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CAMARGO, L. A. A., W. A. SAAD, F. G. GRAEFF, C. R. SILVA-NETO, J. ANTUNES-RODRIGUES AND M. R. 
COVIAN. Role played by the adenylcyclase - cAMP system o f  the rat septal area on Na ÷, K + and water renal excretion. 
PHARMAC. BIOCHEM. BEHAV. 7(2) 93-97 ,  1977. - In this study, the participation of the adenylcyclase - cAMP 
system of the rat septal area in the mediation of the natriuretic, kaliuretic and diuretic effects of noradrenaline (NA) was 
investigated. The intraseptal injection of 20 nmol of NA caused a significant increase in the urinary excretion of Na ÷ and 
K ÷ as well as in the urinary volume during the 2 hr period following the intracerebral injection which was blocked by 40 
nmol of phentolamine, locally injected, 30 min before the catecholamine. In contrast, pretreatment with propranolol (100 
nmol) potentiated the effects of NA on salt and water renal excretion. The intraseptal injection of 3.12 to 50 nmol of 
dibutyryl cyclic adenosine monophosphate (db cAMP) caused dose-dependent increase in natriuresis and kaliuresis, but a 
decrease in urinary volume. Under the same experimental conditions, caffeine administration (6.25 to 100 nmol) also 
induced dose-dependent increases in Na + and K ÷ urinary output. These results indicate that the saluretic effect of NA may 
be mediated by an alpha receptor-induced activation of the adenylcyclase - cAMP system in the septal area. 
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E A R L I E R  results  have s h o w n  tha t  the  septal  area of  the  rat  
bra in  is involved in the  regu la t ion  of  sod ium,  po tass ium and 
wate r  exc re t i on  by  the  k idneys  [ 4 ] .  It has  also been  
suggested t h a t  chol inerg ic  m e c h a n i s m s  in this  area are 
involved in salt exc re t ion ,  since local  in j ec t ion  of  the  
chol inergic  agonis t ,  ca rbacho l ,  increases  Na + and K ÷ ur inary  
o u t p u t ,  t h r o u g h  ac t iva t ion  of  b o t h  muscar in ic  and n ico t in ic  
r ecep to r s  [ 13 ,14] .  

Adrenerg ic  m e c h a n i s m s  in the  septal  area are also l ikely 
to play a role in the  con t ro l  of  salt and  wa te r  u r inary  
exc re t ion .  It  has  been  s h o w n  tha t  in t rasep ta l  in jec t ion  of  
n o r a d r e n a l i n e  (NA)  or adrena l ine  (A)  in the  rat  causes an 
increase in Na ÷ and  K ÷ exc re t ion ,  an tagon ized  by  pre- 
t r e a t m e n t  wi th  the  a -b lock ing  agent ,  d i benam i ne ,  bu t  no t  
by a 3-blocking agent  like p roprano lo l .  Also, the  ¢-agonist ,  
i sopro te reno l ,  given before  NA or A, c o u n t e r a c t e d  the  
na t r iu re t i c  and  kal iure t ic  ef fec t  of  the  fo rmer  ca techola-  
mines.  In add i t ion ,  the  c o m b i n a t i o n  of  NA and p r op rano lo l  
caused a d iure t ic  effect .  It has  the re fo re  been  suggested tha t  
s t i m u l a t i o n  of  a -adrenerg ic  r ecep to r s  in the  septal  area 
enhances  salt and  wate r  u r inary  exc re t ion ,  whereas  3-recep- 
to r  s t imu la t ion  leads to Na ÷ and K + r e t e n t i o n  by the  
k idneys  [ 5 ] .  In ag reement ,  a n o t h e r  s t udy  [14]  has  s h o w n  
tha t  the n ico t in ic  c o m p o n e n t  of  ca rbacho l  saluret ic  ac t ion ,  

which  is p r o b a b l y  med ia t ed  by the release of  e n d o g e n o u s  
ca techo lamines ,  was an tagon ized  by p r e t r e a t m e n t  wi th  
in t rasep ta l ly  in jec ted  d ibenamine .  Converse ly ,  the  3- 
blocker ,  p rop rano lo l ,  caused a small,  bu t  s ignif icant  in- 
crease in Na ÷ and  K ÷ renal  exc re t ion  when  in jec ted  in to  the  
same bra in  area and  p o t e n t i a t e d  the  ef fec t  of  ca rbacho l  on 
Na ÷ and  K ÷ excre t ion .  

