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Prostaglandin production by human polymorphonuclear leucocytes during phagocytosis in vitro 
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Summary .  H u m a n  p o l y m o r p h o n u c l e a r  l eukocytes  were found  to be  able  to  s y n t h e t i z e  a n d  release s u b s t a n t i a l  a m o u n t s  
of P G E  2, w h e n  s t i m u l a t e d  b y  a p h a g o c y t i c  s t imulus  such  as z y m o s a n  par t ic les  coa t ed  w i t h  complemen t .  H y d r o c o r t i -  
sone, a t  a c o n c e n t r a t i o n  of 10 -5 M, wh ich  p r o v e d  to  be  effect ive  in o t h e r  biological  sys tems ,  fai led to  i n h i b i t  phago-  
cytosis  a n d  P G  release.  

Severa l  l ines of ev idence  exis t  imp l i ca t ing  p o l y m o r p h o -  
nuc lea r  (PMN) leukocy tes  as t he  m a i n  source of E - t y p e  
p ro s t ag l and in s  (PGs) in  t he  i n f l a m m a t o r y  response.  I n  
the  phlogis t ic  e x u d a t e  p roduced  b y  ca r r ageen in  in j ec t ion  
in t he  ra t ,  release of h i s t a m i n e  and  b r a d y k i n i n  occurs  in  
t he  ear ly  phase  whi le  t h a t  of P G E  2 is de layed  f rom 2 to 
3 h 3, a n d  i ts  c o n c e n t r a t i o n  increases  s tead i ly  and  paral le ls  
t he  t ime-course  of m i g r a t i o n  of P M N  leukocytes  in to  t he  
site of i n j u r y  3. Moreover ,  p r o d u c t i o n  of P G E  1 and  P G E  2 
b y  severa l  i n f l a m m a t o r y  cell p o p u l a t i o n s  has  been  
r epo r t ed  4,5. In guinea-pigs ,  m a c r o p h a g e  appea r s  as t he  
m a j o r  ce l l - type  respons ib le  for P G  release 5, whi le  in 
r a b b i t s  P M N  leukocy tes  seem to be m a i n l y  i nvo lved  ~. 
Differences  in species p r o b a b l y  a c c o u n t  for such  a dis- 
c repancy .  In  th i s  p a p e r  we p r e s en t  ev idence  of a s u b s t a n -  
t ia l  p r o d u c t i o n  of  PGE~ b y  h u m a n  P M N  leukocy tes  
d u r i n g  phagocy tos i s  in vi t ro .  
Material and methods. P o l y m o r p h o n u c l e a r  l eukocy tes  
were pur i f i ed  accord ing  to V an  F u r t h  a n d  V a n  Z w e t L  
Blood samples  f rom h u m a n  vo lun tee r s  were collected in 
steri le t ubes  c o n t a i n i n g  30 ~,1 h e p a r i n  ml  -~ blood. The  
e r y t h r o c y t e s  were s e d i m e n t e d  w i t h  a 5% (w/v) so lu t ion  
of d e x t r a n  (2 • 105 mol .wt)  in  buf fe red  sal ine (3 ml  solu- 
