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I n f l u e n c e  o f  D - P e n i c i l l a m i n e  (DPA) on m e t a b o l i c  and 
f u n c t i o n a l  a c t i v i t i e s  o f  n e u t r o p h i l  g r a n u l o c y t e s  was 
i n v e s t i g a t e d  i n  v i t r o  by m e a s u r i n g  s u p e r o x i d e  a n i o n  
p r o d u c t i o n  and b e t a - g l u c u r o n i d a s e  r e l e a s e  as w e l l  as by 
d e t e r m i n i n g  p h a g o c y t i c  and i n t r a c e l l u l a r  k i l l i n g  
a c t i v i t i e s  o f  c e l l s .  P r e i n c u b a t i o n  w i t h  DPA i n  t h e  
c o n c e n t r a t i o n  r a n g e  o f  0 . 5 - 5 . 0  mM r e s u l t e d  i n  2 8 - 5 3  4 
i n c r e a s e  i n  s u p e r o x i d e  a n i o n  p r o d u c t i o n  by g r a n u l o c y t e s  
s t i m u l a t e d  w i t h  10 - ' M FMLP. DPA i n  t h e  same 
c o n c e n t r a t i o n  r a n g e  r e s u l t e d  i n  145 -37 1  % r i s e  i n  t h e  
F M L P - s t i m u l a t e d  b e t a - g l u c u r o n i d a s e  r e l e a s e .  H o w e v e r ,  
u p t a k e  and s u b s e q u e n t  k i l l i n g  o f  v i a b l e  S t a p h y l o c o c c u s  
a u r e u s  was n o t  i n f l u e n c e d  by i n c u b a t i o n  o f  g r a n u l o c y t e s  
w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  DPA ( 0 . 5 - 5 . 0  mM).  From 
t h e s e  r e s u l t s  we c o n c l u d e  t h a t  DPA may i n f l u e n c e  t h e  
s u p e r o x i d e  a n i o n  p r o d u c t i o n  and b e t a - g l u c u r o n i d a s e  
r e l e a s e  i n  g r a n u l o c y t e s  w i t h o u t  a l t e r i n g  t h e  p h a g o c y t i c  
and i n t r a c e l l u l a r  k i l l i n g  a c t i v i t i e s  o f  t h e s e  c e l l s .  We 
su ppose  t h a t  t h e  un c h a n g e d  a n t i b a c t e r i a l  a c t i v i t y  o f  
n e u t r o p h i l  g r a n u l o c y t e s  i s  r e s u l t e d  by t h e  two  o p p o s i t e  
DPA e f f e c t s :  a c t i n g  e x t r a c e l l u l a r l y  r e d u c e s  f r e e  
r a d i c a l  l e v e l  w h i l e  t h e  d i r e c t  membrane e f f e c t  r e s u l t s  
i n  e n h a n c i n g  m e t a b o l i c  a c t i v i t y  i n  g r a n u l o c y t e s .

INTRODUCTION

D - P e n i c i l l a m i n e  (DPA) has been  used  f o r  t h e  t r e a t m e n t  o f  

v a r i o u s  d i s e a s e s  r e l a t e d  t o  t h e  t o x i c  e f f e c t  o f  ox y g e n  

m e t a b o l i t e s  n o t  o n l y  i n  a d u l t s  s u f f e r i n g  f r o m  r h e u m a t o i d  

a r t h r i t i s  o r  W i l s o n ' s  d i s e a s e  / 1 3 /  b u t  a l s o  i n  p r e m a t u r e  

i n f a n t s .  A f a v o u r a b l e  e f f e c t  o f  t h i s  d r u g  has bean o b s e r v e d  f o r  

t h e  p r e v e n t i o n  and t r e a t m e n t  o f  r e t i n o p a t h y  o f  p r e m a t u r i t y  

(R0P)  / 1 1 ,  1 2 / .  By i n i t i a t i o n  o f  DPA i n  t h e  t r e a t m e n t  o f

j a u n d i c e  o f  n e o n a t e s  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  nu mb e r  o f  

b l o o d  e x c h a n g e  t r a n s f u s i o n s  has  been  a c h i e v e d  / 1 3 / .  DPA has
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b e e n  f o u n d  t o  i n h i b i t  l i p i d  p e r o x i d a t i o n  i n d u c e d  by o x y g e n  

m e t a b o l i t e s  ( s u p e r o x i d e  a n i o n ,  h y d r o g e n  p e r o x i d e ,  h y d r o x y l  

r a d i c a l ,  s i n g l e t  o x y g e n )  i n  t h e  r e d  b l o o d  c e l l  membrane / 1 5 ,  

