
962 Speeialia EXPERIENTIA 33/7 

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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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. 
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Hemolys is  de ' terminat ions  were pe r fo rmed  according to 
Drabk in ' s  m e t h o d  15. The pe rox ida t ion  m e a s u r e m e n t s  
were carried out  using the  th iobarb i tu r ic  acid t e s t  (TBA) 9 
wi th  the  following procedure :  to the  0.8 ml a l iquot  was 
added  1.5 ml of 20% w : v  t r ichloroacet ic  acid solution. 
Af te r  centr i fugat ion,  the  upper  phase  was ex t r ac t ed  and  
hea t ed  15 min  at  100~ wi th  2.4 ml  of 0.67% w : v  thio-  
barb i tur ic  acid solution.  The colorat ion ob ta ined  af ter  
th is  assay was  regis tered spec t ropho tomet r i ca l ly  a t  53 5 nm.  
Pro te ins  were assayed according to the  me thod  of Lowry  
et  al. ~6. 
Results .  1. Ef fec t  of SR  on red blood ceils. I t  is a well 
known  fact  t h a t  there  are m a n y  enzymic  sys tems  which 
genera te  SR  17. One of the  bes t  known  is the  X O - X  sys- 
t e m  is-==. The incuba t ion  of red blood ceils in a solut ion 
which  conta ins  XO and  X reveals  the  effect  of t he  SR  on 
the  s t ruc ture  of the  e r y t h r o c y t e  (figure 1). Notice tha t ,  
in t ime,  no t  only  a s ignif icant  increase on the  hemolysis  
grade  was p roduced  b u t  also in the  perox ida t ion  level. 
A l though  the  figures are no t  comparable ,  there  is a direct  
corre la t ion be tween  b o t h  phenomena .  Moreover,  the  
add i t ion  of SOD produces  a clear inhibi t ion on b o t h  
processes,  and  this  resul t  is an open demons t r a t i on  t h a t  
hemolys is  and pe rox ida t ion  are d e p e n d e n t  on SR. The 
XO effect,  w i thou t  X, m a y  be due to the  fact  t h a t  this  
subs t r a t e  a l ready  exists  in the  e ry throcy te .  
2. SOD effect  on the  hemolys is  and  perox ida t ion  induced  
by  PH.  In  figure 2 i t  m a y  be observed  t h a t  P H  produces  
a similar effect  as the  sys t em X O - X .  Notice t h a t  there  
is the  same correla t ion be tween  b o t h  p h e n o m e n a ;  hemoly-  
sis and peroxida t ion .  SOD inhibi ts  the  P H  effect  pro-  
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Fig. 2. Phenylhydrazine (PH) effect on the hemolysis (A) and peroxi- 
dation (B) of red blood cells and its inhibition by SOD. The experi- 
mental conditions are described in the text. SODz: 0.3 units; SODH: 
0.6 units; SODIn: 1.2 Units; SOD~v: denatured extract; C: control. 
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Fig. 3. Hypothetical model of a red blood nell protector enzymic 
chain. Free radicals generated either by hemoglobin autoxidation or 
by another oxido-reduction system would be dismutated by SOD to 
molecular oxygen and hydrogen peroxide which could be destroyed 
by eatalase and converted to non toxic species. 

por t iona l ly  to the  uni ts  of the  enzyme added.  This  effect  
vanishes  when  an  enzymic  d e n a t u r e d  ex t r ac t  is used. We  
believe t h a t  th is  resul t  also d e m o n s t r a t e d  t h a t  SR are 
involved in the  mechan i sm of hemoly t ic  ac t ion of PH.  
SOD, also, inhibi ts  the  hemolysis  and  pe rox ida t ion  of the  
controls .  These results,  no t  showed here,  will be the  sub- 
jec t  of a fu r the r  communica t ion .  
Discussion.  F r o m  these results  it  can be inferred t h a t  P H  
produces  red blood cell lipid pe rox ida t ion  wh ich  is in- 
h ib i ted  by  SOD. This fact  suggests  a direct  corre la t ion 
be tween  SR and the  mechan i sm of act ion of th is  chemical.  
In  addi t ion,  the  e ry th rocy t e  suscept ib i l i ty  to a sys tem 
which  genera tes  SR  also confirms the  re la t ion:  phenyl -  
hydraz ine - superox ide  radica l -peroxidat ion .  
I t  has  been proposed9 t h a t  the  h igh  ac t iv i ty  of SOD in 
the  red blood cell is re la ted  to a p ro t ec to r  func t ion  of t he  
inner  s t ruc ture  agains t  the  de te r io ra t ive  effect  of oxygen.  
F u n d a m e n t a l l y  this  m a y  be due to the  large suscept ibi l i ty  
of hemoglobin  to au tox ida t ion  wi th  the  fo rmat ion  of SR ~s. 
This  process expla ins  no t  only  the  presence  o f  SOD b u t  
i ts  specific role. 
The superoxide  d i smuta t ion  does no t  e l iminate  a t  all i ts 
toxic i ty ,  since this  last  process  genera tes  hydrogen  per- 
oxide which is toxic,  and moreover  i t  m a y  reac t  wi th  the  
superoxide  to  give the  h y d r o x y l  radical  ~4, ano the r  free 
radical  of h igh  react iv i ty .  
The great  ac t iv i ty  of catalase in the  e r y t h r o c y t e  would 
form toge the r  wi th  SOD, a s imple  enzymic  chain which 
would  p ro t ec t  the  e ry th rocy t e  aga ins t  SR. Figure  3 
shows the  scheme of th is  hypothes i s .  
The blood normal  p lasma  does no t  p resen t  SOD activi ty~L 
and  therefore  it m a y  be t h o u g h t  t h a t  the  outer  s t ruc ture  
of t he  e ry th rocy t e  is unp ro t ec t ed  aga ins t  any  SR gener-  
a tor  sys tem.  Possibly,  th is  is no t  a genetic error  bu t  a 
regula tor  sys t em of the  e r y t h r o c y t e  mean  life. The 
e ry th rocy t e  would suffer successive pe rox ida t ion  pro- 
cesses along its useful life in the  blood s t ream,  which 
would weaken its m e m b r a n e  and  cause its lysis. 
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