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I n h i b i t i o n  of I s o p r e n a l i n e - I n d u c e d  Increase  in  P l a s m a  Ren in  C o n c e n t r a t i o n  by V a s o c o n s t r i c t o r s  ~ 

St imula t ion  of renin secret ion by  the  /3-sympathomi-  
met ic  isoprenal ine has  been  descr ibed in ra t s  ~ and  dogs a. 
I soprenal ine  infused into the  isolated perfused  ra t  k idney  
increases renin  release 4. This effect  is an tagonized  b y  
s imul taneous ly  infused angio tens in  II ,  b u t  in the  presence  
of Ca++-ions, only ~. Since the  vasocons t r ic t ing  act ion of 
angio tens in  I I  also depends  on Ca++-ions, we assumed t h a t  
angiotens in  I I  suppresses  renin  release by  causing an 
in t ra rena l  vasoconst r ic t ion.  To t es t  th is  assumpt ion ,  we 
s tudied  the  effect  of the  vasocons t r ic tors  angiotens in  II ,  
vasopress in  and the  e - s y m p a t h o m i m e t i c  amine  phenylep-  
hr ine on the  i soprenal ine- induced renin release. 
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Fig. 1. Fffect of angiotensin II (1.0 ~zg/kg rain) (AII) and phenyl- 
ephrine (60.0 I~g/kg rain) (PE) on the plasma renin concentration of 
controls (CO) and isoprenaline (1.5 ~zg/kg rain) (1SO)-treated un- 
anaesthetized rats. Renin concentration is expressed as ng angio- 
tensin l generated by the renin in 1 ml plasma during 1 h under our 
conditions of incubation. Numbers of animals used are shown above 
each cohunn. +,  p < 0.05; + +,  < 0.01; + + +,  -~. 0.001; n.s., not 
significant. Symbols at the left side of columns indicate differences 
between this group and the controls. Symbols at the right side of 
columns show differences between this group and the one treated 
with isoprenaline alone. 
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Fig. 2. Effect of vasopressin (10 mU/kg min) (VP) on renin plasma 
concentration of controls (CO} and isoprenaline {1.5 ~xg/kg rain) 
(ISO) treated rats. For further explanation see Figure 1. 

Methods. U n an aes t h e t i z ed  male Wis ta r  ra t s  (280-310 g) 
were used. Tail veins  were cannu la t ed  for drug applica-  
tion. All drugs were given by  cons t an t  infusion (infusion 
ra te  0.050 ml/min) .  1 ml  of infusiort med i u m con ta ined  
0.8 ml  of isotonic saline, 0.1 ml  0.001 N HC1 in which  
isoprenal ine was dissolved, 0.1 ml  of disti l led water ,  
which  was the  vehicle of the  vasoconst r ic tor .  Controls  
received the  respec t ive  so lvent  infusionsl 20 rain af ter  t he  
s t a r t  of drug infusion, 4 ml  of blood were collected f rom 
the  aor ta  of the  ra t s  l ight ly  anaes the t ized  wi th  ether.  The 
infusion was con t inued  dur ing  the  t ime of collection. The 
p lasma was sepa ra ted  immed ia t e ly  by  cent r i fugat ion  in a 
cooled centr ifuge.  

Ren in  concen t ra t ion  was de te rmined  by  incuba t ion  of 
an a l iquot  of p la sma  wi th  subs t r a t e  par t ia l ly  purif ied 
according to SCHAECHTELIN et al. 6. Incuba t ion  t empe ra -  
ture  was 52~ p H  of incuba t ion  med i u m was 5.2. Af ter  
30 min,  incuba t ion  was s topped  by  boiling. Angiotens in  I 
genera ted  was de t e rmined  by  r ad io immunoassay  7. Stu- 
den t ' s  t - tes t  was used for s ta t is t ica l  analysis.  

Studies  on renal  p la sma  flow: PAH-c lea rance  was 
de t e rmined  in a contro l  group (n = 4) and in one (n = 4), 
which  received an infusion of the  e - s y m p a t h o m i m e t i c  
phenylephr ine .  Unanaes the t i zed  ra ts  of 310-330 g were 
used. Drugs were given i.v. t h ro u g h  a cannula  placed in 
the  tail  vein. 

Af ter  a p r iming  dose of P A H  (1.0 mg/100 g) in jec ted  
i.v., a cons t an t  infusion of P A H  (5.0 mg/ml) dissolved in 
isotonic saline followed (infusion ra te  0.050 ml/min) .  
Manni to l  (100 mg/ml) added  to  the  infusion m e d i u m  
ensured a co n s t an t  urine product ion .  After  30 rain of 
equil ibrat ion,  t he  P A H  clearance was measured  dur ing  
the  following 20 rain. During th is  t ime,  the  animals  
received the  pheny lephr ine  or so lvent  infusion. Ur ine  
flow ra te  was de t e rmined  by  collecting the  urine. Before 
the  tes t  period,  the  b ladder  was empt ied  comple te ly  by  a 
gentle massage of the  suprapubic  region. Blood was col- 
lected f rom the  aor ta  a t  the  end of the  sampl ing period.  
De te rmina t ion  of P A H  in serum and  urine was m a d e  
according to  BRATTON and MARSHALL s. 

