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mosaicism) h a v e  been  made.  B y  th i s  t echn ique ,  a n y  
he t e rogene i t y  in  respec t  to  ca ta l a se  a c t i v i t y  can  be  de-  
t ec ted ,  as s h o w n  in F igure  lb .  E v i d e n t l y  t h i s  is n o t  t h e  
case in  blood of he te rozygotes .  However ,  i t  h a s  b e e n  ob-  
seiared t h a t  in  Mood smear s  f rom h o m o z y g o u s  aca t a l a t i c s  
one  ou t  of 100-150 red  cells (i.e. 0 .6 -1 .0%)  behaves  as  if  
i t  c o n t a i n e d  a p p r o x i m a t e l y  t he  s ame  a m o u n t  of ca ta l a se  
as a n o r m a l  red cell (F igure  la) .  T h e  p e r c e n t a g e  of ap -  
p a r e n t l y  n o r m a l  red  cells d e t e c t a b l e  in  b lood smears  of 
aca t a l a t i c  i nd iv idua l s  of t he  famil ies  V., B. or  G. 7 
rough ly  cor responds  to t he  level  of res idua l  ca ta l a se  ac- 
t i v i t y  as measu red  b y  Fe ins t e in ' s  p e r b o r a t e  m e t h o d  
(0 .1-1 .3% of n o r m a l  level). Th i s  f igure,  however ,  also 
falls w i th in  the  r ange  of r e t i cu locy te  c o u n t s  of t he  samples  
ana lysed  (0 .3-1.0%).  There fore  i t  c a n n o t  be  dec ided  
w h e t h e r  res idua l  ca ta lase  a c t i v i t y  in  b lood  of h o m o z y -  
gotes  is due to  i t s  presence  in r e t i cu locy tes  or  to  a sma l l  
f rac t ion  of a p p a r e n t l y  n o r m a l  r ed  cells. 

Add i t iona l  ev idence  for even  d i s t r i b u t i o n  of ea t a l a se  in  
Mood of he t e rozygo te s  ha s  b e e n  o b t a i n e d  b y  chemica l  
m e a s u r e m e n t s  of  m e t h e m o g t o b i n  f o r m a t i o n  a t  v a r i e d  

r a t e s  of HzOz genera t ion .  I n  suspens ions  of a c a t a l a t i c  red 
cells, HzO 2 is used  a l m o s t  q u a n t i t a t i v e l y  for  h e m o g l o b i n  
o x i d a t i o n ;  b u t  if c a t a t a se  is p r e s e n t  in  t h e  sys tem,  on ly  a 
sma l l  f r ac t ion  of h e m o g l o b i n  is oxidized.  The re fo re  t h e  
a m o u n t  of m e t h e m o g l o b i n  fo rmed  a t  a g i v e n  HzO 2- 
p r o d u c t i o n  r a t e  is a f u n c t i o n  of ca t a l a se  ac t iv i ty4 ,L  B y  
p l o t t i n g  m e t h e m o g l o b i n  f o r m a t i o n  a g a i n s t  t h e  r a t e  of 
HzO2-generat ion,  cu rves  of d i f f e ren t  slope a n d  s h a p e  a re  
o b t a i n e d  (F igure  2). The  di f ference b e t w e e n  c u r v e  2 a n d  3 
is in  a g r e e m e n t  w i t h  t h e  f i nd ing  m e n t i o n e d  a b o v e  t h a t  in  
b lood of h e t e r o z y g o t e s  no  ev idence  could be  o b t a i n e d  for  
t he  ex i s tence  of two  cell p o p u l a t i o n s  d i f fe r ing  in  ca ta l a se  
ac t iv i ty .  

