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Summar~r. Direct intra-renal perfusion of inosine 
was found to protect the canine kidney from 90 
rain of warm ischaemia. 

Significantly lower (P< 0.01) serum creatinine 
levels were found 24 and 72 h post-operatively 
in an inosine treated group (N = 12) when com- 
pared to a control group (N = 5). 

Histological examination of the pre-treated 
kidneys confirmed the protective effect of inosine. 
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INT ROD U CT ION 

Previous workers (l, 3, 4, 7) have shown both 
experimentally and clinically that kidneys pre- 
treated with the purine nucleoside, inosine, have 
a superior post-isehaemic renal function when 
compared to untreated controls. 

Inosine is thought to promote rapid regenera- 
tion of nucleotides (I, 4) thereby improving cell 
viability in the post-ischaemic kidney. 

The clinical application of this concept has 
been explored in renal staghorn surgery (7) and 
found to be successful after 60 rain of warm 
isehaemia. However, situations may arise in 
this type of surgery where the kidney is isehaemic 
for up to 90 rain and permanent damage may be 
the result. 

This study was undertaken to define the struc- 
tural and functional changes of the canine kidney 
after 90 rain of warm ischaemia, and to deter- 
mine ~he efficacy of inosine pre-treatment in 
preventing these changes. 

MATERIALS AND METHODS 

Seventeen male adult dogs of 20-25 kgwere 
divided into 2 groups (Table I). Twelve hours 
before surgery food and water were withheld 
from the animals. Anaesthesia was induced by 
thiopentone (22 mg/kg) and maintained with a 
mixture of nitrous oxide, halothane and oxygen. 
]Both kidneys were exposed through a 15 em 
incision along the linea alba, The left renal 
artery was freed from surrounding adventitial 
tissue, occluded with a bulldog vascular clamp 
placed 0.5 cm distal to the aorta, and the kidney 
perfused with either a 4% solution of inosine (12 
dogs), or 60 mls of 0.9%NaCI (5 dogs), through 
a 23 gauge butterfly needle. The inosine solution 
was prepared in a 5% dextrose solution at 37oc 
and administered in a dose of 160 mg/kg (4). 

After perfusion the left renal vein was also oc- 
cluded with a bulldog clamp, and the eontra- 
lateral kidney was then excised. 

Ninety rain later the clamps on the left renal 
vessels were removed and 4 ml of ampicillin 
(125 mg/ml) were administered parenterally. 
Five ml blood samples were collected pre- 
operatively and on days I, 4 and 7 after surgery. 
The levels of creatinine in these samples were 
determined using a multiple sequential analyser 
(Te chnicon 12/60). 

On day 7 or earlier if an animal was in ex- 
tremis, the dogs were killed with 1 gm of pento- 
barbitone sodium (Euthesate, Veteo-Produets, 
Auckland, New Zealand) injected intravenously. 
The left kidney was examined grossly and a 
0.5 cm thick tissue slice of the cortex and medul- 
la was fixed in Helly's fluid (2) for 3 h, washed 
in water for 24 h and processed for histology. 
2 pm and 4 pm thick sections of paraffin embedded 
tissue were stained with haematoxylin and eosin, 
periodic acid-Schiff reagent and azan using stand- 
ard techniques (2). 
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Table 1. Experimental  groups 

Group a Unilateral Renal perfusate 
nephre ctomy Saline Inosine 

Control (,5) / / - 
Inosine (12) f / 

aNumber of dogs in each group in parenthesis 

RE SULTS 

Four of the five dogs with saline perfused kidneys 
were killed in extremis between day 3 and day 6 
of the post-surgical period. The fifth dog in this 
group showed a moderate elevation of serum 
creatinine on the first post-operative day (0. 1 
to 0 4 rnrnol/l), but this level then declined and 
by day 7 was 0 25 rnmol/l. However, the remain- 
ing 4 dogs in this group showed a rapid increase 
in their levels of serum creatinine (Fig. I), which 
ranged from 1.14to 2.4 mrnol/l (mean 1.84) 
when the animals were killed. 

In contrast to the above group, only 2 of the 
12 dogs with inosine-perfused kidneys failed to 
survive the experiment and apart from these 2 
dogs, all remained clinically normal throughout 
the post-operative period. These 2 dogs were 
killed on the fourth post-operative day after show- 
ing respiratory difficulties and central nervous 
system disturbances. The levels of serum creati- 
nine in these dogs were I. 13 and 0. 93 mrnol/l. 
The remaining dogs in this group showed only a 
moderate increase in serum creatinine levels on 
day 1 and day 4 (Fig. I) and by day 7 these levels 
had declined. As a group the inosine treated anl - 
reals, on day 1 and day 4, showed significantly 
lower (p 0.01, Mann-Whitney U) serum creati- 
nine levels compared to the saline control animals. 
Too few control animals survived to day 7 for 
statistical comparison. 

