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NIELSEN, J. A. AND S. B. SPARBER. Indomethacin facilitates acute tolerance to and dependence upon morphine as
measured by changes in fixed-ratio behavior and rectal temperature in rats. PHARMACOL BIOCHEM BEHAV 22(6)
921-931, 1985.—The effects of indomethacin, a prostaglandin (PG) synthetase inhibitor, on acute tolerance to and depend-
ence on morphine were investigated. Twelve mature, male Long-Evans rats were trained to lever press for food reinforce-
ment on a fixed-ratio 30 schedule (FR 30 behavior) and have their rectal temperature taken. The experimental protocol
began with taking the rat’s temperature followed by a 30 minute behavioral session. Immediately after this session the
animal was injected with indomethacin or its vehicle. Two-and-a-half hours later this procedure was repeated, except that
morphine or saline was administered. After an additional 2.5 hours had elapsed, a 60 minute behavioral session occurred.
Half-way through the session the rat was injected with morphine (tolerance), naloxone {dependence), or saline. Im-
mediately after the session the rat’s temperature was recorded. Indomethacin potentiated the acute tolerance to the
behavioral suppressant and hyperthermic effects of morphine. Indomethacin pretreatment also greatly enhanced the
capacity of naloxone to decrease temperature and suppress FR 30 behavior in morphine-treated rats. These effects were
not due to indomethacin altering the acute effects of morphine or the amount of morphine in the brain. These data suggest

that indomethacin is inhibiting synthesis of PGs which are important in morphine tolerance and dependence.

Prostaglandins Morphine Tolerance

Dependence

Operant behavior Body temperature Rats

THE accompanying paper suggests that central administra-
tion of prostaglandin E, (PGE,) facilitates, while PGF,, at-
tenuates acute dependence upon morphine in rats [28]. Alter-
ing the ratio of PGs in the central nervous system (CNS)
might, therefore, alter morphine dependence. Indomethacin
inhibits PG synthetase, but also increases the ratio of
PGE,/PGF,, in rat brain [1,16]. Therefore, indomethacin
might potentiate naloxone’s effects in morphine-treated rats.
The adaptive processes related to the development of de-
pendence on opiates are closely related to the development
of tolerance to opiates. PGs might also be involved in opiate
tolerance since tolerance develops to methionine-
enkephalin-induced production of PGE-like material in rat
brain [34]. By inhibiting PG synthesis, indomethacin might
potentiate the development of tolerance to opiates.
Morphine tolerance [2, 3, 18, 32] and dependence [2, 3,
18, 19, 39] have been shown using operant behavior meas-
ures. Tolerance to and dependence on relatively low doses of
morphine can be shown by operant behavioral measures in
rats as soon as 2 to 3 hours after a single dose of morphine
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[25,36]). The single-dose tolerance/dependence model en-
ables the investigator to circumvent many of the secondary
and tertiary consequences of multiple injections or pellet
implantation methods, including overdosing, toxicity, mul-
tiple withdrawal episodes, variable absorption rates, etc.
Therefore, the acute model was used to determine if in-
domethacin affects the adaptive processes related to opiate
administration.

Body temperature has also been used to measure mor-
phine tolerance and dependence. Acute administration of
low doses of morphine increase the body temperature of rats
[21]. Tolerance to this effect of morphine in rats has been
shown in some {8, 15, 20, 27, 33], but not all experiments
[24,29]. Dependence on morphine can be shown by a
naloxone-induced decrease in body temperature in chronic
morphine-treated rats [27, 29, 33). Mucha and coworkers
[27] have studied several measures of morphine tolerance
and dependence and conclude that temperature is a suitable
measure of both phenomena in rats. However, acute
tolerance or dependence, as measured by changes in tem-
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perature, after a single dose of morphine, have never been
reported. Therefore, we determined if this could be demon-
strated and if indomethacin would alter its development or
expression, especially in light of the fact that PGs are in-
volved in several forms of hyperthermia [13, 26, 30} and PG
synthesis inhibitors are effectively used to suppress hyper-
thermias mediated by the release, in vivo, of PGs [14].

