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Kininogenase in Kidney After Ligation of the Ureter and After Experimental Aortic Stenosis 

The kininogenases  (or kallikreins) are a group of widely  
d i s t r ibu ted  pro teo ly t ic  enzymes  wi th  hypo tens ive  ac t iv i ty  
which  is due to  the i r  abi l i ty  to release the  pept ide ,  kinin, 
f rom a globulin precursor  in p lasma  1, ~. Ur ina ry  and  renal  
kininogenases,  which are similar  if no t  identical ,  have  
recent ly  become a subjec t  of ac t ive  inves t igat ion,  because 
of the i r  suggested invo lvemen t  in expe r imen ta l  and 
h u m a n  hyper tens ion3-% 

Whereas  renin has been located precisely in the  granules 
of the  jux tag lomeru la r  cell of the  k idney  7, the  t ype  of cell 
(or cells) in which  kininogenase is located is not  es tabl ished.  
Recen t  s tudies  have  shown tha t ,  like renin, the  kinino- 
genase in ra t  k idney  is located a lmos t  ent i re ly  in the  renal  
cortex,  pa r t i cu la r ly  the  outer  p a r t  s,9. However ,  whereas  
renin is found  in t he  h e a v y  mi tochondr i a l  and  nuclear  
f ract ions  of homogena te s  of ra t  k idney  cortex,  kinino- 
genase is p r e d o m i n a n t l y  a c o m p o n e n t  of the  m e m b r a n e s  
cons t i tu t ing  pa r t  of the  microsomal  fraction.  F r o m  these  
studies,  NUSTAD and RUBIN 9 concluded t h a t  'no sub- 
cellular c o m m o n  c o m p a r t m e n t a l i z a t i o n  be tween  a hyper -  
tens ive  and a hypo tens ive  fac tor  exists ' .  

I t  seemed desirable to  us to  s t u d y  the  behaviour  of renal  
k in inogenase  af ter  var ious  procedures  known  to  affect  
renin  in def in i te  ways.  We  therefore  de t e rmined  the  
k ininogenase  con ten t  of the  ra t ' s  k idney  af ter  l igat ion of 
the  ure ter  and  af ter  i schaemia  p roduced  by  aort ic  
stenosis.  

Methods. Rat s  of bo th  sexes, weighin 200-300 g, were 
anaes the t i zed  wi th  sodium pen toba rb i t a l  (40-50 mg kg -1 
i.p.). The  left ure ter  was cut  be tween  l igatures  1-2 cm 
f rom the  hilus of the  kidney.  1-3 weeks la ter  t he  ra ts  were  
again anaes the t i zed  and b o t h  k idneys  were perfused wi th  
cold 0.25 M sucrose, minced  and  freeze-dried.  An aqueous 
ex t r ac t  of th is  powder  was ad jus ted  to  p i t  2 w i th  HC1 for 
30 rain to inac t iva te  kininase also ex t rac ted  1~ The 
solut ions were neut ra l ized  wi th  NaOH,  centr i fuged,  and 
the  s u p e r n a t a n t  solut ions were freeze-dried.  The kinino- 
genase ac t iv i ty  was  assayed on the  isolated guinea-pig 
i leum by  measur ing  the  kinin released f rom dog pseudo-  
globulin ad jus ted  to p H  9 6. Detai ls  of th is  assay are 
descr ibed by  BEILENSON et al.~l. The renin  con ten t  of 
k idney  was de t e rmined  wi th  the  ex t rac t ion  m e t h o d  for 
renin  and  subs t r a t e  p repa ra t ion  as descr ibed b y  GRoss 
et al. 12 wi th  the  following differences:  S ta r t ing  mater ia l  
for renin  was blood-free,  freeze-dried k idney  as descr ibed 
above,  r a the r  t h a n  fresh renal  t issue;  also, we used the  
isolated guinea-pig  i leum to assay angiotensin .  Aort ic  
s tenosis  was  p roduced  by  ty ing  a silk t h r ead  a round  the  
aor ta  over  a p l a t i num wire of 0.4 m m  th ickness  placed 

be tween  the  origins of bo th  renal  ar ter ies  la. The wire was 
t h e n  wi thdrawn .  Syn the t i c  b radyk in in  (Schwarz BiG- 
research  Inc.) and  vaP-angio tens in  11-amide (Hyper-  
tensin,  Ciba) were used. 

