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Mechanism of the Respiratory Stimulation in 
Phagocytosing Leucocytes. The KCN-Insensitive 

Oxidation of NADPH~ 

The  p r e s e n t  p a p e r  deals w i t h  the  e n z y m a t i c  bas is  of t he  
resp i ra t ion  of p h a g o c y t o s i n g  p o l y m o r p h o n u c l e a r  (PMN) 
leucocytes,  w h i c h  is a d i spu ted  m a t t e r  as regards  t h e  
enzymes  i nvo lved  a n d  the i r  i n t r ace l lu l a r  local iza t ion 1-10. 
The  resu l t s  p r e s e n t e d  here  p rov ide  ev idence  for  a role  
p l ayed  b y  t he  g r a n u l e - b o u n d  N A D P H , - o x i d a s e  in s t imu-  
l a t i ng  t he  cyan ide  insens i t ive  oxygen  u p t a k e  d u r i n g  
phagocy tos i s  in  P M N  leucocytes .  

Guinea-p ig  leucocytes  (95% PMN) were o b t a i n e d  f rom 
pe r i t onea l  e x u d a t e  s. Phagocy t o s i s  was induced  b y  a d d i n g  
ki l led opsonized  a n d  w a s h e d  bac t e r i a  (Staphylococcus 
aureus or Baci l lus  subtilis) to  a leucocyte  suspens ion  in 
K r e b s - R i n g e r  p h o s p h a t e  so lu t ion  (wi thou t  Ca++), incu-  
b a t e d  a t  38 ~ in s h a k e n  p las t ic  tubes .  Cont ro l  t u b e s  con-  
t a i n e d  leucocytes  w i t h o u t  bac te r i a .  Af te r  10 m i n  t h e  sus- 
pens ions  were cen t r i fuged  a n d  the  leucocytes  were w a s h e d  
once a t  4~ in t h e  same med ium,  once, in  0 . 2 5 M  cold 
sucrose, r e suspended  in 0 . 3 4 M  sucrose and  hom ogen i zed  
b y  a m o t o r - d r i v e n  Tef lon  pes t le  in a glass tube .  Af t e r  
r e m o v a l  of the  nuc lea r  f r ac t ion  and  cell debr i s  a t  low 
cen t r i fuga l  force, each  h o m o g e n a t e  was d iv ided  in to  2 
a l iquots ,  one (G + S) d i r ec t ly  used for t he  m e t a b o l i c  
assays,  t he  o t h e r  s p u n  a t  105,000 g (30 min)  to  o b t a i n  t he  
s u p e r n a t a n t  (S) a n d  granu le  (G) f ract ions .  T he  l a t t e r  was  
r e suspended  in t h e  same  v o l u m e  of 0 . 3 4 M  sucrose. 

The  oxygen  u p t a k e  was m e a s u r e d  w i t h  a Clark  oxygen  
e lec t rode  (Yellow Spr ings  I n s t r u m e n t  Co., Ohio) a t  28 ~ 
T h e  m e d i u m  c o n t a i n e d  140 m M  sucrose;  36 m M  phos -  
p h a t e  buffer ,  p H  7; 19 m M  KC1; 0.5-0.7 m M  N A D H ,  or  
N A D P H  v W h e n  used,  ca ta l a se  was p r e s en t  a t  2700 Sig- 
m a  U/ml ,  p y r u v a t e  a t  1 m M  and  K CN  a t  1 m M .  

Since w i t h  t he  p l a t i n u m  surface  polar ized as a ca thode ,  
oxygen  a n d  h y d r o g e n  perox ide  are i nd i s t i ngu i shab le  n,  
a n d  since f o r m a t i o n  of h y d r o g e n  perox ide  m a y  t a k e  p lace  
in t he  o x i d a t i o n  of r educed  coenzymes  b y  leucocyt ic  
p r e p a r a t i o n s  3-9, t he  p r o b l e m  arose of t he  eff ic iency of t h e  
endogenous  ca ta l a se  to  decompose  H 2 0  ~ in t h e  p resence  
of 1 m M  KCN. I t  ha s  been  p re l imina r i l y  shown  t h a t  in  t h e  
p resence  of 1 m M  p o t a s s i u m  cyan ide  t he  endogenous  
ca ta lase  decomposed  added  H~O~ a n d  t h a t  t he  a d d i t i o n  of 
ca ta lase  did  no t  in f luence  t he  r a t e  of oxygen  u p t a k e  of 
the  leucocyt ic  p r epa ra t i ons ,  as recorded  b y  the  e lec t rode  
w i t h  or w i t h o u t  KCN. 

