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65°C. The  c]ear and  on ly  s l ight ly  coloured solut ions were 
di luted wi th  dioxane,  and  a l iquots  of t he  resul t ing  solu- 
tions added  to coun t ing  vials  conta in ing  a sc int i l la t ion 
mixture  of P P O  and P O P O P  in to luene  5. The  samples  
Were then  refr igera ted before count ing  in a P a n a x  l iquid 
scinti l lat ion equ ipment .  

Results. The results  of the  exper iments  can be summa-  
rized as follows (Figure).  Upon  the  admin i s t r a t ion  of a gas 
mix ture  wi th  a cons t an t  concen t ra t ion  of ~4CO=, the  t o t a l  
tissue concen t ra t ion  of rad ioac t ive  CO 2 increased roughly  
exponent ia l ly  dur ing the  first  60 rain, af ter  t h a t  t ime  the  
increase was roughly  l inear.  The  ma in  par t  of the  a4CO, 
was recovered in t he  acid-labile CO 2 fract ion,  and thus  
represented HCO~-  and CO s. The  increase of r ad ioac t iv i ty  
in this f rac t ion was roughly  exponent ia l* ,  a s t eady  s ta te  
being reached af ter  abou t  60 min.  The  organic  f ract ions 
took up  I*CO', a t  a ra te  which  was l inear w i th  t ime,  the  
a*CO= fixed in organic  compounds  a f te r  15, 30, 60 and 120 
lain a m o u n t e d  to 9, 17, 21 and 35%, respect ively ,  of the  
total  r ad ioac t iv i t y  of the  tissue. Of these organic  frac- 
tions, the  main  pa r t  of t he  r ad ioac t i v i t y  was recovered  in 
the acid-soluble fract ion,  while of the  remainder  only  the  
proteins were labelled to  a s ignif icant  degree. Thus,  the  

labell ing of t he  pro te in  f ract ion a t  all  t imes  a m o u n t e d  to  
abou t  10% of the  r ad ioac t i v i t y  which  was f ixed in or- 
ganic  compounds .  Dur ing  the  t ime  periods s tudied,  label- 
l ing of the  lipids and the  nucleic acids was ha rd ly  sig- 
nif icant .  

Discussion. The  results  show t h a t  there  is a r a p i d  ex-  
change be tween  ' inorganic '  C (CO~ and  HCO3- ) and  organic  
C in the  acid-soluble compounds  of the  tissue. I t  is s t r ik ing  
t h a t  wi th in  15 min  of exposure,  a b o u t  10% of the  t o t a l  
laCO, con t en t  in the  t issue is organica l ly  fixed. The  find- 
ings conf i rm and ex tend  the  recent  observa t ions  of a rap id  
label l ing of d icarboxyl ic  acids f rom infused N a i l  14COs 3. 
I t  is t e m p t i n g  to assume t h a t  the  ma jo r  pa r t  of the  CO 2 
f ixed in our  exper iments  has  been  incorpora ted  into the  
d icarboxyt ic  acids, and t h a t  the  incorpora t ion  of these 
acids in to  pro te ins  is responsible for the  label l ing of the  
pro te in  fract ion.  I t  is proposed t h a t  the  observa t ions  
should be ex tended  to  a s t udy  of. the  incorpora t ion  of 
I 'COs into  d i f ferent  acid-soluble tissue compounds ,  since 
the  p resen t  t echn ique  of adminis te r ing  the  z'CO 2 is more  
physiological  and  permi t s  be t t e r  quan t i t a t i on  t h a n  pre-  
v ious  me thods  of adminis te r ing  rad ioac t ive  b ica rbona te  
by  in t raper i toneal ,  i n t r avenous  or  in t raar te r ia l  inject ions.  
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Zusammen]assung. Die 1*COs-Fixation versch iedener  
F r a k t i o n e n  des Ra t t engeh i rnes  wurde  untersucht .  Die 
R a t t e n  wurden  15-120 min  in gasf6rmigem a4CO,,, expo-  
nier t  und in fltissigem N ,  gefroren, Nach  15, 30, 60 und 
120 rain waren  9, 17, 21 und 35% v o m  Gesamt-14COa in 
der  Gehi rnsubs tanz  organisch gebunden.  Der  gr6sste Tell 
des organischen x'COs fund sich in sRurel6slicher F rak -  
t ion,  w~hrend  ein kle inerer  Tel l  (etwa 10%) aus der  Pro-  
t e in f rak t ion  isoliert  werden  konnte .  
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The rate of incorporation of inspired 14CO= into the brain tissue of 
rats (unfilled circles) as well as into the acid-labile (filled circles) and 
the acid-soluble (squares) fractions of the tissue. The difference be- 
tWeen the curve depicting the 'total' incorporation (unfilled circles) 
and the curve representing incorporation into the acid-labile com- 
POunds (HCO s- and COs, filled circles) is the total incorporation into 

organic tissue constituents. 
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Renal  Excre t ion  of C a l c i u m - D i s o d i u m -  
Ethy lened iamtnete traace t i c  Acid - A N e w  

Tubu lar  Secre tory  M e c h a n i s m ?  

