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F r o m  a gross morpho log ica l  po in t  of view, t h e  precipi-  
ta tes  et  a p p e a r s  as a ge la t inous ,  t h i c k  and  mi lky  mass,  the  
greater  in b u l k  t he  more  c o m p l e t e  ha s  been  the  d ispers ion  
0f the  f ibri ls  in  A. Opt i ca l  microscopic  o b s e r v a t i o n  does 
not  revea l  a n y  e l e m e n t a r y  f ibr i ls ;  in phase  c o n t r a s t  the  
image is p r ac t i ca l l y  i r r e so lvab le ;  in d a r k  field a mi lky  
di f f rac t ion is shown.  I n  a t h i ck  d rop  t he  gel shows the  
cha rac te r i s t i c  b i r e f r i ngen t  t r a j ec to r i e s  of collagen.  

U n d e r  t h e  e l ec t ron  mic roscope  t he  gel a p p e a r s  fo rmed  
by a r e t i c u l u m  v a r y i n g  in c o m p o s i t i o n :  some zones  show 
a de l ica te  co t t on - l i ke  a p p e a r e n c e  cons i s t ing  of a s t r u c t u r e  
so t h i n  t h a t  t he  s ingle c o n s t i t u e n t s  h a r d l y  reach  the  l imi ts  
of r eso lu t ion  ; some o t h e r  zones show s y s t e m s  of m e m b r a n e s  
so i n t e r c o n n e c t e d  t h a t  t h e y  form a r e l a t ive ly  coarse  ret ic-  
ulum. F u r t h e r m o r e ,  some f i l amen t s  a p p e a r  c lear ly  spi- 
ral ized ( th i ckness  be twe en  150 a n d  300 A). In  a n y  case, 
no s t r u c t u r e  is n o r m a l l y  b a n d e d ,  Th i s  gel, however ,  in- 
e ludes  a lso shor t ,  t yp i ca l l y  b a n d e d  t a c t o i d a l  f ibers  severa l  
mic rons  long  and  as t h i c k  as 150-400 ~ ,  wi th  a per iod  
r ang ing  f rom 620 to 690 ~ ,  wh ich  show six i n t r a p e r i o d a l  
b a n d s  a f t e r  u ran i l  a ce t a t e  s t a i n i n g  a n d  seven  to e igh t  
b a n d s  a f t e r  p h o s p h o w o l f r a m i c  acid (PTA) s ta in ing .  

S imi la r  d a t a  are  o b t a i n e d  for s a m p l e / ~ ,  wh ich  precipi-  
t a t e s  on  a d d i t i o n  of sod ium a c e t a t e  to  t he  B ~ col lagen 
solut ion.  In  t h i s  case, however ,  t o g e t h e r  w i th  a g r ea t e r  
a m o u n t  of f ibers  of t a c t o i d a l  shape ,  m a n y  long needle- l ike 
f i laments ,  w i t h  all t h e  cha r ac t e r i s t i c s  of n a t i v e  col lagen,  
are obse rved  u n d e r  t he  e lec t ron  microscope.  The  a m o u n t  
of these  f ibr i ls  va r i e s  f rom sample  to sample ,  p r o b a b l y  in 
connec t ion  w i t h  i t s  degree  of pu r i t y .  

The  macroscop ic  a p p e a r a n c e  of p r ec ip i t a t e s  =~ and /5  ̀2 is 
closely r e l a t ed  to  t h a t  of samples  =~ a n d  fit ; t h e  sed iments ,  
however ,  are  usua l ly  c o n t a m i n a t e d  b y  t h e  p resence  of 
sma l l  a m o u n t s  of coarse  impur i t i e s  which  se t t le  down 
easily. U n d e r  phase  c o n t r a s t  and  d a r k  field e x a m i n a t i o n ,  
the  p resence  of f i l a m e n t o u s  fo rmat ions ,  o f ten  longer  t h a n  
20 ~t, v e r y  s imi la r  to  t h e  n a t i v e  col lagen fibrils,  is usua l ly  
obse rved  in b o t h  cases. Po la roscopic  a n d  e lec t ron  micro-  
scope i nves t i ga t i ons  con f i r m  t he  presence  of b o t h  long 
fibrils w i t h  t he  c h a r a c t e r i s t i c  b a n d e d  s t r u c t u r e  of n a t i v e  
col lagen a n d  of a r e m a r k a b l e  n u m b e r  of t a c to ida l  fibrils.  

Resu l t s  show t h a t ,  in sp i te  of the  chemica l  i d e n t i t y  of 
col lagen A a n d  of the  ~1 p rec ip i t a te ,  t he  morl~hoh~gy of tile 
l a t t e r  is far  f rom t h a t  of typ ica l  col lagen,  whose organi -  
za t ion  is r ep roduced  in s a m p l e  c~ ~ p rec ip i t a t ed  by  m e a n s  of 
sod ium ace t a t e  and  l)y a d d i n g  mucopo lysaccha r ides .  ()n 
the  Clmtrary,  the  p rec ip i t a t e  fil o b t a i n e d  f rom B l, whose 
lesser degree of p u r i t y  as c o m p a r e d  to : \ t  is p r o b a b l y  (l/it, 
to  c o n t a m i n a t i o n  by  po lysaccha r ides  f rom the  g r o u n d  
s u b s t a n c e  of t he  c o n n e c t i v e  t issue,  shows  the  p resence  of 
t yp ica l ly  b a n d e d  collagen fibers. No di f ference  is seen be-  
tween  the  e lec t ron  microscope a p p e a r a n c e  of t h e / P  and  fie 
p rec ip i ta tes .  

