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MACKENZIE-TAYLOR, D. R. AND R. H. RECH. Cellular and learned tolerances to chlordiazepoxide hypothermia
and ataxia. PHARMACOL BIOCHEM BEHAV 44(3) 717-725, 1993.—Four groups of rats received chlordiazepoxide
(CDP): a) intermittently, experiencing hypothermia and rotarod performance (RR) deficit after test doses (contingency); b)
chronically, experiencing hypothermia and RR deficit after test doses; c) intermittently, RR preceding test doses and with
protection against hypothermia afforded by exposure to heat lamps (nonexperienced, noncontingency); and d) chronically,
RR preceding test doses and with protection against hypothermia. After 36 days of chronic CDP (groups 2 and 4) or vehicle
(groups 1 and 3), all groups experienced RR and body temperature (BT) drug deficits after test doses of CDP at the
postwithdrawal test. Group 1 but not group 3 was tolerant to peak hypothermia of the drug. Both chronic groups (2 and 4)
showed marked tolerance to hypothermia. At the postwithdrawal test, after discontinuing chronic CDP or vehicle for 9 days,
only groups 2 and 4 lost drug tolerance to hypothermia. After extinction training (daily testing of RR and BT after injecting
vehicle over 9 days), group 2 but not group 4 was again less sensitive to CDP-induced hypothermia at the postextinction test.
Regarding CDP-induced RR ataxia, group 1 was more tolerant than group 3 at the postchronic test, while group 4 but not
group 2 also showed tolerance to ataxia. At the postwithdrawal test, only group 4 lost tolerance to peak RR ataxic effects of
CDP. At the postextinction test, only group 1 lost tolerance for ataxia relative to postchronic test results. These findings
differ from those of previous studies with alcohol and pentobarbital that matched learned tolerance [contingent tolerance
(CT)} with contingent drug behavior presentation and cellular and/or dispositional tolerances [noncontingent tolerance
(NCT)] with chronic drug treatment, but without need of drug-behavior contingency. In the present study, chronic CDP
administration, while promoting cellular/dispositional tolerances (NCT), appeared to interfere with development of learned
or behavioral tolerance (CT) even when contingent drug behavior training was done (in group 2). That this interference
related to chronic CDP is assured because intermittent CDP at 4-day intervals with contingent drug behavior training (group
1) caused prominent CT whereas there was little evidence of CT in rats receiving intermittent CDP but not tested contingently
(group 3). Therefore, CT does develop with spaced doses of CDP, and NCT develops dramatically with chronic CDP. But,
chronic dosing may somehow nullify development of CT when these subjects (group 2) are also exposed to the contingent
training procedure.
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EARLY concepts of tolerance to drugs depressing the nervous
system emphasized the requirement of chronic exposure to
induce hepatic metabolizing enzymes, reducing concentration
of the drug at the target site (dispositional tolerance), or alter-
ations in molecular components of brain neurons, decreasing
sensitivity of nerve cells to the drug effects [“cellular” toler-
ance; (15,26)]. Only the latter type (pharmacodynamic or cel-
lular tolerance) has been associated with development of phys-
ical dependence after chronic treatment with drugs such as
ethanol and barbiturates. Dispositional and cellular tolerance
will be identified herein as noncontingent tolerance (NCT).
Prominent tolerance to central depressant actions of vari-
ous substances has been described over the last three decades
that did not require chronic drug exposure (3,16,19,23,29).
This type of tolerance relates to a conditioning or learned
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adaptation dependent upon the subject experiencing the drug-
induced behavioral deficit (contingency), best demonstrated
with multiple trials spaced in time. This learned or behavioral
type of tolerance will be referred to as contingent tolerance
(CT) in this article, “contingent” referring to simultaneous
occurrence of drug effect and behavioral response pattern.
Chen (3) believed that NCT and CT were formed through
separate mechanisms and was supported by several other labo-
ratories in this proposal (1,4,14,23). In contrast, others im-
plied that all types of tolerances involve mechanisms of selec-
tive classic (Pavlovian) or instrumental conditioning (11,16,
29,33). A third viewpoint considered CT to be a form of aug-
mentation of NCT, enhancing the rate or intensity of NCT
development as related to the initial behavioral decrements
(18,19). In an effort to resolve these issues, we utilized the
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following experimental design to study ethanol and pentobar-
bital tolerances (20-22). Some subjects experienced repeated
drug behavioral deficits (contingent presentation) with time-
spaced drug administrations (intermittent) while others re-
ceived chronic escalating doses of drug without the oppor-
tunity to experience drug-evoked deficits of the measured
behaviors (noncontingent presentation). Other animals re-
ceived intermittent/noncontingent or chronic drug/contingent
treatment protocols. Postchronic tests indicated that only
drug behavior-experienced (contingently trained) subjects de-
veloped CT (learned tolerance), and this tended to be reversed
with extinction training. On the other hand, only chronic
treatment developed NCT (dispositional/cellular tolerances),
which tended to be lost after a period of drug withdrawal.
The combination of chronic drug/contingent training proto-
cols resulted in development of both NCT and CT in the same
rats, the former being dissipated by withdrawal while the latter
was lost after extinction trials.

