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Effects of Angiotensin on Drinking 
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WAYNt'R, M. J., A. 1). MI(RKI'II., F. ('. BARONI', I'. B..IOI.I('OI.:I.IR AND D. B. RONI)t'AU. t:'ff~'cts' oJangiotensin 
on drinking. PIIARMA('. BIO('HEM. BFItAV..5: SUPPl. 1, 103-I 10, 1976. A series of four experiments Was 
carried oul to assess the effects of angiotensin 11 on drinking elicited by various types of stimtdati~m, l.lxperiment I 
examined tile effecls of the interaction of 2 cc/kg of 5'; Na('l plus (I.2 mg/kg angiotcnsm 11 on ad lib eating and 
drinking. Rest,Its indicate that Na('l plus angiotensin produced an additive enhancement in water constmrption. 
l-xpermlent 2 was c~mducled to investigate the effects of 0.2, (}.4, (Lg, 1.2. and 1.6 mg/kg of angiutensin I1 ~m 
drinking and eating m 23 hr water deprived animals. [)~se related increases in drinking alone were observed. In 
Fxperiment 3 the effecls of (}.4, U.8. 1.2, and 1.6 nlglkg of angiotensin 11 ¢~n schedule dependent lever pres~,ing and 
schedule induced drinking and licking were determined. Resultsdemonstrale that angiotensin II decreased lever pressing 
and increased schedule induced water consumption without a conconlitallt increase m licking, t.lxperinleilt 4 examined 
thc eft'eels of the same doses of angiotcnsin II on prandial drinking in food deprived animals. Under these c~mditions 
angiolensin [I increased water cc}nslmlption. Results werc discussed in terms of lhe differentkd effects ~I" angiotensin 11 
on drinking, eating, and schedule dependent lever pressine. 
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AN(;IOTENSIN is a ho rmone  which s t imulates  the release 
of a ldos terone  and ant idiuret ic  ho rmone  and is thereby 
involved in the regulation of body fluids [5] .  When kidney 
blood volume is reduced,  renin is released and cleaves an 
~-2-globulin into the decapep t ide  angiotensin I. A di- 
pep t idy lca rboxypep t idase  convert ing enzyme present  in the 
lungs, k idneys  and circulating plasma readily converts  
angiotensin I into the oc tapep t ide  angiotensin I1. Short ly  
after enter ing the blood angiotensin I1 elevates blood 
pressure directly by vasoconst r ic t ion of systemic arterioles 
and indirectly by increasing the extracellular  fluid volunle 
via the effects  of a ldos terone  and ADH [91. Angio tensm I1 
is rapidly mactivated by several enzymes ,  the angio- 
tensinases. Since there is no unequivocal  evidence that  
angiotensin crosses the blood brain barrier in significant 
amount s  [10 ,11] ,  any possible central  effects  are 
ques t ionable  when angiotensin II is adminis tered  pe- 
ripherally. However,  bo th  peripheral  and central  adminis- 
tration of angiotensin II result in drinking. Early results on 
adminis t ra t ion  of angiotensin I1 to various parts of the 
brain by means of chronic  implanted cannulae are con- 
founded by the spread of the adminis tered fluid along lhe 
shaft of the cannulae int¢~ the ventricles with possible 
action at some o ther  tissue sites [(~]. Because inlra- 
ventricular adtninis t ra t ion of angiotensin I1 elicits dr inking 
[4 ] ,  an indirect route to central  neurons  via the choroid  
plexuses,  cerebrospmal  fluid and ventricles,  and particularly 
into the walls of the third ventricle seems likely [7 ,14] .  
Angiotensm II therefore  enters  the brain in small amount s  
through the venlricular  circulation and possibly through 
gaps in the blood I',rain barrier such as exist in the area 
postrenta [8 J. 

