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FRENK, H. AND J. B. ROSEN. Suppressant effects of  naltrexone on water intake in rats. PHARMAC. BIOCHEM. 
BEHAV. 11(4) 387-390, 1979.--Parenteral administration of naltrexone to water-deprived female rats suppressed water 
intake when injected 4, but not 12 hours prior to the drinking session. Intraperitoneal injection 5 mg/kg naltrexone twice 
daily or oral self-administration of naltrexone in doses sufficient to block morphine-induced analgesia failed to reduce water 
intake or to alter body weight in non-deprived animals. These findings suggest that the suppressant effects of naltrexone on 
appetitive behavior are mediated by a different population of opiate receptors than those mediating morphine-induced 
analgesia. 

Analgesia Body weight Morphine Naltrexone Opiate Receptor Water intake 

THE discovery of endogenous opioids in the normal mam- 
malian brain [18] has stimulated various hypotheses concern- 
ing the role of these peptides in normal behavior. The 
analgesic and euphoric properties of  opiates have been 
known for some time [211. In view of  the pharmacological 
similarities between the endogenous peptides and the 
exogenous alkaloids it is not surprising that much experi- 
mental evidence concerning the normal function of endogen- 
ous opioids pertains precisely to those two properties.  

The analgesic action of both enkephalins and/3-endorphin 
when applied directly to the brain has been demonstrated 
(e.g. [3, 8, 20, 31]). Analgesia induced by certain behavioral 
[1,61 or physiological [21 manipulations in rats may be par- 
tially reversed by the specific opiate antagonist,  naloxone. In 
addition it has been reported that naloxone lowers the pain- 
threshold in normal animals [11,19] and humans [7] when 
administered in the absence of opiates. 

Evidence pertaining to the euphoric properties of  
endogenous  opioids  has been presented  in several  exper-  
imental paradigms. It has been demonstrated that animals 
will self-administer both leucine- and methionine-enkephalin 
[4]. Electrical self-stimulation from the enkephalin- 
containing periaqueductal central grey was reduced by the 
administration of naloxone [41. Finally, normal animal be- 
havior assumed to produce drive-reduction reward such as 
eating and drinking [4], is suppressed by the prior adminis- 
tration of both naloxone and naltrexone [14, 15, 16, 241. 

Whereas all this evidence supports the hypothesis,  that 
endogenous enkephalin may mediate drive-reduction reward 
141, other interpretations are possible. The aversive proper- 
ties inherent to opiate antagonists as demonstrated in the 
conditioned taste aversion (CTA) paradigm I14, 22, 321 may 
induce sickness in rats, and because of this sickness animals 
will neither drink nor feed. Moreover,  both morphine as well 
as opiate antagonists will suppress water intake in rats [16]. 
Whereas simultaneous administration of  agonist and an- 

tagonist does not yield additive suppressant effects, no 
complete mutual antagonism has been found [14]. Therefore 
an alternative explanation that naioxone antagonizes the 
suppressant effects of morphine on food and water intake, 
but exerts similar suppressant effects not mediated by the 
same opiate receptors,  cannot be excluded. 

The present experiments were designed to accumulate 
further evidence pertaining to the question whether opiate 
antagonists suppress water intake by blocking specific opiate 
receptors.  

EXPERIMENT 1: LONG-TERM N A L T RE X ONE AD- 
MINISTRATION TO NON-DEPRIVED RATS 

The opiate antagonist naltrexone has been demonstrated 
to prevent opiate agonist action for a period of 12 hr and 
more following a single injection or oral administration in 
man [26,27]. If the suppressant effects naltrexone has on 
feeding and drinking in deprived animals are indeed 
mediated by specific opiate receptors,  we would expect simi- 
lar long-lasting effects of a single injection of naltrexone at 
comparable doses on these behaviors.  Furthermore,  injec- 
tions of  naltrexone at regular intervals should significantly 
suppress drinking and feeding, hence also weight gain, in 
non-deprived rats when compared to saline-injected con- 
trols. The present experiment was designed to test these 
hypotheses. 

