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T h e  per irena l  v e n o u s  arch  of the  rat: I ts  func t iona l  s i gn i f i cance  
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Summary. A f u n c t i o n a l  a n d  morpho log ica l  s t u d y  of t he  pe r i r ena l  v e n o u s  a r ch  of t he  r a t  has  been  ca r r ied  out .  The  
va r ious  d r a i n a g e  poss ibi l i t ies  of t h i s  a rch  t h r o u g h  i ts  mu l t i p l e  col la tera ls  are  d e m o n s t r a t e d .  Venous  r ena l  b lood  can  
r each  t he  ad r ena l  g l and  v ia  t he  pe r i r ena l  arch.  The  endocr ine  i n t e r ac t i ons  b e t w e e n  these  o rgans  are discussed.  

The  pe r i r ena l  v e n o u s  arch,  f i rs t  descr ibed  in m a n  b y  von  
Hai ler ,  was  l a t e r  s tud ied  in an i m a l s  x-3 and  in m a n 4 - U :  
I t  has  a lways  been  cons idered  as a v i c a r i a n t  v e n o u s  
d r a i n a g e  in t he  e v e n t  of occlusion of t he  more  i m p o r t a n t  
routes .  Never the less ,  t he  fac t  t h a t  th i s  venous  a rch  
re la tes  t he  k i d n e y  w i t h  t h e  a d r e n a l  g land  suggests  t h a t  i t  
m i g h t  also be  a poss ible  rou te  for endoc r ina l  i n t e r a c t i o n  
be tween  these  2 organs.  
Material and methods. 39 r a t s  of b o t h  sexes were used:  
25 for the  morpho log ica l  s t u d y  of t he  venous  arch,  a n d  
t h e  r e m a i n d e r  for t h e  s t u d y  of i t s  f u n c t i o n a l  s ignif icance.  
A. Morphologica l  s tudy .  T he  25 r a t s  were d iv ided  in to  
3 groups.  The  f i rs t  group,  wh ich  cons is ted  of 10 ra ts ,  was  
used to  s t u d y  t he  d i spos i t ion  of t he  pe r i r ena l  v e n o u s  a rch  
b y  in jec t ion  of a so lu t ion  of ge la t in - ind ia - ink ,  v ia  e i t he r  
t h e  r ena l  ve in  or t h e  a d r e n a l  vein .  I n  t he  second g roup  of 
10 rats ,  venos tas i s  was  ut i l ized for  t h e  recogni t ion  of t h e  
pe r i r ena l  v e n o u s  a r ch  a n d  i ts  co l la te ra ls :  p o s t - m o r t e m  
s tas i s  in 7, and  ac t ive  s tas is  (by c l amp ing  t he  infer ior  v e n a  
c a v a  for 10 min)  in  t h e  r e m a i n i n g  3. F ina l ly ,  in  t he  t h i r d  
g roup  of 5 animals ,  t he  c o n n e c t i o n  be t w een  t he  pe r i r ena l  
v e n o u s  a rch  a n d  t he  ve ins  of t he  pos te r io r  a b d o m i n a l  
wal l  were s tud ied  b y  d issec t ion  u n d e r  s tereoscopic  
microscope.  
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Schematic view of the perirenal venous arch, seen obliquely from the 
lateral border of the left kidney. 

