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and 250 ttl a l iquots  of these  suspensions were p ipe t t ed  
into centr i fuge tubes.  Then,  250 ~1 of physiological  me- 
d ium were added  and the  samples  were mixed  and  al- 
lowed to s t and  for 10 min  a t  0~ Last ly,  0.5 ml of a 
rad ioac t ive  solut ion which  p rov ided  final concen t ra t ions  
of 2.1 •  -7 M of U-14C-L-glutamate (New Eng land  
Nuclear  Corp.;  234 mCi/mmole)  and 2,3-aH-L-aspartate  
(New Eng land  Nuclear  Corp.;  26 Ci/mmole) were added,  
and the  samples  were mixed  and  allowed to  s t and  a t  
0~ for 15 rain before final cent r i fugat ion  a t  17,000 • 
30 min. Pel le t  and s u p e r n a t a n t  f ract ions  were p repa red  
for de t e rmina t i on  of radioactivity~~ The use of 
0.5 •  -6 M ~4C-sucrose (New Eng land  Nuclear  Corp.;  
505 mCi/mmole) in the  media  in ident ical  expe r imen t s  

'Binding' of glutanlate and aspartate to synaptosomal fractions of 
6 regions of the feline brain 

Brain region nmole/g P2 in non-sucrose space 

14C-glutamate aH-aspartate 

Cerebellar cortex 10.7 • 0.5 b 7.1 ~z 0.4 
Cerebral cortex 3.2 ~ 0.1 3.2 • 0.2 
Pons 2.7 ~ 0.05 b 1.9 ~_ 0.04 
Medulla oblongata 2.9 ~ 0.06 ~ 2.0 ~- 0.05 
Caudate nucleus 3.9 =c 0.l �9 3.3 ~ 0.15 
Corona radiata 1.6 ~_ 0.1 �9 1.2 • 0.1 

Final coiicentrations of l~C-glutalnate and 3H-asparate in the medium 
were 2.1 • 10 -~ M (see Methods); radioactivity was determined by a 
double-isotope method m. Means • SEM; 17 or 18 tissue sampIes 
in all cases; ~ and b indicate, respectively, p < 0.01 and p < 0.001, 
when these values are compared with corresponding values for ~H- 
aspartate; all values for the 'binding' of l~C-glutamate and aH- 
aspartate to particles of cerebellar cortex were significantly greater 
(p < 0.001) than those for all other regions (Student's t-test; two 
tailed). 

pe rmi t t ed  correct ion for t he  amo u n t s  of aH and 14C en- 
t r ap p ed  in s u p e r n a t a n t  fluid of the  pellets.  All da ta  were 
corrected for the  amo u n t s  of amino acids p resen t  as oc- 
cluded s u p e r n a t a n t  fluid of the  pellets  1~ 

Results  and discussion. Resul ts  shown in the  Table in- 
d ica ted  t h a t  b o t h  amino acids were bound  to  a consider-  
able e x t e n t  to par t ic les  p repared  f rom all regions of the  
brain  t h a t  were s tudied,  and  t h a t  p ronounced  regional  
differences exis ted in th is  'b inding ' .  The order  of p o t e n c y  
of 'b inding '  of g lu t ama te  and  a spa r t a t e  to the  par t ic les  
was; cerebellar  cor tex  >> cauda te  nucleus _>_ cerebral  
cor tex  > medul la  ob longa ta  ~ ports > corona radia ta .  
G lu tamate  was bound  to  a grea ter  ex t en t  t h a n  a spa r t a t e  
to par t ic les  of all regions s tudied,  excep t  for cerebral  
cortex.  This s t u d y  has revealed t h a t  s ignif icant  differ- 
ences exis t  in the  'b ind ing '  of g lu tamate  and  aspa r t a t e  
to synap tosome-enr i ched  fract ions of some cerebral  
s t ructures .  These differences,  like those  observed in 
studies of t he  'b inding '  of GABA and glycine to synap to -  
somal f rac t ions  of cerebral  cor tex and spinal cord 9,10, 
canno t  be expla ined s imply  by  differences which exis t  in 
the  endogenous  t issue con ten t s  of these  amino acids, and 
consequent ly ,  t h e y  could be re la ted  to the  physiological  
act ions of these  amino acids, e.g., to  mechan i sms  of 
t r ansmi t t e r - i nac t i va t i on  ( ' re-uptake ' )  and /or  receptor-  
in teract ion.  I t  is n o t e w o r t h y  *.hat the  results  p resen ted  
herein revealed regional  differences t h a t  could no t  be 
shown clearly by  kinet ic  s tudies  of the  up take  processes 
for these amino acids, e.g., 5,6. Such differences migh t  
even become more p ronounced  if b inding  s tudies  are 
carried out  in the  absence of Na + (see ref. i~). 
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Summary .  Cont inued PG synthes is  in the  early stages of essent ial  hype r t ens ion  m i g h t  reflect  an ac t iva t ion  of the  renal  
an t ihype r t ens ive  funct ion  in respect  to  neurogenic  and/or  ho rmona l  press ion stimuli,  subsequen t ly  a deficiency of 
renal  PG synthes i s  re la ted  to  i rreversible changes  wi th  t he  k idney  would  lead to  the  p repoderance  of a pressure  me- 
chanism,  resul t ing  to  a fu r ther  increase of blood pressure.  