METHOD 

Locally bred female Wistar rats, 120 days old at the be- 
ginning of the experiment,  were individually housed in a 
room with a reversed light/dark cycle (light on from 8:00 
p.m. to 8:00 a.m.). Food ad lib was always present. All ani- 
mals were adapted to a 23 hr water-deprivation schedule 
(deprivation started at noon and continued until I 1:00 a.m. 
the next day). During the 8-day period of adaptation to this 
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schedule, animals were weighed and injected 
intraperitoneally (IP) with physiological saline (I ml/kg) 15 
rain before each hour-long drinking session. At l l :00 a.m. a 
calibrated Richter drinking tube was introduced into the 
home cage. The amount of water drunk was recorded at 
noon and the drinking tube was withdrawn. After the drink- 
ing session of the 8th day animals were assigned to three 
groups (n=5). These animals were injected IP with 5 
mg/ml/kg naltrexone, either 12 hr, 4 hr, or 15 min prior to the 
9th drinking session. An additional ten female and ten male 
Wistar rats of the same age were housed under conditions 
described above. However, these animals were not deprived 
and had both food and water ad lib. During the 8-day adapta- 
tion period the animals were weighed and their water intake 
was measured at 8:00 a.m., and injected IP with physiolog- 
ical saline (i ml/kg) at 8:00 a.m. and 8:00 p.m. On the 9th day 
these animals were assigned to two groups. One group, con- 
sisting of five males and five females, now received injec- 
tions of 5 mg/ml/kg of naltrexone IP following the schedule of 
the saline injections they received during the adaptation 
period. The second group, consisting of the remainder of the 
animals continued to be injected with I ml/kg of saline fol- 
lowing identical procedures as during the adaptation period. 
The two groups were maintained on this schedule for eight 
consecutive days. 

RESULTS AND DISCUSSION 

Body weight and water intake remained stable for all ani- 
mals during the adaptation period. The animals receiving 
injections of 5 mg/kg naltrexone every 12 hr did not reduce 
their body weight or water intake over the first day or any of 
the remaining days of the treatment when compared to the 
saline-injected controls, or when compared to their own 
baseline. 

Deprived animals injected with 5 mg/kg naltrexone re- 
duced water intake on the following drinking session when 
the injection was administered 15 min (p<0.01) or 4 hr 
(p<0.05), but not 12 hr before (see Fig. l). 

These results may be explained in several ways: 
(l) Naitrexone is metabolized more rapidly in rats than in 

humans. If in humans naltrexone is still effective in blocking 
opiate effects after more than 12 hr [26,27], in rats naltrexone 
may be eliminated from the organism in less than 12 hr. This 
conclusion seems partially supported by Blumberg and Day- 
ton [51 who found that naltrexone (2 mg/kg) loses in efficacy 
in antagonizing opiate effects after 4 hr. However, the dose 
of the drug was much lower than in the present study, and its 
route of administration was orally. 

(2) Naltrexone is still actively present in the organism, 
but for several reasons the drug does not suppress drinking 
or feeding anymore. The following experiment attempted to 
answer these questions. 

EXPERIMENT 2: ORAL SELF-ADMINISTRATION OF 
NALTREXON E 

M E T H O D  

Ten female Wistar rats, 120 days old at the onset of the 
experiment, were maintained and adapted under conditions 
identical to those described for the non-deprived animals of 
Experiment I. After 8 days of adaptation animals were as- 
signed to the experimental groups. Five animals now re- 
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FIG. 1. Effects of naltrexone (5 mg/kg) on water intake in water- 
deprived rats when injected 15 min, 4 hr, or 12 hr prior to the 

drinking session. *p<0.05: **p<0.01. 

ceived instead of their normal drinking water a naltrexone- 
solution (l mg/ml). The remaining animals were presented 
with a quinine-solution (0.2.5 mg/mi) to control for the bitter 
taste of naltrexone. Apart from the change in drinking 
regimens, which was maintained for 7 days, animals received 
the same treatment as during the adaptation period. 