Some evidence indicates that the Nit sensitive neurons of  
the lateral hypo tha lan lus  implicated in drinking are 1nore 
sensitive to angiotensin II than cells of other  parts of the 
brain [15 ] .  In these exper iments  problems of blood brain 
barrier permeabi l i ty  were avoided by applying the angio- 
tensin II directly by means of ion tophores i s  and assessing 
the effects  in terms of the changes in spon taneous  discharge 
f requency of the cells involved. All of the Na sensitive 
hypotha lamic  neurons tested were affected by angiotensin 
11. In these cells discharge f requency was enhanced greatly 
by the s imul taneous  adminis t ra t ion  of Na anti angiotensin 
I1. Since angiotensin 11 in higher doses also affected cells of 
the cerebral cor tex and thalamus,  it might have a more  
general nonspecif ic  effect  on some membrane  mechanism in 
exci table cells. Angiotensin 11 defini tely affects  Na trans- 
port mechanisms  in smoo th  muscle [13] which would also 
be consis tent  with the facl that the Nv sensitive cells of the 
rat hypo tha l amus  are the most sensitive to angiotensin II. A 
synergistic mult ipl icat ive facili tation be tween  angiotensin 11 
and Na was observed in drinking when both  substances 
were adminis tered intraventricularly [1] .  A similar en- 
hancement  of the vasopressor effect  of angiotensin II by Na 
was a t t r ibu ted  to an increase in the biological activity of 
the angiotensin molecule title to a change in the steric 
confo rmat ion  in the pept ide  chain by Na [3] .  The increase 
in activity seems to be specific for Na because when 
angiotensin II is adminis tered  centrally with K('I, an 
enhancemen t  in drinking does not occur [ 12]. 

Because of the obvious effects  repor ted  on drinking and 
the possible relations to central Na sensitive neurons,  a 
more extensive investigation of the effects  of angio tensm I1 
on drinking induced by various types  of s t imulat ion seemed 
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required.  In general an a t t empt  was made to examine m 
greater detail the effects  of angiotensin II adminis tered 
peripherally on drinking induced by several d i f ferent  
methods .  Specifically,  the purposes  or the present  s tudy 
were: (at to de te rmine  the effects  of s imul taneous  pe- 
ripheral adminis t ra t ion  of hype r ton ic  saline and angiotensin 
11 on ingestive behavior in ad lib animals; (hi  to measure the 
effects  of peripheral ly adminis tered angio tensm 11 on water 
deprivat ion reduced drinking:  (c) to assess the effects  of 
angiotensin I1 on schedule induced polydipsia:  and ( d ) t o  
de termine  the effects  of  angiotensin I1 m animals treated 
similarly to those in schedule reduced polydipsia excepl  
wi thout  the generator  food re in fo rcement  schedule.  Results 
demons t ra t e  that dr inking appears  to be increased hy 
angiotensin 11 under  all of the condi t ions  studied and can 
be enhanced  hy the s imul taneous  adminis t ra t ion  of Na 
under some condi t ions ,  and some schedule dependen t  
behaviors such as lever pressing are decreased I~y angio- 
tensin 11. 

EXPERIMEN-i  1 

Because of  the synergistic interact ion of  angiotensin It 
and Na in drinking '+,,'hen adminis tered centrally, the effects  
of combined  in t raper i toneal  adlninis t ra t ion of threshold  
doses of hyper ton ic  saline, 5"; Na('l, and angiotensin II, (,I.2 
mg/kg, on ingestive behavior were s tudied.  Results iF~dic;,te 
that only drinking was enhanced by the confirmed treat- 
nlent. 

M E "I H (.) 1 ) 

/I n imals 

Thirty female hooded  rats. 1 9 4 - 2 3 5  g in weight and 
approx imate ly  120 days old, were selected from our co lony 
and allowed to adapt to individual living cages for 14 days. 
All animals were mainta ined on ad lib food and water  for 
the dura t ion of the exper iment .  An addit ional  10 female 
rats, 250-  350 g m weight and approx imate ly  180 days old. 
were selected and were studied later. 

