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B e la  M atkovio s

THE HUMAN PATHOLOGICAL ROLES OP THE SUPEROXIDE RADICAL (0 ~ )
AND SUPEROXIDE DISMUTASE (SO D)*

The p re se n t  l e c t u r e  i s  in te n d e d  to o u t l i n e  the r e s u l t s  
d em o nst rat in g  the  r o l e s  o f  0 2 and SOD in  human d i s e a s e s .  
We s h a l l  a t tem p t  to  b r in g  the l i t e r a t u r e  d a t a  i n t o  c o r r e l a -
t i o n  with  our own r e s u l t s  o r w ith  our e xp e r im e nta l  concep-
t i o n s .

The human r o l e  o f  the 0~ r a d i c a l  w i l l  be d e a l t  w ith ,  f i r s t ,  
fo l lo w ed  by the SOD changes  and t h e i r  c o r r e l a t i o n s .

The r o l e  o f  the  0 "  r a d i c a l  h ere  i s  not e x c l u s i v e .  The v a r io u s  
r a d i c a l s  formed from m olecu lar  oxygen may i n t e r a c t  with  one 
a n o th e r ,  r e s u l t i n g  in  f u r th e r  a c t i v e  r a d i c a l s  such a s  the hydro-
x y l  r a d i o a l  (OH *), s i n g l e t  oxygen ( 102 ) ,  peroxy and hydroperoxy 
r a d i c a l s .  The m u l t i d i r e c t i o n a l  r e a c t i o n  pathway th a t  r e s u l t s  in  
a c t i v e  oxygen r a d i c a l s  i s  summarized in  d e t a i l  i n  th e t a b l e s  to 
be found in  the p u b l i c a t io n  by S i n g h  [18 ]. T his  c o m p i la t io n  
was p rep ared  f o r  the symposium d e a l i n g  with  oxygen r a d i c a l s ,  o r -
g a n iz e d  in  Pinawa, Manitoba  in  1977 by W h ite sh e l l  N uclear  Re-
s e a r c h  E s ta b l i s h m e n t  Atomic Energy o f  Canada, L td .  The p roc ee d in g s  
o f  the  symposium were p ub l i sh ed  in  one oopy o f  28 the  volume o f  
the  Photoohem. P h o to b i o l .  The H a b e r-W e i  s  s  and F e n -
t o n  r e a c t i o n  [ 7 ]  a re  w e l l  known so u rc es  o f  OH* r a d i c a l s :

* L eo ture  d e l i v e r e d  on the P o li sh -H u n g a r ia n  Syposium "The 
e f f e c t  o f  p h y s ic a l  and chem ioal a g e n t s  on m ac rom o lec u le s " ,  Łódź 
(P o la n d ) i  18-20th  o f  Ju n e ,  1979.

02 + OH" + OH* ( a )

and

Fe2+ + H202 ------� P e 3+ + OH" + OH 00



L e t ua oo n aid er  f i r a t  the e f f e c t  o f  0"  r a d i o a l a  on re d  blood 
o e l l a  (RBC). The damage oauaed to  th e fo rm al  e lem en ta  o f  the 
b lood  may be d i r e c t  or i n d i r e c t .  In  bo th  c a aea  the o v e r a l l  r e a u l t  
i a  th e  aame: h em olyaia  namely l y a i s  o f  the RBC membrane. Thia 
e f f e c t ,  in  which the 0”  r a d i c a l  p la y e  an im p ortan t r o l e ,  haa 
been aummarized i n  a  T ab. 1 [ 4 ] .

T a b l e  1

0 "  r a d i c a l  aa  p o t e n t i a l  ca uae a  o f  o x i d a t i v e  hem olyaia  
( d e t a i l s  in  the  t e x t )

Rodnik Ol ja k o  p o t e n c ja ln a  przyc zyna  hem olizy  oksydatywnej 
( a z c z e g ó ły  w t e k ś c i e )

0~ pajtHKaji kbk noTeHUHajiBHafl npmiHHa OKCHflaTHBHoro re»iojiH3a  
2 (nOflpoOHOCTH B T6KCT6 )

I n c r e a se d  fo rm a t ion  o f  Og Deoreaaed  p r o t e c t io n  a g a i n a t  them

1. V ia  hb. 3 .  D e f i c i e n c i e s  o f :
U n st a b l e  hba. G luc oae-6 -p h oap h ate  dehyd rogenase

T h a la s sa em ia 6 -Ph oap hog luconate  dehydrogenaae
O x id a t ive  d ru gs G lu t a th io n e  p e ro x id a se  (GPx)

e . g .  A cety lph en ylh y- G lu t a th io n e  r e d u c t a s e

d ra z i n e G lu ta th io n e  S y n th et a se
.A n t im a la r ia l s C a t a la a e
Fav ism SOD
PQ (p a r a q u a t ) V i t .  E

Heat
M etal io n s  (Cu2 + , Fe2+

e t c . )
Redox a ub a tan c es

2 .  D ir e c t  e f f e c t a
R a d ia t i o n
H y pe rba r ic  oxygen
P orp h yr ia  ( f r e e  por-

p hy r ina )

The mechaniam i s  d e a l t  w ith  in  two f i g u r e s .  F i g u r e  1 o u t l i n e s  
the  hem pocket o f  the oxyhem oglobin (oxyhb) m o le c u le .  Sm al l



ch ang es  may l e a d  qu io k ly  to  th e  fo rm a tion  o f  methemoglobin 
(m eth b ).  Suoh a ohange may be c a u se d  by the w ater m olecule  or 
s m a l l  an ions;  th es e  d onate  an e x t r a  e l e o t ro n  to  m olecu lar  to  
m o lec u la r  oxygen c o n v e r t in g  t h i s  to  the 0« r a d i c a l ,  Fe2 + i s

o , d.
o x i d iz e d  to Fe , and methb i s  formed from oxyhb.