Our  da t a  suggest  t ha t ,  on add i t i on  of sod ium ace t a t e  to 
a pure  col lagen so lu t ion  (.\~), a pecul ia r  d i spersed  gel wi th  
a pa r t i a l  molecu la r  a r r a u g e m e n t  r a t h e r  close to t h a t  of the  
n a t i v e  col lagen prec ip i ta tes .  In th i s  gel one  m a y  obse rve  
all t h e  s tages  in t he  o rgan iza t ion  of the  p ro te in ,  f rom un-  
h a n d e d  s t r u c t u r e s  to  t a c to ida t  f ibers showing  per iod ic i ty ,  
in sp i te  of t he  lack of r egu la to r  mucot )o lysacchar ides .  

Therefore ,  it m a y  be conf i rmed  t h a t  col lagen p ro t e in  
m a y  aggrega te  e i t he r  in the  presence or in absence  of 
r egu la to r  colloids in severa l  ways, and  t h a t  t he  word  
'co l lagen '  shou ld  def ine a pro te in  and  ntlt  a f i l amen tous  
s t ruc tu re ,  s ince t he  e l e m e n t a r y  b a n d e d  fibrils found in t h e  
c o n n e c t i v e  t i ssues  are  on ly  one of the  m a n y  para-cryst :a l -  
line s t a t e s  which  col lagen molecules  m a y  assume.  

Zusammett./assung. Es wird gezeigt ,  dass  die gel6s ten 
E iwe i s sk0rpe r  be |  A b w e s e n h e i t  w m  Regu l i e rungssubs t au -  
zen ein ne tz f6 rmiges  Gel bikh,n.  1)ieses en th / t l t  F ibr i l len  
ohne  per iodische  S t r u k t u r  und  nade l a r t i ge  ( l ' a c t o i d e  ~> m i t  
t yp i s che r  Periodizit&t.  
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J u x t a g l o m e r u l a r  Cel l s ,  Rena l  P r e s s o r  S u b s t a n c e s  
and  N e p h r o s c l e r o s i s  ~ 

P a r t i a l  cons t r i c t i on  of the  rena l  a r t e ry ,  p e r | n e p h r i t i s  or 
pa r t i a l  r ena l  i n t a r c t i o n  causes  h y p e r t e n s i o n .  N o r m a l  kid-  
neys  c o n t a i n  large a m o u n t s  of t he  e n z y m e  ren in  which  is 
pressor  t h r o u g h  i ts  e f fec tor  agen t ,  ang io t ens in  ; acu te  rena l  
i s chemia  elici ts  an  i m m e d i a t e  rise in b lood  pressure  asso- 
c ia ted  w i t h  an  increased  re lease  of t e n | n ;  m a n y  forms  of 
e x p e r i m e n t a l  and  cl inical  h y p e r t e n s i o n  are  assoc ia ted  wi th  
r ena l  lesions.  These  o b s e r v a t i o n s  h a v e  led to  t he  accep t -  
a n t e  b y  some of the  h y p o t h e s i s  t h a t  t he  renal  pressor  
sys t em has  a p r i m a r y  role in the  pa thogenes i s  of hyper -  
tens ion .  However ,  r epea t ed  a t t e m p t s  d u r i n g  t he  las t  20 
years  to  d e m o n s t r a t e  g r e a t e r  a m o u n t s  of r en in  or angio-  
t ens in  in r ena l  ve in  or p e r i p h e r a l  b lood h a v e  been  mos t ly  
unsuccessfu l  or, a t  bes t ,  equivocal .  M a n y  e x p l a n a t i o n s  
h a v e  been  p re sen t ed  to  a c c o u n t  for th i s  fai lure.  A m o n g  
them,  t h e  two e x t r e m e s  a re :  r en in  p lays  on ly  a n  accessory  
and  i n c i d e n t a l  role, if any ,  so t h a t  hype r t ens ion ,  inc lud ing  
renal  h y p e r t e n s i o n ,  can  exis t  w i t h o u t  excess c i r cn la t ing  
t e n | n ;  h y p e r t e n s i o n  is due  to h y p e r f u n c t i o n  of the  renal  
pressor  s y s t e m  b u t  t he  p r e s en t  a n a l y t i c a l  m e t h o d s  are  too  

c rude  to de t ec t  sma l l  b u t  crucia l  increases  in blood ren in .  
W h a t e v e r  t he  mer i t s  of these  a r g u m e n t s ,  t he  fact  r e m a i n s  
t h a t  ren in  is p resen t  in k idneys  a n d  possesses va r ious  
ac t iv i t i e s  o t h e r  t h a n  pressor,  t lence ,  one  could a s s u m e  
t h a t  it i n t e r v e n e s  in physiologic  or pa tho log ic  s i t u a t i o n s  
o t h e r  t h a n  hype r t ens ion ,  as a l r eady  ind ica t ed  by  the  
r ecen t  d e m o n s t r a t i o n  of its p a r t i c i p a t i o n  in the  r egu la t i on  
of a ldos te rone  secretion'-'. 

Poss ib ly  because  of t he  n a r r o w  a n d  un f ru i t fu l  a p p r o a c h  
of t he  pas t ,  i nves t i ga t i ons  h a v e  l a te ly  become  more  basic  
and  divers i f ied  in a t t e m p t i n g  to tes t  t he  e n d o c r i n e  func t ion  
of k idneys  d u r i n g  h y p e r l e n s i o n  as well as d u r i n g  con(ti t  ions 
assl lciated wi th  sa l t  imba lance .  Three  m e t l m d s  have  been 
ex t ens ive ly  used:  d e t e r m i n a t i o n  of g r a n u l a r i t y  of lhe  
j u x t a g l t l m e r u l a r  cells, d e t e r m i n a t i o n  of t)ressor a c t i v i t y  in 
k idney  ex t r ac t s ,  a n d  d e t e r m i n a t i o n  of pressor  a c t i v i t y  in 
rena l  and  pe r iphe ra l  bhlod.  We  are aware  t h a t  t h e y  all  

t \Vhenever u~ed, the tm'm relfin ha~ the ~anle luealdn~ a~ renal 
pressor substances and refl,r~ to a bioh+gical activity, not to a 
definite chenlical entity. 

