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I n  F igu re  F, in  r e sponse  to t he  shock  s t imu l i  app l ied  to 
IP,  t h e r e  occu r r ed  a n  e x c i t a t o r y  p o s t s y n a p t i c  p o t e n t i a l  
( E P S P )  w i t h  n o t c h e s  on  i t s  s u m m i t  ( the  u p p e r m o s t  
t r aces  of  F igu re  F). W i t h  a mic roe lec t rode  j u s t  ou t s ide  
t h e  cell  soma,  t he se  n o t c h e s  were  found  to  be  due  to  field 
p o t e n t i a l s  occu r r i ng  a r o u n d  t h e  i m p a l e d  cell ( the  midd le  
t races) .  As d i f fe rence  b e t w e e n  t h e  i n t r a c e l l u l a r  a n d  
ex t r ace l lu l a r  records  t h e  n e t  E P S P  was  r e p r o d u c e d  in  t h e  
l owermos t  t r aces  of F a n d  f o u n d  to  be  of s imple  shape ,  as  
those  seen in  c a t ' s  m o t o n e u r o n e s  ~0. As m e a s u r e d  b y  t h e  
t i m e  i n t e r v a l s  b e t w e e n  t h e  shock  a r t i f a c t  a n d  t h e  foo t  of 
t he  E P S P s ,  t h e  l a t e n c y  of t h e  E P S P s  was as s h o r t  as  0.7 
to  1.0 msec.  H e n c e  t he se  E P S P s  s h o u l d  h a v e  been  in-  
duced  m o n o s y n a p t i c a l l y .  As s h o w n  in F i g u r e  G s imi la r  
E P S P s  were  g e n e r a t e d  b y  s t i m u l a t i n g  V L  w i t h  a l a t e n c y  
of 1.0 to  1.2 msec.  Conce rn ing  t h e  f ibre  c o n n e c t i o n  
respons ib le  for these  V L - i n d u c e d  E P S P s ,  t h e  fol lowing 
o b s e r v a t i o n  revea led  a m a r k e d  occlusion p h e n o m e n o n  be- 
t w e e n  t he  V L  a n d  I P  s t i m u l a t i o n ,  As s h o w n  in F igu re  J,  
w h e n  t he  t i m e  i n t e r v a l  for s t i m u l a t i n g  these  two loci 
success ive ly  was r e l a t i ve ly  long, t he  r e spec t ive  E P S P s  
s u m m a t e d  on  each  o t h e r  w i t h o u t  s ign i f i can t  c h a n g e  in  
t h e i r  size (controls  in  F igures  H a n d  I). However ,  w h e n  t he  
i n t e r v a l  was  s h o r t e n e d  to less t h a n  1.0 msec, t he  r e sponse  
to  t h e  second  s t imu lus  decreased  m a r k e d l y ,  d o w n  to  one  
t h i r d  in t he  case of F igu re  K. Such  a r e d u c t i o n  of t he  
succeed ing  E P S P  as t h i s  was  seen w i t h  e i t he r  sequence  
of V L - I P  or  I P - V L  s t i m u l a t i o n .  Th i s  occlusion p h e n o m e -  
n o n  could  be  exp Ia ined  b y  a s s u m i n g  t h a t  t h e  a x o n s  f rom 
I P  i n n e r v a t e  R N  a n d  V L  c o m m o n l y ,  a n d  t h a t  s t i m u l a t i o n  
a t  V L  causes  i m p u l s e s ' t o  f ire b a c k  to  RN.  I n  some  cases 
s h o c k  s t imu l i  were app l ied  to  AC. W i t h  r e l a t i v e l y  w e a k  
i n t e n s i t y ,  t h e  AC s t i m u l a t i o n  d id  n o t  i nduce  p o s t s y n a p t i c  
p o t e n t i a l s  in  t h e  R N  neurones ,  b u t  i t  supp re s sed  b y  a b o u t  
2 0 %  t h e  E P S P  i n d u c e d  b y  e x c i t a t i o n  of IP ,  T h e  sup-  
p ress ion  fol lowed the  AC s t i m u l a t i o n  i m m e d i a t e l y  a n d  
l a s t ed  for  seve ra l  t en-miUiseconds .  T h e  AC s t i m u l a t i o n  

