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t h e  increase  in 14C in t he  TCA f rac t ion  is no t  due  to  i ts  
i n c o r p o r a t i o n  in to  a m i n o  acids and  t h u s  m u c h  of th i s  
increased  r a d i o a c t i v i t y  m a y  occur  as glucose or g lycolyt ic  
me tabo l i t e s .  GEY, RUTISHAUSER a n d  PLETSCHER 11 h a v e  
descr ibed a r ise in  b r a i n  glucose in CPZ h y p o t h e r m i a  in 
rats ,  w h i c h  t h e y  a t t r i b u t e d  to  suppress ion  of glycolysis,  
b u t  p r e v e n t i o n  of h y p o t h e r m i a  d id  no t  abo l i sh  changes  
in c a r b o h y d r a t e  m e t a b o l i s m  p roduced  b y  CPZ 1~ 

Zusammen/assung. Es  wird  gezeigt,  dass  C h l o r p r o m a z i n  
ke ine  VerXnderung  der  K o n z e n t r a t i o n  yon  Aminos i tu ren  
erzeugt ,  wohl  abe r  die I n k o r p o r a t i o n  des I s o t o p e n  14C- 

Glukose  im s~turel6slichen Ante i l  des Miiusegehirns  t em-  
p e r a t u r a b h g n g i g  v e r m e h r t .  
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The Relat ionship of the Renal Vasodi lator  Action 
Like Subs tance  

Kin ins  h a v e  va r i ab l e  effects on  b lood vessels ;  viz., in 
v i t ro  cons t r i c t i on  usua l ly  occurs, whereas  in  v ivo  mos t  
vascu la r  e l emen t s  di late ,  M t h o u g h  v e n o c o n s t r i c t i o n  is t he  
rule  1. The  d iverse  va scu l a r  effects  of k in ins  are e v i d e n t  in  
t he  ac t ions  of b r a d y k i n i n  on  t he  fe ta l  c i rcula t ion .  B r a d y -  
k in in  cons t r i c t s  t h e  umbi l i ca l  vessels a n d  t h e  d u c t u s  ar- 
ter iosus,  a n d  d i la tes  t h e  p u l m o n a r y  v a s c u l a t u r e  w h i c h  ef- 
fects  h a v e  occas ioned t h e  p roposa l  t h a t  a k in in  med ia t e s  
n e o n a t a l  c i r cu l a to ry  changes  2. I f  some of t he  effects  of 
k in ins  on  b lood  vessels  can  be  shown  to  be  d e p e n d e n t  on  
release of a med ia to r ,  t h e n  t h e i r  d iverse  va scu l a r  ac t ions  
m a y  be  m a d e  comprehens ib le .  P o s t a g l a n d i n s  of t he  E 
(PGE)  a n d  A (PGA) series h a v e  been  sugges ted  to  be  local 
m e d i a t o r s  of s t imul i  evok ing  vasod i l a t i on  3. W e  u n d e r t o o k  
t he  p r e s e n t  s t u d y  in a n  a t t e m p t  to  re la te  t he  r ena l  vaso-  
d i l a to r  ac t ion  of b r a d y k i n i n  to t h e  release of p r o s t ag l an -  
dins.  The  r ena l  c i rcu la t ion  Was selected since r ena l  b lood  
f low ( R B F )  is h igh ly  sens i t ive  to  p r o s t a g l a n d i n s  a n d  ki- 
n ins  4,5 a n d  t h e  p r e d o m i n e n t  r ena l  p ro s t ag l and in ,  PGE2 ~, 7 
is re leased b y  v a s o a c t i v e  h o r m o n e s  s. 

