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Compound Oxytoein-like activities Vasopressin-like activities 
Rat uterus Cat uterus Rabbit Chicken Rat Rat 
(in vitro) {in situ) mammary gland blood pressure blood pressure antidiuresis 

(in situ) 
3 4 1 2 5 6 

(A) Oxytocin-dimers (0¢+/~) 3.0 q- 0.I5 15.4 ~ 3.7 • 3.1 ~ 0.044 4- 0.003 0.02 + 0.0025 
Oxytocin-dimer h 
ct = parallel 1 . . . . .  
/~ = antiparaUel 1 . . . . .  

(B) Oxytoein~ 450 + 30 450 450 4- 30 450 4- 30 5 -4- 1 5 4- i 
A : B 0.007 0.034 0.008 0.007 0.009 0.004 

• Approximations calculated from dose-response-lines as substance interferes with usual test procedure, b According to YAMAStlIRO, HOPE and 
DU VIGNEAIID 3. eAeeording to BERDE and BOIESONNAS6. 1. HOLTONT; 2. BERDE, DOEPFER and KONZI~TTS; 3. BERDE and CERLETTIg; 4. U.S.P. 
XlVI°; 5. British PharmacopeiaXX; 6. BERDE and CERLETTI J'2" 

T h e  biological  a c t i v i t y  of t he  o x y t o c i n - d i m e r s  (~ + N) 
was d e t e r m i n e d  in t h e  usual  tests ,  a n d  t he  resul t s  are 
s u m m a r i z e d  in t he  Table .  F o r  compar i son ,  t he  pub l i shed  
ac t iv i t i e s  of t he  o x y t o c i n - d i m e r s  e a n d  fl a n d  co r r e spond ing  
po tenc ies  of o x y t o c i n  are  also inc luded.  

The  o x y t o c i n - d i m e r s  (~ + N) showed  v e r y  low b u t  
de f in i t e  oxy toc in -  a n d  vasopress in - l ike  act iv i t ies .  The  
re su l t  on t he  i so la ted  r a t  u t e r u s  is s imi la r  to  p rev ious  
f indings .  C o m p a r e d  w i t h  oxy toc in ,  t h e  r e l a t ive  a c t i v i t y  
( A : B )  is of the  o rder  of 1% on a we igh t  bas is  and  2% 
on a mo la r -bas i s  r e spec t ive ly  w i t h  one  excep t ion :  t h e  
ca t  u t e r u s  in  s i tu  where  i t  r eaches  3 .4% (w/w) and  6.8% 
(mol/mol)  respec t ive ly .  I n  the  r a t  p r e p a r a t i o n s  t he re  were 
p rac t i ca l l y  no  q u a l i t a t i v e  d i f ferences  b e t w e e n  t he  pha r -  

maco log ica l  effects  of e q u i p o t e n t  doses of o x y t o c i n  and  
o x y t o c i n - d i m e r s  (~ + fl). However ,  in  t he  e x p e r i m e n t s  
as ing  cats ,  r a b b i t s  a n d  chickens ,  d i f ferences  in  t i m e  course  
a n d  m o r e o v e r  inf luences  on  t h e  r eac t i ons  to  s u b s e q u e n t  
i n j ec t i ons  of o x y t o c i n  h a v e  been  observed .  O x y t o c i n -  
d i m e r s  (~ + N) are  less tox ic  t h a n  o x y t o c i n  w h e n  a d m i n -  
i s t e red  i .v .  to  rats .  The  acu t e  LDs0 is 43 m g / k g  (oxy toc in :  
25 mg/kg) .  

Zusammenlassung. O x y t o c i n - D i m e r  (~ + fl), ein  N e b e n -  
p r o d u k t  der  O x y t o c i n - S y n t h e s e ,  zeigt  in 6 V e r s u c h s a n o r d -  
n u n g e n  schwache,  abe r  m e s s b a r e  n e u r o h y p o p h y s / i r e  
Ak t iv i t / i t en .  

