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Kininogenase in Urine Produced by Isolated Perfused Rat Kidneys 

A l t h o u g h  severa l  r epo r t s  show t h a t  u r i n a r y  ka l l ik re in  
differs  f rom p l a s m a  ka l l ik re in  a n d  resembles  rena l  
k in inogenase  ~-a, no  de f in i t ive  ev idence  has  been  p r o v i d e d  
as to  w h e t h e r  t he  u r i n a r y  e n z y m e  rep resen t s  t he  c learance  
of a b lood  k in inogenase  or is a p r o d u c t  e l abo ra t ed  a n d / o r  
s to red  b y  t he  k idneys .  E x p e r i m e n t s  here  descr ibed  show 
the  occurrence  of ka l l ik re in  in  t he  u r ine  p roduced  b y  
i so la ted  r a t  k idneys ,  pe r fused  w i t h  a d e q u a t e  f luids which  
do n o t  c o n t a i n  e i t he r  k in inogenase  or i t s  precursors .  

Methods. A d u l t  r a t s  (300-400 g) were a n e s t h e t i z e d  w i t h  
d i e t h y l - b a r b i t u r a t e .  Af te r  t he  in j ec t ion  of h e p a r i n  
(10 m g  in 0.1 ml), p o l y e t h y l e n e  c a t h e t e r s  connec ted  w i t h  
t he  pe r fus ion  sys tem,  were i n t r o d u c e d  in to  t h e  eava  ve in  
a n d  aor ta .  B o t h  vessels a n d  t h e i r  b r a n c h e s  were r ap id ly  
l igated,  l eav ing  free t he  sho r t  s egm en t  co r r e spond ing  to 
t he  rena l  a r te r ies  a n d  ve ins  emergences  in order  to  i r r iga te  
b o t h  k idneys  w i t h  t he  per fus ion  fluid. The  k i d n e y  
c i rcu la t ion  was i n t e r r u p t e d  for on ly  1-2 ra in  ( t ime 
requ i red  for  l igature)  and  t h e n  ar t i f ic ia l  c i rcu la t ion  was 
set  in  mot ion .  The  per fus ion  sys tem,  wh ich  can  be used 
as a closed or open  model ,  was set  up  in a s imi la r  way  as 
t h a t  descr ibed  b y  IKRAH~ e t  al. 5. A r o t a t i n g  f lask  where  
a m i x t u r e  of O 2 (95%) and  CO S (5%) was c o n t i n u o u s l y  
f lowing was used as f luid reservoi r  and  oxygena to r .  Two 
d i f fe ren t  pe r fus ion  f luids were used:  1. T y r o d e - d e x t r a n  
so lu t ion  (1 1 c o n t a i n e d  8 g NaC1, 0.2 g KC1, 0.24 g CaC12, 
1 g MgCI~ 6 H 2 0  , 1 g NaHCO3, 1 g D-glucose) and  40 g 
d e x t r a n  (m.w. 60,000) p lus  r a t  red cells (TDR) 2. called 
T A R  was s imi la r  to  T D R ,  b u t  d e x t r a n  was s u b s t i t u t e d  
b y  5% h u m a n  a l b u m i n  (U.S.P.  S q u i b b  and  Sons). E i t h e r  
to  d e x t r a n  or a l b u m i n  fluids, washed  r a t  red  ceils were 
added  in order  to  o b t a i n  a f ina l  h e m a t o c r i t  of 30 -35%.  
D u r i n g  t he  f i rs t  10-15 ra in  of perfusion,  o x y g e n a t e d  f luid 
pu rpose ly  l ack ing  red  ceils was  p u m p e d  to  t h e  k i dneys  in  
o rder  to  wash  ou t  t he  b lood r e m a i n i n g  in these  organs.  
F r o m  t h e n  on w a s h e d  r a t  red cells were added  to t he  
pe r fus ing  fluid.  The  pu lsa t i l  per fus ion  p u m p  was regu la ted  
so as to  m a i n t a i n  a m e a n  b lood pressure  of 90-120 m m  
Hg (systolic p ressure  of 120-140 m m  I-Ig) on  t he  a r t e r i a l  
side, wh ich  p r o v i d e d  a f low of 5-8  ml  of pe r fusa t e  pe r  
rain.  The  per fus ion  pressure  was c o n t i n u o u s l y  recorded  
t h r o u g h  a S t a t h a m  t r a n s d u c e r  P23 connec ted  to  a Grass  
po lygraph .  The  outflow" was checked  eve ry  15-20 min  
m e a s u r i n g  t he  f luid v o l u m e  d ra in ing  f rom t he  kidneys .  