Proc'edur(" 

Following the adapta t ion  period the 30 animals were 
divided into 3 equal groups Jn order  to s tudy the effects  of  
three injection t r ea tments ,  NaCI. angiotensin I1. and Na('l 
plus angiotensin 11. Fen rain prior to iniection all animals 
were weighed,  each cage ,,'+'as cleared of food and feces. 
water tubes were filled and 30. 40 g of food were weighed 
for presenta t ion  to each animal. Rats were then injected 
int raper i toneal ly  with 2 cc/kg body weight of  5'), ~ Na('l, 0.2 
mg/kg angiotensin II (l-L-Asparginyl-5-L-Valyl angiotensin,  
Hyper tcns in ,  CIBAL or 0.2 mg/kg angiotensin 11 in 5 ~" 
Na('l. All solut ions ',,,ere made from stcrile distilled water.  
Seven clays fol lowing the first injection the same injections 
and procedures  were repeated again for these 3 groups.  
Latency to eat or drink and food and water consumpt ion  
were recorded over a 2 hr period following the injections.  
1he  addi t ional  group of 10 female rats was injected (race 
with 2 ml/kg of 0.~,~"; . Na('l t o d e t e r n l i n e  the approx imate  2 
111 food and water  intakes following the adminis t ra t ion  of 
isotonic saline under  the same condi t ions .  

R E S U L "l S 

Two by three ANOVAs with repeated measures were 
used to analyze the 2 hr food and water  intake data. The 

two factors  were t rea tments  of Na('l, angiotensin 11. or 
angiotensin I1 + Na('l and injections,  the first and second 
: ,dministrat ion of the same t rea tments .  The mean 2 hr 
water intakes following the two injections of each of  the 
three solut ions are presented  in Fig. I. The broken line 
indicates the mean response of the group which received 
only an isotonic saline injection. "lhe group t rea tments  were 
significant l+or water intake. F<2,27) = 3.42, p. 0.05. A 
I u k e y  A analysis indicated that the Na( l  + angiotensin 
group const imed Inore water than the Na('l, t - 7.3u, d f  = 
3,27. p. 0.01, or t, ngiotensin II, t = 3.g4. tit+ -- 3,27. 
p-  (}.05, groups, l h e  Na( l  and angh)tensm 11 groups were 
not d i f ferent  from each other.  The injections factor  and the 
interact ion of injection hy groups were not significant for 2 
hr water consumpt ion .  1'he mean 2 hr food intakes 
following the two injections of each of the three t rea tment  
groups are presented  in Fig. 2. The broken line indicates the 
nlean 2 hr food intake of the group which received only an 
isotonic saline injection. l h c  effects  of  t rea tments ,  in.lec- 
tions, and the t rea tment  by injection interact ion were not 
significant, l a t cnc i e s  to eat and drink were anal}zed by 
means of a Kruskal-Wallis test anti there were no significant 
differences be tween  the three t rea tments ,  lhercl+ore, the 
only significant effect  of the conlbined t rea tment  of Na('l 
and angiotensin 11 under these exper imenta l  condi t ions  
o c c u r r e d  in  t h e  e n h a n c e l l l e n l  o f  l h e  _~ ]11 ,Aa{er i n t a k e s  

which appears to be additive and not multiplicativc as 
expec ted .  
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I~XPI.IRIMENT 2 

rhe results of the previous exper iment  deFnonslrate that 
sodium anti angiotensin II interact addit ively to produce 
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increased drinking. Since the in teract ion of peripherally 
adminis tered angiotensin 11 and water  depr ivat ion on 
drinking has not been de te rmined ,  the present  exper iment  
was carried out to examine the ef fec ts  of 0.2, 0 . 4 . 0 . 8 .  1.2. 
and 1.6 mg/kg of angiolensin II on drinking induced by 23 
hr water deprivat ion.  Results indicate that angiotensin 11 
enhances  water deprivat ion induced drinking wi thoul  any 
change in food consumpt ion .  

M K I I I ( ) I )  

,:| 11 #;lal,~ 

Five female hooded  rats. 260--2tl0 g in weight and 
approximate ly  150 days old, were selected from our colony 
and placed in individu:.ll living cages. 