The  o b s e r v a t i o n s  p r e s e n t e d  in  F igu re  1 a n d  2 sugges t  
t h a t  in  b lood  of h e t e r o z y g o t e s  ( =  ' H y p o c a t a l a s e m i a ' )  all  
red cells exe r t  a p p r o x i m a t e l y  t he  s ame  level  of ca ta l a se  
ac t iv i ty .  T h e  h o m o g e n e o u s  d i s t r i b u t i o n  of ea t a l a se  in  
e r y t h r o c y t e s  of he t e rozygous  i n d i v i d u a l s  f rom all  t h r e e  
Swiss a c a t a l a s i a  famil ies  is in  a g r e e m e n t  w i t h  t h e  c o n c e p t  
t h a t  mosa ic i sm in  h e t e r o z y g o t e s  h a s  b e e n  found  so f a r  
on ly  in  e n z y m e  defects ,  w h i c h  a re  i n h e r i t e d  b y  t h e  X -  
c h r o m o s o m e s  x,9,1o 
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Fig. 2. Methemoglobin formation as a function of the rate of H20 ~ 
production. Cell suspensions (approx. 1.5 mg Hb/ml) incubated for 
30 min at 25°C. For spectrophotometric estimation of methemo- 
globin the method of FLEISCH s has been used. (1) Blood of H.A. 
(normal), (2) blood of P.V. (heterozygote = hypocatalasaemia; 
mother of M.V.), (3) 1:1 ~ mixture of (1) and {4), (4) blood of M.V. 
(homozygous acatalasia). The arrow indicates the experimental con- 
ditions used in the standard procedure (i. e. 30/2g/ml Glucose-oxi- 

dase = GOD). 

Zusammenfassung. Es  wird  e in  V e r f a h r e n  beschr i eben ,  
welches  i m  B l u t a u s s t r i c h  k a t a l a s e h a l t i g e  u n d  ka ta l a se -  
freie E r y t h r o c y t e n  zu u n t e r s c h e i d e n  e r l aub t .  Dieses be-  
r u h t  auf  de r  sehr  ung le i chen  M e t h i i m o g l o b i n b i l d u n g  bei  
I n k u b i e r u n g  de r  Zel len m i t  Glucose u n d  Glucoseoxidase .  
Es  wi rd  nachgewiesen ,  dass  im B l u r  h o m o z y g o t e r  Defek t -  
t r~ger  0 , 5 - 1 %  al ler  E r y t h r o e y t e n  e inen  a n s c h e i n e n d  nor -  
m a l e n  K a t a l a s e g e h a l t  aufweisen.  I m  B l u t  h e t e r o z y g o t e r  
Defekt t r /~ger  k o n n t e n  ke ine  A n h a l t s p u n k t e  fiir das  Be- 
s t e h e n  zweier  Ze l l popu l a t i onen  y o n  ve r sch i edene r  K a t a -  
l a seak t iv i t / i t  g e f u n d e n  werden .  
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R e n a l  F u n c t i o n  F o l l o w i n g  C o m p l e t e  L i g a t i o n  of 
the  R e n a l  A r t e r y  

I t  is well  k n o w n  t h a t  a f t e r  comple te  l iga t ion  of the  r ena l  
artery some blood sti l l  leaves  t he  k i d n e y  t h r o u g h  the  r ena l  
ve in  (HARTWlCH 1 ; WOLF a n d  H E I ~s E ~  ~ etc.).  A n a t o m i s t s  
m a i n t a i n  t h a t  col la tera l  vessels  r e a c h  t h e  k i d n e y  t h r o u g h  
va r ious  b r a n c h e s  of t h e  s u p r a r e n a l  a n d  u re t e r a l  a r t e r i e s  
a n d  t he  arcus  exorenal is ,  r e spec t ive ly  (CoRNING3). T h e  
p a t c h y  c h a r a c t e r  of t he  necrosis  a f t e r  comple t e  l iga t ion  

s u p p o r t s  t he  f u n c t i o n a l  s ign i f icance  of these  co l la te ra l s  
(SHEEHAN a n d  DAvis  4 etc.).  T h e r e  are,  howeve r ,  n o  d a t a  
conce rn ing  r ena l  f u n c t i o n  a f t e r  occlus ion.  W e  e n d e a v -  

1 A. HARTWICH, Z. ges. exp. Med. 69, 462 (1930). 
H. J. WOL:* and H. A. HEINSEN, Arch. exp. Path. Pharmak. t79, 
15 (1935). 