F ig u re  2 sum m arizes the meohanisms which p r o t e c t  the RBC 
from  h em o ly s i s .

T ogether with  Tab. 1 F i g .  2 shed s  more l i g h t  on the 
d e t a i l s  o f  each  meohanism.

Reduced g l u ta t h i o n e  (GSH) and oxyhb form the f i r s t  l i n e  o f  
d e fen c e  o f  the RBC a g a i n s t  o x i d a t i v e  damage. The second  p ro t e c -
t i v e  l i n e  i n c l u d e s  -SH m a te r ia l  and p o ly u n sa tu r a te d  f a t t y  a c i d s  
(FUFA). F i n a l l y ,  o x id a t io n  o f  the  HJF.A by l i p i d  peroxidation 
(L P ) ,  l e a d s  to i r r e v e r s i b l e  damage o f  the  RBC membranes and to  
h e m o l y s i s .

One o f  the most im p ortan t o f  the above f a c t o r s  l e a d s  to  he-
m o ly s i s  d i r e c t l y ,  and the o th er  one i n d i r e o t l y  ( s e e  Tab. 1 ) .  The 
same r e f e r s  to  th e  i n h e r i te d  f a c t o r s  t o o .  A d i r e c t  hb e f f e c t  
i s  in v o lv e d  i n  t h a l a s s a e m ia ,  f o r  exam ple,  w hi le  a d e c re a s e  o f  
the d e fen ce  a g a i n s t  th e 0“  r a d i c a l  r e s u l t s  i n d i r e c t l y  from 
the  v a r i o u s  i n h e r i t e d  enzyme d e f e c t s ,  mainly th e d e ore a se  o f  
the SOD s y n t h e s i s ,  or a c a t a l a s e m i a ,  f o r  i n s t a n c e .  We s h a l l  not 
d e a l  h ere  w ith  h em olyses ca used  by d i f f e r e n t  r a d i a t i o n  e f f e c t .

Mention may now be made o f  d i s e a s e s  a f f e c t i n g  one organ  
or the e n t i r e  o rg a n ism , in  which an i n c r e a s e  in  th e q u a n ti ty  
o f  th e 0“  r a d i c a l  p l a y s  an im p orta n t r o l e .

P r im a r i ly  from the work o f  M o C o r  d [11 ] i t  i s  known 
th a t  i n  v i t r o  the 0^ r a d i c a l s  p o s s e s s  the a b i l i t y  to d ep o ly - 
m er ize  h y a lu r o n ic  a c i d .  D ir e c t  c onsequenc es  o f  t h i s  p u b l ic a -
t i o n  were th ose  i n v e s t i g a t i o n s  th a t  a ttem p ted  to  c l a r i f y  the 
r o l e s  o f  0~ and SOD i n  rheum atic  d i s e a s e s .  U n f o r tu n a te l y ,  a 
un ifo rm  p io tu re  h as  not y e t  d ev e lo ped  in  t h i s  f i e l d  but in  
our view i t  i s  worth  the t r o u b l e .  By the h y p o th e s i s  o f  MoCord 
and coworkers 0“  formed i n  g r e a t e r  amount, or p o s s ib l y  a de-
c r e a s e d  SOD a c t i v i t y ,  l e a d s  to  the f i r s t  a t t a c h  which d e ve lop  
on the  commencement o f  rh eum at ic  d i s e a s e s ,  t h i s  i s  one p a r t  o f  
our working h y p o th e s i s  to o .  Fu r th er  q u i te  s i m i l a r l y  to  a u t o c a ta -  
l y t i c  p r o c e s s e s ,  in  tim e the o th er  f a c t o r s  d e s t ro y  themselves ; 
m ain ly  the r e c u r r i n g  in f la m m a t ion s ,  and then l a t e r  the d e s t r u c -



Schemat n i e k tó r y c h  r e a k c j i  w k i e s z e n i  hemowej hemoglobiny 
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Roles of Oÿ and SOD in pa th o lo g y



t i v e  f a c t o r s  a re  con nected  with  autoimmune p r o o e s a e s .  S c u d- 
d e r  e t  a l .  [17] compared the SOD a c t i v i t i e s  o f  RBC from 50 
norm al and 50 rh eu m atoid  a r t h r i t i a  i n d i v i d u a l a .  No e s s e n t i a l  d i -
f f e r e n c e  in  SOD v a l u e s  waa found between the two g r o u p s ,  how-
e v e r ,  the  RBCCu c on ten t in  the fem ale  rh eum ato id a r t h r i t i c s  was 
s i g n i f i c a n t l y  lower than  i n  the normal i n d i v i d u a l s .