We found that indomethacin altered the effects of mor-
phine. It was possible that this effect was due to indometha-
cin altering the penetration of morphine into the central
nervous system. Therefore, experiments were performed to
determine if indomethacin significantly altered the concen-
tration of morphine in the brains of rats at times when we
observed changes in responsiveness to morphine as a conse-
quence of indomethacin pretreatment.

METHOD

DRUGS

Indomethacin (Sigma Chemical Company, Saint Louis,
MO) was dissolved in isotonic saline with the aid of sodium
carbonate and shaking. The pH of the solution was adjusted
to 7.5 by addition of hydrochloric acid. Morphine sulfate
(S.B. Penick Company, New York, NY) and naloxone hy-
drochloride (generously supplied by Endo Laboratories,
Garden City, NY) were dissolved in saline. To determine the
brain levels of morphine, 10 wg [(1 (n)-3(H) morphine/kg
(Spec. Act. 28 Ci/mmol, Amersham Corporation, Arlington
Heights, IL)] plus 3.75 mg morphine/kg were injected in Ex-
periment 6. All solutions were prepared daily and injected
(IP) in a volume of 1 ml/kg of body weight. Drug doses are
expressed as the free base.

EXPERIMENTS 1-4

Eighteen drug-naive, male Long-Evans rats (Simonsen,
Gilroy, CA) were used in this study. They were food de-
prived to approximately 80% of their free-feeding weights
and trained to lever press on a fixed-ratio (FR) 30 schedule
for food reinforcement. Between experiments the animals
were allowed free access to food. A computer-based Interact
(BRS/LVE, Beltsville, MD) system was programmed to con-
trol environmental contingencies and record behavior and
reduce it to the number of reinforcers earned and the re-
sponses emitted by the rat during each minute. A record of
each session was also obtained on cumulative recorders (R.
Gerbrands Company, Arlington, MA).

When all of the rats were lever pressing on a FR 30
schedule they were habituated to being injected (IP) with a
0.9% saline solution and having their rectal temperature
taken. Temperatures were determined by inserting a tem-
perature probe (Yellow Springs Instrument Company, Yel-
low Springs, OH) 5 cm into the rat’s rectum, taping it to the
tail, returning the rat to its home cage, and recording its
temperature 3 minutes later from a telethermometer (Yellow
Springs Instrument Company). The temperature was then
recorded and the probe removed.

Experiments in which only indomethacin vehicle and
saline was injected [nondrug experiments—vehicle, saline,
saline (see Figs. 1, 2, and 5)] were performed for 9 days at
which time the rats’ behaviors and temperatures appeared
stable. Stability in the behavioral and rectal temperature
measurements was evidenced by a coefficient of variability
of less than 10% and 2%, respectively. Nondrug experiments
were performed between experiments 1, 2, 3, and 4 to show
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TABLE 1
EXPERIMENTAL PROTOCOL
Time Event
(min)

0 Insert rectal temperature probe.
Return rat to home cage.

3 Record temperature.
Remove probe.
Place rat in operant chamber.
Start behavioral session one.

33 Stop behavioral session.
Give injection (saline, indomethacin vehicle, or indomethacin).
Return rat to home cage.

180 Insert rectal temperature probe.
Return rat to home cage.

183 Record temperature.
Remove probe.
Place rat in operant chamber.
Start behavioral session two.

213 Stop behavioral session.
Give injection (saline or morphine).
Return rat to home cage.

363 Place rat in operant chamber.
Start behavioral session three.

393 Give injection (saline, morphine or naloxone).
Start behavioral session four.

423 Stop behavioral session.
Insert rectal temperature probe.
Return rat to home cage.

426 Record temperature.
Remove probe.
Return rat to home cage.

that the rats’ behavior and temperature were not perma-
nently altered by the drugs used in these experiments.