1 6 / .  H owe ve r ,  t h e s e  t o x i c  oxygen  m e t a b o l i t e s  a r e  known t o  p l a y  

an i m p o r t a n t  r o l e  i n  t h e  i n t r a c e l l u l a r  k i l l i n g  o f  i n g e s t e d  

b a c t e r i a  by n e u t r o p h i l  g r a n u l o c y t e s ,  as w e l l  / 6 ,  7 / .  I t  i s  

p o s t u l a t e d  t h a t  p h a g o c y t i c  c e l l s  a t t a c h e d  t o  t h e  i n f l a m e d  s i t e ,  

r e l e a s e  r e a c t i v e  o x y g e n  s p e c i e s ,  w h i c h  may a l s o  p l a y  r o l e  as 

m e d i a t o r s  o f  i n f l a m m a t i o n ,  c a u s i n g  b i ome mb ran e  d e s t r u c t i o n ,  

d é n a t u r a t i o n ,  a g g r e g a t i o n  o r  d e p o l y m e r i z a t i o n  o f  b i o p o l y m e r s ,  

c e l l  d e a t h ,  as w e l l  as a t t r a c t i n g  and a c t i v a t i n g  more 

l e u k o c y t e s  / 6 / .  F o r  t h a t  v e r y  r e a s o n  t h e  e f f e c t  o f  r a d i c a l  

s c a v e n g e r  d r u g s  i n  a l i v i n g  o r g a n i s m  i s  mos t  c o m p l e x .  V i t a m i n  E 

w h i c h  i s  w i d e l y  a d m i n i s t e r e d  t o  p r e m a t u r e  i n f a n t s  f o r  t h e  

p r e v e n t i o n  o f  ROP has  been  fo u n d  t o  i n c r e a s e  r i s k  o f  s e p s i s  and 

n e c r o t i z i n g  e n t e r o c o l i t i s  / 1 0 / .  R e c e n t l y ,  E n g le  e t  a l .  i n  v i t r o  

s t u d i e s  fo u n d  t h a t  p h a r m a c o l o g i c  c o n c e n t r a t i o n s  o f  V i t a m i n  E 

d e p r e s s e d  s u p e r o x i d e  p r o d u c t i o n  i n d u c e d  by p h o r b o l  m y r i s t a t e  

a c e t a t e  i n  p o l y m o r p h o n u c l e a r  l e u k o c y t e s  / 9 / .  A l t h o u g h  

c o n t r o l l e d  c l i n i c a l  t r i a l s  r e v e a l e d  no i n c r e a s e  i n  t h e  number  

o f  b a c t e r i a l  i n f e c t i o n s  d u r i n g  and a f t e r  DPA t r e a t m e n t ,  t h e  

e f f e c t  o f  t h i s  d r u g  on m e t a b o l i c  and f u n c t i o n a l  a c t i v i t i e s  o f  

human n e u t r o p h i l s  has n o t  been c o m p l e t e l y  a s s a y e d .

From  e a r l i e r  r e s u l t s  o b t a i n e d  i n  r e d  b l o o d  c e l l s  we s u p p o s e d  

t h a t  DPA has n o t  o n l y  f r e e  r a d i c a l  s c a v e n g e r -  b u t  a l s o  membrane 

e f f e c t .  T h i s  may be c o n n e c t e d  w i t h  d e g r a n u l a t i o n  d u r i n g  w h i c h  

t h e  g r a n u l e s  f u s e  w i t h  t h e  p lasma membrane and d i s c h a r g e  t h e i r  

c o n t e n t s  b o t h  i n t o  t h e  e x t r a c e l l u l a r  space  and i n t o  t h e  

p h a g o c y t i c  v a c u o l e .

B e c a u s e  t h e  p h a g o c y t i c  c e l l s '  a n t i m i c r o b a l  c a p a c i t y  i s  

c l o s e l y  c o n n e c t e d  w i t h  t h e i r  m e t a b o l i c  ( t o x i c  o x y g e n  

m e t a b o l i t e s '  p r o d u c t i o n  and d e g r a n u l a t i o n )  and f u n c t i o n a l  

a c t i v i t y  ( p h a g o c y t o s i s  and i n t r a c e l l u l a r  k i l l i n g  o f  b a c t e r i a ) ,  

t h i s  s t u d y  was i n i t i a t e d  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  DPA on 

s u p e r o x i d e  a n i o n  g e n e r a t i o n  and b e t a - g l u c u r o n i d a s e  r e l e a s e  as 

w e l l  as  on p h a g o c y t i c  and i n t r a c e l l u l a r  k i l l i n g  a c t i v a t i o n  o f  

human p e r i p h e r a l  b l o o d  g r a n u l o c y t e s .
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MATERIALS AND METHODS