Several pub l i shed  repor t s  give suppor t ive  evidence to the  
pa r t i c ipa t ion  of  cyclic 3 ' ,  5 '  -adenos ine  m o n o p h o s p h a t e  
(cAMP) in the  cent ra l  adrenergic  m e c h a n i s m s  [2,  1 5, 18] .  
More specifically,  Pa lmer  [ 1 1 ] as well as Schul tz  and Daly 
[16]  r epo r t ed  t h a t  the  ac t ion  of  NA upon  adrenergic  
recep tors  increases  cAMP levels in several regions of  the  
cent ra l  ne rvous  sys tem (CNS). On the  o the r  hand ,  B u t c h e r  
and  S u t h e r l a n d  [3] have shown  tha t  two m e t h y l x a n t h i n e s ,  
caffe ine  and  t h e o p h y l l i n e ,  in vitro,  can increase the  
a m o u n t s  of  cAMP by compe t i t i ve ly  inh ib i t ing  its ca tabol ic  
enzyme ,  phosphod ies t e rase .  Therefore ,  the role of  the  
adeny lcy lase -cAMP sys tem in the  m e d i a t i o n  of  the saluret ic  
and  diure t ic  ac t ions  of  NA was invest igated in the  p resen t  
s tudy ,  by compar ing  the effects  of  the  in t rasepta l  in jec t ion  
of  NA, on  salt and  wate r  renal  exc re t ion  wi th  those  of 
d ibu t ry l  cAMP (db  cAMP),  a cAMP analog t ha t  is more  
effect ive than  the pa ren t  c o m p o u n d  [17]  and of  the  
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FIG. 1. Effect of  phenotolamine and propranolol on noradrenaline4nduced natriuresis, kaliuresis and on urinary volume. 
The columns represent the average cation and urine excretion in 11 rats during the 2 hr period following intraseptal drug 
injections. The vertical bars represent the mean + SE. When combined with noradrenaline phentolamine and propranolol 

were injected 30 min prior to noradrenaline. 

phosphodiesterase inhibi tor ,  caffeine,  bo th  locally injected 
into the same brain site. 

MATERIAL AND METHOD 

Cannulation o f  the Medial Septal Area 

Male, albino rats of the Hol tzman  strain, weighing 250 
to 300 g, were used in all exper iments .  They were kept  in 
individual metabol ic  cages, at room tempera ture  ( 2 5 -  
27°C), with free access to food and tap water.  The animals 
were handled daily for 7 days prior  to the exper iment  in 
order  to avoid any emot iona l  stress. Af te r  this adapta t ion 
period, a stainless steel cannula (O.D. 0.71) was implanted  
into the medial septal area of  each animal,  previously 
anesthet ized with ether,  according to the fol lowing coordi-  
nates of  De Groot ' s  rat brain atlas [7] .  AP + 8.2; H + 0.5; 
L.0.0. The cannula was fixed to the skull with dental  
cement  and jeweler  screws. Prophylact ic  doses of penicil l in 
and te t racycl ine were adminis tered to the animals for 7 
days fol lowing the operat ion.  During this period,  the 
cannula s topper  was repeatedly removed and replaced,  and 
a tube was in t roduced  into the s tomach,  so that  the animals 
would get used to the exper imenta l  condi t ions  of intra- 
cerebral drug inject ion and gastric water overload.  

Exper imental  Procedure 

In order to obtain constant  urinary volumes  for each 
s u c c e s s i v e  20 min period during the exper iment ,  the 
fol lowing procedure  was used: after 14 hr  of  food depriva- 
tion, the animals received a water  overload,  equal  to 5% of 
the body weight,  at a tempera ture  of  37°C and placed into 
individual metabol ic  cages wi thout  food and water.  One hr 

later, the same volume of water  was readministered.  
Twenty  min thereafter ,  a cont ro l  urine sample was collect-  
ed, and l ul of  saline (0.15 M NaC1) or  drug solut ion was 
injected into the medial septal area. Subsequent ly ,  six urine 
samples were col lected at 20 min intervals. 