Immediately after the animals were weighed and their 
water intake measured on the 7th day, the effectiveness of the 
consumed naltrexone in antagonizing morphine-induced 
analgesia was ascertained. A modified version of the tail- 
flick method [10,13] was used. The animals were placed in a 
homemade Plexiglas animal restrainer from which their tail 
extended, the tail was placed over a small opening in the 
top of a box containing a radiant heat source. When the heat 
source was switched on, a time counter was simultaneously 
activated. When the animal withdrew its tail, the experi- 
menter deactivated both the heat source and the counter, the 
latter now indicating the latency until tail withdrawal. If the 
animal did not withdraw its tail within l0 sec, the heat source 
was switched off automatically to prevent tissue damage to 
the tail. Animals were now subjected to five trials on the 
tail-flick apparatus, separated by 3 min intervals. The last 4 
of these 5 trials were averaged for each animal and were 
taken as a baseline estimate of its pain threshold. Im- 
mediately following baseline trials the animals were injected 
with 10 mg/ml/kg of morphine hydrochloride. Starting 3 rain 
after the injection all animals were submitted to an additional 
7 trials on the tail-flick apparatus following the same proce- 
dures as during baseline trials. 

RESULTS 

All animals used in this experiment showed stable water 
intake and body weight over the 8-day adaptation period. 
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FIG. 2. A. Both naltrexone and quinine suppress water intake when administered in the drinking 
water. Naltrexone is not more effective than quinine though B. naltrexone is effective in antagonizing 

analgesia induced by morphine (10 mg/kg). *p<0.05; **p<0.01: ***p<0.0~5. 

The introduction of the naltrexone and quinine solutions re- 
duced water intake significantly (see Fig. 2A) in both groups 
(p<0.005). Whereas water intake was significantly higher on 
the second day of the new drinking regimen when compared 
to the first day for both groups (p<0.01), intake on this and 
the following days remained significantly lower when com- 
pared to baseline (p <0.01). There was no difference between 
naltrexone and quinine drinkers in respect to their water 
intake on any of the seven days. Over the seven days of 
reduced drinking no weight loss occurred in either group and 
no difference between the groups in respect to body weight 
was noticed. 

The baseline threshold to pain induced by heat appeared 
to be no different for the naltrexone drinkers than for the 
quinine drinkers (see Fig. 2B). However,  whereas the ani- 
mals drinking quinine showed a good analgesic response fol- 
lowing morphine (10 mg/kg), the naltrexone drinkers did not 
change their tail-flick latencies when compared to baseline. 
The quinine drinkers had significantly longer tail-flick laten- 
cies than the naltrexone drinkers from the 9th minute post- 
injection onwards. 

G E N E R A L  DISCUSSION 

The parenteral administration of naltrexone (5 mg/kg) at 
12 hr intervals did not interfere with normal water intake or 
cause any weight loss in non-deprived animals. It was found, 
that this same dose of naltrexone did reduce water intake in 
water-deprived rats when administered 4 hr, but not 12 hr 
before the drinking session. This finding suggests that this 
dose of naltrexone is eliminated from the organism in less 
than 12 hr, and could therefore explain the lack of effect of 
naltrexone in non-deprived animals. Consequently,  animals 
were maintained with drinking water containing either nal- 
trexone (I mg/ml) or quinine. Whereas a reduction in water 
intake occurred in the naltrexone drinkers, this effect could 
not be attributed to any specific pharmacological action of 
naltrexone, since the quinine drinking animals showed a 

similarly reduced water intake. It seems therefore that the 
taste of the two drinking solutions, matched for aversive- 
ness, was responsible for this reduction. This is supported by 
the finding that the naltrexone drinking animals did not lose 
weight, in spite of the fact that the average naltrexone intake 
of the animals over  the last six days was 16.8 mg/animal/day, 
or about 93.5 mg/kg/day. This same dose of naltrexone 
blocked opiate receptors in those animals, as a dose of 10 
mg/kg morphine induced analgesia in the quinine, but not in 
the naltrexone drinking rats. Two different explanations 
could account for the lack of effect on water intake and body 
weight in non-deprived animals by chronic naltrexone ad- 
ministration. 

