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OLSON. G. A, S. W. DELATTE, A. J. KASTIN, J. H. McCLEAN, D. F. PHILLPOTT AND R. D. OLSON. Naloxone
and fluid-consumption in rats: Dose-response relationships for 15 davs. PHARMACOL BIOCHEM BEHAV 23(6) 1065-
1068. 1985.—Rats were given daily intraperitoneal injections of 10.0, 1.0, 0.1, 0.01, 0.001 or 0.0 mg/kg naloxone for 15 days.
Each day after the injections, animals were allowed access to a 205 sucrose solution tor two hours and to tap water for the
subsequent 10 hours. Consumption of the sucrose solution by the group that received 1.0 mg/kg was reliably decreased on
Day I and 2. reflecting the suppressive effect of naloxone at that dose. By Day 3 until the end of the experiment, however,
the suppression was no longer significant, suggesting that tolerance had developed. A similar effect was seen with the group
given the highest dose, 10.0 mg/kg; although drinking was significantly less than the control in each of the 15 sessions, this
group showed a trend to increase intake over the days of the experiment, thus also indicating possible tolerance to the effect
of naloxone. Drinking patterns of the other groups did not differ statistically from the control. Thus, the low doses had no
ability to suppress consumption, and the lowest dose that did lower it soon lost that ability; the highest dose continued to
suppress drinking throughout the study but with decreasing efficacy. High performance liquid chromatography (HPLC)
demonstrated that the naloxone remained intact over the 15 days of the experiment, supporting the suggestion that
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tolerance to naloxone might have developed.

Naloxone Drinking Tolerance

THE relationship between the endogenous opiate system
and consummatory behavior is an area of peptide reasearch
subjected to extensive investigation. Interest began when
Holtzman demonstrated that administration of the opiate
antagonist, naloxone, led to reduced food intake by rats
fasted for 48 hours [10]. The report by Margules ¢t al. of
elevated levels of B-endorphin in the pituitaries of genetically
obese mice and rats [15] further suggested an association
between the endogenous opiate system and consumption.

Subsequent reports have shown naloxone to reduce
drinking induced by many conditions, including hypertonic
saline {3, 8, 18], polyethylene glycol [18], and angiotensin 11
(18]. Naloxone has attenuated fluid consumption in deprived
[6, 14, 17, 20] as well as non-deprived [5, 6, 20] rats, and its
suppressant effect also has been demonstrated in other spe-
cies [4, 7, 9].

In most studies, the effects of naloxone have been meas-
ured for a short time. Only a few experimenters have ex-
tended their focus over days [1, 11, 18, 19]. The purpose of
the present research was to investigate the effects of injec-
tions of naloxone given daily for a two-week period. In addi-
tion, a wide range of doses was used to evaluate the effects
of doses of naloxone lower than those most frequently
tested.
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METHOD
Animals

Male, albino, Sprague-Dawley-derived rats (N=60) were
obtained from King Laboratories (Oregon, WI) and housed
individually in a temperature-controlled colony (22-24°C)
with a 12-hour light/dark cycle (light onset 8:00 a.m.)
throughout the experiment. The experimentally-naive rats
weighed about 225 g at the start of testing.

Drugs

Animals (n=10) received 0.0, 0.001, 0.01, 0.1, 1.0 or 10.0
mg/kg naloxone (Endo Laboratories) dissolved in a vehicle
consisting of 0.9% NaCl made to 0.01 M with acetic acid.
The injections were given in a volume proportional to weight
of 1.0 ml/kg and were administered intraperitoneally (IP). To
prevent experimenter bias, the vials containing the solutions
were coded and the code was not broken until the data were
collected.

