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BITRAN, M. AND H. KALANT. Development of rapid tolerance to pentobarbital and cross-tolerance to ethanol on a
motor performance test. PHARMACOL BIOCHEM BEHAYV 44(4) 981-983, 1993. —Male Wistar rats given a single mod-
erate dose (1.7 mg/kg, IP) of pentobarbital (PB), followed by six trials on the moving belt apparatus during the next hour,
showed tolerance to the motor-impairing effects of a second dose of 17 mg/kg given 24 h later. A control group that received
saline before the first test showed the usual initial sensitivity when tested with PB 24 h later. Three weeks later, the first group
showed cross-tolerance to the effects of ethanol (1.7 g/kg, IP) on the same test, while the second group did not. These
findings support the suggestion that rapid tolerance is closely similar to chronic tolerance and that the contribution of
intoxicated practice results in a long-lasting component that applies to cross-tolerance to ethanol on the same test.
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TOLERANCE to ethanol and other centrally acting drugs has
been shown to occur within three different time frames, com-
monly designated as acute (within a single session) (15), rapid
(demonstrable in a second drug exposure 8-24 h after the first)
(3), and chronic (developing during repeated drug exposures
over days or weeks) (7). A growing body of evidence suggests
that these three forms of tolerance are produced either by
the same mechanism or by mechanisms that, if different, are
nevertheless modulated in the same ways by the same factors.
For example, all three are facilitated by the opportunity to
practice the tested task while under the effect of the drug (1,
5,8,13), both rapid and chronic tolerance (and possibly acute)
are prevented by inhibitors of cerebral protein synthesis such as
cycloheximide (18) or anisomycin (2), and both show asymme-
try of cross-tolerance between ethanol (EtOH) and pentobarbi-
tal (PB) (6,9,10). Indeed, it has been proposed that rapid toler-
ance is an economical model that can be used to study the effects
of various factors and that predicts accurately how they will in-
fluence the development of chronic tolerance (9).

Chronic tolerance shows a considerable degree of test
specificity, which has been interpreted as evidence that the
stimulus to the development of tolerance is not the mere pres-
ence of the drug but the degree of functional impairment it
produces (7). The previous demonstrations of asymmetry of
rapid cross-tolerance between EtOH and PB employed tests
that involve little learning, viz., drug-induced hypothermia,
loss of righting reflex, and loss of resistance to sliding on an
inclined plane (9). The present article extends the comparison
by using a more complex sensorimotor performance test (the
moving belt test) that involves a considerable degree of learn-
ing before the drug effect can be tested (17). When chronic
tolerance on this test is produced by a paradigm that involves
learning under the influence of a drug, such as intoxicated
practice or drug-cued associative learning, the tolerance and
cross-tolerance are much longer lasting than when they are
produced by a nonlearning paradigm (12). In the present
study, we therefore tested cross-tolerance 3 weeks after pro-
duction of rapid tolerance in this learning-dependent model
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for comparison with previous findings in the absence of such
learning.

METHOD

Subjects

Two groups of male Wistar rats (n = 12 per group),
weighing about 150 g when purchased (Charles River, Mon-
tréal, Canada), were individually housed in an environmen-
tally controlled room at 21-23°C and 40% relative humidity,
with lighting on from 0700-1900 h. Water and standard Pur-
ina rat chow were available ad lib.

Moving Belt Test

Training period. In this test, rats are trained to walk on a
motor-driven metal mesh belt that moves continuously over a
shock grid (17). When the rat puts one or more paws off the
belt, it receives mild electric foot-shock and a cumulative timer
is activated to record the total time off belt during a 2-min
trial. Rats were trained to a criterion of 99% correct perfor-
mance (i.e., not more than 1.2 s off the belt during any 2-min
trial). Training sessions began within the first week after ar-
rival of animals in the vivarium.

Test sessions. The motor impairment was measured for
each rat in six 2-min trials starting at 7, 17, 27, 37, 47, and 57
min after an IP injection of either saline, PB (17 mg/kg as
a 1.7% w/v solution in saline), or EtOH (1.7 g/kg as a 17%
w/v solution in saline). The time off the belt was recorded in
each trial within the session; in almost all cases, the maximum
score after drug injection was seen on either the first or second
trial, whereas saline-injected animals never fell below the per-
formance criterion.

Experimental design. Each rat in group 1 (S-P-E) was given
an IP injection of saline on day 1, of PB on day 2 (24 h after
the first injection), and of EtOH on day 16. Each rat in group
2 (P-P-E) received injections of PB on days 1 and 2 and EtOH
on day 16. All injections were of the same volume, 1 m1/100 g
bw. Each rat was then tested as described above, on each test
day. Immediately after completion of the rat’s final trial of
the session, a 50- or 100-ul blood sample was collected from
the cut tip of the tail into a glass capillary tube for analysis
of E or PB, respectively, by gas chromatographic methods
described previously (11,14).

