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Abstract. Acute ischemic renal failure is of great clinical importance because of  its frequent occurrence and the 
high mortality it causes. Recent observations indicate that reperfusion has its own dangers because of  oxygen- 
derived free radicals. To study this problem, ischemia was evoked in dogs in one kidney, by clamping the left renal 
artery for 45 rain. This was followed by a 90-rain period of  reperfusion when diuresis, GFR,  PAH clearance and 
sodium and potassium excretion were studied. Besides a control group (n = 6), the following treatment groups were 
investigated. Allopurinol (n = 7): 50 mg/kg for two days p.o. and 50 mg/kg in physiological saline infusion during 
the experiment; a small dose of  SOD (n = 6): 0.5 mg/kg in infusion, started 1 min before reperfusion and given 
continuously for 10 min; and a high dose of SOD (n = 7): 5 mg/kg as above. 
In the first 15 rain following reperfusion, the renal functions significantly worsened in all groups. Later on, the renal 
functions gradually improved and in the last period after reperfusion, G F R  in the ischemic kidney was 64%, cPAH 
59%, diuresis 60% and sodium and potassium excretion were 65% and 76%, respectively, of  the basal values in the 
control group. 
Treatment with free radical scavengers did not cause any considerable changes in the renal functions. In some 
respects, the worst results were observed with low-level SOD treatment (cPAH, diuresis, as well as sodium and 
potassium excretion). 
At the end of reperfusion, there was a significant drop in sodium excretion by the right (intact circulation) kidney 
of the treated animals. 
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lschemia lasting for a critical period of time, depending 
on the sensitivity of  the different organs, leads to irre- 
versible damage of the tissues. Any intervention to 
improve circulation, carried out soon enough, can help 
to preserve organ function. Recent obserwitions indicate, 
however, that reperfusion has its own dangers'. It seems 
likely that the degree of tissue damage alter reperfusion 
depends on both the preceding ischemia and the injury 
caused by the restarting of the circulation x. More and 
more researchers are stressing the importance of oxygen- 
derived free radicals in reperfusion injury tinder clinical 
and experimental conditions 3 ~'. Acute ischemic renal 
failure is of  great clinical importance because of its 
frequent occurrence and high mortality rate 7 <~, so the role 
of free radicals and the protection afforded by antioxidant 
therapy have been widely investigated ~" ~'. However, the 
experiments gave contradictory results ~7 e~ so further 
observations are needed. Trials of this kind with dogs 
have been presented relatively rarely in the literature, so 
we chose this species for our experiments. Oxygen-derived 
free radicals are formed, and exert their action, in the early 
phase of reperfusion. Therefore we investigated the role 
of  these toxic agents in that period, alter reversible renal 
ischemia was evoked by the temporary ligation of  the 
arteria renalis. 

Methods 
Tile experiments were conducled in mongrel dogs of either 
sex with a body weight of 10 34 kg. The animals were 
narcotized with Nembutal ( sodium pentobarbital. 30 mg/ 
kg body weight i.v.), and steady narcosis was provided 
at 3 mg/kg body weight i.v. maintenance doses. A cuffed 
endotrachcal tube was inserted, continuous artificial 
respiration was maintained (respirator RO-5, Moscow, 
USSR) and regular blood-gas analysis was carried out 
during the trial. Surgery was performed on a heatable 
operating table, with the rectal temperature maintained 
between 37 and 38 C .  For giving infusions, taking blood, 
and rneasuring blood pressure, a jugular vein and both 
f'emoral arteries and veins were catheterized. Urine was 
obtained through catheters from the ureters by median 
laparotomy. Venous blood from the kidney was obtained 
through the v. spermatica or v. ovarica, as appropriate, 
by the aid of a catheter led into the left v. renalis. The 
left renal artery was exposed, with the renal nerves letk 
intact. On finishing the operation, saline infusion was 
administered at 20 ml/kg b.wt for 30 min, and then at 
10 ml/kg b.wt/h until the end of  the trial. 
For measuring the glomerular filtration rate (GFR)  and 
the effective renal plasma flow (ERPF),  inulin and para- 
aminohippuric acid (PAH) were infused in physiologi- 
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ca1 saline into the v. jugularis to reach a plasma concen- 
tration of 30-50 mg/100 ml and 1 3 mg/100 ml, respec- 
tively, depending on the animal 's body weight 
(0.21 0.58 ml/min). After the operation there was a 
60-min equilibration period, and then urine was col- 
lected at 15-rain intervals. 
After two control periods, the left renal artery was 
occluded for 45 min and urine was collected from the 
right kidney alone. During the occlusion, the quantity 
of infusion was halved. Following the release of the 
occlusion, urine was collected from both kidneys for 6 
further periods of 15 min each. Arterial blood samples 
were taken at the midpoint of each period. 
Blood pressure, measured with a Statham P 23 db pres- 
sure transducer, was continuously recorded (Rikadenki, 

B 381, Tokyo, Japan). 
The following groups were examined: 
1) Control group (n = 6): Animals given saline alone. 
2) Small-dose SOD (Peroxinorm, Griinenthal,  Ger- 

many) group (n = 6): 0.5 mg/kg b.wt SOD infusion 
started 1 rain before reperfusion and given continu- 
ously for 10 min. 

