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PERES, V. L., C.' G. GENTIL, F. G. GRAEFF AND M. R. COVIAN. Antagonism of  the dipsogenic action ofintraseptal 
angiotensin H in the rat. PHARMAC. BIOCHEM. BEHAV. 2(5) 597-602, 1974. - The injection of 0.01 to 2.0 ~g of 
antiotensin 1I (A II) into the medial septal area of unanesthetized rats in normal water balance caused dose-dependent 
drinking, during the 60 min period following drug administration. A hyperbolic dose-response curve, rectified by a log dose 
scale was obtained. Pretreatment with 5 and 10 t~g of locally injected haloperidol, 15 rain prior to A II (0.3/ag), partially 
antagonized the dipsogenic effects of A II and a dose of 25 ~g of haloperidol completely blocked this effect. A 
cataleptic-like state followed haloperidol administration. The injection of doses as high as 25 ~g of dopamine in the same 
brain site caused no drinking. Pretreatment with 3 ~g of intraseptal Sar ~,Ala3,Ile 8 - angiotensin I, a competitive 
antagonist of A II at peripheral receptors, completely antagonized the dipsogenic effect of A II. The same dose (3 ~g) of 
the A II analog alone caused only a mild but significant drinking response. These results suggest that A II acts on specific 
receptors in the CNS that may be similar to peripheral angiotensin receptors. On the other hand, the role of brain 
catecholamines in the mediation of A II-induced drinking remains uncertain. 

Angiotensin II Intraseptal injection Drinking 
Antagonism by Sar' ,Ala 3,11eS-Angiotensin I 

Haloperidol antagonism 

DRINKING behavior has been elicited by electrical stimula- 
tion of the lateral hypothalamus [17, 20, 27, 28, 29, 39, 
40, 42] and the injection of acetylcholine, carbachol or 
hypertonic saline into selected areas of the brain in several 
animal species [1, 2, 3, 9, 21, 22, 23, 26, 35]. Angiotensin 
II (A II) and related peptides, given intravenously [11,15] 
or injected directly into the hypothalamus, preoptic region 
and septum [4, 5, 7, 8, 12, 13, 38] were also reported to 
cause potent dipsogenic effects. The effect of A II may be 
due to motivational changes since response rates of water- 
reinforced operant bar-pressing have shown to increase 
sharply following the intracerebral injection of A II in the 
rat [19,33]. The action of angiotensin II on the CNS does 
not seem to be mediated through muscarinic, alpha or beta 
adrenergic or tryptaminergic pathways since it has been 
reported that neither atropine, propranolol, phentolamine 
nor methysergide block its dipsogenic effect [5, 14, 18, 
38]. Conflicting results have been reported on the action of 
haloperidol, a drug assumed to block central dopamine as 
well as alpha catecholamine receptors [41,43], upon the 
dipsogenic effect of A II, since Fitzsimons and Setler [14] 
reported an inhibitory action, while Swanson et al. [38] 
reported no effect of haloperidol on angiotensin-induced 
drinking. 

Several polypeptide analogs, behaving as competitive 
antagonists of A II at peripheral receptors [24, 25, 30, 31, 
32], failed to block the dipsogenic effect of  A II when 
previously injected into responsive areas of the CNS. On the 
other hand, many of these analogs caused dipsogenic effects 
of their own when given at higher than equipotent doses of 
A II [381. 

The present study deals with the antagonistic actions of  
1 3 8 1 3 haloperidol and Sar ,Ala ,lie -angiotensin I (Sar , Ala , 

IleS-A I) on the drinking behavior elicited by injections of 
A II into the medial septal area of water-replete rats. 
Sar 1 ,Ala 3,Ile8-A I, is a newly synthetized angiotensin ana- 
log, devoid of angiotensin-like actions on the isolated rat 
uterus, guinea-pig ileum and rat blood pressure, but acting 
as a specific, competitive antagonist of A II, at a low 
inhibitor : angiotensin ratio (Pefia, C. and Stewart, J. M., 
personal communication). 