t ion  to 10 ml  blood) for 30 m i n  a t  37~ The  leukocyte -  
r ich  s u p e r n a t a n t  f luid was t h e n  r e m o v e d  and  cen t r i fuged  
for 10 m i n  a t  1 1 0 •  T he  s e d i m e n t e d  l eukocy tes  were 
washed  twice  w i t h  hepar in -sa l ine ,  c o n c e n t r a t e d  b y  cen- 
t r i f uga t i on  (10 m i n  a t  1 1 0 •  and  r e suspended  in 
g e l a t i n e - H a n k s '  sa l t  so lu t ion  a t  1-2  • 107 cells ml  1. Dif- 
fe rent ia l s  were : P M N  (94.1%) ; eos inophi ls  (1.5 %) ; m o n o -  
nuc lea r  cells (4.4%). Cell v i ab i l i t y  was  checked  a t  t he  
b e g i n n i n g  and  end  of each  e x p e r i m e n t  b y  dye  exclusion 
of t r y p a n  b lue  7. 
Zymosan .  Z y m o s a n  par t ic les  (Schucha rd t ,  Mfinchen,  
BRD)  were t r e a t e d  w i t h  n o r m a l  h u m a n  se rum (0.5 ml  
s e rum per  m g  d ry  subs tance) ,  t h a t  is, coa ted  w i t h  com- 
p l e m e n t  factors ,  t h e n  washed  ex t ens ive ly  w i t h  buf fe red  
sal ine a n d  r e suspended  in g e l a t i n e - H a n k s '  sa l t  so lu t ion  a t  
a f inal  c o n c e n t r a t i o n  of 4 mg  ml -L  
Phagocy tos i s .  Z y m o s a  par t ic les  (2.0 mg) were i n c u b a t e d  
(37~ w i t h  5 • 10 ~ P M N  leukocy tes  in a f inal  vo lume  of 
1 ml. In  some tubes ,  hyd roco r t i sone  sod ium succ ina te  a t  
a f inal  c o n c e n t r a t i o n  of 10 5 M s tero id  base  was added.  
Af te r  90 min,  m i x t u r e s  were cen t r i fuged  (1200 •  a n d  
s u p e r n a t a n t s  assayed  for p r o s t a g l a n d i n  a n d  f -g lucuro-  
n idase  (fiG) act iv i t ies .  
P G  a c t i v i t y  was  t e s t ed  b y  r a d i o i m m u n o a s s a y  us ing  a 
Ca lb iochem R I A  set  for PGs.  The  a n t i s e r u m  employed  
(sheep a n t i - P G E 2 - b o v i n e  s e rum a lbumin )  cross r eac ted  
w i t h  P G E  1 and,  to  a lesser ex t en t ,  w i t h  P G F ~  and  PGA~. 
Fo r  p l a t e l e t  agg rega t ion  t he  p rocedure  desc l ibed  b y  
B o r n  s was  followed. 
f G  a c t i v i t y  was m e a s u r e d  accord ing  to Czarne tzk i  et  al. 9. 
R e a c t i o n  m i x t u r e s  cons i s t ing  of 0.1 mt  t e s t  samples ,  
0.1 ml  p h e n o l p h t h a l e i n  g lucnronic  acid 0.01 M and  0.5 ml  
ace t a t e  buf fe r  0.1 M, p H  5.0, were i n c u b a t e d  a t  37 ~ for 
12 h and  read  a t  540 nm.  E n z y m e  a c t i v i t y  was expressed  
as increase  in a b s o r b a n c e  pe r  ml  (A~40 ml-1). 