Statistical Analyses

Statistical comparisons between the test results in the two
treatment groups, or in the P-P-E group on days 1 and 2,
were carried out by general linear model analyses of variance
(ANOV As) using the NCSS program for IBM-PC. Compari-
sons of the blood alcohol or PB concentrations (BACs, BPCs)
were carried out by Student’s #-test for unpaired data.

RESULTS

Effect of Pentobarbital on Days 1 and 2

Administration of a single PB injection on day 1 produced
the expected pattern of intoxication in the P-P-E group, which
showed peak impairment on the 7-min test, and a steady de-
cline in effect in all the following trials (Fig. 1). The S-P-E
group, which received saline on day 1, showed no impairment
on any of the trials. On day 2, after the same dose of PB the
P-P-E group was significantly less impaired than it had been
on day 1 and less than the S-P-E group on day 2 (Fig. 1). The
results of all three tests under PB were subjected to a two-way
ANOVA (treatments, trials), which showed highly significant
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FIG. 1. Development of rapid tolerance to pentobarbital in group
P-P-E. Each animal was injected with pentobarbital, 17 mg/kg IP,
and then tested on the moving belt apparatus in six 2-min trials begin-
ning 7, 17, 27, 37, 47, and 57 min after injection. O, P-P-E group on
day 1; @, P-P-E group on day 2 (24 h after the first test); ¢, S-P-E
group on day 2 (first test under pentobarbital). Each curve differed
significantly from the other two; see the text for statistics.
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FIG. 2. Cross-tolerance to ethanol in rats that had developed rapid
tolerance to pentobarbital. Each animal was injected with ethanol,
1.7 g/kg IP, and tested on the moving belt apparatus as in Fig. 1, 2
weeks after the day-2 tests shown in Fig. 1. No drug treatment was
given in the intervening period. ¢, S-P-E group; ®, P-P-E group.
The curves were significantly different; see the text for statistics.
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main effects of treatment, F(2, 192) = 57.12, p < 0.0001,
and trials, F(5,192) = 313.19, p < 0.0001, as well as a signif-
icant treatment X trials interaction term, (10, 192) = 8.62,
p < 0.0001. The latter indicated that the loss of drug effect
across trials proceeded with different time courses in the three
groups, that is, most rapidly in the P-P-E group on day 2.
Duncan’s multiple-range test confirmed that all three curves
in Fig. 2 were significantly different from each other at the
p < 0.05 level. This difference was not due to more rapid
elimination of PB on day 2 because the mean BPCs on days 1
and 2 were 0.446 + 0.02 and 0.482 + 0.03 ug/100 ml, respec-
tively (f = 1.000, p > 0.30).

Day-16 Results

The test results when both groups were exposed to EtOH
on day 16 showed a marked intergroup difference (Fig. 2).
The P-P-E group was clearly cross-tolerant to EtOH while the
S-P-E group showed the usual effect of the 1.7-g/kg dose in
naive rats. ANOVA revealed highly significant main effects
of group, F(1, 21) = 42.93, p < 0.0001, trial, F(5, 110) =
134.26, p < 0.0001, and group X trial interaction, F(5, 110)
= 9.94, p < 0.0001. This difference between groups could
not be attributed to differences in BAC because the respective
values for groups S-P-E and P-P-E were 233.3 + 7.6 and
235.3 + 3.4 mg/dl, respectively (p > 0.90).

DISCUSSION

Administration of a single moderate dose of PB (17 mg/
kg), followed by six trials on the moving belt test during the
next hour, resulted in rapid tolerance to PB in a second test
24 h later. This confirms the earlier report by Khanna et al.
(9) using different tests of drug effect. Of specific interest is
the fact that the present paradigm has been shown to involve
a major component of learning through task practice under
the influence of the drug because six trials after drug adminis-
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tration produced rapid tolerance while two trials after the
same dose did not (1).

As in the previous study (9), rapid tolerance to PB resulted
in cross-tolerance to EtOH. In that work, however, the PB
and EtOH tests were carried out on successive days so that
the finding of cross-tolerance to EtOH did not illuminate the
duration of the phenomenon. In the present study, the cross-
tolerance had been produced by two successive PB exposures
2 weeks earlier, and no further drug-linked practice had oc-
curred. Therefore, the cross-tolerance observed 2 weeks later
indicated a long-lasting phenomenon, consistent with the long
duration of learning-augmented tolerance and different from
the short duration of tolerance produced in nonlearning para-
digms (12). The lack of cross-tolerance to EtOH in rats that
received a single PB test session 2 weeks earlier is consistent
with the observation that even repeated test sessions under
drug, if separated by intervals of 4 days or longer, do not
produce tolerance (16).

The reason for the previously reported absence of cross-
tolerance to PB in animals made tolerant to EtOH, in both
rapid and chronic paradigms (4,9), despite the clear evidence
of cross-tolerance to EtOH in rats made tolerant to PB in
both models [(10) and the present work], is not yet evident.
Cross-tolerance to PB has been shown when tolerance to
EtOH was produced in a model involving associative learning
that conditionally linked environmental cues to drug presenta-
tion (4,19). Whether different mechanisms of tolerance are
involved, or merely different methods of triggering the same
adaptive processes, remains to be clarified.
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