Experiment 1—Choosing an Appropriate Dose of
Indomethacin

This experiment was carried out to determine the highest
dose of indomethacin which had no significant effect on FR
30 behavior or rectal temperature. In this and the following 3
experiments the same general protocol was used (Table 1).
After the rat’s temperature was determined, each animal was
placed (individually) within an operant chamber and allowed
access to food reinforcers for 30 minutes on the FR 30
schedule (behavioral session 1). Immediately after this initial
behavioral session the rat was injected with either saline,
indomethacin or its vehicle. Two-and-a-half hours later the
procedure was repeated (behavioral session 2), except that
saline or morphine was administered. After an additional 2.5
hours had elapsed, the rat was again placed within the oper-
ant chamber, this time for two consecutive 30-minute behav-
ioral sessions (3 and 4). Between behavioral sessions 3 and 4
the rat was injected with either saline, morphine (tolerance)
or naloxone (dependence). Temperature was recorded im-
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FIG. 1. Acute tolerance to the hyperthermic and behavioral sup-
pressant effects of morphine after pretreatment with indomethacin.
*p<0.05 compared with the same rats treated with vehicle, saline
and saline (2-tailed, paired Student t-test). p<<0.05 compared with
the appropriate group treated with vehicle, saline and morphine (#)
or vehicle, morphine and morphine (#) (analysis of variance and
Duncan’s new multiple range test). Injections were 3 hours apart.
The 12 rats used in the control part of the experiment were divided
into the drug treatment groups. Panel A—Rectal temperature re-
corded 30 minutes before the first injection was subtracted from the
temperature recorded 30 minutes after the last injection. Their tem-
perature before the first injection was 37.4+0.2°C. Panel B—Data
represents FR 30 behavior during a 30-minute session after the last
injection. Their response rate was 1.80+0.14 responses/second dur-
ing the control portion of the experiment. All values are mean=+S.E.
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mediately after behavioral session 4. Experiments were per-
formed at approximately the same time each day.
Indomethacin vehicle was administered to all the rats and
was found to have no effect on behavior or temperature. The
rats were then divided into 2 groups, using a block design in
which the 2 fastest responders were randomly assigned to
one or the other treatment dose, followed by the next 2 fast-
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Fig. 2. Acute tolerance to the hyperthermic and behavioral suppres-
sant effects of morphine after pretreatment with indomethacin.
*p<0.05 compared with the same rats treated with vehicle, saline
and saline (2-tailed, paired Student r-test). p<0.05 compared with
the appropriate group treated with vehicle, saline and morphine (#)
or vehicle, morphine and morphine (#) (analysis of variance and
Duncan’s new multiple range test). See Fig. 1 for an explanation of
the data presentation. Panel A—The rats’ mean temperature before the
first injection was 37.1+0.3°C. Panel B—Their response rate was
1.71£0.14 responses/second during the control portion of the exper-
iment. All values are mean=S.E.

est responders, etc. They were then injected with 10 or 20 mg
indomethacin/kg. Both doses suppressed behavior and de-
creased temperature (vide infra). In addition, 4 of the 9 rats
receiving the higher dose of indomethacin died. Two
others were not used in the remaining experiments because
their operant behavior was suppressed for days.

Five days later the remaining 12 rats were found to have
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recovered from the effects of indomethacin. They were again
randomly divided into 2 groups and administered 2.5 or 5 mg
indomethacin/kg. Five mg/kg was the highest dose which had
no effect on behavior or temperature (vide infra) and there-
fore, was the dose used in subsequent experiments.

EXPERIMENTS 2 AND 3-ACUTE TOLERANCE TO MORPHINE

Experiment 2

The 12 rats used in experiment 1 were randomly divided
into 3 groups and administered vehicle, saline, and mor-
phine; or vehicle, morphine and morphine; or indomethacin,
morphine and morphine 1 week after the termination of ex-
periment 1. All injections of the opiate were at a dose of 7.5
mg/kg. Since the second and third group were given a second
dose of morphine to determine if tolerance had developed,
the first group was administered 7.5 mg morphine/kg 3 hours
after the third injection so that all rats received the same
amount (15 mg/kg) of morphine per day. This was an attempt
to control for any potential morphine carryover effect to
subsequent experiments on succeeding days.

