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DI N1COLANTONIO, R AND R S WEISINGER Feeding and drml~mg behai.tourfollowmg angtotensm ~on)ertmg 
enzyme blocAade Role oJ mjectant pH PHARMACOL BIOCHEM BEHAV 20(3) 547-551. 1988 --Angmtensm convert- 
mg enzyme (ACE) is a orculatmg dlpeptldase which has a broad specificity and is known to metabohse a range of 
circulating peptldes Whde a number of clrculaUng peptldes are beheved to modulate food retake, it is not known ff ACE 
plays a role m the control of feeding behavlour and therefore m this study we have exammed the effect of the potent, 
specific ACE antagomsts captoprll (SQ 14225) and enalaprd (MK421) on food and water retake following food deprlvatmn 
and 2-deoxyglucose treatment in the rat One hour captopnl (50 mg/kg, IP) pretreatment significantly reduced the food 
intake of 24 hr food deprived rats Because captopnl solutmns have a low pH (2 0), the effect of buffered captoprll on food 
retake following 24 hr food deprivation was also examined Buffered captoprd also slgmficantly reduced the food intake of 
24 hr food deprived rats, but not to the same extent as unbuffered captoprd Naloxone pretreatment (1 mg/kg, IP) did not 
antagonize the effect of captoprd on food retake m&catmg that the anorexic actmn of captoprd was not due to alteraUons m 
opiate peptlde levels Buffered captoprll did not reduce the food retake of food-replete rats receiving 2-deoxyglucose (300 
mg/kg, IP) or alter blood gases or pH However, an eqmmolar buffered dose of the structurally different ACE inhibitor 
enalaprll failed to stgmficantly alter food deprivation-reduced food intake, suggesting that this actmn of captopnl m 
reducing food retake was unrelated to ACE blockade In view of these findings a re-examlnatmn was made of the effect of 
captoprll on dehydration-reduced drinking where it was found that while unbuffered captoprll reduced the water intake of 
24 hr dehydrated rats the buffenng of the captoprll abohshed this effect These findings do not suggest a role for ACE In the 
control of feeding behavmur but do indicate that it Is ~mportant to consider the effect of the pH of captoprd solutmn when 
studying its effects on behawour 

Angmtensln Captoprll Enalapnl Hunger Ingestive behavlour Thirst 2-Deoxyglucose 

F E E D I N G  b e h a v l o u r  IS a c o m p l e x  p roces s  invo lv ing  cen t ra l  
n e r v o u s  sys t em s t ruc tu res ,  c i rcula t ing  h o r m o n e s  and  gas- 
t r omte s t l na l  func t ion  (see r ev i ew s  [16,20]) Ci rcu la t ing  pep-  
t ides  such  as  c h o l e c y s t o k m i n  (CCK) ,  vasoac t lve  in tes t ina l  
pep t tde  (VIP)  and  op ia tes  are b e h e v e d  to play a phys io log ica l  
role in the  s t imula t ion  and  sa t ia t ion  of  h u n g e r  [20] 
A n g l o t e n s l n  c o n v e r t i n g  e n z y m e  (ACE)  is a c i rcula t ing  dl- 
pep t ldase  wi th  a b road  subs t r a t e  specif ici ty  [26] Circula t ing  
ang io tens in  I [13], b r a d y k l n l n  [25] and  opmte  pep t ldes  [7,12] 
are k n o w n  to be  m e t a b o h s e d  by  A C E  The  l n t r o d u c t m n  of  
po ten t ,  specif ic  A C E  mhlb l to r s  such  as captopri1 (SQ 14225) 
and  ena lapr l l  (MK 421) has  a l lowed the  e x a m i n a t i o n  of  the  
role o f  a n g l o t e n s m  in d r ink ing  b e h a v i o u r  [8], salt  appetzte 
[ 10] and  b lood  p re s su re  regu la t ion  [I] and  opia tes  in the  sen- 
sa t lon  o f  pain  [l  l] and  con t ro l  of  r e sp i r a to ry  ra te  [21] 