B, BERDE, P.-A. JAQOENOUD a n d  E. STfJRMER 
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A C o m p a r a t i v e  S t u d y  o f  I n u l i n  a nd  S o d i u m  S u l f a n i l a t e  C l e a r a n c e s  i n  S h e e p  a n d  G o a t s  

Cons ide rab le  research  h a s  been  c o n d u c t e d  on  t h e  pro-  
b l e m  of g l o m e r u l a r  f i l t r a t i o n  r a t e  (GFR)  x, 2 a n d  t h e  m e c h a -  
n i sm  of t u b u l a r  t r a n s p o r t  of severa l  s u b s t a n c e s  p r e s e n t  in 
t he  g lomeru l a r  f i l t r a t i o n  or in  t h e  b lood  p l a s m a  w h i c h  per-  
fuses t he  t u b u l e s  3-s. The  c o n c e p t  of ' c l ea r ance '  ha s  been  
genera l ized  for  al l  a spec t s  of renal  exc re t ion  a n d  inc ludes  
f i l t r a t ion ,  t u b u l a r  secre t ion  a n d  abs o r p t i on .  D u r i n g  t he  
decade  of 1925-1935 severa l  i n v e s t i g a t o r s  f o u n d  d i f f e ren t  
s u b s t a n c e s  t h a t  h a v e  t he  ab i l i t y  of be ing  t r a n s p o r t e d  6-s 
a n d  c o n c e n t r a t e d  b y  k i d n e y  in a la rger  a m o u n t  t h a n  t h e i r  
p l a s m a  c o n c e n t r a t i o n ;  c r e a t i n i n e  for i n s t a n c e  shows t h a t  
p r o p e r t y  in  some species. 

T h e  i n t r o d u c t i o n  of inu l in  for  t h e  m e a s u r e m e n t  of glo- 
m e r u l a r  f i l t r a t i o n  ra te  m a d e  i t  poss ib le  to  s t u d y  t he  phys io-  
logy of t he  tubules .  T u b u l a r  a c t i v i t y  can  easi ly  be  
s h o w n  b y  c o m p a r i s o n  of t h e  c lea rances  of s u b s t a n c e s  
w h i c h  are secre ted or r e a b s o r b e d  b y  t he  t ubu l e s  w i t h  t h a t  
of inu l in  ~,1°. I f  a s u b s t a n c e  ha s  a h i g h e r  c lea rance  t h a n  
inul in ,  t he  s u b s t a n c e  m u s t  h a v e  been  a d d e d  to  t h e  f i l t r a t e  
b y  secre t ion  of t h e  t u b u l e s  ; conve r se ly  if s u b s t a n c e s  which  
h a v e  been  f i l t e red  do no t  a p p e a r  in t h e  u r ine  or h a v e  c lear  
ance  r a t e s  less t h a n  t h a t  of inu l in  t h e  s u b s t a n c e s  m u s t  
h a v e  been  r e m o v e d  f rom t h e  f i l t r a t e  b y  t he  tubu les .  
E x a m p l e s  of t he  fo rmer  m e c h a n i s m  are  t h e  c learance  of 



1306 Specialia EXPERIRNTIA 27/11 

c rea t in ine  in man,  pheno l  red  in t he  dog 11, and  iodophy-  
racer  x2. Glucose and  urea  c learances  are examples  of t h e  
la t ter .  In  ruminan t s ,  c rea t in ine  has  been  shown to  have  
a cer ta in  degree of t ubu la r  t r a n s p o r t  ~a. 

SMITH et al. :4 also p r o v e d  t h a t  the  k idneys  canno t  ex- 
crete more  of a n y  subs tance  per  uni t  of t ime  t h a n  is car-  
r ied to t h e m  by  the  blood in t h a t  in te rva l  ; t h a t  is, t he  up-  
per  l imi t  of renal  c learance values  will be  t h a t  of a sub-  
s tance  which  is comple t e ly  cleared f rom the  blood,  and  th i s  
c learance will be ident ica l  w i t h  t h e  r a t e  a t  wh ich  the  b lood  
or p l a s m a  is c i rcula t ing  t h r o u g h  the  k idneys .  