Procedure

The animals were allowed free acess to food and water for
6 days after their arrival. During this acclimation period,
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FIG. 1. Mean grams of sucrose consumed in the two-hour test period immediately after injection of various doses of naloxone administered
each day for 15 days.
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FIG. 2. Analysis by high performance liquid chromatography of (A) the naloxone after the 15 day study and of (B) a freshly prepared standard
of naloxone, showing no significant difference between the two single peaks.

water consumption was monitored to provide baseline procedure remained the same for 15 consecutive days, each
measurements, on the basis of which groups were balanced animal receiving the same dose of naloxone each day.
before testing began. At 8:00 p.m. on Day 6, water bottles

were removed from all cages. Starting at 8:00 a.m. on Day 7, HPLC

the rats received the appropriate injections, were returned to

their home cages, and 10 min later were given access to After obtaining the behavioral data, the 1.0 mg/kg dose of
bottles containing a 20% sucrose solution. Measurements of naloxone in diluent solution was analyzed by high perform-
intake of the solution were taken after 30, 60, 90 and 120 min. ance liquid chromatography (HPL.C) on a Beckman model

After this 2-hour interval, animals were provided access to 344 system. This sample of naloxone was applied to a col-
tap water for 10 hours. At 8:00 p.m. water consumption was umn of C-18 ODS in a solution of 0.1% trifluoroacetic acid
determined, and 12-hour fluid deprivation initiated. This (TFA) in 3% methanol. After two minutes under these initial
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conditions, the concentration of methanol was raised to 16%
over 11 min followed by a further increase to 40% over 10
min, and finally to 100% methanol over one min. The flow
rate was 1.5 ml per min throughout the procedure.

RESULTS

Figure 1 shows consumption of the 209 sucrose solution
over the 15 days. A mixed analysis of variance (doses by
days by time intervals) was performed on the amounts of
solution consumed. The main effect for doses was reliable,
F(5.54)=16.212, p<<0.00001, with overall fluid consumption
indicating a dose-response curve: the group that received
10.0 mg/kg had the lowest mean fluid intake for the test
sessions, with the next lowest being the group given 1.0
mg/kg, followed in order by the groups treated with 0.1, 0.01,
0.0, and 0.001 mg/kg. Scheffe’s test showed the consumption
by the group injected with 10.0 mg/kg to be significantly less
than all other groups. Analysis of the comparisons on a daily
basis revealed that the group given 1.0 mg/kg drank signifi-
cantly less than the control on Days | and 2, whereas the
difference between the groups injected with 10.0 and 0.0
mg/kg was significant on each of the 15 test days.

The main effect for days was reliable, F(14,756)=30.183,
p<0.00001. The least consumption occurred on Day | and
the most on Day 15, with a significant difference between the
two revealed by Scheffe’s test. The main effect for time
intervals was  significant, also, F(3,162)=647.578,
p<0.00001, with the greatest intake having occurred during
the first 30 min.

There were two two-way interactions that were reliable.
The doses by time interaction was significant,
F(15,162)=27.001, p<0.00001. As illustrated in Fig. 2. the
same dose-response relationship appeared among groups for
the first 30-min interval as was apparent for overall mean
consumption, with the group that received 10.0 mg/kg having
drunk the least, followed in order by the groups injected with
1.0,0.1,0.01, 0.0 and 0.001 mg/kg. All groups drank the most
during the first 30 min; the second-highest interval was the
final 30 min. The days by time interaction also was signifi-
cant, F(42,2268)=7.601, p»<0.00001, indicative of an increase
in average consumption at times 30 min and 120 min as days
progressed.

The drinking patterns produced over the daily two-hour
test sessions were remarkably similar for the groups. One
distinction is that the animals given 1.0 mg/kg drank more
during the second hour than any other group, as reflected by
the significant three-way interaction of doses by days by
time, F(210.1168)=1.233, p<<0.05. No other results were re-
liable.

A mixed analysis of variance (doses by days) was per-
formed on the amounts of tap water consumed each day from
10:00 a.m. until 8:00 p.m. The main effect for doses was
significant, F(5,54)=11.473, p<0.00001. Mean consumption
was highest for the group injected with 10.0 mg/kg naloxone,
followed in order by the groups injected with 1.0, 0.1, 0.0,
0.001 and 0.01 mg/kg. Scheffe’s test showed the overall mean
consumption of the groups injected with 10.0 mg/kg
naloxone to be significantly higher than that of the groups
given 0.1, 0.0, 0.001 and 0.01 mg/kg. These were the only
significant comparisons obtained from Scheffe’s test. The
main effect for days was reliable also, F(14,756)=12.337.
p<0.00001. The lowest daily average consumption occurred
on Day 1 and the highest on Day 8. From Days 8 to 15, mean
tap-water consumption progressively decreased. This trend
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coincided with a steady increase in the average daily intake
of the sucrose solution. No other significant results were
observed.