2 C. C. J. CArlqCNTER, J. O. ILxvls, and C. R. AYlcrs, J. olin. lnve~t. 
40, ~11:2t; ( 1961 ). 
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Juxtaglomerular index, renal presser substances and ncphrosclerosis during conditions associated with hypertension or sodimn imbalance 

Procedure Mr treatment 
Juxtaglomerular index Presser Substances 
in contained in released from in Nephrosclerosis in 
manipu- contra- manipu- contra- manipu- contra- peripheral manipu- contra- 
lated lateral lated lateral lated lateral blood lated lateral 
kidney kidney kidney kidney kidney kidney kidney kidney 

Partial renal artery constriction 
'Endocrine kidney' 
Partial infarction 
Figure of 8 
Encapsulation 
DCA, aIdosterone 
Me-androstenediol 
Cortisone, Corfisol 
Post DCA hypertension 
Adrenal regeneration hypertension 
Low Na diet 
Adrcnalcctomy 
High sodium diet 
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h a v e  l im i t a t i ons  a n d  t h a t  e ach  resu l t  ha s  to  be  in te r -  
p r e t e d  w i t h  r e se rva t ion .  However ,  s ince t h e y  t e s t  d i f f e ren t  
s t ages  in  t he  m e t a b o l i s m  of r ena l  p resse r  subs t ances ,  I t e m  
t h e i r  f o r m a t i o n  in k idneys  to  t h e i r  c i rcu la t ion ,  one  would  
e x p e c t  t h a t  t h e i r  c o m b i n e d  use u n d e r  s inf i lar  e x p e r i m e n t a l  
cond i t i ons  would  p rov ide  more  i n f o r m a t i o n  t h a n  could  be  
o b t a i n e d  f rom a s ingle m e t h o d  a n d  would  lead to  useful  
cor re la t ions .  F u r t h e r m o r e ,  t he  use  of  d i f f e ren t  c r i t e r i a  
m a k e s  t h e  r e p e t i t i o n  of t h e  s ame  e r ro r  t h r o u g h o u t  t he se  
t e s t s  unl ike ly .  

I t  is w i t h  t h i s  pu rpose  in  m i n d  t h a t  we h a v e  l i s ted  in  
t h e  Tab le  changes  in t he  j u x t a g l o m e r u l a r  index ,  in  p resse r  
s u b s t a n c e s  c o n t a i n e d  in  a n d  re leased f rom kidneys ,  p resse r  
s u b s t a n c e s  in  p e r i p h e r a l  b lood as well  as inc idence  of 
nephrosc leros is ,  d i f fe ren t ia t ing ,  w h e n  necessary ,  changes  
in t h e  m a n i p u l a t e d  k i d n e y  f rom those  in t h e  c o n t r a l a t e r a l  
u n t o u c h e d  k idney .  Before  discuss ing these  r e su l t s  i t  seems 
p e r t i n e n t  to  descr ibe  b r ie f ly  t h e  t e s t i n g  p rocedures  a n d  
t h e i r  c r i te r ia .  

M e t h o d s .  T h e  j u x t a g l o m e r u l a r  i n d e x  r ep re sen t s  a semi-  
q u a n t i t a t i v e  m e a s u r e  of t h e  sec re to ry  a c t i v i t y  of a f ib r i l l a r  
a n d  g r a n u l a r  cells ( JG  ceils) s i t u a t e d  in  t h e  wa l l  oi  t h e  
a f f e r en t  a r te r io le  nea r  t he  v a s c u l a r  pole  of t h e  g lomeru lus  ~. 
Th i s  m e t h o d  is a de f in i t e  i m p r o v e m e n t  o v e r  p r ev ious  ones  
wh ich  were  based  on  p u r e l y  s u b j e c t i v e  a n d  desc r ip t ive  
e v a l u a t i o n  of t h e  degree  of e i t h e r  d e v e l o p m e n t  of t h e  J G  
cells or t h e i r  g r a n u l a r i t y  4. Such  resu l t s  were pu rpose ly  
omi t t ed .  The  J G  i n d e x  is ca lcu la ted  b y  g r ad i ng  f rom 0 to  4 
the  n u m b e r  a n d  degree of g r a n u l a r i t y  of t h e  j u x t a g l o m -  
e ru l a r  cells obse rved  in 100 glomerul i .  N o r m a l  va lues  v a r y  
f rom 30 to 37 b u t  are qu i t e  c o n s t a n t  w i t h i n  each  s t r a i n  of 
ra t .  A l t h o u g h  i t  h a s  been  p o s t u l a t e d  t h a t  r en in  ha s  a 
j u x t a g l o m e r u l a r  origin,  i t  is on ly  r ecen t l y  t h a t  d i r ec t  
ev idence  ha s  been  p r e s e n t e d ;  in  dogs a n d  r abb i t s ,  f luo- 
r e scen t  a n t i b o d i e s  p r e p a r e d  w i t h  r e l a t i ve ly  p u r e  r en in  are  
p r e f e r en t i a l l y  f ixed on  J G  cells m a d e  h y p e r p l a s t i c  b y  a 
low s o d i u m  d ie t  s. 