Pro ccdl~re 

After 2 days of adapta t ion  animals were placed on a 23 
hr water deprivat ion schedule.  At approx ima te ly  tile same 
time every clay, lap water was presented for 1 hr in a 
graduated eud iomete r  tube equipped with a hall point  
stainless steel dr inking spout .  Body  weights  were recorded 
daily. Standard  laboratory  food blocks were available ad lib 
and the amoun t s  of food ingested during the 1 h r d r i n k m g  
sessions were measured.  Af te ,  daily water  inlakes stabilized 
over a 5 day period,  a series of inject ions was init iated. 
ln t raper i toneal  injections were made every third clay 
immediately  prior to the drinking session. Animals received 
3 injections of 0.~,'!'; Na('l, then 5 doses o f a n g i o t e n s i n  1I 
0.2, 0.4, 0.8, 1.2, and 1.6 nlg/kg were adininistered to 
each animal in a nonsys temal i c  order.  Fol lowing the 
adminis t ra t ion of the various doses of  angiotensin 11, 
animals received three 0.0<7; - Na('l injections.  Results ob- 
tained on the first 3 days and the lasi 3 days clue to the 
saline injeciions cons l i tu le  the pre- and pos ldrug baseline 
data. Angiotens in  11 was dissolved in 0.95; Na('l sohi t ion 
and the injection volume was 1 lnlikg. 

RI';SIJ I .TS 

Two one-way ANOVAs with repeated measures were 
used to analyze both  the 1 hr water  intake and I hr food 
intake data. For  tile I hr water  retakes, the main effecl  of 
angiotensin 11 was significant,  F(6.24) = 6.95,  p-,.0.01. 
Specific compar i sons  between the predrug baseline data and 
the pos tdrug baseline and each of  the angioiensin II doses 
were made by means of  the l )unnet t  lesl. l h e r e  was no 
dif ference belween the predrug and postdrug 1 hr water  
intakes. The three largest doses of  angiotensin II, 0.8, 1.2 
and 1.6 mg/kg, did produce  significanl increases in I hr 
water intakes as compared  to tile predrug condition, 
1 )< 0.01. A linear test for t rend as a funct ion of increasing 
doses was also significant,  F11.24) = 38.7, p, 0.01. These 
results are illustrated graphically m Fig. 3 where the pre- 
and postdrug and the ang io lens in  I1 induced mean I hr  
water intakes are presented as a funct ion  of dose. A similar 
statistical analysis was per formed on the 1 hr food intake 
data. Results were not significant.  These dala are presenled 
in Fig. 4. Therefore ,  angiotensin 11 enhances  waler  de- 
privation induced drinking under  these exper imenla l  con- 
di t ions in a linear way, wi thout  producing a change in food 
const lnlpt ion.  
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! ! X P E R I M l i N I  3 

l ' he  results of the previous two exper iments  demons t ra te  
thai angiotensin 11 produced  an additive interact ion with 
the inlernal s l imulat ion associated with lhe salt arousal and 
water deprivat ion induced drinking mecl lamsms.  Since 
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schedule induced polydipsia is a nonregula tory  drinking 
p h e n o m e n o n  which depends  upon a nonspecif ic  increase in 
motor  exci tabi l i ty  and since responsiveness  to specific 
envi ronmenta l  stimuli is involved, this p h e n o m e n o n  pro- 
vides a unique o p p o r t u n i t y  for s tudying the effects  of 
angiotensin 11 on high water intakes in nonwa te r  deprived 
animals. In addi t ion ,  the effects  of  angiotensin 11 on 
schedule dependen t  lever pressing can also be de te rmined  
s imul taneously .  Therefore ,  the purpose  of the present  
exper iment  was to de te rmine  the effect  of  4 doses of  
angiotensin I1, 0.4, 0.g, 1.2. and 1.6 mg/kg, on schedule 
dependen t  lever pressing and schedule  induced licking and 
water consumpt ion  for a fixed interval 1 rain food 
re inforcement  schedule  in rats at 80% body weight due to 
partial food deprivat ion.  Because only the largest 3 doses of  
the previous exper iment  produced  increased drinking as 
coinpared to the saline inject ions,  the smallest dose of  0.2 
mg/kg v,'as not employed .  Results indicate a decrease in 
schedule dependen t  lever pressing and an increase in 
schedule induced drinking. 

