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The ident ica l  resul ts  of these two series of exper iments  
which are, surprisingly,  ind ica t ive  of non-par t i c ipa t ion  of 
tubu la r  mechanisms  in the  excre t ion  of E D T A  by  the  
av ian  kidney,  were  conf i rmed in fur ther  expe r imen t s  
compar ing  the  ra te  of cumu la t i ve  E D T A  excret ion wi th  
the  ra te  of inul in excre t ion  in t he  chicken.  I n  exper i -  
ments  in which  ur ine  was col lected f rom b o t h  k idneys  
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Excretion patterns of inulin, sodium p-aminohippurate and CaNa s- 
EDTA in individual drops of urine collected from the ipsilateral 
Ureter after instantaneous injection in the renal portal system in the 
chicken. Different time intervals of individual drops are substituted 
in the Figure by volume % of the urine volume contained in the 

kidney at the moment of injection. 

together ,  however ,  and in wh ich  C a N a 2 E D T A  and inulin 
(150 mg/kg  and  25 m g / k g  respect ively)  were in jec ted  
s imul taneous ly  and in t ravenous ly ,  no difference was 
found in the  ra te  of  excre t ion  of these  two  substances,  
thus  indica t ing  t h a t  t h e y  were excre ted  by  the  same renal  
mechanism,  i.e. b y  s imple  g tomerular  f i l t ra t ion.  

The  following conclusions m a y  be d rawn from these 
expe r imen t s :  (1) in rats,  t he  E D T A  anion is excre ted  b y  
t ubu l a r  secret ion as well  as b y  g lomeru la r  f i l t ra t ion ;  (2) 
th is  t ubu l a r  secret ion is n o t  d e p e n d e n t  on the  p H  va lue  
of t he  ur ine;  (3) i t  is no t  inh ib i ted  by  the  admin i s t r a t ion  
of sod ium p-aminohippura te ,  d iodras t ,  probenecid  or  
quin ine ;  (4) in t he  chicken E D T A  anion  is excre ted  by 
g lomeru la r  f i l t ra t ion only.  

The  only  exp lana t ion  of these results  appears  to be 
t h a t  E D T A  is no t  excre ted  by  e i ther  of the  known tubu l a r  
secre tory  mechan i sms  (i.e. ne i ther  by  the  h ippu ra t e  sys- 
t em nor  the  organic  base system),  bu t  by  some o the r  
mechan i sm specific for m a m m a l s  and no t  exis t ing in 
birds. 

Zusammen/assung. Die Ausscheidungsgeschwindigkei t  
nach  in t raven6ser  In j ek t ion  yon CaNaa/X, D T A  bet R a t t e n  
war  h6her  als die des Inul ins  und i inderte sich weder  mi t  
dem p H - W e r t  des Harnes  noch mi t  der  Belas tung durch  
hohe  Dosen yon  P A H ,  Diodras t ,  Probenecid  oder Chinin. 
Bet den Hf ihnern  hingegen wurde  kein wesent l icher  
Unte r sch ied  zwischen der  Ausscheidungsgeschwindigkei t  
von  CaNa2ADTA nnd Inul in  gefunden  und eine tubul~re  
Sekre t ion  der  A D T A  konn te  sogar  bet der  Anwendung  
der  Methode  yon  SPERBI~;R n ich t  bes t~ t ig t  werden.  
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Inhibition of Dog Fibrinolytic System in 
Experimental Tubular Necrosis of Kidney 

Urokinase,  a p lasminogen  ac t iva to r  excre ted  in urine, 
m a y  be a p roduc t  of k idney,  as a l ready  suggested by  some 
authorsa,2. PAINTER and CHARLES 8 demons t r a t ed  an  ac- 
cu m u la t i on  of soluble p lasminogen ac t iva to r  dur ing the  
growth  of cul tures  of m o n k e y  and dog k idney  cells in 
serum free media .  A grea t  f ibr inolyt ic  a c t i v i t y  in venous  
renal  blood has been  found by  BULUK et  al. ,-8. According  
to these  authors ,  abou t  94% of urokinase  is secreted by  
the  k idney  in to  the  general  c i rculat ion,  and 6% only  into  
urine. 

