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P e r m e a b i l i t y  Tracers  and S e r u m  Prote ins  

T h e  knowledge  of n o r m a l  a n d  a b n o r m a l  v a s c u l a r  
p e r m e a b i l i t y  a n d  t r a n s p o r t  across  t h e  vesse l  wal l  is a n  
essen t i a l  p r e r equ i s i t e  of t h e  s t u d y  of t h e  p a t h o m e c h a n i s m  
of va r i o us  v a s c u l a r  l e s i o n s l - L  T h e  fo l low-up  of s u c h  
processes  is p a r t l y  b y  d e m o n s t r a t i o n  of t h e  i n t r a m u r a l  
depos i t i on  of a t r a c e r  s u b s t a n c e  or  b y  l igh t -  or  e l ec t ron  
microscopic  d e t e c t i o n  of t h e  t r a c e r ' s  passage  across  t h e  
vessel  wal l  s-t3. B u t  no  u n e q u i v o c a l  conc lus ions  c a n  be  
d r a w n  u n t i l  i t  is c lar i f ied w h e t h e r  or  n o t  t h e  t r a c e r  
p r e s e n t  in  t h e  vessel  wal l  is b o u n d  b y  s e r u m  pro te ins .  
I f  t h e r e  is a d u r a b l e  l inkage  b e t w e e n  t h e  t r a c e r  a n d  a 
g iven  s e r u m  p r o t e i n  f rac t ion ,  t h e  f o r m e r  serves  as  a n  
i n d i c a t o r  of  t h e  f r ac t i on ' s  m u r a l  t r a n s p o r t ,  b u t  if t h e r e  
is n o  such  l inkage,  t h e  p resence  of t h e  t r a c e r  in  t h e  
vessel  wa l l  s ignif ies  on ly  t h e  increase  of  v a s c u l a r  per -  
meab i l i t y .  

T h e  n a t u r e  a n d  d u r a t i o n  of l inkage  b e t w e e n  t r a c e r  
s u b s t a n c e s  a n d  s e r u m  p r o t e i n s  h a v e  b e e n  e x a m i n e d  in  
t h e  p r e s e n t  s tudy .  

Materials and methods. 18 ma le  W i s t a r  ra ts ,  we igh ing  
l 1 0 - 1 5 0 g ,  were  g iven  t h e  s u b s t a n c e s  i n d i c a t e d  i.v. 
30 m i n  pr io r  to  sacrifice.  

S e r u m  samples  were  e x a m i n e d  b y  i m m u n o e l e c t r o -  
phores is .  C o m m e r c i a l  a n t i r h o d e n t  r a b b i t  s e r u m  ( H u m a n )  
was  used  as  i m m u n e  se rum.  F o r  t h e  i den t i f i c a t i on  of  
i ron,  f e r r i t i n  a n d  p e r o x i d a s e  molecules  in  t h e  p rec ip i t a -  
t i o n  lines,  t h e  P r u s s i a n  b lue  a n d  t h e  p e r o x i d a s e  1° reac-  
t i ons  were  used.  

P e r o x i d a s e  was  d e m o n s t r a t e d  in  t h e  / / -globul in  a n d  
IgG  f r ac t i ons ;  E v a n s  b lue  was  p r e s e n t  in  t h e  a l b u m i n  
a n d  g-g lobul in  f r a c t i o n s ;  whi le  t h e  r e s t  of  t h e  t r a c e r  
s u b s t a n c e s  e x a m i n e d  were  a p p a r e n t l y  n o t  b o u n d  b y  a n y  
se rum p r o t e i n  f r ac t ion .  I n  v i t r o  b i n d i n g  of E v a n s  b lue  
b y  a l b u m i n  was  d e m o n s t r a t e d  p r e v i o u s l y  14, is. B y  e lect ro-  
phores is  on  cel lulose ace t a t e ,  col loidal  i ron  was  s h o w n  to  
fo rm a p r e c i p i t a t e  of v a r y i n g  cha rge  a n d  mot i l i ty ,  
m i g r a t i n g  t o g e t h e r  w i t h  c e r t a i n  p l a s m a  c o m p o n e n t s  ~s 
b u t  t h i s  does  n o t  m e a n  t h e  p resence  of a l inkage.  