Methods. Male mongre l  dogs (22-31 kg) were anes the -  
t ized  w i t h  m o r p h i n e  su l fa te  (2 mg/kg,  s. c.) a n d  chlora lose  
(100 mg/kg ,  i.v.). The  a b d o m i n a l  c a v i t y  was opened  b y  a 
t r a n s v e r s e  incis ion a n d  a r ena l  a r t e r y  isolated.  Two Hew-  
l e t t - P a c k a r d  d i rec t  wr i t e r s  recorded  : a) m e a n  aor t i c  b lood 
pressure  m e a s u r e d  b y  a S t a t h a m  t r a n s d u c e r ;  b) R B F  
m e a s u r e d  b y  a S t a t h a m  e lec t romagne t i c  f l owmete r  a n d  c) 
changes  in  l e n g t h  of a s say  organs  de t ec t ed  b y  H a r v a r d  iso- 
ton ic  t r ansduce r s .  W e  h a v e  r epo r t ed  t he  a d a p t a t i o n  of t h e  
b l o o d - b a t h e d  o rgan  t e c h n i q u e  of VANE 9 for con t inous  
assay  of p r o s t a g l a n d i n s  in  r ena l  venous  e f f luen t  TM (Fi- 
gure).  I n  brief,  3 assays  o rgans :  r a t  s t o m a c h  str ip,  r a t  co- 
lon a n d  ch ick  r ec tum,  were super fused  ( s t r eaming  of f luid 
over  a s say  organs)  in  series b y  rena l  venous  b lood  wi th-  
d r a w n  b y  a p u m p  a t  15 m l / m i n  and  returned to  t he  dog 
v ia  t h e  lef t  j ugu la r  vein .  T he  assay  organs  in v i t r o  were 
super fused  w i t h  Krebs  so lu t ion  in o rder  to  e s t i m a t e  con- 
c e n t r a t i o n s  of P G E -  a n d  PGF- l i ke  subs t ances  in  pur i f ied  
ex t r ac t s  of r ena l  v e n o u s  blood. R e n a l  v e n o u s  b lood  
(100 ml) was  col lected in e t h a n o l  before a n d  d u r i n g  infu- 
sion of b r a d y k i n i n  i n to  t h e  r ena l  a r te ry .  H e p a r i n  (!500 I U /  
kg) was  g iven  i.v. j u s t  p r io r  to  super fus ing  t h e  a s say  tis-  
sues. D e x t r a n  was infused  i.v. a t  t he  same r a t e  as r ena l  
v e n o u s  b lood  was  r emoved .  T he  e thano l i c -b lood  m i x t u r e  
was f i l tered,  e v a p o r a t e d  a n d  t h e  acidic l ipids  s e p a r a t e d  
f rom the  n e u t r a l  l ip ids  as p rev ious ly  descr ibed  n .  T he  aci- 
dic l ipids  were  f u r t h e r  pur i f ied  b y  t h i n - l a y e r  c h r o m a t o -  
g r a p h y  on  sil ica gel layers,  0.5 m m  th ick ,  us ing  t h e  so lven t  

of Bradykinin  to the Release  of a Prostaglandin  E- 

sys t em:  ch lo roform : m e t h a n o l  : acet ic  acid (18:1:1 b y  vol.). 
E lua t e s  f rom t h i n - l a y e r  c h r o m a t o g r a p h i c  zones  were re- 
c o n s t i t u t e d  in Krebs  so lu t ion  to  m a k e  a f ina l  d i lu t ion  of 
0.5 ml ;  0.1 ml  vo lumes  of t he  l a t t e r  were assayed  in v i t ro  
for p ros t ag land ins .  Since t he  m i n i m u m  a m o u n t  of P G E  2 
s t a n d a r d  wh ich  p r o d u c e d  a m e a s u r a b l e  response  of t he  
assay  o rgans  va r i ed  b e t w e e n  0.1 a n d  0.3 ng, the  t h r e sho ld  
of sens i t iv i ty  of th i s  a s say  s y s t e m  for PGE- l i ke  subs tances  
expressed as PGE2 equ iva l en t s  was  a lways  0.015 n g / m l  
b lood  or less. Thus ,  t he  sens i t i v i ty  of th i s  assay  for P G E  2 
is well  be low t h e  t h r e s h o l d  va lue  of P G E ,  of 0.1 ng /ml  
b lood  wh ich  increases  R B F  4. The  c o n c e n t r a t i o n  of P G E -  
a n d  PGF- l i ke  subs t ances  in  t he  e lua te  was d e t e r m i n e d  b y  
b r acke t  a s say  (Figure).  The  m e d i a n s  Of the  coefficients  of 
v a r i a t i o n  of t h e  a s say  s y s t e m  were  10.9 a n d  12.9% re- 
spec t ive ly  for dup l i ca t e  a n d  rep l ica te  d e t e r m i n a t i o n s  of t he  
c o n c e n t r a t i o n  of p r o s t a g l a n d i n s  in  t he  eluates .  Concen- 
t r a t i o n s  of p r o s t a g l a n d i n s  were no t  cor rec ted  for losses 
(average 38%) incu r red  on  e x t r a c t i o n  a n d  pur i f ica t ion .  