I s o l a t i o n _____ o f  g r a n u l o c y t e s :  G r a n u l o c y t e  e n r i c h e d  c e l l
s u s p e n s i o n s  were p r e p a r e d  f r o m  h e p a r i n i z e d  (10  U / m l )  venous  
b l o o d  o f  h e a l t h y  a d u l t  d o n o r s ,  u s i n g  s t a n d a r d  s e p a r a t i o n  
t e c h n i q u e s  / 4 / .  B l o o d  was o b t a i n e d  t o  t h e  i n s t i t u t i o n  i n f o r m e d  
c o n s e n t  p o l i c y .  C e l l s  were su s p e n d e d  i n  K r e b s - R i n g e r  p h o s p h a t e  
d e x t r o s e  (KRPD) b u f f e r  ( p H = 7 . 2 8 ) .  C o n t a m i n a t i n g  e r y t h r o c y t e s  
were  removed  by h y p o t o n i c  l y s i s .  A f t e r  s e p a r a t i o n  more  th a n  
95 \  o f  t h e  g r a n u l o c y t e s  r e m a i n e d  v i a b l e  as c h e c k e d  by T r i p a n
b l u e  e x c l u s i o n .

D - P e n i c i l l a m i n e ; DPA ( K n o l l ,  L u d w i g s h a f e n ,  West G e r m a n y )  was 
f r e s h l y  d i s s o l v e d  and d i l u t e d  f o r  s t o c k  s o l u t i o n .  T h re e  
d i f f e r e n t  c o n c e n t r a t i o n s  o f  DPA ( 0 . 5 ,  2 . 0  and 5 . 0  mM) were 
ch ose n  t o  t e s t  v a r i o u s  e f f e c t s  on g r a n u l o c y t e s .  C o n c e n t r a t i o n s  
o f  0 . 5  and 2 mM were  e q u i v a l e n t  w i t h  t h e  minimum and  maximum 
serum l e v e l  o f  t h e  d r u g  a c h i e v e d  i n  p r e m a t u r e s  by 
a d m i n i s t r a t i o n  o f  300 m g / k g / d i e  o f  DPA / 3 ,  2 / .  The 5 mM was a 
s u p p o s e d  t o x i c  c o n c e n t r a t i o n  o f  t h e  d r u g .

M eas u r e m e n t  o f  s u p e r o x i d e  a n i o n  p r o d u c t i o n :  P r o d u c t i o n  o f  
s u p e r o x i d e  a n i o n  by g r a n u l o c y t e s  was as sayed  by c o n t i n u o u s  
r e c o r d i n g  o f  t h e  r e d u c t i o n  o f  f e r r i c y t o c h r o m e  c a t  550  nm i n  a 
S p e c o r d  mode l  40 s p e c t r o p h o t o m e t e r  / 3 / .  The t e s t  c u v e t t e  
c o n t a i n e d  2 m i l l i o n  g r a n u l o c y t e s  and 30 uM h o r s e  h e a r t  
f e r r i c y t o c h r o m e  c ( T y p e  I I I ,  S ig m a)  i n  1 .5  ml  KRPD. A f t e r  10 
m in  o f  e q u i l i b r a t i o n ,  1 0 " '  M N - f o r m y l - m e t h i o n y 1 - l e u c y l -  
p h e n y l a l a n i n e  (FMLP, Vega)  was added as a s t i m u l u s .  S u p e r o x i d e  
a n i o n  p r o d u c t i o n  i n d u c e d  by FMLP was c a l c u l a t e d  on t h e  b a s i s  o f  
t h e  d i f f e r e n c e  b e tw e e n  s p o n t a n e o u s  and s t i m u l a t e d  g e n e r a t i o n  o f  
t h i s  o x y g e n  m e t a b o l i t e .  R e s u l t s  w ere  e x p r e s s e d  as n m o l s  o f  t h e  
maximum s u p e r o x i d e  a n i o n  r e l e a s e d  by 1 m i l l i o n  c e l l s