Pre s se r  s u b s t a n c e s  in  k i dneys  a re  e s t i m a t e d  f rom t h e  
h e i g h t  of t h e  p re s se r  r e sponse  e l ic i ted in n e p h r e c t o m i z e d  
r a t s  b y  t h e  i n t r a v e n o u s  i n j e c t i o n  of a u n i f o r m  v o l u m e  of 
sa l ine  e x t r a c t s  of k i d n e y s  ~. P re s se r  r e sponses  to  t h e  in-  
j ec t ion  of 0.2 m l  of e x t r a c t s  f rom n o r m a l  k i d n e y s  a t  t h e  
1/50 d i lu t ion  ave rage  a b o u t  25 m m  H g  in Sp r ague - D aw ley  
ra ts .  A dose response  cu rve  d e t e r m i n e d  b y  t e s t i n g  va r ious  
d i lu t ions  of a sa l ine  e x t r a c t  of n o r m a l  r a t  k idneys  shows 

l i n e a r i t y  w i t h  responses  beLween 15 a n d  40 m m  Hg (Fig- 
ure) .  Th i s  is in  genera l  a g r e e m e n t  w i t h  p rev ious  obser-  
v a t i o n s  in  w h i c h  a semi -pur i f ed  r e n i n  p r e p a r a t i o n  of 
porc ine  or igin was  used  as s t a n d a r d  7. T h i s  m e t h o d  of bio- 
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Dose response curve obtained with a saline extract of normal kidueys 
tested in ~4 h nephrectomized rats. 

3 p. M. HARTROFT and W. S. HARTROFT, J, exp. Med. 97, 415 {19~3). 
4 F. XV. DUmHVE, Factors Regulating Blood Pressz~re (Josiah Maey, 

Jr., Foundation, New York 1948), p. II. 
5 R. EDELMAN and P. M. HARTROFT, Circulation Res..9, 1069 (1961). 
6 F. GRoss and P. L I C H T L E N ,  ]cJroe. Soc. exp. Biol. Med. 98, 311 

(1958). 
F. GRoss and F. S~JLSER, Arch. exp. Path. Pharmak. Z29,338 (1956). 
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logical testing is not specific for renin, but  from the shape 
of the response curve and production of tachyphylaxis on 
repeated injections it is probable tha t  most, if not all, of 
the pressor act ivi ty  is due to renin. 

Pressor substances released into the renal vein blood are 
measured by the height of the pressor response in nephrec- 
tomized rats following grafting of kidneys on to the 
femoral vein and artery s& The pressure rise elicited by 
kidneys from normal rats averages about 20 mm Hg. For 
the reasons mentioned above it appears likely that  this 
activity is due to renin. 

Pressor substances in peripheral blood are est imated 
according to 2 methods. The first one x° uses isovolemic 
cross circulation between an experimental  ra t  and a 
nephrectomized partner;  it permits detection of pressor 
activity in the blood of the experimental  animal made 
hypertensive by infusion ot angiotensin or renin, or by 
removal of a clamp on a completely occluded renal artery. 
The second method consists of incubating blood plasma 
with an excess of renin substrate and testing the angio- 
tensin formed on the guinea pig ileum n or the toad 
vascular preparationl~. This method also detects pressor 
activity following unclamping of a completely ischemic 
kidney. 

ResMls.  Results in the Table were obtained from ex- 
periments performed in rats under similar or identical 
conditions and are expressed in a semi-quanti tat ive way. 
When an effect was noted b y  an author, it was graded by 
us according to a scale from 0 to + + + ;  normal values 
were given the grade + + .  This method of grading did not 
apply to the evaluation of nephrosclerosis. Ei ther  it was 
absent or present; therefore, we used only the signs 0 and 
+ .  Each number refers to the original article. Some of the 
surgical procedures or t reatments  have been grouped to- 
gether on the basis of similarities in their mode of action. 

I t  is generally assumed tha t  renal hypertension repre- 
sents a definite enti ty and that  any change with a patho- 
genic connotation would be regularly found whatever the 
procedure used to elicit hypertension. Data in the Table 
tend to disprove this assumption by showing significant 
differences between hypertension caused by constriction of 
the renal artery and hypertension due to renal encap- 
sulation and infarction. Thus, following unilateral renal 
artery constriction, JG index and amounts of pressor 
substances in kidneys and renal vein blood are normal or 
increased in the clipped kidney and decreased in the contra- 
lateral untouched kidney. On the other hand, in hyper- 
tension caused by unilateral lesions of the renal paren- 
chyma, JG index and amount of pressor substances are 
decreased to insignificant levels in the manipulated kidney 
as is the secretion of pressor substances in the contra- 
lateral kidney. This apparent decrease in the pressor 
function of both kidneys is reflected by the absence of, or 
a decrease in, detectable pressor act ivi ty  in peripheral 
blood. I t  is unfortunate that,  as far as we know, no data  
are available concerning pressor act ivi ty  in peripheral 
Mood following constriction of the renal ar tery  in rats. 
The different results reported for the J G index following 
renal infarction may be at t r ibuted to the irregular dis- 
tr ibution of the JG cells in normal and scarred areas ~3 or 
to the phase of hypertension at  which kidneys were 
examined x4 

Comparison of these results with the incidence of 
nephrosclerosis leads to the significant observation that  
kidneys with a reduced pressor function are prone to 
nephrosclerosis while those with a normal or increased 
function, such as occurs in a clipped kidney, are protected 
against vascular disease. The association of nephrosclerosis 
and decreased renal pressor act ivi ty  is further demon- 

strated during DCA, post-DCA, adrenal regeneration and 
salt hypertension. In all these instances, the JG index, 
renal content and secretion of pressor substances are low 
or non-existent while nephrosclerosis commonly occurs. 
Cortisone and Cortisol hypertension which is relatively 
mild and is not  usually associated with nephrosclerosis 
does not affect the JG index nor renal content;  however, 
secretions seem to be slightly diminished. A low sodium 
diet, like adrenalectomy, has the opposite effect of a high 
salt diet; JG cells become hyperplastic and hypergranu- 
lated and renal pressor function is stimulated. 