The ident i f ica t ion  of the  p o t e n t  an t ihype r t ens ive  
p ros tag land ins  (PGs) in the  renal  medul la  2, a has  p rov ided  
fu r the r  suppor t  for the  concep t  t h a t  s ta tes  of an imal  and  
h u m a n  h y p e r t e n s i o n  m a y  resul t  f rom a def iciency of 
renal  depressor  systems4.  Since na tu ra l  PGs occurr ing in 
t he  urine have  been  t h o u g h t  to  ref lect  renal  PGs syn the -  
sis 5, the  de tec t ion  of u r inary  PGs in pa t i en t s  wi th  ar ter ia l  
hypertension could serve as a useful tool for testing this 
hypothesis. We therefore decided to invesigate the presence 
of substances with chromatographic behaviour and the 
bioassay properties of PGs in the urine of a group of 
patients with essential hypertension. The results are sug- 
gestive of a deficiency in renomedullary PG synthesis 
related to the evolution of the hypertensive disease. 

Patients  and methods. 21 pa t i en t s  wi th  essent ial  
hyper tens ion ,  15 males  and  6 females, aged 19 to 53 

1 We thank Dr. J. R. PIKE of the Upjohn Company, Kalamazoo 
Michigan, who kindly provided PGs. This work was supported by a 
grant from INSERM (ATP 17 No. of contract 73547917) to Dr. 
PAPANICOLAOU. 

2 K. CROWSHAW, J. McG1FF, J. STRAND, A. LONIGRO and N. TER- 
RAGNO, J. Pharm. Pharmac. 22, 302 (1970). 

3 N. PAPANICOLAOU, S. MAI<RAKIS, J. ]DARIETY and P. MILLIEZ, 
J. Pharm. Pharmac. 26, 270 (1974). 
J. LEE, Arch. intern. Med. 133, 56 (1974). 

5 j .  FRiSLICH, ]3. SWEETMAN, IK. CARR, .1- SPLASVINSKI, J. WATSON, 
E. ANGGARD and J. DATES, Advances in Biosciences (Ed. S. BERG- 
STROM; Pergamon Press, New York 1973), vol. 9, p. 321. 



1016 Specialia EXPERIENTIA 32/8 

500 mL urine Purification 
500 ml ethanot with FutLers '  

500 mg acidasc~ earth 

Identification by T LC 
Sol.vent system 
2,2,4-Trimet hyl, pentane 
Chtoroform 150 
Dioxane 2. Ethanol. 20 
Acetic acid 1 
Ethytacetate 2 
Benzene 2 

=r 

Quantitative Bioassay 
Estimation 

PGE e[uate from TI.C by 
using two ItSS Qnd one 
RC, PGF eluate by using 
two RC and one RSS 
Tissues superfused with 
Krebs �9 Procaine ~ 
thac in ,  Antagonists 

Fig. 1. A schematic portrayal of the procedure used for extraction, purification and quantitative bioassay estinlation of prostaglandins. 

