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Two experiments investigated the effects of amount of exposure to morphine on naloxone
(0.4 mg/kg)-induced changes in hamster running-wheel activity. Naloxone injections were given
on the first , fifth, or ninth test day of morphine administration. In Experiment 1, naloxone was
given 2 h after a 15-mg/kg dose of morphine. The results indicated that naloxone-precipitated
hypoactivity increased across test days. In Experiment 2, naloxone was given 10 min after a 2.5
mg/kg dose of morphine. The results indicated that naloxone antagonized morphine-elicited hyper
activity and that naloxone's effects increased across test days. These findings are discussed in
terms of several hypotheses of naloxone-induced changes in morphine-treated hamsters.

Opiate antagonists such as naloxone and naltrexone can
block the behavioral effects of morphine in a variety of
species (Goldberg, Morse, & Goldberg, 1976; Thornhill,
Hirst, & Gowdey, 1978). That is, when morphine is ad
ministered with an opiate antagonist, its behavioral effects
are prevented or diminished in a dose-dependent fashion
(e.g., Downs & Woods , 1976). Moreover, under some
circumstances, opiate antagonists can reverse the be
havioral effects of morphine, converting one behavioral
pattern into another (Brady & Holtzman, 1981; Marcais,
Bonnet, & Costentin, 1981). For example, working with
locomotor activity in hamsters, we have demonstrated that
naloxone can reverse both morphine-elicited hypoactivity
and morphine-elicited hyperactivity. Compared with saline
controls, morphine (15 mg/kg) elicits a biphasic time-effeet
pattern comprising hypoactivity, recovery, and hyperactivity
(Schnur, 1985b; Schnur, Bravo, Trujillo, & Rocha, 1983).
However, when naloxone (0.4 mg/kg) is administered prior
to morphine , the initial hypoactivity is reversed and hyper
activity occurs in its place (Schnur, 1985a; Schnur &
Raigoza, 19800). Similarly, when naloxone is administered
1-2 h after the injection of morphine, recovery (Schnur
& Raigoza, 1986a) and/or hyperactivity (Schnur, 1985a;
Schnur & Raigoza , 1986b) are reversed and hypoactivity
occurs instead. In these instances, then, naloxone does
not merely negate the effects of morphine; rather, it elicits
a significant level of opposite-directed activity.

It is possible to account for such findings by positing
the existence of opponent processes underlying morphine's
observable effects. For example, we have proposed a modi
fied dual-action hypothesis (Schnur , 1985a; Schnur &
Raigoza, 1986a, 1986b), according to which morphine
elicits two concurrent , mutually inhibitory, processes. One
process mediates behavioral activation and hyperactivity ;
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the other mediates behavioral inhibition and hypoactivity.
At a particular point in time, one process predominates
while its complement is masked. Naloxone acts by block
ing the predominant process and unmasking its comple
ment. Similarly, Solomon and Corbit's (1974) opponent
process theory of motivation hypothesizes that the initial
effects of a drug (the A process) elicit a counterreaction
(the B process) , which summates with the initial reaction
to produce the finalbehavioral outcome. Within this frame
work, naloxone might be said to unmask the B process.

Naloxone reversal of morphine-elicited hyperactivity can
also be accounted for in terms of dependence/withdrawal
mechanisms. According to a dependence/withdrawal hy
pothesis, naloxone-induced hypoactivity is the result of
naloxone-precipitated withdrawal in morphine-dependent
animals. The plausibility of this hypothesis rests upon
demonstrations in dogs (Jacob & Michaud, 1974), mice
(Stevens & Klemm, 1979), and rats (Coussens, Crowder,
& Smith, 1973) that dependence and withdrawal symptoms
are manifest after acute administrationof low doses of mor
phine, comparable to those employed in our work with the
hamster (e.g., Schnur, 1985a). The purpose of the present
work was to investigate naloxone reversal of morphine
elicited hyperactivityas a functionof exposure to morphine.