Commenls.  Since the experimental  conditions described 
above are characterized by hypertension and/or sodium 
imbalance, it seems appropriate to examine the role of 
these two factors on the renal pressor system. There is 
considerable evidence tha t  renal pressor function is in- 
fluenced by the level of arterial pressure to which the 
kidney is subjected. Thus the increase in the JG index and 
in pressor substances in the clipped kidney and their 
decrease in the contralateral untouched kidney can be 
at tr ibuted to the low or sub-normal pressure in the clipped 
kidney as compared with the high pressure in the contra- 
lateral organ. These changes in the eontralateral kidney 
can be reversed by procedures which remit hypertension, 
such as removal of the clipped kidney ~5 or bilateral 
adrenalectomy s, or which reduce intrarenal pressure to 
normal levels, such as by constriction of the renal artery 
of the untouched kidney 1~. Furthermore, in  vitro perfusion 
of kidneys under high pressure decreases the JG index 16 
while low pressure, as in hemorrhagic hypotension, stimu- 
lates the release of pressor material '7. I t  is still not clear 
whether arterial pressure 's or pulse pressure ~9 is the 
determining factor. 

The role of sodium is best demonstrated during con- 
ditions of reduced sodium intake or increased sodium loss. 
A low sodium diet, like adrenalectomy, causes hyper- 
plasia and hypergranulari ty of the JG cells and increases 
the content  and release or pressor substances. The effects 
of sodium retention caused by a high salt diet or DCA 
t rea tment  plus salt, cannot be evaluated accurately be- 
cause of an associated rise in blood pressure; however, if 
hypertension is prevented by administration of hydrala- 
zinc, renal pressor substances decrease almost to the same 
degree as in the control rats receiving DCA alone ~°. There 
is also evidence tha t  some humoral factors of renal origin 
may influence renin content and secretion: a kidney 
contralateral to a wrapped kidney may become depleted 
of renin, even in the absence of hypertensionLS; injections 
of kidney extracts with little pressor act ivi ty inhibit  

8 T.O.~IAE, G, M, C. MASSON, and I. H. PAGE, Amer. J. Physiol. 199,637 
(1960). 

9 T. OMAE, G. M. C. MASSON, and I .H. PACE, Circulation Res. 9, 441 
(1061), 

lo p. BLAQUIER, D. BOllR, and S. W. HOODLER, Amer. J. Physiol. 
198, 1148 (1960), 

u j .  L. PRADO, Z. P. PICARELLI, R. KUPPER, E. S. PRADO, and J.  R. 
VALLE, Circulation ires. 2, 359 (1954). 

12 E. BRAuN-MENE~DEZ, M. R. COVtA~, and C. 12. RAPELA, Rev. Soe. 
Argent. Biol. 38, 131 (1947). 

13 p. M. HARTROFT, J. exp. Med. lO5, 501 (1957). 
14 B. S. GARBER, F. W. McCoY, E. R. HAveS, and B. H. MARKS, 

Arch. int. Pharmaeodyn. lgl ,  275 (1959). 
1~ L. TOmAN, J. THOMPSON, R. TWEDT, and J.  JANAEEK, J.  clin. 

Invest. 37, 660 (1958). 
1~ L. TOUtAN, A. TOMBOULIaN, and J. JASECEK, J. clin. Invest. 3S, 

605 (1959). 
~ A. MIKASA and G. M. C. MAssos, Proc. Soc. exp. Biol. Med. 106, 

315 (1961). 
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sec re t ion  of r e n a l  pressor  s u b s t a n c e s  ~x. These  a re  i n c i d e n t a l  
or  p r e l i m i n a r y  obse rva t ions ,  t h e  s igni f icance  of w h i c h  can  
n o t  ye t  be  eva lua t ed .  Also, t h e  o b s e r v a t i o n  t h a t  A C T H  
s t i m u l a t e s  J G  cells ~a in t h e  absence  of a d r e n a l s  r equ i res  
f u r t h e r  i n v e s t i g a t i o n  since h y p o p h y s e c t o m y  h a s  no  
effect  ~.  

Since t h e  J G  cells are  t he  l ike ly  source  of r ena l  p ressor  
subs t ances ,  i t  is n o t  su rp r i s ing  t h a t  t h e y  were cons ide red  
as devices  sens i t ive  to  pressure  a n d  sod ium changes .  T h e  
ea r ly  concep t  t h a t  t h e y  were  e i t h e r  'Quel lze l len '  or con-  
t r ae t i l e  e l e m e n t s  as  in  a r t e r io lo -venous  s p h i n c t e r s  was  
soon a b a n d o n e d  fol lowing GOORMAGTIGH'S sugges t ion  of 
t h e i r  endoc r ine  n a t u r e  ~. H e  t heo r i zed  t h a t  t he  g r a n u l a r  
cells o f  t h e  a f f e r en t  a r te r io les  fo rmed  pressor  s u b s t a n c e s  
a c t i n g  b o t h  local ly  t h r o u g h  d i f fus ion  i n t o  t h e  a r t e r io l a r  
wal t  a n d  sys temica l ly ,  a n d  t h a t  t h e y  p a r t i c i p a t e d  in t h e  
p a t h o g e n e s i s  of h y p e r t e n s i o n .  F u r t h e r m o r e ,  n o t i n g  t h e  
close a n a t o m i c a l  r e l a t i o n s h i p  b e t w e e n  t h e  m a c u l a  d e n s a  
a n d  t h e  J G cells, he  sugges ted  t h a t  e i t h e r  u r ine  c o m p o s i t i o n  
in  t h e  d i s t a l  t u b u l e  or  d i s t ens ion  of t h e  d i s t a l  t u b u l e  m u y  
r egu ta t e  t h e  a c t i v i t y  of t h e  J G  cells t h r o u g h  t h e  m a c u l e  
dense .  E l ec t romic roscop ic  o b s e r v a t i o n s  h a v e  led to  t h e  
s a m e  conc lus ion  ~. H i s t o c h e m i c a l  s tud ies  h a v e  s h o w n  a 
pa ra l l e l i sm b e t w e e n  a c t i v i t y  O f t h e  ceils of  t h e  m a c u l e  
d e n s e  a n d  t h e  J G  cells ~",~. T h i s  a n a t o m i c a l  a n d  f u n c t i o n a l  
r e l a t i o n s h i p  m a y  be  r e l a t ed  to  t h e  con t ro l  of a ldos t e rone  
sec re t ion  b y  t h e  k idney .  I n  t h i s  r ega rd  i t  m a y  be  signifi-  
c a n t  t h a t  t h e  s i te  of  ac t ion  of a ldos t e rone  ill t h e  k i d n e y  is 
t he  d i s t a l  t ubu le .  More  r e c e n t l y  TOBIAN ~s p roposed  t h a t  
t h e  J G  cells  m i g h t  be  s t r e t c h  or  v o l u m e  receptors .  A n  in-  
c reased  s t r e t c h  would  b e  a s soc ia t ed  w i t h  d e g r a n u l a t i o n  
a n d  r e n i n  dep le t ion ,  a n d  a decreased  s t r e t c h  w i t h  h y p e r -  
g r a n u l a t i o n  a n d  r e n i n  hype r sec re t ion .  P re s su re  would  ac t  
d i r ec t l y  whi le  t h e  effect  of s o d i u m  would  be  m e d i a t e d  
t h r o u g h  b lood  v o l u m e  w h i c h  is dec reased  b y  a low sod ium 
d ie t  a n d  inc reased  b y  a h i g h  sod ium diet .  