Acute tolerance to the FR 30 behavior suppressant or
hyperthermic effects of the relatively high dose (7.5 mg/kg)
of morphine used in the first experiment was not observed.
Complete tolerance to the operant behavioral suppressant
effect of the narcotic has previously been demonstrated
when the priming dose (second injection) was 7.5 mg/kg and
the challenge dose was 3.75 mg/kg [36]. A combination of
doses which produce evidence of partial tolerance was
needed in order to determine if indomethacin would at-
tenuate or potentiate this adaptive phenomenon. Therefore,
the challenge dose was lowered to 5.6 mg/kg in experiment 3.

Experiment 3

A week later the rats were randomly reassigned to treat-
ment groups and experiment 2 was partially replicated. The
only difference between this experiment and the previous
one was that the challenge dose of morphine was decreased
to 5.6 mg/kg.

In order to control for dissimilar drug histories, the group
given only one injection of morphine (5.6 mg/kg) during the
experiment was administered an additional dose of 7.5 mg/kg
3 hr after the experiment.

Experiment 4—Acute Dependence of Morphine

A week later the 12 rats used in the previous experiments
were again randomly divided into 2 groups and administered
vehicle, saline and naloxone (2.5 mg/kg), or indomethacin,
saline and naloxone (2.5 mg/kg). It was determined that 5 mg
indomethacin/kg or its vehicle, followed 6 hours later by 2.5
mg naloxone/kg had no effect on the rats’ FR 30 behavior or
rectal temperature (vide infra).

One week after the above manipulation the 12 rats were
randomly divided into 3 groups and administered vehicle,
morphine and saline; or vehicle, morphine and naloxone; or
indomethacin, morphine and naloxone. In this manner one
could determine if the rats were acutely dependent on mor-
phine and if indomethacin affected acute dependence. The
doses of morphine (15 mg/kg) and naloxone (2.5 mg/kg) and
the interval between them, were chosen because acute de-
pendence on morphine has previously been shown [36] using
these values.

NIELSEN AND SPARBER

Experiment 5—Indomethacin’s Effect on Morphine-Induced
Hyperthermia

Indomethacin diminished the increase in temperature re-
corded after the challenge dose of morphine in experiments 2
and 3. We were unable to determine, because of the experi-
mental design, if this resulted from indomethacin reducing
the initial effect of morphine. Experiment 5 was performed
to determine if this was the case.

Twelve different drug-naive, mature, male Long-Evans
rats (Simonsen) were habituated to an injection of a 0.9%
saline solution and the measurement of rectal temperature as
described above. The rats were slowly food-deprived to ap-
proximately 80% of their free-feeding weights (400-450 g) to
control for body weight factors.

Nondrug experiments were performed for 11 days, until
the rats habituated to being handled, etc., and their tempera-
tures became stable. The experimental protocol began by de-
termining the rats’ temperatures followed immediately by an
injection (IP) of indomethacin or its vehicle. A second injec-
tion of saline or morphine (7.5 mg/kg) was made 3 hours later
and the rats’ rectal temperatures were determined 30 minutes
later. All the rats received vehicle and saline, followed two
days later by indomethacin and saline. One week later the
rats were randomly divided into 2 groups; half were adminis-
tered indomethacin and morphine, the other half vehicle and
morphine.

Experiment 6—Indomethacin’s Effect Upon the Amount of
Morphine in Rat Brain

Experiment 6 was performed to determine if indometha-
cin’s facilitation of tolerance to and dependence upon mor-
phine could be due to indomethacin altering the amount of
morphine in the brain. Twenty-four different drug-naive,
male Long-Evans rats (Simonsen) were gradually food-
deprived to 80% of their free-feeding weights, habituated to
an injection of 0.9% saline, and then randomly divided into 6
groups of 4 rats each. Indomethacin or its vehicle was ad-
ministered 180 minutes before morphine (3.75 mg/kg plus 10
ng of 1 (n)-3(H) morphine/kg), and the rats were killed 20, 30,
or 50 minutes after morphine injection, respectively. After
decapitation, the brains were removed and assayed for mor-
phine by modifications of the method of Tulunay and co-
workers [42]. The modifications involved homogenizing the
brain in 2 volumes of distilled water, adding an equal volume
of 0.5 M glycine buffer (pH 9), and extracting twice with 20
ml portions of 10% ethanol in chloroform.

