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BERTINO, M ,  M L ABELSON, S H MARGLIN, R NEUMAN, C A BURKHARDT AND L D REID A small 
dose oJ morphuze m~ reases tntal, e of and preJeren¢ e Jor tsotomc sahne among rats PHARMACOL BIOCHEM BEHAV 
29(3) 617-623, 1988 --Water-deprived rats were given hourly opportunities to ingest physiological sahne and water for a 
number of days until they were taking substantml amounts of both solutions Prior to some opportumtles to mgest, they 
were rejected with either morphine (2 0 mg/kg) or a placebo Across a variety of procedures, morphine increased retake of 
and. in 1-hr tests, increased preference for 0 ~/~ NaC1 Intake of 1 5% NaCI also increased after admlmstratlon of mor- 
phine These data suggest that endogenous oplolds are revolved in sodium retake These data also provide further support 
for the idea that one or more of the endogenous oplold systems are revolved In the regulation of ingestion 

Oplolds Salt retake Salt preference Morphine Endogenous oplolds 

I N T A K E  of  f lavored solutions is inf luenced by the adminis- 
tration of  oplold agomsts  and antagonists  (see [16] for a re- 
view) This has been  most  extens ive ly  s tudied using rats and 
sweet  tasting substances  At  low doses ,  morphine  (MOR) 
increases intake of  sucrose  solutions [6], saccharin solutions 
[4,18], and swee tened  a lcohohc  beverages  [9] Relatedly,  
administrat ion of  e i ther  o f  the oplold antagonists ,  naloxone 
or  nal t rexone,  reduces  intake o f  solutions o f  sucrose  [15], 
glucose [11], and sacchann  [11] They  also reduce  prefer- 
ences  for solutions o f  saccharin [11] and of  glucose [11] 
Results  such as these have led to the hypothes~s that the 
endogenous  oplolds are involved  m medmtlon  of  pleasant  
aspects  of  the sweet  taste [2,16] 

Fo r  more than 50 years,  there has been  ex tens ive  re- 
search into rats '  appeti te  and preference  for salt [7,17] Con- 
s~derable ev idence  suggests that at certain concent ra t ions  
the taste of  sodium chloride m water  is pleasant  to rats Rats  
o f  many stratus prefer  to drink hypo tomc  and l so tomc sahne 
to water ,  even  when  post-mgest~onal cues  have been  re- 

1Requests for repnnts should be addressed to Dr Larry Reid 

moved  through the use of  esophageal  fistulas [13] Also,  rats '  
facial express ions  to the taste o f  salt contain some of  the 
same components  found after tasting sucrose [1] If  the 
pleasantness  of  the taste o f  hypo tomc  and isotonic salt solu- 
tions is mediated m a way similar to sucrose and if oplolds 
mediate sucrose ' s  pleasantness ,  then oploid agomsts  and 
antagonists  should mfluence intake of  hypo tomc  and isotonic 
salt solutions m a manner  s~mflar to that of  sucrose solutions 

In apparent  support  of  the above  hypothes~s, naloxone 
has been repor ted  to decrease  retake of  solutions of  lsotomc 
sahne [5] as it does  for many kinds o f lnges t a  [16] H o w e v e r ,  
one cannot  safely make inferences from only the observa-  
tions of  an an tagomst ' s  effects  [16] One has considerably 
more conf idence Ln an reference concerning the re levance  of  
a part icular  neurochem~cal system (m th~s case,  one or more  
o f  the endogenous  oplo~d systems) to a part icular  class of  
behavior  (m this case,  ingestion), if  an agomst  (m this case,  
MOR) produces  opposi te  effects  to that of  the antagomst  (in 
this case,  na loxone which reduces  ingestion) 
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FIG 1 (A) The left graph depicts two-hr intake of salt water (0 9%) and water m 22-hr 
water-deprived rats (n=9) The right graph depicts the proportion of total fired consumed 
as salt water (preference=g 0 9% NaCl consumed/g total fired consumed) (B) The left 
graph depicts 1-hr retake of 0 9% NaCl and water m 23-hr water-deprived rats (n=9) The 
right graph depicts the proportion of total fired consumed as salt water (preference=g 
0 9% NaCl consumed/g total fluid consumed) 