The  role of r ena l  p ressor  s u b s t a n c e s  in  h y p e r t e n s i o n  h a s  
been  ex t ens ive ly  d iscussed  in r e c e n t  rev iews  ~a-sl, hence  
we will l imi t  ourse lves  to  t h e  po in t s  ra i sed  b y  p r e s e n t  da ta .  
W e  h a v e  seen t h a t  h y p e r t e n s i o n  due  to  p a r t i a l  o b s t r u c t i o n  
of t i le r ena l  a r t e r y  is assoc ia ted  w i t h  n o r m a l  or  inc reased  
a c t i v i t y  of t he  r ena l  p ressor  f u n c t i o n  whi le  h y p e r t e n s i o n  
caused  b y  lesions of t he  r ena l  p a r e n c h y m a  is assoc ia ted  
w i t h  a decrease  or  absence  of r ena l  pressor  subs t ances .  
T h e r e  is good ev idence  t h a t  r e n i n  p a r t i c i p a t e s  in  t he  f i rs t  
s i t u a t i o n ;  a c l a m p  on t he  r ena l  a r t e r y  elicits a fall  in  r ena l  
a r t e r i a l  pressure ,  wh ich  s t i m u l a t e s  t h e  J G  cells a n d  causes  
t h e  release of pressor  subs t ances .  T h u s  t h e  s u b s e q u e n t  rise 
in  sy s t emic  p ressu re  c a n  be  cons idered  as a se l f -p ro tec t ing  
a n d  r e g u l a t o r y  m e c h a n i s m  used  b y  t h e  c l a m p e d  k i d n e y  to  
res to re  r ena l  a r t e r i a l  p ressure  to  n o r m a l  levels.  Whi l e  th i s  
m e c h a n i s m  v e r y  l ike ly  c o n t r i b u t e s  to  t h e  h y p e r t e n s i v e  
process,  b y  a c c e l e r a t i n g ' i t s  d e v e l o p m e n t  a n d  inc reas ing  
i t s  s eve r i t y  as in  m a l i g n a n t  h y p e r t e n s i o n ,  one  m a y  o the r -  
wise q u e s t i o n  i t s  s ignif icance,  s ince i t  t akes  place  on ly  
a f t e r  o b s t r u c t i o n  of t h e  r ena l  a r t e ry .  E v e n  in t h a t  case, 
t h e r e  is ev idence  t h a t  t h e  role of r e n i n  m a y  be l imi ted  to  
a pe r iod  of a few d a y s  a f t e r  w h i c h  a s e c o n d a r y  m e c h a n i s m  
i n v o l v i n g  t h e  a n t i - h y p e r t e n s i v e  f u n c t i o n  of t h e  k i d n e y  
t a k e s  ove r  s~. Th i s  so-cal led s e c o n d a r y  m e c h a n i s m  m a y  in  
r e a l i t y  be  t h e  p r i m a r y  a n d  basic  f ac to r  c o m m o n  to  al l  
t ypes  of r ena l  h y p e r t e n s i o n .  T h e  va r ious  r ena l  m a n i p u l a -  
t i ons  caus ing  h y p e r t e n s i o n  would  h a v e  t h e  c o m m o n  pro-  
p e r r y  of i n t e r f e r ing  w i t h  t h e  a n t i h y p e r t e n s i v e  func t i on  
of t h e  k idney .  Th i s  p o i n t  of v iew h a s  r e c e n t l y  been  dis-  
cussed  b y  MILHgZ ~s. 

