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PILLAR, A. X., C. R. SILVA-NETTO, L. A. A. CAMARGO, W. A. SAAD, J. ANTUNES-RODRIGUES AND M. R. 
COVIAN. Adrenergic stimulation of the lateral hypothalamic area on sodium and potassium excretion. PHARMAC. 
BIOCHEM. BEHAV. 6(2) 145-149,  1977. - The effects of adrenergic stimulation of the lateral hypothalamic area on 
sodium and potassium excretion were studied in rats bearing implanted cannulae. When noradrenaline was injected into 
several points of the lateral hypothalamic area, a dose-related increase in natriuresis and kaliuresis was observed. Rats 
previously injected through the same cannulae with c~ (Regitine) or ~ (Propranolol) blocking agents showed different 
natriuretic responses when injected with noradrenaline. It was observed that the normal noradrenaline-induced natriuresis 
was abolished by the a-adrenergic blockers, while/3-adrenergic blockers increased the response. Intrahypothalamic injection 
of Isoproterenol, an activator of the ~-adrenergic receptor, induced a decrease in natriuresis, kaliuresis and urinary volume. 
In contrast, injection of Metaraminol, an c~-adrenergic agonist, caused an increase in sodium and potassium excretion and a 
reduction of urinary volume. Drugs blocking the destruction of noradrenaline or its reuptake by the presynaptic nerve 
endings potentiated 2-fold the action of 20 nmol of noradrenaline. These experiments provide good evidence for the 
existence of an adrenergic mechanism consisting of c~ and ~/ receptors which works antagonistically on the regulation of 
sodium and potassium excretion. The excretion of the two electrolytes is stimulated by the a-adrenergic system, and 
inhibited by the ~-adrenergic system. 
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A SERIES of  inves t iga t ions  has  been  devo ted  to d e m o n -  
s t ra t ing the  pa r t i c ipa t i on  of the  cen t ra l  ne rvous  sys tem in 
the  regu la t ion  of  the  h y d r o m i n e r a l  equ i l ib r ium of the 
organism.  Many au t ho r s  have s tud ied  the  effects  p roduced  
by chemica l  or  electr ic  s t imu la t ion ,  or by e lec t ro ly t ic  
de s t ruc t i on  of  several areas in the  l imbic  sys tem on water ,  
food  and  sod ium in take .  It has  been  r epo r t ed  t ha t  the  
p reop t i c  la teral  area plays a role in wate r  equ i l ib r ium in the 
organism,  when  an a l t e ra t ion  occurs  in the osmola r i ty  of  
the  ex t race l lu la r  f luid [ 3 , 4 ] .  Extens ive  research has been  
carr ied ou t  recen t ly  wi th  the  purpose  of  proving  a possible  
pa r t i c ipa t ion  of  the  l imbic  area in the regu la t ion  of  ur inary  
exc re t ion  of  sodium,  po tass ium and water.  Early works  in 
this  field have s h o w n  an increase  in na t r iures is  a f te r  a lesion 
in the  pa raven t r i cu la r  nucle i  [ 1 6 ] ,  p r eop t i c  area [ 1 7 ] ,  and 
the pos t e r io r  h y p o t h a l a m u s  [7 ] .  H y p e r t o n i c  so lu t ion  of  
NaC1 (0 .58 M) in jec ted  in to  the  th i rd  vent r ic le  of  goats  also 
caused an increase in nat r iures is  [ 1 ] .  Ven t r i cu lo  c is ternal  
per fus ion  wi th  low-sod ium so lu t ion  decrease  sod ium excre- 
t ion  [ 19] .  Chol inergic  s t imu la t i on  of  var ious  h y p o t h a l a m i c  
[6] and  ven t r i cu la r  [ 11 ] areas, as well as of the  septal  area 
[22] in rats  p rovoked  an increase  in the  u r ina ry  exc re t ion  
of sod ium and  po tass ium and  a decrease  in u r inary  volume.  