DATA ANALYSIS

Where appropriate, data were analyzed by the paired
Student ¢-test, with each rat serving as its own control, or a
group Student -test, to determine if a treatment altered the
parameter under study [36]. A one-way analysis of variance
was used to determine if any of the 3 treatments used in
experiments 2, 3, and 4 altered behavior or temperature.
Significant differences between treatment means were de-
termined by Duncan’s new multiple range test. All data are
expressed as the mean plus or minus one standard error of
the mean.

RESULTS

EXPERIMENTS 1-4
Nondrug Experiments
Before the first drug experiment, the rats used in the first
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FIG. 3. Sample cumulative records showing that indomethacin pretreatment augmented

tolerance to morphine’s behavior suppressant action. Rats were injected 3 times at 3-hour
intervals: rat 58 (Panel A) with vehicle, saline, and morphine; rat 46 (Panel B) with vehicle,
morphine, and morphine; and rat 52 (Panel C) with indomethacin (5 mg/kg), morphine, and
morphine. FR 30 behavior recorded on the cumulative records is shown for 30-minute periods
before and after the third injection. All morphine injections were 7.5 mg/kg. Values above the
cumulative records represent the number of reinforcers earned by the rats during the sessions
depicted. Responding rate is reflected by the slope of the recording. Delivery of a reinforcer is
indicated as a pip on the ascending record. Behavior during the 30-minute period before the
third injection is not different from control behavior, e.g., rats 46 and 52 had recovered from the

suppression of behavior caused by the first administration of morphine.
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FIG. 4. Sample cumulative records from individual rats demonstrating tolerance to morphine-induced
suppression of behavior and enhancement of this tolerance by pretreatment with indomethacin. The
experimental design is the same as described in Fig. 3 legend, but with the challenge dose (third
injection) lowered to 5.6 mg morphine/kg. Rat 52 (Panel A) was injected with vehicle, saline and
morphine; rat 47 (Panel B) with vehicle, morphine, and morphine; and rat 51 (Panel C) with in-
domethacin (5 mg/kg), morphine, and morphine. Behavior during the 30-minute period before the third
injection is not different from control behavior, e.g., rats 47 and 51 had recovered from the suppression
of FR 30 behavior by the first administration of morphine. See Fig. 3 legend for an explanation of the

values above the cumulative records, and of recording slope and pips.
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four experiments had an average rectal temperature of
37.5£0.2°C. Their temperature 3.0 hours later was
37.8+0.2°C. During behavior sessions 3 and 4 a significant
elevation in temperature was observed (38.5x0.2°C). The
FR 30 lever-pressing behavior for all rats during the last four
experiments, before drug administration was initiated, was
1.88+0.12, 1.86+0.08, 1.86+0.14, and 1.65+0.16 responses
per second, for behavioral sessions 1 through 4, respec-
tively.

There was no systematic baseline shift in their tempera-
tures or response rates throughout the course of experi-
mentation. This indicated that the different drugs did not
permanently alter or have a carryover effect on the rats’
temperatures or behaviors. The experimental groups did not
differ from each other in terms of their temperature or behav-
ior during experiments when saline was injected. Respond-
ing was significantly lower in the fourth behavioral session,
probably due to food satiation. Therefore, experimental be-

havioral data is presented in terms of a percentage of the -

response rate of individual rats during the corresponding be-
havioral session of the most recent nondrug experiment per-
formed on a previous day.