So f a r ,  t h e r e f o r e ,  a c o r r e l a t i o n  h as  not been d em o nstrated 
between the  RBC SOD a c t i v i t y  d e te r m in a t io n s  i n  a c t i v e  rh eu-
m ato id a r t h r i t i c s  and th e i n  v i t r o  exa m in a ti on s  and th eory  o f  
M c C o r d .  C ontinu ing  our working h y p o t h e s i s  in  i t s  e n t i r e t y  i s  
a s  f o l l o w s :  the ph agooyta  b u r s t i n g  o f  the polym orphonuclear 
le u k o c y te s  (PMNL) and hence th a t  o f  the m acroph ag es,  r e s u l t  
h ig h  amount oxygen r a d i c a l s .  The oxygen r a d i c a l s ,  and mainly 
the 0“  an ion  and the  H202 , erode  the a r t i o u l a r  s u r f a c e ,  s i n c e  
they d ep o ly m er iz e  the  h y a lu r on ic  a c i d  [1 1 ]  and the ^2^2 
g in g  th e SOD p ro te in  [ 3 ] .  The worned a r t i o u l a r  s u r f a c e  enhan- 
oea th e in f lam m a t ion , which l e a d s  to f u r th e r  PMNLs m ig r a t i n g  
i n .  A v i c i o u s  c i r o l e  th ereb y  a r i s e s ,  which i s  broken only by 
t h e r a p e u t ic  i n te r v e n t i o n ,  f o r  example l o c a l  SOD [ 8 ] s t e r o i d  
t re atm en t  e t c .

We w ished d em onstrate  the s i g n s  o f  the rh eum at ic  d i s e a s e  
group in  th e  a r t i c u l a r  f l u i d .  C l e a r l y ,  t h i s  cou ld  be examined 
only i n  a c u te  in f la m m a t io n s ,  f o r  only s t e r i l e  washing f l u i d  may 
be o b ta in e d  from the in f la m m a t io n - fr e e  j o i n t ,  th i a  f l u i d  h av ing  a 
c h a r a c t e r i s t i c  c o m p o s i tio n .

A few d a ta  are  p rea e n te d  h ere  t h a t  can be brough t in t o  
c o r r e l a t i o n  with  our own e xa m in a t ion s .

T a b l e  2

Normal v a l u e s  f o r  s y n o v ia l  f l u i d  
W arto ści normalne d l a  p łynu maziowego 

H opM ajibHue 3H aM eH aa a j i h  cHHOBHajibHO# « h ^ k o c t h

C o n st i tu e n t s Average Range

T o ta l  a lbum in  and g l o b u l in 1.72 g /1 0 0  cm3 1 .0 7 -2 .1 3  g /1 0 0  cm3

U ric  a c i d 3 .6  mg/100 cm3 3 .3 - 4 .7  mg/100 cm3

Leukocyte  count 63/mm3 13-180/mm3

B a s e d  o n :  H o l l a n d e r  I .  L .  ( E d . ) ,  A r t h r i t i s  
and a l l i e d  c o n d it i o n s ,  P h i l a d e l p h i a ,  PA (1 9 6 0 ) .



Our e x p lo ra to r y  s t u d i e s  connected with  a r t i c u l a r  f l u i d  were 
r e s t r i c t e d  to  th e  p e rox id e  m etabolism  enzymes (PME) (SOD, P-ase  
and C - a s e ) ,  a c i d  p hosp h atase  (A P h-ase ),  u r i c  a c i d ,  p r o te i n  and 
Cu d e te rm in a t ion s .

The exam ination  were perform ed with  Dr. I .  A. K ord o ss .  On 
th e  b a s i s  o f  our r e s u l t s ,  th e examined c a s e s  were d i f f e r e n t i a t e d  
in to  groups  ac c ord in g  to  th e  degree  o f  s e v e r i t y  a s  in d i c a t e d  by 
c e r t a in  c y t o l o g ic a l  and im m unological d e t e c t i o n s .

I t  i s  c l e a r  from th e  Tab. 3 /P a r t  B t h a t  th e  PME behave d i f -
f e r e n t l y  in  th e  f o l lo w in g  g roup s .  In g roup s I-VI th e re  i s  a lways 
gamma l a t e x  p o s i t i v i t y .  T h is  means th a t  the  a r t i c u l a r  f l u i d  con-
t a i n s  a n t ib o d i e s  th a t  r e a c t  with  th e  anti-immune serum. As a 
reag ent  s u i t a b l e  f o r  s l i d e  a g g l u t i n a t io n  ( l a t e x  f i x a t i o n  t e s t ) ,  
Gamma-latex i s  marked by Human (B u d a p e s t ) .  The rea g e nt  i s  a p p l i -
c a b le  f o r  dem onst rat ion  o f  the  rheumatoid f a c t o r  (IgM ). The 
o th e r  q u a l i t a t i v e  ra p id  t e s t  t h a t  we used was th e LE-TEST1̂ (Hyland, 
USA), which can be employed f o r  th e  d e t e c t io n  o f  a n t in u c le op ro -  
t e i n  f a c t o r s .  L E -T E ST ^ -p os it iv i ty  occ urred  only  once o r  tw ice  in  
a l l  the  examined c a s e s .