Si lva-Netto et al. [23]  d e m o n s t r a t e d  the  relat ive par t ic ipa-  
t ion  of  the  h y p o t h a l a m u s - h y p o p h y s i s  sys tem in the  increase 
of Na + and K + exc re t ion  by in jec t ing  ca rbacho l  in to  the 
lateral  h y p o t h a l a m i c  area of  h y p o p h y s e c t o m i z e d  or med ian  
eminence  les ioned rats. Camargo  et al. [ 5] have s tudied  the  
role p layed  by the  adrenergic  p a t h w a y s  in the  septal  area in 
the regu la t ion  of  e lec t ro ly te  and  wate r  excre t ion ,  d e m o n -  
s t ra t ing  t ha t  the  s t imula t ing  and  inh ib i t ing  ef fec ts  are 
med ia ted ,  respect ively,  by the  a and 13 adrenergic  receptors .  
Cons ider ing  these  f indings,  it seemed of in teres t  to  us to  
invest igate  the  possible pa r t i c ipa t ion  of  the adrenergic  
pa thways  in the  h y p o t h a l a m i c  area in the  regula t ion  of Na + 
and K + exc re t ion  and  ur inary  vo lume,  thus  inves t igat ing the  
exis tence  of  a neura l  circuit  in this  regu la tory  mechan i sm 
similar to  t ha t  a l ready d e t e r m i n e d  for  sodium in take  [8 ] .  

METHOD 

Cannulae implanted into the lateral hypothalamie area 
(L.H.A.). H o l t z m a n  a lb ino  rats  weighing be tween  200  and 
300  g were used in all expe r imen t s .  Stainless steel cannulae  
were i m p l a n t e d  in to  the  LHA of all an imals  u n d e r  e the r  
anesthesia ,  accord ing  to the  s tandard  s t e reo tax ic  t e c h n i q u e  
based on  the  coo rd ina t e s  of  the  De G r o o t  [10] atlas. The 
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cannu lae  were f ixed to the  skulls wi th  denta l  c e m e n t  and 
jeweler ' s  screws. To p reven t  in fec t ion ,  a t r e a t m e n t  wi th  
penicil l in for  3 days before  and  af te r  the  ope ra t ion  was 
done.  Af te r  cerebral  surgery,  the  animals  were r e tu rned  to 
the i r  own  individual  me tabo l i c  cages and fed wi th  pel le ts  
and  tap wate r  un t i l  the  day of  the  e x p e r i m e n t  (one  week 
later).  A p o l y e t h y l e n e  tube ,  to be used la ter  for  adminis -  
ter ing wate r  loads,  was placed daily in to  the  s t o m a c h  for  7 
days, so t ha t  they  would  get a c c u s t o m e d  to the experi-  
men ta l  cond i t ions .  

Experimental procedure. After  a 14 hr  pe r iod  of  food  
depr iva t ion ,  the an imals  were weighed and s u b m i t t e d  to a 
first wa te r  load,  wi th  wate r  at  37°C, and in a q u a n t i t y  equal  
to 5~7c of  the  an imal ' s  body  weight.  The animals  were t hen  
r e tu rned  to the i r  cages and lef t  w i t h o u t  wate r  and solid 
food.  Voided  ur ine  passed t h r o u g h  the  funn i l  at  the  b o t t o m  
of the  cage in to  a g radua te  cent r i fuge  tube .  Af te r  60 
minutes ,  a s imilar  second  wa te r  load was admin i s t e r ed  and  
the  first ur ine  sample  was col lec ted  and dismissed. T w e n t y  
minu te s  later ,  a con t ro l  ur ine  sample  was col lected,  and 1 /11 
of saline so lu t ion  (0 .15 M NaC1) or the drug was in jec ted  
in to  the  LHA. Af te r  the  in jec t ion ,  6 more  successive urine 
samples  were col lected at 20 rain intervals  for a per iod  of 2 
hr. 

Drugs. Noradrena l ine  (Sigma Chemical  Co.), P roprano lo l  
h y d r o c h l o r i d e  (Sigma Chemical  Co.), Regit ine (Ciba),  lso- 
p r o t e r e n o l  h y d r o c h l o r i d e  (Sigma Chemica l  Co.), Meta- 
r amino l  (Win th rop  Labora tor ies ) ,  Xi locaine  - 2% (Astra  
Labora tor ies ,  Brazil -- 1 /~1) and Nialamide (Sigma Chemica l  
Co.). For  the in t racerebra l  in jec t ions  the  drugs were 
dissolved in to  a 0 .15M NaC1 so lu t ion .  The in jec t ions  (all of  
t hem 1 /~I in vo lume)  were made  t h r o u g h  a mic rosyr inge  
( H a m i l t o n  Co.) f i t ted  wi th  a 30 gauge needle,  t h r o u g h  PE 
10 p o l y e t h y l e n e  tubing,  over a pe r iod  of 10 sec. A delay of  
at least 48 hr  in t e rvened  be t w een  tests  in a given rat.  In 
occasional  ins tances  a drug was tes ted  twice in the  same 
animal.  There  was no  de tec tab le  e f fec t  of pr ior  t r e a t m e n t s  
on the  responses.  All the  drug doses used have been  
expressed in nmol ,  wi th  the e x c e p t i o n  of  Lidocaine ,  which  
was 1 /11 of  a 2% solut ion.  