D e g r a n u l a t i o n  a s s a y :  I n  o r d e r  t o  m o n i t o r  e f f e c t  o f  DPA on 
d e g r a n u l a t i o n  s t i m u l a t e d  w i t h  FMLP ( I O -7  M) one  o f  t h e  
a z u r o p h i l  g r a n u l e - a s s o c i a t e d  en zym e s ,  b e t a - g l u c u r o n i d a s e  
r e l e a s e  was m e a s u r e d .  The enzyme a c t i v i t y  i n  t h e  s u p e r n a t a n t  o f  
5 m i l l i o n  c e l l s  was d e t e r m i n e d  by u s i n g  p h e n o l p h t ha l e i n  
g l u c u r o n i c  a c i d  ( S i g m a )  as s u b s t r a t e  / 5 / .  B r i e f l y :  0 . 2  ml 
s u p e r n a t a n t  was d i l u t e d  i n  1 . 3  ml  o f  0 . 1  M s o d i u m  a c e t a t e  
b u f f e r  ( p H = 4 . 6 )  and 0 . 1  ml  p h e n o l p h t h a l e i n  g l u c u r o n i c  a c i d .  The 
s a m p l e s  were  v o r t e x e d  and i n c u b a t e d  f o r  IS h a t  37 °C  a f t e r  
w h i c h  t h e  r e a c t i o n  was t e r m i n a t e d  w i t h  i c e  c o l d  0 . 2  M g l y c i n  
b u f f e r  ( p H = 1 0 . 4 ) .  T o t a l  enzyme a c t i v i t y  was d e t e r m i n e d  a f t e r  
t r e a t m e n t  o f  c e l l s  w i t h  T r i t o n  X -10 0  (T TX ,  0 . 2  % ; Rohm and  Haas 
C o . ,  P h i l a d e l p h i a ,  P A ) .  The o p t i c a l  d e n s i t y  o f  s a m p l e s  was 
m easur ed  p h o t o m e t r i c a l l y  a t  540 nm. The p e r c e n t a g e  enzyme 
r e l e a s e  o f  s t i m u l a t e d  g r a n u l o c y t e s  was c a l c u l a t e d  as  a r a t i o  
b e tw e e n  d i f f e r e n c e  o f  s t i m u l a t e d  ( w i t h  FMLP) and s p o n t a n e o u s  
( w i t h o u t  FMLP),  and t o t a l  r e l e a s e  ( w i t h  TTX) .
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B a c t e r i a  : S t a p h y l o c o c c u s  au re us  ( t y p e  42D) was c u l t u r e d  
o v e r n i g h t  a t  37°C i n  N u t r i e n t  b r o t h  ( O x o i d ,  L o n d o n ) ,  h a r v e s t e d  
b y  c e n t r i f u g a t i o n  f o r  10 min a t  1500 x g ,  washed t w i c e  i n  KRPD 
a n d  re s u s p e n d e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  1 0 '  b a c t e r i a / m l .

P h a g o c y t o s i s  a s s a y :  G r a n u l o c y t e s  and S.  a u r e u s  (4 2 D )  were  
i n c u b a t e d  a t  a c e l l  t o  ^ b a c t e r i a  r a t i o  o f  1 : 1  and a t  a c e l l  
c o n c e n t r a t i o n  o f  5 x 1 0 ° / m l  i n  t h e  p r e s e n c e  o f  10 % n o r m a l  
human serum. P h a g o c y t o s i s  o f  S. a u r e u s  by g r a n u l o c y t e s  was 
m e a s u r e d  as t h e  d e c r e a s e  i n  th e  number o f  v i a b l e  e x t r a c e l l u l a r  
b a c t e r i a  d u r i n g  120 m i n  i n c u b a t i o n  o f  t h e  p h a g o c y t i c  m i x t u r e  a t  
3 7 ° C  u n d e r  s lo w  r o t a t i o n  (4  rp m ) .  A l i q u o t s  o f  t h e  m i x t u r e s  were  
t a k e n  a t  0,  60 and  120 min o f  i n c u b a t i o n  and t h e  number o f  
v i a b l e  e x t r a c e l l u l a r  b a c t e r i a  was d e t e r m i n e d  by c o l o n y  c o u n t s  
a f t e r  d i f f e r e n t i a l  c e n t r i f u g a t i o n  o f  p h a g o c y t i c  c e l l s  and 
b a c t e r i a  / 1 4 / .

B a c t e r i a l  k i l l i n g  a s s a y :  5 x 1 0 ^ / m l  g r a n u l o c y t e s  were i n c u b a t e d  
w i t h  S~! aure us  ( 4 2 D )  a t  a c e l l  t o  b a c t e r i a  r a t i o  o f  1 : 1  a t  37°C 
u n d e r  s low  r o t a t i o n  ( 4  rpm) i n  t h e  p r e s e n c e  o f  10 \  n o r m a l  
human serum.  I n t r a c e l l u l a r  k i l l i n g  o f  b a c t e r i a  was d e t e r m i n e d  
as  t h e  d e c r e a s e  i n  t h e  number o f  v i a b l e  i n t r a c e l l u l a r  and 
e x t r a c e l l u l a r  b a c t e r i a  a f t e r  120 min  o f  i n c u b a t i o n .  Sample s  o f  
t h e  m i x t u r e  w ere  t a k e n  a t  0,  60,  and 120 min t o  d e t e r m i n e  t h e  
n u m b e r  o f  v i a b l e  b a c t e r i a  a f t e r  l y s i s  o f  t h e  c e l l s  i n  i c e  c o l d  
( 4 ° C )  d i s t i l l e d  w a t e r  c o n t a i n i n g  0 . 0 1  % b o v i n e  a l b u m i n  / 1 4 / .