The rapid  t u r n o v e r  of e thy lened iamine te t r aace t i c  acid 
(RI)TA) in the  organism,  which,  toge the r  w i th  its me ta -  
bolic inert ia ,  is the  cause of its v e r y  low toxic i ty ,  can be 
a t t r ibu ted  chiefly to v e r y  rapid  renal  excret ion.  The  first 
evidence t h a t  this  subs tance  is excre ted  by  ac t ive  secre- 
tion of the  renal  tubules,  as well as by  g lomeru la r  fi l tra- 
tion, was the  f inding t h a t  i ts p lasmat ic  c learance  was  the  
Same as the  c learance of d iodras t  1. We  therefore  under-  
took a detai led analysis  of the  mechan isms  which  part ic i-  
Pate in its excre t ion  f rom the  organism. R a t s  w i th  u 
chronic u r ina ry  b ladder  f is tula were anaes the t i zed  and 
hydra ted  wi th  ] 2 %  e thanol  solution, the  calc ium-di-  
SOdium sal t  of E D T A  (50 mg /kg  B.W. and inulin 25 

mg/kg) was in jec ted  and  the  cumula t ive  excre t ion  of bo th  
substances  in the  ur ine was s tudied for 41/a h and com- 
pared  wi th  the  ra te  of excre t ion  of sodium p-aminoh ip -  
pu ra t e  ( P A H  - a subs tance  known to be  exc re ted  ma in ly  
b y  t u b u l a r  secretion),  admin is te red  in t he  same  manner .  
Inu l in  was de te rmined  by  means  of f l- indolacetic acid in 
a s t rongly  acid m e d i u m  s, E D T A  by  t i t r a t ion  wi th  Bi +++ 
in 0.01 N HC1 using xylenol  orange as indica tor  3, P A H  by  
d iazot ing  and coupling wi th  N - l - n a p h t h y l e t h y l e n d i a -  
mine  *. 
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The  results  showed t h a t  the  ra te  of excre t ion  of the  
E D T A  anion was about  four  t imes h igher  t h a n  the  ra te  of 
s imul taneous  inulin excret ion.  Af te r  4 t/2 h, an average  of 
over  92% of the  dose of E D T A  had  been excreted,  while 
inulin excre t ion  was only  abou t  200/o . The  fact  t h a t  a f te r  
the  same t ime in te rva l  a to ta l  a m o u n t  of abou t  90% of 
the  given dose of P A H  was excreted,  s t rongly  suppor ts  
the  idea  t h a t  t u b u l a r  secret ion also par t ic ipa tes  in the  
renal  excre t ion  of E D T A  in rats .  

Non-ionic p H - d e p e n d e n t  diffusion does no t  p lay  a sig- 
nif icant  pa r t  in the  mechan i sm of E D T A  excret ion,  since 
in s imilar  exper iments  the  ra te  of excre t ion  of E D T A  in 
the  ur ine in a s t a te  of metabo l ic  alkalosis (average p H  of 
the  ur ine  7.9) or  acidosis (average p H  of t he  ur ine 6.2) 
was prac t ica l ly  the same. 

A t  present  there  are two  known basic mechan isms  of 
t ubu la r  secret ion in which any  of the  organic  substances  
excre ted  can  be  included.  These  are  the  h ippu ra t e  sys- 
tem, which chief ly  includes organic  acids, and the  o the r  
sys tem cover ing  organic  bases. I)ESPOPOULOS ~ concluded 
t h a t  substances  conta in ing  a non-sa tu ra ted  double oxygen  
bond (C=O or S=O) in add i t ion  to  a carboxyI  and  sulphone 
group belonged to  the  first  sys tem,  while the  mechan i sm 
of tubu la r  secret ion of organic  bases chief ly  included 
q u a t e r n a r y  n i t rogen and on ium compounds.  The  s t ruc ture  
of t he  E D T A  anion does no t  correspond to the  s t ruc tu ra l  
r equ i remen t s  of e i ther  of t he  above  mechanisms.  Mutua l  
compe t i t i ve  inhibi t ion  exists  be tween  members  of the  in- 
d iv idua l  t r anspor t  sys tem,  however .  I n  fur ther  experi-  
ments  we therefore  s tudied  the  possibilit ies of inf luencing 
E D T A  excre t ion  by  means  of known compe t i t i ve  inhibi-  
tors of t he  two  t r anspor t  systems.  I n  exper iments  carr ied 
ou t  on the  same lines, however ,  i t  was re l iably demon-  
s t ra ted  t h a t  even  the  p readmin i s t ra t ion  of large doses of 
p-uminohippura te ,  d iodras t  or  probenecid  (600 mg/kg,  
350 mg I /kg,  100 mg jkg  B.W. respect ively)  did no t  affect  
the  ra te  of E D T A  excre t ion  in rats.  Similarly,  r epea ted  
large doses of E D T A  (230 mg  to t a l  dose/kg) did no t  influ- 
ence the  excre t ion  of p -aminohippura te .  These  experi-  
ments  indicate  t h a t  the E D T A  anion is no t  t r anspor ted  
by  the  h ippura te  sys tem.  The ra te  of E D T A  secret ion did 
no t  even  a l te r  in animals  to which  quin ine  was admin i -  
s tered beforehand as a powerful  compe t i t ive  inhib i tor  of 
t r anspor t  of organic  bases ~ ', E D T A  is thus  no t  t r anspor t ed  
by  the organic  base system. 

