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GRAEFF, F. G., C. G. GENTIL, V. L. PERES AND M. R. COVIAN. Lever-pressing behavior caused by intraseptal 
angiotensin H in water satiated rats. PHARMAC. BIOCHEM. BEHAV. 1(3) 357-359, 1973. -Intracerebral injection of 
angiotensin II induced drinking behavior in satiated rats. In the present experiments five rats, presenting a positive drinking 
response to the intraseptal injection of angiotensin II, were trained to press a lever for water in a standard chamber, used 
for operant behavior studies. The injection of 1 ~g of angiotensin II into the septal area of the brain caused the animals, 
previously satiated in the experimental chamber, to resume lever pressing under a continuous reinforcement schedule of 
water presentation. The number of responses emitted after angiotensin was considerably higher than after a control 
injection of saline. This result supports the hypothesis that angiotensin has a dipsogenic action in the CNS that mimicks the 
effect of water deprivation. 

Septal area Angiotensin II Operant behavior 

THE intracerebral  inject ion o f  minute  amounts  of  angio- 
tensin and related pept ides  has been repor ted  to induce 
drinking in satiated rats [ 1, 3, 4 ] .  Most sensitive brain loci 
include the anter ior  hypotha lamus ,  preopt ic  and septal 
areas, in which consistent  dose-response relations be tween  
dn~g and amount  of  water  ingested have been determined 
[311. If  the act ion of  angiotensin in the CNS is to be 
in terpreted as an increase in thirst ,  angiotensin effects  
should mimick  o ther  consequences  o f  water  deprivat ion,  in 
addi t ion to increasing the probabi l i ty  o f  occurrence o f  the 
consummato ry  act. In order  to verify if  the angiotensin 
induced drinking can be a t t r ibuted  to mot iva t ional  change, 
an exper iment  was designed to de te rmine  if the intra- 
cerebral inject ion o f  angiotensin would lead rats, that  had 
been previously trained to lever-press for  water  in a 
standard operant  condi t ion ing  si tuat ion,  to resume respond- 
ing after  being satiated in the exper imenta l  chamber .  

MATERIAL AND METHOD 

Eleven adult  male albino rats of  the Wistar strain, 
2 0 0 - 3 0 0  g body  weight  were kept  in individual cages with 
a food cup filled with a dry mixed  diet and a graduated 
drinking bot t le ,  filled with unfi l tered tap water ;  daily 
readings were made of  the intakes. Af ter  a few days, a 

stainless steel cannula (o.d. 0,71 mm)  was stereotaxical ly 
implanted in the septal area, according to de Groot ' s  atlas 
[2 ] ,  under  ether  anesthesia. The cannulae were posi t ioned 
1,0 mm anter ior  to the bregma, 0,3 mm lateral to the 
midline and 6,0 mm below the surface o f  the skull. Each 
cannula was provided with a mandrel  to prevent  its 
obstruct ion.  One week after  recovery from the surgical 
procedure ,  inject ions were made through a dental  stainless 
steel cannula (o.d. 0,31 mm)  in unanesthet ized and 
unrestrained rats, in normal  water  balance. Angiotensin 
(val-5-angiotensin-II-amide, Hypertensin CIBA) was deliv- 
ered by a 10 ~1 microsyringe in a volume of 1 tal of  isotonic 
saline. For  this purpose,  a po lye thy lene  plastic tube was 
connected  to the inner  cannula,  which was placed inside the 
guide cannula and pressed downward  to its tip. Af te r  the 
intraseptal injections of  angiotensin,  the water  intake of  rats, 
under  usual labora tory  condi t ions  of  living, was recorded 
for 1 hr. In this series, five out  of  the eleven animals 
ingested more than 10 ml of  water during the 60 min 
period after the inject ion of  1 ug o f  angiotensin and were 
selected for use in the fol lowing exper iment .  