METttOI) 

Animals 

Four  male hooded  rats, 310 350 g in weight and 
approx imate ly  lO0 days old, were selected from our co lony 
and placed in individual living cages. 

Procedure 

During a 10 day adapta t ion  period food and water  were 
available ad lib. The animals were reduced to 80'/¢ of their  
Day 10 body weight by gradually restr ict ing food avail- 
ability over a 7 day period.  These weights were mainta ined 
th roughout  the exper iment .  Water intake and body weight  
data were recorded daily. Fol lowing 3 days of shaping to 
lever press for 45 mg Noyes pellets on a con t inuous  
schedule of r e in fo rcemen t ,  animals were tested daily for 1 
hr on a fixed interval 1 rain genera tor  schedule.  The testing 
apparatus  consisted of a s tandard  LVE 1469 medium sized 
test cage and matching sound a t tenuat ing  cubicle with a 
lever and pellet dispensing mechanism.  A food cup, delivery 
mechanism,  test lights, and lever were m o u n t e d  in the 
s tandard fashion on one wall as provided by the man- 
ufacturer .  A modif ied  glass insulated stainless steel ball 
point  drinking spout fi t ted to a glass eud iome te r  tube was 
placed in the center  o f  the back wall of  th.e test chamber ,  
4.0 cm above the grid floor. The spout  p ro t ruded  1.5 cm 
into the cage. The number  of  lever presses, licks and water 
intake were recorded for each of the four 15 rain intervals 
of the 1 hr session. When lever press rate and schedule 
induced polydipsia stabil ized,  a series of subcu taneous  (S( ')  
injections was initiated. 

Drlig 

Angiotens in  It was dissolved in 0.9% saline to obta in  
four doses - 0.4, 0.8, 1.2. and 1.6 mg/kg. The volume 
injected was 1 ml/kg.  Because angiotensin II conta ins  
approximate ly  17!; a m m o n i u m  acetate ,  cont ro l  inject ions 
were included in the drug procedure  because of  possible 
osmotic  effects  which might result in drinking. Control  
injections conta ined  amoun t s  of a m m o n i u m  acetate  iden- 
tical to those found in each drug dose,  0.0(~8, 0.136,  0.204, 
and 0.272 mg/cc of 0 .95 saline. The results of  these 
injections cons t i tu ted  baseline data to which data obta ined 

from subsequent  drug inject ions could be compared  statis- 
tically. Sa l ine-ammonium acetate and angiotensin solutions 
were kept under  refrigerat ion.  The 4 contro l  inject ions were 
adminis tered S(" every third clay in a random order  
immedia te ly  prior to the test session. Fol lowing the control  
injection sequence the drug inject ions were initiated. As 
with the control  injections,  the 4 drug doses were adminis- 
tered prior to the test session every third day in a random 
sequence.  

RI.;SUI, I S 

Because angiolensin II has a rapid and relatively short  
durat ion effect  the data were analyzed separately for the 
first 15 min interval and the total  1 hr test session. Since 2 
× 4 ANOVAs with repeated measures for all data indicated 
that the 4 contro l  injections did not produce  differences,  
the control  data were collapsed and the effects  due to 
angiotensin II were evaluated by means of a one-way 
analysis. Individual one-way analyses were carried out for 
lever presses, licks, and waler  retakes for both  the first 15 
rain and the total 1 hr test session. 

A statistical analysis of 1 hr lever press data revealed ~, 
significant main effect .  F(4,12)  = 2.49, p 0 . 0 5 .  IIowever,  
individual specific compar i sons  were not significant as 
indicated by a Dunne t t ' s  test.  When the 3 lowest doses were 
compared  to the highest dose (0.4, 0.8. 1.2 vs 1.6 mg/kg), 
the highest dose produced  a significant depression,  Scheffe 
p 0.01. A compar ison  of lever presses during the first 15 
mm interval revealed a significant main effect  F(4,12) = 8.38, 
pc-0.01,  with the 3 highest doses significantly depressing 
lever presses when compared  to contro l  injections by means 
of a Dunne t t ' s  test,  p,:,0.()l.  These effects  are illustrated in 
Fig. 5 where the mean lever presses are presented for 
control  and drug t r ea tments  for both  the first 15 rain 
interval and the totals for 1 hr. 