I t  is well  known t h a t  mercu ry  chloride produces  ne- 
crosis of k idney  tubu la r  cells, pa r t i cu la r ly  of those  in t he  
Henle  loops 7. 

The  purpose of this  paper  is to  inves t iga te  the  influence 
of mercu ry  chloride in tox ica t ion  upon the  f ibr inolyt ic  sys- 
t em in dog. 

Expe r imen t s  were per fo rmed  on 23 mongre l  dogs. 14 
dogs were in jec ted  wi th  m e r c u r y  chloride, subcutaneously ,  
in a dai ly  dose of 3 mg per  1 kg of we igh t  dur ing 5 days.  
Then blood was d rawn from t ibial  and renal  veins  of those  
dogs under  a general  anaesthesia .  Control  dogs were 
t reated in a s imilar  way.  

The following de te rmina t ions  were per fo rmed  on dog 
Plasma: p r o t h r o m b i n  t ime  s, f ibr inogen level  s F a c t o r  V 0, 

F a c t o r  V I I  i0, F a c t o r  V I I I  u, p lasminogen and plasmino-  
gen p roac t iva to r  12, and an t ip l a smin  1~. Euglobul in  fi- 
br inolysis  was measured  using bo th  tes t  tube  14 and f ibrin 
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plate methods le. A correlation was found between the 
results of both methods. Fibrinolytic activity was usually 
expressed as the fibrinolytic index [ =  lO00fl min (~ = clot 
lysis time}. 

Figure 1 shows a rapid decrease of the fibrinolyric ac- 
t iv i ty  Mter mercury chloride injections. This phenom- 
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Fig. 1, Eugtobulin flbrinolysls and fibrinogen level in dog during 
progressive kidney damage. Broken line: fibrinogen level. Dotted 
line: fibrinolysis index. Mean values obtained from 4 experiments. 

enon is followed by a gradual increase of the fibrinogen 
level. Fibrinolyric activity of the renal venous blood of the 
normal dog is several times higher than that  of its peri- 
pheral blood. After intoxication, the fibrinolytic activity 
decreases in the peripheral blood 8 times, and in renal 
blood 12 times (Figure 2). I t  can be seen from Figure 3 tha t  
the fibrinogen level is considerably higher in peripheral 
than in renal blood. In  the case of kidney damage, tile 
fibrinogen level in venous peripheral blood increased 
approximately 3 times and in venous renal blood ap- 
proximately 4 times. Figure 4 shows an increase of plas- 
minogen, plasminogen proactivator and Factor v n I  acti- 
vities under the above-mentioned condition. The pro- 
thrombin time, the level of Factor V and that  of Factor 
VII  did not show any changes, antiplasmin activity being 
reduced to 30% of its initial value. 

Our experiments revealed a slight elevation of the urea 
level and transaminase activity in the serum of intoxi- 
cated dogs. Necrosis of tubular  cells was ascertained by 
means of microscopic investigations. The glomeruli were 
only slightly affected (Dr. L. REJZqIAK, Department  of 
Pathological Anatomy). 

The hypothesis of kidney secreting urokinase into the 
general circulation is sustained by  the results given below: 
(1) Fibrinolytic activity of renal blood is considerably 
higher than that  of peripheral blood. (2) Significant de- 
pletion of the fibrinolytic act ivi ty occurs in tubular  
necrosis of kidney. I t  may be suggested that  the fibrino- 
lyric activity of renal blood is related to the secretion rate 
of urokinase. 
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Fig. 2. Euglobutin fibrinolytic activity:  1. Venous peripheral blood 
of normal dogs. 2. Venous renal blood of normal dogs. 3. Venous 
peripheral blood of intoxicated dogs. 4. Venous renal blood of intoxi- 

cated dogs. 
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Fig. 3. Fibrinogen level of peripheral and renal blood of normal and 
intoxicated dogs. Explanation given in Figure 2. 

z5 T .  ASTltUP a n d  M. ALKJAERSIG, Arch .  B i o c h e m .  37,  99 (1952).  
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GUEST a n d  CELANDER 16 o b s e r v e d  a n  increase  of p l a s m a  
f ibr ino ly t ic  a c t i v i t y  a n d  a decrease  of f ib r inogen  a n d  
p l a sminogen  level  a f t e r  a n  i n j e c t i o n  of pur i f ied  u r o k i n a s e  
p r e p a r a t i o n .  