D u r i n g  t he  m e a s u r e m e n t  of o x y g e n  up take ,  s imu l t a -  
neous  s p e c t r o p h o t o m e t r i c  assays  were pe r fo rmed  b y  
t a k i n g  su i t ab le  samples  (50 ~1) f rom t he  sys t em a n d  read-  
ing a t  340 n m  in  a v o l u m e  of 2 ml  of 0 . 1 M  K O H .  One 
/ m t o m  of oxygen  was c o n s u m e d  pe r /~mole  of N A D ( P ) H  2 
oxidized.  P r o t e i n  was d e t e r m i n e d  b y  t he  b i u r e t  r e ac t i on  ~e 
a f t e r  r e m o v a l  of res idua l  bac t e r i a  in  t h e  G + S a n d  G 
f rac t ions  of h o m o g e n a t e s  f rom phagocy tos ing  ceils. T h e  
swell ing of g ranu le  p r e p a r a t i o n s  a f te r  add i t i on  of s apon ine  
(1 mg/ml)  was  fol lowed b y  read ing  t he  op t ica l  d e n s i t y  a t  
520 n m  in a B e c k m a n  D U  s p e c t r o p h o t o m e t e r .  Mate r i a l s :  
N A D H  2, N A D P H  2, and  Catalase f rom Sigma Chemica l  
Co., a n d  saponine ,  p o t a s s i u m  cyan ide  a n d  p y r u v a t e  f rom 
Merck,  f resh ly  p r e p a r e d  solut ions.  

The  resu l t s  s u m m a r i z e d  in  F igure  1 show t h a t  i n  t h e  
presence  of cyan ide  t he  oxygen  u p t a k e  is s t rongIy  s t i m u -  
l a t ed  b y  t he  add i t i on  of e i t he r  N A D H ,  or N A D P H ,  in  t h e  
G and  G + S f r ac t ions  of h o m o g e n a t e  f rom p h a g o c y t o s i n g  
leucocytes ,  whereas  l i t t le  or no  effect  is obse rved  in t h e  
same  f rac t ions  f rom res t ing  leucocytes  as well  as in  t he  S 
f rac t ions  of e i ther .  I t  is e v i d e n t  t h a t  p rac t i ca l ly  al l  t h e  
KCN- insens i t ive  oxidase  ac t iv i t i es  c o n t a i n e d  in t he  leuco-  

cyte  h o m o g e n a t e  (G + S) are recovered  in the  g ranu le  
f r ac t ion  (G). 

T h e  mos t  r e l e v a n t  change  induced  b y  phagocy tos i s  
appea r s  to  be  t h e  eno rmous  increase  in t h e  g r a n u l e - b o u n d  
N A D P H , - o x i d a s e  ac t iv i ty ,  wh ich  is in  accord  w i t h  our  
f i rs t  conclus ions  5-5. W h e n  t h e  e x p e r i m e n t s  were r e p e a t e d  
in t he  absence  of cyanide ,  t he  oxygen  u p t a k e  was signifi-  
c a n t l y  h ighe r  (30-40%)  w i t h  e i the r  N A D P H ,  or N A D H ,  
(in t he  G + S a n d  G fract ions) .  W h e n  the  e x p e r i m e n t s  
were pe r fo rmed  a t  p H  6, a sma l l  increase  for b o t h  of t h e  
g r a n u l a r  ox idase  ac t iv i t i es  was  observed .  