I t  is also i m p o r t a n t  to  no te  t h a t  t he  c learance of a sub-  
s tance  wh ich  is secre ted  decreases  p ropor t iona l ly  as t h e  
p l a s m a  concen t r a t i on  increases  because  of p rogress ive  
s a tu r a t i on  of t he  sec re to ry  m e c h a n i s m  which  occurs  a t  
re la t ive ly  low p l a s m a  levels  x* 

Mater ia l s  and  methods. 5 h e a l t h y  m a t u r e  ewes a n d  2 
female  goats  weighing  36 to  50 kg were  selected.  E a c h  ani-  
mal  was  held  unde r  l abo ra to ry  cond i t ions  for  24 to  72 h 
pr ior  to  t h e  beg inn ing  of an  e x p e r i m e n t .  1 gal lon of w a t e r  
was  g iven b y  m e a n s  of  a s t o m a c h  t u b e  2 h before t h e  
c learance  s tud ies  began,  insur ing  a d e q u a t e  ur ine  flow. 

Ur ine  was  col lected by  b l adde r  ca the r i za t ion  w i t h  a 
No. 16 Bard  Fo ley  (C. R.  Bard ,  Inc.)  r e t en t i on  ca the te r .  
B o t h  jugular  ve ins  were  e a n n n l a t e d  w i t h  p las t ic  tub ing .  
In fus ions  were  m a d e  in one cannu la  and  samples  col lected 
f rom t h e  other .  Inu l in  a n d  sod ium sut fani la te  c learances  
were  d e t e r m i n e d  by  the  m e t h o d s  desc r ibed  by  I t u : z  :5. 

To show t h a t  inulin and  sod ium sul fani la te  are  r e m o v e d  
only  by  t h e  k idney ,  t he  same procedure  was  pe r fo rmed  on  
a sheep  in which  the  renal  blood vessels  were  t i ed  15 min  
a f te r  zero t ime.  

Inul in  concen t ra t ions  in p l a sma  and  urine and  the  
m e a s u r e m e n t  of t he  g lomerular  f i l t ra t ion  ra te  (GFR) by  
means  of sod ium sulfani la te  were  d e t e r m i n e d  b y  t h e  me- 
t h o d s  of DAVIDSON et  al. zn, and  BRATTON and  MARSHALL 17 
respect ive ly .  

All de t e rmina t i ons  were done  in dupl ica te  and  a set  of 
s t a n d a r d s  was inc luded in each de t e rmina t ion .  The  cal- 
cu la t ion  for t h e  G F R  can  be d e t e r m i n e d  as sugges ted  b y  
PEOPLES 18 
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Fig. 1. Cumulative concentration of sodium sulfanilate recovered in 
urine 2 h following a single i.v. injection (10 mglkg of body weight). 

Table I. Clearance values for sodium sulfanilate after a single i.v. 
injection in normal animals 

Goats Sheep 
(cmS]kg]min) (cm3/kg/min) 

10.70 8.45 
10.20 7.89 
9.14 6.89 
8.00 6.72 
7.85 6.65 
8.00 5.50 
7.85 5.22 
7.11 4.42 
6.20 4.35 

3.95 
Mean 9.00 Mean 6.20 
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Fig. 2, Effect of the ligature of the renal pedicle on the plasma con- 
centration of inulin and sodium sulfanilafe ia the blood. 
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Table II. Simultaneous sodium sulfanilate and inulin clearances in sheep and goats 
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Sheep Goats 

Animal Ci C8 b Animal CI" C, 
No. cm3/min/kg cma/min/kg C,/Ci No. cma/min/kg cm/min]kg C,Cx 