Accord ing  to  ou r  obse rva t ions ,  t h e  level  of p l a s m i n o g e n  
and  f ib r inogen  in  v e n o u s  r ena l  b lood  was  lower  t h a n  in 
pe r iphe ra l  blood.  W e  sugges t  t h a t  a n  excess of p l a s m i n o -  
gen, p l a s m i n o g e n  p r o a c t i v a t o r ,  f i b r inogen  a n d  F a c t o r  
v i i i  in  b lood  p l a s m a  of i n t o x i c a t e d  dogs is t he  r e su l t  of 
the  dep le t ion  of u r o k i n a s e  sec re t ion  r a t e  caused  b y  k i d n e y  
damage .  

An i m p o r t a n t  role of u r o k i n a s e  sec re t ion  m a y  be  sug-  
ges ted  for  t he  m a i n t e n a n c e  of f ib r ino ly t i c  b a l a n c e  in t h e  

o rgan i sm.  Th i s  enzyme ,  supp l i ed  b y  t he  k i d n e y  to  t h e  
genera l  c i rcu la t ion ,  wou ld  c o n t i n u o u s l y  a c t i v a t e  plas-  
m i n o g e n  i n to  p lasmin .  S u b s e q u e n t l y ,  p l a s m i n  would  
d iges t  f i b r inogen  a n d  o t h e r  f ac to r s  sens i t ive  to  i ts  ac t ion ,  
e . g . A . H . G .  A r a p i d  i n a c t i v a t i o n  of u r o k i n a s e  a n d  p l a s m i n  
in t h e  b lood  s t r e a m  m i g h t  also occur.  

I t  is no t  exc luded  t h a t  t h e  decrease  of a n t i p l a s m i n  ac t i -  
v i t y  in  e x p e r i m e n t a l  k i d n e y  d a m a g e  is a c o m p e n s a t o r y  
p h e n o m e n o n .  

I t  m a y  be  a s s u m e d  t h a t  h y p e r c o a g u l a b i l i t y  a n d  h y p e r -  
f ib r inogenemia ,  found  in va r i ous  r e n a l  diseases  b y  seve ra l  
a u t h o r s  z7-2°, a re  r e l a t ed  to  t he  d e p l e t i o n  of u r o k i n a s e  
sec re t ion  ra te .  

1159 ZZO 

I 45k 495 100 lO01OO 100100 lOOl 
22 I0 Z314 9 14 9 14 9 14 9 19 g I0 9 I0 

Fig. 4. Influence of HgCI~ intoxication upon some clotting and 
fibrinolytie factors of peripheral blood in dogs. White colunms: 
values before experiments. Black columns: values after experiments. 
Values under columns correspond to the number of determinations. 

Rdsumd. Au cours  de la necrose  e x p 6 r i m e n t a l e  des 
t u b u l e s  r6nales  du  chien,  l ' a c t iv i t6  f i b r i no ly t i que  du  s ang  
v e i n e u x  r6na l  e t  p~r iph~r ique  se d i m i n u e  p r o g r e s s i v e m e n t  

mesu re  q u ' a u g m e n t e  le t a u x  du  f ibr inogSne,  du  plas-  
minog~ne  et  du  F a c t e u r  V I I I .  
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PRO EXPERIMENTIS 

Separation of Catalase and Other Red Cell 
Enzymes from Hemoglobin by Gel Filtration 