W i t h  t h a t  flow, a d rop  of 8 - 1 2 %  O 3 s a t u r a t i o n  was 
recorded  be tween  a r te r ia l  a n d  venous  sides. Ur ine  pro- 
duced  d u r i n g  t he  e x p e r i m e n t  was  col lected t h r o u g h  an  
endwel l ing  b l adde r  c a t h e t e r  a f t e r  a t h o r o u g h l y  wash ing  
t he  c a v i t y  w i t h  sa l ine;  17 e x p e r i m e n t s  us ing  t he  closed 
s y s t e m  and  3 us ing  open  s y s t e m  were per formed.  In  each  
expe r imen t ,  l a s t ing  f rom 60 to 180 rain,  2 or 3 samples  of 
u r ine  (0.2 ml  to  0.8 inl /h)  were collected.  

The  occurrence  of a ka l l ik re in- l ike  e n z y m e  in  t h e  
u r ine  was i n v e s t i g a t e d  b y  chemica l  and  biological  approach ,  
accord ing  to t he  m e t h o d  a l r eady  descr ibed  for r ena l  
k in inogenase  iden t i f i ca t ion  6. 

Results and discussion. B o t h  w i t h  T A R  or T D R ,  the  
fol lowing resu l t s  were o b t a i n e d :  1. The  ur ine  samples  
d i sp lay  d i rec t  oxytoc ic  effect  upon  r a t  u terus ,  as n o r m a l l y  
u r ine  does. This  a c t i v i t y  does no t  d i m i n i s h  w i t h  dialysis.  
Ef fec t  e q u i v a l e n t  to  10 ng  of b r a d y k i n i n  were recorded  
w i t h  0.05-0.15 ml  of urine,  w h e n  i n t r o d u c e d  in to  a b a t h  
of 20 ml  capac i ty ,  where  t he  i so la ted  r a t  u t e rus  was 
immersed .  2. K in inogenase  a c t i v i t y  was easi ly d e m o n s t r a t -  
ed i n c u b a t i n g  for 2 min ,  0.02 to 0.08 ml  of u r ine  e i the r  
w i t h  k in inogen  I I  (Figure) or k in inogen  I a t  p H  7.4. 
These  s u b s t r a t e s  were p r e p a r e d  f rom r a t  p l a s m a  b y  
t he  m e t h o d  of JACOBSEN 7. The  s u b s t a n c e  p roduced  d u r i n g  
i n c u b a t i o n  induces  r a t  u t e rus  c o n t r a c t i o n  s imi la r ly  to  
k in ins  ; i ts  oxytocic  a c t i v i t y  is des t royed  b y  c h y m o t r y p s i n ,  
b u t  no t  b y  pepsin .  3. The  a d d i t i o n  to  t he  u r ine  of 200-  
500 I U  of a p r o t i n i n  (Trasylol,  Bayer)  b locks  i ts  k in ino-  
genase ac t iv i ty .  4. D F P  added  to  the  u r ine  (final con- 
c e n t r a t i o n  0,25 M) p roduced  a s t r i k ing  i n h i b i t i o n  of 
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Effect of 2 urine samples upon isolated rat uterus. 111 1, 2 and 3, 6, 8 and 10 ng bradykinin were introduced in the bath; in 4, 0.05 lnl of 
urine (first sample collected between 0-32 rain of perfusion); in 5, a mixture incubated for 2 rain (pH 7.4) of 0.02 mI of the first urine 
sample plus 0.4 ml of kininogen II; 6, 0.05 ml of the second urine sample (collected between 33~,8 min; in 7, art incubated mixture of 
0.02 ml of urine plus 0.4 ml kininogen II; in 8, 0.4 ml kininogen II. 