The histological appearances of kidney s from 
saline control and inosine treated dogs that were 
killed during the experiment were similar. All 
showed diffuse acute tubular necrosis and conges- 
tion of glornerular tufts (Fig. 2). The kidney in 
the remaining saline control dog that survived 
the experiment showed mild interstitial oedema 
and occasional small aggregates of rnononuclear 
cells in the cortical interstitium. However, the 
glorneruli and tubular epithelium showed a normal 
appearance. Eight of the I0 inosine-treated kid- 
neys, examined on day 7, showed well preserved 
glorneruli and tubulus (Fig. 3) apart from a few 
tubular epithelial cells (10-15% that appeared 
swollen and vacuolated. A few tubular lurnina 
also contained epithelial cells that appeared to 
have sloughed off the tubular basement membrane. 
The cortical interstitium was mildly oedernatous 
and all contained occasional foci of inflammatory 
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F i g .  1. A g r a p h  s h o w i n g  c h a n g e s  in  the Igroup 
m e a n s  f o r  s e r u m  c r e a t i n i n e  (mmol /1 )  i n  c o n t r o l  
and i n o s i n e  t r e a t e d  dogs  d u r i n g  the p o s t - o p e r a t i v e  
p e r i o d .  The  v e r t i c a l  b a r s  r e p r e s e n t  one s t a n d a r d  
e r r o r  of t h e s e  m e a n s  

c e l l s ,  w h i c h  w e r e  p r e d o m i n a n t l y  of m o n o n u c l e a r  
type .  One k i d n e y  a l s o  showed i n c r e a s e d  f i b r o u s  
t i s s u e  in  the c o r t i c a l  i n t e r s t i t i u m .  The  r e m a i n i n g  
2 k i d n e y s  in  th i s  g r o u p  showed w i d e s p r e a d  t u b u l a r  
n e c r o s i s  and e x t e n s i v e  c a l c i f i c a t i o n  in  the o u t e r  
t h i r d  of the c o r t e x  (Fig.  4) but  the i n n e r  2 t h i r d s  
w a s  of n o r m a l  a p p e a r a n c e ,  

DIS CUSSION 

We have  d e m o n s t r a t e d  in  th i s  s t udy  tha t  i n o s i n e  
p e r f u s i o n  of c a n i n e  k i d n e y s  p r i o r  to 90 ra in  of 
w a r m  i s c h a e m i a  s i g n i f i c a n t l y  i m p r o v e d  the 
p r e s e r v a t i o n  of t h e i r  p o s t - i s c h a e r n i c  s t r u c t u r e  
and f unc t i on .  T h u s  o u r  f i nd ings  s u p p o r t  t hose  of 
o t h e r  i n o s i n e  p r e s e r v a t i o n  s t u d i e s  i n  r a t s  (3) 
and dogs  (4), but  in  a d d i t i o n  we have  show n  tha t  
the p e r i o d  of w a r m  i s c h a e m i a  m a y  be e x t e n d e d  
fo r  at l e a s t  30 m i n  l o n g e r  t han  the 60 ra in  u s e d  
in  the  above  e x p e r i m e n t s .  A l s o  o u r  r e s u l t s  a r e  
at  v a r i a n c e  wi th  those  of Woo et  a l .  (8), who 
fa i l ed  to o b s e r v e  any  b e n e f i c i a l  e f fec t  in  dogs  
f r o m  s y s t e m i c  i n f u s i o n  of i n o s i n e  p r i o r  to 120 
ra in  of r e n a l  i s c h a e r n i a .  

N e v e r t h e l e s s ,  d e s p i t e  the s i g n i f i c a n t  i m p r o v e -  
m e n t  i n  p o s t - i s c h a e m i c  r e n a l  f u n c t i o n  o b s e r v e d  
in  o u r  i n o s i n e  t r e a t e d  k i d n e y s ,  a l l  showed a r e a s  
of t u b u l a r  n e c r o s i s ,  w h i c h  in  2 i n v o l v e d  m o s t  of 
the o u t e r  t h i r d  of the c o r t e x .  T h e s e  f i n d i n g s  i n -  
d i c a t e  the i m p o r t a n c e  of h i s t o l o g i c a l  a s s e s s m e n t  
of r e n a l  i n j u r y  in  p r e s e r v a t i o n  s t u d i e s ,  Why 
a r e a s  of t u b u l a r  n e c r o s i s  shou ld  o c c u r  in  o t h e r -  
w i s e  w e l l  p r e s e r v e d  t i s s u e  r e m a i n s  u n c e r t a i n ,  
a l t h o u g h  t h e r e  was  no h i s t o l o g i c a l  e v i d e n c e  that  
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Fig. 2. Renal cortex of a control kidney 4 days 
after operation showing diffuse necrosis of tubules 
(T) and an inflammatory cell infiltrate (arrow) . 
(H&E x 120) 