Administration of MOR with respect to saline retake has 
produced some conflicting results MOR has been reported 
to increase mghttime preferences for ~sotonic saline in rats 
whde leawng daytime preferences unaffected [20] In mice, 
MOR has been reported to increase preferences for 3% NaC1 
but did not affect preferences for less concentrated solutions 
[10] Two preliminary attempts In our laboratories faded to 
demonstrate a rehable effect of small doses of MOR on salt 
water intake and preference In one prehmmary attempt, 
water-replete rats were given a choice between water and 
isotonic saline for 1, 2, and 3 hr dunng the dark period of the 
hght/dark cycle. MOR (2, 4 or 8 mg/kg IP) did not increase 
retake of or preference for isotonic saline Basehne retakes 
of these subjects, however, were low and there were only 5 
rats m each group (Bertlno, unpubhshed data) In another 
preliminary experiment [8], adult male rats were deprived of 
water for 4 hr and then at the beginning of their dark cycle, 
given one-hour, 2-bottle choices between water and one of 
four NaCl concentrations (0 09, 0.9, 2 85 or 9.0 % w/v) 
Naloxone (1.0 and 10 0 mg/kg) reduced intake of both water 
and the salt solutions. MOR, at doses incrementing intake of 
sacchann solutions (2 0 mg/kg), increased mean mtake of the 
salt solutions but not reliably 

Since small doses of MOR do lead to increased retake of 
sweet solutions, and in the prehminary experiments d~d not 
affect salt intake, it was tempting to speculate that MOR 
specifically affects intake of sweet substances or foods typi- 
cally associated with high caloric density [16] Our failure to 
see a rehable increase in consumption of salt water w~th 
MOR, however, were based on small numbers of subjects or 
testing periods that were potentmlly too short Since it has 
been shown that the agonists and antagonists probably exert 
their facilitating and mhibmng effects at the end of a drinking 
session [6,18], it may be necessary to have testing sessions of 
long duration and to have an lmUally high level of baseline 
dnnking to see a small-dose-MOR-effect, conditions not met 
in our preliminary studies Consequently, we decided to 
further study the effects of a small dose of MOR on rats' 
retake of isotonic saline 

EXPERIMENT 1 

The first procedure of this experiment assessed the ef- 
fects of a small dose of MOR on intake of water or physiolog- 
ical saline in rats deprived of water usmg 2-hr testing ses- 
sions, sessions sufficiently long to show an effect MOR in- 
creased intake of zsotonic saline, so, we then instigated a 
second procedure, using the same rats and dose of MOR, but 
using a testing session of only 1 hr 

M E T H O D  

Subje¢ts and Apparatus 

Nine male, experimentally naive, Sprague-Dawley rats 
(Taconlc Farms) (mean weight=425 g) were housed individ- 
ually in a colony room with constant temperature (24°C) and 
a 12/12 light-dark cycle (hghts on at 0800) They were mare- 
tamed on Wayne Rodent Blox ad lib and on a water-depriva- 
tion schedule as speofled Fluids were presented m the 
home-cages by way of bottles with ballpoint sipping tubes 
Bottles were weighed to the nearest 0 1 g before and after 
presentation of flmds and corrected for spillage [14]. 

Procedure 

Beginning 10 days before the first inJections, rats had the 
opportunity to dnnk tap-water and 0 9% NaC1 for only 2 
hr/day beginning at 1200 Across the next 5 days, subcutane- 
ous reJections of either MOR sulfate (2 0 mg/kg) or placebo 
(0 9% saline, the carrier of MOR) were given 10 mm before 
the dnnklng sessions There were two reJection regimens 
Fwe rats received MOR on Days 2 and 4 while four received 
it on Days 3 and 5 Dunng the remaimng days, all rats re- 
cewed placebo All inJections were 1 ml/kg 