p roduces  i n h i b i t o r y  p o s t s y n a p t i c  p o t e n t i a l s  m o n o s y n a p -  
t i ca l ly  in  I P  n e u r o n e s  11, a n d  h e n c e  decreases  t h e  ex-  
c i t a b i l i t y  of I P  neu rones .  W i t h  r e l a t i v e l y  s t r o n g  AC 
s t i m u l a t i o n  E P S P s  were  p r o d u c e d  in  t h e  R N  neu rones .  
H o w e v e r ,  t he se  E P S P s  occu r red  w i t h  a l a t e n c y  com-  
p a r a b l e  to  t hose  p r o d u c e d  b y  t h e  d i r e c t  I P  s t i m u l a t i o n ,  
a n d  h e n c e  a p p e a r e d  to  b e  caused  b y  c u r r e n t  s p r e a d i n g  to  
I P  f rom AC. 

I n  F igu re  L E P S P s  were  g e n e r a t e d  in  r e sponse  to  t h e  
shock  s t imu l i  app l i ed  to  SM w i t h  a l a t e n c y  of a b o u t  1.2 
msec.  W i t h  a d i s t a n c e  of 40 m m  f rom SM to  RN,  i t  is  
l ike ly  t h a t  these  E P S P s  also a re  i n d u c e d  m o n o s y n a p -  
t ical ly.  

I n  conclus ion,  t h e  R N  n e u r o n e s  rece ive  two  m o n o -  
s y n a p t i c  e x c i t a t o r y  connec t ions ,  t he  one  f rom I P  a n d  t h e  
o t h e r  f rom SM. The  f o r m e r  i nvo lves  V L  as t he  c o m m o n  
t a r g e t  a n d  is u n d e r  i n h i b i t o r y  con t ro l  b y  AC. 

Rdsumd. Chez le c h a t  anes thds i6  au N e m b u t a l  ou au  
chlora lose ,  les rdponses  dvoqudes  duns  les n e u r o n e s  du  
n o y a n  rouge  p a r  les s t i m u l a t i o n s  a n t i d r o m i q u e s  e t  o r t h o -  
d r o m i q u e s  on t  6t6 6tudi6es au m o y e n  de  micro61ectrodes  
in t race l lu la i res .  
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Inulin Clearance and Renal Lymph 

I n  c a l c u l a t i n g  the  c lea rance  of a n y  s u b s t a n c e  exc re ted  
in the  u r ine  f rom the  c u s t o m a r y  formula ,  r e l a t i ve ly  large  
e r rors  occur  w h e n e v e r  n o t  all of t he  s u b s t a n c e  is ca r r i ed  
a w a y  in  t h e  u r ine  a n d  via t h e  r ena l  vein.  T h e  e r ro r  is t h e  
g rea t e r  t h e  more  of t he  s u b s t a n c e  ha s  u n d e r g o n e  decom-  
pos i t ion ,  b e e n  s to red  u p  b y  t h e  k idney ,  a n d  ca r r i ed  off 
in  t he  r ena l  l y m p h .  Some  worker s  1-a see t h e  poss ib i l i t y  
t h a t  c lea rances  ca lcu la ted  f rom t h e  usua l  f o r m u l a  do  n o t  
y ie ld  t r u e  va lues  of t h e  q u a n t i t y  of p l a s m a  cleared,  be-  
cause  t h e y  fai l  t o  t a k e  i n to  a c c o u n t  t h e  a m o u n t  of sub-  
s t ance  t r a n s p o r t e d  in  t h e  l y m p h .  E v i d e n c e  h a s  r e c e n t l y  
been  p r o d u c e d  t h a t  t h e  a m o u n t s  of para-amino-hippuric 
acid  a n d  inu l in  t r a n s p o r t e d  b y  t h e  r ena l  l y m p h a t i c s  a re  
n o t  la rge  e n o u g h  to  i n v a l i d a t e  t h e  c l ea rance  va lues  cor-  
r e s p o n d i n g  to  t h e  r e n a l  p l a s m a  flow a n d  the  g lomeru l a r  
f i l t r a t i o n  r a t e  r e spec t ive ly  4-5. 

