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Serotonin analyses. Tissues ana lyzed  were s t o m a c h  
fundus  (SF), pylor ic  a n t r u m  (PA) a n d  m i d - j e j u n u m  (M J).  
These  were p r e p a r e d  as descr ibed  p rev ious ly  ~3 and  sero- 
t o n i n  assayed  spec t ropho to - f luo rome t r i ca l l y  ~4. D a t a  ill 
~zg/g nmcosa ,  we t  weight ,  are  p r e sen t ed  as m e a n  va lues  
4 -S .E .M.  S t u d e n t ' s  t - tes t  was  used  to  d e t e r m i n e  dif- 
ferences b e t w e e n  groups.  

Results. Sero ton in  was  r educed  a p p r o x i m a t e l y  50% ill 
S F  a n d  MJ,  a n d  a b o u t  70% in  P A  fol lowing P C P A ;  no  
a d d i t i o n a l  changes ,  however ,  were  no t iced  a f t e r  PGEx 
in j ec t ion  (Table  I). I n  reserp in ized  r a t s  no  s ign i f ican t  
changes  in  t o t a l  mucosa l  s e ro ton in  were n o t e d  fol lowing 
P G E  1 in j ec t ed  s u b c u t a n e o u s l y  (Table  II) or i . v  (Table  III1 ; 
reserp ine  reduced  M J  se ro ton in  s tores  a b o u t  20% (Tables 
I I  a n d  l iD .  

Discussion. The  d a t a  p r e s e n t e d  conf i rm t h a t  PGE~ 
a p p a r e n t l y  ha s  no  m a j o r  re leas ing  ac t ion  on  gas t ro-  
i n t e s t i n a l  sero tonin .  K o ~  7 ha s  i nd i ca t ed  t h a t  P C P A  
reduces  convers ion  of t r y p t o p h a n  to  se ro ton in  b y  inh ib -  
i t ing  t he  a c t i v i t y  of t r y p t o p h a n  hydroxy lase ,  t he  r a t e  
l imi t ing  enzyme.  The  precise  m o d e  of ac t ion  of reserp ine  
is u n k n o w n ,  b u t  i t  p r o b a b l y  ac t s  m a i n l y  b y  b lock ing  
a m i n e  r e - u p t a k e  ~5. One m i g h t  expect ,  therefore ,  t h a t  
s e ro ton in  release,  for  e x a m p l e  b y  PG,  would  be  d e t e c t a b l e  
in  an ima l s  a d e q u a t e l y  p r e t r e a t e d  w i t h  e i t he r  P C P A  or 
reserpine.  Such  was no t  t h e  case, a n d  d a t a  o b t a i n e d  fol- 
lowing P G  a d m i n i s t r a t i o n  gave  s imi la r  resu l t s  w h e n  com- 
p a r e d  to  con t ro l  ra ts .  

G a s t r o i n t e s t i n a l  s e ro ton in  is m a i n l y  p r e s en t  in  en te ro-  
c h r o m a f f i n  cells ~6 and  en te rochromaf f in - l ike  cells ~7 w i t h  
smal l  q u a n t i t i e s  loca ted  in t he  m y e n t e r i c  p lexus  ~s. The  
cell of P G  or ig in  is n o t  k n o w n  b u t  p r o s t a g l a n d i n s  are  
l i b e r a t e d  f rom t h e  s t o m a c h  and  in t e s t ine  ~9-2~ a n d  r ecen t l y  
t h e y  h a v e  been  i so la ted  f r o m  a m i n e - p e p t i d e  secre t ing  
t u m o u r s  of t h e  gu t  in  m a n  22. 

The  close s imi l a r i t y  b e t w e e n  t h e  ac t ions  of s e ro ton in  
a n d  p r o s t a g l a n d i n s  m a y  t h u s  r e l a t e  e i the r  to  t h e  l ibera-  
t i on  of u n d e t e c t a b l e  q u a n t i t i e s  of s e ro ton in  b y  p ros ta -  
g land ins ;  t h e  release of some t h i r d  subs tance ,  for examp le  
a po lypep t ide ,  or t he  release or  a c t i v a t i o n  of p ros t ag l an -  
d ins  b y  serotonin .  Th i s  l a t t e r  seems m o s t  l ike ly  since 
P G  h a v e  b e e n  shown  to  in te r fe re  w i t h  t he  f o r m a t i o n  
of cyclic A M P  23-~5 a n d  b e  i n t e r m e d i a t e s  in  t h e  ac t ion  of 
h o r m o n e s  in a v a r i e t y  of t i ssues  26, ~7. 