After the last day of the first procedure, the rats contin- 
ued on the same daffy drinking schedule except that the test 
session was reduced to 1 hr and, therefore, the period of 
deprivation was 23 hr After 9 days on the new schedule, 
exactly the same regimen of injections as used with the first 
procedure began 
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FIG 2 Intakes of water and 0 9% NaC1 in 23-hr water-deprived (n= 15) recewlng four MOR 
and four placebo lnjectmns 

With respect to each procedure, prehmlnary analyses 
indicated that there were no rehable differences among in- 
takes under placebos Also, with respect to each procedure, 
preliminary analysis also indicated no reliable differences in 
intakes between the first and second admmistrations of 
MOR Additionally, similar results were achieved with those 
rats given MOR one day before their counterparts Conse- 
quently, the mean of the scores under MOR and the mean of 
scores under placebo (on the day before MOR injections) 
were used as a summary of a rat 's intakes under placebo and 
MOR, respectively These data reductions yielded a single 
score for water intake and salt intake under placebo and drug 
for each rat and each procedure From these basic scores, 
preference ratios were calculated: g salt water ingested/total 
fluid ingested 

RESULTS AND DISCUSSION 

Figure 1 summarizes the effects of MOR on intake of 
fluids MOR administration increased saline intake during 
the 2-hr test, t(8)=3 33, p < 0  02 (Fig. 1A), as well as dunng 
the 1-hr test, t(8)=7 2, p < 0  001 (Fig 1B) Water intake was 
not reliably modified during the 2-hr session by MOR, but 
was reliably reduced during the 1-hr session, t ( 8 ) = - 5  80, 
p<0.001 Preference ratios did not change reliably when 
measured 2 hr after MOR administration When intakes were 
measured for only 1 hr, however, preference ratios for 0 9% 
NaCl were s~gnlficantly increased with MOR from 0 61 
(-+0.050 SEM) to 0 82 (-+0 036 SEM), t(8)=7 52, p < 0  01 

Clearly, MOR increased intake of isotonic saline. How- 
ever, the question that should be addressed is why these 
results were not seen in the prehmlnary studies A more 
detailed analysis of the results from this experiment may give 
some indication of why the effects of MOR were not seen 
earlier 

Under the 2-hr test, not all rats showed the effect Rats 
that did not Initially dnnk the saline after placebo InJections 
did not dnnk  saline after injections of MOR One rat 's saline 
intake decreased after MOR On the other hand, some rats' 

increment in sahne intake were very large One rat that con- 
sumed large amounts of saline under placebo conditions (42 
g) drank an excessive amount after MOR administration (98 
g) Thus, in studies having a small n, the average effect may 
not emerge from individual differences 

EXPERIMENT 2 

There are other procedural variables that may affect the 
likelihood of observmg an increment in intake of isotonic 
saline after injections of MOR The rats in the 1-hr test, 
which showed a clearer effect than those of the 2-hr test, had 
prior experience with MOR 0 . e ,  the 2-hr test), and this may 
have somehow primed the rats to allow the effect of MOR to 
emerge The effect of experience with MOR upon subse- 
quent ingestion of saline was probed in this and the following 
experiment 

METHOD 

Fifteen experimentally naive, male rats (mean 
weight=390 g) of the same strain and supplier as those of 
Experiment 1 began a daily regimen similar to that of Exper- 
iment 1. The injection regimen employed was the same as in 
Experiment 1 except It continued an additional 5 days so that 
all rats received a total of 4 placebo and 4 MOR injections. 
Rats were water-depraved for 23 hr and beginning at 1200 
given 1 hr to ingest water and 0 9% saline. Intakes were 
analyzed with a three-way analysis of variance (ANOVA) 
(repeated measures) with in lectlon type (MOR or placebo), 
replication (1, 2, 3, or 4), and fluid type (0.9% NaCl or water) 
as factors 

RESULTS AND DISCUSSION 

AS rats continued the daily regimen, their water retake 
decreased and their salt solution intake increased (Fig. 2) 
Regardless, however, MOR both increased salt solution in- 
take, F(3,42)=4.22, p < 0  01 and decreased water intake, 
F(1,14)=4 90, p < 0  04, across tests Thus, prior experience 
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of ingesting salt solutions after MOR ~s not necessary to 
observe a MOR-lnduced Increment in intake of 0 9% NaCI 
during a 1-hr test Although the interaction of replications 
and rejection types was not significant, one might make the 
case that the hkehhood of obserwng a MOR effect during 
testing is enhanced after rats are clearly taking considerable 
test solution 