Results and discussion. We measured  bo th  kininogenase 
and  renin  in the  k idney  af ter  I igation of the  ure ter  and  
found a progressive decrease in the  con ten t  and  concent ra-  
t ion  of kininogenase which  fell to  ap p ro x i ma t e l y  20% 
af ter  2-3 weeks of ligation. The mean  values for renin  a t  
th is  t ime,  however ,  were ap p ro x i ma t e l y  double  those  of 
the  cont ra la te ra l  kidney.  These results  are shown in 
Table I and  those  for renin are in ag reemen t  w i th  those  of 
previous  workers  ~, 15. Since l igat ion of the  ure ter  resul ts  
in progressive and ex tens ive  damage  to  the  tubu la r  
sys t em of the  k idney  whils t  the  glomeruli  are re la t ively  
unaf fec ted  14, the  marked  reduc t ion  in k ininogenase  
con ten t  in our expe r imen t s  is cons i s ten t  w i th  the  sugges- 
t ion  of WERLE and VOGEL 16 t h a t  renal  k in inogenase  is 
e i ther  p resen t  or fo rmed in the  tubules.  Since in our 
expe r imen t s  the  renin  con ten t  was e i ther  unaf fec ted  or 
s o mew h a t  increased by  l igat ion of the  ureter,  it  would 
seem t h a t  unlike the  kininogenase,  all the  renin  ill the  
k idney  is associated wi th  the  glomeruli .  
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Table I. Kininogenase and renin in rat kidney after ligation of the left ureter 

Duration of ligation of ureter Kininogenase ~ (L/R %) Renin ~ (L/R %) 
Concentration Total Concentration Total 

Control Mean 100 115 
Range 72-115 87-138 
n 5 5 

1 week Mean 37 36 
Range 31-49 24-50 
n 4 4 

2-3 weeks Mean 20 18 171 164 
Range 13-27 11-28 67-500 81 524 
n 8 8 6 6 

Kininogenase and renin (see methods) are expressed as bradykillin and angiotensin equivalents. L/R %, is the ratio of enzyme activity of 
the left and right kidneys. 
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Table II. Kininogenase in rat kidney after aortic stenosis 
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Experimental procedure Blood pressure (ram Hg) Kininogenase ~ (L/R %) 
Concentration Total 

Control Mean 111 96 129 
Range 110-112 45-124 50-183 
n 3 3 3 

2-week aortic stenosis Mean 171 310 135 
Range 155-200 180-739 65-282 
n 8 8 8 

2-week aortic stenosis + ligation of left ureter Mean 162 221 99 
Range 105-200 103-792 25-302 
n 5 5 5 

As Table I. Kininogenase ratios expressed in concentrations are greater than totals since the left 'stenotic' kidney becomes reduced in size. 

Since JELiNEK and GROSS 13 found t h a t  expe r imen ta l  
aor t ic  s tenosis  in ra t s  increased the  renin con ten t  of the  
' s tenot ic '  k idney  app rox ima te ly  25-fold, we measured  
renal k ininogenase in similar  exper iments .  In  d is t inc t ion  
to  the  f indings of the  above au thors  for renin, however ,  
the  to ta l  k in inogenase  con ten t  of the  ' s tenot ic '  left  k idney  
did not  differ s ignif icant ly  f rom t h a t  of t he  o ther  kidney.  
W h e n  JELfNEK and GROSS expressed renin concen t ra t ions  
per g k idney  tissue, the  concen t ra t ion  in the  ' s tenot ic '  
k idney  was app rox ima te ly  50 t imes  greater  t h a n  in the  
o ther ;  when our  resul ts  are s imilar ly  expressed,  the  
kininogenase concen t ra t ion  is only 2-3 t imes  greater.  
Also, whereas  these au thors  no ted  fu r ther  increases in 
renin concen t ra t ion  of up to  300-fold over  the  normal  
k idney  if l igat ion of the  ure ter  was added  to  the  aort ic  
stenosis,  s imilar  expe r imen t s  by  us failed to show any  
addi t ional  change in kininogenase content .  These resul ts  
are shown in Table II.  