Zusammen/assung. Bei  R a t t e n  wurde  die G e s a m t m e n g e  
yon  Se ro ton in  in der  F u n d u s -  u n d  A t r i u m s c h l e i m h a u t  
sowie im m i t t l e r e n  J e j u n u m  b e s t i m m t .  P r o s t a g l a n d i n  E 1 
(200/~g/kg, s.c. oder  i.v.) r eduz ie r t e  den  Sero toninspiege l  
weder  in  den  Kon t ro l l t i e r en  noch  in  m i t  p -Chlo ropheny l -  
a t a n i n  (150 oder  300 mg/kg)  oder  m i t  Rese rp in  (5 mg/kg)  
v o r b e h a n d e l t e n  Tieren.  
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In trarena l  Circu la t ion  in M e r c u r i c  C h l o r i d e - I n d u c e d  Rena l  Fa i lure  

I n t r a v e n o u s  or oral  a d m i n i s t r a t i o n  of su i t ab le  mercur ic  
chlor ide  doses b r ings  a b o u t  d e a t h  due  to  acu te  a n u r i a  
a n d  consecu t ive  u raemia .  Because  of t he  o l igo-anur ia  
t he  var ious  p a r a m e t e r s  of r ena l  f unc t i on  such  as r ena l  
b lood flow (RBF)  etc. c a n n o t  be  d e t e r m i n e d  b y  t he  
usua l  c learance  t echn ique .  B y  a p p l y i n g  some d i rec t  
m e t h o d  R B F  was  found  to  be  on ly  s l igh t ly  d imin ished ,  
in  m o d e r a t e  cases even  rena l  h y p e r a e m i a  could be  
observed (EPPINGER et al. I, CONN et al. 2, B2~LINT3). 
SAPIRSTEIN'S method 4 of SqRb fractionation (as modified 
by H•RSlNe and PELLEY 5) is suitable for the investiga- 
tion of the intrarenal distribution of blood flow. In this 
study we aimed at the evaluation of total renal blood 
flow (RBFtotal) by measuring directly the renal venous 
ef f luen t  a n d  a t  t h e  a s se s smen t  of i ts  i n t r a r e n a l  d i s t r ibu-  
t i on  b y  a p p l y i n g  SAPIRSTa~IN'S m e t h o d  in mercu r i c  
ch lo r ide - induced  rena l  fai lure.  

The  f u r t h e r  a im  of th i s  s t u d y  was  to  c lar i fy  t he  pos-  
sible ex is tence  a n d  role of r ena l  va scu l a r  s h u n t s  in  subl i -  
m a t e  in tox ica t ion .  Accord ing  to  t he  SAelRSTEIN pr inc ip le  
(based on  f r ac t iona l  d i s t r i b u t i o n  of SSRb) on ly  t he  b lood 
f lowing t h r o u g h  capi l lar ies  (so-called n u t r i e n t  f low: 
RBFnut r  ) is to  be  de t e rmined .  I f  t he  differences  b e t w e e n  
s imu l t aneous ly  d e t e r m i n e d  t o t a l  a n d  n u t r i e n t  flow va lues  

1 H. ]~PPINGER, D. LXSZL6, H. REIN and A. SCHURMEYER, Klin. 
Wsehr. 9, 633 (1930). 

8 H. L. CONN, L. WILDS and J. HELWlG, J. clin. Invest. 33, 732 
(1954). 
P. Bs Aeta med. hung. 25, 287 (1968). 

4 L.A. SAPIRSTEIN, Am. J. Physiol. J93, 161 (1958). 
5 L. H~.RSlNG and K. PELLEY, Pfltigers Arch. ges. Physiol. 285, 

302 (1965). 



EXPERIENTIA 25/7 Specialia 723 

were s ignif icant ,  we should  be  forced to  t he  conclus ion 
t h a t  p a r t  of t h e  b lood is f lowing t h r o u g h  bypasses  
avo id ing  t he  p e r i t u b u l a r  capi l lar ies  (RBFnon-nutr). 

Our  o b s e r v a t i o n s  were  m a d e  on  mongre l  dogs of e i the r  
sex. 2 m g / k g  of mercur i c  chlor ide  dissolved in 20 ml  
sa l ine  were  a d m i n i s t e r e d  i.v. T h e  acu t e  e x p e r i m e n t  was  
m a d e  on  t he  t h i r d  d a y  fol lowing t h e  in jec t ion .  De ta i l s  
of t he  surgical  a n d  e x p e r i m e n t a l  t e chn iques  are  p u b l i s h e d  
elsewhereK The  m a i n  po in t s  are  as follows. 