Release of prostaglandins and oI iysosomal enzyme marker fi-glucu- 
ronidase by human polymorphonuclear leukocytes phagocyting 
zymosan particles 

PMN leukocyte responses 
fG  (A540 ml 1) PG (ng/10 ~ cells) 

Buffer control 0.22 0.1 4- 0.03" 
Zymosan particles 1.52 10.8 4- 1.60 
Zymosan particles and 
Hydrocortisone 1.38 11.2 4- 2.22 

* Mean ~: SEM. Supernatants of zymosan alone did not show 
prostaglandin activity. 

Results and discussion. As the  t ab le  shows, phagocy tos i s  
of z y m o s a n  par t ic les  b y  h u m a n  P M N  leukocy tes  led to a 
s u b s t a n t i a l  p r o d u c t i o n  of PGs  (10.8 =k 1.6 ng  pe r  10 6 
cells) wh ich  para l le led  release of lysosomal  e n z y m e  m a r k e r  
f -g lucuron idase .  Cell v i ab i l i t y  was  m a i n t a i n e d  d u r i n g  
i n c u b a t i o n  as checked  b y  dye  exclusion.  P r o s t a g l a n d i n  
a c t i v i t y  was m a i n l y  E- type ,  as de tec ted  b y  r a d i o i m m u n o -  
assay,  a n d  re sembled  P G E  2 r a t h e r  t h a n  P G E  x due  to  t he  
e n h a n c i n g  effect  on A D P - i n d u c e d  p l a t e l e t  agg rega t ion  i0 
Hydrocor t i sone ,  a t  a c o n c e n t r a t i o n  of 10 -5 M, fai led t o  
i n h i b i t  PGs  release f rom p h a g o c y t i n g  leukocytes .  
P r e s e n t  d a t a  s t r e n g t h e n  t he  op in ion  t h a t  E - t y p e  PGs are 
i nvo lved  in the  i n f l a m m a t o r y  response  in h u m a n s  a n d  
s u p p o r t  t he  hypo thes i s  t h a t  these  u b i q u i t o u s  c o m p o u n d s  
m a y  serve to p rov ide  a nega t i ve  f eedback  m e c h a n i s m  for 
r egu la t i ng  e x t e n t  and  d u r a t i o n  of i n f l a m m a t o r y  reac-  
t ions .  PGEx a n d  P G E  v in fact ,  are b o t h  effect ive  i nh ib i -  
to rs  of h i s t a m i n e  release b y  h u m a n  basoph i l s  in  t y p e  I 
h y p e r s e n s i t i v i t y  11 and  of l y m p h o k i n e  secre t ion  b y  ac t i -  
va ted  l y m p h o c y t e s  in t y p e  IV  h y p e r s e n s i t i v i t y  e. In  
type  I I I  allergic reac t ions ,  a l t h o u g h  P G E  1 can  i nh ib i t  t he  
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release of lysosomal  enzymes  f rom PMN leukocytes  12, the  
effect  has  been considered of no physiological  re levance,  
since these cells were t h o u g h t  to  be poor  PGs productors .  
Our d a t a  d e m o n s t r a t e  t h a t  the  s t a t e m e n t  is no t  correct  
and t h a t  P M N  leukocytes  are able to syn the t i ze  subs tan t i a l  
amoun t s  of P G E  2 when  sub jec ted  to phagocyt ic  stimuli.  
In our  model,  hydrocor t i sone ,  a t  a concen t ra t ion  p roved  
to be effective in o ther  biological systems~a-~6, failed to 
inh ib t  release of p ros tag land ins  and lysosomal  enzyme 
fl-glucuronidase. This f inding is cons is ten t  wi th  o ther  re- 
por t s  ~-20 and  casts  doub t s  on whe the r  cor t icosteroids  
m a y  ac t  as an t i - i n f l ammato ry  agents  by  in ter fer ing  wi th  
P G - s y n t h e t a s e  ac t iv i ty  in cells involved in t he  ~nflam- 
m a t o r y  response.  
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Evidence  that  s u p e r o x i d e  rad ica l s  are  invo lved  in the  h e m o l y t i c  
m e c h a n i s m  of p h e n y l h y d r a z i n e  1 
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Summary. Pheny lhyd raz ine  produces  in the  red blood cell t h e  same effect  as t he  enzymic  s y s t em x a n t h i n e  oxidase-  
xan th ine ,  a superoxide  radical  genera tor  sys tem.  B o t h  effects are inhib i ted  by  the enzyme superoxide  d ismutase .  

