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un i fo r m  ca lc ium a n d  p h o s p h o r u s  emissions)  and  ' hypo-  
m i n e r a l i z a t i o n '  (a def ic iency of ca lc ium a n d  p h o s p h o r u s  
emissions)  were noted .  I n  a l m o s t  al l  cases ,  t he  lead was 
depos i t ed  e i the r  in  or a t  t h e  p e r i p h e r y  of t he  ' h y p o m i -  
ne ra l i zed '  zones. The  same p a t t e r n  of depos i t ion  was also 
n o t e d  in t h e  roo t  den t ine ,  especial ly  in  areas  a d j a c e n t  t o  
t he  pulp.  This  loca l iza t ion  effect  was  found  in t e e t h  of 
a s y m p t o m a t i c  ch i ld ren  a n d  in those  d iagnosed  as h a v i n g  
suffered f rom lead poisoning.  No lead was de t ec t ed  in 
surface  enamel .  Th i s  was  a su rp r i s ing  f ind ing  in v iew of 
t h e  r e p o r t  of BRUDEVOLD et  al. 3 t h a t  a v e r y  h i g h  pe rcen t -  
age of lead occured in t he  m o s t  superf ic ia l  layers  of t h i s  
t issue.  

Fn Dent Fn Dent 

X-ray scanning images for phosphorus (left) and lead (right). The 
region shown in this figure (200 tim • 200 tim) is close to the 
cemento-enamel junction. Areas of dense lead localization (Pb) can 
be seen to approximate to 'hypomineralised' zones (H) of the phos- 
phorus scan. The ealicum S-ray scan (not shown here) was identical 
to the phosphorus image, 

T h e  presence  of a cons iderab le  q u a n t i t y  of lead in t h e  
b o d y  of t h e  d e n t i n e  a n d  in t h e  e n a m e l  suggests  t h a t  lead 
is i n c o r p o r a t e d  in to  t h e  t o o t h  s t r u c t u r e  d u r i n g  m a t r i x  
f o r m a t i o n  a n d  minera l i za t ion .  F u r t h e r m o r e ,  t h e  appea r -  
ance  of lead in roo t  d en t i n e  ind ica t e s  t h a t  i t  is also t a k e n  
up  b y  t h e  t o o t h  d u r i n g  roo t  f o r m a t i o n  a n d  t h e  depos i t ion  
of s econda ry  den t ine .  Thus ,  chemica l  ana lys i s  of the  
t i ssues  fo rmed  before  an d  a f t e r  t o o t h  e rup t i on  could 
be  used  to  p rov ide  a h i s t o ry  of lead inges t ion  du r ing  
d i f fe ren t  phases  of t h e  life cycle of t h e  t o o t h  4. 

Rdsumd. Douze d e n t s  de  la i r  d'enfants ci tadins ,  dont 
d e u x  a y a n t  une  i n t o x i c a t i o n  s a t u r n i n e  reconnue ,  o n t  
6t6 examin6e  s p a r  u n  m i c r o a n a l y s e u r  g sonde  61ectronique. 
On a r e t rouv6  du  p l o m b  dans  rou tes  les dents ,  a v a n t  t o u t  

la  p6rif6rie des zones hypomin~ra l i s6es ;  ma i s  pas  ~ la 
surface  de l '6mail .  Les r6su l ta t s  sugg~ren t  que  le p l o m b  
est  incorpor6  dans  la d e n t  p e n d a n t  la f o r m a t i o n  de la 
m a t r i c e  e t  sa min6ra l i sa t ion ,  a ins i  que  d u r a n t  la  forma-  
t i on  de la rac ine  e t  du  d6pot  de d e n t i n e  secondaire .  
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Relationship Between Hypothermia and someChlorpromazine  Induced Metabolic Changes i ouse 
! Brain 

~ J ' T h e  effects  of ch lo rp romaz ine  (CPZ) on  t he  r ap id  
conve r s ion  of glucose in to  a m i n o  acids a n d  i ts  re la t ion-  
ship  to  ch lo rp romaz ine  i nduced  h y p o t h e r m i a  h a v e  been  
inves t iga t ed .  

