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E n z y m u r i a  F o l l o w i n g  A c u t e  R e n a l  I s c h e m i a  i n  D o g s  

A v a r i e t y  of e n z y m e s  h a v e  been  r e p o r t e d  in t he  normM 
urine x-4 and  e n z y m u r i a  has  been  found  to  increase in 
renal  disease or i n ju ry  in dogs 2 and  o the r  speciesS, t  Thus,  
increased alkal ine p h o s p h a t a s e  excre t ion  was descr ibed  
in ra t s  a f te r  renal  i schemia  5. H i g h  u r ina ry  levels of 
g lu tamic  oxaloacet ic  t r a n s a m i n a s e  (GOT) fol lowed rena l  
i schemia  6 and  infarc t ion  ~ in man .  Increase  in lactic acid 
dehydrogenase  fol lowed ischemia  and  in fa rc t ion  of 
k idneys  in  dogs  ~ and  renal  in farc t ion  in mal l  7. A rise in 
l euc ine -amino-pep t idase  was  n o t e d  in p a t i e n t s  w h o  had  
renal  i schemia" .  

The  pu rpose  of th is  work  was  to  s t u d y  t h e  excre t ion  of 
u r ina ry  e n z y m e s  w i t h  bradyki l lo l i t ic  ac t iv i ty ,  also n a m e d  
kininases  ~, a f t e r  acu te  renal  i schemia  in dogs and  to  re la te  
th i s  e n z y m a t i c  c o m p l e x  w i t h  GOT a n d  p ro t e in  excre t ions .  

Mater ia l  and  methods. E i g h t  no rma l ly  h y d r a t e d  h e a l t h y  
dogs  weighing 15-20 kg were  used for these  acu te  exper i -  
men t s .  The  dogs  were  anaes the t i z ed  wi th  10 m g / k g  sod ium 
p e n t o b a r b i t a l  i.v. An  infus ion of 5% glucose in w a t e r  
(3 ml /min)  was  s t a r t e d  in t h e  r igh t  b rach ia l  ve in  and  
m a i n t a i n e d  unt i l  t he  end  of t h e  expe r imen t .  The  a b d o m e n  
was  o p e n e d  t h r o u g h  a mid- l ine  incis ion and  b o t h  u re te r s  
were  ca the t e r i zed  wi th  n u m b e r  P E  240 ca the te rs ,  t h r e a d e d  
in to  t he  u p p e r  po r t i ons  of t h e  ureters .  T h r o u g h  a lef t  
f lank incision the  lef t  rena l  a r t e ry  was  exposed.  Af te r  a 
controI  col lect ion per iod was  made ,  t he  lef t  renal  a r t e r y  
was  c l a m p e d  w i t h  a shod  cu rved  c lamp dur ing  20 min.  
Af te r  release of t he  c lamp,  ur ine  col lect ions were  m a d e  
for 2 more  periods.  

The  e n z y m e s  were  measu red  in f resh or  f resh frozen, 
und ia lysed  urines.  

GOT was  d e t e r m i n e d  by  the  m e t h o d  of REITMAN and  
FRANKEL ~, u r ina ry  b radyk ino l i t i c  ac t iv i ty  b y  t h e  m e t h o d  
used b y  FERREIRA and  ROCHA E SILVA ~° and  p ro t e inu r i a  
by  the  m e t h o d  of EXToNll.  

Results .  The resul ts  are summar i zed  in the  Table.  Af te r  
20 min  of comple te  renal  isehemia,  ur ine t low f rom the  
in ju red  k idney  r e sumed  wi th in  t he  f i rs t  pos t - i schemia  
period.  In  t h e  an imals  enzymur i a  increased  on the  left, 
i m m e d i a t e l y  a f te r  release of t h e  c lamp on the  left  renal  
a r te ry .  The same occurred  wi th  t he  levels of pro te inur ia .  
C o n t r a l a t e r a l  ur ine flow, enzymur i a  or p ro te inur ia  d id  
no t  change  s ignif icant ly  dur ing  or a f te r  the  c lamping.  
The  Figure  i l lus t ra tes  our  f indings.  