I t  m u s t  be  e m p h a s i z e d  t h a t  in  t he  cond i t ions  emp loyed  
the oxidase  ac t iv i t i e s  of g r anu l e - con t a in ing  f rac t ions  f r o m  
res t ing  leucocytes  are h a r d l y  de tec tab le ,  whereas  those  
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Fig. i. Recording of the changes in oxygen tension (the downward 
deflection representing an increase of oxygen uptake) in a system of 
1.5 ml containing 1 mM KCN. (a) Granules plus supernatant (5 mg 
of protein) ; (b) granules separated at 105,000 g and corresponding to 
the quantity present in (a) ; (c) supernatant (105,000 g) corresponding 
to the quantity present in (a). For composition of the system see 
text. - - -  = Preparations from resting leucocytes; ~ = prep- 

arations from phagocytosing leucocytes. 
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f rom p h a g o c y t o s i n g  leucocytes  give rise to  a v e r y  re- 
m a r k a b l e  oxygen  up take .  Such  a n  eno rmous  dif ference 
m a k e s  meaningless ,  w i t h  r ega rd  to t he  s i t u a t i o n  in 
p h a g o c y t o s i n g  cells, a n y  specu la t ion  ~,2,4 based  on  exper i -  
m e n t s  w i t h  oxidase  ac t iv i t i es  a n d  t h e i r  s ens i t i v i t y  to  in-  
h ib i to r s  in  h o m o g e n a t e s  f rom res t ing  ceils only.  

The  a d d i t i o n  of s apon ine  induces  a swel l ing of t he  
granules ,  w i t h  no dif ference be t w een  t he  decrease  in 
op t ica l  d e n s i t y  of g ranu le  suspens ions  f rom res t ing  or  
p h a g o c y t o s i n g  leucocytes  (Figure 2). D u r i n g  t h i s  swelling, 
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Fig. 2. Decrease in optical density of granules from resting (- ) 
and phagoeytosing ( ) leucocytes. Upper curves: controls. 
Lower curves : effect of saponine, 1 mg/ml. Composition of the system 
as for Figure l(a) except for the dilution of the preparations, ad- 

justed to read approximately 0.800 at 520 nm. 

I NADPH~ 

Fig. 3. Changes in oxygen uptake of a system containing 1 mM KCN 
and granules plus supernatant (see Figure 1 (a)) from phagoeytosing 
leucocytes. Upper curves: systems containing 1 mM pyruvate. 

Lower curves: controls without pyruvate. 

the NADPH2-ox ida se  f rom p h a g o c y t o s i n g  cells appea r s  
s t r 9 n g l y  s t i m u l a t e d  wh i l s t  t he  NADH2-ox idase  is n o t  
(Figure  1). Th i s  shows t h a t  t he  a t t a c h m e n t  of t he  2 
enzymes  to  t he  granules ,  or t h e i r  s t r u c t u r e - l i n k e d  
la tency ,  c a n n o t  be  cons idered  in t he  same  way.  

The  e x p e r i m e n t s  p r e s e n t e d  in F igure  1 also show t h a t  
t he  a d d i t i o n  of s apon ine  does n o t  s t i m u l a t e  t h e  oxidase  
ac t iv i t i e s  of g ranu les  of r e s t ing  leucocytes ,  w h i c h  is rele-  
v a n t  to  t h e  h y p o t h e s i s  7 t h a t  d u r i n g  phagocy tos i s  t h e  
oxidase  ac t iv i t i es  of swol len g ranu les  are more  ac t ive  
because  of t h e i r  swelling. I t  is e v i d e n t  t h a t  t he  sapon ine -  
i nduced  swell ing is n o t  c o m p a r a b l e  to  t h a t  caused  b y  
phagocy tos i s  and  w h i c h  is assoc ia ted  w i t h  changes  in t h e  
a v a i l a b i l i t y  of t he  g r a n u l e - b o u n d  oxidases.  F u r t h e r  s tu -  
dies are needed  to e luc ida te  these  ques t ions .  