The experimental design described above was used to ex-
amine tolerance aspects of chlordiazepoxide (CDP) in the
present study. This drug and other benzodiazepines have been
controversial with regard to development of an experience-
contingent tolerance (6,7,8,10,12,13), whereas chronic high
doses have had variable effects in inducing tolerance with or
without evidence of physical dependence phenomena or may
even have interfered with tolerance development (8,9,11,
12,24).

METHOD

Subjects

Male Sprague-Dawley rats of consistent genetic stock (Har-
lan-Sprague-Dawley, Indianapolis, IN) were acquired at 200
+ 25 g body weight and maintained in humidity- and temper-
ature-controlled animal quarters on a 12 L : 12 D cycle (lights
on 7:00 a.m.-7:00 p.m.). Food (Lab Blox® or ground chow)
and water were available ad lib.

Training

Rectal temperature (BT) was measured as described by
MacKenzie-Taylor and Rech (20,21), adapting rats to mild
restraint (see below) for inserting the rectal thermosensing
probe. Temperatures (°C) were read from a Yellow Springs
telethermometer (Model 2100, Yellow Springs Instruments,
Yellow Springs, CO) at 10-min intervals.

All subjects were trained on the rotarod (RR) as described
previously (22). A cylinder 10 cm wide and 10.5 cm in diame-
ter was evenly rotated at nine revolutions per minute 90 cm
above the floor. A rat that slipped off would fall onto a well-
padded platform to avoid possibility of injury. The training
criterion required the rat to stay on the rotating cylinder for
at least 180 s on three consecutive trials. During this training,
rats were also adapted to drug-vehicle injections IP, a snug
towel-wrap, and monitoring of BT between RR trials while
being positioned under heat lamps (20-22). Adjustment of the
locus of towel-wrapped subjects under the heat lamps was
such as to maintain normal BT. The towel-wrap was designed
to hold the rat’s position under the heat lamps as well as deny
drug-treated animals the experience of attempting to ambulate
while intoxicated.

Drug Schedules

Test doses of 15, 30, and 60 mg/kg CDP and part of the
chronic drug treatments were administered by IP injection.

MACKENZIE-TAYLOR AND RECH

The remainder of the chronic treatments was provided orally
at night in ground laboratory chow with an initial drug con-
centration of 2 mg/g. Body weights were monitored during
chronic drug administration to assure maintenance of 85% of
ad lib body weights compared to rats that were on plain
ground chow. As tolerance occurred over the 36 days of
chronic drug treatment, doses of chronic drug were increased
gradually to promote greater NCT as practiced by Okamoto
(25). These increases in dosage in the ground chow were imple-
mented only when consumption by the chronic groups (2 and
4) was at least 80% of the amount of control chow eaten by
the intermittently treated groups of rats (1 and 3). In fact, on
only a few days during chronic treatment was the planned
increment in dosage delayed for a day when this criterion was
not met.