Discussion.  Our resul ts  ind ica te  t h a t  t he  canine  k idney  
reac t s  to  shor t  per iods  of i schemia  by  i m m e d i a t e  increases  
in excre t ion  of kininases,  GOT and  to ta l  pro te in .  The 
m e c h a n i s m  and  locat ion of t he  p ro te in  leak (from glo- 
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Effect of acute unilateral renal ischemia on: (A) urinary volume 
(ml/20 rain); (B) proteinuria (mg/20 min); (C) glutamic oxaloacetic 
transaminase {GOT) excretion (units REIT~IAN and FRANKELJ20min) ; 
(D) bradykinolitic activity excretion (y-bradykinin destroyed/20 rain 
per min of incubation). 

Urinary volumes, proteinuria, bradykinolitic activity and GOT excretion in dogs following acute unilateral renal isehemia (mean value of 
8 dogs) 

Period Urinary volume ml/20 min Proteinuria mg/20 rain Bradykinolitic activity ~ GOT excreted units 
REITMAN and FRANKEL per 
20 rain 

Left kidney Right kidney Left kidney Right kidney Left kidney Right kidney Left "kidney Right 
kidney 

1 4.8 4.9 1.95 t.99 2.8 2.5 48.1 44.9 
2 - 4.4 - 1.77 - 2.5 - 52.2 
3 1.7 :t- 0.2 5.4 4- 0.65 1.92 4- 0.2 1.85 4- 0.17 10.2 4- 1.3 2.4 4- 0.2 199.1 -ff 23.4 56.6 =h 4.2 
4 3.0 4- 0.5 5.6 4- 0.6 4.09 4- 0.54 1.74 4- 0.18 41.3 ± 6.8 2.6 i 0.23 421.2 4- 58.3 50.8 4- 5.3 

y-Bradytdnin destroyed/20 min per rain of incubation. 
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meru lu s  a n d / o r  t ubu lus )  w h i c h  occurs  in  t he  r ap id  
r e sponse  to  i s chemia  of k idney ,  r e m a i n s  to  be  e luc ida ted .  
E v e n  t h e  loca l iza t ion  of t he  d i f f e ren t  e n z y m e s  w i t h i n  t h e  
k i d n e y  ha s  to  be  well  clarif ied.  

I t  is w o r t h w h i l e  to  p o i n t  o u t  t h a t  t he  2 e n z y m e s  
s t u d i e d  h a d  a n  equa l ly  r a p i d  a n d  s i m u l t a n e o u s  increase  
in t h e  u r ine  w h i c h  m a y  sugges t  a v e r y  n e a r  s i te  of localiza-  
t i on  w i t h i n  t h e  r ena l  p a r e n c h i m a .  T he  k in inases ,  w h i c h  
h a v e  been  desc r ibed  in  n o r m a l  ur ine,  fol lowed t h e  s ame  
genera l  p a t t e r n ,  name ly ,  inc reased  exc re t i on  a f t e r  r e n a l  
i schemia .  

M e a s u r e m e n t s  of s e r u m  e n z y m e s  were  no t  made .  How-  
ever  i t  is well  k n o w n  t h a t  increases  in  p l a s m a  G O T  occur  
a f t e r  r ena l  i n f a r c t i on  7,~*,13. I t  i nd i ca t e s  a l eakage  of 
e n z y m e s  t h r o u g h  t h e  p lasma-ce l l  bar r ie r ,  bes ides  t h e  
poss ible  release of e n z y m e s  t o w a r d  t he  t u b u l a r  end  of cell. 