The five animals were trained to press a lever (15 g 
min imum pressure) placed 9 cm above the grid f loor  of  a 
standard E3125D chamber  (Grason-Stadler),  current ly  used 
for operant  behavior  studies and obtained at least 200 
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re inforcements ,  under a cont inuous  re inforcement  schedule 
(CRF)  of  water  presentat ion,  before being submit ted  to the 
test si tuation.  Each re inforcement  consisted in the presen- 
ta t ion to the animal of  0,03 ml of  water ,  for 3 sec. 
Standard e lect romechanical  equ ipment  (Grason-Stadler)  
was employed  for au tomat ic  programming and recording. 
Lever-pressing responses were recorded in a digital counter  
and in a Gerbrands cumulat ive recorder.  

Rats were deprived of  water for 24 hr  before  the 
exper imenta l  session. Each animal was placed inside the 
exper imenta l  chamber  and allowed to respond,  under  a 
CRF schedule of water presentat ion until  the fol lowing 
satiat ion cri terion was met .  If the animal did not  emit  a 
sequence of  at least two reponses in succession, during 5 
min,  he was considered as satiated. After  satiation, the  
animal was removed from the exper imenta l  chamber  and  
intracerebrally injected with 1 ~g of  angiotensin.  

After  the inject ion animals were immedia te ly  replaced 
inside the exper imenta l  chamber ,  under  the same CRF 
schedule condit ions.  Animals were allowed to level-press for 
water ,  unti l  the  above sat iat ion cri terion was met .  

In a control  session, under taken 7 days after,  the  same 
sequence of  events fol lowed,  except  that each animal was 
injected with  1 ~1 of saline instead of  angiotensin and 
remained in the exper imenta l  chamber,  after the intra- 
cerebral inject ion,  exact ly  the same t ime that  part icular  
animal had spent  after agiotensin,  in the test  session. 

RESULTS 

The cumulat ive records in Fig. 1 and Table l clearly 
show that  every one of  the five animals used responded 
considerably more after angiotensin than in the control  
session. Gross-behavioral changes were absent after the 
inject ion of  angiotensin.  Lever-pressing behavior and water  
licking showed the same topographical  characteristics, as in 
the preceding satiation period. 

TABLE 1 

NUMBER OF LEVER-PRESSES EMITTED BY WATER SATI- 
ATED RATS AFTER THE INTRASEPTAL INJECTION OF 

ANGIOTENSIN II 

Animals 

Treatment 

Angiotensin* 
(1 ~g) 

Control 

R 3 75 28 

R 4 106 45 

R 14 113 0 

R 15 71 0 
R 18 207 36 

Mean ± S.E.M. 114.4 ± 24.6 21.8 -+ 9.3 

*Rats were injected with 1 ~g of angiotensin, dissolved in NaCl 
0.9% solution, immediately before the experimental session. In 
control experiments, animals were injected with 1 /.tl of NaCI 0.9% 
solution, only. 
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FIG. 1. Cumulative records of performance of five rats, previously 
satiated in the experimental chamber, after the intraseptal injection 
of angiotensin or saline (control). Every lever-pressing response was 
followed by water presentation (CRF) and caused the recording pen 

to move upward by 0.25 ram. 

DISCUSSION 

These results demonst ra te ,  that  the intracerebral  injec- 
t ion of angiotensin mimicks the effect  of water  deprivat ion,  
in the sense that  it increases the probabi l i ty  of  occurrence 
of  a learned response, previously associated with water  
presentat ion.  The preceding evidence supports  the hypo th -  
esis that  angiotensin has a dipsogenic act ion on the central  
nervous system. In addi t ion,  present results suggest that  the 
use of operant  behavior  techniques  may provide a be t ter  
me thod  to assess the mot ivat ional  effect  of  angiotensin,  
than the  currently used, amount  of  water  consumed 
method .  With the lat ter  t echnique  ingested l iquid probably 
triggers homeos ta t ic  responses that  tend to inhibit  drinking 
behavior,  thus counterac t ing  the drug effect .  In contrast ,  
wi th  operant  procedures,  the  amount  of  water  ingested 
after angiotensin can be reduced to a min imum,  by the use 
of in te rmi t t en t  schedules o f  re inforcement ,  in which only a 
fract ion of  the to ta l  number  of  responses are fo l lowed by 
water  presentat ion.  
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