Methods. F e m a l e  SAS/ICI a lb ino  mice,  25-40 g, were 
g iven  0.9% saline,  5 ml /kg  or CPZ 20 m g / k g  i.p. 30 mi n  
a f t e r  th i s  t h e y  were g iven  5 /~Ci (U-14C)-D-Glucose i.p. 
T h e  an ima l s  were ki l led 30 m i n  a f t e rwards  a n d  t he  cere- 
b r a l  h e m i s p h e r e s  r ap id ly  f rozen in l iqu id  n i t rogen ,  homo-  
genized in 3 m l  of ice-cold 10% t r i ch lo race t i c  acid (TCA) 
a n d  t h e n  chemica l ly  f r a c t i o n a t e d  a n d  t he  r a d i o a c t i v i t y  
of t h e  f rac t ions  d e t e r m i n e d  b y  l iquid  sc in t i l l a t ion  count -  
ing 1. 

F o r  t h e  e s t i m a t i o n  of i n d i v i d u a l  a m i n o  acids b r a i n  
samples  were e x t r a c t e d  w i t h  a t o t a l  of 9 m l  80% e t h a n o l  
a n d  5 ml  dis t i l led  water .  Th i s  e x t r a c t  was  passed  t h r o u g h  
a Z e o - K a r b  225 res in  c o l u m n  in  t he  H +  fo rm to  s epa ra t e  
t he  a m i n o  acid c o n t a i n i n g  f rac t ion.  The  e lua te  was 
a n a l y z e d  b y  q u a n t i t a t i v e  p a p e r  c h r o m a t o g r a p h y  ~. The  
p e r c e n t a g e  recovery  of r a d i o a c t i v i t y  was  68.5 ~: 13.3% 
(N = 13) a n d  a m i n o  acid levels  were i n d i v i d u a l l y  correct-  
ed to  100%.  G l u t a m i n e  c o n c e n t r a t i o n  a n d  t he  c o m b i n e d  
c o n c e n t r a t i o n s  of g l u t a m i c  acid, F - a m i n o b u t y r i c  acid 
a n d  g l u t a t h i o n e  (GGG) were e s t i m a t e d  co lor imet r ica l ly  8. 

The  b o d y  t e m p e r a t u r e  was m e a s u r e d  b y  a rec ta l  the r -  
m i s t o r  probe,  Overal l ,  t h e  m e a n  rec ta l  t e m p e r a t u r e s  in  
wh ich  b o d y  t e m p e r a t u r e  was  m a i n t a i n e d  (by p lac ing  t h e  
mice  in a 38-40~  incuba to r )  were :  con t ro l  37.65~ 

(N = 20); CPZ 37.80~ (N = 19). F o r  an i ma l s  w i th  
u n c o n t r o l l e d  b o d y  t e m p e r a t u r e s  t he se  were:  con t ro l  
37.40~ (N = 26); CPZ 29.20~ (N = 24). 

T h e  resul t s  were e x a m i n e d  b y  / - tes t  or  an  ana lys i s  of 
v a r i a n c e  us ing  t h e  mu l t ip l e  c o m p a r i s o n  t e c h n i q u e  ~. 

Results. T h e  effect  of CPZ on t h e  u p t a k e  of r a d i o a c t i v i t y  
is s h o w n  in Tab le  I. There  is no  s ign i f ican t  change  in  t o t a l  
u p t a k e  of r a d i o a c t i v i t y  b u t  t h e  p e r c e n t a g e  inco rpo ra t ion  
of r a d i o a c t i v i t y  in to  t h e  TCA f r ac t ion  is m a r k e d l y  increas-  
ed b y  CPZ d u r i n g  h y p o t h e r m i a  a n d  is r educed  b u t  n o t  
abo l i shed  w h e n  b o d y  t e m p e r a t u r e  is m a i n t a i n e d .  The  
r e l a t i onsh ip  b e t w e e n  r a d i o a c t i v i t y  in  t h e  TCA f rac t ion  
a n d  t e m p e r a t u r e  of an i ma l s  t r e a t e d  w i t h  CPZ is shown 
i n  t h e  Figure.  W h e n  t h e  b o d y  t e m p e r a t u r e  was al lowed 
to fall, no  s ign i f ican t  change  in i n d i v i d u a l  a m i n o  acids 
was  p roduced  (Table  II) .  