Experiment 1—Choosing an Appropriate Dose of
Indomethacin

Indomethacin (2.5 and 5 mg/kg) and its vehicle had no
effect on the rats’ FR 30 behaviors or rectal temperatures in
any experiment reported herein. Ten mg indomethacin/kg
produced diarrhea, significantly suppressed behavior 5.5to 6
hours (56+6% of control) and 6 to 6.5 hours (36+8% of con-
trol), and decreased temperature 7 hours (0.8+0.2°C below
control) after administration. Twenty mg/kg had similar ef-
fects, and in addition, 4 of 9 rats died from 2 to 12 days after
injection of this dose. In a separate study, 6 of 10 rats ad-
ministered 28.8 mg indomethacin/kg died within 12 days (un-
published observations).

Experiments 2 and 3—Acute Effects of Morphine

Morphine, at doses of 5.6 and 7.5 mg/kg, significantly
increased temperature to 0.5 and 1.0°C, respectively, above
control values 30 minutes after administration (Figs. 1 and 2,
panel A). These doses of morphine eliminated operant be-
havior during the 30-minute session immediately following
its administration (behavioral session 4) (Figs. 1 and 2, panel
B). Behavior 2.5 to 3 hours after morphine (7.5 or 15 mg/kg)
(behavioral session 3) was not different from control and was
not altered by pretreatment with indomethacin. Therefore,
when the second dose of morphine was given, the subjects
were emitting behavior at control rates.

Effects of Indomethacin on Acute Tolerance to Morphine

If the rats were pretreated with indomethacin and mor-
phine (7.5 mg/kg), temperature after the challenge dose of
morphine was significantly lower than the other groups given
morphine 7.5 mg/kg and 5.6 mg/kg, F(2,9)=4.31, p<0.05, or
7.5 mg/kg and 7.5 mg/kg, F(2,9)=6.17, p<0.02 (Figs. 1 and 2,
panel A).

Acute tolerance to the behavioral suppressant effects of
morphine was made evident or obviously enhanced when
rats were pretreated with indomethacin and morphine (7.5
mg/kg) followed by a challenge dose of 7.5 and 5.6 mg mor-
phine/kg, respectively. As is shown in Fig. 1 (panel B), only
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the rats administered indomethacin plus morphine re-
sponded during behavioral session 4 significantly above zero
rates when challenged with a second injection of 7.5 mg
morphine/kg, F(2,9)=4.94, p<0.05. When the challenge dose
of morphine was reduced to 5.6 mg/kg (Fig. 2, panel B),
tolerance was evident without prior treatment with in-
domethacin, F(2,9)=18.30, p<0.001. In addition, a signifi-
cant enhancement of tolerance was obtained in the group
pretreated with the PG synthetase inhibitor and challenged
with 5.6 mg morphine/kg.

Figures 3 and 4 show sample cumulative records from
behavioral sessions 3 and 4 from individual rats demonstrat-
ing tolerance to morphine-induced suppression of behavior
and the enhancement of this tolerance by indomethacin.

Experiment 4—Acute Dependence on Morphine

Indomethacin pretreatment greatly enhanced the capacity
of naloxone to decrease temperature, F(2,9)=12.37, p<0.003
(Fig. 5, panel A) and suppress behavior during session 4,
F(2,9)=13.65, p<0.002 (Fig. 5, panel B) in morphine-treated
rats. Morphine’s (15 mg/kg) behavioral suppressant effect
was not evident 2.5 to 3 hours after injection during behav-
ioral session 3. Naloxone had no effect on behavior or tem-
perature except when administered 3 hours after morphine at
which time it significantly suppressed behavior during ses-
sion 4 and decreased temperature. Naloxone and in-
domethacin had no effect on behavior or temperature, but
indomethacin significantly potentiated naloxone’s effect.

Figure 6 shows sample cumulative records from behav-
ioral session 4 from individual rats demonstrating the
naloxone-induced decrease in FR 30 behavior in morphine-
treated rats and the potentiation of this effect by indometha-
cin.

Experiment S—Indomethacin’s Effect on Morphine-Induced
Hyperthermia

Indomethacin pretreatment did not alter morphine-
induced hyperthermia (Table 2).