Studies on blood pressure and  hea r t  rate.  Groups  of 
4 ra ts  were used. The ven t ra l  tail  a r t e ry  was cannu la t ed  
under  l ight  e ther  anaes thes ia  wi th  a po lye thy lene  can-  
nula. Blood pressure  and hea r t  ra te  were recorded before 
and dur ing drug  infusion wi th  a S t a t h a m  t r ansduce r  and  a 
W a t a n a b e  recorder .  Drugs were infused th rough  a can-  
nula placed in a taft vein, as in the  s tudies  on p lasma  renin  
concent ra t ion ,  t - tes t  for pa i red  observa t ions  was used for 
s ta t is t ica l  analysis.  

Results  and discussion. Figure  1 shows the  effect  of 
(asp'-fl-amid, vaP) angiotens in  I I  (1.0 p.g/kg min) and 
the  ~ - s y mp a t h o mi me t i c  amine  pheny lephr ine  (60.0 ~g/kg 
rain) on p l a s ma  renin  concen t ra t ion  of normal  and  iso- 
prenal ine  (1.5 Fg/kg min) - s t imula ted  rats.  
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Angio tens in  I I  g iven  a lone  showed t he  t e n d e n c y  to  
suppress  t he  ren in  levels b e n e a t h  t he  con t ro l  values,  
p h e n y l e p h r i n e  h a d  no  effect  on  t he  p l a s m a  r e n i n  con- 
cen t ra t ion .  The  increase  in p l a s m a  ren in  c o n c e n t r a t i o n  
induced  b y  i soprenal ine  was m a r k e d l y  i n h i b i t e d  b y  
s imu l t aneous  infus ion of ang io tens in  I I  or pheny lephr ine .  

F igure  2 shows a s imi lar  e x p e r i m e n t  w i t h  vasopress in  
(10.0 m U / k g  min) .  Given  alone, t he  pep t ide  h a d  no 
s ign i f ican t  effect  on p l a s m a  ren in  concen t r a t ion .  In fused  
in c o m b i n a t i o n  w i t h  i soprena l ine  (0.4 tzg/kg min) ,  i t  
p r e v e n t e d  t he  r en in  release caused  b y  t he  f l -adrenergic 
s t imula t ion .  

The  effect  of p h e n y l e p h r i n e  (60 ~zg/kg min)  on the  P A H -  
c learance  of o the rwise  u n t r e a t e d  an ima l s  was  s tud ied  
next .  Since i soprena l ine  causes  a s t rong  ant id iures is ,  i t  
was  imposs ib le  to  s t u d y  P A H - c l e a r a n c e  in  i soprenal ine-  
t r e a t e d  rats .  P A H - c l e a r a n c e  was 6.9 m l / m i n  (n ~ 4) in 
cont ro ls  and  7.2 m l / m i n  (n ~ 4) in  p h e n y l e p h r i n e  t r e a t e d  
ra t s  (not  s ignif icant) .  This  ind ica tes  t h a t  t he  vaso-  
cons t r ic to rs  do n o t  suppress  r en in  release b y  decreas ing  
rena l  p l a s m a  flow and  t h u s  t he  access of i soprena l ine  to 
i ts i n t r a r e n a l  si tes of act ion.  

F ina l ly  t he  effects of i soprena l ine  and  the  vasocon-  
s t r ic tors  on m e a n  a r te r ia l  p ressure  (MAP) and  h e a r t  r a t e  
(HR) were analyzed.  M A P  a n d  H R  before  a n d  10 min  
a f t e r  t he  s t a r t  of t he  infus ions  are given.  Ang io t ens in  I I  
(1.0 ~zg/kg min) increased M A P  f rom 104.8 to  149.3 m m H g  
(p < 0.01) and  lowered H R  f rom 460 to 315 b e a t s / m i n  
(p < 0.001). Vasopress in  (10 m U / k g  min)  increased M A P  
f rom 90.0 to 112.0 m m H g  (p < 0.01); H R  was lowered 
f rom 478 to  302 b e a t s / m i n  (p < 0.005). I soprena l ine  
g iven  a lone  increased  H R  f rom 470 to 540 (p < 0.005) 
a n d  lowered M A P  f rom 102.4 to  61.8 m m H g  (p < 0.005). 
W h e n  infused s i m u l t a n e o u s l y  ang io tens in  I I  pa r t i a l l y  
an t agon i zed  t he  effect  of i soprena l ine  on M A P  a n d  HR.  
Dur ing  t he  c o m b i n e d  infusion,  M A P  was lowered f rom 
92,0 to  72.0 m m H g  (p < 0.001); H R  rose s l igh t ly  f rom 
478.1 to  517.1 b e a t s / m i n  (n.s.). W h e n  i soprena l ine  a n d  
vasopress in  were infused s imul taneous ly ,  M A P  fell 
s l ight ly  f rom 95.9 to 88.7 m m H g  (p < 0.01) and  H R  rose 
f rom 498 to 507 (n.s.). Thus,  3 d i f fe rent  vasocons t r i c to r s  
m a r k e d l y  i n h i b i t  t he  i soprena l ine - induced  ren in  release 
a n d  i ts  vascu la r  a n d  cardiac  effects. 