T a b l e  3

Enzymatic a c t i v i t i e s  in  sy n o v ia l  f l u i d  
Aktywności enzymatyczne w p ły n ie  maziowym

3 H 3 H M a T tm e C K H e  aK T H B H O C T H  B C H H O BH aJIbH O tt KH ĄKO C TH

P ar t  A

General
n o ta t io n s None Very

low Low Normal
Modera-

t e l y
high

High Extremly
high

V alues 0 - - N + ++ +++

SOD U/ml 
sy n o v ia l  
f l u i d  ( s . f . ) -  10 N 10-15 + 15-20 ++ 20

P-ase
U/ml s . f . 0 -  1 + 1-2 ++ 2-10 +++ 10

C -ase
BU/ml s . f . -  0 .1 0 N 0.01 0



P a r t B

Group I I I I I I IV V VI VII V III

SOD U/ml N N ++ + N N ++ N

P -ase  U/ml +++ ++ + 0 - ++ 0 ++

Cu g/ml - - - - N — — -

P rote in  mg/ml - N N - - N N -

C -ase  BU/ml N + N - N - N N

Uric  a c id  
mg/100 ml - - N N - ++ N N

APh-ase
U/ml +++ +++ ++ ++ ++ ++ + N

Rhagocyta + + -  + -  + - - - -  +

Gamma-latex + + + + + - - -

APh-ase = a c id  p h o sp h ata se .

N o t e :  The f i r s t  p a r t  o f  th e  Tab. 3 / P a r t  A shows th e  n o ta -
t i o n s  use d  in  th e  q u a n t i t a t i v e  e v a lu a t io n  o f  th e  measurements, 
and th e  ran g es  o f  th e  a c t i v i t y  u n i t s /m l  sy n o v ia l  f l u i d  f o r  the  
in d iv id u a l  enzymes ( se e  Tab. 3 /P a r t  A).

The second p a r t  o f  th e  Tab. 3 ( s e e  P a r t  B) c o n ta in s  th e  sum-
mary, about which a  few words w i l l  be s a i d .  I t  may be seen  a t  a 
g la n c e  t h a t  th e  most l e f t - h a n d  column o f  th e  P a r t  B shows the 
most p o s i t i v e  s i g n s ;  on p roc eed ing  from l e f t  to  r i g h t  th e  number 
o f  p o s i t i v e  s i g n s  d e c r e a s e s  ( a s  th e  s e r i a l  number i n c r e a s e s ) .  
On th e  b a s i s  o f  the  gamm a-latex r e a c t i o n ,  columns I-V mean f r e s h  
in f lam m at ion , which may be a  f i r s t  in f lam m at ion , but most o f te n  
i s  an a c u te  re c u rren c e .  Group VI i s  th e  group o f  p a t i e n t s  with  
g ou t ,  o r  a s t ron g  tendency to  t h i s .

With th e  c o l la b o r a t i o n  o f  Dr. J .  J .  Arvay, they  re p e a ted  the  
exa m in ations  o f  S c u d d e r  e t  a l .  [1 7 ]  on a c t i v e  rheum atic  
p a t i e n t s  a t  th e  N a t io n a l  Rheumatology and B alneoth erapy  I n s t i -
t u t e  ( B u d a p e s t ) .  The r e s u l t s  a r e  p re s e n ted  in  the  f o ll ow in g  
Tab. 4.



Some chosen p h y s ic o -c h em ic al  p r o p e r t i e s  o f  b lood  from p a t i e n t s  
with  a r t h r i t i s  ( g ou t )  and c o n tr o l  group
Wybrane w ła śc iw o śc i  fizykochem iczne  krwi 

u p ac jen tów  z artretyzm em i  u osób kontro lnych
HeKOTopNe cJ)H3HK0xHMJmecKHe cBoiicTBa kpobh y  CojibHux apipHTOM  

u y  KOHTpojibHoił rp yn rw

P a r t  A

C ontro l Rheumatoid a r t h r i t i c  p a t i e n t

P aram eter s n »  10 n
A
= 4

.
n

B
= 20 n

C
= 16

ave-
rage range ave-

rag e range ave-
rag e range ave-

rag e range

SOD
U/g hb 623 474-929 683 562-904 338 45-474 642 494-850

Sedim enta-
t i o n  mm/h 14 6-20 17 15-20 45 20-68 45 23-104

RBC iro n  
p q/1 00  ml 70 60-105 70 42-143 74 22-122 53 14-121

RBC copper 
( jq/100 ml 119 67-151 144 95-175 150 99-188 152 58-219

P a r t  B

C o n tro l Rheumatoid a r t h r i t i c  p a t i e n t

P a r a -
m eters

n = 10 n
A
= 5 n

B
= 8 n

C
= 23 n

D
= 4

a v e -
r a g e range a v e -  

r a  ge ra nge a v e -
r a g e range a v e -

r a g e ra nge a v e -
ra ge ra n g e

C -ase
U /g  hb 4 . 3 2 . 6 - 5 .8 4 . 3 3 . 9 - 4 .6 2 .1 1 .7 - 2 .5 4 . 0 2 . 8 - 5 . ? 7 . 3 6 - 9 . 2

Sedimen-
t a t i o n
mm/h 14 6 -2 0 18 15 -2 0 43 3 1 -1 0 4 4-3 2 1 -7 0 56 2 4 -6 8

RBC iro n
uq/100
ml 70 6 0-1 05 61 2 2 -1 4 3 40 2 0-7 7 75 1 4 -1 2 4 65 2 0 - 1 0 4

RBC copper 
j iq /100 
ml 119 6 7 -1 6 1 142 9 5 -17 5 166 11 5-20 0 143 5 8 -2 1 8 172 13 9 -2 19

N o t e :  I t  can r e a d i l y  be se en  t h a t ,  with a p p r o p r i a t e  c l a s s i f i c a -
t i o n ,  d i f f e r e n c e s  can be d e te c te d  a s  r e g a r d s  th e  RBC SOD, C -a se  and 
a l s o  Cu c o n ten t in th e  a c t i v e ,  bu t t r e a t e d  r h e um a t ic s .