Determination o f  Na + and K +. The sodium and potas-  
sium c o n c e n t r a t i o n s  for  each ur ine  sample  were d e t e r m i n e d  
with a IL-143 f lame s p e c t r o p h o t o m e t e r  ( I n s t r u m e n t a t i o n  
Labora tor ies ) .  

Histology. After  the expe r imen t s ,  the  bra ins  of  all 
an imals  were r emoved  u n d e r  anes thes ia  and  fixed in 10% 
f o r m a l d e h y d e  so lu t ion .  Later  the bra ins  were cut  in 10/J 
sect ions  and s ta ined by the  ga locyan ine  and Pal-Weigert 
t e chn ique  modi f i ed  by Ehrar t  [ 1 2 ] .  Only the  animals  
whose cannulae  were found  to be placed in the  LHA were 
used for  analysis  of  the  data.  

Statistics. The S t u d e n t ' s  t test  was appl ied.  The dose- 
response  curve was s u b m i t t e d  to variance analysis  and 
calcula ted l inear  regression.  All da ta  are expressed as 
average -2-- SEM. 

RESULTS 
Effects o f  the injection o f  various noradrenaline doses 

into the LHA on the urinary excretion of  Na + and K +. 
Dose-response curve. The in t race rebra l  in jec t ion  of  2.5, 5.0, 
10, 20, 40  and  80 nmol  of  no rad rena l ine  p rovoked  a 
dose-re la ted increase in the  u r inary  exc re t ion  of sod ium and 
po tass ium in a group of  rats  (Fig. 1). Var iance  analysis  
showed  a s ignif icant  regression for  sod ium in re la t ion  to the  
d i f fe ren t  doses applied,  bu t  no  s ignif icant  devia t ion  in 
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I. Linear regression of the dose-response curve for the 
different doses of noradrenaline on sodium and potassium excre- 

tion. In parentheses, the number of rats. 

l inear i ty  (F  11.76 for  Na+). The general  regression equa- 
t ion  for  Na + was y = 64 .64  + 74.11x.  

The exc re t ion  of  K + increased in direct  p r o p o r t i o n  to 
the a m o u n t s  of  no rad rena l ine  up to 10 nmol .  B e y o n d  this  
dose the exc re t ion  r ema ined  cons t an t ,  showing  t ha t  10 
nmol  are suff ic ient  to ac t ivate  all the  recep tors  c o n n e c t e d  
with K + excre t ion .  

Var iance analysis of regression for K* showed signif icant  
regression up to the  10 nmol  dose (y = 21 .59  + 22.97x) .  
Beyond  this  dose the  regression was no t  s ignif icant  (y = 
124.51 - 0 .52x) .  

Table  1 shows the  t ime  course and magn i tude  of the 
typical  no rad rena l ine - induced  nat r iures is  and kaliuresis by 
intervals  of  t w e n t y  minu t e s  in compar i son  wi th  resul ts  
ob t a ined  af ter  i so ton ic  saline in jec t ion  in to  the LHA. 

Af te r  in jec t ion  of  no rad rena l ine  (20  n m o l )  in to  the  LHA 
the nat r iures is  rose rapidly ,  reached  a m a x i m u m  at 60 rain 
later,  t hen  decl ined.  When c o m p a r e d  wi th  basel ine levels of 
0 .42 -+ 0 . 0 5 / ~ E q / m i n ,  this  represen ts  a b o u t  a 8-fold increase 
in u r inary  sodium,  while K + increases was of  less in tens i ty .  
I so ton ic  saline did no t  induce  any  change.  

Effects o f  sympatholytic drugs on the increase o f  
urinary excretion o f  Na + and K + induced by in/ection o f  
noradrenaline into the LHA metararninol and isoproterenol 
agonisrn. The in jec t ion  of  20 n m o l  of no rad rena l ine  in to  
the LHA induced  a marked  increase in the renal  excre t ion  
of Na + and K + dur ing  a per iod  of  2 hours  a f te r  the  drug 
was admin is te red ,  an ef fec t  similar to  tha t  ob t a ined  by 
in jec t ing no rad rena l ine  in to  the septal  area [5 ] .  