Overall preference scores were obtained by averaging salt 
solution and water retakes over the 4 days and then calculat- 
ing the salt preferences from these averages The salt prefer- 
ence score averaged 0 47 (_+0 051 SEM) in the placebo con- 
dltion and 0 62 ( - 0  054 SEM) after MOR, t(14)=3 91, 
p < 0  01 

EXPERIMENT 3 

Although the results of Experiment 2 do not confirm the 
hypothesis experience with MOR is a necessary condition m 
order to observe MOR's facdltatlon of salt intake, MOR's 
initial effect may stall have distracting, frightening or aver- 
slve elements which wane with repeated admlnlstratmns In 
this experiment, therefore, MOR was administered 13 days 
before the rats were fired-deprived and tested for lsotomc 
saline retake Consequently, MOR's effects would not be 
novel for some subjects during the testing 

METHOD 

Subje~ ts 

Forty-eight male, Sprague-Dawley rats (Taconlc Farms) 
were housed as the animals m Experiment 1 and had Wayne 
Rodent Blox avadable ad hb throughout this experiment 
From their arrival at the laboratory until the beginning of this 
expenment they were handled nearly every day When they 
reached 245-362 g, they received either MOR (2 0 mg/kg) or 
placebo (0 9% saline) rejections across a 6-day period 

One group of rats (n = 16) received only placebo mjectmns 
(0 MOR experiences), one group (n=16) received MOR 
every other day with placebo on alternate days (3 MOR 
expenences), and one group (n= 16) received daffy MOR in- 
jections (6 MOR expenences) Thwteen days after the last 
lnjectmn, rats were placed on the 23-hr water-deprivation 
and testing schedule 

Pro~ edure 

Rats were presented with water and 0 9% NaC1 available 
for 1 hr/day at 1300 Injections began 7 days later All sub- 
jects received placebos on Day 1 On Day 2, half of the rats 
m each prior experience group received MOR whereas the 
remaining half received a second placebo On Day 3, the rats 
were reversed from Day 2 m regards to whether they re- 
ceived a MOR or placebo Half of the animals in each prior 
experience group received their drinking flmds lmmedmtely 
after the rejections whereas the other half received flmds 15 
mm after the Injections 

The experimental design conforms to a 3 × 2 x 2 × 2 facto- 
hal ANOVA for repeated measures, with factors of MOR 
experience (0, 3, or 6 experiences), the two rejection 
schedules (schedule A placebo, placebo, MOR, or schedule 
B placebo, MOR, placebo), the time after injection that 
drinking flmds were given 0mmedmtely or with a 15-mln 
delay), and type of rejection (MOR or placebo) Intakes of 
salt solution, water and preference ratios were analyzed with 
separate ANOVAs 

RESULTS AND DISCUSSION 

MOR increased retake of sahne, F(1,36)=16 56, 
p<00002,  and decreased water intake, F(1,36)=1649, 
p < 0  0003 There was a significant drug × schedule interac- 
tion, F(1,36)=5 46, p < 0  02, on sahne Intake Rats on the A 
schedule (placebo, MOR, placebo) had greater increases m 
sahne intake after MOR inJection than rats on the B schedule 
(placebo, placebo, morphine) The only other significant ef- 
fect was a schedule × t~me after reJection interaction, 
F(1,36)=6 17, p < 0  02 Here the 15-mln delay condition m- 
creased water intake m the A group whereas ~t shghtly de- 
creased water retake m the B group Preference ratios aver- 
aged 038 after placebo and 051 after the MOR, 
F(1,36)= 11 97, p < 0  002 Differential experience with 0 to 6 
reJections of MOR and test delays up to 15 mln after inJec- 
tions had httle influence on the propensity to increase retake 
of salt solutions after a small dose of MOR 