I sop rena l ine  releases r en in  b y  an  ac t ion  on i n t r a r e n a l  
sites 4. The  suppress ive  effect  on  ren in  release of angio-  
t ens in  is also due to an  i n t r a r e n a l  ac t ion  5. T he  observa-  
t ions  r epor t ed  m a y  be  exp la ined  b y  the  a s s u m p t i o n  t h a t  
i soprena l ine  causes an  i n t r a r e n a l  vasod i l a t a t ion ,  e.g. in  

t he  ba ro r ecep to r  area,  a n d  t h u s  s t i m u l a t e s  r en in  release. 
The  va socons t r i c t o r s  a n t a g o n i z e  t h e  i soprena l ine - induced  
vasod i l a t i on  in a s imi la r  way  as t h e y  i n h i b i t  i ts  effect  on  
sys temic  b lood pressure .  T h u s  t h e y  a t t e n u a t e  the  s t imu lus  
for t h e  ba ro reeep to r s  a n d  i n h i b i t  r en in  release.  

The  suppress ion  of t he  i soprena l ine - induced  ren in  
release b y  t he  vasocons t r i c to r s  s t rong ly  resembles  t he i r  
i n h i b i t o r y  effect  on  r en in  release caused  b y  furosemideg.  
A s imi la r  m e c h a n i s m  was p roposed  to expla in  t h i s  phe-  
n o m e n o n .  

Accord ing  to t h e  h y p o t h e s i s  of GANONG 1~ i soprena l ine  
causes  renin  release b y  a d i rec t  sec re tomotor i c  s t imula -  
t ion  of the  ren in- re leas ing  cells. NOLLY et  al. u,  however ,  
could  on ly  obse rve  a w e a k  s t i m u l a t i o n  of r en in  release 
w h e n  t h e y  added  ca t echo lamines  to  a n  i n c u b a t e  of r a t  
k i d n e y  slices. Ao i  e t  al. ~ r epo r t ed  a s t rong  s t imu la t i on ,  
b u t  t h e y  h a d  to  use v e r y  h igh  c o n c e n t r a t i o n s  of epinep-  
h r ine  or no rep inephr ine .  I n  case of a sec re tomotor ic  
m e c h n i s m  of t he  i soprena l ine - induced  ren in  release,  
w h i c h  is sti l l  u n p r o v e d ,  t h e  effect  of t h e  vasocons t r i c to r s  
m u s t  be  due to a d i rec t  i n h i b i t o r y  ac t ion  on t h e  ren in-  
secre t ing  cells. On t he  molecu la r  aspects  of th i s  act ion,  
we can  on ly  speculate .  

Summary.  The  vasocons t r i c to r s  ang io t ens in  II ,  vaso-  
press in  and  t h e  ~ - s y m p a t h o m i m e t i c  p h e n y l e p h r i n e  
s ign i f i can t ly  i n h i b i t  t he  ren in  release caused  b y  t he  fl- 
s y m p a t h o m i m e t i c  isoprenal ine.  The  m e c h a n i s m  of the  
i n h i b i t i o n  is discussed.  
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S c a n n i n g  E lec tron  M i c r o s c o p e  O b s e r v a t i o n s  of the Canal icu l i  in the  Rat  P inea l  Gland 

Several  a u t h o r s  h a v e  descr ibed  large in te rce l lu la r  and  
per icap i l la ry  spaces in  t he  r a t  p inea l  g l and  1-s. I n  these  
spaces  the re  are po la r  t e r m i n a l s  of t he  p inea l  cells, in te r -  
s t i t ia l  cells w i t h  t he i r  processes,  adrenerg ic  ne rve  endings,  
capil laries,  col lagenous f ibres a n d  an  amorphous ,  weak ly  
osmiophi le  subs tance ,  

Af te r  a p a r e n c h y m a l  pe r fus ion  of a r a t  p inea l  gland,  
QUAY s observed  t h a t  i ts  cana l i cu la r  sys t em shows a 
24-hour  r h y t h m .  Accord ing  to  t he  same au thor ,  t h i s  
s y s t e m  of channe l s  m a y  be  s ign i f ican t  for t r a n s p o r t  
ac t iv i t ies  be twee n  p inea locy tes  and  capil laries.  The  
r h y t h m i c  changes  of t he  p inea l  p a r e n c h y m a l  channe l s  
would  be  regu la ted  p a r t l y  b y  t h e  release of 5 -hydroxy-  
t r y p t a m i n e  a n d  p a r t l y  b y  ca lc ium ions. 
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