METHOD 

Fourty-five male, Holtzman rats weighing 200 - 300  g at 
the time of surgery were used. Animals were housed in 
individual cages with a food cup filled with dry mixed diet 
and a graduated drinking bottle filled with unfiltered tap 
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water ;  daily readings  were made  of  the  in takes .  Af te r  a few 
days, a stainless-steel  c annu l a  (o.d.  0.71 ram)  was s tereo-  
taxica l ly  i m p l a n t e d  i n to  the  septal  area, u n d e r  b a r b i t u r a t e  
anes thes ia  ( sod ium p e n t o b a r b i t a l ,  40 mg/kg,  i.p.). The 
cannu lae  were pos i t ioned  0.7 to  1.0 m m  an t e r i o r  to  the  
bregma,  0.3 m m  lateral  to  the  midl ine  and  5.7 to  6.0 m m  
be low the  surface  of  the  skull  wi th  the  incisor  bar  set at 5 
m m  above  the  s t e reo tax ic  h o r i z o n t a l  plane.  Each cannu la  
was p rov ided  wi th  a s t i le t te  to  p reven t  its obs t r uc t i on .  One i l -  
week af te r  recovery  f rom the  surgical p rocedure ,  in jec t ions  
were made  t h r o u g h  a den ta l  s tainless steel cannu la  (o.d. 10- 
0.31 m m )  in the  u n a n e s t h e t i z e d ,  un re s t r a ined  rat ,  which  ~ 9- 
h a s  been  m a i n t a i n e d  wi th  wate r  ad lib. Drug so lu t ions  were - -  8- 
del ivered by  a 10 ~1 microsyr inge  in a vo lume  of  1.0 ul. For  m 
this  purpose ,  a p o l y e t h y l e n e  plast ic  tube  was c o n n e c t e d  to 
the  denta l  cannu la  which  was placed inside the  guide z 6- 
cannula  and  pressed d o w n w a r d  to  its tip. Af te r  the  intra-  5- 
septal  in jec t ions  of  A II, the  wate r  c o n s u m p t i o n  of  ra ts  a: 
u n d e r  usual  l a b o r a t o r y  living c o n d i t i o n s  was r ecorded  for  1 ~ 4- 
hr ;  this  value was c o m p a r e d  wi th  the  water  c o n s u m p t i o n  of  ~ 3- 
rats  w i t h o u t  any  s t imula t ion ,  or  fo l lowing con t ro l  in- 2- 
jec t ions .  

F i f ty - th ree  ou t  o f  55 rats  showed  i nduced  dr ink ing  a f te r  1- 
the  in t rasep ta l  in j ec t ion  of  A II (0.3 ug). These  an imals  

0X 
were divided in to  4 groups.  The  first group received in- 
creasing doses (0 .01,  0.03,  0.1, 0.5, 1.0 and  2.0 ug) of  A I I  
at 48 hr  in tervals  for  dose- response  curve d e t e r m i n a t i o n  
purposes .  The second  group  was in jec ted  in t rasep ta l ly  wi th  
d i f fe ren t  doses (5, 10 and  25 ~g) of  ha loper ido l ,  15 min  
before  the  a d m i n i s t r a t i o n  of  0.3 ~g o f  A 1! in the  same 
bra in  area. In t race rebra l  in jec t ions  of  e i the r  A I I  a lone  or  
0.2% acet ic  acid (vehicle for  ha loper ido l  so lu t ions )  + A II 
were used as cont ro ls .  The th i rd  group was in jec ted  wi th  
Sar l , A l a 3 , I l e s - A  I a lone,  or  given 15 min  before  A II. 
D o p a m i n e  (5, 10 and  25 ug) was in jec ted  a lone  or 15 min  
pr ior  to A II in the  f o u r t h  g roup  of  animals .  

The  same rat  was tes ted  up to 9 t imes  wi th  at least  2 
days b e t w e e n  successive tests.  At  the  end  of  the  experi-  9 
men t ,  an imals  were anes the t i zed  wi th  sod ium p e n t o b a r b i t a l  
and  the  head  per fused  wi th  saline (0.9 pe rcen t )  and 8 
Formal in .  The  bra ins  were r emoved ,  sec t ioned  and  s ta ined.  
The  in jec t ion  site was d e t e r m i n e d  by the  end of  the  t rack  
left  by  the  i m p l a n t e d  cannula .  7 

The fo l lowing  drugs were used:  ang io tens in  I1 (Asn I , E 
Val s , - ang io tens in  Hyper t ens in  CIBA), d o p a m i n e  (Sigma),  - -  6 
ha loper ido l  ( J o h n s o n  and  J o h n s o n ) ,  Sar l ,  Ala 3, lle 8- 
ang io tens in  I was k ind ly  suppl ied  by Prof. J o h n  M. Stewart ,  "" 

"~ 5 Univers i ty  of  Colorado,  Denver ,  Colorado,  USA. Halo- 
per idol  was dissolved in 0.2% acet ic  acid so lu t ion ,  for  
in jec t ion .  O the r  drugs were d i lu ted  in i so ton ic  saline. 4 