EXPERIMENT 1

Previous work has indicated that naloxone, administered
1 or 2 h after a 15-mg/kg dose of morphine, produces dose
related hypoactivity (compared to saline controls) that lasts
approximately 40 min (Schnur & Raigoza, 1986a). If
naloxone-precipitated hypoactivity is due to dependence/
withdrawal mechanisms , then the magnitude of this effect
should increase as a function of exposure to morphine .
Similarly, the opponent-process theory of motivation holds
that the magnitude of the B process increases with con
tinued drug exposure. Therefore, naloxone-precipitated
hypoactivity, to the extent that it represents an unmasking
of the B process, should increase as a function of exposure
to morphine .
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FIgure 1. MeIID l1IIIIIiDg-wbed 8diYIty•• fuoctioo of»miD time
blocks lor lID groupsIn Ellpelime_ 1. PueIs a, b, IIId e 8bowI'elIUIU
on Test Days 1,2, and 3, respectively. For adl test day, data are
plotted lIeparately before and after the lIeCOIld Injection.

trat ion. On Test Day 1, naloxone had no measurable ef
fect: Locomotor activity in Group MS/NLX was not dif
ferent from that in the other groups. On Test Day 2,
however , naloxone produced hypoactivity: Following the
naloxone injection, Group MSINLX was hypoactive com
pared with all other groups. During the 20 min immedi-

.ately following the second injection, Group MSINLX was
approximately 19% less active than the other groups .
Similarly, on Test Day 3, Group MS/NLX was hypo
active: During the 20 min immediately following the sec-

Method
Subjects. Thirty-two adult female goldenSyrianhamsters witha mean

weightof 115 g were used. The animals were obtained from Sasco , Inc.
(Omaha, NE), housed individually in wire-mesh cages, maintained on
a 12:12 light-dark cycle (lights on at 7 a.m.), and given free access to
tap water and paper nesting material throughout the experiment. After
each experimental session, the hamstersreceiveda daily food ration (Pu
rina Rodent Lab Chow) sufficient to maintain 90% of their ad-libweights.

AppIIratus and Matet-iU. The apparatus consisled of 32 activitywheels
(Wahmann Co. , ModelLC-34) housedin two rooms, each dimly illumi
nated by two 15-Wbulbs.Running wheels were fitted withmicroswitehes
and connectedvia interfaces (Lafayette Model 1180) to Apple 11+ com
puters to recordthe numberof wheelrevolutions. An ambientnoise level
of 70 dB (re: 0.0002 dynes/ern', A scale) was maintained.

Morphine injections consisted of 15-mglkg doses of morphine sul
fate (Lilly), naloxoneinjections consistedofO.4-mg/kg doses of nalox
one hydrochloride (DuPont), and saline injectionsconsisted of a 0.9%
solutionof sodiumchloride. All injections were administered subcutane
ously in the dorsal surface of the neck in l-ml/kg volumes.

Procedure. The experiment was conducted on 12 consecutive days.
On each of the first 3 days, the animals were given saline injections
and placed in the running wheels for a 3-h baseline session. These ses
sions served to acclimate the animals to the running wheels and to the
handling/injection procedures. Animals were then randomly assigned
to one of four groups: MS/NLX (n= 8), MS/SAL (n= 8), SALINLX
(n= 8), and SAUSAL (n= 8). On Day 4 (fest Day I), the animals were
tested during a 3-h session. Groups MSINLX and MS/SAL received
morphineand GroupsSAUNLX and SAUSAL received saline 10 min
before being placed in the running wheels. After 2 h, the animals were
removed from the wheels for the second round of injections. Groups
MS/NLX and SAL/NLX received naloxone and Groups MS/SAL and
SAUSAL received saline injections 10 min before being replaced in
the wheelsfor 1 h. On Days 5, 6, and 7, GroupsMSINLXand MS/SAL
received morphine and Groups SALINLX and SAL/SAL received sa
line 10 min before being placed in the running wheels for a 3-h ses
sion. On Day 8 (fest Day 2), theanimals were tested as they hadbeen
on Day 4. On Days 9, 10, and 11, treatments were identical to those
on Days 5,6, and 7. On Day 12 (fest Day 3), theanimals were tested
as they hadheen on Days 4 and 8. The number of wheel revolutions
was recorded every 20 min for each animal.

Results and Discussion
Panels a, b, and c of Figure 1 show mean activity as

a function of 2Q-min time blocks for all groups on Test
Days 1,2, and 3, respectively. Data are plotted separately
for activity before and after the second injection. Mor
phine 's biphasic time-effect pattern can be seen during
the first 2 h of each test session. Compared with saline
controls, morphine-treated animals were first hypoactive
and subsequently hyperactive, although on Test Day 2,
hyperactivity was inexplicably weak (cf. Schnur , Bravo ,
& Trujillo , 1983). A 2x3x6 (first injection x test days
x time blocks) mixed factorial analysis of variance
(ANOYA) of locomotor activity prior to the second in
jection indicated that the effect of test days was signifi
cant [F(2,60) = 16.86 , P < .001], as was the effect of
time blocks [F(5,150) = 50.74,p < .001]. In addition,
the interactions between the first injection and time blocks
[F(5,150) = 18.48 , P < .001], between test days and
time blocks [F(IO,300) = 2.91,p < .005], and between
the first injection, test days, and time blocks [F(IO,300)
= 2.74 , P < .005] were significant.