T h e  p e r c e n t a g e  r a d i o a c t i v i t y  of t h e  a m i n o  acids of t he  
t o t a l  TCA f r ac t ion  was :  con t ro l  70 .9% (S.D.  = 16.1; 
N = 7); CPZ 67.9% (S.D.  = 11.1; N = 6); s ignif icance 
of d i f ference:  P > 0.05; t = 0.4. 

1 p. L. MASO~ and H. J. ROGERS, J. Pharm. Pharmac. 23, 299 (1971). 
M. K. GAITONDE, J. Neurochem. 8, 234 (1961). 

s j .  DOBRIN and M. MARTON, J. Neurochem. 77, 231 (1970). 
4 F. S. ACTON, Analysis ol Straight Line Data (Dover, New York 

1966). 
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Table I. The effect of CPZ on the uptake of radioactivity into mouse brain following administration of (U-taC)-D-glueose 

CPZ Control Difference 4-95% P 
confidence limits 

Total Uptake counts min -x mg - t  
Incorporation into TCA fraction (%) 

Total Uptake counts rain -1 mg - t  
Incorporation into TCA fraction (%) 

Hypothermic 

463 563 100 q- 193 N.S. 
97.12 94.09 3.024-0.98 <0.001 

Normothermic 

737 791 544-38 N.S. 
95.84 95.05 0.794-0.41 <0.05 

N.S. = non-significant at P 0.05. 

Table II. The effect of CPZ on the absolute levels of amino acids in 
brains from mice whose body temperature was not controlled 

Amino acid CPZ (N = 6) Control (N = 7) 
(~M g-Z wet weight 4- S.D.) 

GABA 3.14-0.8 2.94-0.7 
Alanine 1.24-0.3 1.14-0.6 
Glutamine 5.74-3.8 3.04-1.8 
Glycine and serine 2.94-0.8 2.74-0.5 
Glutamic acid 13.14-2.5 14.44-3.9 
Aspartic acid 2.94-1.1 3.24-1.0 

Table III. The effect of CPZ and body temperature on the concentra- 
tion of glutamine and the combined concentrations of glutamie acid, 
GABA and glutathione (GGG) expressed as [zM g-14-S.D. 

CPZ Control 

Hypothermlc 

Glutamine 8.24-2.5 5.8z 1.6 
GGG 24.64-1.8 27.84-4.5 

Normothermic 

Glutamine 8.14-2.8 12.9-4-4.6 
GGG 28.9+4.7 23.7• 
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Relationship between incorporation of isotope from (U-z4C)-n - 
Glucose into the TCA fraction of mouse brain and maintained rectal 
temperature in mice treated with CPZ 20 mg/kg i.p. 

T h e  effect  of CPZ a n d  b o d y  t e m p e r a t u r e  on  t he  concen-  
t r a t i o n  of g l u t a m i n e  a n d  t h e  c o m b i n e d  c o n c e n t r a t i o n s  of 
g l u t a m i c  acid, G A B A  a n d  g l u t a t h i o n e  (GGG) is s h o w n  in 
Tab le  I I I .  A n a l y s i s  of va r i a nc e  s u g g e s t s  t h a t  none  of t he  
d i f ferences  a p p a r e n t  on i n spec t ion  are  s ign i f i can t  a t  
P 0.05. 