Drugs 

Noradrenaline (Sigma Chemical  Co.), phen to lamine  
(Ciba), propranolol  hydrochlor ide  (Sigma Chemical  Co.), 
N 6 , 02-d ibu ty ry l  adenosine 3', 5 '-cyclic monophosphor i c  
acid (Sigma Chemical  Co.) and caffeine sulphate (Merck 
Lab.) were used. For  the intraseptal injections,  the drugs 
were dissolved in 0.15 M NaC1 solution.  A volume of 1 ul of  
drug solut ion was injected,  during 10 sec by means of  10 ul 
microsyringe (Hamil ton  Co.), connected  to a 30 gauge 
needle by a PE 10 po lye thy lene  tubing. Doses are expressed 
in nmol .  When combined  with NA, phento lamine  and 
propranolol  were injected 30 min prior to NA. A delay of  
at least 48 hr intervened between tests in a given rat. 
Occasionally,  the drugs were reinjected into the same 
animal;  under  these condi t ions,  no significant effect  of  the 
prior t r ea tment  was detected.  

Na + and K ÷ Determinat ion 

The concent ra t ion  of sodium and potassium in urine 
samples was determined by means of an I L - 1 4 3  flame 
p h o t o m e t e r  ( Ins t rumenta t ion  Laboratories).  

Histology 

After  the end of the exper iments ,  rats were sacrificed 
under  e ther  anesthesia and their brain removed and fixed in 
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FIG. 2. Dose-effect relationships of N 6 , 0 2 - dibutyryl adenosine 
3',5'-cyclic monophosphoric acid on sodium (e) and potassium (=) 
excretion (2A) and on urinary volume (o) - (2B). The dots 
represent the average of total cation excretion in 11 animals, for 
2 hr following injection of different doses db cAMP into the medial 

septal area of the rat brain. Vertical bars represent _+ SE. 

10% formol .  Af te r  one  week,  they  were cu t  i n to  10 ~m 
sec t ions  and  s ta ined  accord ing  to the  Pal-Weigert  t echn ique ,  
as m o d i f i e d  by  Ehra r t  [ 8 ] .  Only  the  an imals  wi th  bra in  
cannu lae  local ized inside the  media l  and dorsal  region of  
the  an t e r io r  s e p t u m  were used for  data  analysis.  

Stat i s t ics  

The s t u d e n t ' s  t - tes t  was used. Dose-response  curves were 
s u b m i t t e d  to var iance analysis  and  l inear  regressions were 
ca lcula ted .  

R E S U L T S  

E f f e c t  o f  In t rasep ta l  In j ec t ion  o f  N A ,  Phen to lamine ,  and 
Propranolo l  on Na + and K + Excre t i on  and on Urinary 
V o l u m e  

As previous ly  r epo r t ed  [ 5 ] ,  the  in t rasep ta l  in j ec t ion  of  
20 n m o l  of  NA m a r k e d l y  increased  the  u r inary  exc re t ion  of  
Na + and  K +, dur ing  the  120 rain  per iod  fo l lowing the  
in j ec t ion  ( p < 0 . 0 0 0 5  and  p < 0 . 0 2 5 ) .  The  c o n c e n t r a t i o n  of  
Na + and  K + in 11 rats  rose rapid ly  fo l lowing  NA in jec t ion ,  
reached  a m a x i m u m  af te r  a 4 0 - 6 0  rain  and  t h e n  decl ined.  
No changes  were observed  in the  u r ina ry  vo lume  (Fig. 1 ). 

P r e t r e a t m e n t  wi th  40  n m o l  of  p h e n t o l a m i n e ,  given 
in t rasep ta l ly  30 rain  before  NA, an t agon ized  the  saluret ic  
( p < 0 . 0 5  for  Na + and  p < 0 . 0 0 5  for  K*) ef fec t  of  the  
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ca t echo lamines  (Fig. 1). P h e n t o l a m i n e ,  alone,  caused no  
change  in Na ÷ and  K + u r ina ry  exc re t ion ,  bu t  s ignif icant ly  
decreased ur inary  vo lume ( p < 0 . 0 0 5 ) .  

In con t ras t ,  u n d e r  the  same expe r imen t a l  cond i t ions ,  
p r e t r e a t m e n t  wi th  100 n m o l  of  p rop rano lo l ,  p o t e n t i a t e d  
the  na t r iu re t i c  ( p < 0 . 0 2 5 )  bu t  no t  the  kal iure t ic  ef fec t  of  
in t rasep ta l  NA. Also a s ignif icant  increase  in u r inary  vo lume 
( p < 0 . 0 0 5 )  was observed.  Propranolo l ,  a lone caused a 
s ignif icant  increase in Na + ur inary  exc re t ion  ( p < 0 . 0 5 ) ,  bu t  
no  s ignif icant  change in K ÷ exc re t ion  or ur inary  volume.  