Molecular oxygen  is f u n d a m e n t a l  for life of aerobic or- 
ganisms;  however  when  i t  acts  t h rough  the  fo rma t ion  of 
h ighly  act ive free radicals,  it  can tu rn  toxic  a 6 and even 
mor t a lL  One of these  free radicals  is the  superoxide  
radical  (SR), which  is genera ted  by  the  reduc t ion  of 
molecular  oxygen  when  i t  in te rac t s  w i th  a b iva len t  me ta l  s. 
Much evidence exists  re la t ing  SR wi th  the  in i t ia t ion of 
u n s a t u r a t e d  f a t t y  acids ox ida t ion  9-11. 
There  is scarce in fo rmat ion  as regards  the  hemoly t ic  
mechan i sm of pheny lhydraz ine  (PH),  a l though i t  is well 
known  t h a t  m a n y  of its effects  are oxygen dependen t .  I t  
was d e m o n s t r a t e d  ~ t h a t  P H  in presence of hemoglobin  
produces  hydrogen  peroxide  and  therefore  SR, since the  
former  is an end p roduc t  of the  d i smuta t ion  of th is  free 
radical .  These SR  could ini t ia te  the  pe rox ida t ion  of the  
lipidic componen t s  of the  e ry th rocy t e  m e m b r a n e  pro-  
ducing i ts  des t ruc t ion  and l iberat ion of hemoglobin .  
Using hemoly t ic  and pe rox ida t ive  m e a s u r e m e n t s  as a 
damage  cri ter ion,  we found t h a t  the  sy s t em xan t h i n e  
oxidase  (XO)-xan th ine  (X), which  genera tes  SR, pro- 
duces  a h igh cellular lysis level which is na r rowly  re la ted  
to a h igh perox ida t i0n  grade.  Both  p h e n o m e n a  are in- 
h ib i ted  b y  the  enzyme superoxide  d i smutase  (SOD). In  
addi t ion,  P H  produces  a similar hemoly t ic  and  peroxi-  
da t ive  effect  as the  X O - X  sys tem,  these  processes  being 
also inhib i ted  by  SOD. F r o m  this,  we pos tu la t ed  t h a t  
the hemoly t ic  ac t ion of P H  is closely re la ted wi th  t h a t  
of SR. 
Materials and methods. Chemicals': PH-HC1 and  Folin 
Ciocal teu 's  phenol  reagen t  were ob ta ined  f rom E. Merck 
A. G., D a r m s t a d t ,  Federa l  Republ ic  of Germany .  Sephadex  
G-100, ep inephr ine ,  xan th ine ,  xan th ine  oxidase  and  2- 
th iobarb i tu r ic  acid were ob ta ined  f rom Sigma Chemical  
Co., St. Louis, U.S.A.  All o the r  chemicals  used were of 
ana ly t ica l  grade.  
Methods :  SOD was p repared  f rom bovine  e ry th rocy te s  
according to t he  m e t h o d  of Mc Cord and Fr idov ich  ~3 wi th  
the  following modif ica t ion:  the  final ex t r ac t  was purif ied 
in a Sephadex  G-100 (100 cm • 3 cm) column equi l ibra ted  

and eluted wi th  NaC1 0.15 M. The enzymic  ac t iv i ty  of 
SOD was assayed according to the  m e t h o d  of Misra and 
Fr idov ich  t~, ob ta in ing  an ex t r ac t  w i th  an ac t iv i ty  of 
3500 uni ts / rag protein .  The dena tu red  enzyme was ob- 
re ined by  hea t ing  at  100~ for 20 min.  
The hemoly t ic  and  pe rox ida t ion  asays were carr ied out  
in r a t ' s  blood using oxala te  as an t icoagulant .  The red 
blood cells were washed  and  suspended  in an equal  volume 
of NaC1 0.15 M and the  assays were per formed in several  
t e s t  tubes  which  conta ined :  1 ml  of the  cell suspension;  
0.1 ml  of 2 X 1 0  -3 M P H ;  0.t mI of 2 X 1 0  s M xan th ine ;  
enzymic  ex t rac t s  of SOD and x a n t h i n e  oxidase. The  final 
incuba t ion  volume was a lways 1.4 ml. These t es t  tubes  
ba t t e r i es  were incuba ted  a t  37~ wi th  gentle agi ta t ion.  
At  in tervals  of 30 rain 1.5 ml of NaC1 0.15 M was added  to 
the  cor responding  tes t  tube,  t h e n  af ter  shaking,  an al iquot  
of 1.5 ml  was ex t r ac t ed  for the  hemolysis  tes t  and ano the r  
of 0.8 ml for the  pe rox ida t ion  assay. 
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Fig. 1. Effect of the xanthine oxidase (X O)-xanthine (X) system oft the 
hemolysis (A) and peroxidation (B) of red blood cells and its inhi- 
bition by SOD. The experimental conditions are described in the text. 
XO: 0.6 units (Sigma units); SOD: 1.2 units; C: control. 