Avian  k idneys  receive  the i r  b lood supply  no t  only  f rom 
the  normal  renal  ar tery ,  bu t  also f rom the  renal por ta l  

vein,  which  collects blood f rom the  ipsi lateral  lower limb. 
The  blood f rom this  por ta l  sys tem by-passes the  glome- 
rules and flows only t h rough  the  per i tubu la r  capi l la ry  net-  
work.  T u b u l a r  secre tory  mechan i sms  can  therefore  sig- 
n i f icant ly  increase t he  ra te  of excre t ion  of a subs tance  in 
the  k idney  on the  side on which it  is in jec ted  as compared  
wi th  the  control  side, as was shown by  SPERBER in 1948L 

F u r t h e r  expe r imen t s  were therefore  carried o u t  on 
chickens.  The  chickens (%rhite Leghorn)  were anaesthe-  
t ized wi th  pen toba rb i t a l  sod ium (30 mg /kg  B.W.),  the 
ureters  were ca the ter ized  f rom the  cloaca, CaNa~EDTA 
(500 mg]kg) and  inul in (100 mg]kg) were in jec ted  uni- 
la tera l ly  in to  the  muscles of t he  a rea  of t he  ipsi lateral  
por ta l  c i rcula t ion and  the  ra te  of excre t ion  of t he  :EDTA 
anion and inulin were compared  separa te ly  on each side. 
Adequa t e  urine flow was induced by  an in t ravenous  infu- 
sion of hyper ton ic  (5%) sod ium chloride solution.  In  con- 
t r a s t  to  the  resul ts  ob ta ined  in s imilar  exper iments  wi th  
the  in t r amuscu la r  in jec t ion  of P A H ,  in which the  a m o u n t  
excre ted  by  the  ipsi lateral  k idney  was s ignif icant ly  
h igher  t h a n  on the  cont ro l  side, the  a m o u n t  excre ted  af ter  
adminis te r ing  C a N a ~ E D T A  b y  the  same techn ique  was 
the  same on  bo th  sides (Table). 

A s imilar  difference,  as compared  wi th  P A H  excret ion,  
was also obta ined  in a s tudy  of t r ans tubu la r  t r anspor t  in 
birds s. Af te r  the  sudden,  a lmos t  ins tan taneous  intra-  
venous  admin i s t r a t ion  into the  rena l  por ta l  sys t em of the  
av i an  k idney  of  a subs tance  crossing the  t ubu la r  walt f rom 
blood into  the  t ubu la r  urine (e.g. p -aminohippura te ) ,  i t  
appears  in ind iv idua l  drops of urine collected f rom the 
ipsi la teral  u re te r  far  sooner t h a n  s imul taneous ly  in jec ted  
inulin, which  has  to  pass v ia  the  sys temic  c i rcula t ion into 
the  renal  ar tery .  In  comple te  ag reemen t  wi th  the  findings 
ob ta ined  on using SPERBER'S technique,  the first  de tec t -  
able  traces of the  E D T A  anion in these exper iments  were 
demons t r a t ed  only  in ur ine drops conta in ing  s imul ta-  
neous ly  adminis te red  inul in (Figure). 
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Rate of elimination of CaNa2EDTA and inulin by the fight and left kidney in the chicken m comparison with the rate of elimination of 
sodium p-aminohippurate after intramuscular injection into the right leg 

Time after Right kidney (experimental) 
injection mg EDTA mg PAH 

Left kidney (control) 
mg insulin mg EDTA mg PAH mginulin 

- 500 mg of CaNa~ EDTA and 100 mg inulin i.m. 
10 0.417 0.85 
20 1.09 0.95 
30 3.60 0.85 
40 3.90 0.87 
Total 9.00 3.49 

Right/left ratio 1.067 for CaNa2EDTA and 0.972 for inulin resp. 
- 200 mg of sodium p-aminohippurate i.m. 
5 12.7 

10 27.7 
Total 40.4 

Right/left ratio 2,.~1 for sodium p-aminohippurate 

0.53 0.93 
t .97 1 .23  
3,90 0,91 
5.04 0.55 
8.44 3.59 

7.2 
11,1 
18.3 
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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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