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Non-circadian schedules have been used to confirm the
involvement and nature of circadian processes with zeitge-
bers such as food [1,32-35]. For example, 31- and 34-h
schedules of restricted food availability have been employed
to demonstrate the emergence of activity peaks approxi-
mately 24 h after the receipt of a large meal, a phenomenon
referred to as circadian ensuing activity (CEA) [33]. These
unusual zeitgeber periods (7), termed “long T schedules,
were beyond the range of entrainment of the animal’s
shorter intrinsic circadian periods (t), a conclusion con-
firmed by the absence of entrainment to or anticipation of
the schedules. The long T meal schedules, however, ap-
peared to reinitialize circadian oscillatory mechanisms to
produce sustained activity 24 h after the application of the
zeitgeber, activity which typically continued at the same
time for at least two more days.

The ability to reinitialize circadian mechanisms using
long T schedules and nonphotic stimuli has proven valuable
in demonstrating novel properties of zeitgebers and circa-
dian mechanisms. For example, some long T schedules,
such as a 31-h schedule, never repeat a time of day while
rotating through all 24 h of local time. Because each
application of the zeitgeber is 7 h beyond the prior time
of application on a 24-h local clock, no additive effects of
repeated administration at the same time of day can occur,
nor is the zeitgeber likely to be repeated at the same point in
free-running circadian time. Consequently, CEA resulting
from long T'schedules demonstrates one-trial resetting of the
circadian mechanism in question, a phenomenon that can be
contrasted with the gradual resetting via transients typical of
light entrainment.

Several distinctions between the types of circadian
activity resulting from long T versus “normal” T schedules
have been made in studies using food as a zeitgeber [31-
34). Food-anticipatory activity (FAA) has been observed as
activity that anticipates a restricted feeding schedule in
experiments where T approximates T, i.e., T~24 h (see
Ref. [24]), whereas CEA has been defined in long T
experiments as activity following a meal by a circadian
interval rather than anticipating the long T period of meal
presentations every 31 h [32—35]. Due to these procedural
differences, FAA could result from additive time-of-day
effects, whereas CEA could not. The main empirical
differences between FAA and CEA is that FAA precedes
T and appears to develop gradually over 3-13 days
following repeated exposures at the same time of day,
and is typically reentrained via transients [24,28,29],
whereas CEA appears to follow the zeitgeber by a circadian
interval without necessarily anticipating it and is reset by
each application of the zeitgeber [32-35]. Until the me-
chanisms of FAA and CEA are better understood, we will
treat them separately.

Similar considerations and distinctions may apply to
drug-generated circadian activity as well. If drug adminis-
trations have time-of-day effects, a schedule in which T~ 1
may produce cumulative effects that will not occur when

T>>7. In addition, because the mechanisms promoting
food- and drug-generated circadian activity remain to be
elucidated, we will distinguish between CEA generated by
food (CEFA) and CEA generated by drugs (CEDA).

The current study was designed to verify the circadian
time course of MA-generated activity by using a non-
circadian, long T schedule under otherwise constant condi-
tions. Specifically, we employed a 31-h schedule of MA
injections under conditions of constant dim light and rate-
limited feeding to avoid effects of large meals. If MA
engages circadian mechanisms, one would expect that
activity would not anticipate the non-circadian schedule,
but would instead follow injections in a circadian time
course, that is, as CEDA occurring approximately 24 h after
injections. The occurrence of CEDA under the long T
schedule would demonstrate one-trial resetting of a circa-
dian mechanism by a major drug of abuse, in the absence of
additive time-of-day effects, and resetting via transients. Our
design also allowed us to examine evidence for the con-
tributions of other potential resetting stimuli, such as light,
food, and activity.

2. Method
2.1. Subjects and apparatus

Subjects were 90-day-old female Sprague—Dawley rats
bred in the department colony from source animals from
Harlan Industries (Indianapolis, IN). They were housed in
separate circadian chambers, each containing a nest, a
running wheel, separate food and water dispensers, a four-
way tilting floor, and a filtered, 8-W fluorescent house light
(50 Ix at the center of the chamber). Each was sound-
attenuated, provided ventilation and masking noise via an
exhaust fan. Infrared sensors, microswitches, and current-
operated circuits were used as sensing devices for measuring
and/or controlling wheel turning, eating, drinking, nest time,
and floor activity. The control program governing all
circadian apparatus was CONMAN® (Contingency Man-
agement, Spyder Systems, Bloomington, IN [15]), run on an
IBM-PC. Data were collected every 0.10 s and counters
were dumped in 5-min bins to a Sun Microsystems Sparc
Station 5.

2.2. Procedure

Rats were allowed to free run for over 60 days under
dim, constant light (LL). Although rats tend to be more
active under constant dark (DD) than under LL, LL was
chosen for convenient box maintenance and drug applica-
tion. The light was dim enough to prevent the suppres-
sion of free-running as sometimes occurs under constant
bright light.

The second environmental condition of major concern
was the feeding schedule that controls the eat/fast cycle,
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Fig. 1. (A—C) Wheel turning actograms for three representative animals. Data were summed into 10-min bins and folded every 31 h, representing the injection
schedule as a vertical line drawn through 24 cycles of the actagram. Those 10-min bins containing activity above the mean for each 31-h cycle are represented
by a black vertical stroke on the actogram. Lines fitted to the free-running rhythm are shown during the injection schedule.

To show that CEDA was relatively greater during MA
treatment than during that same temporal window in pre-
and posttreatment phases, a within-subjects one-way AN-
OVA compared the CEDA window (25th-28th hourly

subjects one-way ANOVAs comparing the same time bins
in the pretreatment phase and the posttreatment phase
revealed no main effects, F(2, 14)=1.19, p>0.05, and
F(2, 14)<1.0, respectively.












