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REVUSKY, S. AND S. REILLY. Dose effecty on heart rate conditioning when pentobarbital is the CS and amphetamine is the US.
PHARMACOL BIOCHEM BEHAV 36(4) 933-936, 1990.—If sodium pentobarbital is injected into rats 30 min prior to
d-amphetamine sulphate on four or five occasions, there is a learned effect of pentobarbital on heart rate. The conditioned response
is a higher heart rate than found in rats with a ¢ontrol history of exposure to the same drugs. In Experiment 1, when the pentobarbital
dose was 32 mg/kg throughout, this effect was; obtained with amphetamine doses of 2, 4, 8, or 16 mg/kg. In Experiment 2, when the
amphetamine dose was 12 mg/kg throughout, pentobarbital doses of 16 and 32 mg/kg yielded conditioning, while 8 mg/kg yielded

equivocal results.
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WHEN two drugs are injected in sequence and the procedure is
interpreted as classical conditioning, the first drug is considered a
conditioned stimulus (CS) and the second drug is considered an
unconditioned stimulus (US). Conditioning is demonstrated by
development of a conditioned response (CR) to the CS that can be
attributed to the CS-US pairing (2).

There are a number of methods of demonstrating drug-drug
conditioning (1, 4, 6, 11, 12). The method used here is to inject
pentobarbital (the CS drug) into rats 30 min prior to the injection
of d-amphetamine (the US drug). HR conditioningjusually occurs
after 24 pentobarbital-amphetamine pairings. The CR to the
pentobarbital CS is an increased heart rate (HR) that begins about
10 min after the pentobarbital injection and lasts abgut an hour (6).
Such rapid conditioning is suggestive of an innate predisposition
toward such conditioning (3) that enables the animal to better
regulate its internal environment by anticipating the US (4).
Presumably, the CS corresponds to naturally odchrring internal
signals, the US corresponds to naturally occurring aftereffects, and
the CR contributes toward homeostatic regulation in the natural
life of the animal.

In our earlier work, we had used high doses of
mg/kg of sodium pentobarbital and 12-24 mg/kg
amine sulfate, because we thought this might
likelihood of successful results. In another drug+dru
procedure, Avfail, high doses of both the CS and U
necessary (5). In the Avfail procedure, pairing the| CS drug with
the US drug endows the CS drug with the capacity td interfere with
the conditioning of taste aversions produced either|by the US drug
(1), by some other drug (7), or by the CS drug itsplf (5). In our
initial experimentation, it would have been foolhandy to suppose
that HR conditioning is obtainable through lower U$ doses than is
Avfail. However, HR conditioning was easily abtained with high
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doses of each drug (6) and here we tried to determine if such high
doses really were necessary. In Experiment 1, the pentobarbital
dose was 32 mg/kg for all rats and the dose of d-amphetamine
sulphate was varied from 2 to 16 mg/kg for different experimental
groups. Experiment 2 was similar except that the amphetamine
dose was held constant at 12 mg/kg, while the pentobarbital doses
were 8, 16, or 32 mg/kg for different groups.

In each experiment, the controls were subjected to both the
pentobarbital CS and the amphetamine US, but the amphetamine
was not injected until the following day, a procedure that prevents
conditioning (6) and equates prior exposure to both the CS drug
and the US drug. Furthermore, both experimental and control
groups were equally under the pharmacological influence of
recently injected pentobarbital during the test of conditioning.
However, although these pharmacological effects were taken into
account in the experimental design, it is noteworthy that, for our
purposes, pentobarbital has no important effect on HR. The
pentobarbital CS produces some rise in HR on an initial exposure,
but after 4 or 5 exposures, it does not increase HR among
unconditioned controls during the period when the CR occurs (6).

METHOD

Subjects and Materials

The naive male Sprague-Dawley rats were housed in individual
stainless steel cages with unlimited access to dry Purina chow. All
experimentation was conducted in the animal housing room,
which was illuminated 24 hours per day. During the experiments,
the rats received water on a schedule of two days of free access
followed by two days without water. Just prior to initiation of this
regimen, the weight range of the rats was 187-210 g. On the day
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before Trial 5 (the first test apparatus session), electrodes (safety
pins) were implanted subcutaneously on the left shoulder and right
flank for HR recording.

The pentobarbital used was Somnotol brand. The d-amphet-
amine sulfate was a powder donated by Smith, Kline and Bechman
of Canada. All injections were diluted in saline to equal 1 ml/kg.

Apparatus

Each of eight identical test chambers consisted of an aluminum
shell (12.2 cm high and 19.1 cm diameter) that contained a rigid
plastic liner into which the rat was placed. In the centre of the steel
mesh lid was a swivel that permitted the animal to move freely
while its electrodes were connected by alligator clips to the HR
monitoring equipment. Further details, including a photograph of
a test apparatus, have been published elsewhere (6).