S t a t i s t i c a l  m e t h o d s :  D a t a  a n a l y s i s  was p e r f o r m e d  u s i n g  s t a n d a r d  
s t a t i s t i c a l  m e t h o d s .  I n  s p i t e  o f  t h e  s t a n d a r d i z e d  s e p a r a t i o n  
t e c h n i q u e  and w e l l  c o n t r o l l e d  e x p e r i m e n t a l  c o n d i t i o n s  t h e  
g r a n u l o c y t e s '  a c t i v i t y  v a r i e d  i n  d i f f e r e n t  e x p e r i m e n t s .  I n  
o r d e r  t o  co m p a r e  DPA e f f e c t s  o b t a i n e d  w i t h  d i f f e r e n t  
g r a n u l o c y t e  p o p u l a t i o n s  r e s u l t s  w e r e  e x p r e s s e d  as t h e  
p e r c e n t a g e  o f  u n t r e a t e d  c o n t r o l  u s i n g  p a i r e d  S t u d e n t ' s  t - t e s t .  
The  s i g n i f i c a n c e  t o  t h e  d i f f e r e n c e s  was d e f i n e d  a t  t h e  p < 0 . 0 5  
l e v e l  / 1 / .

RESULTS

S u p e r o x i d e  a n i o n  p r o d u c t i o n :  G e n e r a t i o n  o f  s u p e r o x i d e  a n i o n  by 

n e u t r o p h i l s  s t i m u l a t e d  w i t h  FMLP ( 1 0 ~ ^ M )  as a f u n c t i o n  o f  

d i f f e r e n t  c o n c e n t r a t i o n s  o f  DPA i s  shown i n  F i g u r e  1.  B e f o r e  

a s s a y i n g  s u p e r o x i d e  a n i o n  p r o d u c t i o n  g r a n u l o c y t e s  were  

i n c u b a t e d  i n  t h e  p r e s e n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  DPA f o r  

10 min a t  37°C a f t e r  w h i c h  th e  c e l l s  w e r e  washed and su sp e n d e d  

i n  KRPD. Fo r  c o n t r o l ,  s u p e r o x i d e  a n i o n  p r o d u c t i o n  by 

g r a n u l o c y t e s  i n c u b a t e d  i n  th e  a b s e n c e  o f  DPA u n d e r  t h e  same 

c o n d i t i o n s  was m e a s u r e d .  P r e i n c u b a t i o n  o f  c e l l s  w i t h  0 . 5  mM DPA 

r e s u l t e d  i n  28% i n c r e a s e  i n  t h e  s u p e r o x i d e  a n i o n  p r o d u c t i o n
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0
J___________ I___________ i___________ I___________ L
1 2  3 4 5

DPA, mM

F i g .  1 ;  E f f e c t  o f  DPA on t h e  S u p e r o x i d e  a n i o n  p r o d u c t i o n  o f  
n e u t r o p h i l  g r a n u l o c y t e s .  10 6 c e l l s  were p r e i n c u b a t e d  
w i t h  DPA o f  v a r i o u s  c o n c e n t r a t i o n s  f o r  10 min a t  
37°C.  FMLP s t i m u l a t e d  O2  g e n e r a t i o n  was m ea su r e d  by 
r e c o r d i n g  f e r r  i c y t o c h r o m e  c r e d u c t i o n .  Each  p o i n t  
r e p r e s e n t s  t h e  mean +_ S . E .  The number o f  e x p e r i m e n t s  
a r e  i n d i c a t e d  i n  b r a c k e t s .  г  = c o r r e l a t i o n  
c o e f f i c i e n t .

compa re d  t o  t h e  u n t r e a t e d  c o n t r o l .  A t  2 . 5  mM DPA, 41 % i n c r e a s e  

was f o u n d  w h i l e  p r e i n c u b a t i o n  w i t h  5 mM DPA p r o d u c e d  53 h r i s e .  

The r i s e  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  DPA c o n c e n t r a t i o n  o f  

t h e  exa m in e d  r a n g e  ( r = 0 . 9 8 6 ) .  No a l t e r a t i o n  was o b s e r v e d  i n  t h e  

s p o n t a n e o u s  s u p e r o x i d e  a n i o n  p r o d u c t i o n  by t h e  d r u g .  ( D a t a  n o t  

s h o w n . )

B e t a - g l u c u r o n i d a s e  r e l e a s e :  I n  o r d e r  t o  assay  t h e  e f f i c a c y  o f  

t h e  same s t i m u l i  i n  t r i g g e r i n g  t h e  r e l e a s e  o f  a z u r o p h i l  

g r a n u l e s ,  r e l e a s e  o f  b e t a - g l u c u r o n i d a s e  by n e u t r o p h i l s  was 

m e a s u r e d .  The e n z y m e ' s  a c t i v i t i e s  as a f u n c t i o n  o f  d i f f e r e n t  

c o n c e n t r a t i o n s  o f  DPA a r e  shown i n  F i g u r e  2.  P r e i n c u b a t i o n  o f  

c e l l s  w i t h  DPA i n  c o n c e n t r a t i o n s  o f  0 . 5 ;  2 . 0  and 5 . 0  mM f o r  10 

min a t  37°C i n c r e a s e d  t h e  F M L P - s t i m u l a t e d  enzyme r e l e a s e  by 

145 ;  156 and 371 h compared  t o  t h e  u n t r e a t e d  c o n t r o l ,
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r e s p e c t i v e l y .  The r i s e  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  DPA 

c o n c e n t r a t i o n  i n  t h i s  r a n g e  ( r = 0 . 9 5 3 ) .