Results. B r a d y k i n i n ,  g iven  in to  t h e  r ena l  a r t e r y  b y  in- 
fusion (20 to 100 n g / k g / m i n )  or  s ingle sho t  40 ng/kg,  in- 
c reased R B F  b y  16 to  110% of con t ro l  (mean  increase  
58%).  Aor t ic  b lood  pressure  was u n c h a n g e d  f rom the  m e a n  
con t ro l  va lue  of 96 m m  Hg. I n  all  expe r imen t s ,  cont rac-  
t ion  of t he  assay  organs  b a t h e d  b y  rena l  venous  b lood  oc- 
cu r red  in response  to  c lose-ar te r ia l  a d m i n i s t r a t i o n  of bra-  
d y k i n i n  (Figure).  B r a d y k i n i n  p r e s u m a b l y  released a 
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Effect of bradykinin on renal blood flow, bIood pressure and concentrations of PGE- and PGF-like substances in renal venous blood 

Renal blood flow Mean aortic blood 
(ml/min) ~ pressure (mm Hg) 

Prostaglandin (ng/ml blood) 

E -like " F-like 
(E 2 equivalents) �9 (F#  equivalents) 

Control 282~40 96-t=7 0.274-0.11 0.274-0.16 

Bradykiui n 444 4- 61 944- 7 1.35 4- 0.24 0.45 4- 0.20 

Probability levels b < 0.01 NS c < 0.01 NS e 

Values are mean4- S.E.M. for 10 experiments in 10 dogs. Bradykinin was infused into the renal artery at 20-100 ng/kg/min (8 experiments) 
or was given by single shot, 40 ng/kg (2 experiments), b Statistical analyses were made, using the paired t-test,  for experimental (bradykinin 
versus control periods, o NS indicates no statistical significance. 

p ros t ag land in ( s ) ,  s ince P G E  2 s t a n d a r d ,  b u t  no t  b r a d y k i -  
nin,  i n fused  d i rec t ly  in to  t h e  ex t r aco rpo rea l  circuit ,  the re -  
b y  b y p a s s i n g  t h e  k idney ,  r ep roduced  t he  effects  of in t ra -  
a r te r ia l  a d m i n i s t r a t i o n  of b r a d y k i n i n  on t he  a s s a y  organs .  
The  effects  of b r a d y k i n i n  on R B F ,  b lood p re s su re  a n d  
c o n c e n t r a t i o n s  of P G E -  a n d  PGF- l i ke  s u b s t a n c e s  in rena l  

200 r rlean aor,]c 1 ~  
BP(mmH!]) 