I n  the  necropsy ,  a b lock  m a d e  up  b y  t h e  2 kidneys ,  t h e  
ad r ena l  g lands ,  a n d  t h e  s u r r o u n d i n g  f a t t y  t i ssue  was  
r e m o v e d  a n d  f ixed in 10% formal in .  Af te r  f ixa t ion,  t he  
b lock  was  d e h y d r a t e d  a n d  t h e n  d i a p h a n i z e d  w i t h  to luene .  
B. F u n c t i o n a l  s tudy .  2 k inds  of e x p e r i m e n t  were car r ied  
ou t :  a) The  1st was done  on 4 r a t s  in  w h i c h  t he  lef t  
ad r ena l  ve in  was c l amped  for 5 min.  I n  1 case, t he  c l amp-  
ing was p rox imal ,  a n d  in 3, distal ,  to  t h e  o u t l e t  of t h e  
infer ior  d i a p h r a g m a t i c  ve in  in to  t he  ad r ena l  vein.  I n  t h e  
necropsy ,  b o t h  ad rena l s  were r e m o v e d  w i t h  the  sur-  
r o u n d i n g  fat ,  e m b e d d e d  in pa ra f f i n  a n d  sec t ioned  (6 ~xm), 
and  s t a ined  w i t h  hema toxy l in -eos in .  
b) 10 r a t s  were used  in t he  2nd e x p e r i m e n t .  9 of these  
were in jec ted  w i t h  m e t h y l e n e  blue  v ia  t he  lef t  r e n a l  
a r te ry ,  us ing  t he  K r a u s e ' s  i n t r a v i t a l  s t a i n i n g  me thod .  
S i m u l t a n e o u s l y  to  t he  in jec t ion ,  t he  infer ior  v e n a  c a v a  in 
2 of t h e  r a t s  was compressed .  I n  a n o t h e r  case, the  per i -  
ad r ena l  f a t  was  r emoved ,  l eav ing  on ly  t h a t  of t he  lower  
surface  wh ich  conse rved  i ts  vascu la r  connec t ions .  F ina l ly ,  
in t he  r e m a i n i n g  ra t ,  t h e  in j ec t ion  was car r ied  o u t  i.v. to  
observe  w h e t h e r  t he  s t a in  could r each  t he  ad r ena l  v ia  t h e  
sys temic  c i rcula t ion ,  t h u s  ru l ing  ou t  t he  poss ib i l i ty  of 
p a r t  of t he  s t a in  in  t he  p rev ious  e x p e r i m e n t  r each ing  t h e  
ad r ena l  b y  th i s  route .  B o t h  ad rena l  g lands  were r e m o v e d  
in  t he  nec ropsy  t o  be  s tud ied  macroscop ica l ly  and,  l a t e r  
on, to  be  sec t ioned  in f rozen m i c r o t o m  (50 tzm) a n d  
m o u n t e d  w i t h o u t  f u r t h e r  s ta in ing ,  o t h e r  t h a n  t h a t  
r e su l t i ng  f rom the  p rev ious ly  in jec ted  m e t h y l e n e  blue.  
Results. A. Morphologica l  s tudy .  The  presence,  b i l a t e r a l l y  
a n d  in b o t h  sexes, of t he  pe r i r ena l  venous  a r ch  is c o n s t a n t .  
I n  t he  male ,  i t  o r ig ina tes  f rom the  c e n t r a l  p a r t  of t h e  
l a t e ra l  r ena l  edge in t he  fo rm of smal l  capsu la r  venu le s  
jo in ing  to  fo rm a c o m m o n  t r u n k  which,  in  t u r n ,  b o r d e r i n g  
on t he  u p p e r  pole of t he  k idney,  p e n e t r a t e s  t he  lower  
surface  of t h e  ad r ena l  capsule  nea r  t he  ex i t  of t h e  ad r ena l  
vein,  e n d i n g  e v e n t u a l l y  in t he  g land  where  i t  d iv ides  in to  
mul t ip le  b r a n c h e s  (figure). The re  may ,  f r equen t ly ,  be  a 
smal l  a n a s t o m o t i c  vessel  be tween  t h e  t r u n k  of t he  per i -  
r ena l  a r ch  and  t he  a d r e n a l  vein,  or t he  v e n o u s  a rch  m a y  
s imply  t e r m i n a t e  d i r ec t ly  in  t he  ad r ena l  vein.  I n  t h e  
female,  t h e  v e n o u s  a rch  con t inues  b e y o n d  t h e  l a t e ra l  
r ena l  b o r d e r  un t i l  i t  un i t e s  w i t h  t he  u t e r i ne  and  ovar ic  
plexi.  Th i s  venous  a rch  is also re la ted ,  b y  m e a n s  of t he  
venu les  of t he  pe r i r ena I  fa t ,  to t he  ovar ic  or s p e r m a t i c  
a n d  pe r iu re te r i c  veins .  Moreover ,  t h e r e  is also anas to -  
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mosis w i th  the  veins which pene t r a t e  the  psoas and  
cuad ra tus  l u m b o r u m  muscles  and,  fu r ther  above,  wi th  
the  b ranches  of the  lower d i aph ragmat i c  vein. 
B. Func t iona l  s tudy,  a) Clamping of the  adrena l  vein for 
5 min.  In  th is  exper iment ,  it  is to be no ted  tha t ,  in spi te  
of the  to ta l  occlusion of t h e  adrena l  vein; no i m p o r t a n t  
lesions appeared  in the  adrena l  pa renchyme .  There  was  a 
cer ta in  a m o u n t  of conges t ion  in the  medul lar  sinuses and 
in the  plexus  of the  ZR a n d  ZFI ,  as well as in veins  of the  
per iadrena l  fa t  and  some zones of the  subcapsular  plexus.  
Some focal hemor rhages  were also p resen t  a t  the  union 
of the  ZR and ZF. 
b) In jec t ion  of me thy l ene  blue via renal  ar tery .  By  means  
of th is  me thod ,  s ta ined  zones on the  surface of the  gland 
could be observed  macroscopical ly .  These zones, in 
general,  cor responded  to the  t r a j ec to ry  of the  capsular  
venules.  B u t  w h e n  all the  per iadrenal  fat,  excep t  t h a t  
l ining the  lower surface of the  adrenal ,  was removed,  th is  
surface only  appea red  s ta ined.  The s ta in ing  was more  
profuse  and  un i form in the  an imal  in jec ted  in t r avenous ly  
via  t he  sys temic  circulat ion.  W h e n  examined  micro-  
scopically, s ta in ing was observed  in 7 of the  9 animals  
and  was localized in the  adrena l  capsule and  ZF, and  less 
in tense ly  and wi th  l i t t le  un i fo rmi ty  in o ther  adrena l  areas.  
In  the  case of the  i.v. inject ion,  focal s ta in ing  was no t  