As i n t r a v e n o u s  inu l in  is k n o w n  to  a p p e a r  in  r ead i ly  
m e a s u r a b l e  c o n c e n t r a t i o n s  in  t he  r ena l  l y m p h  *,6-8 ex- 
p e r i m e n t s  were car r ied  ou t  to  e x a m i n e  i t s  in f luence  on  
i n t e r p r e t a t i o n  of c lea rance  d a t a  o b t a i n e d  f rom t h e  
genera l  fo rmula .  

Methods. F r o m  dogs ur ine  was  co l l ec t ed ,  a f t e r  l a p a r o t -  
omy,  f r o m  t h e  le t t  u r e t e r  a n d  l y m p h  f rom one  of t h e  

h i l a r  l y m p h  vessels in  t h e  lef t  k idney .  The  c lea rance  
per iods  a n d  t h e  l y m p h  col lec t ion  per iods  were  of t h e  s a m e  
d u r a t i o n .  I n u l i n  was d e t e r m i n e d  b y  t h e  p rocedu re  of 
LITTLE 9. I n u l i n  c l ea rance  was ca l cu l a t ed  f rom the  well-  
k n o w n  q u o t i e n t  

a m o u n t  of inu l in  exc re ted  in  t h e  u r ine  pe r  m i n  (mg/min)  

c o n c e n t r a t i o n  of i nu l in  in  t he  p l a s m a  (mg/ml)  
a n d  

a m o u n t  of inu l in  in  t he  r ena l  l y m p h  pe r  ra in  (mg /min )  

c o n c e n t r a t i o n  of i n u l i n  in  t h e  p l a s m a  (mg/ml)  
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Table I 

EXPERIENTIA X X / l l  

No. of Weight Period Serum Urine 
experiments (kg) 

Inulin Flow Inulin 
rag/100 ml ml]min mg/I00 ml 

Renal lymph 

Inulin Flow Inulin Inulin 
clearance ml/min mg/lO0 ml clearance 
ml/min ml/min 

1 22.0 1 47.0 4.8 186.0 
2 5,1 165.0 
3 31.0 4.6 152.0 
4 5.7 144.0 

2 29.0 I 16.5 5.7 160,0 
2 16.0 7.1 I10.0 
3 17.5 8.0 114.0 
4 18.0 8.1 105.0 

3 19.0 1 52.0 3.9 203,0 
2 49,5 4.0 203,0 
3 47.5 4.1 197.0 
4 46.0 3.7 208.0 

Mean 23.3 35.8 5.4 162.2 

19.0 - - - 
17.9 0.02 25.0 0.01 
22.5 - - - 

2 6 . 5  0.02 25.0 0.09 

55.3 0.10 16.0 0.09 
48.8 0.10 17.5 0.11 
52.1 0,09 17.5 0.09 
47.2 0.08 16.0 0.07 

15.2 0.05 62.0 0,06 
16.4 0.05 64.0 0.06 
17.0 0.07 52.0 0.08 
16.7 0.08 51.0 0.09 

29.5 0.07 34.6 0.07 

Since t h e  vo lume  of l y m p h  o b t a i n e d  f rom one of t h e  
h i la r  l y m p h  vessels  does  no t  r ep re sen t  t h e  t o t a l  l y m p h  
volume,  in th i s  pape r  ' l y m p h  inulin-clearance' is under -  
s tood  to  m e a n  inulin c learance of one hi lar  l ympha t i c .  

Results and comments. W i t h  free ur ine flow, the  con- 
cen t ra t ions  of inulin in t he  l y m p h  came on t h e  whole  
qui te  near  to  those  in t he  serum.  Owing to  this ,  t h e  
a m o u n t s  of inulin t r a n s p o r t e d  b y  the  l y m p h  were  b u t  
m i n u t e  f rac t ions  of t he  inulin exc re ted  in  t he  ur ine  
(Table I). 

I n  mechanica l  anur ia  t h e  s i t ua t i on  was found  to  be  
a b o u t  t he  same (Table II) .  Accord ingly ,  t h e  a m o u n t  of 
inul in  t r a n s p o r t e d  b y  the  rena l  l y m p h a t i c s  depends  on 
t h e  vo lume  of l y m p h  flow. 