Discuss ion.  W h e n  t h e  t e m p e r a t u r e  of CPZ t r e a t e d  
a n i m a l s  is a l lowed to  fall  t h e  f r ac t ion  of r a d i o a c t i v i t y  
i nc o rpo ra t e d  f r o m  glucose in to  t h e  TCA  f rac t ion  is ra ised  
a n d  th i s  effect  is decreased  by  m a i n t e n a n c e  of b o d y  
t e m p e r a t u r e .  T h e r e  was  no effect  in d rug  t r e a t e d  h y p o -  
t h e r m i c  a n i m a l s  on  the  i nc o rpo ra t i on  of glucose c a rbon  
in to  b r a in  a m i n o  acids.  Th i s  conf l ic ts  w i th  t h e  work  of 
BACHELARD a n d  LINDSAY 5 who  f o u n d  t h a t  CPZ lowered 
t he  re la t ive  specific a c t i v i t y  of a m i n o  a nd  keto  acids  in 
t he  b r a in s  of h y p o t h e r m i c  r a t s  a l t h o u g h  BACHELARD, 
GAITONDE a n d  VRBA 6 f o u n d  no c h a n g e  in t he  pe r c e n t a ge  
of t o t a l  14C in t h e  free a m i n o  acid f rac t ion  of b ra in  f r o m  
CPZ  t r e a t e d  n o r m o t h e r m i c  ra t s .  

T h e  p r e s e n t  w ork  shows  no s ign i f i can t  c ha nge s  in t he  
abso lu t e  levels  of some  se lected a m i n o  acids  a f te r  CPZ 
h y p o t h e r m i a .  A l t h o u g h  a n u m b e r  of c o n t r a d i c t o r y  r epo r t s  
conce rn ing  sma l l  effects  of CPZ on t h e  levels  of d i f fe ren t  
a m i n o  acids  ex i s t  t he re  is l i t t le  reason  to  revise t h e  
op in ion  of TALLAN 7 t h a t  CPZ h a s  b u t  s l igh t  effect  on t h e  
overal l  p a t t e r n  of b ra in  a m i n o  acids.  A CPZ induced  rise 
in b ra in  g l u t a m i n e  ha s  been  r epo r t ed  8 a l t h o u g h  BACHE- 
LARD a n d  LINDSAY 5 found  a decreased  14C incorpora t ion  
in to  th i s  c o m p o u n d .  H y p o t h e r m i a  a lone p roduces  increas-  
ed b ra in  g l u t a m i n e  levels  9. F u r t h e r m o r e ,  t he  inh ib i t i on  
of b r a in  g l u t a m i c  acid d e h y d r o g e n a s e  b y  low concen-  
t r a t i o n s  of CPZ  wou ld  f a v o u r  an  increase  of b ra in  g lu t a -  
m i n e  4~ T h e  r e su l t s  ind ica te  t h a t  CPZ increases  b r a in  
g l u t a m i n e  c o m p a r e d  to  t h e  n o r m o t h e r m i c  cont ro l  w h e t h e r  
b o d y  t e m p e r a t u r e  is n o r m a l  or reduced .  

The  CPZ inh ib i t i on  of cerebra l  p ro t e in  s y n t h e s i s  is 
t e m p e r a t u r e  d e p e n d e n t  z a n d  t he  p r e s e n t  work  shows  t h a t  

5 H. S. BACHELARD and J. R. LINDSAY, Biochem. Pharmac. 15, 1053 
(1966). 

6 H. S. BACHELARD, M. I~. GAITONDE and R. VRBA, Biochem. Pharma 
15, 1039 (1966). 

7 H. H. TALLAN ill Amino Acid Pools (Ed. J. T. HOLDEN; Elsevier, 
Amsterdam 1962), p. 465. 

8 R. S. DE ROPP and E. H. SNEDEKER, Proc. Soc. exp. Biol. Med. 106, 
696 (1961). 

9 j .  TURINSKY, B. MURKHERJI and H. SLOVITER, J. Neurochem. 18, 
233 (1971). 

10 L. A. FAHIEN and O. SHEMISA, Molec. Pharmac. 6, 156 (1970). 
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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 .  

H.J. ROGERS 13 
Department o~ Pharmacology, 
Guy's Hospital Medical School, 
London, S.E. 1 (England), 12 October 1971 

11 K. F. GEv, M. RUTISHAUSER andA. PLETSCHER, Biochem Pharmac. 
14, 507 (1965). 

12 M. RUTISHAUSER, Naunyn-Schmiedeberg's Arch. exp. Path. 
Pharmak. 245, 396 (1963). 

1~ Governors' Research Scholar, Guy's Hospital Medical School. 

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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