SO0~ / ~ ~  lmin Renal.flow Dlooo 4~176 
(mr/rain) 0 L 

m ~RCN 

~- CR 

2#,~A 50 no/m,n 
PBEzlBB 

5ng O.lml long 
PG[ z PG[ TLC zone PG[ z 

Effects of bradykinin (BK) injected into the renal artery (IRA) on 
mean aortic blood pressure (BP), renal blood flow and assay organs 
superfused by venous blood of the same kidney in a chloralose-anes- 
thetized dog. PGE~ standard infused into the extraeorporeal circuit 
(IBB) matched the contractions of the assay organs produced by 
infusion of bradykinin IRA. The time of collection of renal venous 
blood is indicated by the black bar. PGE zones of chromatographed 
extracts of this blood produced contractions of the assay organs 
superfused by Krebs solution similar to PGE 2 standards (lowest 
panel: in vitro assay). Thus, the renal vasodilator action of brady- 
kinin occurred simultaneously with the appearance in renal venous 
blood of a substance having the properties of PGE 2. RSS, rat stomach 
strip; Re, rat colon; C R, chick rectum; TLC, thin-layer chromato- 
graphy. 

v e n o u s  blood d e t e r m i n e d  by  in v i t ro  a s s a y  are s h o w n  m 
t h e  Table .  B r a d y k i n i n  increased  t h e  c o n c e n t r a t i o n  of a 
PGE- l ike  s u b s t a n c e  in r ena l  v e n o u s  blood 5-fold: r ange  
0.25 to  2.17 ng /ml .  B r a d y k i n i n  p roduc e d  var iab le  a nd  in- 
s ign i f i can t  c ha nge s  in t he  c o n c e n t r a t i o n  of a PGF- l ike  
s u b s t a n c e  (Table). 

Discussion. The  va r i ab l e  ac t ion  of k in ins  on blood ves-  
sels 1 m a y  be t he  c onse que nc e  of d i rect  a n d  indi rec t  ac t ions ,  
t he  l a t t e r  d e t e r m i n e d  b y  t he  release of a p ro s t a g l a nd in .  
The re  is compel l ing  ev idence  t h a t  t he  ac t ion  of b r a d y k i n i n  
on effector  o rgans  d e p e n d s  pa r t i a l l y  on indi rec t  effects  
r e su l t i ng  f rom release of m e d i a t o r s  le. Th i s  p roposa l  h a s  
been  cons ide rab ly  S t r e ng the ne d  b y  t h e  recen t  d e m o n s t r a -  
t ion  t h a t  aspir in ,  w h ic h  b l u n t s  some  of t he  v a s c u l a r  ac- 
t i ons  of k in ins  13, i nh ib i t s  t h e  s y n t h e s i s  of p r o s t a g l a n d i n s  1~. 
T h e  p r e s e n t  s tudy ,  a l t h o u g h  sugges t i ve  of an  ind i rec t  ac- 
t i on  of b r a d y k i n i n  on R B F ,  c a n n o t  exc lude  a c o m p l e m e n -  