I t  appears ,  the re fore ,  t h a t  unless  t h e  b i n d i n g  b e t w e e n  
se rum p r o t e i n  a n d  t r a c e r  is n o t  r eve r sed  d u r i n g  t h e  
fo rmer ' s  passage  ac ross  t h e  vessel  wall,  p e r o x i d a s e  
signifies t h e  m u r a l  t r a n s p o r t  of  f l -globulin a n d  IgG,  a n d  
E v a n s  b lue  t h a t  of  a l b u m i n  a n d  g-globul in .  T h e  o t h e r  
t r a c e r  subs tances ,  b e i n g  a p p a r e n t l y  n o t  b o u n d  b y  s e r u m  
pro te ins ,  serve  o n l y  as  i n d i c a t o r s  of  inc reased  v a s c u l a r  
pe rmeab i l i t y .  

Zusammen/assung. E s  wi rd  gezeigt ,  da s s  die P e r m e a b i -  
l i t g t  der  Gefgsswand  d u r c h  a n  S e r u m e i w e i s s f r a k t i o n e n  
g e b u n d e n e  M a r k i e r u n g s s u b s t a n z e n  gepr i i f t  w e r d e n  k a n n .  
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Group Tracer Dose 

1 Suspension of colloidal iron 1.5 ml/100 g 
(Ferrlecit; Natterman Co., K61n) body weight 
Containing approximately 12.5 mg of iron/ml 

2 Suspension of colloidal iron 0.5 ml/100 g 
(Jectofer; Astra Co., Sweden) 
containing approximately 50 mg of iron/ml 

3 Ferritin, 2X cryst. B grade 20 mR/100 g 
(Calbiochem Inc., USA) 
dissolved in physiologic saline 

4 Suspension of colloidal carbon 0.2 roll100 g 
(Pelican; Gunther Wagner Co., Hannover) 
containing approximately 100 mg of carbon/ml 

5 Evans blue (Gurr Ltd., England) 20 mg/100 g 
dissolved in physiologic saline 

6 Horseradish peroxidase, B grade 15 mg/100 g 
(Calbiochem Inc., USA) 
dissolved in physiologic saline 
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Direct  A u t o n o m i c  Nerve  Fibers  to the Renal  Medul la  in Man I 

Blood  flow to  t h e  r e n a l  m e d u l l a  is r egu l a t ed  in p a r t  
b y  t h e  a n t a g o n i s t i c  a c t i o n  of t h e  s y m p a t h e t i c  a n d  p a r a -  
s y m p a t h e t i c  n e r v e s  on  t h e  m e d u l l a r y  b lood  vessels  2. 
Ea r l i e r  s tud ie s  ~-s w i t h  t h e  specif ic  c a t e c h o l a m i n e  f luor-  
escence  t e s t  showed  t h a t  t h e  a r t e r io le s  s u p p l y i n g  t h e  
r e n a l  p y r a m i d  - t h e  j u x t a m e d u l l a r y  e f f e r en t  a r te r io les  
a n d  t h e  p r o x i m a l  p a r t s  of  t h e  a r t e r i a l  v a s a  r e c t a  - rece ive  
s y m p a t h e t i c  i n n e r v a t i o n  f r o m  t h e  pe r i a r t e r i a l  p l exuses  
of  t h e  a f f e r en t  ar ter ioles .  These  f ibers  t r a v e r s e  t h e  vas-  
cu la r  pole  of t h e  j u x t a m e d u l l a r y  g lomeru l i  to  r e a c h  t h e  
c o r r e s p o n d i n g  e f fe ren t  ar ter ioles .  

I n  t h e  t h i n  sect ions  (4 ~m) used for  t h e  f luorescence  
t e c h n i q u e  i t  is no t  poss ible  to  resolve  t h e  q u e s t i o n  
w h e t h e r  some of t h e  f ibers  i n n e r v a t i n g  t h e  m e d u l l a r y  
vessels  o r ig ina t e  d i r ec t ly  f rom t h e  p lexuses  a r o u n d  t h e  
a r c u a t e  a r te r ies  w / t h o u t  pas s ing  across  t h e  j u x t a m e d u l -  
i a ry  g l o m e r u i a r  poles.  I f  s u c h  d i r e c t  n e r v e  p a t h w a y s  
exis t ,  n e u r a l  v a s o r e g u l a t i o n  in  t h e  m e d u l l a  m a y  b e  
ach i eved  i n d e p e n d e n t l y  of  a n y  ef fec ts  on  t h e  g l o m e r u l a r  
b lood  flow. 