Treatment and testing Schedules

Treatment and testing schedules were designed as in previ-
ous studies with ethanol and pentobarbital (20-22). Four
groups of 12 rats each, adapted for BT monitoring and trained
on the RR, were randomly assigned to four variants of seven
sequential treatment periods, as summarized in Table 1. Dur-
ing period 1 (days 1-6), intermittent drug/contingently trained
and chronic drug/contingently trained rats (groups 1 and 2)
received IP vehicle daily followed by heat-lamp exposure for 2
h, monitoring BT. Intermittent drug/noncontingently trained
and chronic drug/noncontingently trained subjects (groups 3
and 4) also received injections of vehicle during period 1 but
were tested thereafter on the RR at 15-min intervals and for
BT every 10 min for 2 h while being maintained at room
temperature (21°C) and without heat lamps or towel-wrap.
During period 2 (days 7-12), all rats received three test doses
of CDP IP in random order, each dose injected twice at 3-day
intervals. Groups 1 and 2 were tested for RR and BT over 2-h
postdrug while unrestrained and at room temperature (with-
out towel-wrap and heat lamps) during this period. However,
groups 3 and 4, while receiving the same drug dosing, were
protected from hypothermia by towel-wrap and heat-lamp ex-
posure and were tested on RR before the drug injections dur-
ing period 2 (prechronic IP drug test).

During period 3 (days 13-48), the chronic drug or vehicle
treatment period, all groups were subjected to comparable
treatments with the exceptions that only groups 2 and 4 were
exposed to chronic drug administration and only groups 1 and
2 were allowed to experience hypothermia and RR deficits
resulting from the test drug injections. Thus, groups 2 and 4
received chronic drug and groups 1 and 3 received vehicle in
their diet and as IP injections during period 3 (Table 1). On
every fourth day, animals undergoing contingent training
(groups 1 and 2) received 30 mg/kg CDP IP and then were
tested for BT and RR over 2 h while unrestrained and at 21°C.
Conversely, rats trained noncontingently (groups 3 and 4)
were towel-wrapped and placed under heat lamps after the
test drug injection every fourth day for 2 h, BT being main-
tained in the normal range; these animals were tested on RR
only after vehicle injection and not during the time course of
the test drug effect. Based upon results of previous studies
(20-22), it was anticipated that groups 1 and 2 would develop
a learned tolerance (CT) and that groups 2 and 4 would de-
velop dispositional/cellular (NCT) types of tolerance.

The postchronic drug tolerance test (period 4, Table 1)
took place on days 49-51, during which maintenance treat-
ments of period 3 were continued. All groups received the
three test doses of drug in random order over the 3 days,
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following which BT and RR were assessed in unrestrained
animals at 21°C. During the next 9 days (52-61), all chronic
maintenance and test dosing of CDP were discontinued and
all subjects remained in their home cages through day 60
(withdrawal period). On day 61, the intermediate test dose (30
mg/kg) of drug was injected into all rats, followed by evalua-
tion of BT and RR without towel-wrap or heat-lamp exposure
for the postwithdrawal test. During period 6 (days 62-71), all
rats were subjected to extinction training by injecting vehicle
daily with subsequent BT and RR determinations while sub-
jects were unrestrained and at 21°C. On day 72, the postex-
tinction test consisted of injecting 30 mg/kg CDP and then
determining effects on BT and RR in all groups maintained
unrestrained and at 21°C.

Statistics

BT measurements were analyzed by factorial and repeated-
measures analysis of variance (ANOVA) across the four
groups for each test period. Factorial and repeated-measures
ANOVA were used to analyze duration of drug impairment
of BT (time to last significant measure of hypothermia) and
of RR (time to 50%, 90 s or more, recovery of ability to
remain on the rotating cylinder). The nonparametric Kruskal-
Wallis and Mann-Whitney U-tests were employed in analysis
of RR time course and peak effects, respectively, due to pres-
ence of nonhomogeneous variances. Individual differences
were evaluated by Tukey’s test (2). Statistical significance was
set at p < 0.05.

RESULTS

Hypothermia

Peak changes in BT after the three test doses of CDP (15-
45 min postdrug) are compared for the four groups of rats for
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the prechronic and postchronic tests in Fig. 1. A dose-related
increase in hypothermia was observed during the prechronic
test. During the postchronic test, group 1 rats (intermittent
drug/contingent training) showed less hypothermia to the 15-
and 60-mg/kg doses as compared to the prechronic test re-
sults. Group 3 (intermittent drug/noncontingent training) did
not differ significantly in hypothermic effects for all three
drug doses at the postchronic test. Both group 2 (chronic
drug/contingent training) and group 4 (chronic drug/noncon-
tingent training) demonstrated marked tolerance to all three
doses of CDP at the postchronic test and, in fact, showed
trends for a hyperthermia.