years  (mean age 36.2) were s tudied.  In  all pa t ien ts ,  dia- 
stolic pressure  was cons i s ten t ly  in excess of 100 m m  Hg 
on o u t p a t i e n t  blood pressure  recordings  dur ing the  pre-  
vious year,  and  no cause of secondary  hype r t ens ion  could 
be ident i f ied  by  extens ive  inves t igat ion.  Pa t i en t s  were 
u n t r e a t e d  or had  d iscont inued  t h e r a p y  a t  least  1 week 
before s t u d y  and  were ma in t a ined  on a 120 m E q  sodium 
diet .  Bioassays were pe r fo rmed  on ex t rac t s  of 500 ml 
f rom 24 h m i n e  collections, af ter  ch romatograph ic  separa-  
t ion  into P G E  and P G F  groups.  A modif ica t ion  of the  
q u a n t i t a t i v e  b ioassay  technique  p resen ted  in detai l  
e lsewhere a was used (Figure 1). E lua tes  f rom P G E  cor- 
r e spond ing  areas were assayed as ng of P G E  2 equ iva len t  
and  eluates  f rom P G F  cor responding  areas as ng of 
PGF2~ equivalent .  Since PG metabol i tes  appear ing  in the  
ur ine general ly have  less biological ac t iv i ty  t h a n  the  
p a r e n t  com pound  6 i t  m i g h t  be assumed t h a t  mos t  of the  
biologically act ive  subs tances  de tec ted  in th is  s t u d y  were 
na tu r a l  PGs. 

Analytical methods. The procedure  used for the  ex t rac-  
t ion,  purif icat ion,  ch romatograph ic  ident i f ica t ion and  
q u a n t i t a t i v e  b ioassay  es t imat ion  of p ros tag land ins  is 
shown in Figure  1. 
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Fig. 2. Significant inverse correlation between the renal PGE 
secreted per 24 h and the duration of the hypertensive disease. This 
deficiency of the renal medulla in prostaglandin synthesis and re- 
lease could rather be the consequence than the cause of the hyper- 
tensive disease. 

Successive s teps  of the  procedure  were as follows. 
a) Ex t r ac t ion .  In  500 ml of urine equal  volume of e thanol  

and 500 mg of ascorbic acid were added.  Af ter  ad jus t -  
m e n t  of the  p H  to  3.2 w i th  formic acid t he  solut ion was 
ex t rac ted  twice wi th  equal  vo lumes  of chloroform. The 
ex t r ac t  was evapora t ed  to dryness  and formic acid was 
r emoved  b y  oxygen-f ree  ni t rogen.  

b) Pur i f icat ion.  The residue was dissolved into 20 ml 
of e thanol  20% in saline and 1 g of Fullers '  ea r th  was 
added  to  the  solution. The mix tu re  was shaken for 10 min,  
allowed to  s t a n d  at  --20 ~ for 10 rain and cent r i fuged a t  
3,000 r p m  for 15 min. Af te r  r e a d j u s t m e n t  of the  p H  to  3.2 
w i th  formic acid the  s u p e r n a t a n t  was ex t r ac t ed  twice wi th  
equal  volumes  of chloroform.  The ex t r ac t  was evapora ted  
to dryness  and  formic acid was r emoved  by  oxygen-free  
ni t rogen.  

c) Ident i f ica t ion .  The residue was dissolved into 1.0 ml 
of chloroform and 200-300 ~xl were appl ied to th in-  
layer  ch roma tograph ic  p la tes  (TLC ready  plat ic  sheets  F 
1500, silica gel 20 •  acid res i s tan t ;  Carl Schleicher & 
Schtill D-3354 Dassel  YV-Germany). S t an d a rd  P G E  2 and 
PGF2~ and the  ex t r ac t ed  mate r ia l  were developed in the  
following so lvent  sys t em:  2, 2, 4 - t r ime thy lpen tane  2, 
chloroform 150, d ioxane  2, e thano l  20, acetic acid 1, 
benezene  2, e thy lace ta t e  2. The s t anda rds  were visualized 
wi th  phosphomolybd ic  acid and  hea t  (110 ~ Correspond-  
ing areas of the  ex t r ac t  c h r o m a t o g r a m  opposi te  the  P G E  2 
and PGF== s t a n d a r d  spots  were scraped off and the  bio- 
logically act ive subs tances  were eluted f rom silica gel w i th  
30 ml  of e thanol .  The eluates  were evapora t ed  to d ryness  
and  the  residues were s tored  a t  --20~ They  were dis- 
solved ill 2 ml  of Krebs  solut ion jus t  before bioassays.  