E f f e c t  o f  In t rasepta l  In jec t ion  o f  D i b u t y r y l  c A M P  on Na + 
and K* Excre t i on  and on Urinary Vo lume  Dose -Response  
Curve 

The in t race rebra l  in jec t ion  of 3 .12 to 50 n m o l  of  db  
cAMP in to  the  media l  septal  area caused a d o s e - d e p e n d e n t  
increase  in Na* and  K ÷ ur inary  exc re t ion  in a group of 11 
rats  (Fig. 2A). Var iance  analysis  of  the  log-dose response  
re la t ionsh ips  showed  a s ignif icant  regression and negligible 
devia t ions  f rom l inear i ty  (F 6.41 and  F 5.15 for  Na* and 
K ÷, respect ively) .  The general  equa t ions  for  the  regressions 
were y = 41 .17  + 16.83 x, for  Na + and  y = 46 .54  + 11.21 x, 
for  K ÷. Doses of  db cAMP ranging f rom 3.12 to 100 n m o l  
d e t e r m i n e d  dose -dependen t  decreases  in u r inary  vo lume,  in 
the  same animal  g roup ;  the  analysis of  var iance showed  a 
s ignif icant  regression (F 15.87)  wi th  the  fo l lowing general  
equa t ion :  y =  1 7 . 4 7 -  1.11 x (Fig. 2B). 

E f f e c t  o f  In t rasepta l  In jec t ion  o f  Caf fe ine on Na  ÷ and K ÷ 
Excre t i on  and  on Urinary Volume.  Dose -Response  Curve 

Doses ranging f rom 6.25 to 100 nmol  caused dose- 
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FIG. 3. Dose-effect relationships of caffeine on urinary sodium (e) 
and potassium (=) excretion. The dots represent the average of total 
cation excretion in 12 animals, for a 2 hr period following injection 
of different doses of caffeine into the medial septal area of the rat 

brain. Vertical bars represent + SE. 

d e p e n d e n t  increases in Na + and K ÷ exc re t ion ,  in a group of 
12 an imals  (Fig. 3). Var iance  analysis  of  the  log-dose 
response  re la t ionsh ips  ev idenced  a s ignif icant  regression 
(F  5.57 and  F 4 .09  for  Na ÷ and  K ÷, respect ively) .  The  
general  equa t i ons  for  the  regressions were:  y = 13.53 + 
22 .24  x, for  Na ÷ and y = 59 .64  + 9.94 x, for  K +. 

The 2 h r  u r inary  vo lumes  fo l lowing a con t r o l  in j ec t ion  
of  0.15 M NaC1 or  6 .25 to 100 nmol  of  caffe ine  were 13.60 
+ 0 . 8 2 m l  and  13.70 +_ 0.80 to 16.08 -+ 0 . 5 4 m l ,  re- 
spect ively.  The  analysis  of  var iance  showed  n o  s ignif icant  
regression (F 1.869)  be tween  the  doses of  caffe ine  in jec ted  
and  the  ur inary  vo lume col lec ted  dur ing  2 hr  per iod.  

DISCUSSION 

In ag reemen t  wi th  previously  r epo r t ed  obse rva t ions  [ 5 ] ,  
the  present  results  show tha t  the  in jec t ion  of appropr i a t e  
doses of NA in to  the media l  septal  area of  the  rat  b ra in  
increases ur inary  exc re t ion  of  Na + and K +. It has also been  
repor ted  [5]  t ha t  the  c~-receptor b lock ing  agent,  di- 
b e n a m i n e ,  an tagon ized  these  effects .  Present  results  e x t e n d  

this  obse rva t ion  to p h e n t o l a m i n e ,  a more  specific s - b l o c k e r  
t han  d ibenamine .  Our  results  add i t iona l ly  shown  tha t  local 
p r e t r e a t m e n t  wi th  the  ~-blocking agent ,  p rop rano lo l ,  po ten -  
t ia tes  the saluret ic  responses  to in t rasep ta l  NA. Conversely ,  
the t3-adrenergic agonist ,  i sopro te reno l ,  has  been  shown to 
c o u n t e r a c t  the  saluret ic  e f fec t  of  in t rasep ta l  NA [5 ] .  
There fore ,  the h y p o t h e s i s  pu t  forward  by  Camargo  e t  al. 
[5] tha t  s t imu la t i on  of  ~-adrenergic  recep tors  in the media l  
septal  area leads to increased Na ÷ and K + renal  exc re t ion  
whereas  t~-receptor s t imu la t i on  causes salt r e t e n t i o n  by the  
kidneys ,  gains f u r t h e r  s u p p o r t  f rom the  p resen t  results.  