The durations of hypothermia to prechronic test and post-
chronic test drug effects are illustrated in Fig. 2. A dose-
related increase in hypothermia was seen during the pre-
chronic test. In the postchronic test, group 1 subjects showed
a trend for a lessened effect for all three doses of CDP, but
this was significant only for the 60-mg/kg dose. Group 3 ani-
mals also showed this trend but without significant differences
between prechronic test and postchronic test results for any
dose. Groups 2 and 4 were markedly tolerant with brief dura-
tions of hypothermia from all three doses at the postchronic
test, in agreement with the peak drug effects (Fig. 1).

After withdrawal of chronic drug or vehicle, BT effects of
the 30-mg/kg test dose of CDP were determined during the
postwithdrawal test (day 61, Table 1). All subjects were then
exposed to extinction training and administered 30 mg/kg
CDP at the postextinction test (day 71). Comparison of peak
drug and duration effects on BT at the postchronic, postwith-
drawal, and postextinction tests is seen in Table 2. Groups 1
and 3 showed no significant differences over these three test
periods. Group 2 lost tolerance at the postwithdrawal test
compared to the postchronic test values, but again showed

15

30 60

mg/kg

FIG. 1. Peak hypothermia to chlordiazepoxide during prechronic and post-
chronic tests. Cross-hatched bars, prechronic values; open bars, postchronic val-
ues in group 1 rats; solid bars, postchronic values in group 3 rats; right-hatched
bars, postchronic values in group 2 rats; left-hatched bars, postchronic values in
group 4 rats. Only groups 1 and 2 received contingency training and only groups
2 and 4 received chronic chlordiazepoxide. Body temperature measures are relative
to baseline controls (+SEM). Test doses of drug = 15, 30, and 60 mg/kg IP.
The letter @ above or below a bar denotes postchronic measures that are signifi-
cantly different (p < 0.05) from prechronic controls. See the Method section and

Table 1 for details of treatments.
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FIG. 2. Duration of chlordiazepoxide hypothermia during prechronic and post-
chronic tests. See Fig. 1 legend for further details.

less hypothermia to 30 mg/kg CDP during the postextinction
test. This latter determination (—0.26°C) was also a signifi-
cantly smaller drop in BT than that caused by 30 mg/kg CDP
during the prechronic test (— 1.0°C, Fig. 1). Group 4 rats also
lost a significant degree of tolerance to peak hypothermia
from 30 mg/kg CDP at the postwithdrawal test. However, in
group 4 the fall in BT at the postextinction test, while showing
a trend for a lesser effect, remained significantly different
from the value of the postchronic test and did not differ from
the postwithdrawal test BT reading.

Ataxia

Prechronic and postchronic test scores for peak ataxia after
15, 30, or 60 mg/kg CDP are depicted in Fig. 3. Although
not shown, RR scores were not altered from control values
following injection of vehicle. Prechronic values indicated a
dose-related decrement in RR. Postchronic test scores showed

that groups 1 and 3 developed tolerance for the 15-mg/kg
dose, but only group 1 was also tolerant to the 30- and 60-mg/
kg doses. Group 2 showed a nonsignificant trend for tolerance
at the postchronic test for peak ataxia, while group 4 showed
significant tolerance at this test for the 30- and 60-mg/kg
doses, relating to the prechronic test scores.

The durations (time to recover to 50% of control RR, or
90 s) of CDP disruption of RR during the prechronic and
postchronic tests are illustrated in Fig. 4. Prechronic scores
indicated a dose-related increase in duration of impaired RR
by the initial CDP test doses. During the postchronic test,
group 1 subjects were tolerant to all three test doses of drug
whereas group 3 animals were not. Groups 2 and 4 failed
to show significant tolerance for RR duration effects at the
postchronic test, with the exception of the 60-mg/kg dose of
CDP in group 4.