observed  in the  pa renchyme ,  bu t  r a the r  in the  endo-  
the l ium of the  medul la ry  capillaries and  arterioles.  
Discussion. Since the  per i renal  venous  arch has  mul t ip le  
collaterals,  one of i ts  i m p o r t a n t  proper t ies  would seem to 
be the  possible exis tence  of var ious  dra inage  routes .  The 
effect iveness  of these  collaterals  is ev idenced by  the i r  
abi l i ty  to subs t i tue  the  c lamped  adrenal  vein, whi ls t  the  
adrenals  suffer no i m p o r t a n t  lesions, a l though  hemor -  
rhages  do appear  easily in these  glands ~2-~. The capac i ty  
of th is  venous  arch  to dra in  renal  and  adrenal  blood has  
a l ready  been verif ied in m a n  and  o ther  species 2, ~, 7. This  
v ica r ian t  ac t ion fu r the r  implies one o ther  i m p o r t a n t  
funct ion.  Blood f rom the  k idney  wi th  a h igh concen t ra -  
t ion of angio tens in  which  is undi lu ted  in sys temic  circula- 
t ion  can reach the  adrena l  gland via  t he  venous  arch and  
exer t  a s t rong s t imulus  on the  ZG for the  secret ion of 
a ldosterone.  Similarly,  b lood from the  adrena l  car ry ing  
adrenal ine,  cor t icosteroids  and  a ldos terone  can also reach 
the  k idney  via th is  route.  
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Summary .  Soluble pro te ins  ob ta ined  f rom p resynap t i c  cholinergic vesicles have  been t e s t ed  regarding the i r  effects  to  
mod i fy  pos t synap t i c  spike generat ion.  The resul ts  suggest  t h a t  these  pro te ins  (or der ivat ives ,  incl. glycopeptides)  m a y  
ac t  as modu la to r s  in increasing the  effect iveness  and dura t ion  of pos t synap t i c  spike generat ion.  They  m a y  p a r t ak e  in 
genera t ion  of h o m o s y n a p t i c  (post tetanic)  po ten t i a t ion .  

H o m o s y n a p t i c  (post te tanic)  po t en t i a t i on  1-7, the  genera-  
t ion  of a second pos t synap t i c  spike of grea te r  ampl i tude  
by  2 ident ical  p r e synap t i c  shocks del ivered wi th in  1 sec, 
has  been  a t t r i b u t e d  to  Ca~+-transport  re la ted  T M  pre-  
synap t i c  mechanisms1,  n-13. In  view of the  recen t  dis- 
covery  of p ro te in - re la ted  specific n e u r o t r a n s m i t t e r -  

X Z 

Fig. 1. Effects of protein extracts on homosynaptic potentiation. 
X 2 postsynaptic spikes generated by 2 supramaximal presynaptic 
pulses. The second spike had a larger amplitude than the first. 
Z Same presynaptic stimulation. Immediately after the first pre- 
synaptic pulse one of the vesicle extracts was added to the bathing 
fluid. The increased amplitude of the spike elicited by the second 
presynaptic pulse was significantly higher than that of the control. 
Horizontal mark: 8 msec; vertical mark: 0.4 inV. 

modu la to r s  ~*-~, i t  occurred to s tudy  w h e t h e r  p resynap t i c  
cholinergic vesicles con ta in  cholinergic modulator(s) .  I t  
seems t h a t  pos t synap t i c  po t en t i a t i on  is, in par t ,  i nhe ren t  
in the  l a t ency  r equ i r emen t s  of th is  modula tor .  
Methods. Soluble pro te ins  were ob ta ined  f rom presynap t i c  
cholinergic vesicles of adu l t  ra t  bra in  and  the  electric 
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