Of c o u rs e ,  th e  d ep resse d  SOD l e v e l  does no t a lw ays mean a 
rheum atic d i s e a s e ,  but in  g en er a l  i t  may be a  symptom o r  a  con-
sequence o f  some a c u te  o r  ch ronic  sy stem ic  d i s e a s e .  These d i s e a -
se  ty p e s  a l s o  le a v e  t h e i r  mark in  th e  m etabol ism  o f  th e  RBC 
(more s im p ly ,  they  a r e  accompanied by a  change in  SOD a c t i v i t y ,  
which u s u a l l y  means an SOD d e c r e a s e ).

We have th e r e f o r e  g iv en  a  working h y p o th e s i s  in  t h i s  c a s e ,  
and sup p orted  t h i s  with  d a t a  groups  in  th e  f i e l d  o f  a r t i c u l a r  
sy stem ic  d i s e a s e s .  N a tu r a l l y ,  t h i s  does no t y e t  mean th e  p roo f  
o f  the  working h ypothe 'si s.  In our view, many fundam ental exa-
m in ations  w i l l  be n e c e ss a r y  in  t h i s  f i e l d ,  in  the  i n t e r e s t  o f  
co n firm at io n  from v a r i o u s  a s p e c t s .

Only mention w i l l  be made o f  an other  t o p ic ,  th e  human aspects 
o f  which we have i n v e s t i g a t e d .  These exam inat ions  were perform ed 
on an im als  with  d ia b e t e s  induced ex p er im e n ta l ly  with  chem ical 
a g e n ts  ( n a t u r a l l y ,  here  too  we cannot g i v e  an assum ption  proved 
in  every r e s p e c t  from an exp er im enta l  p o in t  o f  view ; a t  the  mo-
ment I  can only  re p o r t  d a ta  which f i t  in  with  our h y p o th e s i s ) .

In d i a b e t e s ,  which i s  well-known s i m i l a r l y  to  become a  d i-
s e a s e  a f f e c t i n g  th e  e n t i r e  organism , th e  o x i d a t iv e  damages w i l l  
be g r e a t e r  than  in  o th e r  d i s e a s e s .  B ecause  o f  th e se  enhanced 
o x i d a t iv e  damages, a l l  th o se  symptoms sub seq u ent ly  d eve lop which 
a re  m an ife s ted  in  v a s c u l a r  s c l e r o s i s ,  n e u r i t i s  and c a t a r a c t .  In 
the  m ed ica l  te rm in o logy , th e s e  a re  th e  secondary  symptoms o f  
d i a b e t e s .  Fo r  th e  p a t i e n t ,  however, th e se  changes to o  a r e  p r i -
mary and a r e  very  f re q u e n t l y  th e  c a u s e s  o f  death .

I  sh ould  l i k e  to  s t a t e  here  one o f  ou r fundam ental concep-
t i o n s  in  connect ion  with  d ia b e t e s  deve lopment,  and with  v e r t e -
b r a te  m etabo lism  ty p e s  in  g e n e r a l .  A ccording to  t h i s ,  humans and 
given  s p e c i e s  o f  v e r t e b r a t e s  in  g e n e r a l  can be d iv id e d  in t o  two 
or  more grou ps  a s  r e g a rd s  th e  ty pe  o f  th e  o x i d a t i v e  m etabo lism . 
S i g n i f i c a n t  d i f f e r e n c e s  can be dem onstrated in  th e  d i f f e r e n t  
groups  in  th e  a c t i v i t i e s  o f  the  o x id a t i v e  m etabolism  enzymes. 
Hence, in  a  f u r th e r  c on c ep tion , d ia b e t e s  d eve lop s  p r im a r i ly  in  
i n d i v i d u a l s  i n h e r i t i n g  a h ig h e r  o x i d a t i v e  m etabo lim s.  Som atosta-
t i n  and i n s u l i n ,  f o r  exam ple, a r e  w e l l  known t o  be o x id iz a b l e  
su b s ta n c e s .

L e t us  c o n s id e r  f i r s t  ou r own human d a ta  r e l a t i n g  to  SOD and 
in  g e n e r a l  th e  o th e r  PME. These measurements r e f e r  to  t r e a t e d



d i a b e t i c s  o f  v a r io u s  o r i g i n s .  The d ata  ap ply  only to  human RBC 
(Tab . 5 ) .