The output from the electrodes was amplified bipolarly and
read by means of a Labmaster board and Labpac software
(Scientific Solutions, Inc.) for 1.2 sec at 1-msec intervals. In each
1.2-sec sampling period, data was obtained from all 8 rats and
placed into an array in the memory of an AT type computer
(Tatung). Overall control was by a program in Microsoft Quick-
Basic that determined peak amplitudes and translated them into a
rate. This HR determination was crosschecked through the pro-
gram for various conceivable artifacts. It also could be overridden
by the operator on the basis of a graph of amplified outputs over
time that was displayed on the video monitor for each rat. When
an HR was rejected, there was a second sampling period to
determine the HR once again. We know of only one bias: a double
heart beat (extrasystole), which occurred very rarely, was rejected
by the QuickBasic program as an error.

Experiment 1

Each of 4 experimental groups contained 20 rats and each of
the 4 control groups contained 10 rats. Each pair of experimental
and control groups was assigned to a different dose of d-
amphetamine: 2, 4, 8, or 16 mg/kg. One experimental rat (8
mg/kg) died before Trial 5 and one control rat (16 mg/kg) died
after completing Trial 5.

There were 4 conditioning trials in the home cage prior to 2 test
trials in the HR monitoring apparatus. With rare exceptions,
animals were run in squads of 8. Each squad contained 0-2
animals from each of the 8 groups and groups were balanced for
assignment to each of the 8 experimental chambers. HRs were
sampled at 3-min intervals during Trials 5 and 6.

Trials were administered four days apart while the rats were
16-20 hours water deprived. During the conditioning trials all rats
were injected IP with the CS drug (32 mg/kg of sodium pentobar-
bital) and then, 30 min later, the experimental animals were
injected IM with the appropriate dose of d-amphetamine; the
control animals were injected with the amphetamine on the
following day.

Trials 5 and 6 were the test trials and were conducted in the test
chambers. The CS drug was injected following an 18-min accli-
matization period and the animals remained in their chambers for
a further 48 min. For the experimental animals the US drug was
administered when the rats were removed from the chambers on
completion of the trial; the control animals received their amphet-
amine, as in Trials 1-4, on the following day. Trial 6 was identical
in all respects to Trial 5 except that amphetamine was omitted.

Experiment 2

The d-amphetamine dose was held constant at 12 mg/kg with
experimental and control groups subjected to different doses of
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pentobarbital: 8, 16, or 32 mg/kg. The procedure was identical to
that of Experiment 1 except that the control subjects received an
injection (1 ml/kg) of normal saline at the time the experimental
animals were injected with the US drug and vice versa. There were
20 rats per group except for 18 rats in the 32 mg/kg experimental
group and 27 rats in the 32 mg/kg control group. One rat in the 16
mg/kg control group died during the conditioning stage.

Inferential Statistics

Neither experiment yielded a reliable difference among the
various control groups and hence the control data were pooled
within each experiment. Conditioning was considered to have
occurred if, after the pentobarbital injection, an experimental
group exhibited reliably higher HRs than the pooled controls.
There was no important danger of experimentwise error due to
multiple comparisons between groups because there were adequate
constraints from prior findings and the logic of the experiment.
But the many HR measurements at different 3-min intervals taken
for each group were a source of concern. Hence, we used z-tests
based on mean HR during a criterion period beginning 24 min after
the pentobarbital injections and ending 48 min afterward. As
explained elsewhere (6), this is a reasonable criterion and more
conservative than the usual repeated measure analysis, which is
flawed for the present application. Given statistical significance
according to this overall criterion, the CR was considered to be
apparent during all successive 3-min determinations in which the
CR yielded p<0.10, two-tailed, provided at least one of these
determinations was in the criterion period. For instance, if the
overall criterion was met and all individual r-test results from 6
min after pentobarbital injection until 48 min after injection
yielded p<<0.10, two tails, the duration of the CR was from 6 until
48 min after the pentobarbital injection. We also provided for
statistical evaluation of unanticipated effects but none emerged.

RESULTS

The present CR is defined entirely in terms of differences from
controls rather, than is usual, at least partly in terms of a change
from a baseline. Hence it is appropriate to first consider the control
data for Experiment 1 (Fig. 1). In both Trials 5 and 6, the control
curves indicate that during the first 18 min after the rat is placed in
the test chamber, prior to any injection, its HR decreases. This
decrease is a recovery from a transient rise in HR rate that occurred
when the rat was moved from its home cage and placed in the test
chamber. The handling involved in the pentobarbital injection
procedure also produces a transient rise in HR followed by a
recovery. This rise is not mainly due to the pentobarbital because
a similar rise in HR occurs when saline is injected (6). There is
also an overall reduction in HR among the controls from Trial 5 to
Trial 6 that occurs because the rats are becoming increasingly
more accustomed to the test chamber and the associated handling
procedures (6).