The  lef t  k i d n e y  was a p p r o a c h e d  b y  l a p a r a t o m y  a n d  
t he  lef t  r ena l  ve in  was connec t ed  b y  m e a n s  of a p las t ic  
c a t h e t e r  to  t he  e x t e r n a l  j ugu l a r  vein.  A T - ex t ens i on  of 
t he  t u b e  m a d e  t he  d i rec t  m e a s u r e m e n t  of t o t a l  R B F  
possible.  A su i t ab l e  dose of S~Rb was r ap id ly  in jec ted  i.v. 
Card iac  o u t p u t  a n d  n u t r i e n t  b lood  f low of t he  whole  
k i d n e y  (RBFnutr)  a n d  of t h e  co r t ex  (RBFcort), ou t e r  
medu l l a  (RBFo.m.) a n d  i n n e r  medu l l a  (RBFi.m.)  were 
assessed b y  cons ider ing  t h e  SSRb ac t iv i t i es  of t he  b lood  
a n d  k i d n e y  t issue,  respect ive ly .  N u t r i e n t  f low va lues  are  
ca lcu la ted  for  100 g of t he  respec t ive  t issues.  T he  n u t r i e n t  
flows for  100 g k i d n e y  are ca lcu la ted  u n d e r  t he  a s sump-  
t ion  t h a t  cor tex,  ou te r  m edu l l a  a n d  inne r  m edu l l a  weigh 
70 g, 20 g a n d  10 g, respect ively ,  in  100 g k idney .  Our  
f ind ings  t h a t  t~BFcort + RBFo.m. + RBFi.ra" 
RBFnut r  p r o v e  t h a t  our  a s s u m p t i o n s  conce rn ing  t h e  
re la t ive  we igh t  of t he  va r ious  zones are  essent ia l ly  cor- 
rect .  The  di f ference RBFto ta l -RBFnut r  is called non-  
n u t r i e n t  flow a n d  is supposed  to  b y p a s s  t h e  p e r i t u b u l a r  
capil laries.  

i.e. t h e  f r ac t ion  b y p a s s i n g  t h e  capil lar ies .  N u t r i e n t  flows 
t h r o u g h  t he  va r ious  p a r t s  of t h e  k i d n e y  are iden t i ca l  
in  t h e  con t ro l  and  m o d e r a t e  series. 

I n  t he  severe  g roup  RBFtota  1 ave rages  t h e  same  va lue  
as in  t h e  con t ro l  se t  of expe r imen t s .  N u t r i e n t  flow, how- 
ever,  d rops  to  v e r y  low values,  i.e. a b o u t  2/~ of t he  t o t a l  
b lood  flow b y p a s s  t he  capil laries.  The  decrease  of n u t r i e n t  
flows in the  va r ious  k i d n e y  zones is nea r ly  p ropor t iona l .  

I t  is a s sumed  t h a t  t he  mic roc i r cu l a t ion  of t h e  k i d n e y  
includes  a n  a r t e r iovenous  cap i l l a ry  t h e  p r o x i m a l  con-  
t r ac t i l e  po r t i on  of wh ich  is cal led meta r te r io le .  The  t r ue  
capi l lar ies  wh ich  p rov ide  t he  t u b u l a r  cells w i t h  b lood  
b r a n c h  off t he  me ta r t e r io l e s ;  t h e  t e r m  p recap i l l a ry  
s p h i n c t e r  des igna tes  t he  m u s c u l a r  i n v e s t m e n t  a t  t h e  
or ig in  of t h e  ou t f lowing  b ranches .  T h e  n u m b e r  a n d  
p a t e n c y  of t h e  t r u e  capi l lar ies  is r egu l a t ed  b y  t he  t one  
of t h e  p recap i l l a ry  sph inc te r s  as descr ibed  b y  ZWEIFACH 7. 
I n  t he  n o r m a l  k idney,  t he  a r t e r i o v e n o u s  capi l lar ies  are  
c o n t r a c t e d  a n d  t h e  p recap i l l a ry  sph inc t e r s  are re laxed .  

Af te r  mercur i c  chlor ide  a d m i n i s t r a t i o n ,  m u s c u l a r  ele- 
m e n t s  of t he  a r t e r iovenous  capi l lar ies  re lax  ( toxic effect  ?) 
a n d  n o n - n u t r i e n t  f low increases.  I n  m o d e r a t e  cases t h e  
p recap i l l a ry  sph inc t e r  t one  r e m a i n s  u n a l t e r e d  a n d  t h e  
t r ue  cap i l l a r i e s  are n o r m a l l y  perfused.  I n  severe  cases 
a s ign i f ican t  n u m b e r  of t r u e  capi l lar ies  is b y p a s s e d  a n d  
pos tg lomeru l a r  c i rcu la t ion  is m a i n t a i n e d  chief ly  t h r o u g h  
t h e  a r t e r i ovenous  capil lar ies .  I t  shou ld  be  s t ressed  t h a t ,  
in  lack of d i rec t  morpho log ica l  evidence,  our  v iew con- 
ce rn ing  rena l  vascu la r  s t r u c t u r e  is en t i r e ly  h y p o t h e t i c a l .  