d) Quan t i t a t i ve  b ioassay  es t imat ion .  3 assay organs,  2 
ra t  s t o mach  s t r ip  (RSS) and 1 r a t  colon (RC) were used 
for the  assay of the  P G E  compounds ,  and 1 IRSS 
and  2 RC for the  assay of the  P G F  compounds .  The 
t issues were superfused  wi th  Krebs  solut ion at  the  ra te  of 
10 ml  min -1 b y  a roller pump.  The composi t ion  of the  
Krebs  solut ion in g �9 1-1 of dist i l led wa te r  was as follows; 
NaC1 6.56, KC1 0.33, CaC12 0.40, KH2PO 4 0.16, MgSO 4 
7H20 0.29, NaHCO 2 0.86, Na2HPO 4 0.41, NaH2PO 4 0.13, 
glucose 1.00. Like UNGER, STAMFORD and  BENNETT 7 we 
found t h a t  subs tances  like acetylcholine,  h is tamine ,  
noradrenal ine ,  5 -hydroxy t ryp t imine ,  angio tens in  I I ,  
vasopress in  and  bradykin in ,  which  affect  the  assay  
organs, were no t  ex t r ac t ed  by  the  me t h o d  used. However ,  
in order  to  increase sens i t iv i ty  and specif ici ty and  to  
d iminish  spon taneous  con t rac t ions  of the  tissues, the  
following subs tances  in rag/1 were added  to the  K r e b s  

6 p. PIPER, in The Prostaglandins (Ed. M. GUTHBERT; Heinemann, 
London 1973), p. 126. 
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solut ion:  procaine hydrochlor ide  50, i ndomethac in  2, 
hyoscine  me thy lb romide  0.1, phenoxybenzan l ide  hydro-  
chloride 0.1, propranolo l  hydrochlor ide  2 and  me thyse r -  
gide b imala te  0.2 (final concen t ra t ion  of act ive bases). 
The solut ion was gased wi th  a mix tu re  of 5% carbon  
dioxide in oxygen.  Cont rac t ions  of the  assay t issues were 
t r ansduced  t h rough  mic rod i sp lacement  m y o g r a p h  t rans -  
ducers  and were recorded a t  a phys iograph  (Narco bio- 
sys t em Inc., Hus ton ,  Texas).  Af te r  equi l ibra t ion of t he  
whole sys t em for 2 h to acquire  more  sens i t iv i ty  and base-  
line level s tabi l i ty ,  1.0 ml of var ious  concen t ra t ions  of 
solut ions of PGE~ was perfused  and the  con t rac t ions  
recorded.  Then,  1.0 ml of e luate  f rom the  TLC area  
cor responding  to the  PGE.~ s t a n d a r d  spot  (dissolved into 
2.0 ml of Krebs) was s imilar ly perfused and the  cont rac-  
t ions  recorded.  A second m e a s u r e m e n t  was made  wi th  the  
o the r  half  of the  eluate  af ter  ca l ibra t ion  wi th  P G E  2. 
A similar procedure  was adop t ed  for the  eluate of the  
areas cor responding  to the  PGF2~ s t anda rd  spots.  W h e n  
the  response  to tile f i rs t  half  of t he  eluate was more  t h a n  
t h a t  to  5.0 ng of s t a n d a r d  PGs  the  second half  w~s fur- 
t he r  di luted wi th  Krebs  solution.  

Resul t s .  Our results  are i l lus t ra ted in Figures  2 and 3. 
Mean values of 79.3 (SE ~ 21.4) ng/24 h, assayed as ng 
of PGE2 equivalent ,  and of 47.6 (SE = 8.6) ng/24 h, 
assayed  as ng of PGF2~ equivalent ,  were respec t ive ly  
ob ta ined  for P G E  and P G F  group. In  5 pa t i en t s  no 
de tec tab le  values of e i ther  P G E  or P G F  could be ob- 
ta ined.  The dura t ion  of ar ter ia l  hyper t ens ion  in these  
pa t i en t s  was 5 years  or more.  Fu r the rmore ,  in the  overal l  
group of pa t ien ts ,  there  was a s ignif icant  inverse relat ion-  
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Fig. 3. Significant inverse correlation between the renal PGE se- 
creted per 24 h and the mean blood pressure in the same hypertensive 
patients as in Figure 2. The progressive rise of the blood pressure 
during the hypertensive disease could be due in part to the deficiency 
of the renal medulla in synthesis and release of the potent hypotben- 
sire, antiadrenergic, diuretic and natriuretie PGE. The release of 
PGE following expansion of the extracellular spaceS,9,1~ prevents 
the rise of the blood pressure by a complicated mechanism described 
elsewhere ~. In the case of hypertensive patients the deficiency of 
renal medulla in prostaglandin synthesis and release could deprive 
these patients of the protective homeostatic role of PGE on blood 
pressure, blood volume and sodium and water balance regulation. 