For the HPLC, the retention time of the naloxone used in
the experiment was 17.62 min as compared to the retention
time of 17.74 min for the freshly prepared standard (Fig. 2).
Only one peak was observed, the area of which was 98.3% of
the standard.

DISCUSSION

Observations for a period of two weeks revealed an un-
usual pattern of consummatory behavior for the groups in-
jected with the two highest doses of naloxone. On Days |
and 2, consumption by the group treated with 1.0 mg/kg was
significantly suppressed, but on Day 3 their consumption
increased, and never again did this group drink reliably less
than the control. Since the naloxone at this dose lost its
ability to lower intake, the possibility exists that tolerance to
the antagonist developed by the third day of injections. Con-
sumption by the group that received 10.0 mg/kg, although
always reliably less than the control, showed an increasing
trend, especially during the last three days of the study. On
Day 15, the differences in consumption between the groups
given 10.0 and 0.0 mg/kg barely reached significance by
Scheffe’s test. Thus, the lowered level of intake over days in
this group also indicates the possibility that tolerance was
developing. The higher the dose of naloxone administered,
therefore. the longer this proposed tolerance appeared to
take.

A similar drinking pattern was reported by Ostrowski ¢t
al. for a 10-day period [18]. As in the present study, the
group given 10.0 mg/kg drank significantly less than the con-
trol on the final day, but there was a clear trend toward
increased consumption over days. Comparable results have
been reported for food consumption. One study reported
feeding above the control level by Day 10 by rats [1], and
another showed this increase as early as Day 4 in mice [19].
Another group, however. reported a sustained supressant
effect of naloxone over a period of 8 days [11]. Since the
dose used in their experiment was 2.5 mg/kg, intermediate
between the two high doses used here, a longer period of
time may have been necessary to observe indications of
tolerance. No significant tolerance was demonstrated here
for the highest dose until after the eleventh day.

The paradigm used in the present research measured con-
sumption of 20% sucrose solutions for two hours and of tap
water for the ten hours afterwards. Over the 12 hours ob-
served, total fluid consumption was similar in all groups. As
the groups treated with 1.0 and 10.0 mg/kg began to drink
more sucrose solution over days, they drank less tap water.
For example, on Days 5, 10 and 15, the mean 12-hour intakes
for the group given 1.0 mg/kg were 27.62, 27.40 and 26.89
and for the group given 10.0 mg/kg were 25.62, 27.06 and
26.07. Other authors also have reported that treatment
groups did not differ in total 24-hour consumption [I, 5, 6,
11]. These findings suggest that the animals are later able to
compensate for the suppression induced by naloxone.

Another aspect also examined in this study was the effect
of small doses of naloxone. In agreement with a previous
investigation [15], overall mean consumption by the groups
receiving less than 1.0 mg/kg of naloxone was dose-related,
with smaller doses producing relatively more drinking. Al-
though the differences were not statistically significant, con-
sumption by the animals injected with 0.001 mg/kg naloxone
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was higher than that by the control group, and on 11 of the 15
test days the group given that small dose drank more sucrose
solution than did the control. The rats that received 0.01
mg/kg had a higher overall mean intake than those given 0.1
mg/kg, and on all but two of the test days drank more solu-
tion.

The effect of smalil doses of the opiate antagonist increas-
ing consumption, significant in previous experiments [16,17],
was not reliable in this study. Other experimenters have ob-
served intake higher than controls resulting from low doses
of naloxone [2, 4, 13, 21, 22], but few discussed the observa-
tion. It does not appear to be a robust phenomenon but
seems to be affected by methodological variables like han-
dling and habituation [12].

Thus, the ability of naloxone to suppress sucrose con-
sumption in rats appeared to be highly dose-dependent and
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to develop tolerance with repeated administration. The low-
est doses showed no suppression at all. The smallest dose
that did decrease drinking did so for only two days before
losing its effectiveness. The highest dose continued to sup-
press drinking throughout the 15-day study. but the sup-
pression decreased significantly over time. The increased
consumption could not be attributed to degradation of the
naloxone, since HPLC showed that it remained intact
throughout the study, further supporting the possibility that
tolerance to naloxone might account for the results.
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