(6) г = 0.958

---------- 1_________ !_________ I__________ I_________ L
1 2 3 4 5

DPA.mM

F i g .  2 .  E f f e c t  o f  DPA on ß  - g l u c u r o n i d a s e  r e l e a s e  by
n e u t r o p h i l  g r a n u l o c y t e s .  5 x 10°  c e l l s  were  i n c u b a t e d  
w i t h  DPA o f  v a r i o u s  c o n c e n t r a t i o n s  f o r  10 m i n  a t  
37°C.  FMLP s t i m u l a t e d  enzyme r e l e a s e  was m easu re d  by 
u s i n g  p h e n o l p h t h a l e i n  g l u c u r o n i c  a c i d  as a s u b s t r a t e .  
Each p o i n t  r e p r e s e n t s  t h e  mean +_ S . E .  The number o f  
e x p e r i m e n t s  a r e  i n d i c a t e d  i n  b r a c k e t s .  г  =
c o r r e l a t i o n  c o e f f i c i e n t .

P h a g o c y t o s i s  : 0 - P e n i c i l l a m i n e  d i d  n o t  a l t e r  t h e  p h a g o c y t i c  

a c t i v i t y  o f  g r a n u l o c y t e s  as i s  shown i n  F i g u r e  3.  DPA i n  t h e  

e x a m i n e d  c o n c e n t r a t i o n s  was added a t  0 m in  o f  i n c u b a t i o n  o f  

c e l l s  w i t h  b a c t e r i a .  A f t e r  60 min o f  i n c u b a t i o n  t h e  number o f  

v i a b l e  e x t r a c e l l u l a r  b a c t e r i a  d e c r e a s e d  t o  be l o w  10 % o f  t h e  

i n i t i a l  number and f u r t h e r  r e d u c t i o n  was o b s e r v e d  d u r i n g  t h e  

n e x t  60 min i n c u b a t i o n .  The d i f f e r e n c e s  be tw e e n  p h a g o c y t i c  

a c t i v i t y  o f  c o n t r o l  and DPA t r e a t e d  c e l l s  were  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  No i n h i b i t i o n  i n  c o n t r o l  e x p e r i m e n t s  

by  DPA on b a c t e r i a l  p r o l i f e r a t i o n  was o b s e r v e d  ( d a t a  n o t  

s h o w n . )



Influence of D-Penicillamine 455

F i g .  3 .  E f f e c t  o f  DPA on t h e  p h a g o c y t o s i s  o f  5 . a u r e u s  by 
n e u t r o p h i l  g r a n u l o c y t e s .  DPA o f  v a r i o u s
c o n c e n t r a t i o n s  was added t o  t h e  m i x t u r e  o f  c e l l s ,  and 
b a c t e r i a  a t  0 m i n .  Sample s  were t a k e n  a t  0 ;  60 and 
120 min  o f  i n c u b a t i o n  t o  ' d e t e r m i n e  t h e  numbe r  o f  
v i a b l e  e x t r a c e l l u l a r  b a c t e r i a l  c o u n t .  D a t a  a re  
e x p r e s s e d  as t h e  mean +_ S .E .  o f  a t  l e a s t  5 
e x p e r i m e n t s .

I n t r a c e l l u l a r  k i l l i n g :  I n  t h e  b a c t e r i a l  k i l l i n g  t e s t  t h e r e  was 

no a l t e r a t i o n  i n  t h e  n e u t r o p h i l  f u n c t i o n  as i t  i s  shown i n  

F i g u r e  4 .  DPA i n  v a r i o u s  c o n c e n t r a t i o n s  was added a t  0 m i n  o f  

i n c u b a t i o n  o f  g r a n u l o c y t e s  w i t h  b a c t e r i a  and was p e r m a n e n t l y  

p r e s e n t  d u r i n g  t h e  t e s t .  A f t e r  60 m i n  o f  i n c u b a t i o n  t h e  number  

o f  v i a b l e  b a c t e r i a  d e c r e a s e d  t o  25 % o f  t h e  i n i t i a l  n u m b e r .  5 

mM DPA s l i g h t l y  i n c r e a s e d  t h e  k i l l i n g  a c t i v i t y  o f  t h e  

n e u t r o p h i l s  d u r i n g  t h i s  i n c u b a t i o n  p e r i o d  b u t  t h e  d i f f e r e n c e  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  F u r t h e r  d e c r e a s e  i n  t h e  

v i a b l e  b a c t e r i a l  c o u n t  was o b s e r v e d  a t  120 min o f  i n c u b a t i o n .  