The i n t r a h y p o t h a l a m i c  in jec t ion  of 100 nmol  of Pro- 
p ranolo l  30 rain before  in t racran ia l  in jec t ion  of no rad rena -  
line caused a s ignif icant  increase in the  na t r iu re t i c  ef fec t  
p rovoked  by admin i s te r ing  20 nmol  of no rad rena l ine  in to  
the LHA. In cont ras t ,  i n t r a h y p o t h a l a m i c  in jec t ion  of 20 
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T A B L E  1 

SODIUM AND POTASSIUM EXCRETION AND URINE VOLUME PLOTTED AS FUNCTION OF TIME, BY 20 MIN INTERVALS, BEFORE AND 
AFTER INJECTIONS OF THE TEST SOLUTIONS, ISOTONIC SALINE (0.15 M) OR NORADRENALINE (20 NMOL), INTO THE LATERAL 

HYPOTHALAMIC AREA 

- 2 0  ~ 20 40 60 80 100 120min 

Isotonic saline 
Na + ( ~ E q / m i n )  0.26 _ 0.02 0.26 ± 0.03 0.27 ± 0.02 0.32 - 0.01 0.25 ± 0.01 0.23 _+ 0.02 0.22 ± 0.02 
K + ( # E q / m i n )  0.50 ± 0.03 0.44 _+ 0.03 0.47 ± 0.03 0.50 ± 0.03 0.43 ± 0.03 0.39 ± 0.03 0.34 _+ 0.03 
Urine  vol. (ml/20 min) 1.75 ± 0.10 2.05 ± 0.13 2.51 _+ 0.13 2.92 ± 0.12 2.52 _+ 0.13 2.04 ± 0.13 1.84 ± 0.11 

Noradrenal ine  
Na  ÷ ( # E q l m i n )  0.42 ± 0.05 1.78 _+ 0.23 2.78 _+ 0.23 3.39 _+ 1.24 1.25 ±0.14 0.64 +_ 0.05 0.60 _+ 0.07 
K+( /~Eq/min)  0.69 -- 0.05 0.74 ± 0.09 1.14 + 0.10 1.11 + 0.08 0.86 _+ 0.09 0.61 _+ 0.05 0.75 _+ 0.04 
Urine vol. (ml/20 min) 1.94 _+ 0.12 1.58 ± 0.16 1.74 _+ 0.18 2.30 _+ 0.14 2.24 _+ 0.16 2.25 ± 0.14 2.01 _+ 0.14 

Each value represents the mean ± SEM, obtained in 20 rats. Baseline values are those obtained at - 2 0  min relative to injection of test 
solutions (arrow). Noradrenal ine was injected 48 hr after isotonic saline. 
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FIG. 2. Effects of  adrenergic s t imulat ion and adrenergic blocking o f  
the hypo tha l amus  on sodium and potass ium excretion. The values 

represent  the mean  ± SEM. 

n m o l  o f  R e g i t i n e  b e f o r e  a d m i n i s t e r i n g  t h e  a g o n i s t  p r o v o k e d  
a m a r k e d  d e c r e a s e  in t h e  n a t r i u r e t i c  e f f e c t .  

T h e  i n j e c t i o n  o f  20 n m o l  o f  I s o p r o t e r e n o l ,  a 13-adrenergic 
s t i m u l a n t ,  i n t o  t h e  L H A  c a u s e d  a s i g n i f i c a n t  d e c r e a s e  in 
r e n a l  e x c r e t i o n  o f  Na ÷ a n d  K + in c o m p a r i s o n  w i t h  t h e  
e f f e c t s  o f  b o t h  sa l ine  a n d  n o r a d r e n a l i n e  i n j e c t i o n s .  In  
c o n t r a s t ,  t h e  i n j e c t i o n  o f  20  n m o l  o f  M e t a r a m i n o l ,  an  
a - a d r e n e r g i c  s t i m u l a n t ,  c a u s e d  an  i n c r e a s e  in t h e  e x c r e t i o n  
o f  Na + a n d  K + (Fig .  2). 