Experiment 6—Indomethacin’s Effect Upon the Amount of
Morphine in Rat Brain

Indomethacin did not alter the amount of morphine in
brain 20, 30, or 50 minutes after injection of the opiate (Table
3). The radioactivity in brain extract from rats injected with
(®*H)-morphine cochromatographed with authentic (°H)-
morphine. Recovery of added morphine was about 95+5%
and data were corrected for this recovery.

DISCUSSION

Pretreatment with indomethacin diminished both the in-
crease in temperature and the behavioral suppression seen
after the challenge dose of morphine. This could have been
due to the PG synthetase inhibitor antagonizing the initial
acute effects of the opiate. However, indomethacin did not
alter morphine’s acute behavioral suppressant effect (this
report). There is conflicting evidence about whether in-
domethacin alters morphine-induced hyperthermia. One re-
port suggests that indomethacin inhibits the increase in body
temperature after morphine [44], while three studies found
no effect ([26,33] this report). While this is still controversial,
indomethacin is probably not just affecting morphine by
antagonizing the acute effects of the opiate. The effects of .
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FIG. 5. Acute dependence on morphine enhanced by indomethacin. *p<0.05
compared with the same rats treated with vehicle, saline, and saline (2-tailed,
paired Student s-test). p<0.05 compared with the appropriate group treated with
vehicle, morphine, and saline (#) or vehicle, morphine, and naloxone (#)
(analysis of variance and Duncan’s new multiple range test). See Fig. 1 for an
explanation of the data presentation. Panel A—The rats’ mean temperature before the
first injection was 37.2+0.2°C. Panel B—Their response rate was 1.81+0.11 re-
sponses/second during the control portion of the experiment. All values are
mean+S.E.

indomethacin could also have resulted from it decreasing the other way, the adaptive processes which attend morphine
amount of morphine in brain, thereby resulting in a smaller administration, making the rats more tolerant to morphine.
effect of the opiate upon adaptive processes. However, the This point is also controversial since Eisenberg [12] found.
last experiment and work by others [12] do not support this that indomethacin did not affect acute tolerance to morphine
possibility. This suggests that indomethacin altered, in some as evidenced by changes in plasma corticosterone levels.
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FIG. 6. Sample cumulative records from individual rats demonstrating indomethacin pretreatment
potentiated naloxone-induced suppression of behavior in morphine-treated rats. Rats were injected 3
times at 3-hour intervals. Behavior shown on the cumulative records is for 30-minute periods after the

third injection on control (the day before treatment) and treatment days. On the control days all rats
were injected 3 times with the appropriate vehicle. On the treatment day rat 50 (Panel A) received
vehicle, morphine, and saline; rat 52 (Panel B) received vehicle, morphine, and naloxone; and rat 46

(Panel C) received indomethacin (5 mg/kg), morphine, and naloxone. All morphine and naloxone
injections were 15 and 2.5 mg/kg, respectively. See legend to Fig. 3 for additional explanations of the

values above the cumulative records, slope of the recordings, and pips on the recordings.
ing two variables (behavior and body temperature) during

the expression of not only acute tolerance, but also acute

dependence.

An effect of naloxone in morphine-treated subjects has
been used to imply dependence on morphine [22]. Low doses

This difference between our findings and those of Eisenberg
could be due to the end points that were measured (cortico-
sterone versus behavior and body temperature). Our sug-

gestion that indomethacin affects the adaptive processes
which occur after morphine treatment are based on measur-
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TABLE 2

MORPHINE-INDUCED INCREASE IN RECTAL TEMPERATURE IN
RATS WAS NOT ALTERED BY INDOMETHACIN PRETREATMENT*

NIELSEN AND SPARBER

TABLE 3

LACK OF EFFECT OF INDOMETHACIN ON BRAIN
CONCENTRATION OF MORPHINE IN RATS

Rectal Temperature (°C)
(30 minutes after treatment)
(mean = S.E.)