R e c e n t  work  in t h i s  l a b o r a t o r y  ha s  c o n c e n t r a t e d  on  t he  
i so la t ion  o5 ca ta l a se  f rom smal l  a m o u n t s  of h u m a n  blood.  
I t  was  found  t h a t  gel f i l t r a t i o n  t h r o u g h  d e x t r a n  gel 
( S e p h a d e x  G-100) p rov ides  a n  exce l l en t  m e a n s  to  ac- 
Complish in one  s t ep  t he  s e p a r a t i o n  of ca t a l a se  f rom the  
bu lk  of t h e  p r o t e i n s  p r e s en t  in  a c o n c e n t r a t e d  h e m o l y s a t e  
of h u m a n  e r y t h r o c y t e s .  Since i t  was  o b s e r v e d  t h a t  in  ad-  
d i t ion  to  ca ta l a se  also o t h e r  e n z y m e s  can  easi ly  be  sepa-  
ra ted ,  i t  seems t h a t  t h i s  p rocedu re  is of p a r t i c u l a r  va lue  
as a n  in i t i a l  s tep  in t h e  p r e p a r a t i o n  of c e r t a i n  r ed  cell 
enzymes.  

As s t a r t i n g  ma te r i a l ,  s amples  of h i g h l y  c o n c e n t r a t e d  
h e m o l y s a t e  were p r e p a r e d  as follows: Blood  c o n t a i n i n g  
10% v / v  A.C.D.-so lu t ion  1 was  cen t r i fuged ,  t h e  s e d i m e n t  
r e suspended  a n d  w a s h e d  3 t i m e s  in a n  equa l  v o l u m e  of 
0-95% NaCl-so lu t ion .  T he  p a c k e d  red cells were t h e n  
lysed in t h e  s ame  v o l u m e  of dis t i l led  wate r .  I n  o rder  to  
COmplete hemolys is ,  t h e  m a t e r i a l  was  f rozen a n d  t h a w e d  
th ree  t imes .  R e m o v a l  of a n y  p a r t i c u l a t e  m a t t e r  ( s t roma)  
Was accompl i shed  b y  f i l t r a t i on  in t he  fol lowing m a n n e r :  

A layer  (1 cm) of d r y  'Hyf lo - supe l -ce l '  p o w d e r  t was  
p laced  on  a G-3 s in t e r ed  glass funne l  ( d =  3.5 cm). Af te r  a '  
smal l  a m o u n t  of d is t i l led  w a t e r  h a d  b e e n  sucked  t h r o u g h ,  
t he  h e m o l y s a t e  (20 ml)  was  a d d e d  on  t op  of t he  layer• 
S l ight  v a c u u m  was app l i ed  u n t i l  t h e  w a t e r  h a d  pas sed  
t he  funne l  a n d  h e m o l y s a t e  was t h e n  col lec ted  s e p a r a t e l y  
b y  ef f ic ient  suc t ion  w i t h  a n  oil p u m p .  Usua l ly  12-15 ml  
po r t i ons  of h e m o l y s a t e  cou ld  be  o b t a i n e d  before  t he  f i l te r  
was  b locked.  

F o r  t h e  gel f i l t r a t i on  of th i s  m a t e r i a l  a co lumn ,  2.0 cm 
in d i a m e t e r  a n d  52 cm in  he igh t ,  was  used.  T h e  c o l u m n  
was p a c k e d  a t  r oom t e m p e r a t u r e  w i t h  S e p h a d e x  G-100 
acco rd ing  to  FLODIN a a n d  e q u i l i b r a t e d  in  t h e  co ld - room 
w i t h  t h e  sa l t  so lu t ion  to  be  used. T h e  s a m p l e  was  app l i ed  
b y  s lowly p i p e t t i n g  t he  des i red  v o l u m e  (3-15 ml) o n t o  t he  
t o p  of t he  co lumn.  E l a t i o n  was  accompl i shed  b y  a 0 .1% 

1 Solutio Anticoagulans; U.S.P. 14th Revision (1950), p. 550. 
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Manville Corp., New York. 
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