One-way ANOVAs indicated that there were no sig- 
nificant d i f ferences  in either the total 1 hr licks dat~, or the 
first 15 rain interval lick data. These resuhs  are presented in 
Fig. 6 by means of  bar graphs for each of the different  
treat ments .  

There were no significant d i f ferences  be tween the 1 hr 
water intakes for any of the exper imenta l  t rea tments .  The 
analysis pe r fo rmed  on the first 15 min intake data revealed 
a significant increase in water intake due to angiotensin II, 
F(4,12) = 2.71, p < 0 . 0 5 .  On the basis of  a Dunne t t ' s  test 
only the 2 highest doses produced  significant increases in 
w~,ter consumpt ion  as compared  to control  injections,  
p< 0.01. There were no significant dif ferences  t~etw'een the 
intakes produced  by the different  doses of angiotensin 11. 
These effects  are il lustrated in Fig. 7 where mean watm 
retakes for the total  1 hr session and the first 15 rain are 
presented as a funct ion of the various t rea tments .  

These data demons t ra t e  a relatively clear, imnlediale,  
bt.t short durat ion decrease in schedule dependen t  lever 
presses and a somewha t  tenuous  increase in schedule 
induced water consumpt ion  produced by angiotensin I1. A 
more obvious effect  occurred m the lick pat tern  which 
cannot  be illustrated quant i ta t ively  at this time. However.  
the change in lick pat tern  explains the dissociat ion between 
the increases in water consumpt ion  and the licking data. 

li X PI-: t", IM E NT 4 

Because the animals of Exper iment  3 were subjected t o  a 

reduct ion m body weight title to partial food deprivat ion 
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and an in te rmi t ten t  schedule  of  food re in forcement ,  tile 
effects  of  angiotensin I1 are c o n f o u n d e d  by both  of  these 
factors.  The purpose  of  the present  expe r imen t  was to 
de termine  the effects  of the same doses of  angiotensin I1 - 
0.4, 0.8, 1.2, and 1.6 mg/kg - on rats reduced similarly to 
80~; body weight and not subjected to a food rein- 
fo rcement  schedule but permi t ted  to eat the 60 pellets ad 
lib in the test chamber .  Results indicate a clear, short  
durat ion e n h a n c e m e n t  of drinking under  these cond i t ions  
due to angiotensin 11. 

MI,TI I IOD 

.4 rituals 

Eight male hooded  rats, 3 1 8 - 3 4 7  g in weight and 
approx imate ly  100 days old, were selected from our colony 
and placed in individual living cages. 

~roccdllre 

l)uring a 10 day adapta t ion  period food was avai lablead 
lib. Water was cont inuous ly  available in a graduated 
cylinder f i t ted with a glass insulated spout  designed to 
conform with tile spoilt to be used in the test apparatus.  
The animals were reduced to 805; of  their  Day 10 body 
weight by gradually limiting food rations, l-hese weights 
were mainta ined throughoti t  the exper iment .  Water intake 
and body weight data were recorded daily. File testing 
apparatus  was identical Io that  described in Exper iment  3. 
Prior to each exper imenta l  session sixty 45 mg Noyes 
pellets were placed in tile food cup. f i l e  food delivery 
mechanism was disconneci 'ed and lever presses did not 
result in the delivery of a pellet. The number  of licks alld 
water intake were recorded tSr bolh  the first 15 rain and 
tile total hour  of each session, l.ever presses were recorded 
when they did occur.  
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Drug 

Angiotensin  11 doses, cont,rol treat-ments and injection 
procedures  ',','ere identical to t,hose in Exper iment  3: i.e., 4 
drug doses 0.4, 0.8, 1.2. and 1.6 mg/kg with 4 
cor responding  contro l  treatment,s. Animals were injected 
S(' immedia te ly  prior to placement- in the t,est, chamber .  
Both the control  injection sequence  and the drug sequence 
were randomized .  