Materials and methods. T r a d i t i o n a l  s i lver  i m p r e g n a t i o n  
(Bielschowsky,  Gros  a n d  Schul tze)  was  used  to  s t u d y  
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t h i c k  sec t ions  of h u m a n  k i d n e y s  w h i c h  a p p e a r e d  n o r m a l  
a t  au topsy ,  h u m a n  k i d n e y s  e x t e n s i v e l y  d a m a g e d  b y  
ch ron ic  g lomeru lonephr i t i s ,  a n d  k i d n e y s  of dogs a n d  
beavers .  B locks  of t i s sue  inc lud ing  t h e  c o r t i c o m e d u l l a r y  
j u n c t i o n  were  f ixed for  2-3  m o n t h s  in  n e u t r a l  fo rmal in .  
C r y o s t a t  sec t ions  20-30  lxm t h i c k  were  c u t  pa ra l l e l  t o  
t h e  v a s a  r e c t a  a n d  i m p r e g n a t e d  w i t h  si lver.  Sec t ions  
showing  p a r t i c u l a r l y  well  o r i en t ed  vessels  a n d  n e r v e  
b u n d l e s  were selected p r io r  to  gold t o n i n g  a n d  were 
e m b e d d e d  in  Epon ,  s o m e t i m e s  a f t e r  pos t  f i xa t i on  w i t h  
o s m i u m  te t rox ide .  Sec t ions  f rom these  b locks  were  
e x a m i n e d  w i t h  l i g h t  or  e l ec t ron  mic roscopy  (Figures  1 
a n d  2). 

Results and discussion. T h e  a d v e n t i t i a  of al l  i n t r a r e n a l  
a r te r ies  c o n t a i n s  s y m p a t h e t i c  n e r v e  b u n d l e s  w h i c h  con-  
t r i b u t e  f ibers  to  t h e  pe r i a r t e r i a l  p l exus  (Figure  3). Th i s  
p a t t e r n  is s imi l a r  a long  t h e  a f f e r en t  a r te r io les  of b o t h  
cor t ica l  a n d  j u x t a m e d u l l a r y  glomerul i .  A few f ibers  f rom 
these  p lexuses  t r a v e r s e  t h e  v a s c u l a r  po le  of t h e  g lomeru lus  
to  t h e  e f f e r en t  a r t e r io le  (F igure  4). N e r v e  f ibe rs  f rom 
t h e  cor t i ca l  g lomeru l i  do  n o t  e x t e n d  b e y o n d  t h e  f i r s t  
b r a n c h e s  of t h e  e f fe ren t  ar ter ioles ,  p r e s u m a b l y  because  
t h e r e  a re  usua l ly  no  more  s m o o t h  musc le  cells in  t h e  
v a s c u l a r  wal l  b e y o n d  t h i s  site.  T he  j u x t a m e d u l l a r y  effe- 
r e n t  vessels,  however ,  a re  i n n e r v a t e d  a long  t h e i r  e n t i r e  
l e n g t h  a n d  t h i s  i n n e r v a t i o n  c o n t i n u e s  a long  t h e  asso- 
c i a t ed  v a s a  r e c t a  deep  i n to  t h e  o u t e r  m e d u l l a r y  zone 
(Figure  5). Th i s  d i s t r i b u t i o n  of s y m p a t h e t i c  n e r v e  f ibers  
in  r e l a t i o n  to  t h e  r ena l  v a s c u l a t u r e  seems to  p e r t a i n  in 
m a m m a l s  genera l ly  a n d  sugges ts  t h a t  n e u r a l l y  m e d i a t e d  
v a s o m o t i o n  of t h e  a r t e r i a l  v a s a  r e c t a  is n o t  i n d e p e n d e n t  
f r o m  t h a t  of t h e  j u x t a m e d u l l a r y  a f f e r e n t  a n d  e f f e ren t  
ar ter ioles .  I n  h u m a n  k idneys ,  however ,  some  b u n d l e s  
i n n e r v a t i n g  t h e  m e d u l l a  are  de r ived  d i r ec t ly  f rom t h e  
p e r i a r t e r i a l  p lexuses  of t h e  a r c u a t e  a r te r ies  w i t h o u t  
c o n t r i b u t i n g  to  i n n e r v a t i o n  of t h e  a f f e r en t  a r te r io les  or  
of t h e  v a s c u l a r  pole  of t h e  g lomeru lus  (F igure  6). T h e  
size of t h e s e  n e r v e  b u n d l e s  a t  t h e i r  or ig in  is s imi l a r  to  
t h a t  of b u n d l e s  r u n n i n g  a long  t he  a r c u a t e  a r t e r i e s  a n d  
t h e i r  d i s t r i b u t i o n  co r re sponds  to  t h e  p a t t e r n  of d i s t r ibu -  
t i on  of t h e  a r t e r i a l  v a s a  rec ta .  These  n e r v e  b u n d l e s  c an  
be  r ega rded  as  a b e r r a n t  or  d i r ec t  f ibers  s ince t h e y  do n o t  
fol low t h e  g l o m e r u l a r  p a t h w a y .  