G i v e n  th is  e v i d e n c e  t ha t  c i rcu la t ing  pep t ldes  such  as 
C C K ,  VIP  or  op ia tes  modu la t e  inges t ive  b e h a v l o u r  [20] and  

tha t  c i rcula t ing  A C E  is an  Impor t an t  e n z y m e  in c i rcula t ing 
pept lde  me tabo l i sm [26] we have  e x a m i n e d  us ing  the  spe- 
cific, po ten t  A C E  lnhlb l tors  cap topr l l  and  enalapr l l ,  w h e t h e r  
A C E  plays a role in feeding and  dr ink ing  b e h a v i o u r  fol lowing 
food depr iva t ion  Fur the r ,  g iven  tha t  the  p H  of  cap topr l l  
so lu t ions  is low and  might  inf luence  inges t ive  b e h a v l o u r  we 
have  also e x a m i n e d  the  effect  o f  b o t h  buf fe red  and  unbuf -  
fered cap topr l l  t r e a tmen t  on  feeding and  dr ink ing  b e h a v i o u r  

METHOD 

Male  Sprague  Dawley  ra ts  (300-450 g) were  ma in t a ined  in 
indiv idual  cages  w~th ad lib access  to food ( G R 2 + ,  Clarke  
King) and  wa te r  excep t  where  indicated be low Animals  were  
adap t ed  to hous ing  and  feeding con&t Ions  for  7 days  pr io r  to 
usage and  a sham in jec t ion  p r o c e d u r e  used  pr ior  to  e x p e n -  
m e n t s  to adap t  an imals  to  e x p e r i m e n t a l  p r o c e d u r e s  The  

1Requests for reprints should be addressed to Dr R Di Nlcolantonlo, Department of Physiology, Umvers~ty of Melbourne, Grattan Street, 
Parkvflle 3052, Victoria, Australia 

547 



light cycle occurred from 0700-1900 hr with treatment re- 
gimes designed such that intakes in all experiments were 
measured between 1000 and 1400 hr 

Cumulahve 

retake of 

food (g) 

Effect o f  Captoprtl on Food Intal~e Following 24 Ht Food 
Deprtvatton 

Thirty rats were depraved of food, but not water, for a 24 
hr period commencing at 1000 hr One hour prior to the 
return of food ammals were given an mtraperltoneal injection 
of either vehicle (0 9% saline, pH=6 0), unbuffered captopri1 
(50 mg/kg, pH=2 1) or buffered captoprll (50 mg/kg, 
pH=5 7) PH was adjusted with 5 M NaOH Food intake 
was measured I, 2 and 4 hr following the return of food This 
dose of captopril is known to effectively blockade ACE 
[5,27] and antagonize drinking behavlour believed to be de- 
pendent on angiotensln II [10,28] 

Effect of  Captoprd on Food Intake Following 
2-Deo:~yglucose Treatment 

Twenty rats were pretreated with e~ther vehicle or unbuf- 
fered captopnl 1 hr prior to administration of 2-deoxyglucose 
(300 mg/kg, IP) to all animals Food and water intakes were 
measured 1, 2 and 4 hr following 2-deoxyglucose administra- 
tion 

Effect of Captoprd on Water Intake Following 24 Hr Water 
Deprivation 

Thirty animals were deprived of water, but not food, for a 
penod of 24 hr One hour pnor  to the return of water, animals 
were treated with either vehicle, unbuffered captoprll or buf- 
fered captopnl as above Water intake was measured in each 
group 30 and 60 rain following the return of water 

Effect of  Naloxone on the Reduced Food Intake Following 
Unbuffered Captoprd Treatment 

Thirty rats were deprived of food for 24 hr commencing at 
1000 hr One hour prior to the return of food, animals re- 
ceived either vehicle, unbuffered captopnl or combined cap- 
toprfl and naloxone (1 mg/kg, IP) treatment This dose of 
naloxone has been shown to alter other forms of ingestive 
behavlour (see review [23]) 

Effect oj Captoprd on Blood Gases and pH 

In order to determine whether buffered or unbuffered 
captopnl alters acid-base balance, blood gases and pH were 
determined in thirty rats pretreated for 1 hr with either vehi- 
cle, buffered or unbuffered captopnl Values were deter- 
mined m a Coming 168 Blood Gas analyzer 

Effect of  Enalaprd on Food Intake Following 24 Hr Food 
Deprivation 

Twenty animals were deprived of food for 24 hr with con- 
tmuous access to water One hour prior to the return of food, 
ammals were treated for l hr with vehicle (1 M POa buffer, 
IP, pH=7 4) or an eqmmolar dose of enalaprll (80 mg/kg, 
IP) PO4 buffer was required to increase the solubility of 
enalapril Food Intake was measured 1, 2 and 4 hr following 
the return of water 
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FIG 1 Cumulative food and water retake of 24 hr food deprived rats 
following one hour pretreatment with vehmle (©), unbuffered (O) or 
buffered (~) captopnl Results are mean_+SEM with 10 ammals m 
each group 