A l t h o u g h  t h e  ex i s t ence  of  t h i s  f u n c t i o n  seems to  b e  wel l  
e s tab l i shed ,  i t  is s t i l l  n o t  c lear  h o w  i t  is e x e r t e d ;  t he  
k i d n e y  m a y  d e s t r o y  a p ressor  p r inc ip le  n o r m a l l y  p r e s en t  
in  b lood  or  secre te  a n  an t i - p r e s s o r  pr inciple .  R e n o p r i v a l  

h y p e r t e n s i o n  is a r e l a t i ve ly  slow a n d  sub t l e  process  as 
c o m p a r e d  w i t h  t he  a h n o s t  i m m e d i a t e  pressor  effects of 
r ena l  i schemia .  Th i s  m a y  exp la in  w h y  h y p e r t e n s i o n  caused 
b y  lesions of t h e  r e n a l  p a r e n c h y m a  deve lops  more  slowly 
t h a n  a f t e r  r ena l  a r t e r y  cons t r i c t ion .  I n  t h e  l a t t e r  s i tuat ion,  
r en in  release would  p recede  a n d  l a t e r  m a s k  t he  early 
effects of a p rogress ive  fa i lure  of t h e  a n t i - h y p e r t e n s i v e  
func t ion .  E v e n  if fa i lure  of t he  a n t i - h y p e r t e n s i v e  func t ion  
r ep resen t s  t he  p r i m a r y  cause  of r ena l  h y p e r t e n s i o n ,  th i s  
does  n o t  i m p l y  t h a t  i t  is who l ly  respons ib le  for it .  O the r  
fac tors  m a y  c o n t r i b u t e  to  i t s  m a i n t e n a n c e .  T h e i r  respec- 
t i ve  roles a n d  t h e i r  c o n s t a n t  i n t e r p l a y  h a v e  been  descr ibed 
b y  PAGE ~4 in t h e  'mosa ic  t h e o r y  of h y p e r t e n s i o n ' .  

T h e  r e l a t i onsh ip s  b e t w e e n  h o r m o n a l  a n d  sa l t  h y p e r -  
t en s ion  a n d  t h e  r ena l  p resso r  s y s t e m  a re  b e t t e r  unde r -  
s tood.  I t  was  f i rs t  be l ieved  t h a t  t h e  h y p e r t e n s i v e  effects  of 
eor t i co-s te ro ids  a n d  sa l t  were  m e d i a t e d  t h r o u g h  t he  kid-  
n e y  a n d  t h a t  r e n i n  h y p e r s e c r e t i o n  r e su l t ed  f rom neph ro -  
sclerosis  a c t i n g  l ike mu l t i p l e  G o l d b l a t t  c l a m p s  o n  t he  
a f f e r en t  ar ter ioles .  T e m p o r a l  s tud ies  on  t h e  d e v e l o p m e n t  
of h y p e r t e n s i o n  a n d  of  v a s c u l a r  disease h a v e  d e m o n -  
s t r a t e d  t h a t  h y p e r t e n s i o n  t a k e s  p lace  before  a n y  de tec t -  
ab le  r e n a l  lesions 3.. F u r t h e r m o r e ,  we k n o w  t h a t  sec re t ion  
of  r ena l  pressor  s u b s t a n c e s  n o t  on ly  ceases  before  h y p e r -  
t ens ion  s b u t  also t h a t  t h e r e  is no  d e t e c t a b l e  pressor  
a c t i v i t y  w h e n e v e r  nephrosc le ros i s  is p resen t .  

The  effects  of cor t i co-s te ro ids  a n d  s a l t  o n  t h e  r ena l  
pressor  s y s t e m  lead us  to  t h e  r e l a t i o n s h i p  ex i s t ing  be- 
t w e e n  k i d n e y  a n d  ad rena l s  a n d  t h u s  to  t h e  h u m o r a l  role 
of t he  k i d n e y  in t he  r e g u l a t i o n  of s a l t  a n d  w a t e r  m e t a b o -  
l ism. E a r l y  s tud ies  h a v e  s h o w n  t h a t  a h i g h  s a l t  d ie t ,  like 
DCA t r e a t m e n t ,  causes  a t r o p h y  of t h e  zone  g lomeru losa  
a n d  of t h e  J G  cells whi le  a low s o d i u m  d ie t  h a s  t h e  oppos i te  
effects  as, and  also t h a t  r en in  in jec t ions  s t i m u l a t e  t he  zone  
glomerulosa~L On  the  a s s u m p t i o n  t h a t  t h e  zone  g lomer-  
u losa  a n d  t h e  J G  cells were  t h e  r e spec t ive  s i tes  of pro-  
d u c t i o n  of DCA-l ike  s te ro ids  and  of renin ,  i t  was  sugges ted  
t h a t  a f u n c t i o n a l  r e l a t i onsh ip  ex is ted  b e t w e e n  k idneys  
a n d  ad rena l s  as. These  v iews h a v e  been  g r a d u a l l y  con-  
f i rmed  b y  t he  fol lowing o b s e r v a t i o n s :  a ldos t e rone  is 
fo rmed  in  t h e  zone  glonlerulosaa% ~° a n d  r e n i n  in t h e  J G  
cells~; h y p e r p l a s i a  of t i le  J G  cells m e a n s  hype r sec re t ion ,  
a n d  a t r o p h y ,  lack of secre t ion~t ;  i n j ec t ion  of sal ine ex- 
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tracts of k idneys  or  of angiotensin  s t imula tes  a ldos terone  
secretionLa~; DCA or  a ldos terone  plus sa l t  depletes  the  
kidneys of ren in  ~°, and finally,  t he  increase in a ldos terone  
secretion secondary  to  acute  hypotens ion  does no t  t a k e  
effect in b i la tera l ly  nephrec tomized  animals  ~-. 

