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A comparison of morphine and
food deprivation on wheel activity

RONALD C. TROST! and PAUL D.
KNOTT, University of Denver, Denver,
Colo. 80210

Morphine-addicted rats, tested under four
different abstinence periods on wheel
activity, showed no changes as did a group
undergoing analogous periods of food
deprivation. Several hypotheses are
discussed concerning why morphine
withdrawal might be expected to differ from
hunger inits effect on activity.

Numerous studies have suggested that
certain analogies exist between a morphine
need state and other more classically
manipulated motives, such as hunger. When,
for example, morphine is abruptly
withdrawn from an addicted animal, S will
(a)learn a new response for morphine
reward (e.g., Thompson & Ostlund, 1965),
(b) show classical conditioning to the
environmental cues paired with this
situation (e.g., Wikler & Pescor, 1967), and
(c) exhibit an increase in a variety of
behaviors which are consistent with current
notions of restless activity (e.g., Martin,
Wikler, Eades, & Pescor, 1963). The last
analogy may be questioned, however, on the
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grounds that EEG and EMG records on rats,
before and after morphine reinforcement,
show some discrepancies from measures
taken before and after food reward. Khazan,
Weeks, & Schroeder (1967), who used EEG
and EMG measures, report that
discrepancies of this nature suggest that a
motive for morphine is unrelated to the
increased excitation observed during the
abstinence period.

Investigators interested in the
relationship between activity and various
motive states have reported that reliable
correlations may exist only as a function of
both the motive state manipulated and types
of activity measured, e.g., with food
deprivation, wheel activity appears to
increase but restless activity is not affected
(Weasner, Finger, & Reid, 1960). Moreover,
Hall (1966) suggests that the interaction
between measurement technique and
deprivation states may be further related to
changes in body temperature. That is, if a
given deprivation condition causes a
decrease in body temperature, then wheel
activity is likely to increase when no change
in restless activity may be noted since the
former is more effective in increasing body
temperature.

In that food deprivation leads to a
decrease in body temperature and typically
produces an increase in wheel activity, it is
surprising that no attempt has been made to
establish the contingencies which may exist
between morphine privation and wheel
performance since hypothemia has
repeatedly been observed as a symptom of
narcotic withdrawal (e.g., Martin et al,
1963). Accordingly, this experiment was
designed to assess the effects of both food
and morphine abstinence on wheel activity
as a function of four different deprivation
periods in order to determine the nature of
the similarities between the two “motive”
states with respect to this measure.

METHOD

Subjects were 30 experimentally naive
male hooded rats of the Long-Evans strain.
At the beginning of the experiment, they
ranged between 80-100 gin weight and were
35 daysold.

Thirty activity wheels, 15 x 4% in., with
floors of %-in. wire mesh, were mounted on
a large rack, 10 wheels per axel. Each wheel
was provided with a simple mechanical
counter and a racheting device which
allowed the wheels to rotate in one direction
only.

The Ss were housed in a separate room in
7x10x 16in. cages, three per cage.
Extraneous noise and stimulation were kept
minimal during the entire experiment in
both the home and testing environments,
and indirect illumination was provided at all
times by two 100-W flourescent fixtures.

Beginning at age 35 days, each S was
handled every day until docile. Fifteen Ss
were then randomly assigned to the
drug-deprived group (Dd) and the
food-deprived group (Fd). Group Dd was
injected with an initial dose of 5 mg/kgip of
morphine sulfate twice daily at 9 a.m. and
9p.m. and received ascending doses
bi-weekly until stabilization at
200 mg/kg/day on the 35th day. The
volume of solution for each animal was kept
constant during this time on a weight basis
and usually ranged between .2 to .3 cc fora
given S. Dilution of morphine sulfate within
this volume increased every 3% days. A
similar schedule and dosage rate has been
shown elsewhere to addict rats to morphine
(Martin et al, 1963), and was maintained
until the testing phase 32 days later. Group
Fd was treated in a similar manner except
for injections of 0.9% aqueous solution of
sodium chloride in place of morphine sulfate
at the same time and at volumetrically
equivalent amounts. During this time, food
and water were ad lib.