In th~s experiment and m Experiment 2, preference ratios 
were clearly enhanced by small doses of MOR In the 2-hr 
test of Experiment 1, preference ratios were not increased by 
MOR even though retakes of salt water were rehably m- 
creased We presume that the extended opportumty to drink 
water provided in the 2-hr test and the resultmg increase m 
water mtake (whtch dlmlmshed the difference m preference 
ratios) could reflect a compensatory balancing of electro- 
lytes 

EXPERIMENT 4 

In all the previous experiments, 0 9% NaC1 was the solu- 
tion avadable with water Generally, non-water-deprived 
rats drink more lsotomc sahne than water Here we assess 
the effects of a small dose of MOR on intake of 1 5% NaCI, a 
generally non-preferred solution 

METHOD 

Eighteen male, experimentally naive rats of the same 
strain as in Experiments 1-3 served as subjects Rats were 
water-deprived for 22 5 h~ and beginning at 1200 hr they 
were given water and 1 5% NaC! to drink This schedule 
continued for 8 days whereupon rats were started on a regi- 
men of injections identical to that of Experiment 1 except 
that MOR was given 5 min before their drinking period In- 
takes were analyzed w~th a three-way ANOVA with three 
repeated measures having factors of fluid type (salt solution 
or water), rephcatlon (first and second measure), and inJec- 
tion type (MOR or placebo) Preference ratios were also 
analyzed with a two-way ANOVA with two repeated meas- 
ures factors, 1 e , with factors of rephcatlon and rejection 
type 

RESULTS AND DISCUSSION 

The main effect of fired type was statistically slgmficant 
with rats drinking more water than salt solution, 
F(1,17)=47 46, p<0.001 The mare effect of injection type 
(MOR vs placebo) was also statistically significant with rats 
drinking more fluids after the rejections of MOR, 
F(1,17)=22 70, p < 0  001 The replication × rejection type 
interaction was statistically s~gmficant, F(1,17)=8 82, 
p < 0  01 Inspection of Fig 3 shows that this was due to a 
greater increase in fluid retake following the second injection 
of MOR Finally, the three-way interaction was statistically 
slgmficant, F(1,17)=5 00, p < 0  05 Post-hoc comparisons 
demonstrated that after the second MOR rejection, retakes 
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FIG 3 Intake of water and 1 5% NaC1 m 22 5-hr water-deprived 
rats (n=18) after two MOR and two placebo reJections 

of salt solutions and were reliably greater than intakes after 
the placebo (p<0 05, Bonferroni t) Overall, preference 
ratios tended to be greater after the MOR rejections, al- 
though this did not reach acceptable levels of statisUcal sig- 
nificance, F(1,17)=4.17,p<0 06 Thus, MOR induces rats to 
drink more hypertonlc salt solution as it does isotonic saline 

EXPERIMENT 5 

In this experiment, we increased the number of MOR 
injections to further test whether the MOR-lnduced increase 
in salt intake would endure beyond admimstratlon of MOR 
There was also an interest in seeing whether or not the 
small-dose-MOR-effect would wane with repeated reJec- 
tions. The preceding four experiments were conducted at 
Rensselaer Polytechnic Institute The following experiment 
was conducted at the Monell Chemical Senses Center 

METHOD 

Twenty-one male, Sprague-Dawley rats (supplied by 
Charles Raver) were housed singly in stainless steel cages 
(21×36× 17 cm) m a temperature and humidity controlled 
room (22°C) The 12/12 hght cycle was advanced such that 
the hghts were extinguished at 1430 The rats were main- 
tinned on Punna  Rodent Chow 5001 ad lib They were kept 
on a 21-hr water deprivation cycle where bottles were re- 
moved at 1300 Beginning at 1000, two graduated centrifuge 
tubes were attached to the front of the cages, one containing 
tap-water and the other containing a 0 9% NaC1 solution 
The bottles remained on the cages for 3 hr Readmgs of 
basehne retake to the nearest 0 5 ml were taken each hour for 
7 consecutive days (Days 1-7) One-hour retakes of water 
and 0 9% NaC1 were averaged across the 7 days and two 
groups of rats were formed, matched on these 1-hr 0.9% 
NaC1 intakes Beginning with Day 8 and continuing for 7 
days (through Day 14), one group of rats (n= 11) received 
subcutaneous rejections of MOR sulfate (2 0 mg/kg) whde 
the other group (n= 10) received an equivolume injection of 
isotonic salme Seven days of post-mject~on intakes were 
recorded (Days 15-21). 