Stat is t ical  analysis  was p e r f o r m e d  using S t u d e n t ' s  t - test  a :  
for  paired obse rva t ions  or analysis  of  variance.  " '  3 

2 R E S U L T S  

Determination o f  the Dose-Response Curve o f  Intraseptal 
Angiotensin H on Drinking 

The dose-response  curve of  A 11 on  dr ink ing  was deter-  
mined  in 14 rats, in o rder  to f ind ou t  a su i tab le  dose of  the  
p o l y p e p t i d e  to evidence  e i the r  fac i l i t a t ion  or  i n h i b i t i o n  of  
the  drug effect  when  c o m b i n e d  wi th  the  agents  to  be 
invest igated.  There  was a d o s e - d e p e n d e n t  ef fec t  on  water  
i n t ake  dur ing  the  60 rain fo l lowing the  in t rasep ta l  in j ec t ion  
of  A II. In t ake  was increased f rom 2.25 +- 0 .72 ml, follow- 

ing 0.01 ug of  A 1I to 10.25 --+ 0.93 ml, induced  by 2 . 0 u g  
of  the  po lypep t ide .  Analysis  of  var iance  of  the  regression 
was s ignif icant  ( p < 0 . 0 1 ) .  A graphic  r e p r e s e n t a t i o n  of  the  
dose-response  curve is s h o w n  in Fig. 1. A l inear  regression 
was ca lcula ted  wi th  log dose data :  y = 8 .588  + 3 .209 x 
(Fig 2). Tile ED 50 o f  A II was near  0.3 ug and  this  dose 
was s u b s e q u e n t l y  used in d rug- in te rac t ion  expe r imen t s .  

o15 llO 21o 
D 0 S E (~ug) 

FIG. 1. Dose-response curve of angiotensin II on drinking. Points in 
the figure represent the mean water intake of 14 rats during the 60 
min period following the injection of different doses of A II into the 

medial septal area of the brain. Bars represent ± S.E. 

0 L I I I I I I 
-2.0 -1.5 -i.0 -0.3 0.0 03 

LOG DOSE (#g) 

F I G .  2. L o g  d o s e - r e s p o n s e  c u r v e  o f  a n g i o t e n s i n  I1 o n  d r i n k i n g .  See  
Fig .  1 f o r  e x p l a n a t i o n .  
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FIG. 3. Effect of haloperidol on angiotensin lI-induced drinking. Columns represent mean water intake of water-satiated 
rats during the 60 min period following the intraseptal injection of A II (0.3 ~g in 1 ~1). Bars represent ± S.E. Haloperidol 
was injected into the same brain area, 15 min prior to A II, dissolved in a 0.2% acetic acid solution (lul). Figures in 

parentheses indicate number of animals. Figures outside parentheses indicate doses of haloperidol. 

Effect o f  Intraseptal Administration o f  Haloperidol on 
A ngiotensin H Elicited Drinking 

The columns in Fig. 3 represent the mean (+ SE) water 
intake of rats given intraseptal administration of different 
doses of haloperidol (5, 10 and 25 ug) or 0.2% acetic acid 
vehicle, 15 min prior to the injection of 0.3 ug A II. 

Pretreatment with 5 or 10 ug of haloperdiol caused a 
marked reduction of the dipsogenic effect of angiotensin 
(9.13 + 0.86 to 3.72 +- 1.15 ml/60 min, p<0.01 and 10.10 + 
2.10 to 3.80 + 1.02 ml/60 min, p<0.01, respectively), while 
the dose of  25 ug of haloperidol completely blocked the 
water intake caused by A II in 15 out of 20 animals. The 
remaining 5 animals showed a marked reduction in the A II 
effect after haloperidol. The overall means for these rats 
were 10.52 + 0.87 ml and 1.10 + 0.54 ml/60 min, p<0.001 
for angiotensin-induced drinking without or after halo- 
peridol, respectively. No effect of 0.2% acetic acid on the 
drinking response to angiotensin was observed. 

Gross-behavioral changes characterized by a cataleptic- 
like state were induced by the intraseptal injection of 
haloperidol in all rats even at the lower dose level. 

In view of these results with haloperidol it was of special 
interest to study the effect of intraseptal administration of 
dopamine on drinking. No effect was obtained after 5, 10 
or 25 ug of the catecholamine. Intraseptal administration of 

dopamine, 15 min prior to A II, did not affect the water 
intake induced by the polypeptide (11.0 +- 2.01 and 10.07 
-+ 1.00 ml/60 min, respectively, p> 0.10). 