Table 3 compares the RR scores from postchronic, post-
withdrawal, and postextinction tests relating to the effects of

TABLE 2

COMPARISON OF POSTCHRONIC, POSTWITHDRAWAL, AND POSTEXTINCTION TEST
RESULTS FOR CHLORDIAZEPOXIDE EFFECTS ON BODY TEMPERATURE

Groups
INT/CE INT/NCE CHR/CE CHR/NCE

Drug Test (group 1) (group3) (group2) (group 4)
Peak BT effects (°C + SEM)

Postchronic -0.69 (£ 0.16) —0.55(x0.12) +0.14 (£ 0.149) +0.32 (£0.11)

Postwithdrawal —-0.38(x 0.18) -0.51(x0.14) —-0.52(+ 0.19)* —0.44 (+£0.18)*

Postextinction —0.68 (= 0.14) —0.59 (+£0.31) -0.26 (x 0.18) -0.35(+0.15)
Duration of BT effects (min + SEM)

Postchronic 15.7(x 7.9) 12.9 (+6.8) 0.4(x 0.1) 0.4(£0.2)

Postwithdrawal 17.9(+11.1) 12.1 (+7.9) 146 (£ 5.7)* 24.6(+8.9)

Postextinction 19.6 (= 8.9) 10.0 (+7.9) 16.8 (x11.1) 12.8 (+6.8)

See Table 1 for keys to abbreviations.

*Significantly different from postchronic value, p < 0.05. Test dose of drug = 30 mg/kg IP.
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FIG. 3. Peak rotarod impairment by chlordiazepoxide during prechronic and
postchronic tests. Peak ataxia, mean time (seconds + SEM) rats remained on
the rotating cylinder. The letter @ above a bar denotes postchronic values that
are significantly different (p < 0.05) from prechronic controls. The letter b
above a bar denotes contingently trained rats that are significantly different
from the matched intermittent or chronic drug group without contingency train-
ing. See Fig. 1 legend for further details.

30 mg/kg CDP. For peak effects, only group 4 showed a loss
of tolerance comparing the postchronic test and postwith-
drawal test scores; only group 1 lost tolerance when compar-
ing postwithdrawal test and postextinction test scores. Regard-
ing duration of RR deficits caused by CDP, only group 3
showed significant changes: At the postwithdrawal test, the
RR score was prominently decreased from the postchronic test
value, but at the postextinction test RR sensitivity to CDP

DURATION OF ATAXIA (min)

once more increased to be significantly greater than at the
postwithdrawal test score.

DISCUSSION

Hypothermia induced by CDP was dose related for both
peak effects and duration. Earlier studies with ethanol, barbi-
turates, and benzodiazepines also demonstrated dose-related

mg/kg

FIG. 4. Duration of rotarod ataxia (time to 50% recovery, min = SEM) by
chlordiazepoxide during prechronic and postchronic tests. See Fig. 1 and 3 legends

for further details.
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TABLE 3

COMPARISON OF POSTCHRONIC, POSTWITHDRAWAL, AND POSTEXTINCTION TEST
RESULTS FOR CHLORDIAZEPOXIDE EFFECTS ON ROTAROD PERFORMANCE

Groups
Drug Test INT/CE (group 1) INT/NCE (group3) CHR/CE (group2) CHR/NCE (group 4)
Peak RR effects (seconds + SEM)
Postchronic 62.7 (+8.7) 51.4(+13.0) 56.2 (£ 10.5) 77.8 (£ 5.7)
Postwithdrawal 77.8(£8.1) 63.2(+11.4) 66.1(+11.4) 422(x 9.7)*
Postextinction 55.1(x8.9)% 50.9 (£11.6) 55 (x11.3) 51.9 (£ 10.5)
Duration of RR effects (min + SEM) .
Postchronic 7 (£3.4) 21.5(x11.1) 23.3(x 9.6) 16.1 (x10.2)
Postwithdrawal 5 (£3.3) 8.3(x 3.8)* 21.1(x11.4) 20.0(x 7.8)
Postextinction 15 (£5.0) 27.2 (£ 11.7)t 26.1(+12.2) 20.0(x10.0)

See Table 1 for keys to abbreviations.