Immediately following a week of dosage
stabilization, an adaptation phase was begun
whereby each S was assigned to any one of
30 available activity wheels for 12 h per day.
At the end of this period, X revolutions/h
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Fig. 1. Wheel activity for both groupsasa
function of hours of deprivation.

were scored for each S until it became
evident, between the 20th and 25th days,
that all Ss had adapted to the activity
wheels. To equate for frictional torque,
random assignment to activity wheels was
carried out during the entire experiment.

Fhe test situation for an S in either group
consisted of four deprivation conditions:
0-12h(B1),12-24 h(B2),24-36 h(B3), and
36-48 h (B4). Both groups were tested under
all four conditions, the order of B1,B2,B3,
and B4, randomly assigned for each S. In
order to (a)control for time of testing
within a day and (b) insure that ail Sscould
be returned to a minimum of 48 h food or
drug stabilization after 12 h in the wheels, a
total of 96 h elapsed between any two test
periods. That is, if on a given day an S had
been assigned to Condition B4, he was
thereafter deprived for 36 h, tested between
36-48h in the wheel, and received a
recovery period 48-96 h before beginning
another “trial.” In this way, all Ss received
all four possible deprivation and recovery
conditions in a random manner, thus making
differences between Ss a function solely of
food or drug deprivation.

RESULTS

The between-groups main effect, Fd vs
Dd, and the within-groups main effect, times
of deprivation, were both significant beyond

the .01 level of confidence (F = 14.04,
df=1, and F =7.30, df = 3, respectively),
using a mixed design ANOVA. The
interaction of groups and treatments was
also significant (F = 13.89, df = 3, p < .01),
indicating that the X revolutions/hours for
both groups varied depending on
deorivation condition.

Figure 1 depicts the X revolutions/h as a
function of the four deprivation treatments,
B1, B2, B3, and B4. Whereas it appears that
Group Fd was superior to Group Dd over all
test periods, a ttest for Treatment Bl
between groups was not significant. In
addition, the largest mean difference within
Group Dd failed to meet the critical value
needed for significance at the .05 level, using
the Dunnett multiple comparison test.

DISCUSSION

The results of this study do not support
the notion that morphine need will lead to
an increase in wheel activity in a manner
similar to that of food deprivation. If it can
be assumed that a deprivation-activity
correlation infers a motive state, then the
present investigation is in agreement with
Khazan et al (1967) that (a) the restless
activity due to acute withdrawal! distress is
probably unrelated to a motive for
morphine and (b) the fundamental nature of
a motive for morphine has yet to be
demonstrated. Further, in that morphine
privation in rats is typically characterized by
a decrease in body temperature, a finding of
no increase in wheel activity is not in accord
with the hypothesis of Hall (1966) that
decreases in body temperature asafunction
of some deprivation states lead to an
increase in wheel performance. This point
would be stronger if measures of body
temperature had been obtained in the
present study, but hypothermia associated
with morphine withdrawal is well
established (e.g., Martin et al, 1963).

Briefly turning to alternate
interpretations of the data, there are several
reasons why morphine withdrawal might be
expected to differ from hunger in its effect
on wheel behavior. Hall (1956) has
suggested that food deprivation in rats
increases wheel activity and the addition of
extraneous noise or stimulation acts to
further increase it. If withdrawal is a2 more
stressful condition than hunger, thereby

enhancing an organisms’s sensitivity to
incoming stimuli, the noise present during
testing might have functioned to disrupt
running-wheel behavior for drug-deprived
animals even though it was kept minimal.
Another issue, that of learning, may also be
worth considering before an
activity-wheel/morphine-deprivation
analogy can be shown. In the present study,
morphine-deprived Ss never engaged in
behavior which could be associated with the
reduction of acute withdrawal distress.
Presumably, however, in Group Fd hunger
cues had been paired with behaviors that
successfully reduced such stimuli since
birth. Under these circumstances, either the
comparison between Groups Fd and Dd
and/or the relationship between
deprivation-activity could be inflated if
hunger cues had come to direct as well as to
energize the measured behavior.
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