225 1.63 4.90 3.00 291 2.22 6.30 2.75 
227 1.46 3.00 2.05 293 2.40 7.90 3.30 
248 1.44 5.03 3.50 291 e 1.80 4.95 2.75 

293 ~ 2.80 3.78 1.36 
Mean 2.85 Mean 2.54 

• Priming dose of inulin 15 mg/kg followed by a constant infusion of 0.08 rag/rain. After 60 min, the equilibration period, sulfanilatc was in- 
jected. The blood and urine samples were also collected after this period, bThe values for sodium sulfanilate clearances are corrected against 
the hematocrit, cThe experiment was repeated after 1 month on the same animals. 

Results. The m e a n  values  ob t a ined  for sul fani la te  clear- 
ance (Cs) a f t e r  a single in jec t ion  of th is  subs tance  in the  
an imals  s tud ied  were  respec t ive ly  6.20 cm3/kg/min (S.D 
:L 0.39) in sheep and  9.00 cm3/kg/min  (S.D -~ 2.16) in 
goats  (Table I). The m e a n  values  for inulin clearance 
(CI) in t h e  same animals  were  2.30 cm~/kg/min (S.D -I- 
0.24) in goats  and  1 .51cm3/kg /min  (S.D 4-0.14) in 
sheep.  The s imul t aneons  c learances  of sul fani la te  and inulin 
were  c o m p a r e d  by  means  of the  ra t io  of the i r  c learances 
Cs/CI. The m e a n  values  ob ta ined  were  2.85 for sheep 
(S.D 4- 0.36) and  2.54 for goats  (S.D 4- 1.53) (Table II). 
90% of the  sul fani la te  dose given per  k i logram for t he  sun 
fani la te  c learance d e t e r m i n a t i o n s  was recovered  in urine 
wi th in  a 2 h per iod (Figure 1). 

The  b i la te ra l  occlusion of t he  renal  pedicle  which  was 
pe r fo rmed  15 rain af ter  zero t ime  for t he  C s and  CI deter-  
m ina t i ons  p roduced  an increase in the  p l a sma  concent ra -  
t ion  of inul in  and  a s t eady  p l a sma  value for sod ium sul- 
fan i la te  (Figure 2). The h e m a t o c r i t  (PCV) values  in the  
an imals  s tud ied  showed a range  of 30 to  32% for sheep and  
30 to  34% in goats.  

Discussion. The  single in jec t ion  m e t h o d  showed t h a t  
sod ium sulfani la te  requires  a per iod  of less t h a n  15 min  to  
be in equi l ibr ium w i t h  the  ext racel lu lar  fluid. This  is evi- 
den t  since the  slope of t he  d i sappearance  curve  stabi l izes 
and  remains  unchanged  a f te r  the  Iirst  10 min  is. Inul in  has  
a low di f fus ib i l i ty  coeff ic ient  x9 and  all the  t r ia ls  for clear- 
ances  in c o m p a r a t i v e  s tudies  w i t h  inulin m u s t  al ,ow an 
equi l ib r ium per iod  of 1 h, t he  shor tes t  t ime  for inulin equi-  
l ib r ium wi th  the  ex t race l lu lar  fluid. 

The  C s values  change  according  to  t he  mate r ia l  em-  
p loyed  for i ts  de t e rmina t i on .  The f igures ob ta ined  by  
using whole  blood were  a b o u t  10% lower  t h a n  those  ob- 
t a ined  by  the  e m p l o y m e n t  of p lasma.  The reason for th i s  
is t he  cell vo lume ; s ince it has  been  p roved  x5 t h a t  t he  ceils 
are impe rmeab le  to  sulfani late ,  inulin,  and  m a n y  o the r  
subs tances  employed  for k idney  func t ion  tes ts ,  t h e  esti-  
m a t i o n  of t he  effect ive  p l a sma  vo lume  per fus ing  the  kid-  
ney  is low w h e n  whole  blood is used for  these  de t e rmina -  
t ions,  and  consequen t ly  t he  h e m a t o c r i t  cor rec t ion  is ne-  
cessary.  