*Significantly different from Postchronic value, p < 0.05. Test dose of drug = 30 mg/kg IP.
tSignificantly different from postwithdrawal value, p < 0.05.

hypothermia (5,13,17,20-22). Group 1 rats, with time-spaced
contingent experiences of CDP hypothermia, showed CT
(learned, or behavioral, tolerance). This was best illustrated
by the difference in hypothermia between groups 1 and 3 at
the 60-mg/kg dose (Figs. 1 and 2). This agrees with our find-
ings for ethanol (20) and pentobarbital (21,22), where contin-
gency training with spaced dosing also induced CT. However,
in those studies the lowest test dose afforded the clearest evi-
dence of CT, as was also true for ethanol in studies by Le et
al. (17) and Tabakoff et al. (31). Greeley and Cappell (12)
claimed to establish CT for CDP hypothermia but did not
explore dose-response parameters. On the other hand, Grif-
fiths and Goudie (13) established a dose-related hypothermia
to a benzodiazepine but failed to develop a CT. Griffiths and
Goudie criticized the conclusion of Greeley and Cappell in
that intrinsic stimulus factors unrelated to tolerance phenom-
ena may have led to a faulty interpretation. Nonetheless, our
results show clearly that contingency training with a benzodi-
azepine can develop CT.

Chronic drug treatment in the present study (groups 2 and
4) resulted in a marked tolerance (assumed to be primarily
NCT, cellular/dispositional types) to hypothermia at all
doses, so that any expression of CT in group 2 would have
been obscured. Actually, a trend for hyperthermic responses
was noted in these groups (Fig. 1). Trends for hyperthermia
after chronic ethanol (20) and pentobarbital (21) were also
noted, and a compensatory hyperthermia to chronic ethanol
has been reported by others (12,14,23).

Upon withdrawal of chronic drug or vehicle, only the
chronic drug groups lost tolerance to hypothermia at the post-
withdrawal test (Table 2), indicating that only these subjects
had developed significant NCT. After extinction training, 30
mg/kg CDP induced a lower level of peak hypothermia in
group 2 at the postextinction test but not in group 4. This is
paradoxical because any CT present in group 2 should have
dissipated and resulted in a greater fall in BT. Therefore, the
duration or quality of extinction training may have been insuf-
ficient, a proposal that gains credence by the failure of group
1 to lose significant tolerance at the postextinction test. Fur-
ther, the different patterns of peak BT changes for the tests in
Table 2 for groups 2 and 4 may be explained by the presence
of an occult CT in group 2 that was masked by chronic drug
treatment. After sufficient withdrawal and testing at the post-
extinction test, this CT may have finally been expressed.

In our earlier studies of ethanol and pentobarbital hypo-
thermia (20,21), group 2 did not lose significant tolerance at
the postwithdrawal test while group 4 did show a loss (presum-
ably, loss of NCT). In those studies, the presence of CT in
group 2 appeared to mask, as a redundant influence, the loss
of NCT at the postwithdrawal test. This was affirmed by sig-
nificant loss of tolerance in group 2 to ethanol or pentobarbi-
tal test doses at the postextinction test, but without further
loss of tolerance at this test in group 4. Differences between
patterns of tolerance to CDP hypothermia and those seen
previously with ethanol and pentobarbital suggest that benzo-
diazepines act differently due to peculiar aspects of their psy-
chopharmacology or perhaps due to formation of long half-
life active metabolites [(28); see also below].

The groups receiving intermittent CDP (1 and 3) were not
expected to lose significant tolerance for hypothermia at the
postwithdrawal test, as was the case (Table 2). Group 1 (con-
tingently trained) should have lost any CT that had developed
during extinction, but there was no significant loss of toler-
ance for CDP hypothermia in this group at the postextinction
test, as indicated above. However, the CT expressed by group
1 (but not group 2) at the postchronic test occurred with the
15- and 60-mg/kg test doses of CDP, whereas the postwith-
drawal and postextinction tests utilized the 30-mg/kg test
dose. If 15 or 60 mg/kg rather than 30 mg/kg had been in-
jected before the postextinction test, a loss of CT might have
been observed in group 1. Another complication of this exper-
imental design was the treatment of group 1 with vehicle injec-
tions during the chronic treatment period (Table 1, days 13-
48), which may have introduced a partial reinforcement influ-
ence that would increase resistance to extinction.