ship be tween  the  known  dura t ion  of hyper t ens ion  in 
years  and b o t h  u r inary  P G E  (r = 0.502, Figure 2) and 
u r ina ry  P G F  (r = --0.732) levels. These f indings migh t  
be in t e rp re t ed  as indicat ive  of a depress ion in renal  PG 
synthes is  re la ted to  the  evolut ion  of essent ial  hyper tens ion .  

Discuss ion .  The wide va r i e ty  of factors  which are known 
to influence PG synthes i s  and /or  release ~-9 makes  it 
very  diff icul t  to eva lua te  the  exac t  mechan i sm by  which 
ar ter ia l  hype r t ens ion  could lead to def ic ient  PG synthesis .  
Low p lasma-ren in  concen t ra t ions  have  been supposed to 
ref lect  a long- te rm effect  of the  raised blood-pressure  on 
the  k idney  ~~ xt. Possibly,  i rreversible changes  wi th in  the  
kidney,  re la ted to the  dura t ion  of the  hype r t ens ive  s ta te ,  
could also account  for the  deficiency in PG synthes is  by  
the  renal  medulla.  On the  o ther  hand ,  pa t i en t s  wi th  low 
p lasma-ren in  have  been  repor ted  to be s ignif icant ly  
older t h a n  pa t i en t s  wi th  normal  p lasma-ren in  concent ra-  
tion~l. Al though we did no t  f ind any  signif icant  correla- 
t ion be tween  age and  e i ther  P G E  (r = --0.213) or P G F  
(r --  0.359) levels in the  urine, i t  m u s t  be no ted  t h a t  the  
age range in our  group of pa t i en t s  was different  t h a n  t h a t  
r epor ted  in the  s tudy  in which p lasma-renin  was measured.  
Fur the rmore ,  i t  has  been suggested t h a t  the  dura t ion  of 
hype r t ens ion  r a the r  t h a n  age per  se is also the  i m p o r t a n t  
fac tor  in the  re la t inship  be tween  p lasma-ren in  and agel~ 
Never theless ,  no s ignif icant  correla t ion be tween  p lasma-  
renin ac t iv i ty  and u r ina ry  P G E  (r = --0.381) or P G F  
(r --  --0.131) levels was found in our  s tudy.  

I t  is of in teres t  to note  t h a t  a s ignif icant  inverse rela- 
t ionship  was also found in the  hyper t ens ive  pa t i en t s  
be tween  mean  b lood-pressure  and u r ina ry  levels of b o t h  
P G E  (r ~ --0.422, Figure  3) and P G F  (r = 0.527) 
group.  In  view of t he  known  an t ihype r t ens ive  proper t ies  
of r enomedul l a ry  PGs, and especially of the  P G E  group, 
these f indings migh t  suggest  a causal  re la t ionship  be- 
tween  raised blood-pressure  and the  decreased levels of 
PG in the  urine. Since a s ignif icant  posi t ive  correlat ion 
was p resen t  in our group of pa t i en t s  be tween  mean blood 
pressure  and the  dura t ion  of ar ter ial  hyper tens ion  (r = 
0,487), a t en t a t ive  conclusion could be t h a t  while con- 
t inued  p ros tag land in  syn thes i s  in t he  early s tages of 
essent ial  hypo tens ion  migh t  reflect  an ac t iva t ion  of the 
renal  an t i -hyper t ens ive  funct ion  in respec t  to neurogenic  
and /o r  hormona l  pression st imuli ,  subsequen t ly  a deficien- 
cy in renaI PG synthes i s  re la ted  to irreversibIe changes  
wi th in  the  k idney  would lead to the  p reponderance  of a 
pressor  mechanism,  resul t ing  to a fu r ther  increase of 
blood-pressure.  I t  is ev iden t  t h a t  th is  conclusion is only 
specula t ive  and t h a t  m u c h  more  work  will have to  be 
done before the  exac t  role of renal  PGs in essential  hyper -  
tens ion can be clarified. 
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