t a r y  or even  a n t a g o n i s t i c  d i rec t  effect  of b r a d y k i n i n .  F ina l  
iden t i f i ca t ion  of P G E  2 as  t he  m e d i a t o r  of t he  b r a d y k i n i n -  
i nduc e d  rena l  va sod i l a t i on  awai t s  def in i t ive  chemica l  veri-  
f i ca t ion  w h ic h  was  p rec luded  in the  p r e se n t  s t u d y  b y  the  
e x t r e m e l y  sma l l  c o n c e n t r a t i o n  of a PGE- l ike  s u b s t a n c e  
in rena l  v e n o u s  blood.  However ,  severa l  obse rva t i ons  sug-  
ges t  t h a t  t h i s  m a t e r i a l  is PGE~; viz., a) PGEz is t he  pre-  
d o m i n a n t  rena l  p r o s t a g l a n d i n m  7; b) t h e  s u b s t a n c e  t e n t a -  
t i ve ly  ident i f ied  as P G E  2 in rena l  e f f luen t  ha s  been  cha-  
rac te r ized  by  a r g e n t o u s  t h i n - l a y e r  c h r o m a t o g r a p h y  as  the  
more  u n s a t u r a t e d  p r o s t a g l a n d i n  of t he  E series1~ PGE2 ; 
a n d  c) P G E  2 w h e n  in fused  i n t r a - a r t e r i a l l y  a t  a r a t e  w h ic h  
p r o d u c e d  c o n c e n t r a t i o n s  in rena l  b lood c o m p a r a b l e  to  
t hose  of a PGE- l ike  s u b s t a n c e  evoked  b y  b r a d y k i n i n ,  in- 
creased R B F  s imi la r ly  to t he  kin~n ~. T h e  select ive release 
b y  b r a d y k i n i n  of P G E  2, a vasod i l a to r ,  a nd  i ts  fa i lure  to 
release PGF~e  which  cons t r i c t s  s o m e  va sc u l a r  e l e m e n t s  1~ 
p rov ide  add i t i ona l  ev idence  a lbei t  inferent ia l ,  t h a t  t he  re- 
lease of P G E  2 b y  b r a d y k i n i n  is s u b s t a n t i v e  to  i ts  vasod i -  
la tor  act ion.  W e  c a n n o t  c o m m e n t  on t h e  p a r t i c i p a t i o n  of 
t he  th i rd  rena l  p r o s t a g l a n d i n ,  PGA2, in t he  rena l  vasodi la -  
t o t  ac t ion  of b r a d y k i n i n ,  s ince P G A  2 h a v i n g  negligible 
s m o o t h  musc l e  s t i m u l a t i n g  a c t i v i t y  c a n n o t  be m e a s u r e d  
b y  t he  a s s a y  m e t h o d .  However ,  PGA~ ha s  only  1/6 t h e  re- 
na l  va sod i l a to r  p o t e n c y  of PGE~ a nd  m a y  be la rge ly  ar t i -  
f ac tua l  8. Some of t h e  ob jec t ions  to  a s s ign ing  phys io log ica l  
or  pa tho log ica l  roles to  k in ins  ~ s u c h  as f unc t i ona l  vaso-  