Thus, these observa t ions  suppor t  the  concept  t h a t  the  
renin-angiotensin sys tem no t  only par t ic ipa tes  in the  
regulation of blood pressure bu t  also is pa r t  of an  homeo-  
static mechan i sm which  th rough  aldosterone regulates  
sodium and wa te r  balance,  the  sens i t iv i ty  of this mecha-  
nism is such t h a t  non-pressor  doses of angiotensin  cause 
significant increases in a ldosterone ~,~*. This  suggests t h a t  
aldosterone secret ion m a y  be used as an  index  of renin  
secretion. In  v iew of this renin-aldoSterone re la t ionship 
and the  associat ion of hyper tens ion  wi th  a ldosteronism,  i t  
is therefore no t  surpris ing t h a t  a ldos terone  secret ion was 
determined dur ing renal  hyper tens ion.  Recen t  exper iments  
in dogs showed t h a t  a ldos terone  secret ion remains  normal  
during benign renal  hyper tens ion  bu t  is a lmos t  t r ip led 
during ma l ignan t  hyper tens ion  g. De te rmina t ion  of the  
secretory ra te  of a ldosterone in hyper tens ive  pa t ien ts  
gave similar  results*a. A l though  these observat ions  should 
be ex tended  to o ther  types  of renal  hyper tension,  we feel 
that  the  absence of an increase in a ldosterone dur ing 
benign hyper tens ion  is par t icu lar ly  s ignif icant  in suggest-  
ing t h a t  the  renal  pressor funct ion  was no t  s t imula ted  and 
therefore suppor t ing  our  v iew t h a t  the  role of renin in 
renal hyper tens ion  is a secondary  one. I t  should be em- 
phasized t h a t  renal  hyper tens ion  was produced by  bi- 
la teral  c lamping  of the  renal  ar tery,  t h a t  dogs were defi- 
ni tely hyper tens ive  wi th  pressures be tween 180 and 
200 m m  H g  and, finally, t h a t  mos t  of the  a]dosterone 
de te rmina t ions  were per fo rmed  be tween  the th i rd  and the  
sixth day,  therefore  avoid ing  the  immedia t e  pos t -c lamp-  
ing period when  renin  is released. The  presence of large 
amounts  of a ldosterone in mal ignan t  hyper tens ion  elicited 
by severe  c l amping  of the renal  a r t e ry  can be considered 
merely  as a ref lect ion of a cont inuous  ou t -pour ing  of ren in  
in an  unsuccessful  effort  on the  pa r t  of the  k idney  to 
restore renal  ar ter ia l  pressure to  normal .  Still, this  does 
n o t  necessari ly mean  t h a t  renin is the  only  posi t ive  factor.  
There  is no w a y  e i ther  to  dis t inguish the  pa r t  p layed  by  
aldosterone.  However ,  t he  s imul taneous  high levels of 
renin and  a ldos terone  m a y  be of pa thogenic '  s ignificance 
in t he  produc t ion  of t he  lesions character is t ic  of  ma l ignan t  
hyper tens ion.  This  is suppor ted  b y  the  observa t ion  t h a t  a 
s i tua t ion  s imilar  to  ma l ignan t  hyper tens ion  can be  re- 
p roduced  by  admin i s t r a t ion  of renin or  angiotensin and 
desoxycor t icos te rone  to  ra ts  on a sal t  diet*L ~. 

In  th is  rev iew we h a v e  a t t e m p t e d  to summar ize  our  
present  knowledge  concerning the  role of the  renal  pressor  
sys tem dur ing  condi t ions  associated wi th  hyper tens ion  
and sod ium imbalance .  I n  compar ing  results  f rom methods  
using var ious  cr i ter ia  such as degree of deve lopmen t  and 
of g ranu la r i ty  of the  j ux t ag lomeru la r  cells and  amoun t s  of 
pressor  substances  in kidneys,  renal  vein  blood and pe- 
r iphera l  blood,  we have  been impressed by  the i r  con- 
cordance under  var ious  exper imenta l  condit ions.  I n  spite 
of the i r  respect ive  l imitat ions,  we feel t h a t  t h e y  are suffi- 
c ient ly  accura te  for the  es t imat ion  of renal  pressor func- 
tion. This  funct ion  is normal  or increased af ter  const r ic t ion 
of the  renal  a r t e ry  and increased dur ing sodium restr ict ion.  
I t  is decreased dur ing hyper tens ion  due to lesions of the  
renal pa renchyma ,  DCA t r ea tmen t ,  adrenal  regenera t ion  
or salt  excess. This  decrease which is general ly  associated 
with  nephrosclerosis,  can be expla ined  on the  basis of a 
high ar ter ia l  pressure and /or  sodium retent ion.  These ob- 
servat ions  do no t  suppor t  the  concept  t h a t  t he  renal  
pressor sys tem is the  main  pa thogenic  fac tor  in renal  

hyper tens ion ;  i t  may,  however ,  con t r ibu te  to  its develop-  
m e n t  and severi ty .  The  s t imula t ing  effect  of angiotens in  
on a ldos terone  secret ion emphasizes  the  role of renin in 
the  homeos t a t i c  regula t ion  of sa l t  and wa te r  and provides  
an exp lana t ion  for the  effects of sodium re ten t ion  or  
sodium depr iva t ion  on rena l  pressor  function.  Final ly ,  
this  k idney-adrena l  re la t ionship  seems to  be in evidence 
dur ing ma l ignan t  renal  hyper tens ion  which is associated 
wi th  hypersecre t ion  of a ldos terone  and ve ry  l ikely of 
angiotens in  ~. 

Zusammen/assung.  Eine  Kr i t ik  der Methoden ,  die zur 
B e s t i m m u n g  der  Akt iv i t / i t  der renalen Pressor funkt ion  
w/ihrend Hyper t ens ion  oder  Na t r iumgle ichgewich t  be- 
nu tz t  wurden,  ergibt  eine gute  l~bere ins t immung der  Er-  
gebnisse. Es  scheint  eine umgekehr te  Beziehung zwischen 
den Mengen der renalen pressorischen Subs tanzen  in den 
Nieren  und dem Auf t re ten  der  Nephrosklerose zu be- 
stehen. Ffir die Bete i l igung des Renins  an der  Pa thogenese  
der benignen,  renal  und hormonel l  bedingten  Hype r -  
tens ion bes teht  kein Anha l t spunkt .  

G. M. C. MASSON 
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