The effects of naloxone on morphine-elicited activity
can be seen during the last hour of each test session. Look
ing across panels , it is evident that naloxone-precipitated
hypoactivity increased as a function of morphine adminis-
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ond injection, Group MS/NLX was approximately 34%
less active than the other groups .

A 2 x 2 x 3 x 6 (first injection x second injection x test
days X time blocks) mixed factorial ANOVA of loco
motor activity after the second injection indicated that the
effect of test days was significant [F(2 ,56) = 19.52,
p < .001] . In addition , the interaction between test days
and time blocks was significant [F(4, 112) = 3.84 ,
p < .0 1]. Finally, the interactions between the first in
jection, test days, and time blocks [F(4, 112) = 2.35] and
between the first injection, the second injection, test days,
and time blocks [F(4 ,112) = 2.35] were marginally sig
nificant (ps < .06). Newman-Keuls tests (p < .05)
were conducted to test differences among groups follow
ing the second injection on Test Days I, 2, and 3. On
Test Day 1, there were no differences among groups dur
ing the first 20 min after the second injection. On Test
Day 2, however, Group MS/NLX was less active than
Group MS/SAL, and on Test Day 3, Group MS/NLX was
less active thanall other groups , during the same 20 min.
Forty minutes after the second injection, Group SAL/NLX
was less active than all other groups on Test Day l. Dur
ing the same time period, Group MS/NLX was less ac
tive than Groups SAL/NLX and SAL/SAL on Test Day 2
and Group MS/NLX was less active than Groups MS/SAL
and SAL/SAL on Test Day 3. Sixty minutes after the sec
ond injection, there were no differences among groups
on Test Day l. During the same time period, however ,
Group MS/NLX was less active than either Group
SAL/SAL or Group SAL/NLX on Test Day 2, and on
Test Day 3, Groups MS/NLX and SAL/NLX were less
active than Group SAL/SAL.

These results indicate that naloxone-induced hypo
activity in morphine-treated animals increases as a func
tion of exposure to morphine. Naloxone precipitated more
hypoactivity in morphine-treated animals on Test Day 3
than on Test Days 1 and 2, an outcome correctly antici
pated by both the dependence/withdrawal hypothesis and
the opponent-process theory of motivation outlined above.
However, it should be noted that support for these hy
potheses derives principally from results obtained during
the 20 min immediately following the second injection .
This may reflect the short half-life of naloxone 's actions ,
but if that is so, the difference in the apparent duration
of naloxone's effects on Test Days 2 and 3 cannot be
reconciled easily.

EXPERIMENT 2

Experiment 2 tested the effects of naloxone on hyper
activity elicited by a low dose (2.5 mg/kg) of morphine .
Experiment 2 also tested the effects of exposure to mor
phine on naloxone antagonism of low-dose hyperactivity .
As in the first experiment, a naloxone (0.4 mg/kg)
challenge was given on the first, fifth, and ninth days of
morphine (2.5 mg/kg) administration. If naloxone an
tagonism of morphine hyperactivity is due to depen
dence/withdrawal mechanisms , or if it represents an un
masking of the opponent B process, then the magnitude

of this effect should increase as a function of exposure
to morphine .

Method
Subjects. Thirty-two adult golden Syrian hamsters (13 males , 19 fe

males) descended from animals obtained from Sasco, Inc. (Omaha, NE),
with a mean weight of 104 g, were used. Conditions of housing and
maintenance were identical to those in Experiment I .

Apparatus and Materials. The apparatus was identical to that used
in Experiment I. Morphine injections consisted of 2.5-mg/kg doses of
morphine sulfate (Lilly) , naloxone injections consisted of O.4-mg/kg
doses of naloxone hydrochloride (DuPont) , and saline injections con
sisted of a 0.9% solution of sodium chloride . All injections were ad
ministered subcutaneously in the dorsal surface of the neck in 1-m1/kg
volumes.