Our expe r imen t s  suppor t  the  view tha t ,  unlike renin, 
renal kininogenase is located in t he  tubu la r  sys tem of the  

kidney.  These enzymes  behave  very  d i f ferent ly  in response 
to  various procedures.  The role of the  renal  k ininogenase-  
kinin sys tem in phys io logy or pa tho logy  requires  fu r the r  
invest igat ion.  

Zusammen/assung. Nachweis ,  dass A b b i n d e n  des Harn -  
lei ters yon R a t t e n  in 1-3 W o ch en  eine fo r t schre i t ende  
und ausgesprochene  Ve rminde rung  der  Kin inogenase  in 
der  Niere verursacht .  Expe r imen te l l e  Verengerung  der  
Aor ta  k ingegen ha t  en tweder  keine Wi rkung  auf die 
Nie ren-Kin inogenase  oder  e rh6h t  sic nu r  geringffigig. 
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E i n f l u s s  v o n  e l e k t r i s c h e r  S t i m u l a t i o n  a u f  P h o s p h o r y l a s e - A k t i v i t / i t  u n d  c A M P - G e h a l t  i n  
I n s e k t e n f l u g m u s k e l n  v o n  Locusta migratoria 

In  der Leber  und in6glicherweise im F e t t k 6 r p e r  der  
Insek ten  wird die Phosphory la se -Ak t iv i tg t  humora l  fiber 
cAMP ~ regulier t  3. In  V e r t e b r a t e n m u s k e l n  ist ebenfalls  
eine hormonel le  S teuerung der Phosphory lase -Akt iv i t / i t  
durctl  cAMP m6glich 3. Wich t ige r  scheint  hier  dagegen die 
raschere  Akt iv ie rung  der  P t losphorylase  durch  die 
Erh611ung der  Ca lc ium-Konzen t ra t ion  im Sarcoplasma 
zu sein 4. Bei dieser nerv6sen Steuerung der  Glykogenolyse  
ist cAMP nicht  e ingeschal te t ,  da  bei  der  K o n t r a k t i o n  
von  Ske le t tmuske ln  nach  elektr ischer  S t imula t ion  kein 
Anst ieg  des cAMP-Gehal t s  fes tgestel l t  wurde,  wohl  aber  
eine Akt iv ie rung  der Phosphory lase  5. 

U n te r suehungen  yon  HANSFORD und  SACKTOR 6 zur 
Regula t ion  der  Phosphorylase-Akt ivi t tLt  in Insek ten-  
f lugmuskeln  haben  ebenfalls  eine S teuerung  der Glyko- 
genolyse fiber die Ca2+-Konzentra t ion im Sarcoplasma 
wahrschein l ich  gemacht .  Bislang wurde  n ich t  un te rsuch t ,  
ob eine E r h 6 h u n g  der  Phosphory lase -Akt iv i t / i t  auch 
durch  cAMP ve ru r sach t  werden  kann.  

U m  diese Frage  zu kl/iren, wurden  die F lugmuske ln  in 
Thoraxha lbpr / ipa ra t en  yon  Locusta migratoria durctl  
elektr ische Reizung des Bauchmarks  ~ zur K o n t r a k t i o n  
gebrach t  und anschl iessend die Phosphory lase -Akt iv i t i i t  

und der  cAMP-Geha l t  b e s t i m m t  s. Es  wurden  zwei Reiz- 
f requenzen  (2 und 20 Doppel imputse/sec)  angewendet ,  um 
einen m6gl ichen Z u s a m m e n h a n g  zwischen der  Muskel- 
a rbe i t  und Ver / inderungen der  Phosphorylase-Aktivi tSot  
bzw. des cAMP-GehMts  fests tel len zu k6nnen.  Bei der  
h6heren  Reizf requenz  t r a t  innerha lb  von 5-10 sec 
Te tanus  ein, nach  30-40 sec begannen  die Muskeln zu 

I Abkfirzungen: cAMP; zyklisches 3',5"-Adenosin-Monophosphat; 
AMP, Adenosin-5'-Monophosphat. 
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