772 Specialia EXPERIENTIA 3017 

b o t h  t he  d i rec t  oxytoc ic  effect  and  k in inogenase  a c t i v i t y  
of t he  urine.  5. S o y a b e a n  a n t i t r y p s i n  also i nh ib i t s  a t  a 
h igh  c o n c e n t r a t i o n  (200-500 tzg for 0.1 ml  of urine)  
th i s  k in inogenase  ac t iv i ty ,  b u t  ovomuco id  (S igma 
Chemicals  Co.) does not .  6. P e p s t a t i n ,  a po l ypep t i de  
wh ich  i nh ib i t s  r en in  b u t  n o t  ka l l ik re in  ac t iv i ty ,  does no t  
h i n d e r  k in inogenase  effects. T he  ka l l ik re in  a c t i v i t y  of t he  
ur ine  p roduced  du r ing  t he  pe r fus ion  per iod  was 10-30- 
fold lower c o m p a r e d  w i t h  t h e  u r ine  vo ided  b y  t he  r a t  
before t he  expe r imen t .  D u r i n g  t h e  expe r imen t ,  O2 
c o n s u m p t i o n  a n d  vascu la r  res i s tance  were no t  s ign i f i can t ly  
changed ,  b u t  a progress ive  decrease  in ka l l ik re in  con- 
c e n t r a t i o n  was obse rved  in t he  fo rmed  urine.  On th i s  
ques t ion  f u r t h e r  s tud ies  will be  requ i red  to e s t ab l i sh  
w h e t h e r  some b iochemica l  i m p a i r m e n t  or o the r  fac tors  
are involved .  The  smal l  a m o u n t  of u r ine  col lected (not  
g rea te r  t h a n  0.6 to  1.8 m l  in t h e  e x p e r i m e n t a l  per iod)  
l imi ted  t he  poss ib i l i ty  of a chemica l  pu r i f i ca t ion  of t he  

enzyme.  The  resul t s  t e n d  to s u p p o r t  t he  a s s u m p t i o n  t h a t  
ka l l ik re in  found  in t he  n o r m a l  u r ine  is also p roduced  b y  
t he  k i d n e y  and  is no t  a n  e n z y m e  cleared f rom the  
c i rcu la t ing  blood. 

Rdsumd. L ' u r i n e  p rodu i t e  p a r  les re ins  isol6s du  r a t  
perfus6s 5~ press ion  n o r m a l e  p e n d a n t  60-180 ra in  avec  des 
l iquides  oxygen6s  a y a n t  en suspens ion  des globules  
rouges  c o n t i e n t  une  k in inog6nase  qui  a les m~mes  
propr i6t6s  que la ka l l ik r6 ine  de l ' u r ine  p rodu i t e  en  
cond i t ions  physiologiques .  
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E f f e c t  of  Starva t ion  on B l o o d  Glu cos e  and N o n p r o t e i n  N i t r o g e n  Leve l s  of the F i sh  Clarias 
batrachus 

S t a r v a t i o n  effects the  n o r m a l  b o d y  m e t a b o l i s m  and  
p ro longed  s t a r v a t i o n  m a y  even  cause d e a t h  of t he  an imal .  
A decl ine in var ious  b o d y  c o n s t i t u e n t s  of fish, fol lowing 
e x p e r i m e n t a l  s t a rva t ion ,  h a v e  been  r epo r t ed  b y  va r ious  
au tho r s  1-a. Studies ,  fol lowing s t a rva t ion ,  on  t he  b lood 
glucose and  n o n p r o t e i n  n i t rogen  (NPN) levels,  etc. h a v e  
also been  m a d e  ~-~~ Th i s  pape r  deals w i t h  the  resul t s  
o b t a i n e d  for t he  f resh-wate r  ca t  f ish Clarias batrachus, 
fol lowing s t a r v a t i o n  up  to 150 days.  