12 H. O. J. COLLIER, Proc. R. Soc. Med. 64, 1 (1971). 
18 j .  R. VANE, Nature, Lond. 231,232 (1971). 
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di ta t ion  16 Or carcinoid f lush 17, respect ively ,  m a y  be ans- 
wered if the  ac t iv i ty  of kinins on blood vessels depends  on 
release of a mediator(s)  hav ing  s imilar  or even an tagonis t ic  
act ions  to  kinins is. 

Zusammen/assung. Nachweis ,  dass /3radykinin den re- 
na len  131utstrom um 58% der Kon t ro l lwer t e  (282 -4- 40 ml/  
min) e rh6ht  und  gleichzeit ig im ven6sen  Nierenblu t  die 
K o n z e n t r a t i o n  einer  Substanz ,  welche die phys icochemi-  
schen und  biologischen E igenscha i t en  eines Pros taglan-  

dins der  E-Ser ie  besi tzt ,  s teigert ,  wobei  die K o n z e n t r a t i o n  
einer PGF- / ihn l ichen  Subs tanz  u n v e r g n d e r t  blieb. 
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Effect of 5 - H y d r o x y d o p a m i n e  o n  Uptake  and Content of Serotonin in Rat Str ia tum 

The syn the t i c  p h e n y l e t h y l a m i n e  der iva t ive  5-OH-dop-  
amine  is able to act  as a false t r ansmi t t e r ,  i.e. i t  can  re- 
place norep inephr ine  in t h e  s torage vesicles 1, 3 and  is re- 
leased f rom s y m p a t h e t i c  nerves  1. Tile advan t age  of 5-OH- 
dopamine  in an imal  expe r imen t s  is its in tense  osmiophil ic  
p r o p e r t y ,  so t h a t  the  r ep l acemen t  of no rep inephr ine  can 
be observed  wi th  t he  help  o! the  e lec t ron microscope.  Like 
L-dopa, the  analogue 5-OH-dopa  is also deca rboxy la t ed  to 
the  respect ive  amine,  i.e. 5 -OH-dopamine .  I t  is known 
t h a t  t r e a t m e n t  of several  species w i t h  L-dopa causes a 
decrease in the  sero tonin  (5-HT) c o n t e n t  of b ra in  3-s, 
which  m i g h t  be due to enhanced  release 8, 7 and  m e t a -  
bol i sm 8 of 5-HT. Therefore,  i t  w a s  of in te res t  to  know 
whe the r  5-OH-dopa  ac ted  s imilar ly  to  L-dopa. The sero- 
t on in  con t en t  of the  s t r i a t um was measured  in ra t s  af ter  
t r e a t m e n t  wi th  5-OH-dopa.  Fur the r ,  the  inf luence of 
5 -OH-dopamine  on the  up take  Of t r i t i a t ed  serotonin  by  
s t r ia ta l  t issue slices of ra t s  was s tudied  in vitro.  

Materials and methods. 1. In  t he  in vivo expe r imen t s  
(male Sprague-Dawley  rats,  120-150 g) 5 -OH-dopa  was 
in jec ted  twice  in a dose of 400 mg/kg  i.p. 15 and  4 h before 
decap i ta t ion .  The serotonin  con t en t  of r a t  s t r i a t um was 
d e t e r m i n e d  according to  t he  m e t h o d  of SNYDER et  al. s. 

2: In  vi tro,  s t r ia ta l  t issue slices of rats ,  p repa red  ac- 
cording to  MCILwAIN et al. 9, were i ncuba t ed  at  37 ~ in a 
glucose Ringer ' s  solut ion wi th  add i t ion  of 0.2 m g / m l  as- 
corbic  acid  and  under  cons t an t  gas supp ly  (95% O 2, 5% 
CO,). Af te r  10 min  of p re - incuba t ion  ~H-serotonin (spec. 
ac t iv i ty  8.5 C/mM, Radiochemica l  Center,  Amersham)  
was  added  to  t he  incuba t ion  m e d i u m  to ob ta in  a f inal  

concen t ra t ion  of 5.9 • 10-TM, Af te r  30 min of incuba t ion  
the  slices were r insed  in f resh buffer  and  b lo t t ed  wi th  fi l ter  
paper .  The slices were weighed ahd solubilized in 0.5 ml  So- 
luene TM100 (Packard  Ins t r .  Co. Inc.).  Rad ioac t i v i t y  of 
each t issue slice was coun ted  in a l iquid scint i l la t ion spec- 
t r o m e t e r  (LS-200B, Beckman) .  The up take  of 3H-5-HT 
was de t e rmined  by  calculat ing the  t issue to m e d i u m  rat io  
of the  isotope a f te r  correct ion by  the  ex te rna l  s t an d a rd  ra- 
t io  me thod .  5 -OH-dopamine  was added  af ter  the  preincu-  
ba t ion  per iod  in concen t ra t ions  of 0.001-1.0 mg/ml .  

3. For  e lec t ron microscope prepara t ion ,  the  incuba ted  
t issue slices (see above) were r ap id ly  f ixed in glutaraldel-  
h y d e  f ixa t ive  w i th  p h o s p h a t e  buffer  (pH 7.4) for I h. They  
were t h e n  washed  in p h o s p h a t e  buffer  and pos t - f ixed  in 
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Uptake of 3H-serotonin (5.9 • 10-TM) by striatal tissue slices of rats in vitro under the influence of 5-OH-dopamine 

5-OH-dopamine (~xg/ml) 

Control 1000 500 10 1 

Uptake ratio ~4-S.E.M. 11.85-4-0.87 3.75:t:0.15 4.064-0.26 6.864-0,47 9.374-0.37 
No. of experiments 15 10 13 12 8 
%of  control 100 32 34 58 79 
P <0.001 <0.001 <0.001 <0.02 

For details, see methods, p was calculated according to the Student's t-test. 