R l - ; S t ; l , t  S 

Similar to Exper inlent  3, the data were analyzed in 
terms of both  licks and water intake. Because the restllts of 
2 >' 4 ANOVAs revealed no di f ferences  be tween  individual 
cont ro l  injections,  these d:tt,a were collapsed and together  
cons t i tu te  the predrug baseline condi t ion .  Therefore ,  the 
data `'`',ere analyzed by one-way ANOVAs with repeated 
measures. Analysis of the tot,al licks for I hr sessions 
indicated a significant main effect ,  F(4,28)  = 4.31. p<0 .0 1 .  
The post hoc Dt innet l ' s  test revealed no significant dif- 
ferences from the contro l  data. I lowever.  due to the 
significant main effect  a post hoc Tukey A analysis was 
pe r fo rmed  and revealed a significant- d i f ference  be tween  the 
t,olal licks for the smallest- vs the largest dose (0.4 and 1.6 
mg/kg respectively).  The analysis per formed on lhe licks 
obtained during the first 15 rain revealed as ignif icant  main 
effect .  F(4,28)  = 8.47, p- 0.01. A post hoc l ) unne t t ' s  tesl 
revealed that only t.he largest dose. 1.0 mg/kg, p roduced  a 
signific;lnt increase over baseline. These restllis are illus-. 
t rated by the ba, r graphs in Fig. ~4 where lllcan nt, mber  el 
licks ;ire presented for each condi t ion .  

The analysis of tolal 1 hr intake data revealed al 
significant main effect ,  FI4,2,R) = 10.09, p. 0.01. A post 
hoc Dunne t t ' s  lest indicated ttlat the two highest doses, 1.2 
and 1.6 mg/kg, differed signit icanlly from the conlrol  
injections.  Analysis of 15 rain wailer intakes revealed a 
significanl main effect .  F(4,28)  = 14.03, p< 0.01. Posl 

hoc t,est,ing indicated that all doses produced significant 
increases, p<0.01 when compared  to the control  injection 
by means of  l )unne t t ' s  test but not- when compared  to each 
or,her by means of  "lukey A tests. These results are 
illustrated in Fig. 9 where mean water int,akes are presented 
tk~r eacli condi t ion .  Al though a schedule was not in 
opera t ion ,  a small but insignificant amoun t  of lever pressing 
did occur.  

Angiotensin 11 appears to be effective in enhancing 
prandial licking and drinking in food deprived rats. f h e  
effects  were not- dose related but were morc p ronounced  
during the first 15 rain of  the 1 hr sessions. These restllts 
conf i rm the short ternl act,ion o f  the pepi ide  under these 
condi t ions  and demons l ra t e  a non-dose dependen t  increase 
in drinking. 

DIS( 'USSION 

In general,  results seem to inclicate that angiotensin I1 

has a specific enhancing effect  on drinking. Angiolensin II 
increased drinking title Io salt arot,sal, fol lowing wailer 
deprivat ion,  in schedule illduced polydipsia,  and it also 
enhanced prandial drinking. These effects  were ohserved 
clearly m terms of water cc.llStlinplJon during the varmus 
t,est periods. IIowever,  the restllts on licks were soniewhat  
equiVOCail because the data were con founded  by an angio- 
tensm induced change in lick pattern,  l h e  po ten t ia t ion  of  
drinking under  these exper imenta l  condi l ions  due to tile 
conlbmed adminis t ra t ion  of Na('l and angiotensin II con- 
firms lhe earlier work of  o thers  [21. t lowever ,  for 
peripherallly aidminislered threshoht  doscs the corrlbined 
effect  was only addilive. A synergistic muli ipl ical ive inter- 
action couhl have been exphiined easily in terms of  a similar 
action m lateral hypo tha lamic  Na sensitive neurons inl- 
plicated in drinking [ I 5 I. ['tie linear increase produced by 
a n g i o l e n s i r i  I I m  ,,,,'tiler d e p r i v e d  an ima l s  i nd i ca les  tha i  the 
under lying physiological changes associated with lhese lwo 
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t r ea tments  are also additive within certain limits, i 'he  
rest,Its provide little clarification concerning lhe peripheral  
vs central issue of ~,ngiotensin II induced drinking. 