Materials and methods. Normal ,  well  fed Clarias 
batrachus, ful ly acc l imat ized  to  l a b o r a t o r y  cond i t ions  
were used. R i g h t  f rom t he  beg inn ing  of t h e  e x p e r i m e n t  
t he  s t a r v i n g  f ish were k e p t  in  sepa ra te  aqua r i a  and  were 
no t  g iven  a n y  food for t he  en t i r e  pe r iod  of s t a rva t ion .  
E v e n  a q u a t i c  p l a n t s  were r e m o v e d  and  n o t h i n g  excep t  
pebb les  a n d  bed  of r i ve r - s and  was lef t  in  t he  aquar ia .  
W a t e r  was  changed  twice  a week  t h r o u g h o u t  t h e  experi-  
m e n t a t i o n  per iod  and  th i s  poss ib ly  r e m o v e d  even  t he  
n a t u r a l l y  deve lop ing  mic ro - f auna  a n d  f lora and  also 
a c c u m u l a t i n g  tox ic  was te  p roduc t s  of t h e  fish. Cont ro l  
f ish were k e p t  in  sepa ra te  a q u a r i a  and  were g iven  minced  
goa t  l iver,  e a r t h w o r m s  a n d  snai ls  on  a l t e rna t e  days.  

The  e x p e r i m e n t  was s t a r t e d  in t he  m o n t h  of N o v e m b e r  
and  conc luded  in t he  m o n t h  of April .  The  s t a r v a t i o n  was 
p ro longed  up  to  150 days  and  obse rva t ions  were m a d e  on 
1st, 10th, 30th, 90 th  a n d  150th  day  of s t a rva t ion .  On 
t he  f i rs t  day  only  5 f ish of t he  con t ro l  b a t c h  were exam-  
ined. I n  s u b s e q u e n t  periods,  5 f ish of con t ro l  group were 
also e x a m i n e d  a long w i t h  t he  s t a r ved  fish, to  coun te r  t he  
effects of seasonal  va r ia t ions ,  etc. T h u s  25 f ish of t he  
con t ro l  group a n d  36 s t a r v e d  f ish were e x a m i n e d  in t h i s  
expe r imen t .  

For  t a k i n g  blood, t he  f ish was careful ly  t a k e n  ou t  of 
the  a q u a r i u m  w i t h  t he  help  of a smal l  h a n d  net ,  i m m e r s e d  
in a j a r  c o n t a i n i n g  1.5% p a r a l d e h y d e  solut ion.  I t  t ook  
a b o u t  2 m i n  to m a k e  a f ish senseless. I m m e d i a t e l y  t he  
f ish was t a k e n  out ,  wiped  d ry  w i t h  a t u r k i s h  towel  and  
p u t  on a d i sec t ion  t r ay .  I t s  cauda l  ve in  exposed j u s t  
b e h i n d  t he  ana l  region a n d  b lood  d r a w n  in a syr inge  f i t t ed  
w i t h  a 20 gauze needle.  E x a c t l y  1 m l  b lood  was de- 
p ro te in ized  us ing  zinc h y d r o x i d e - b a r i u m - s u l p h a t e  pro- 
cedure  (OsERn).  Blood  glucose a n d  N P N  d e t e r m i n a t i o n s  
were m a d e  fol lowing t he  Ne l son -Somogy i  a n d  F o l i n - W u  
me thods ,  r espec t ive ly  (OsERn).  Af te r  t he  ~olood was 
d rawn,  gu t  c o n t e n t s  and  v iscera  of b o t h  t he  con t ro l  a n d  
s t a r v e d  group of f ish were examined .  No m o r t a l i t y  of 
these  fishes occur red  du r ing  t h e  en t i re  pe r iod  of s t a rva -  
t ion.  
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Effect of starvation on blood glucose and NPN levels of the fish Clarias batrachus 

Status and No. of observations Glucose and standard deviation (mg]100 ml) NPN and standard deviation (rag/100 ml) 

Control (25) 63.3 ~ 11.7 38,9 + 7.7 
Post starvation 

10th day (8) 
30th day (8) 
90th day (10) 
150th day (10) 

59.8 • 13.2 
53.5 ~ 11.7 
44.3 :~ 12.5 
32.0 =~ 9.1 

35.6 i 6.0 
31;1 3= 7.7 
27.3 i 7.3 
20.5 J= 4.8 