Acute ataxia (RR) effects of CDP (prechronic test, Figs. 3
and 4) were dose related for both peak and duration, as true
for the previous study of pentobarbital ataxia (22). At the
postchronic test, group 1 showed CT (compared to drug ef-
fects in group 3). Surprisingly, group 2 showed no significant
tolerance to RR impairment by CDP at the postchronic test,
although group 4 did show tolerance at this test. Hypotheti-
cally, group 2 should have demonstrated the greater tolerance,
with CT relating to contingency training and NCT from
chronic dosing. Therefore, contingency training in group 2
for RR influences appeared not to promote CT, as well as to
interfere with expression of NCT that was anticipated for this
group. In the earlier pentobarbital study (22), the towel-wrap
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appeared to complicate experimental influences for RR, that
is, a “learned helplessness” (27) seemed to nullify development
or expression of CT in group 1 subjects to pentobarbital test
doses and actually enhance RR disruption to pentobarbital in
group 3 at the postchronic test in this previous study. Never-
theless, groups 2 and 4 still expressed significant tolerance to
pentobarbital impairment of RR, without a significant differ-
ence between them. Therefore, the artifact associated with
towel-wrap cannot fully explain the unexpected RR results
with CDP in group 2 in the present study.

Upon withdrawal of chronic vehicle, group 1 showed no
change for peak ataxia to CDP, comparing postwithdrawal
test scores to postchronic test results. However, group 1 lost
tolerance at the postextinction test, as the CT that this group
had developed at the postchronic test (Fig. 3) was attenuated
by extinction training. Moreover, group 3, which was not con-
tingently trained and showed little evidence of CT at the post-
chronic test, was not significantly different in peak RR scores
going from postwithdrawal to postextinction test scores (Table
3). Peak ataxia in group 2 did not change significantly going
from the postchronic test to the postwithdrawal test and then
to the postextinction test, in accord with the lack of expression
of tolerance in Fig. 3. Group 4 had shown tolerance (presum-
ably NCT) at the postchronic test to peak ataxia and was
significantly more ataxic for peak effects at the postwith-
drawal test (loss of NCT), while showing no further loss of
tolerance at the postextinction test (i.e., no CT was present as
these subjects had not been contingently trained). Scores for
the duration of RR effects of CDP at the postwithdrawal and
postextinction tests (Table 3) did not coincide with anticipated
results. This was in particular true for group 3, which lost
“tolerance” at the postwithdrawal test (although these rats were
not tolerant at the postchronic test) and then showed again a
greater duration of RR effects at the postextinction test.

Other behaviors that have been examined in rats for devel-
opment of CT with CDP treatment include general activity
levels. File (7) showed that acquisition of tolerance was not
related to contingency training but retention of tolerance was.
Greeley and Cappell (12), failing to demonstrate CT for CDP
hypnosis, claimed to show CT to a less prominent CNS de-
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pression (“inactivity time”). Cook and Sepinwall (6) indicated
a CT for sedation of CDP in a conflict-punishment procedure
(“initial treatment phenomenon”). Mokler and Rech (24) de-
scribed an initial treatment phenomenon for diazepam in an-
other type of punishment paradigm in which some elements
appeared to involve CT while others were consistent with
NCT. Triet (32) found NCT for the anxiolytic effects of diaze-
pam that developed after 10 days of 1 mg/kg daily dosing.
Therefore, it appears that NCT to benzodiazepines can de-
velop rapidly even with minimal chronicity. Failure to pro-
mote CT to benzodiazepines under some conditions has been
attributed to insufficient discriminating cues or “overshadow-
ing” or masking influences of the environments or treatment
protocols (12,13). Nevertheless, CT has been described for
many behavioral effects of other CNS depressant drugs with
reasonable facility, suggesting that CT aspects of the benzodi-
azepines are more complex than for other drug classes. Per-
haps amnestic properties of chronic benzodiazepines are in-
volved (28), or rapid development of NCT may reduce the
impetus to develop CT.

In summary, results from both BT and RR measures
showed that: a) spaced dosing of rats with CDP administered
contingently to affect behaviors resulted in the development
of CT, whereas spaced dosing noncontingently in other ani-
mals showed little tendency to promote CT; b) chronic CDP,
with or without contingency training, was effective in develop-
ing NCT, excepting the RR measure in chronic drug, contin-
gently trained subjects (group 2); c) contingency training in
subjects treated chronically with CDP did not develop a clear-
cut CT. Points a) and b) agree with previous conclusions from
studies of the same design with ethanol (20) and pentobarbital
(21,22). But the CDP data relating to point c) differs from
that of the previous studies and suggests something unique
about the psychopharmacology of chronic CDP.
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