To test for the stabd~ty of effects across the 7 days of 
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injections and post-inJections, separate ANOVAs were 
computed on the scores of salt intake for each hourly readmg 
with days as a repeated measure factor At 1 and 2 hr, there 
was no reliable interaction of days and treatment group (see 
the Results section) Thus, cumulative intakes of water and 
0 9% NaC1 at 1, 2 and 3 hr were averaged across the 7 days of 
each period. These were analyzed separately at 1, 2 and 3 hr 
with a three-way analysis of variance with one between sub- 
jects factor (injection group MOR or placebo), and two 
within subjects factors (period basehne, injection period, 
post-reJection, fluid type" water or 0 9% NaCl) Preference 
ratios (g 0 9% NaC1 mgested/g total fluid consumed) were 
also computed on the 7-day mean intakes of each period 
These were analyzed separately for each hour with a two- 
way analysis of varmnce with injection group and period as 
factors In all analyses, when interactions were significant, 
post-hoc comparisons were made using the Bonferroni t-test 

RESULTS 

One-Hour Intakes 

MOR administration increased intake of 0 9% NaCI but 
not water dunng the first hour of measurements (Fig 4), as 
shown in the three-way interaction, F(2,38)=5 52, p < 0  01 
Post-hoc tests showed that dunng MOR injections, rats 
drank more 0 9% NaCI than placebo rats (p<0 05) There 
were no group differences in baseline and post-mject~on salt 
solution intakes 

Overall, the MOR-injected group drank more 0.9% NaC1 
than water whereas the placebo group drank relatively more 
water, for the injection group × fired type interaction, 
F(1,19)=4 46, p<0.05 Total fired intake increased across 
the penods, F(2,38)=15 87, p < 0  001 Water retake in the 
MOR-lnjected group, and water and 0 9% NaCI mtakes in 
the placebo rats remained relatively constant across the 
three periods (see Fig 5) 

Relative to the placebo group, salt preference scores were 
elevated after rats received MOR injections, as shown by the 
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FIG 5 Intake of water m 21-hr water-deprived rats after repeated 
MOR (n= 11) or placebo (n= 10) rejections 

period x injection group interaction, F(2,38)=4 42, p < 0  05, 
post-hoc, p<0.05 Preference scores in the MOR group in- 
creased from an average of 0 45 during the basehne period to 
0 64 after MOR administration and decreased to 0 56 during 
the post-mject~on period Respective salt preference scores 
remained relatively constant m the placebo-injected rats and 
were 0 45, 0.42 and 0 44 Group differences m post-rejection 
salt preference scores were not statistically s~gmficant 

Two-Hour Intakes 

The rejection group × days interaction in analyses for the 
injection period and for the post-rejection period were not 
statistically significant After averagmg the days' data wlthm 
each mject~on period, the three-way interaction was still 
significant, F(2,38)=4 27 ,p<0  05 Again, MOR-mjected rats 
increased their retake of 0 ~Yb NaC1 over the placebo con- 
trols (p<0 05) There were no slgmficant group differences In 
retake of salt solution during the basehne and post-rejection 
periods 

Water intake was unaffected by MOR administration 
Preference ratios increased from the first to subsequent 
periods, F(2,38)=4 33, p < 0  05 Although the three-way in- 
teraction was not a rehable source of variance, salt prefer- 
ence scores m the MOR group increased during the injec- 
tions (from 0 45 to 0 63) and decreased shghtly (to 0 58) dur- 
ing the post-Injection period. Respectwe scores for the 
placebo group were 0 44, 0 45 and 0 47 