First,  different opiate receptors may mediate the 
analgesic and euphoric effects of opioids. The existence of 
different types of opiate receptors has been suggested by 
Martin and coworkers  [251. Recently, additional evidence 
has been provided demonstrating that enkephalins and mor- 
phine act on different opiate receptors in selective ways [23]. 
Finally, support has been provided for the hypothesis that 
opiate receptors mediating analgesic and EEG responses to 
morphine and endogenous opioids are not only pharmacolog- 
ically different, but concentrated in different brain areas [121. 
If endogenous opioids do play a role in drinking and feeding, 
naltrexone could be expected to be less effective in blocking 
receptors mediating these behaviors than blocking the 
analgesic response to morphine, mediated by different recep- 
tors. The observation that relatively large quantities of 
naioxone are needed to antagonize the suppressant effects of 
morphine on drinking [14] or conditioned taste aversion 
(CTA) induced by morphine [22,32] supports this view. On 
the other hand, drinking in deprived rats is significantly re- 
duced by doses of naltrexone as low as 0.1 mg/kg [16]. 

It is, however,  possible to explain these results in a more 
simple fashion. Opiate antagonists, like opiate agonists, may 
cause nausea in humans 126,27] and may serve as UCS in the 
CTA paradigm [9, 14, 22, 321. Presumably then, opiate an- 
tagonists have an aversive property which may be the cause 
of  the suppressant effects on food and water intake. The 
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presen t  f indings  indica te ,  tha t  n o n - d e p r i v e d  an imals  
hab i tua t e  r a the r  quickly  to these  ave r s ive  p rope r t i e s  and  
normal i ze  the i r  wa te r  in take  wi th in  24 hr.  Th i s  implies  bo th  
tha t  the  supp re s san t  effects  of  na l t r exone  are not  media ted  
by opia te  r ecep to r s ,  and  the re fo re  tha t  e n d o g e n o u s  opioids  
do  not  media te  normal  wa te r  in take.  Th i s  conc lus ion  is sup- 
por t ed  by da ta  r ecen t ly  r epor t ed  by H o l t z m a n  [17]. One  
week  fol lowing m o r p h i n e  w i thd rawa l  of  d e p e n d e n t  ra t s  
to l e rance  to the  ana lges ic  ef fec ts  of  m o r p h i n e  were  still ob-  
se rved .  H o w e v e r ,  at  the  same  t ime the s u p p r e s s a n t  e f fec ts  of  
na loxone  on w a t e r  in take  in these  an imals  were  not  d i f ferent  
f rom those  in morph i ne - na i ve  animals .  As p rev ious  exper i -  
m e n t a t i o n  [28, 29, 301 had  s h o w n  tha t  the  morph ine -  
an tagon i s t  ac t iv i ty  of  na loxone  was  e n h a n c e d  in an imals  tha t  
had  b e e n  p re t r ea t ed  wi th  m o r p h i n e  w h e n  analgesic  t e s t s  
were  used.  H o l t z m a n ' s  da ta  [17] indica te  tha t  the  suppres-  

san t  e f fec ts  of  na loxone  on  appe t i t ive  b e h a v i o r  are media ted  
by a di f ferent  r ecep to r  sys tem than  its an t agon i sm of  mor-  
ph ine  analges ia .  

In conc lus ion ,  the  major  obse rva t i on  in the p resen t  exper -  
imen t s  is tha t  na l t r exone  suppre s se s  appe t i t ive  b e h a v i o r  in 
depr ived ,  bu t  not  in non -dep r ived  rats ,  though effect ively  
an tagon iz ing  m o r p h i n e - i n d u c e d  analges ia  in these  animals .  
T h e  s u p p r e s s a n t  e f fec ts  of  na l t r exone  do  not  seem to be  
med ia ted  by the same  opia te  r ecep to r s  which  media te  
m o r p h i n e - i n d u c e d  analgesia .  
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