I t  d e c r e a s e d  t o  a b o u t  15 % o f  t h e  i n i t i a l  number  and no

s i g n i f i c a n t  d i f f e r e n c e  be tw een DPA t r e a t e d  c e l l s  and  t h e  

c o n t r o l  was f o u n d .
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F i g .  4.  E f f e c t  o f  DPA on t h e  i n t r a c e l l u l a r  k i l l i n g  o f  S . a u r e u s  
by n e u t r o p h i l  g r a n u l o c y t e s .  DPA o f  v a r i o u s  
c o n c e n t r a t i o n s  was added t o  t h e  m i x t u r e  o f  c e l l s  and 
b a c t e r i a  a t  0 m in .  Samples  w ere  t a k e n  a t  0 ;  60 and 
120 mi n  o f  i n c u b a t i o n  t o  d e t e r m i n e  t h e  v i a b l e  
b a c t e r i a l  c o u n t  a f t e r  l y s i s  o f  g r a n u l o c y t e s  w i t h  
d i s t i l l e d  w a t e r .  Data a r e  e x p r e s s e d  as t h e  mean _+ 
S .E .  o f  a t  l e a s t  10 e x p e r i m e n t s .

DISCUSSION

P o l y m o r p h o n u c l e a r  n e u t r o p h i l  g r a n u l o c y t e s  p l a y  a c e n t r a l  

r o l e  i n  h o s t  d e f e n s e  mechanisms a g a i n s t  b a c t e r i a l  p a t h o g e n s  

/ 1 9 / .  The s t i m u l a t e d  p h a g o c y t i c  c e l l s  ( p o l y m o r p h o n u c l e a r  

n e u t r o p h i l -  and e o s i n o p h i l  l e u k o c y t e s ,  m a c r o p h a g e s ,  m o n o c y t e s )  

consum e a l a r g e  a m o u n t  o f  oxygen  i n  a n o n - m i t o c h o n d r i a l  

r e a c t i o n  i n v o l v i n g  t h e  o n e - e l e c t r o n  r e d u c t i o n  o f  o x y g e n  t o  

s u p e r o x i d e  a n i o n  by N A D P H - o x i d a s e , a mem bra ne -bo und  

m u l t i c o m p o n e n t  e l e c t r o n  t r a n s f e r  c h a i n .  The p r o c e s s  i s  known as 

" r e s p i r a t o r y  b u r s t "  / 2 / .  S u p e r o x i d e  t h e n  s e r v e s  as t h e
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p r e c u r s o r  f o r  t h e  m i c r o b i c i d a l  comp ounds  g e n e r a t e d  i n  b o t h  t h e  

m y e l o p e r o x i d a s e - d e p e n d e n t  and - i n d e p e n d e n t  s y s t e m s .  I n  t h e  

m y e l o p e r o x i d a s e - d e p e n d e n t  p r o c e s s ,  s u p e r o x i d e  a n i o n  d i s m u t a t e s  

t o  f o r m  H2 O2 , w h i c h  i s  t h e n  used  by  m y e l o p e r o x i d a s e  t o  o x i d i z e  

c h l o r i d e  a n i o n  t o  h y p o c h l o r i t e  i o n .  H0C1 th e n  p a r t i c i p a t e s  i n  

t h e  g e n e r a t i o n  o f  a d e r i v a t i v e  g r o u p  o f  o x i d a n t s  known as t h e  

c h l o r a m i n e s .  I n  t h e  l a t t e r ,  O2  u n d e r g o e s  a m e t a l - c a t a l y z e d  

r e a c t i o n  w i t h  h y d r o g e n  p e r o x i d e  ( F e n t o n -  o r  H a b e r - W e i s s  

r e a c t i o n s )  t o  y i e l d  t h e  h i g h l y  r e a c t i v e  h y d r o x y l  r a d i c a l  / 6 ,  

7 / .  H o w eve r ,  d u r i n g  i n t r a c e l l u l a r  k i l l i n g  l a r g e  a m o u n t s  o f  

t o x i c  oxy gen  m e t a b o l i t e s  r e l e a s e  i n t o  t h e  e x t r a c e l l u l a r  s p a c e  

c a u s i n g  s u r r o u n d i n g  t i s s u e  damage. I h e  most  p r o n o u n c e d  t o x i c  

e f f e c t s  i n d u c e d  by r e a c t i v e  o x y g e n  s p e c i e s  a r e :  l i p i d  

p e r o x i d a t i o n ,  d e s t r u c t i o n  o f  b i o m e m b r a n e s ,  n u c l e i c  a c i d  damage,  

enzyme i n h i b i t i o n  and p r o t e i n  d e g r a d a t i o n .  C o n s e q u e n t l y . ,  t h e s e  

t o x i c  oxy gen  m e t a b o l i t e s  g e n e r a t e d  by  g r a n u l o c y t e s  t a k e  p a r t  

n o t  o n l y  i n  t h e  i n t r a c e l l u l a r  m i c r o b i c i d a l  p r o c e s s  o f  h o s t  

d e f e n s e  m ech an is ms  a g a i n s t  i n v a d i n g  microbes, ,  b u t  a r e  a l s o  

i n v o l v e d  i n  t h e  i n f l a m m a t o r y  p r o c e s s  / 6 ,  2 0 / .