A s imi la r  s t u d y  shou ld  be  done  conce rn ing  t he  s e r u m  
b r a d y k i n o l i t i c  a c t i v i t y  d u r i n g  a n d  a f t e r  r ena l  i schemia .  
I t  m i g h t  revea l  w h e t h e r  or  n o t  t h e  p h e n o m e n o n  of h i g h e r  
s e r u m  e n z y m e s  c o n c e n t r a t i o n  fol lowing k i d n e y  i n j u r y  is 
cha r ac t e r i s t i c  of some specific e n z y m e s  ~4,15. 

Resumen. Fue  o b s e r v a d o  en  los perros ,  n i t ido  a u m e n t o  
en  la  excrec idn  de t r a n s a m i n a s e  g lu tamico-oxa lo -ac6 t ica ,  
c in inases  y p ro te inas ,  i n m e d i a t a m e n t e  despu6s  de u n a  
i squemia  rena l  u n i l a t e r a l  de 20 rain.  No rue o b s e r v a d a  
n i n g u n a  a l t e r ac i6n  e n  la e n z i m u r i a  o en  la p r o t e i n u r i a  en 
el r i f ion de cont ro l .  
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T h e  B u n d l e  of  S c h i i t z  a n d  i t s  R e l a t i o n  to  t h e  R e g u l a t i o n  of  F o o d  I n t a k e  

The  e x p e r i m e n t a l  ev idence  for t h e  p resence  of gluco- 
r ecep to r s  in  t h e  v e n t r o m e d i a l  a r ea  of t h e  h y p o t h a l a m u s  
(VMA) ha s  r ecen t l y  b e e n  r ev i ewed  1. Br ie f ly  s u m m a r i z e d ,  
MARSHALL, BARRNETT a n d  MAYER 2 h a v e  s h o w n  t h a t  mice  
in j ec t ed  w i t h  go ld th iog lucose  (GTG) will deve lop  lesions 
in VMA. These  lesions will occur  on ly  if t he  glucose m o i e t y  
is a t t a c h e d  to  t h e  gold b y  t he  su l fu r  br idge.  O t h e r  go ld th io  
c o m p o u n d s ,  inc lud ing  go ld th ioga lac tose ,  go ld th iosorb i to l ,  
go ld th ioma la t e ,  go ld th iog lycero l  a n d  go ld th iocapro ic  or 
go ld th iocap r i c  acids  will no t  cause  V M A  lesions 3. S imul-  
t a n e o u s  in j ec t ions  of G T G  w i t h  s o d i u m  th iog lucose  a or  
2 glucose ana logues  4 do  n o t  r e su l t  in V MA  lesions or 
h y p e r p h a g i a  a n d  obes i ty ,  p r e s u m a b l y  because  t h e  i n j ec t ed  
glucose ana logues  c o m p e t e  w i t h  G T G  for t h e  s i tes  of 
ac t ion .  Mice m a d e  d i abe t i c  a n d  s u b s e q u e n t l y  i n j ec t ed  
w i t h  G T G  also do n o t  deve lop  V M A  lesions no r  do t h e y  
b e c o m e  h y p e r p h a g i c  a n d  obese  5. I n  t h e  VMA, GTG-  
i nduced  lesions are  n o t  due  to  a genera l  increase  in pe rme-  
ab i l i t y  in  t h e  b l o o d - b r a i n  ba r r i e r  s. 

U n l i k e  e lec t ro ly t ica l ly  i n d u c e d  lesions in VMA, lesions 
m a d e  w i t h  G T G  seem to  be  specific to  t he  f u n c t i o n  of 
food i n t a k e  r e g u l a t i o n  w i t h  m i n i m a l  i m p a i r m e n t  s h o w n  
to  o t h e r  func t ions .  F o r  example ,  GTG-obese  mice,  un l ike  
mice  m a d e  obese  b y  e lec t ro ly t ic  lesions do  n o t  show:  
(a) a r ange  response  e, (b) g o n a d a l  a t r o p h y  b u t  t h e  mice  
can  m a t e  a n d  rea r  t h e i r  y o u n g  7, a n d  (c) a w a t e r  im-  
ba l ance  s. 