The  resu l t s  p r e s e n t e d  in F igure  3 show t h a t  t h e  
i n t e r r e l a t i o n s h i p s  b e t w e e n  t he  g r a n u l a r  N A D H  2- a n d  
NADPH2-ox ida se s  a n d  t he  N A D H  2- a n d  NADPH2-1 inked  
ac t iv i t i es  of t he  l a c t a t e  d e h y d r o g e n a s e  are  such  as to  pre-  
v e n t  the  NADH2-ox idase  f rom be ing  ac t ive  in t he  pres-  
ence of p y r u v a t e .  

These  f ind ings  i nd ica t e  t h a t  in  t h e  p h a g o c y t o s i n g  P M N  
leucocyte  t he  N A D P H  2 can  be  oxid ized  b y  oxygen ,  whi l s t  
t he  N A D H  2 is p re fe ren t i a l l y  oxid ized  b y  p y r u v a t e  
t h r o u g h  l a c t a t e  dehydrogenase .  

Riassunto. Si 6 d i m o s t r a t o  che l ' a t t i v i t ~  N A D H ,  e 
N A D P H  2 oss idasica  dei g ranu l i  di  leucoci t i  po l imorfo-  
nucleat i ,  m i s u r a t a  come consumo  di ossigeno con  e l e t t rodo  
di Clark  in p resenza  di c ianuro  1 m M ,  6 e n o r m e m e n t e  
a u m e n t a t a  nelle p r epa raz ion i  da  leucoci t i  in  fagocitosi ,  
m e n t r e  l ' a t t i v i t ~  del  s o p r a n a t a n t e  ~ inapprezzab i le .  La  
compe t i z ione  del la  l a t t i co -de id rogenas i  con le ossidasi  sui 
due  coenzimi  r i do t t i  ~ ta le  da  consen t i re  so l t an to  a l la  
N A D P H  2 ossidasi  u n  ruolo  r i l e v a n t e  nel  sos tenere  il con-  
sumo  d 'oss igeno dei leucoci t i  in fagocitosi .  Ques t i  r i su l t a t i  
c h i a r a m e n t e  d i m o s t r a n o  l ' i n fonda t ezza  di speculaz ioni  
b a s a t e  su e spe r imen t i  e s c lu s ivamen te  c o n d o t t i  con omo-  
gena t i  d a  leucoci t i  in  r iposo 1 3. 
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On Short Adrenergic  Neurons  in the Accessory  
Male Genital Organs of the Bull 

The  vas  deferens  and  t he  i n t e r n a l  male  gen i t a l  g l ands  
of d i f fe ren t  m a m m a l s  h a v e  r ecen t ly  p r o v e d  to  be  inner -  
v a t e d  b y  sho r t  adrenerg ic  neu rons  1-~, wh ich  h a v e  a v e r y  
dense  t e r m i n a l  d i s t r i b u t i o n  in t he  va r ious  organs .  F u r t h e r ,  
ce r t a in  f u n c t i o n a l  p a r a m e t e r s  of t h e  i so la ted  n o r a d r e n a l i n  
granules  of t he  semina l  vesicle (or, ves icu la r  gland) a n d  
t he  vas  deferens  of t he  bu l l  h a v e  in severa l  respec ts  been  
tound  to occupy  an  i n t e r m e d i a r y  pos i t ion  b e t w e e n  b o v i n e  
splenic n e r v e  granules  a n d  a d r e n o m e d u l l a r y  granulese ,  7. 
I n  o rder  to  e s t ab l i sh  f rom wh ich  cell s y s t e m  these  nor-  
ad rena l i n  g ranu les  or ig inate ,  i t  is necessa ry  to  o b t a i n  
h i s tochemica l  i n f o r m a t i o n  on  the  c a t e c h o l a m i n e - c o n t a i n -  

ing s t r u c t u r e s  of t he  i n t e r n a l  male  gen i ta l  o rgans  in t h i s  
species. 

Material and methods. Pieces  f rom var ious  i n t e r n a l  ma le  
gen i t a l  o rgans  (p rox imal  and  d i s ta l  p a r t s  of t h e  s emina l  
vesicle, a m p u l l a  of the  vas  deferens,  a n d  t he  p r o s t a t e  
body)  were r e m o v e d  f rom 5 adu l t  bul ls  w i t h i n  10 m i n  
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