Intrarenal distribution of Mood flow ~-t-  s;  

Control conditions 
ml/min ml/min 
per 100 g kidney per 100 ml 
n = 12 RBFtota 1 

Moderate failure Severe failure 
ml/min inl/min ml/min ml/min 
per 100 g kidney per 100 ml per 100 g kidney per 100 ml 
n - 9 RBFtota t n = 9 RBFtota 1 

Arterial pressure mmHg 133 4- 4 
RBFtotal 421 4- 37 100.0 
RBFnutr dO0 4- 34 95.0 
RBFcort 338 4- 29 80.3 
RBFo.m. 56 4- 8 13.3 
RBFI.m. 8 i 1 1.9 
RBFnon-nutr 21 4- 18 5.0 

423 100.5 

122 4- 6 - 119•  5 
736 4- 75 100.0 447 ! 58 t00.0 
469 4- 54 63.7 153 -v 21 34.2 
406 • 47 55.2 125 4- 19 27.9 

56 4- 4 7.6 214- 4 4.7 
11 4- i 1.5 6 4- 1 1.3 

264 4- 53 35.8 289 4- 66 64.6 
737 100.1 441 98.5 

T h e  i n t r a r e n a l  d i s t r i b u t i o n  of b lood  f low in con t ro l  
cond i t ions  is s h o w n  in  t he  lef t  co lumns  of t h e  Table .  The  
di f ference b e t w e e n  RBFtota I a n d  RBFnutr is not 
s ignif icant ,  i.e. p rac t i ca l ly  t he  whole  b lood  of t h e  n o r m a l  
k i d n e y  flows t h r o u g h  t h e  capil lar ies .  

I t  was  found  in p rev ious  e x p e r i m e n t s  (B/~LINT a) on  
dogs in mercu r i c  ch lo r ide - induced  r ena l  fa i lure  t h a t ,  if 
on  t h e  t h i r d  d a y  a f t e r  t h e  s u b l i m a t e  a d m i n i s t r a t i o n ,  N P N  
exceeds a b o u t  1 5 0 m g / 1 0 0 m l  t h e  an i m a l s  die w i t h  
u r a e m i a ;  if, on  t h e  o t h e r  h a n d ,  N P N  r e m a i n s  be low 
a b o u t  150 mg/100  ml  t h e y  usua l ly  surv ive .  T h u s  our  
e x p e r i m e n t s  were  d iv ided  in to  m o d e r a t e  (NPN below 
150 mg/100  ml) a n d  severe ( N P N  over  150 rag/100 ml) 
groups.  

As s h o w n  in  t h e  Table ,  RBFtot~ 1 of t he  m o d e r a t e  
g roup  h i g h l y  exceeds  t h a t  of t h e  con t ro l  series. N u t r i e n t  
flows, however ,  do n o t  differ  s igni f icant ly ,  t h u s  ' hyper -  
a e m i a '  is en t i r e ly  due  to a n  increase  of RBFnon-nutr, 

Zusammen]assung .  D u r c h  s i m u l t a n e  E r m i t t l u n g  de r  
t o t a l e n  und  der  n u t r i t i v e n  N i e r e n d u r c h b l u t u n g  wurde  
festgestel l t ,  dass  1. in  der  n o r m a l e n  H u n d e n i e r e  die 
gesamte  D u r c h b l u t u n g  d u r c h  die Kap i l l a r en  s t r 6 m t ;  
2. 3 Tage n a c h  i.v. V e r a b r e i c h u n g  yon  2 m g / k g  S u b l i m a t  
e twa  1/3-2/3 der  t o t a l e n  D u r c h b l u t u n g  d u r c h  ar te r io-  
ven6se  A n a s t o m o s e n  gelei te t  we rden  u n d  3. die kap i l l a re  
D u r c h b l u t u n g  umso  m e h r  a b n i m m t ,  je schwerer  die 
S y m p t o m e  der  S u b l i m a t v e r g i f t u n g  sind. 

P. B2~LINT, AGNES FEKETE a n d  T. HARZA 

Physiologisches Inst i tut ,  Mediz in ische  Universitiit, 
Budapes t  (Hungary) ,  6 March  7969. 

6 p. B•LINT, A. FEKETE and T. HARZA, Acta physiol, hung., in press. 
7 B. W. ZWEIFACH, Am. J. Med. 23, 684 (1957). 