T a b l e  5

Some chosen p aram eter s  o f  b lood  from d i a b e t i c s  
p a t i e n t s  and c o n tro l  -group

Wybrane param etry  krwi osób k on tro ln ych i  diabetyków
HeK0 T0 pue napaMeTpn kpobh KOHTpojibHux 4 0 H 0p 0 B 

H HHaOeTHKOB

Param eters C o n tr o ls D i a b e t i c s

G lucose 8 1 .5 2 10 .3
mg/100 ml blood + 1 0 .4 + 54 .7

P r o te in 8 9 .4 7 8.3
mg/ml p lasm a + 4 .6 +15.1

P ro te in 5 89 .8 501.2
mg/ml h em olysate s + 131 .5 + 17 2.9

G3H-P0D 6 .4 3 16.4 5
U/ml h em olysates + 0.6 2 + 0 .5 4

C -ase 0 .4 0 0 0 .0 27
BU/ml p lasm a +0.141 +0.001

C -ase 0 .4 5 8 2 .1 5
BU/ml hem olysate s + 0 .0 5 5 + 0 .08

SOD 2 0 3 .5 3 .0
U/ml h em olysate s + 40 .3 + 0 .3  .

N o t e :  The Tab. 5 shows th e  most im p ortan t 
p a ram e te r s  and enzym atic a c t i v i t i e s  measured by hu-
man b lood  sam p les .  The C -ase  v a l u e s  a r e  e xp resse d  
in  Bergmeyer U n it s  (BU) (n  = 100, X + S ) .

The fo l lo w in g  t a b l e  p r e s e n t s  s i m i l a r  enzyme a c t i v i t i e s  meas-
ured in  r a t s  with  e xp er im e nta l ly -in d u c ed  d ia b e t e s  (Tab . 6 ) .

in  th e  an im al exp erim en ts ,  o f  c o u rs e ,  th er e  was a l s o  a  p os-
s i b i l i t y  f o r  comparison  o f  th e  (normal and d i a b e t i c )  v a lu e s  o f  
the  enzyme a c t i v i t i e s  o f  th e  d i f f e r e n t  o r g a n s .

When th e se  d a ta  a r e  examined to g e th e r ,  th e  d i f f e r e n c e s  a re  
s t r i k i n g :  1)  in  human blood the p r o t e in  v a l u e s  low er,  2 )  the  
g lu t a th io n e  p e ro x id a se  a c t i v i t y  i s  about 3 t im es  h ig h er  than in  
th e  normal c a s e s ,  3) th e  c a t a l a s e  a c t i v i t y  o f  the  RBC i s  about 
5 t im es  t h a t  o f  th e norm al, 4)  RBC SOD a c t i v i t y  i s  very low.



These f a c t s  p o i n t  to  an enhanced H202 p ro d uc tion  and decom-

p o s i t i o n ,  and a  d e c rea sed  02 r e s i s t a n c e .
The d a ta  from th e an im al experim ents sup p or t th e se  same o b se r-

v a t i o n s  [ 1 0 ] .
There i s  o th e r  l i t e r a t u r e  ev idence  in  sup por t o f  ou r hypo-

t h e s i s :
1.  I t  i s  known t h a t  th e  ca use  o f  th e  r a p id  o c c lu s io n  o f  the  

duc tus a r t e r i o s u s  and u m b i l ic a l  a r t e r y  a f t e r  b i r t h  i s  th e  e l e -
va ted  02 te n s i o n  (C>2 t o x i c i t y )  and d e c re as ed  SOD a c t i v i t y  o f  
th ese  a r t e r i e s  [ 6 ] .

T a b l e  6

The in f lu e n c e  o f  c h em ic al ly - in d u ced  d ia b e t e s  on th e  a c t i v i t y  
o f  SOD, P -a s e ,  C -as e  v a lu e s  f o r  r a t s

Wpływ cukrzycy indukowanej chem icznie na aktyw ności SOD, 
p erok syd azy  i  k a ta l a z y  u szczurów

BjiHHHHe xuMimecKH HmyuapoBaHHoro ^Hafieia Ha axTHBHOCTH COfl, 
nepoKCH^aau u Karajia3u y i<puc

Organs

SOD
U/g w . t . w . ; X +S

P-ase  
U/g w . t . w . ; X +S

C -as e  _ 
BU/g w .t.w , X +S

con-
t r o l s

d ia b e -
t i c s

con-
t r o l s

d ia b e-
t i c s

con-
t r o l s

d ia b e-
t i c s

1 2 3 4 5 6 7
L iv e r 4 000 2 500 0 .0 200 4 .8 0 1 5 .90

+600 +300 +19 + 0.4 3 +1.21

Kidney 1 200 327 0 .0 0 .0 0 .3 6 0 .9 2 6

+151 +41 + 0 .0 4 + 0.1 00

Sp leen 560 272 963 2 810 2 .4 0 0 .23 5
+50 +36 +91 +205 +0.21 + 0.0 40

T e s t e s 960 308 407 100 0.41 0 .8 8
+63 +31 +41 + 9 .4 + 0 .03 + 0.0 2

Whole b ra in 240 185 120 160 0 .0 4 0 0 .0 38
+24 +22 +10 +12 + 0.0 04 + 0.0 10

Lung 210 241 872 1 070 0 .2 6 0 .2 1 0
+20 +26 +86 +100 +0 .02 + 0 .02 0

Pan creas 310 128 136 280 0 .1 95 0 .11 7
+31 +10 +13 +30 + 0 .01 0 + 0.00 7



T able  6 (contd .)