Three-Hour Intakes 

Changes in salt retake across individual days in the mkec- 
t~on and post-injection periods were first examined There 
was a statistically significant interaction of rejection group 
and days during the post-injection period, F(6,114)=4.27, 
p < 0  01 This was due to a decrease m salt retake during the 
f'trst post-inJection day in the MOR group The interaction 
disappeared when this day was removed from the analysis 

When the days were averaged in each period and were 
analyzed, the three-way interaction was no longer signifi- 
cant Total fired intake was greatest during MOR m lectlons 
whereas for the placebo controls, fluid intake was greatest 
dunng the post-inJection period, as shown by the period × 

injection group interaction, F(2,38)= 14 21, p < 0  001 Intake 
of salt solution after MOR was elevated relative to that of 
placebo controls (p<0 05) 

Preference ratios were not rehably modified as a result of 
MOR, l e ,  the three-way interaction was not a reliable 
source of varmnce However, as in the 2-hr mtakes, prefer- 
ence ratios tended to increase dunng MOR rejections (from 
0 47 to 0 61) and remained high during the post-rejection period 
(0 61) Preference ratios of the placebo controls showed a 
shght increase across periods (0 46, 0 47 and 0 49, respec- 
tively) 

D I S C U S S I O N  

This last study confirms the four preceding ~t in that 
MOR increased intake of and preference for salt solutions in 
the 1st hr of testing Although intake of salt solution re- 
mained elevated at 2 and 3 hr after the MOR rejection, salt 
preference ratios were not ExammaUon of Fig 4 shows that 
the MOR-lnjected group's intake of salt solution was ele- 
vated relative to their basehne both dunng the injection and 
post-rejection periods However, the differences between 
MOR and placebo groups were not significant in this post- 
injection period, smce there was a trend for intake of salt 
solution to increase m the placebo group across the three 
periods 

It could be argued that we may have missed a post- 
rejection elevation m salt intake in the MOR group, because 
they were experiencing mild withdrawal on the 1st day after 
injections ended and this lowered the average post-mlectIon 
score Salt retakes were lower on that 1st post-injection day 
m the MOR group However, when that day was removed 
from the averages, there was stdl no d~fference between 
groups in salt mtake If there were a carry-over effect of MOR, 
it was not great The fact that during the mject~ons, MOR 
increased only salt intake and not water retake, leads to the 
suggestion that MOR exerts ~ts greatest effects on flmds con- 
talnmg d~stmctlve tastes 

GENERAL DISCUSSION 

Even though our preliminary studies mentioned In the 
Introduction did not provide evidence for concluding that 
small doses of MOR increment intake of salt water, it is now 
clear that a small dose of MOR can increment such intake 
Across five experiments and a variety of procedural varia- 
bles including tests in two different laboratories, it has been 
shown that 2 0 mg/kg of MOR increments intakes of salt water 
much as MOR increments intake of other kinds of lngesta 
The hypothesis that a small dose of MOR only increments 
intakes of sweets or lngesta having high caloric significance 
[16] Is not supported 

This increased intake is consistent with the data docu- 
menting increased preference for sweet solutions and for 
high fat diets after MOR administration, all believed to be 
palatable Our results may suggest, as has been proposed for 
sweets [2], that endogenous oploids are involved In mediat- 
ing pleasant aspects of the taste of salt The fact that MOR 
increased intake of both isotonic and hypertonic NaCl 
suggests that a substance need not be preferred in order to 
see this effect 

In the preliminary studies mentioned in the Introduction, 
periods of deprivation were short-term or nil, resulting in low 
levels of intake MOR probably does not instigate ingestion, 
but more likely, prolongs ingestion once begun [6] It fol- 
lows, therefore, that the effects of 2 0 mg/kg MOR only 
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emerge  w h e n  the re  is a l r eady  a subs tan t i a l  p ropens i t y  to  
ingest .  So,  we c a n n o t  conc lude  tha t  M O R  u n d e r  m a n y  or  all 
c i r c u m s t a n c e s  will i nc rease  sal t  in take  W e  can  conc lude  
wi th  conf idence ,  h o w e v e r ,  t ha t  a smal l  dose  of  M O R  can  
inc rease  in take  of  sal t  wa te r  ac ross  a n u m b e r  of  d i f ferent  
p r o c e d u r a l  va r iab les  