Effect  o f  Sar I , Ala 3 , Ile s -Angiotensin I 

A dose of 3.0 ug of the polypeptide analog of A II, 
Sar 1,Ala3,Iles-A I was intraseptally administered, 15 min 
before the injection A II or saline. The water intake was 
recorded for 60 minutes after the last injection. As shown 
in Fig. 4, pretreatment with the angiotensin analog com- 
pletely blocked the dipsogenic effect of A II (9.11 + 1.59 
to 0.33 + 0.21 ml/60 min, p<0.001). Injection of Sar 1, 
Ala 3,Iles-A I alone induced a water consumption of  1.83 + 
0.47 ml/60 min, that was significantly different (p<0.05) 
from the water intake induced by isotonic saline (0.66 + 
0.20 ml/60 min). One week later, the animals were tested 
again with A II alone, in order to verify if the angiotensin 
antagonist had permanently modified neuronal sensitivity 
to A II. The effect of A II was nevertheless unchanged 
(7.66 + 1.00 ml/60 min). Gross-behavioral changes follow- 
ing Sar 1 ,Ala 3 ,IleS-A I were absent. 

Localization o f  Implanted Cannula 

The histological examination of the septal area showed 
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FIG. 4. Effect of Sar I ,Ala 3,11eS-angiotensin I on drinking and on angiotensin lI-induced drinking. Columns 
represent mean water intake of water-satiated rats during the 60 min period following the last injection. Bars 
represent ± S.E. Column A shows the effect of 0.3 #g of A II alone. In B, 3 ug of Sar ] ,Ala 3,lleS-A 1 was 
injected 15 min prior to the same dose of A II. Column C shows the effect of a second dose of A I1 (0.3 ~g) 
made one week later. D and E show the effect of Sar I ,Ala 3 ,lie ~-A I (3 ~g), injected 15 rain prior to saline or of 
saline alone, respectively. All injections were made into the medial septal area, in the same group of 9 rats, at 
intervals of at least 48 hr between successive injections. The effect of Sar' ,Ala 3,11eS-A I plus saline was 

significantly higher than that of saline alone (t-test, p<0.05). 

t ha t  the  cannu lae  t ips  were pos i t i oned  dorsal ly and  ven- 
traUy, f rom the  media l  to  the  pos t e r i o r  region,  and  were 
more  media l  t han  lateral .  Extens ive  t issue damage  was no t  
observed.  

In Fig. 5, the  c o m b i n e d  sites, p l o t t ed  on  schemat i c  
f ron ta l  sec t ions  t h r o u g h  the  septal  area are p resen ted .  
Pract ical ly  the  whole  septal  area was sensi t ive to  A II. 

D I S C U S S I O N  

T h e  presen t  resul ts  show a cons i s ten t  re la t ionsh ip  
b e t w e e n  dose of  in t r ace rebra l ly  in jec ted  A II and  a m o u n t  
of  wa te r  ingested by  water - rep le te  rats,  in ag reemen t  wi th  
previously  r epo r t ed  results  [ 7 , 3 8 ] .  The hype rbo l i c  shape  of  
the  dose-effec t  curve, rect i f ied  by  a log dose scale suggests 
t ha t  a m o n o m o l e c u l a r  i n t e r a c t i o n  takes  place b e t w e e n  
molecules  of  A I I  and  pha rmaco log ica l  r ecep tors  p resen t  in 
the  CNS. 

The  role o f  b ra in  ca t echo l am i nes  as med ia to r s  of  A 
I I - induced dr ink ing  remains  unce r t a in .  F i t z s imons  and  
Set ler  [ 14] have suggested t ha t  this  ef fec t  of  A II, in the  ra t  
is med ia t ed  by  bra in  ca t echo lamines ,  since local p re t rea t -  
m e n t  wi th  ha loper ido l  or  de s t r uc t i on  of  adrenergic  n e u r o n s  
by  6 - h y d r o x y d o p a m i n e  b locked  the  d ipsogenic  e f fec t  of  A 

II. In cont ras t ,  the  same p r e t r e a t m e n t s  did not  af fec t  
c a r b a c h o l - i n d u c e d  dr inking.  However,  results recen t ly  
r epo r t ed  by  Swanson  e t  al. [38]  failed to con f i rm  the  
an tagon i sm of  the  d ipsogenic  ef fec t  of  A I I  by  ha loper ido l .  

