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Studies on the Viability of the Cadaver Kidney: 
Influence of Ischemia and Perfusing Solutions on 

W i t h  increas ing  emphas i s  on  t he  use of c adave r  k idneys  
for t r a n s p l a n t a t i o n ,  t echn iques  shal l  be  requ i red  to  de- 
t e r m i n e  t he  qua l i t y  of t he  o rgan  selected for t r a n s p l a n -  
t a t i on .  A l t h o u g h  ve ry  good or v e r y  poor  k i dneys  can  be  
suspec ted  and  sepa ra t ed  on  cl inical  grounds ,  t he re  is a v a s t  
i n t e r m e d i a t e  group.  I n  t h e  l a t t e r  g roup  the re  is i r rever-  
sible d a m a g e  p r e sen t  in  some of t he  k idneys .  In  order  to  be  
able  to  sor t  out t hese  k idneys  before  t r a n s p l a n t a t i o n ,  i t  
was t h o u g h t  t h a t  such  d a m a g e  could be a sce r t a ined  b y  
b iochemica l  means .  

The  d e t e r m i n a t i o n  of succinic  dehyd rogenase  (SDHG) 
seemed to fulfill  t h i s  r equ i r emen t .  S D H G  is f i rmly  a t t a c h -  
ed to t he  m i t o c h o n d r i a l  s t r u c t u r e  1 A decrease  in a c t i v i t y  
should  the re fore  m e a n  an  i r revers ib le  d a m a g e  of a v i t a l  
p a r t  of t he  cell, viz. t h e  energy  p roduc ing  center ,  t he  mi to -  
chondr ia .  Ut i l i z ing  a mod i f i ca t ion  2 of t he  POTTER a me- 
t h o d  for t he  m a n o m e t r i c  d e t e r m i n a t i o n  ,of SDHG,  smal l  
a m o u n t s  of t i s sue  could be  s tudied,  and  q u a n t i t a t i v e  re- 
sul ts  o b t a i n e d  w i t h i n  1 h a f te r  sampl ing .  The  p r e s en t  re- 
po r t  exempli f ies  t he  use of th i s  m e t h o d  on  t he  r a b b i t  kid-  
ney  af te r  va r ious  per iods  of w a r m  ischemia.  Since mos t  
medica l  cen ters  p roduce  core cool ing a n d  c leans ing  of t he  
i n t r a v a s c u l a r  con t en t s  of t h e  k i d n e y  b y  perfus ion,  t h e  
effects of such  per fus ion  w i t h  d i f fe rent  so lu t ions  were also 
inves t iga ted .  

Mater ia landmethods .  54 r a b b i t s  of a wh i t e  n a t i v e  s t ra in ,  
ave rag ing  2.5 kg, fed a commerc i a l  food, (Ewos pellets ,  
Shder tgl je ,  Sweden)  compr i sed  t he  a n i m a l  m a t e r i a l  used  
for t he  s tudy.  T h e y  were r a n d o m l y  d iv ided  in 2 groups,  
per fused  a n d  non-per fused .  The  r a b b i t s  were ki l led w i t h  a 
single in j ec t ion  of p e n t o b a r b i t a l  (100 mg/kg)  (Mebumal -  
n a t r i u m ,  60 mg/ml ,  for v e t e r i n a r y  use, ACO, Apo teka r -  
nas  cen t ra l  o rgan isa t ion ,  Sweden) in to  an  ear  vein.  I m m e -  
d ia te  d e a t h  was a lways  induced.  The  k idneys  were e i the r  
r emoved  i m m e d i a t e l y  af te r  d e a t h  (0 ischemia) ,  or lef t  in  
situ 2, 4 or 6 h (2, 4, 6 h w a r m  ischemia)  and then r emoved .  
U p o n  r e m o v a l  a b iopsy  was t a k e n  (averaging  20-50 rag) 
f rom the  cor t ical  area.  

Al t e rna te ly ,  t he  k idneys  were r e m o v e d  a t  zero t ime,  or 
a f te r  1 h of w a r m  ischemia,  and  per fused  w i t h  e i the r  sa- 
l ine or D e x t r a n - 4 0  (5% R h e o m a c r o d e x  in 5% glucose, 
P h a r m a c i a ,  Uppsa la ,  Sweden).  T he  k idneys  were per fused  
b y  inse r t ing  a t e f lon  c a t h e t e r  in to  t he  r ena l  a r t e r y :  250 ml 
of pe r fus ing  f luid a t  4~ u n d e r  100 cm of w a t e r  p ressure  
for 30 m i n  p roduced  t he  desi red effect. Pe r fused  k idneys  
were no t  b iopsied u n t i l  comple t i on  of t h e  perfusion.  The  
rena l  cor t ical  b iopsies  o b t a i n e d  were weighed  on  a to r s ion  
ba l ance  and  t h e n  homogen ized  in 0 . 2 5 M  sucrose 1:100, in 
me l t i ng  ice w i t h  a Ten  Broeck  homogenizer .  