Unl ike  the  resu l t s  f rom E x p e r i m e n t s  1-3, r epea t ed  tes t ing  
in f luenced  o u t c o m e s  in E x p e r i m e n t  4. Also ,  w h e n  sess ion  
leng th  was  2 or  3 h r  ( E x p e r i m e n t s  1 and  5) r a t h e r  t h a n  1 hr ,  
p r e f e r e n c e  ra t ios  t e n d e d  not  to  inc rease  due  to the  ra ts  tak ing  
more  wa te r  dur ing  the  p ro longed  sess ion  We conc lude ,  
the re fo re ,  tha t  the  tak ing  of  sal t  i n t e r ac t ed  wi th  the  
p ropens i t y  to take  water ,  and  led, espec ia l ly  in the  p roce-  
dures  of  E x p e r i m e n t  4, to  more  w a t e r  in t ake  wi th  expe r i ence  
o f  th i r s t  due  to the  M O R - l n d u c e d  init ial  focus  on  sal t  Intake 

The  in fe rence  f rom these  o b s e r v a t i o n s  and  o the r s ,  includ- 
ing o b s e r v a t i o n s  o f  the  effects  of  n a l o x o n e  [19], is tha t  a 
func t ion  of  one  or  more  of  the  e n d o g e n o u s  opioid  sys t ems  is 
the  p r o l o n g m e n t  o f  inges t ion  once  b e g u n  P r o l o n g m e n t  of  
inges t ion  is, of  course ,  adap t ive  w h e n  the re  is per iodic  scar-  
ci ty of  n u t n e n t s ,  a p r o b a b l e  cond i t ion  in m u c h  of  ou r  evolu-  
t iona ry  h i s to ry  [3]. The  m e c h a n i s m  of  this  p r o l o n g m e n t  
cou ld  be  an  e n h a n c e m e n t  of  the  p l easan t  a spec t s  of  a tas te  
[2,16] 

A n  endo rph ine rg i c  surfei t  in the  b ra in  would ,  it s eems ,  
inc rease  re take  of  swee ts  [2,16], salt  ( these  expe r imen t s ) ,  

fa t ty  foods  [12] and  a lcohol ic  beve rages  [9] The  fact  tha t  we 
see  no  ev idence  for  a d iminu t ion  of  effects  wi th  r epea t ed  
a d m i m s t r a t i o n s  of  M O R  is suppor t ive  o f  the  idea  of  an  
endo rph ine rg i c  surfei t  be ing  a se t t ing  cond i t ion  for  inc reased  
c o n s u m p t i o n .  The  effect  of  r epea t ed  M O R  admin i s t r a t i ons  
on  salt  in take  is to be  c o n t r a s t e d  wi th  the  d e v e l o p m e n t  of  
to l e rance  to ana lges ia  a f te r  r epea t ed  M O R  in jec t ions  This  
d i f ference  suggests  some  d ive rgence  in the  m e c h a n i s m s  by  
w h i c h  M O R  inc reases  c o n s u m p t i o n  and  p roduces  ana lges ia  
H o w e v e r ,  th is  lack o f  t o l e rance  in M O R ' s  effects  on  inges- 
t ion  would  be  e x p e c t e d  if  e n d o g e n o u s  opioids  are invo lved  in 
feeding 

Our  hypo thes i s  is tha t  M O R  inc reases  the  p leasan t  as- 
pec ts  of  the  sal ty t as te  but ,  at  th is  poin t ,  we do  not  k n o w  
how M O R  has  p e n p h e r a l  (e g , m o r p h i n e  may  induce  t ran-  
sient  hypotens ion)  and cent ra l  effects,  many  of  which  could be  
invo lved  in inc reas ing  sal t  in take  In fu tu re  work ,  we plan  to 
examine  the  re la t ive  i m p o r t a n c e  o f  M O R ' s  pe r iphera l  and  
cen t ra l  ac t ions  in mcreas ing  sal t  in take  
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