Recen t ly ,  RIDLEY a n d  BROOKS 9 d e m o n s t r a t e d  t h a t  
d e s t r u c t i o n  of V M A  also e l imina te s  t he  g a s t r o a c i d i t y  
r e sponse  to  insu l in  hypog lycemia .  I n  a p rev ious  s t u d y  
us ing  ra ts ,  MAYER a n d  SUDSA~EH 1° h a d  s h o w n  t h a t  
d e s t r u c t i o n  of V M A  e l imina t e s  t h e  i n h i b i t i o n  of gas t r i c  
h u n g e r  c o n t r a c t i o n s  b y  in jec t ions  of g lucagon  a n d  t he  
c o n s e q u e n t  h y p e r g l y c e m i a  a n d  increase  in glucose ut i l i -  
za t ion .  T h a t  gas t r i c  h u n g e r  c o n t r a c t i o n s  a re  no t  refrac-  
t o r y  to  local  a g e n t s  is s h o w n  b y  t h e  f ac t  t h a t  t h e y  st i l l  
r e s p o n d  to  e p i n e p h r i n e  a n d  no r ep i neph r i ne .  On  t h e  basis  
of t h e i r  resul ts ,  MAYER a n d  SUDSANEH 10 h y p o t h e s i z e d  
t h a t  g lucoreceptors  in  t he  v e n t r o m e d i a l  region of t h e  
h y p o t h a l a m u s ,  wh ich  m a y  also inc lude  a p o r t i o n  of t h e  
p e r i v e n t r i c u l a r  sys tem,  invo lve  f iber  p a t h w a y s  t h a t  con- 

nec t  VMA to  t he  l a te ra l  h y p o t h a l a m i c  a rea  (LHA) a n d  
t h e  dorsa l  l ong i t ud ina l  fasc iculus  (bund le  of Schfitz)  w h i c h  
is t h e  p r i m a r y  e f fe ren t  p a t h w a y  f rom the  h y p o t h a l a m u s  
to  t he  m e s e n c e p h a l o n  a n d  nuc leus  of t he  vagus .  

T h r o u g h  t he  use of t h e  FINK-HEIMER m e t h o d  n which  
is a s t a i n  for s e c o n d a r y  d e g e n e r a t e d  fibers,  AREES a n d  
MAYER x~ d e m o n s t r a t e d  c o n n e c t i o n  f rom V M A  to  L H A .  
The  pu rpose  of t he  s t u d y  r e p o r t e d  here  was to  d e t e r m i n e  
w h e t h e r  t h e  b u n d l e  of Schl i tz  would  s imi la r ly  d e g e n e r a t e  
w h e n  G T G  was a d m i n i s t e r e d  to an imals .  

F i f t e en  Char les  R i v e r  (CD-1) f emale  mice  we igh ing  be-  
t w e e n  20-25 g were i n j ec t ed  i.p. w i t h  go ld th iog lucose  in  
c o n c e n t r a t i o n s  equa l  to  0.5 mg /g  b o d y  weight .  5 o t h e r  
mice  were  used as con t ro l s  a n d  in j ec t ed  w i t h  0.5 mg /g  
b o d y  w e i g h t  of glucose. 4 d a y s  a f t e r  i n j ec t i on  all  mice  
were  sacrificed,  t h e i r  b r a i n s  r e m o v e d  a n d  f ixed in a 
m a n n e r  s imi la r  to  t h a t  descr ibed b y  AREES a n d  MAYER 12. 
His to logica l  e x a m i n a t i o n  us ing  t he  FINK-HEIMER m e t h o d  
showed  d e g e n e r a t i o n  of t h e  b u n d l e  of Schi i tz  in  13 of t he  
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