Succinic Dehydrogenase Activity in Homogenates  

S D H G  a c t i v i t y  was t h e n  measu red  m a n o m e t r i c a l l y  w i t h  
t he  W a r b u r g  t e c h n i q u e  ~ u t i l i z ing  a mod i f i ca t i on  2 of t he  
m e t h o d  descr ibed  b y  POTTERK Briefly,  a l iquots  of t he  
h o m o g e n a t e  were i n c u b a t e d  in dup l i ca t e  f lasks w i t h  sue- 
c ina te  a n d  co-factors  in o p t i m a l  concen t r a t i ons  a t  37 ~ 
Af ter  t e m p e r a t u r e  e q u i l i b r a t i o n  for  6 ra in  a rec t i l inear  
oxygen  u p t a k e  was  reg i s te red  for 30 rain.  Oxygen  u p t a k e  
was  p r o p o r t i o n a l  to  t i m e  a n d  e n z y m e  concen t r a t i on ,  allow- 
ing q u a n t i t a t i o n  of SDHG.  The  er ror  of t h e  m e t h o d  was 
ana lyzed  and  found  to  be  9 .2%. The  measu re  of s t a t i s t i ca l  
s igni f icance  was ana lyzed  us ing  t he  s t a n d a r d  S t u d e n t ' s  
t - t e s t  

The effect o/ prolonged warm ischemia. W i t h  increas ing  
per iods  of w a r m  i schemia  (0, 2, 4, 6 h) w i t h o u t  per fus ion  
t he re  was a progress ive  r e d u c t i o n  in S D H G  ac t i v i t y  
(Figure 1). I f  zero t i m e  in th i s  e x p e r i m e n t  is expressed  as 
100% , t he  S D H G  a c t i v i t y  a t  2 h was 80~ , a t  4 h  58% and  
a t  6 h 270/0 . All differences were s t a t i s t i ca l ly  s ign i f ican t  
a t  t he  5% level.  

The  effect  of per fus ing  solut ions.  Accep t ing  zero ische- 
mia  w i t h o u t  per fus ion  as t h e  bas is  for compar i son ,  t he  kid-  
neys  per fused  w i t h  D e x t r a n - 4 0  a t  zero i schemia  were 68 % 
of con t ro l  and  27% of con t ro l  if n o r m a l  sa l ine  was the  per-  
fusa te  (Figure 2). W h e n  t he  pe r iod  of w a r m  i schemia  was 
e x t e n d e d  1 h before  b e g i n n i n g  t he  perfus ion,  oxygen  ut i l i -  
za t ion  fell to  47% w i t h  D e x t r a n - 4 0  and  13% w i t h  sal ine 
(Figure  3). The  resul t s  are s u m m a r i z e d  in t h e  Table .  

Discussion.  Objec t i ve  m e t h o d s  now ava i l ab le  to  deter -  
m ine  t he  su i t ab i l i t y  of a k i d n e y  for t r a n s p l a n t a t i o n  in- 
c lude:  t e t r a z o l i u m  dye as r e c o m m e n d e d  b y  TERASAKI 5 
a n d  u t i l ized  also b y  KKASTAGIR 6 and  MAGINN 7 ; t he  measure  
of enzymes  in t h e  pe r fusa te  as suggested  b y  BELZERa; the  
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Fig. 1. Succinic dehydrogenase activity of the rabbit kidney after Fig. 2. Succinie dehydrogenase activity of the rabbit kidney after 
increasing periods of warm ischemia at 37 ~ C. perfusion with Dextran-40 or normal saline. 
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Comparison of SDHG activity of rabbit cadaver kidneys with and without perfusion after varying periods of warm ischemia 
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Non-perfused Perfused 

Rheomacrodex Saline 

Isehemia time (h) 0 2 4 6 0 1 0 1 
Mean 0.295 0.240 0.174 0.089 0.201 0.139 0.081 0.038 
Number 6 10 6 6 9 6 5 6 
Standard deviation (Sd. Dr.) 0.037 0.054 0.035 0.010 0.031 0.010 0.013 0.014 
Standard error of Mean (S.E.M.) 0.015 0.017 0.014 0.001 0.010 0.004 0.005 0.006 
Relative percentages 100 80 58 27 68 47 27 13 

The results are expressed as [xl/min/mg. S.D. and S.E.M. are included. 

m e a s u r e  of p H  b y  C o u c h  9 and  DMOCHOWSKI 1~ a m e t h o d  
for m e a s u r i n g  o x y g e n  t en s ion  a n d  c o n s u m p t i o n  in t he  
Sp inne r  f lask  cell cul ture ,  as sugges t ed  b y  COHeSr n ;  tile 
o x y g e n  electrode of BAUTISTA12; and,  t he  m e a s u r e  of 
S D H G  a c t i v i t y  b y  LANNONla. 