Procedure. The experiment was conducted on 12 consecut ive days.
The procedure was similar to that of Experiment I . Days 1-3 were sa
line baseline sessions as described in Experiment I . On Days 5-7 and
again on Days 9-11, half of the animals received morphine (Groups
MS/SAL and MS/NLX) and half received saline (Groups SAL/SAL and
SLA/NLX), as in Experiment I . Testing, on Days 4, 8, and 12, was
conducted as follows: Animals received a series of two injections at 10
min intervals. Group MS/NLX (n =8) received a morphine injection
followed by a naloxone injection; Group MS/SAL (n = 8) received a mor
phine injection followed by a saline injection ; Group SAL/NLX (n=8)
received a saline injection followed by a naloxone injection ; Group
SAL/SAL (n=8) received two saline injections . Ten minutes later, the
animals were placed in the running wheels for a 3-h session . The num
ber of wheel revolutions was recorded every 20 min.

Results and Discussion
Panels a, b, and c of Figure 2 show mean activity as

a function of 20-min time blocks for all groups on Test
Days 1,2, and 3, respectively. Two effects are evident
across test days . First, morphine-induced hyperactivity
occurred on Test Days 2 and 3, but not on Test Day l.
This finding is consistent with previous results from our
laboratory indicating that low doses of morphine elicit
hyperactivity, which increases with exposure to morphine
(Schnur, Bravo, & Trujillo , 1983). Second, naloxone an
tagonism of morphine-induced hyperactivity increased
across test days. This finding is congruent both with the
dependence/withdrawal hypothesis and with the opponent
process theory of motivation .

A 2 x 2 x 3 x 9 (first injection x second injection x test
days x time blocks) mixed factorial ANOVA of loco
motor activity indicated that the effects of test days
[F(2 ,56) = 4.06, p < .025] and time blocks [F(8,224)
= 5.53, p < .001] were significant. In addition, the fol
lowing interactions were significant: first injection x test
days [F(2,56) = 8.29, p < .001], first injection X sec
ond injection x test days [F(2,56) = 5.55, p < .01], test
days x time blocks [F(16,448) = 2.26, p < .01], first
injection x test days x time blocks [F(16,448) = 1.69,
p < .05] , and first injection x second injection x test
days x time blocks [F(16,448) = 2.07 , p < .01].

The effects of naloxone on morphine-elicited hyper
activity are evident in Panels b and c of Figure 2. A com
parison of Groups MS/SAL and SAL/SAL on Test Days
2 and 3 shows morphine-elicited hyperactivity. This
hyperactivity occurred earlier and reached a higher
asymptote on Test Day 3 than on Test Day 2 (cf. Schnur,
Bravo, & Trujillo, 1983). Newman-Keuls tests (ps < .05)
indicated that, on Test Day 2, Group MS/SAL had a
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The present results confirm and extend previous studies of naloxone
morphine interactionsin the hamster. As previouslyreported, low doses
of morphine elicit hyperactivity, whereas high doses elicit a biphasic
time-effect pattern of hypoactivity followed by hyperactivity (Schnur,
Bravo, Trujillo, & Rocha, 1983). In Experiment I, a 15-mglkg dose
of morphine led to a biphasic pattern on Test Days 1 and 3. In Experi
ment 2, a 2.5-mglkgdose of morphineled to hyperactivity on Test Days
2 and 3. In addition, the results of Experiment 1 confirm earlier find
ings (e.g., Schnur, 1985a)that naloxone (0.4 mglkg) precipitateshypo
activityin morphine-treated animals(GroupMSINLX), but not in sallne
treated controls (Group SAL/NLX).

The present results go beyond earlier studies by indicating that the
effects of naloxoneon morphine-elicited changes in hamster locomotor
activity increaseas a directfunctionof exposure to morphine. In Experi
ment I, naloxone-precipitated hypoactivity in morphinetreatedhamsters
increased across 3 test days. In Experiment 2, naloxone antagonism of
morphine-elicited hyperactivity also iocreased across 3 test days. These
findings are consistent with the dependence/withdrawal hypothesis and
with the opponent-process theory of motivation (Solomon & Corbit, 1974).
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higher activity level than did Group SAL/SAL through
out the test session, except for the first 20 min. Similarly,
on Test Day 3, Group MSISAL had a higher activity level
than Group SAL/SAL throughout the test session, except
for the final 40 min . Furthermore, naloxone antagonized
morphine-elicited hyperactivity on both test days, but did
not produce hypoactivity on either test day. On Test
Day 2, Group MSINLX was approximately 19% less ac
tive than Group MSISAL during the first 2 h of the test
session. On Test Day 3, Group MS/NLX was approxi
mately 36% less active than Group MSISAL during the
first 2 h of the test session.

2 3 567

20 MINUTE TIME BLOCKS

Figure 2. Mean nmning-wbeel activity • a IUDdioo of2O-min time
blocks for aDgroupll in_Experiment 2. Panek a, b, and c sbow results
on Test Days 1, 2, and 3, respectively.
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