The  to t a l  a m o u n t  of  l y m p h  p roduced  b y  a k idney  is no t  
known.  The  out f low f rom one l y m p h a t i c  is less, and  i ts  
t enfo ld  - based  on the  a s sumpt ion  t h a t  t he  k idney  con- 
ta ins  t en  ef ferent  l ympha t i c s  - is m u c h  more,  t h a n  the  
to ta l  p roduc t ion .  I t  has  been  shown xo t h a t  on cannul iza-  
t ion of more  t h a n  one e f fe ren t  l ympha t i c ,  the  out f low 
does no t  increase in p ropo r t i on  to  the  n u m b e r  of lym-  
pha t i c s  cannu la ted .  The ' surgical  t r a u m a '  c o n s t i t u t e d  b y  

Table II 

Serum Renal lymph 
Inulin 

No. of Weight Inulin Flow Inulin clearance 
experiments kg mg/1O0 ml ml/min mg]10O ml ral]min 

3 23.0 3.2 0.04 4.5 0.06 
4 14.0 6.2 0.02 2.5 0.01 
5 16.0 10.0 0.03 10.8 0.03 
6 25,0 5.9 0.05 - - 
8la 20.0 5.4 0.04 4,4 0,03 
8/b 20.0 4.7 0.04 8.8 0.03 
9 24,5 5.0 0.05 2.1 0.02 
10 33.0 13.0 0.05 6.3 0.03 
ll]a 15.5 7.4 0.13 5.7 0.10 
l l /b  15.5 5.9 0,13 7,2 0.16 
12 16.5 7.4 0.04 11.3 0.06 
13 25.5 3.7 0.02 3.6 0.02 
Mean 20.8 6,5 0.05 5.2 0.05 

t h e  p r e p a r a t i o n  of  t h e  rena l  l y m p h a t i c  m a y  give  rise to 
l y m p h a n g i o s p a s m  n,  which  in t u r n  impedes  renal  out-  
flow. The values  o b t a i n e d  in t h e  p r e s e n t  e x p e r i m e n t s  for 
l y m p h  flow are cons ide rab ly  lower  t h a n  those  s t a t e d  by 
BULL and  METAXAS 4. The  p robab le  e x p l a n a t i o n  for the 
d i sc repancy  is t h a t  w h e n  these  workers  col lected the 
l ymph ,  t he  venous  pressure  in t h e  k i d n e y  was  raised due 
to  s h u n t  be tween  the  renal  and  the  jugu la r  vein.  A rise in 
venous  pressure  cons iderab ly  increases  renal  l y m p h  
f low *1-16. The  p re sen t  e x p e r i m e n t a l  resul ts  a p p e a r  to 
s u p p o r t  t he  opinion of BULL a n d  METAXAS 4 t h a t  under  
n o r ma l  cond i t ions  t h e  a m o u n t  of t h e  c learance  subs tance  
in t he  l y m p h  is w i t h o u t  inf luence on i ts  c learance.  

The  regression of  t he  "inulin c learance  of t h e  lymph ' ,  
re fer red  to l y m p h  flow, is l inear ;  t he  regress ion coefficien.t 
is 1.004. In  oliguria, eva lua t ion  of a n y  rena l  c learance  ls 
p rob lemat ic .  Difficult ies m a y  arise w h e n  i t  is associated 
wi th  a cons iderable  renal  l y m p h  flow. This  is to  be ex- 
pec t ed  on occlusion of t he  u re te r  14, pa r t i cu la r ly  when  the  
p reced ing  mi n u t e  diuresis  has  been  h igh  11, on a rise in 
pressure  wi th in  t he  renal  ve in  **-as, and  dur ing  t ransfus ion 
following the  b leeding of t he  an imal  2. 

Zusammen]assung. Bei n o r ma l e r  Diurese  is t  die durch  
die rena len  Lymphgef / i sse  abgef f ihr te  Inu l i nmenge  nur  
u n b e d e u t e n d ;  sic bee inf luss t  die  nach  der  tiblichen 
Forme l  e r rechne te  Inu l inc lea rance  nu r  unwesent t i ch .  
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