Fig. 4. The outer third of renal cortex of an 
inosine treated kidney 7 days after operation 
showing an area of tubular necrosis (T) and cal- 
cium within tubular lumina (arrows). (H&E x 100) 

the inosine infusion caused vascular thrombosis. 
However, other possibilities such as uneven 
distribution of the inosine perfusate within the 
cortex or patchy cortical blood flow during the 
post-ischaernic period cannot be excluded in 
present investigations. Further studies with 
fluorescent tracers either in the inosine perfu- 
sate or in a post-ischaernic blood infusion would 
help to distinguish between these 2 possibilities. 

The mode of action of inostne tissue preserva- 
tion is speculative at present, but it is likely 
that several factors may contribute to its bene- 
ficial effect. The inosine perfusate used in our 
studies and those of Fernando et at. (3, 4) was 
strongly hypertonic (426 mosrnol in our study), 
which may have reduced tubular cell swelling 
and improved post-ischaemic cortical blood flow 
(6). This may explain also the improved preserva- 

~Fig. 3. Renal cortex of an inosine treated kidney 
7 days after operation showing glorneruli and 
tubules of normal appearance and a periglomeru- 
far inflammatory infiltrate (arrow). (I-I&E x 120) 
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t ion that Woo et al. (8) obse rved  in canine kidneys,  
s y s t e m i c a l l y  p e r f u s e d  with a mix tu re  of inosine 
and manni to l ,  N e v e r t h e l e s s ,  inosine a d m i n i s t e r e d  
intraperitoneally appea r s  to be as effect ive  as an 
i n t r a - r e n a l  pe r fusa te  (3), and thus hype r ton ie i t y  
of the pe r fusa te  is unl ikely to be the pr inciple  
mode  of its act ion.  A l t e rna t ive ly  inosine m ay  act  
as an exogenous pool of purine nuc leos ides  which 
a re  r ead i ly  avai lable  for  r e s y n t h e s i s  of adenos ine  
nuc leo t ides ,  thus b y - p a s s i n g  the m o r e  demanding  
adenos ine  t r iphospha te  (ATP) de novo syn thes i s  
pathway, when the blood flow is r e s t o r e d  (3). How- 
ever ,  p r e s e r v a t i o n  with adenosine  appea r s  to be 
l e s s  ef fec t ive  than inosine (3), and in our  e x p e r i -  
ence  (unpublished observa t ions )  a11opurinol, which 
should main ta in  adequate leve ls  of hypoxanthine by 
blocking xanthine oxidase,  p r o v i d e s  no apprec iab le  
p ro tec t ion .  These  obse rva t i ons  a rgue  agains t  ino-  
sine ac t ing s imply  as a pass ive  p r o v i d e r  of p r e -  
fo rmed  pur ine  nuc leos ides .  

T h e r e  is evidence f rom e x p e r i m e n t a l  s tudies  
of m y o c a r d i a l  i s c h a e m i a  in the dog (5) that ino-  
sine s t imula t e s  the ac t iv i ty  of lac ta te  d e h y d r o g e -  
nase ,  succ ina te  dehyd rogenase  and g l u c o s e - 6 -  
phosphate  d e h y d r o g e n a s e .  The ac t iv i ty  of this 
las t  enzyme  is re la ted  to the ac t iv i ty  o f  the pen tose -  
phosphate  shunt which is of p a r t i c u l a r  i m p o r t a n c e  
in the syn thes i s  of nucle ic  ac ids  and p ro te ins .  
Thus  inosine may  have an act ive  role  dur ing  
i s c h a e m i a  in the ac t ivat ion of enzyme  s y s t e m s  and 
the ma in tenance  of e s sen t i a l  c e l l u l a r  funct ions.  

Which, if any, of these postula ted m e c h a n i s m s  
is impor t an t  in the abi l i ty  of inosine to p r e s e r v e  
i s c h a e m i c  t i s sue  r e m a i n s  to be de t e rmined .  How- 
eve r ,  the accumula t ing  e x p e r i m e n t a l  and c l in ica l  
ev idence  on the e f f i cacy  of inosine p r e s e r v a t i o n  
should s t imula te  m o r e  detai led b iochem ica l  s tud-  
ies  of its mode of ac t ion in acute rena l  i s c h a e m i a .  
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