r m i n e d  f r o m  R B C  b y  t h e  m e t h o d  of  
B/]ICHER a n d  PFLEIDERER t~, t h e r e  a re  n o  d i f f e r e n c e s  in  t h e  
e r y t h r o c y t e  a c t i v i t y  of  P K  w h e n  c o m p a r e d  h e p a r i n  
t r e a t e d  b l o o d  s a m p l e s  w i t h  A C D  o n e s  (T ab l e  I).  

I n  a d d i t i o n  to  t h e s e  s t u d i e s  we  h a v e  p e r f o r m e d  s o m e  
a n a l y s e s  w i t h  i n d i v i d u a l  c o n s t i t u e n t s  of  A C D  s o l u t i o n  
(Table II). F o r  t h i s  p u r p o s e  we  h a v e  c h o s e n  2 e r y t h r o c y t e  
e n z y m e s ,  L D H  a n d  G - 6 - P D ,  a c c o r d i n g  t o  t h e  e v i d e n t  
s e n s i t i v i t y  of  t h e s e  e n z y m e s  on  t h e  i n h i b i t i o n  e f f ec t  of  
A C D .  T h e  c o n s t i t u e n t s  w h i c h  h a v e  b e e n  t e s t e d  a r e  d i v i d e d  
i n t o  2 g r o u p s .  T h e  f i r s t  g r o u p  c o n t a i n s  c o n s t i t u e n t s  of  
p H  a b o u t  7 o r  h i g h e r  ( h e p a r i n ,  N a  c i t r a t e ,  d e x t r o s e  w i t h  
N a  c i t r a t e ) .  T h e  s e c o n d  g r o u p  c o n t a i n s  c o n s t i t u e n t s  w i t h  
t h e  s a m e  p H  v a l u e  (5.0) as  w a s  f o u n d  in  A C D  s o l u t i o n .  
F o r  t h i s  p u r p o s e  N a  c i t r a t e  h a s  b e e n  ac i d i f i ed  t o  a f i t t i n g  
p H  leve l  b y  a d d i n g  g l ac i a l  a ce t i c  ac id ,  w h e r e a s  h e p a r i n  
h a s  b e e n  ac id i f i ed  b y  a d d i n g  of  o n e  d r o p  o f  1 N  NC1. A s  
s h o w n  in  t h e  T a b l e  I I  for  i n t e r a c t i o n  c o n s t i t u e n t s  o f  
a c i d  p H  h a v e  b e e n  u s e d ,  t h e r e  is a s i g n i f i c a n t  loss  of  
a c t i v i t y  in  b o t h  t e s t e d  d e h y d r o g e n a s e s  (in L D H  t h e  loss  
o f  a c t i v i t y  w a s  a b o u t  5 0 % ,  in  G - 6 - P D  t h e  loss  w a s  a b o u t  

2 5 % ) .  T h e s e  r e s u l t s  p e r m i t  u s  t o  e x p l a i n  t h e  p a r t i a l l y  
i r r e v e r s i b l e  loss  of  a c t i v i t y  in  t e s t e d  e n z y m e s  b y  m e a n s  
o f  t h e  l o w e r  p H  of  A C D .  

Table II. A comparative analysis of the influence of individual 
components of ACD solution on the activity of LDH and G-6-PD 
in RBC: The demonstration of the inhibitory effect of acid pH 

Examined constituents pH LDH G-6-PD 
activity activity 
% % 

Heparin ~ 6.6 100 100 
Natriunl citrate 8.94 95 95 
Dextrose + Na citrate 8.94 94 100 

ACD b 5.02 50 67 
Acid citrate o 5.02 43 76 
Dextrose + Acid citrate 5.02 42 71 
Heparin acidified ~ 5.00 68 80 
Dextrose + Heparin acid 5.00 69 

a 0.04 Inl of heparin or acidified heparin (5000 IU/ml) to 10 nfl of 
blood was used (final concentration 20 IU/ml). In remaining cases 
the ratio of examined solution to blood was 4:16. b ACD solution: 
natr ium citrate 1.1 g, acid citrate 0.4 g, dextrose 3.5 g, distilled 
water to 100 1111. ~ Acid citrate has been prepared from natr imn 
citrate by acidifying with acetic acid (acidum aceticum glaciale). 
Acidified heparin has been prepared from heparin solution by 
acidifying with one drop of 1 N HC1. 
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A representative single probe with typical different course of enzy- 
matic reaction in heparin and ACD samples. Extension 340. �9169 
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Zusammen/assung.  D e r  v ie l  v e r w e n d e t e  g e r i n n u n g s -  
h e m m e n d e  Z u s a t z  A C D  (ac id  c i t r i c  d e x t r o s e )  v e r m i n d e r t  
d ie  A k t i v i t / i t  d e r  G l u c o s e - 6 - P h o s p h a t - D e h y d r o g e n a s e  u n d  
a n d e r e r  D e h y d r o g e n a s e n  d e r  E r y t h r o z y t e n .  D i e s e  W i r -  
k u n g  k o m m t  d u r c h  p H - V e r s c h i e b u n g  z u s t a n d e .  
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