Effects o f  intrahypothalamic in/ection o f  drugs influ- 
encing the metabolism and recaptation o f  noradrenaline in 
nerve endings on the renal elimination o f  Na + and K +. T h e  
i n j e c t i o n  o f  1 /ll o f  L i d o c a i n e  a t  2% i n t o  t h e  L H A  c a u s e d  a 
s i g n i f i c a n t  i n c r e a s e  in t h e  u r i n a r y  e x c r e t i o n  o f  Na  + a n d  K + 
in r e l a t i o n  to  t h e  c o n t r o l  levels  o b t a i n e d  w i t h  sa l ine  
i n j e c t i o n .  

L i d o c a i n e  i n j e c t e d  50  ra in  b e f o r e  t h e  i n j e c t i o n  o f  20  
n m o l  o f  n o r a d r e n a l i n e  p r o v o k e  a s i g n i f i c a n t  i n c r e a s e  in t h e  
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FIG. 3. Effects on sodium and potassium excretion of  intrahypo- 
thalamic injections of  the agents acting on noradrenaline metabo-  

lism and recaptation. The values represent the mean  ± SEM. 

n a t r i u r e t i c  a n d  k a l i u r e t i c  e f f e c t  o f  t h e  a d r e n e r g i c  ago-  
n is t .  

T h e  i n j e c t i o n  o f  2 0 0  n m o l  o f  n i a l a m i d e  d e t e r m i n e d  an  
i n c r e a s e  in t h e  u r i n a r y  e x c r e t i o n  o f  t h e  t w o  e l e c t r o l y t e s  
w h e n  c o m p a r e d  w i t h  sa l ine  i n j e c t i o n .  N i a l a m i d e  g iven  50  
m i n  p r i o r  to  i n t r a h y p o t h a l a m i c  i n j e c t i o n  o f  2 0  n m o l  
n o r a d r e n a l i n e  o n c e  m o r e  p r o v o k e d  a m a r k e d  i n c r e a s e  in t h e  
u r i n a r y  e x c r e t i o n  o f  Na  + a n d  K +, w h e n  t h e s e  e f f e c t s  are 
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FIG. 4. Loci of stimulation shown on sections from the rat brain, based on the De Groot's atlas [10]. The open circles indicate consistently 
excellent effects of adrenergic stimulation on the increase of sodium and potassium excretion; the half-filled circles show the placements with 

some effects; the open squares indicate negative placements. 

c o m p a r e d  wi th  those  of saline or no rad rena l i ne  alone (Fig. 
3). 

Localization o f  the implanted cannulae. Figure 4 shows 
the p l a c e m e n t  of  the  cannulae  in f ron ta l  sect ion.  The open  
circles indica te  the  po in t s  where  the  adrenergic  s t imu la t i on  
was effect ive in s t imula t ing  sod ium and  po tass ium excre- 
t ion.  It may be n o t e d  t h a t  mos t  of the  loci are c o n c e n t r a t e d  
in to  the  lateral  h y p o t h a l a m i c  area be t w een  the  an t e r io r  and 
the med ian  h y p o t h a l a m u s .  

D I S C U S S I O N  

The presen t  resul ts  ind ica te  t ha t  the  LHA par t ic ipa tes  in 
the neura l  regu la tory  con t ro l  of  u r inary  sod ium and  
po tass ium exc re t ion  when  its adrenergic  p a t h w a y s  are 
s t imula ted .  The a d m i n i s t r a t i o n  of  no rad rena l i ne  in to  this  
area p rovoked  a progressive,  d o s e - d e p e n d e n t  increase in the  
ur inary  o u t p u t  of sodium and po tass ium.  The effects  of 
no rad rena l ine  on po tass ium excre t ion  are more  rapid and 
less in tense ,  wi th  a p la teau  being reached  earlier t han  for 
sodium.  The  20 nmol  dose chosen  for  sod ium exc re t ion  is a 
m a x i m u m  dose for  po tass ium excre t ion ,  which  p robab ly  
prevents  any possible p o t e n t i a t i o n  of  its effects.  On the 
o t h e r  hand ,  k n o w i n g  t ha t  no rad rena l i ne  acts  t h r o u g h  c~ and  