E l e c t r o n  mic roscop ic  e x a m i n a t i o n  con f i rmed  t h a t  e v e n  
v e r y  sma l l  n e r v e  b u n d l e s  cou ld  be  co r rec t ly  iden t i f i ed  in  
t h e  p r e p a r a t i o n s  for  l igh t  microscopy.  H e a v y  depos i t i on  
of s i lver  in  t he se  p r e p a r a t i o n s  was  assoc ia ted  on ly  w i t h  
a x o n s  of nerves ,  nucleoli ,  a n d  t he  surfaces  of s m o o t h  
musc le  ceils (F igures  1 a n d  2). 

Clearly,  some  n e r v e  f ibers  r e a c h  t h e  v a s a  r e c t a  across  
t h e  v a s c u l a r  pole  of t h e  j u x t a m e d u l l a r y  glomerul i .  
O t h e r s  seem to  be  de r ived  d i r ec t l y  f rom n e r v e  b u n d l e s  
a c c o m p a n y i n g  t h e  a r c u a t e  ar ter ies .  I n  man ,  the.  d i r ec t  
f ibers  to  t h e  m e d u l l a  m a y  a c c o m p a n y  t h e  a r t e r i a  r e c t a  

ve r a  w h i c h  b r a n c h  i n to  v a s a  r e c t a  w i t h o u t  b e c o m i n g  
assoc ia ted  w i t h  a g lomeru lus  a n d  wh ich  a re  t h o u g h t  to  
deve lop  w h e n  a f f e r en t  a n d  e f fe ren t  a r te r io les  b e c o m e  
c o n t i n u o u s  across  t h e  va scu l a r  poles  of d a m a g e d  glome-  
ruli. Th i s  e x p l a n a t i o n  a p p e a r s  i n a d e q u a t e  s ince in n o r m a l  
k idneys  on ly  a few sma l l  n e r v e  b u n d l e s  - u sua l ly  1 or  
2 in  a 20-30 ~tm sec t ion  - c an  be  o b s e r v e d  pas s ing  across  
t h e  va scu l a r  po le  f r o m  each  j u x t a m e d u l l a r y  a f f e r e n t  
ar ter io le  to  t h e  c o r r e s p o n d i n g  e f fe ren t  a r ter io le .  D i rec t  
ne rve  b u n d l e s  a re  l a rger  a n d  c o n t a i n  more  n u m e r o u s  
ne rve  f ibers  t h a n  is t h e  case a t  c o m p a r a b l e  d i s t ances  
a long  ne rves  a c c o m p a n y i n g  e f fe ren t  ar ter io les .  Moreover ,  
s i lver  i m p r e g n a t i o n s  of  t h e  c o r t i c o m e d u l l a r y  reg ion  in 
p a t i e n t s  w i t h  ch ron i c  nephr i t i s ,  in  w h i c h  p rogress ive  
g lomeru la r  d a m a g e  occurs  a n d  a r t e r i a  r e c t a  v e r a  deve lop  
in g rea t  dens i t y  (F igure  7), do  n o t  show a d e n s i t y  of t h e  
t h i ck  d i rec t  f ibers  g r e a t e r  t h a n  t h a t  found  in n o r m a l  
k idneys .  I n  general ,  t h e  s y m p a t h e t i c  pe r i - a r t e r i a l  n e r v e  
p lexus  is q u i t e  wel l  p r e s e r v e d  in ch ron i c  n e p h r i t i s  in  
sp i te  of t h e  d e g e n e r a t i v e  processes  occu r r i ng  in  t h e  
a r t e r i a l  walls  (F igure  8). I t  is, the re fore ,  un l ike ly  t h a t  
t h e  d i rec t  f ibers  a p p e a r  as  a r e su l t  of v a s c u l a r  r emode l l i ng  
fol lowing g l o m e r u l a r  degene ra t ion .  