The presen t  resul ts  wi th  ha loper ido l  agree wi th  those  of  
F i t z s imons  and  Setler  [ 1 4 ] .  The con t r a s t  b e t w e e n  our  
resul ts  and  the  negat ive f indings  of  Swanson  e t  al. [38]  is 
dif f icul t  to explain ,  since the  highest  and  mos t  effect ive 
h a l o p e r i d o l :  ang io tens in  ra t io  (near ly  83:1 on a weight  
basis) used in the  present  s tudy  was smal ler  t han  t ha t  
( a p p r o x i m a t e l y  100 :1 )  used by Swanson  et  al. [38 ] .  More- 
over, even the  lowest  dose (5 ug) of  ha loper ido l  used in the  
p resen t  work,  caused a s ignif icant  decrease  in the  a m o u n t  
of  water  ingested a f te r  0.3 ug o f  A II, whereas  a similar 
dose of  ha loper ido l  did no t  an tagon ize  the  dipsogenic  ef fec t  
of  on ly  0.05 ug of  A II in the  s tudy  by Swanson  e t  al. [ 3 8 ] .  
In add i t ion ,  p r e t r e a t m e n t  t ime  and  site of  in t racerebra l  
in jec t ions  were c o m p a r a b l e  in b o t h  cases. 

The  i n t e r p r e t a t i o n  of  the  ha lope r ido l  an t agon i sm of  A 
I I - induced dr ink ing  is less clear. Haloper idol  has been  
r epo r t ed  to b lock  b o t h  a lpha  c a t e c h o l a m i n e  receptors  as 
well as would be specific d o p a m i n e  recep tors  [ 4 1 , 4 3 ] .  
Therefore ,  ha loper ido l  an t agon i sm suggests pa r t i c ipa t ion  of  
e i the r  a lpha  r ecep to r  s t imu la t i on  or d o p a m i n e  r ecep to r  
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FIG. 5. Graphical representation of superimposed injection sites where a significant drinking response to intra- 
cerebral angiotensin II was observed. Figures represent anterior coordinates of De Groot's [6] rat brain arias. AC: 

anterior commissure; CC: corpus caUosum; LS: lateral septal area; MS: medial septal area. 

stimulation, or both, in the mediation of A II-induced 
drinking. Nevertheless our results have shown that doses up 
to 25 ~g of dopamine did not cuase any drinking effect, 
when injected at the same brain site where A II was highly 
effective. In addition, it has been reported that phentol- 
amine, a more specific and more potent alpha-blocking 
agent than haloperidol, did not prevent drinking caused by 
intracerebrally administered A II [5 ]. 

Another question raised by the present observation is 
that even the lowest intraseptal dose of haloperidol (5 ug), 
caused cataleptic-like gross-behavioral changes that could 
unspecifically interfere with A II-induced drinking. Never- 
theless the problem remains controversial because, as 
previously mentioned, Fitzsimons and Setler [ 14] observed 
that carbachol-induced drinking was not affected by doses 
of haloperidol that blocked the effect of A II. In addition 
to the unspecificity of haloperidol as a pharmacological 
tool, the existence of adrenergic neurotransmission in the 
septal area has not been definitively established. 

Several A II polypeptide analogs have been described as 
specific and competitive antagonists of A II at peripheral 
organs or systems, in vitro as well as in vivo [24, 25, 31, 
32]. Four of those A II analogs have been recently injected 
into the rat brain, in areas where A II caused drinking in 
satiated animals [38]. Though less potent that A II, all 
these peptides induced drinking responses. However, when 

given before A II none of them antagonized the drinking 
effect of A II. On the basis of these results, Swanson e t  al. 
[38] suggested that central A II receptors might be some- 
what different from those at the periphery. The present 
results nevertheless show that Sar 1,Ala 3,Iles-A I, a newly 
syrfthetized polypeptide behaving as a specific and com- 
petitive antagonist of A II in the isolated rat uterus, guinea 
pig ileum and rat blood pressure and being practically 
devoid of A II-like actions (Pefia, C. and Stewart, J. M., 
personal communication), completely blocked the effect of 
a ten times lower dose of A II on drinking, when locally 
applied into the brain, prior to the agonist. Only a mild 
agonistic action was observed when the same dose of Sar 1 , 
Ala 3,Iles-A I that antagonized A II was given alone. These 
results clearly suggest that specific angiotensin receptors 
exist in the CNS that might be similar to peripheral re- 
ceptors. Therefore, A II seems to act directly on specific 
receptors of brain neurons in order to elicit drinking behav- 
ior, as has already been suggested [ 5,38]. 

Since A I and A II [10] as well as renin-like enzyme 
activity [10,16] and A I - converting enzyme activity 
[34,44] have been reported to occur in brain tissues, 
present evidence on the existence of specific angiotensin 
receptors in the CNS gives further support to the view that 
locally released A I I  plays a role in the central regulation of 
thirst. 
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