I f  several  subs tances  sui table  for e s t ima t ion  of t he  
g lomerular  f i l t ra t ion  ra te  are p re sen t  s imul t aneous ly  in 
the  blood,  the i r  excre t ion  is equal ly  s imul t aneous  and  
the i r  c learances  r e m a i n  equal  unde r  all condi t ions ,  even  un-  
der  those  which  m a y  be p r e sumed  to  change  the  f i l t ra t ion  
ra te  ~0, 20, and  the  c learance ra t io  is a lways  one or close to  
one. 

In  t he  two  species s tudied,  90% of the  sod ium sulfani-  
la te  was  recovered  a f te r  2 h. In  these  e x p e r i m e n t s  t he  ra te  
a t  which  sod ium sulfani la te  decreases  in t he  p l a sma  is an 
index  of the  k idney  func t ion  responsib le  for clearing the  
b lood of t h a t  subs tance .  

However ,  t he  use of th is  subs tance  for the  m e a s u r e m e n t  
of t he  g lomeru la r  f i l t ra t ion  ra te  in sheep and  goats  is ques-  
t ionab le  since the  mean  values  of C,/CI ob ta ined  by  s imul-  
t aneous  d e t e r m i n a t i o n s  in th is  s t u d y  were 2.85 in sheep and  
2.54 in goats  (Tablc II).  This  suggests  tubu la r  add i t ion  of 
su l fani la te  to  t he  g lomerular  f i l t rate ,  If  sul fani la te  h a d  the  
same m e c h a n i s m  of excre t ion  as inulin (f i l t ra t ion only),  
t he  ra t io  would be one or close to  one. 

These  e x p e r i m e n t s  ind ica te  t h a t  b o t h  the  G F R  and  a 
ce r ta in  dcgree  of t ubu la r  r e m o v a l  of sod ium sulfani la te  
f rom the  blood p ropor t iona l  to  i ts  conccn t r a t i on  in t he  
p lasma ,  s imilar  to  t he  r e mo v a l  of P A H  by  the  tubules  1~. 
F u r t h e r  work  needs  to  be done to e lucidate  th is  t u b u l a r  
mechan i sm.  T h a t  the  t ype  of e l imina t ion  of inulin and  
sod ium sulfani la te  is p r e d o m i n a n t l y  renal  is p roved  b y  
the  b i la te ra l  l igat ion of the  renal  pedicles  which  p r o d u c ed  
an increase  of the  inulin concen t r a t ion  in t he  blood while  
inul in  is be ing con t inuous ly  infused (Figure 2). C o n s t a n t  
va lues  for sulfani la te  concen t r a t ions  in p l a sma  are ob-  
t a i n e d  unde r  these  condi t ions .  

The  average  CI values  found in sheep and  goats  in t e r m s  
of b o d y  weight  are 2.30 cma/kg/min  for goats,  and  1.50 cm 3 
kg /min  for sheep ;  these  f igures agrcc wi th  t he  values  of 
1.9 cmS/kg/min r epo r t ed  by  SHANNON 21 

These  d a t a  show again  t h e  value  of inulin for the  de- 
t e r m i n a t i o n  of t he  f i l t ra t ion  ra te  and  also suggest  t h a t  i t  is 
the  p re fe r red  subs tance  to  be used as a reference to mea-  
sure G F R  in c o m p a r a t i v e  s tudies  on k idney  func t ion  2~, 23 

Zusammenfassung. Nat r ium-Sul fan i l a t -C lea rance  kann  
bei  Schafen und  Ziegen n ich t  als Mass fiir die Glomerul-  
umf i l t r a t i on  v e r w e n d e t  werden,  da Na t r ium-Su l f an i l a t  
g lomerul~r  f i l t r ie r t  und  tubu la r  sezernier t  wird. 
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