3 H. K. CORNING, Lehrbuch der topographischen Anatomic, 15. AuIl. 
(J. F. BERGMANN, Miinchen 1923), p. 469. 

4 H.L. SHEEtiAN and J. C. DAvis, J. Path. Bact. 77, 33 (1959). 
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outed  to  e lucidate  t he  ques t ion  b y  assessing renal  func t ion  
a t  var ious  in te rva l s  a f t e r  l igat ion of t he  renal  a r te ry .  

Our  obse rva t ions  were  m a d e  on  dogs. The  left  rena l  
a r t e r y  was  l igated.  Af te r  a ce r ta in  t ime  h a d  elapsed,  t he  
ac tua l  e x p e r i m e n t  was  made .  The  dogs were  anaes the t i zed  
b y  ehtorMose. The  left  k idney  was  a p p r o a c h e d  by  med ia n  
l a p a r a t o m y  a n d  the  left  renal  ve in  was connec ted  b y  
means  of a plas t ic  c a t h e t e r  to  the  ex te rna l  jugular  vein. A 
T-ex tens ion  of the  t ube  made  the  d i rec t  m e a s u r e m e n t  of 
renal  blood f low (1RBF) possible.  Urine (U) was col lected 
b y  means  of a u re te r  c a the t e r ;  the  necessary  concen t ra -  
t ions  of P A H  and  inulin were ma in t a ined  by  the  usual  
infus ions  of these  subs tances .  Glomerular  f i l t r a t ion  ra te  
(GFR) was ca lcula ted  by  the  formula  Cin = R P F  • Ein, 
where  R P F  s t a n d s  for renal  p la sma  flow as d e t e r m i n e d  
f rom R B F  measured  d i rec t ly  and  the  h e m a t o c r i t  value.  
F-in and  EpAH are t he  ex t r ac t ion  ra t ios  of inulin and  
P A H ,  respect ive ly .  

In  t he  f i rs t  set  of e x p e r i m e n t s  t he  left  renal  a r t e ry  was  
l igated,  while  t h e  r igh t  k idney  r ema ined  und i s tu rbed .  As 
a m a t t e r  of course, no signs of r ena l  insuf f ic iency  de-  

Table I 

No. Days after Days after RBF GFR V EpAH 
ligation of removal 
left renal of right ml[min] 100 g kidney 
artery kidney 

77•64 7 - 48 3 0 0.10 
78[64 7 - 80 2 0 0 
85•64 13 - 104 4 0 0.09 
88]64 20 - 100 0 0 0.07 
91/64 20 - 85 0 0.07 0.04 
15/65 50 - 37 0 0.03 0 

116/64 161 80 217 25 0.86 0.30 
35/65 106 14 324 39 0.48 0.58 
47/65 126 34 266 43 2.71 0.66 
77/65 123 13 171 34 1.71 0.77 

Control a - 467 59 0.95 0.68 

P B;kLINT and I. FORGXCS, Aeta physiol. Acad. Sci. Hung. 25, 203 
(1964). 

Table II 

No. Days after Days after NPN t"ateof 
ligation of removal of mg p.o. the 
left renal right animal 
artery kidney 

33[64 47 5 174 + 
34/64 56 7 256 + 
35/64 77 7 194 + 
56/64 108 7 176 + 

116164 161 80 104 E 
35165 106 14 40 E 
47[65 126 34 36 E 
77/65 123 13 38 E 

veloped and  azo t aemia  was absen t .  D a t a  in Table I reveal  
renal  func t ion  a f te r  7 to  50 days  of comple te  renal  
i sehaemia .  R B F  a m o u n t s  to  on ly  a f rac t ion  of t he  cont~ ol 
values,  f i l t ra t ion  and  secre t ion  of ur ine  are prac t ica l ly  
non-ex i s t en t .  

In  t he  second se t  of expe r imen t s ,  t he  r i gh t  k idney  was  
r e m o v e d  a t  var ious  t imes  a f te r  l igat ion of t h e  left  renal  
a r te ry .  As s h o w n  in the  uppe r  p a r t  of Table  II ,  four  
an imals  succumbed  to renal failure following r emova l  of 
t he  r igh t  k idney .  They  exh ib i t ed  the  usual  s y m p t o m s  of 
renal  insuff ic iency (azotaemia  etc.) and  su rv ived  for 5 to  
7 days  only, as do dogs a f te r  removal  of b o t h  k idneys .  