1 2 3 4 5 6 7

Heart 480 263 2 690 1 583 0.2 45 0 .44 0
muscle +47 +29 +300 +96 +0.0 23 +0 .050

S k e l e t a l 300 223 105 220 0.11 0 0 .1 6 0
m uscle +27 +30 +10 +24 +0 .009 +0 .010

H em oly sate* 696 525 11 666 1 172 2 .6 7 0 4 .1 40
+68 +50 +1 000 +131 + 0 .3 1 0 + 0.3 90

*U /m l .
N 0 t  e :  SOD, P -ase  and C -ase  v a lu e s  in  normal r a t s ;  e f f e c t  

on them o f  ch em ica lly -in d u ce d  d i a b e t e s  (w .t.w . => wet t i s s u e
w eigh t ;  n = 10) (C - a s e  a c t i v i t y  v a lu e s  a r e  g iven  a s  b e f o r e ) .

T his  i s  i l l u s t r a t e d  in  the  fo l low in g  Tab. 6 ,  in  which th e se  
two a r t e r i e s ,  w ith  t h e i r  low SOD v a l u e s ,  d i f f e r  from the  o th er  
two a r t e r i e s  examined, th e  pulmonary a r t e r y  and th e  th o ra c ic  
aorta-.

T a b l e  7

Bovine f e t a l  a r t e r i a l  SOD 
SOD w tę tn i c a c h  płodowych c i e l ą t

00,3 b  njionoBhix apTepHHX TejiHT

T is su e SOD
U/mg p ro t e in

Um bilica l  a r t e r y 1 .9 7  +0 .16
Ductus a r t e r i o s u s 2 .3 2  + 0.33
T horac ic  a o r ta 3 .4 5  +0.31
Pulmonary a r t e r y 3 .6 7  +0.3 2

At th e  same tim e , an io n iz in g  r a d i a t i o n  e f f e c t  forming the 
oxygen r a d i c a l ,  f o r  in s ta n c e ,  c a u s es  a r t e r i o s c l e r o s i s  in  expe-
r im en ta l  an im als  [ 1 ] .

The enhanced tendency o f  d i a b e t i c s  to  a r t e r i o s c l e r o s i s  can 
th e r e f o r e  be ex p la in e d  on th e  above b a s i s .



2 .  E a r ly  fo rm ation  o f  c a t a r a c t  in  d i a b e t i c s  can s i m i l a r l y  be 
w el l  ex p la in ed  in  th e  l i g h t  o f  the more rec en t  e xam in ation s .  The 
l e n s  o f  th e  eye i s  p r o t e c te d  by SOD a g a i n s t  0^,  and by C -a se  
a g a i n s t  -̂2 ^‘ A d e c re a se  in  the  a c t i v i t y  o f  e i t h e r  o f  the
two enzymes would w el l  account f o r  th e  e a r ly  c a t a r a c t  in  d ia b e-
t i c s .  From t h i s  a s p e c t  com parative  i n v e s t i g a t i o n s  «h ave been 
perform ed only  on th e  r a t  r e t in a  [ 5 ]. I t  would be i n t e r e s t i n g  
to  compare th e se  measurements f o r  th e  v a r io u s  p a r t s  o f  th e  r a t  
eye.

T a b l e  8

Comparison o f  b lood and r e t i n a l  SOD a c t i v i t y  
o f  normal and d i a b e t i c  r a t s

Porównanie ak tyw ności SOD w s ia tkó w ce  i  w krwi 
szczurów normalnych i  d iab etyczn ych

CpaBHeHHe aKTHBHOCTH CO# B CemaTKe H B KpOBH HOpMaJIhHUX 
H 4HaÓ6THUX KpbIC

T is s u e
SOD

p q /g  p r o te i n

n c o n tro l d i a b e t i c

R etina 42 0 .8 7 0.61

+ 0.0 5 + 0.0 3

Blood 12 8 1 .2 5 1.3
+5.1 +7.1

C l e a r l y ,  th e se  ex am in ations  should b e ,  and w i l l  be re p ea te d  
on human en u c leate d  eye and on e x t i r p a t e d  c a t a r a c t  in  d i a b e t i c s  
( F i g .  3 ) .

Much work i s  s t i l l  re q u ir ed  in  th e  i n t e r e s t  o f  p rov id in g  
f u r t h e r  ev id ence  in  f a vo u r  o f  th e  above s u g g e s t io n s .

I f  our h y p oth es i s  mentioned in  the  in t ro d u c t io n  i s  t r u e  in  
d i a b e t e s ,  then  th e  a gin g  p r o c e s s  o f  th e  c e l l  and o th e r  d i f f e r e n -
c e s  ob served  in  t h i s  f i e l d  can a l s o  be w el l  e xp la in ed  on th e  
b a s i s  th a t  th e  a c t i v i t i e s  o f  th e  o x i d a t i v e  enzymes may d i f f e r  
from group to  group. Thus, in  th ose  p o s s e s s i n g  a h ig h e r  ox id a -
t i v e  enzyme a c t i v i t y ,  th e  " f a s t  b u rn e r s " ,  th e  more in te n s iv e  c e l l  
o x i d a t iv e  damage l e a d s  e a r l i e r  to  th e  a g in g  o f  th e  c e l l s  and o f



the  e n t ir e  o rg anism . However, l e t  u s  n o t d e al  with  g e ro n to lo g y , 
but mention a few f a c t s :