StatlMICS 

Differences between treatment groups was assessed by 
ANOVA using a repeated measures design [3] 

RESULTS 

Effect o f  Captoprll on Food Intake Followmg 24 Hr Food 
Deprivation 

Unbuffered captopnl slgntficantly, F(1,18)=20.2,p<0 001, 
reduced the food intake of food deprived rats when com- 
pared to vehicle treated controls (Fig 1) Food intake of 
buffered captopnl treated rats was significantly greater, 
F(I,18)=7 7, p < 0  02, than that of unbuffered captopnl 
treated ammals The food retake of buffered captopnl treated 
animals was still significantly lower, F(1,18)=6 4, p < 0  03, 
than that of vehicle treated animals over the first 2 hr period 
(Fig 1) 

Effect of  Captoprd on Food Intake Followmg 
2-Deoxyglucose Treatment 

Unbuffered captopnl failed to slgnLficantly alter, F(1,18)= 
0 1, p > 0  9, the food intake of rats reduced by 2-deoxy- 
glucose administration (Fig 2) The prandlal water intake 
of buffered captopri1 treated rats was significantly greater, 
F(1,18)=6 5, p <0 02, than that of vehicle pretreated animals 
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FIG 2 Cumulatwe food and water retake of rats recewmg IP 
2-deoxyglucose following one hour pretreatment with either vehicle 
(©) or unbuffered captopnl (e) Results are mean_+SEM with 10 
ammals m each group 
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FIG 3 Cumulatwe water retake of 24 hr water deprived, food re- 
plete rats pretreated for 1 hr with either vehicle (0 9% sahne, 
pH=6 0, open bars), unbuffered captopnl (pH=2 1, hatched bars) or 
buffered captopnl (pH=5 7, filled bars) prior to return of water 
Results are mean-+SEM with 10 ammals m each group * p<0 05 cf 
vehtcle,# p<0 05 cf buffered captopnl 
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FIG 4 Cumulatwe food and water intake of 24 hr food deprived rats 
pretreated for l hr with either vehicle (O), unbuffered captopnl (0) 
or concomitant captopnl and naloxone (C2) Results are mean_+SEM 
with 10 ammals m each group 

Effect of  Captoprtl on Water Intake Followmg 24 Hr Water 
Deprivation 

Veh]cle treated, water deprived rats drank immediately 
upon return of water with most drlnkmg completed 30 mm 
after return of water (Fig 3). Comparison of retakes m the 3 
treatment groups over the one hour observaUon period m&- 
cated a mgntficant treatment effect, F(2,27)=4 7, p<0.02 
Subsequent ANOVA contrasts found that animals recewmg 
unbuffered captopnl drank slgmficantly less than either ve- 
hicle or buffered captopnl treated rats, F(1,27)=4 7, p<0.04 
and F(1,27)= 12 6, p<0.002, respectwely, during the first 30 
mm following water return (Fig 3). Whde there was no mg- 
nLficant difference m water retake between vehicle and un- 
buffered captopnl treated rats by 60 mm following water 
return, F(1,27)=0.6, p>0.4 ,  the retake of buffered captopnl 
treated ammals was mgmficantly greater than that of the un- 
buffered captopnl treated group at thin time, F(1,27)=6 I, 
p < 0  02. 

Effect o f  Naloxone on the Reduced Food Intake Following 
Unbuffered Captoprtl Treatment 

Naloxone fmled to slgmficantly alter, F(1,12)=0.1, 
p > 0  8, the reduced food retake of unbuffered captopnl 
treated animals (Fig. 4). 

Effect o f  Captoprd on Blood Gases and pH 

Both buffered and unbuffered captopnl treatment faded 



TABLE 1 

BLOOD GASES AND pH FOLLOWING ONE HOUR PRETREATMENT 
WITH EITHER VEHICLE, BUFFERED OR UNBUFFERED CAPTOPRIL 

pCO 2 pO~ 

Treatment mmHg pH 

Vehicle 49_  2 42_+ 4 74_+ 0 1 
Unbuffered Captopnl 50 _+ 2 50 _+ 5 7 4 _+ 0 1 
Buffered Captopnl 53 _+ 2 49 _+ 8 7 4 _+ 0 l 

Results are mean _+ SEM with 10 animals in each group 

1 2 3 4 

TIME (Hours) to stgmficantly (p>0 05) alter blood gases and pH when 
compared to vehicle treated controls (Table 1) 