I n  t h e  p r e sen t  s eu dy  u t i l i z ing  r abb i t  c a d a v e r  k idneys  a t  
va r ious  i s ch em ia  t im es  w i t h  a n d  w i t h o u t  per fus ion ,  S D H G  
a c t i v i t y  was  used  as  an  i ndex  of v iab i l i ty .  Suf f ic ien t  pre-  
cision was  o b t a i n e d  u t i l i z ing  sma l l  a m o u n t s  of t i s sue  so as  to  
be  p rac t i cab le  a n d  yield q u a n t i t a t i v e  resu l t s  w i th in  a br ief  
period.  T h e  p r e s e n t  work  revea led  S D H G  a c t i v i t y  to de- 
crease w i t h  inc reas ing  per iods  of w a r m  i schemia .  Th i s  is, 
thus ,  in acco rdance  w i th  p rev ious  r epor t s  of a decreased  
v i ab i l i t y  a n d  there fore  a decreased  su i t ab i l i t y  for t r a n s -  
p l a n t a t i o n  I~-2=. F u r t h e r m o r e ,  pe r fus ion  w i t h  D e x t r a n - 4 0  
or sa l ine  also decreased  S D H G  ac t iv i ty .  Tile r eason  for the  
l a t t e r  is n o t  k n o w n  a n d  will be t he  sub j ec t  for f u r t h e r  
s tud ie s  where  t h e  S D H G  m e t h o d  seems  of va lue  for t h e  
t e s t i n g  of o p t i m a l  pe r fus ion  condi t ions .  

Conclusions. 1. P ro longed  w a r m  i s chemia  decreases  tile 
S D H G  a c t i v i t y  of t h e  k idney .  2. P e r f u s i n g  so lu t ions  fur-  
t he r  decrease  t h e  S D H G  ac t iv i ty ,  n o r m a l  sa l ine  more  t h a n  
R h e o m a c r o d e x .  3. The  m e a s u r e m e n t  of S D H G  a c t i v i t y  in 
k i d n e y  h o m o g e n a t e s  appea r s  to  be useful  in d e t e r m i n i n g  
c a d a v e r  k i d n e y  v iabi l i ty .  
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Fig. 3. Succinic dehydrogenase activity of the rabbit kidney after 
warm isehemia and perfusion with Dextran-40 or saline. 

Zusammen/assung. S u c c i n a s e - D e h y d r o g e n a s e - A k t i v i t ~ t ,  
als p r a k t i s c h e r  I n d e x  fiir die L e b e n s f g h i g k e i t  y o n  Nieren-  
r i n d e n - H o m o g e n a t e n  wurde  in der  W a r b u r g a p p a r a t u r  m i t  
der  Mik rowaage  gemessen .  Ver lgnge r t e  W g r m e - I s c h / i m i e  
v e r m i n d e r t  die F~h igke i t  der  S a u e r s t o f f v e r w e r t u n g  u n d  
se tz t  die Le be ns f~h igke i t  herab .  
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Lipid Peroxidation in Dietary Liver Necrosis  

D i e t a r y  l iver  necros i s  in t he  r a t  ~, ~ c o n s t i t u t e s  a su i t ab le  
e x p e r i m e n t a l  m o d e l  for  t h e  s t u d y  of t he  p a t h o g e n e s i s  of 
n o n - t o x i c  cel lular  necros is  in  vivo.  T h e  cond i t ion  is 
p roduced  a b o u t  28 to  30 d a y s  a f te r  f eed ing  t he  r a t  a d ie t  
def ic ient  in v i t a m i n  E a n d  se len ium.  S u p p l e m e n t a t i o n  
of t he  d ie t  w i t h  e i ther  one or b o t h  fac tors  comp le t e ly  

p r e v e n t s  t h e  onse t  of necrosis .  A p renec ro t i c  period,  
l a s t i ng  a b o u t  3 weeks,  p receeds  t he  d e v e l o p m e n t  of 
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