The exper iment  on schedule induced polydipsia is 
impor tant  because the effects  of  angiotensin 11 were 
assessed s imul taneously  on schedule dependen t  and 
schedule induced behavior [16 .17] .  Al though angiotensin 
]I and angiotensin 11 plus Na enhance  home cage ad lib 
drinking, they had no effect  on home cage food con- 
sumpt ion .  Also. there was no effect  of angiotensin II on 
eating in water deprived rals. These results indicate clearly 
that under  these circumstt, nces angiotensin 11 has no 
observahle effect  on eating. However,  in lhe exper iment  on 
schedule induced polydipsk, ,  angiotensin I1 significantly 
decreased schedule dependen t  lever pressing for food 
pcll¢Is. Under  these same condi t ions  angiotensin clearly 

increased w a l e r  consl. lnlptioI1 without  an a s s o c i a t e d  increase 
in the number  of licks. Both these effects  were brief and 
support  the fact ,hal angiotensin 11 has a short half-life. 
Therefore .  these effects  were observed only thlriilg tile firsl 
15 rain of  the lest session. It is interest ing ,hal in 
Exper imenl  4 when animals were tested under  condi t ions  
similar to those which produce  schedule induced polydipsia 
except  that the generator  food re inforcement  schedule was 
not in opera t ion  and all the pellels were available at lhe 
beginning of the test session, angiotensin 11 did produce an 
increase in licking during the lirsl 15 rain of  the test session 
for tile highest dose ( I .6  mg/kgL Although the remaining 
data suggesl a dose related increase in licking, the dif- 
ferences w | l c n  compared  to t h e  conlrol  conditioll  were nol 
significanl due to the relalively large variability in licking 
under  these condi t ions ,  l h e  facl thai tile increases in 
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p rand i a l  d r i n k i n g  (Fig .  91 b o t h  d u r i n g  t he  first  15 m i n a n d  
for  t h e  e n t i r e  h o u r  in E x p e r i m e n t  4 are  m u c h  m o r e  o b v i o u s  
t h a n  t h e  i n c r e a s e s  in t he  s c h e d u l e  i n d u c e d  w~,tcr d r i n k i n g  
(Fig.  7)  in E x p e r i m e n t  3 m i g h t  bc a t t r i b u t e d  to t he  lower  
wa t e r  c o n s u m p t i o n  in E x p e r i m e n t  4 t i nde r  c o n t r o l  con -  
d i t i ons .  T h e r e  m i g h t  a l so  bc a ce i l ing  e f f ec t  in t h e  large 
n u m b e r  o f  l icks  a nd  re la t ive ly  h igh  w a t e r  i n t a k e s  u n d e r  
c o n d i t i o n s  o f  s c h e d u l e  r e d u c e d  p o l y d i p s i a  as c o m p a r e d  to  

c o n s i d e r a b l y  less l icks and  s m a l l e r  w a t e r  i n t a k e s  in Ex- 
p e r i m e n t  4. A n g i o t e n s i n  11 u n d e r  t h e s e  c o n d i t i o n s  w o u l d  be 
h a v i n g  an  e f f ec t  s imi l a r  to  t he  so-ca l led  ra te  d e p e n d e n t  
e f f e c t s  o f  m a n y  o t h e r  d rugs .  In a d d i t i o n ,  a n g i o t e n s i n  11 
m i g h t  p r o d u c e  a n o n s p e c i f i c  i nc r ea se  in r e s p o n s i v e n e s s  
w h i c h  r e su l t s  ira a sma l l  a l l - o r - n o t h i n g  inc rease  in d r i n k i n g  
u n d e r  t h e s e  c o n d i t i o n s  w h i c h  is no t  re la ted  1o a n y  
u n d e r l y i n g  m e c h a n i s m  o f  b o d y  f luid r e g u l a t i o n .  
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