N e u t r o p h i l s  a r e  s p e c i f i c a l l y  c o n s t r u c t e d  t o  use b o t h  t h e  

NADPH o x i d a s e  s y s t e m  and t h e  g r a n u l e  c o n s t i t u e n t s  i n  a 

c o o p e r a t i v e  and c o n c e r t e d  ma nne r ,  and  i t  i s  an i n t e r m i x i n g  o f  

t h e s e  two  c o m p o n e n t s  t h a t  a l l o w s  t h e  n e u t r o p h i l  t o  r e a l i z e  i t s  

u l t i m a t e  d e s t r u c t i v e  p o t e n t i a l  / 3 ,  2 0 / .

R a d i c a l  s c a v a n g e r  d r u g s  w h ic h  r e d u c e  O2  and c o n s e q u e n t l y  t h e  

t o x i c  oxy gen  m e t a b o l i t e s '  l e v e l  h a v e  negat i ve i n f l u e n c e  on t h e  

a n t i b a c t e r i a l  a c t i v i t y  o f  p h a g o c y t i c  c e l l s  / 9 ,  1 7 / .

We s u p posed  t h a t  D - P e n i c i l l a m i n e  w h i c h  has been shown t o  

i n h i b i t  l i p i d  p e r o x i d a t i o n  i n d u c e d  by  o x y g e n  m e t a b o l i t e s  i n  r e d  

b l o o d  c e l l  membrane m o d u l a t e s  t h e  m e t a b o l i c  a c t i v i t y  o f  

n e u t r o p h i l s  i n  c o n n e c t i o n  w i t h  t h e i r  r e s p i r a t o r y  b u r s t .

I n  t h i s  s t u d y  i t  was fo u n d  t h a t  s u p e r o x i d e  a n i o n  g e n e r a t i o n  

was s l i g h t l y  and b e t a - g l u c u r o n i d a s e  r e l e a s e  m a r k e d ly  i n c r e a s e d  

by p r e i n c u b a t i o n  w i t h  DPA a t  c o n c e n t r a t i o n s  o f  0 . 5 - 5  mM and  t h e  

r i s e  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  i n  t h e  

e x a m i n e d  r a n g e .  On t h e  o t h e r  h a n d ,  none  o f  t h e  e x a m i n e d  DPA 

c o n c e n t r a t i o n s  i n f l u e n c e d  t h e  p h a g o c y t i c  o r  k i l l i n g  a c t i v i t y  o f  

n e u t r o p h i l s .  Ov e r  t h e  120 min i n c u b a t i o n  p e r i o d  no s i g n i f i c a n t
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a l t e r a t i o n  o f  t h e  c e l l  f u n c t i o n s  was o b s e r v e d  compared  t o  t h e  

u n t r e a t e d  c o n t r o l .  I n  o t h e r  words  t h e  b a c t e r i c i d a l  c a p a c i t y  o f  

n e u t r o p h i l s  t r e a t e d  w i t h  DPA was s i m i l a r  t o  t h a t  o f  t h e  

u n t r e a t e d  c o n t r o l  c e l l s .  From t h e s e  r e s u l t s  we c o n c l u d e  t h a t  

DPA may i n f l u e n c e  t h e  s u p e r o x i d e  a n i o n  p r o d u c t i o n  and b e t a -  

g l u c u r o n i d a s e  r e l e a s e  i n  g r a n u l o c y t e s  w i t h o u t  a l t e r i n g  t h e i r  

p h a g o c y t i c  and i n t r a c e l l u l a r  k i l l i n g  a c t i v i t i e s .  We s u p p o s e  

t h a t  t h e  u n c h a n g e d  a n t i b a c t e r i a l  a c t i v i t y  o f  n e u t r o p h i l  

g r a n u l o c y t e s  i s  r e s u l t e d  by t h e  tw o  o p p o s i t e  e f f e c t s  o f  DPA: 

a c t i n g  e x t r a c e l l u l a r l y  r e duces  f r e e  r a d i c a l  l e v e l ,  w h i l e  t h e  

d i r e c t  membrane e f f e c t  r e s u l t s  e n h a n c i n g  m e t a b o l i c  a c t i v i t y  i n  

g r a n u l o c y t e s .
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