Pretreatment Saline Morphine
Vebhicle 37.3 £ 0.1 38.0 = 0.17
Indomethacin 37.4 £ 0.1 38.2 + 0.2t

*Pretreatment occurred 3 hours before injection of morphine. The
same 6 rats received vehicle and saline followed 3 days later by
vehicle and morphine (7.5 mg/kg, IP). Six difference rats received
indomethacin (5 mg/kg, IP) and saline followed 3 days later by in-
domethacin and morphine.

1p<0.05 compared with saline treatment and corresponding pre-
treatment (2-tailed, paired Student ¢-test).

of naloxone decreased FR behavior in a dose-related manner
in morphine-dependent rats [18] when conditioned behavior
was used as a measure of dependence or withdrawal. The
results presented above indicate that pretreatment with in-
domethacin increased the effect of naloxone upon behavior
in morphine-treated rats. In addition, naloxone antagonized
morphine-induced hyperthermia in rats minimally tolerant to
morphine, while a similar dose of naloxone further lowered
body temperature in rats made more tolerant to morphine
[23, 33, 40]. In the experiments reported herein, naloxone
attenuated or antagonized morphine-induced hyperthermia
and indomethacin pretreatment resulted in naloxone further
lowering rectal temperature. These results suggest that in-
domethacin facilitates acute dependence on morphine.
Morphine stimulates the synthesis of PGs [4,5]. It has
been hypothesized that at least one aspect of morphine
tolerance or dependence involves an attenuation of
morphine-induced stimulation of PG synthesis. It was
reported that tolerance develops to methionine-
enkephalin-induced production of PGE-like material in rat
brain [34]). Therefore, a PG synthetase inhibitor might be
expected to augment morphine tolerance and/or depend-
ence. Scoto and coworkers [34] go on to suggest that opiates
produce hyperthermia by increasing the synthesis of PGEs.
If such is the case, pretreatment with indomethacin might be
expected to attenuate morphine-induced hyperthermia by
inhibiting the synthesis of PGEs. However, much con-
troversy exists as to the role of PGEs in morphine’s acute
actions (e.g., [6, 7, 9, 10, 11, 16, 35, 36, 41, 43]. Our findings

Time (minutes) after morphine

Pretreatment 20 30 50
Morphine (ng/g brain, wet weight)

Vehicle 181 + 16* 241 = 16 173 + 23
Indomethacin 174 = 29 271 = 16 166 = 14
(5 mg/kg, IP)

*Mean + S.E. (N=4 for each group).

indicate that the adaptive processes which occur after mor-
phine administration (i.e., tolerance and dependence) are
more sensitive to changes in PGs than are the acute effects of
morphine. This conclusion is supported by the findings re-
ported in the accompanying paper where infusion, intracer-
ebroventricularly, of doses of PGE, and PGF,, which had no
effect on the acute behavioral suppressant action of mor-
phine, altered the rats dependence on morphine [28]. In-
creasing the ratio of PGE,/PGF,, in rat brain by infusing
PGE, into the ventricles led to a greater effect of naloxone in
opiate-dependent rats, while decreasing the ratio by infusing
PGF,,, intracerebroventricularly led to a smaller effect of
naloxone in opiate-dependent rats. Those data suggest that it
is not the absolute amount of PGE in the CNS that is
important during naloxone-induced withdrawal in
morphine-dependent rats, but the ratio of PGs, perhaps
PGE, to PGF,,; and that naloxone’s effects during opiate
dependence are increased by raising the PGE,/PGF,, ratio
and decreased by lowering this ratio. Support for this sug-
gestion comes from the finding that indomethacin decreases
the amount of PGE, and increases the ratio of PGE,/PGF;,in
rat brain [1,16], and this drug potentiates the effects of
naloxone in opiate-dependent rats.

To summarize, indomethacin potentiated tolerance to and
dependence on morphine, as measured by changes in FR 30
behavior and rectal temperature in rats. At least a partial
explanation for these results is that indomethacin is inhibit-
ing the synthesis of PGs which are important in morphine
tolerance and dependence.
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