adrenergic  receptors ,  we a t t e m p t e d  to verify w h e t h e r  its 
effects  were med ia t ed  prefe ren t ia l ly  by one or the  o t h e r  of  
the  two pa thways .  The in jec t ion  of  no rad rena l ine  in to  
animals  previously in jec ted  wi th  the  13-adrenergic an tagon is t  
P roprano lo l  d e t e r m i n e d  a p o t e n t i a t i o n  of  effects.  However ,  
when  an an imal  previously  t rea ted  wi th  Regit ine (an 
c~-adrenergic b lock ing  agent)  was in jected wi th  ca techola-  

mine  an in tense  decrease of  the  effects  normal ly  ob ta ined  
wi th  no rad rena l ine  was observed.  These data  are in agree- 
m e n t  wi th  those  of  Camargo et al. [51, showing  the 
exis tence ,  wi th in  the  septal  area adrenergic  system,  of an 
c~-adrenergic pa thway  which  s t imula tes  the exc re t ion  of 
sodium and  po tass ium and a ~-adrenergic  pa thway  tha t  
inhib i t s  it. These effects  were c o n f i r m e d  wi th  the use of the 
specific s t imula t ing  agonist  of  the c~ and t3 adrenergic  
recep tors  (Me ta ramino l  and l sopro te reno l ,  respect ively) .  
l sop ro t e r eno l  in jec ted  in to  the LHA inhib i t s  sodium and 
po tass ium excre t ion ,  while Meta ramino l  s t imula tes  it. Thus,  
it would  seem tha t  the  c~-adrenergic p a t h w a y  s t imula tes  
excre t ion ,  while the l~-adrenergic one inh ib i t s  it. These 
results  ind ica te  the  possibi l i ty  of  an in te rac t ion  be tween  the 
adrenergic  pa thways  of the septal  area wi th  those  of the 
lateral h y p o t h a l a m i c  area, because,  as shown in the  work of 
Papez [211,  MacLean [18] and Nauta  [ 2 1 ] ,  the hypo tha l a -  
mus is a s t ruc tu re  cons t an t ly  in f luenced  by s t imul i  coming 
f rom o t h e r  s t ruc tures ,  such as the cerebral  cor tex ,  basal 
nuclei ,  h i p p o c a m p u s ,  amygda lo id  complex  and  septal  area. 

The p e r m a n e n c e  of no rad rena l ine  near  the recep tors  
depends  on its r eup take  by the  nerve endings  towards  the 
granule,  or on  its des t ruc t ion  by the specific enzymes  
COMT and MAO. When an inh ib i to r  of no rad rena l ine  
r eup take  ( l idocaine)  is admin i s t e red  [13, 15, 24 ] ,  an 
increase in the  renal  e l imina t ion  of  sodium and potass ium 
occurs;  similar effects  are ob t a ined  wi th  nia lamide,  an 
inh ib i to r  of  m o n o a m i n e  oxidase act ivi ty [2, 9, 141. In the 
expe r imen t s  pe r fo rmed  to verify the possibi l i ty  of syner- 
gism be tween  e n d o g e n o u s  and exogenous  noradrena l ine ,  a 
s u m m a t i o n  of  effects  was ob ta ined .  These results  demon-  
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strate that  when  noradrena l ine  is al lowed to remain for  a 
longer t ime, or at higher  concen t r a t ions  at the level of the 
synapt ic  cleft,  in con tac t  wi th  the receptors ,  a po ten t i a t i on  
of the nat r iure t ic  and kaliuretic response  is ob ta ined  as 
compared  with the normal  act ion of  noradrenal ine .  

When the LHA is s t imulated  wi th  noradrenal ine ,  a 
reduc t ion  in urinary volume occurs,  c o n c o m i t a n t  with 
natriuresis.  This r educ t ion  is very well def ined at the 2 0 - 4 0  
min interval and disappears later, suggesting that  this 
response is med ia ted  in part  by the l iberat ion of ADH 
and /o r  oxy toc in .  However,  when Regit ine was given prior  
to noradrenal ine  s t imulat ion,  a blocking of  the natr iuret ic  
response occurred  with no in te r fe rence  on the ant i-diuret ic  
response.  

In summary ,  the present  results allow us to conclude  
that  in the lateral h y p o t h a l a m u s  the adrenergic system is 

involved in the regulatory mechanism of  sodium and 
potass ium excre t ion ,  acting antagonist ical ly  through its 
(s t imulat ing)  and ~ ( inhibi t ing) receptors .  

Fu r the r  investigations will be necessary for the s tudy of  
the possible mechan i sms  involved in the media t ion  of these 
responses.  
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