Effect of Enalaprtl on Food Intal~e Following 24 Hr Food 
Deprivation 

Enalaprll failed to significantly, F(1,18)=07, p > 0 4 ,  
alter the food retake of  24 hr food deprived rats when com- 
pared to vehicle treated controls (Fig 5) 

DISCUSSION 

Experiments utlhzlng ACE lnhlbltors have demonstrated 
that endogenous peptlde substrates of ACE may play a phys- 
iological role in thirst [8], salt appetite [10], blood pressure 
regulation [1] and renal function [14] In this study captopnl 
reduced the food intake of food deprived rats suggesting that 
a peptlde substrate of  ACE may be involved in satiation 
However ,  captopril solutions have a low pH and may reduce 
ingestive behaviour by causing discomfort directly or by 
changes in acid-base balance However ,  adjustment of the 
pH of captoprI1 solutions to that of the vehicle only partially 
reversed the action of  unbuffered captoprll on food Intake 
following food deprivation suggesting that the remaining 
component of the reduction is due to some other acUon of 
captoprll 

Given that ACE blockade potentiates the action of en- 
dogenous opmte peptldes [7,11] and that these peptldes are 
believed to modulate ingestive behavlour [4, 6, 23] we exam- 
reed whether naloxone altered the captoprd induced reduc- 
tion m food retake Naloxone, at an effectwe dose, faded to 
modify this effect of captoprll. Whether klnms, anglotensin 
II or prostaglandlns mediate this action of captoprI1 awaits 
further studies 

The water retake of unbuffered captoprll treated rats was 
significantly reduced one hour following return of  food when 
compared to buffered captopnl treated rats whose intakes 
were not significantly different to that of vehicle treated con- 
trols This reduced prandial drinking was probably secon- 
dary to reduced food intake at this time However,  this dose 
of captopri1 has been reported to reduce water intake of  
water deprived, food replete rats and used as evidence that 
angtotensln may play a role in stimulating dehydration- 
induced drinking [2] In order to examine whether reduction 
in dehydration-induced drinking in this earlier study was also 
pH related, we examined the water intake of  24 hr dehy- 
drated, food replete rats given buffered and unbuffered cap- 
topril at the same dose and route of administration as this 
earlier study We found that, as in the earlier study, unbuf- 
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FIG 5 Cumulative food retake of 24 hr food deprived rats pre- 
treated for 1 hr with either vehicle ((3) or enalaprll (O) Results are 
mean_+SEM with 10 animals m each group 

fered captoprll reduced water intake but that buffered cap- 
toprll failed to reduce the water intake of dehydrated rats, 
suggesting that, as in the feeding studies noted above, it is 
important to consider the pH of captoprll solutions when 
studying its effects on behavlour 

Captoprll failed to alter the food intake of rats following 
2-deoxyglucose administration suggesting that the anorexic 
action of captopri1 depends on the model of hunger being 
examined This finding also suggests that hunger elicited by 
2-deoxyglucose occurs independently of the site involved in 
the captopnl induced decrease in food retake 

It is now beheved that the central actions of some cir- 
culating peptides are mediated by clrcumventncular organs 
of the brain such as the subfornical organ [17, 19, 22] These 
areas are now known to contain a high concentration of ACE 
[ 18] The doses of ACE lnhlbltors used in this study are those 
known to blockade ACE at such central sites [28] as well as 
in the systemic circulation [5,27] Such doses have previ- 
ously been shown to reduce certain forms of thirst [2] and 
salt appetite [10,28] and lower blood pressure in experi- 
mental hypertension [ 1] probably by blocking peripheral and 
central ACE A one hour pretreatment period was chosen in 
this study as this replicates an earlier study examining the 
effect of  captoprll on ingestive behavlour which only found 
an effect with 45-60 rain pretreatment with this drug and no 
action with shorter or longer pretreatment periods [2] 

Enalapnl, a more potent ACE inhibitor than captoprll 
[5,27], at an equlmolar dose to that of captoprll, failed to 
alter the food intake of food deprived rats This suggests that 
the anorexic action of captopnl may be specific to this ACE 
inhibitor Clinical studies have reported that captopnl inter- 
feres with taste m some patients [15] Enalaprll which does 
not possess a sulphydryl moiety does not alter taste [9] to the 
same extent and therefore the anorexic action of  captopnl 
may be due to the sulphydryl group it contains, a moiety 
which has been implicated in alterations in taste when con- 
tained In other drugs [24] 
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