These  d i r ec t  f ibers  m a y  h a v e  i m p o r t a n t  f u n c t i o n a l  
s ignif icance s ince  t h e y  m a y  p r o v i d e  a m e a n s  for  n e u r a l  
con t ro l  of t h e  d i s t r i b u t i o n  of b lood  b e t w e e n  c o r t e x  a n d  
medu l l a  i n d e p e n d e n t l y  of a n y  ef fec t  on  t h e  f low of b lood  
to  t he  glomerul i .  Ou r  i n v e s t i g a t i o n  does  n o t  i n d i c a t e  
w h e t h e r  t he  d i r ec t  f ibers  a re  of s y m p a t h e t i c  or  pa ra -  
s y m p a t h e t i c  or igin,  a l t h o u g h  p rev ious  i n v e s t i g a t i o n s  7 
conf i rm t h e  p resence  of b o t h  t y p e s  of f iber  in  t h e  o u t e r  
zone. 

Rdsumd. Des f ibres  ne rveuses  p a s s e n t  d i r e c t e m e n t  du  
p lexus  n e r v e u x  des  a r t~res  a r c u a t e s  a u x  ar t6r io les  eff6- 
r en t e s  j u x t a m 6 d u l l a i r e s  e t  a u x  v a s a  rec ta .  ][1 es t  donc  
possible,  que  le contr61e n e u r a l  de  la d i s t r i b u t i o n  du  
sang  e n t r e  te c o r t e x  e t  la  m e d u l l a  soft  i n d 6 p e n d a n t  d u  
passage  du  s a n g  a u x  g lomerul i .  
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Fig. 1. Electron mierograph of a thin silver impregnated section adjacent to that  illustrated in Figure 2 and showing some nerve 
fibers. Silver deposits (S) are confined to the axons of nerves (A) and the basement lamina of smooth muscle (M). Schwann cell (So) 
and collagen (C) are free of silver deposit, x 16,000 magnification. 
Fig. 2. Nerves (arrows) accompanying an afferent arteriole in the juxtamedullary region of a dog's kidney. The nerves and the base- 
ment lamina of smooth muscle ceils are heavily impregnated with silver. Phase contrast photomicrograph of a section 1 [tin thick. 
× 860 magnification. 
Fig. 3. Silver impregnation of autonomic nerve fibers (arrow) in the adventitia of an afferent arteriole in man. × 1200 magnification. 
Fig. 4. Vascular pole of a glomerulus with nerve fibers (arrow) which traverse from afferent (a) to efferent (e) arteriole in man. 
Silver impregnation. × 1460 magnification. 
Fig. 5. Nerve fibers (arrows) along the vasa recta in dog. Silver impregnation. × 310 magnification. 
Fig. 6. Direct nerve bundle to medulla (arrows) from the periarterial plexus of an arcuate artery (a) in man. Silver impregnation. 
× 390 magnification. 
Fig. 7. Vascular cast of an a glomerular (arrow) artery to medulla in chronic nephritis. × 140 magnification. 
Fig. 8. An interlobular artery (A) in chronic nephritis. The accompanying nerve fibers (arrow) are well preserved. Silver impregnation. 
× 850 magnification. 