3) Large-dose SOD group (n = 7): 5 mg/kg b.wt SOD 
administered as above. 

4) Allopurinol (Milurit, EGIS, Hungary) (n = 7): Ani- 
mals were pretreated with allopurinol at a dose of 
50 mg/kg for two days. During the experiment, al- 
lopurinol was given i.v. at a dose of 50 mg/kg in 
physiological saline solution. 

Inulin and PAH concentration in the plasma and the 
appropriately diluted urine samples were measured by 
the anthrone and diphenylamine methods. Sodium and 
potassium concentration were measured with a Flapho 
4 type flame photometer (Carl Zeiss, Jena, Germany). 
The table contains mean values of kidney parameters 
expressed for 100 g kidney +_ SEM. The data were ana- 
lyzed by Student's t-test. 

Results 

In the course of statistical data processing, the parame- 
ters of the ischemic kidney were compared to the basal 
ones. It was observed that 15 min after the release of 
the renal artery occlusion, all renal parameters signifi- 
cantly worsened, especially GFR,  which was only 21% 
in the control, 13% in the allopurinol, 10% in the 
small-dose, and 8% in the large-dose SOD group, respec- 
tively, compared to the basal level (p < 0.001). From 
that time on, the renal functions gradually improved, 
and 90 min after recirculation the G F R  of the ischemic 
kidney was 64%, cPAH 59% and diuresis 60%. Sodium 
and potassium excretion were 65% and 76%, respec- 
tively, of the basal level in the control group. The table 
shows the data for two relevant periods in the experi- 
ment. Treatment with FR scavengers did not bring any 
improvement in the functioning of the ischemic kidney, 
and some functions (sodium and potassium excretion, 
diuresis) were even less satisfactory in the animals treated 
with a low dose of SOD and allopurinol. At the end of 
reperfusion, we observed a significant decrease of sodium 
excretion by the right (intact circulation) kidney. There 
was no difference in blood pressure between the different 
groups. 

Discussion 

To investigate the role of oxygen-derived FRs in caus- 
ing damage on reperfusion, we examined whether or not 
ant• therapy could abolish tissue damage. Such 
an effect would provide indirect evidence for possible 
FR reactions during reperfusion. 
Under  both physiological and pathological circum- 
stances, several processes may give rise to FR (cy- 
tochrome system, arachidonic acid metabolism, auto- 
oxidation of various compounds), but it seems that the 
most important during reperfusion is the role of the 
enzyme xanthine oxidase (XO) and of activated neu- 

The effect of small (0.5 mg/kg b.wt) and large doses (5 mg/kg b.wt) of superoxide dismutase (SOD) and allopurinol on renal function 
and arterial blood pressure in narcotized dogs after 45 min unilateral warm renal ischemia 

Before ischemia 90 rain after ischemia 
A B C D A B C D 

Diuresis (ml/min) I: 1.8+0.4 1.9 +0.5 1.8+0.3 3.1_+0.4 2.3_+0.6 0.6• 1.7• 2.8+0.5 
lI: 1.8• 2.1 +0.6 1.9+0.3 3.4+0.7 1.4_+0.3 1.4 -+ 0.9 b 1.3• 1.6 + 0.5 b 

GFR (ml/min) I: 65 _+ 5 77 • 6 80 • 5 72 • 4 66 • 4 82 • 6 82 • 7 82 • 6 
II: 63 + 5 75 •  76• 72_+4 39_+4 c 40 • 5 c 32 • 5 c 37_+ 7 ~ 

cPAH (ml/min) I: 144 • 10 219 _+ 13 237 • 22 209 • 15 160 • 12 189 • 13 213 • 12 196 • 19 ~ 
II: 155_+6 204_+14 223_+17 212• 91_+10 ~l 106• 14 c 86• ~ 93• ~ 

Sodium excretion I: 276 + 57 365 • 90 302 • 60 455 _+ 100 253 • 6t 211 • 40 b 205 • 34 b 308 + 65 b 
(lamol/min) II: 319• 383• 308+54 491+11 165+46 78• ~ 163• 167 • 70 ~ 
Potassium excretion I: 67 + 8 79 • 12 50 • 6 99 _+ 18 76 • 8 84 • 17 52 • 10 98 + 12 
(gmol/min) II: 70+9 77+11 4 9 _ + 6  99• 5 8 _ + 1 0  42+6 b 44• 55+13 a 
Blood pressure I: 130_+7  1 3 3 _ + 4  1 2 3 _ + 5  1 2 9 _ + 4  139• 1 3 8 _ + 6  131___4 !39_+4 
(mmHg) 