1 .  S y l v i a  e t  a l .  [19  ] could  dem onstrate  a  d i f f e r e n c e  
to  e l e c t r i c  s t im u lu s  in  th e  change o f  r a t e  o f  m ic r o c i r c u l a t io n  
and te rm in a l  o x id a t io n  ( th e  r e s p i r a t i o n  c h a in )  in  the  c e r e b r a l  
t i s s u e  o f  young and aged  r a t s  ( a  slow er  r e g e n e r a t iv e  a b i l i t y  was 
d e te c te d  in  the  aged  r a t s ) .  T h is  i s  n a t u r a l l y  only an i s o l a t e d  
exam ple; we could a l s o  r e f e r  to  c e r t a i n  o f  our own i n v e s t i g a -
t i o n s  and o b s e rv a t io n s  in  t h i s  c a s e  to o  [ 1 2 ] .  Of c o u rse ,  th es e  
d id  no t form sy s te m a t ic  exa m in ation s  r e l a t i n g  to  o ld  a g e .

2 .  Many a uth o rs  r e f e r  t o  th e  p u b l ic a t i o n  by P a c k e r  e t  
a l .  [ 1 5 ]  in  connection  with  t h i s  problem o f  a g in g .  The t i t l e  
o f  t h e i r  work was "A n t io x id a n t s  v e r su s  a g i n g " . .  T h e ir  f i n a l  con-
c l u s io n  was th a t  th e  a n t io x id a n t s  a r e  s u b s ta n c es  o f  s i m i l a r  
im portance t o  the  v i ta m i n s :  they  p r o t e c t  th e  organism  n ot only 
from a g in g ,  but a l s o  from tumorous damage, by i n h i b i t i n g  the 
fo rm ation  o f  th e  more s t r o n g ly  c a r c in o g e n ic  in t e r m e d ia t e s ;  among 
o th e rs ,  they  p r o t e c t  th e  DNA from th e  damage caused  by p erox id e  
( F i g .  4 ) .

2 0 2 Enlarging of 02

♦ or Hj 0 2 production

2 H (o r inhibition ot enzym es).

H2 ° 2 ♦ H2 02 C~ as*  » 0 2 ♦ 2H2 0

0 2 AH 2 -P-~ —  »  A ♦ H2 0

F i g .  3 .  C a t a r a c to g e n e s i s  
Powstawanie k a ta ra k t y  

KaTapaKToreHe3

L e t u s  re tu rn  b r i e f l y  to  th e  f a c t  t h a t  in f lam m ation  oc cu rs  
in  th e  two sy stem ic  d i s e a s e s  (rheum atic  d i s e a s e s  and d i a b e t e s )  
I  mentioned p r e v i o u s l y .  A c o n s id e r a b le  p ro p o r tio n  o f  th e  in f la m -
matory p r o c e s s e s  deve lop on the  a c t io n  o f  h i s ta m in e . I t  emerged 
from th e  o b se r v a t io n s  o f  0 h m o r  i  e t  a l .  [1 3 ]  t h a t  th e  
xanth ine  o x id a s e  -  xa nth in e  system  c a u se s  h i stam in e  r e l e a s e  from
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the  p e r i to n e a l  m ast c e l l s .  The in d u c to r  o f  th e  h is tam in e  r e l e a -
se  i s  HgOg.

I n je c t i o n  o f  + h is tam in e  g i v e s  r i s e  to  in flam m atory  r a t
paw oedema, which i s  reduced by C -a se .  The PME th e r e f o r e  p la y  
im portant r o l e s  in  th e  development and a l s o  th e  d e c re a se  o f  in -
flam m ation . T h is  i s  proved not only by th e  r e l a t e d  l i t e r a t u r e ,  
but by numerous o th er  d a ta  to o .  For  i n s t a n c e ,  depending on t h e i r  
q u a n t i t i e s ,  th e  a n t i o h l o g i s t i c s  a r e  c a p a b le  o f  d ec rea s in g  th e  Og 
an ion  p rod u ct ion  [1 4 ] .

Although have m entioned some anim al exper im en ta l  d a ta ,  p l e a s e  
a c c e p t  my l e c t u r e  a s  p r im a r i ly  thoug ht-provok in g with  re g a rd  to  
humans, a s  I  in ten ded  i t .
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PATOLOGICZNA ROLA RODNIKA PONADTLENKOWEGO ( O , )
I  DYSMUTAZA PONADTLENKOWA (SOD) W ORGANIZMIE LUDZKIM

Artykuł p r z ed s ta w ia  z a sa d n ic z e  wyniki wykazujące  r o l e  0~ i  
SOD w s tan a c h  chorobowych cz łow iek a ,  o p i e r a j ą c  s i ę  na danych l i -
te raturow ych  i  bad ania ch  własnych.

E eJia  MaTKOBHH

RATOJIOrPWECKAH POJIb CyriEPOKCitUHOrO PAUHKAJIA ( 0 2 ) 
U CyiIEP0K0HAHMCMyTA3A ( GOJ ) B 0PTAHH3ME MEJIOBEKA

CtaxbH npencTaBJiaeT rJiaBHue pesy jibTaThi neMOHCTpHpywmHe pojib  0 2 
u COJ b Óojie3Hflx y  'lejiOBBKa, Ha ocnoBe jih t epaTypHux naHHux u co6-  
CTBeHHblX HOCJieHOBaHHS.