In  four  cases, however ,  our  dogs surv ived  n e p h r e c t o m y  
(see lower p a r t  of Table  II).  In  these cases n e p h r e c t o m y  
was pe r fo rmed  81, 92, 92, and  110 days  af ter  l igat ion of 
tile left  renal  ar tery ,  respect ive ly .  In  all four  cases t h e r e  
was  a t r a n s i e n t  azotaemia ,  bu t  in th ree  dogs N P N  values  
r e t u r n e d  to  normal .  In  one case (No. 116164) azo taemia  
was  m a i n t a i n e d ;  never theless ,  the  dog su rv ived  w i t h o u t  
a p p a r e n t  s igns of renal  failure.  

D a t a  concern ing  renal  func t ion  of t he  four  surv iv ing  
an imals  are  p r e sen t ed  in the  lower  p a r t  of Table  I. I t  can  
be seen t h a t  I-¢BF and  G F R  a m o u n t  to  a b o u t  one-hal f  to  
two- th i rd s  of the  cont ro l ;  ur ine  o u t p u t  is s a t i s f ac to ry  and  
ex t r ac t i on  ra t ios  for  P A H  va ry  f rom very  low to  normal  
values.  I t  shou ld  be s t ressed  t h a t  t he  t ime  of the  observa-  
t ion was  set  arbi t rar i ly .  In  one case we let t he  dog surv ive  
for 80 days ;  in the  o thers  13, 14, and  34 days,  respec t ive ly ,  
e lapsed af ter  the  r igh t  n e p h r e c t o m y  had  been  pe r fo rmed .  
We th ink ,  however ,  t h a t  dogs showing  no signs of azo- 
t a e mi a  for two  weeks  af ter  n e p h r e c t o m y  can be cons idered  
as survivors .  

Tile usual  his tological  examina t i ons  revealed p a t c h y  
necrosis  a l t e rna t ing  wi th  areas w i t h o u t  any  pa thologica l  
a l te ra t ions .  In  some cases I n d i a n  ink or po lyv iny l  chlor ide 
so lu t ion  was  in jec ted  in to  t he  ao r t a  ( technique  of MuN- 
K$,CSI s) ; in t he  surv iv ing  cases the  col la teral  vessels could 
be d e m o n s t r a t e d  clearly. T h e y  en te red  the  k idney  f rom 
the  ure tera l  a r te r ies  a n d  f rom the  arcus  exorenal is .  

I t  can  be conc luded  t h a t  a f te r  comple t e  l igat ion of the  
renal  a r te ry ,  desp i te  some r e m n a n t  of R B F ,  the  k i d n e y  
ceases to  funct ion.  If, however ,  the  o the r  k idney  is re- 
moved  a b o u t  81 to 110 days  af ter  the  l igation,  the  dog 
can surv ive  w i t h o u t  man i fe s t ing  renal  failure. The  de-  
veloping collateral  c i rculat ion res tores  t he  func t ion  of t he  
k idney  wi th  the  occluded ar te ry .  

Zusammenfassung. Tota le  U n t e r b i n d u n g  der  Nieren  
ar ter ie  f i ihr t  zu fas t  vol ls t / indigem Er l6schen  der  F u n k -  
t ion  de r  be t r e f f enden  Niere. SVird e twa  81 bis I10 T a g -  
n a c h  der  U n t e r b i n d u n g  die ande re  Niere  en t f e rn t ,  so 
k6nnen  H u n d e  ohne  S y m p t o m e  y o n  Niereninsuff iz ieno 
i iber leben:  die E n t w i c k l u n g  eines Kol la tera lkre is laufez  
s te l l t  die F u n k t i o n  de r  isch/ imisier ten Niere wieder  her .  s 
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+, Spontaneous death. E, actual experiment, s I. MUNKXCSI, Z. wiss. Mikr. 63, 352 (1957L 