Abbreviations. I = right kidney (intact circulation); 1I = left (ischemic) kidney; A =control group (n = 6); B =small close of SOD 
group (n = 6); C = large dose of SOD group (n = 7); D = allopurinol group (n = 7); ap < 0.05; bp < 0.0t; Cp < 0.001 vs basal level in 
the same group. The data (mean _+ SEM) are expressed for 100 g wet kidney weight. 
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t roph i l  g r anu locy te s  '< 19,22 25. W e  inves t iga ted  the  effect 

of  a l lopur ino l ,  which  inhib i t s  XO,  a n d  the  efficacy of  
SOD,  which  is a n a t u r a l  scavenger  of  superox ide  radi-  

cals. D o g  cells h a v e  been  s h o w n  to c o n t a i n  X O  26. The  

c o n c e n t r a t i o n  of  this  enzyme  is dif ferent  f r o m  o r g a n  to 

o r g a n  in the  same species: the  level is h igher  in the  l iver 

a n d  in the  m y o c a r d i u m  t h a n  in the  kidney,  a n d  the  

X D H - X O  convers ion that happens during ischemia is 
faster in the myocardium then in the kidney 24. 
T h e  ineffect iveness o f  a l l opu r ino l  t r e a t m e n t  m a y  indi-  

ca te  t ha t  X O  does no t  p lay  a cri t ical  role in r epe r fus ion  

t issue d a m a g e  of  the  kidney.  O t h e r  researchers  have  

come  to the  same op i n i on  's'27. 

In  ou r  expe r imen t ,  n o  p ro tec t ive  effect o f  the  S O D  

enzyme  cou ld  be d e m o n s t r a t e d  ei ther .  I t  is n o t  c lear  

w h a t  the  o p t i m a l  dose  of  S O D  is for  the  t r e a t m e n t  o f  

r epe r fus ion  injury.  It depends ,  for  example ,  on  the  rou te  

o f  a d m i n i s t r a t i o n .  

Bake r  et al. m f o u n d  in ra ts  t r ea ted  wi th  3.25 m g / k g  b .wt  

o f  S O D  fo l lowing  i schemia  o f  the  k idney  t h a t  the  se rum 

c rea t in ine  level was lower  in the  first days  af te r  ope ra -  

t ion  t han  in the  un t r ea t ed  con t ro l  g roup .  La te r  on, no  

difference cou ld  be seen in mor ta l i ty ,  bu t  wi th  a doub le  

dose  (6.5 m g / k g  b.wt)  of  the  enzyme  all an i m a l s  sur- 

vived. K o y a m a  et al. 2s failed to find any  pro tec t ive  

effect wi th  0.2 2 mg  o f  the  enzyme given in to  the  renal  

a r te ry  of  pigs fol lowing c o l d - w a r m  ischemia,  while  on 

the  a d m i n i s t r a t i o n  of  20 mg  of  the enzyme,  the clear-  

ance  of  c r ea t in ine  improved .  

It was found  tha i  a small  dose  of  S O D  is no t  only 

inetfective but  can cause  t issue damage ,  because  the 

incomple t e  t r a n s f o r m a t i o n  o f  the superox ide  radical  

facil i tates the p r o d u c t i o n  of  even more  toxic agen ts  TM. In 

our  trial, some renal  t tmc t ions  ( s od i um  and  po t a s s ium 

excre t ion)  were wors t  in the low S O D  t r e a t m e n t  g roup ,  

which may  cor re la te  with  the alk~rementioncd experience.  

If  the m a j o r  source  of  superox ide  radicals  d u r i n g  reper-  

fusion is the  ac t iva ted  p o l y m o r p h o n u c l e a r  neu t roph i l s ,  as 

has  been s ta ted  by some inves t iga to rs  > ~ ~  thcre  will be 

c o n t i n u o u s  fiee radical  genera t ion ,  because  the n u m b e r  

of  neu t roph i l s  increases af te r  the res ta r t ing  o f  c i rcu la t ion  

in the ischemic tissue ~<:~'. Because the  half-l ife of  S O D  

is shor t  ( p r o b a b l y  less t han  l ( / m i n P ) ,  in ou r  e x p e r i m e n t  

even a large dose  of  the enzyme could  no t  give to ta l  

p ro tec t ion .  Therefore ,  it seems r ea sonab le  to a d m i n i s t e r  

the enzyme con t inuous ly ,  or  to use S O D  which  is conju-  

ga ted  with po lye thy lene  glycol, which  p ro longs  the  half-  

lil'c ~a. As the  commerc ia l ly  ava i lab le  enzyme  is some t imes  

c o n t a m i n a t e d  ~4, a n o t h e r  possibi l i ty is to a d m i n i s t e r  hu-  

m a n  r e c o m b i n a n t  SOD,  which  appea r s  to be free of  

c o n t a m i n a n t s  35. D u r i n g  the  exper imen t ,  we also s tudied 

the  func t ion  o f  the r ight  kidney,  in which  the c i rcu la t ion  

was intact .  It was  obse rved  t h a t  s o d i u m  excre t ion  signifi- 

can t ly  decreased  in all t r ea ted  an imals ,  bu t  there  was no t  

any  subs t an t i a l  a l t e r a t ion  in p o t a s s i u m  excre t ion  or in 

b l o o d  pressure .  It  appea r s  t h a t  the a n t i o x i d a n t  agents  

have  a d i rec t  effect on  the  regu la t ion  o f  sod ium excre t ion .  

Th i s  o b s e r v a t i o n  needs  f u r t h e r  inves t iga t ion .  
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