The c~-induced saluret ic  response  to in t rasep ta l  NA may  
be med ia t ed  by an increase in bra in  cAMP fo rma t ion .  It is 
k n o w n  tha t  adrenergic  c~-receptor s t imu la t i on  act ivates  the  
adenylcyc lase-cAMP sys tem in several regions of the rat  
bra in  [ 16] and presen t  results  indica te  tha t  the  in jec t ion  of  
db cAMP in to  the  media l  septal  area leads to  increases in 
ur inary  ca t ion  o u t p u t ,  an c~-like effect .  Therefore ,  it is 
reasonable  to conc lude  t ha t  NA in jec ted  in to  the medial  
septal  area could  s t imula te  ~-adrenergic  recep tors  in neu- 
ronal  m e m b r a n e s  t ha t  in tu rn  induce  in t race l lu lar  forma-  
t ion  of  cAMP, ac t iva t ing  neu rona l  sys tems tha t  p r o m o t e  
Na + and  K + exc re t ion  by the kidneys.  The presen t  evidence 
tha t  the phosphod ie s t e r a se  inh ib i to r ,  caffe ine ,  causes sal- 
uresis when  in jec ted  in to  the media l  septal  area suppor t s  
this i n t e rp r e t a t i on .  

Our  results  have shown  tha t  the  c o m b i n a t i o n  of  NA and 
p rop rano lo l  increase ur inary  vo lume,  conf i rming  previous  
obse rva t ions  [ 5] and  suggest ing tha t  c~-receptor s t imu la t i on  
in the  septal  area causes diuresis. In con t ras t ,  local in jec t ion  
of  db  cAMP caused ant idiures is ,  an ef fec t  s imilar  to tha t  
r epo r t ed  for the  ~-adrenergic agonist ,  i sop ro t e reno l  or the  
c~-blocking agent  p h e n t o l a m i n e ,  or the  associa t ion  of NA 
plus p h e n t o l a m i n e ,  as p resen t ly  shown.  Since t3-receptor 
s t imu la t i on  is also k n o w n  to result  in ac t iva t ion  of the  
adenylcyc lase  - cAMP sys tem in bra in  [ 1 6 ] ,  as well as in 
per iphera l  organs  [ 1 7 ] ,  it may  be suggested t ha t  the  
an t id iure t ic  response  to in t rasep ta l  db cAMP could be due 
to the s t imu la t ion  of  a H-sensitive n e u r o n  system in which  
cAMP would  play a m e d i a t o r  role. The ana tomica l  back-  
g round  of  this possibi l i ty  is s u p p o r t e d  by  the  s tudy  of 
Powell  and  Rorie [121 which  d e m o n s t r a t e  the i n t ima te  
c o n n e c t i o n s  of the  septal  area wi th  the  pa raven t r i cu la r  and 
suprao t ic  nuclei .  In this way ,  the  p resen t  f inding tha t  
caffe ine or NA did no t  s ignif icant ly  affect  u r inary  vo lume 
could  be exp la ined  by s imu l t aneous  ac t iva t ion  of two 
cAMP m e d i a t e d  systems,  c~ and ~-adrenergic,  exer t ing  
oppos i te  in f luences  on  renal  wate r  excre t ion .  It is k n o w n  
tha t  the effects  of caffe ine in cent ra l  adrenergic  mechan -  
isms may  involve no t  only  phosphod ie s t e r a se  inh ib i t ion ,  
bu t  also the  release of c a t echo l amines  f rom presynap t i c  
nerve te rmina ls  [ 1 , 6 ] .  Since the rat  septal  area is l ikely to 
be involved in the  regula ton  of  salt and wate r  ba lance  [4] 
and  has  been  repor ted  to con ta in  dense ca t echo l amine  
i nne rva t ion  [ 1 0 ] ,  it is possible tha t  the adenylcyclase  - 
cAMP sys tem in the  septal  area play a physiological  role as 
m e d i a t o r  of  c a t echo l amine - induced  changes  in salt and 
wate r  renal  excre t ion .  
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