It was decided, a priori, that Trial 6 was a better test of
conditioning than Trial 5 because disruptive effects due to novelty
of the test apparatus ought to have dissipated. In Experiment 1,
each of the four doses of d-amphetamine produced conditioning on
Trial 6 relative to the pooled controls during our overall criterion
period (beginning 24 min after pentobarbital injection) at p<<0.005
(Fig. 1, right side). The controls subjected to different amphet-
amine doses did not differ reliably among themselves. On each
determination beginning 27 min after the pentobarbital injection,
each experimental group exhibited reliably higher HRs than the
pooled controls. In the case of the 16 mg/kg amphetamine group,
significance was present on each determination beginning 6 min
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FIG. 1. Effects on heart rate conditioning when different doses of d-amphetamine were used as the US drug and

32 mg/kg of sodium pentobarbital was the CS drug.

after the pentobarbital. To test for a difference among the doses
during the criterion period on Trial 6, we looked for a trend as a
function of the logarithm of the dose and found none. Although the
CR was evident sooner after pentobarbital injection in the 16
mg/kg experimental group than in the other experimental groups,
there is no statistical evidence that this is due to a nonchance
difference among the experimental groups.

On Trial 5 of Experiment 1 (Fig. 1, left side), which followed
4 CS-US pairings, the 8 and 16 mg/kg amphetamine doses yielded
significant overall conditioning, but the 2 and 4 mg/kg doses
yielded statistically marginal conditioning (p<<0.10, two tails).
The trend for increased HR with the log of the amphetamine dose
yielded p<<0.05 on a one-tailed basis. Due to the negative results
for this measure on Trial 6, this cannot be considered convincing
evidence for a dose effect.

The control data for Experiment 2 (Fig. 2) were very similar to
those for Experiment 1 (Fig. 1) and the conditioning produced by
the 32 mg/kg CS dose of pentobarbital on each of Trials 5 and 6

was similar to that produced when the same pentobarbital dose was
used with the higher amphetamine doses of Experiment 1. On each
of Trials 5 and 6, this conditioning was unequivocal for 32 mg/kg
pentobarbital (ps<<0.001 as compared to the pooled controls,
which did not differ among themselves). All successive determi-
nations yielded significant results from 15 min after pentobarbital
injection on Trial 5 and from 12 min after injection on Trial 6. This
pattern of results is exactly what would be expected on the basis of
the results of Experiment 1.

The new information from Experiment 2 was that conditioning
was inferior or nonexistent with pentobarbital doses below 32
mg/kg (Fig. 2). Contrary to our a priori expectations, the condi-
tioning for these CS doses seemed better on Trial 5 than on Trial
6. The 8 mg/kg and 16 mg/kg pentobarbital groups exhibited
significant conditioning on Trial 5 (ps<<0.05) but not on Trial 6,
although the 16 mg/kg pentobarbital group yielded p<0.10,
two-tailed, on Trial 6. On Trial 5, there were no overall statisti-
cally significant differences among the three experimental groups

F S H
o n 4]
o [4 ] o

Heart Rate (Beats per Min)
w
~
(4]

LN ML N e S NS e e BN

o0

) 32 mg/KQg wu—n—x
16 mg/kg e-e-6-o
8 mg/kg bt

Controls e-¢-e-¢
¢

N Y

PP

sl 1Mial 5 Trial 4
o,e.l...l...l...1...|...|‘.|...|...|...|...|..4_|_%
-12 0 #2 424 +36 8 -12 0 +2 24 36 w8

Minutes from Pentobarbital Injection

FIG. 2. Effects on heart rate conditioning of different doses of sodium pentobarbital as the CS drug when the
US drug was 12 mg/kg of d-amphetamine throughout.
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in HR during the criterion period. But on Trial 6, which was a
selected a priori as the criterion trial, this difference had p<<0.02
and the 8 mg/kg and 16 mg/kg groups each had lower HRs than the
32 mg/kg group during the criterion period at p<<0.02. Because the
CR produced by the pentobarbital-amphetamine combination is a
heightened HR and because the Trial 5 result for 16 mg/kg
pentobarbital was significant, there is enough evidence to allow a
one-tailed interpretation that 16 mg/kg pentobarbital produced
conditioning on Trial 6. The 8 mg/kg pentobarbital dose group did
not meet the primary statistical requisite for conditioning, a higher
HR during the criterion period than among the controls, but it was
not statistically distinguishable from the 16 mg/kg pentobarbital
group which did exhibit conditioning. Thus, we are not sure
whether the 8 mg/kg pentobarbital dose produced conditioning.
The possibility cannot be excluded that additional trials might have
produced clearer conditioning for the 8 mg/kg dose, but we doubt
it because earlier work (6) shows, if anything, weakening of the
observable HR effect with additional trials.

DISCUSSION

Unfortunately, we understand little of the specific mechanisms
underlying drug-drug conditioning of HR. In still unpublished
work, we have varied the US, and obtained very similar condi-
tioning with nicotine, but not with atropine, lithium, caffeine, or
footshock (9). This shows that the US is not generalized stress or
stimulation, but we are unable to come up with any more specific
explanation accounts for this pattern of results. This forces us into
a very empirical discussion of these results.

In both experiments, there were four conditioning trials in the
home cage prior to two test trials in the HR monitoring apparatus.
Drug-drug conditioning, at least with the procedure used here, is
not context specific; that is, pairings of the two drugs while the rat
is in its home cage produce conditioning that is at least as
pronounced as that resulting from pairings of the two drug
injections in the HR monitoring apparatus (8). A contrary earlier
report (6) was due to misinterpretation of certain resuits. The
procedure of conditioning the rats in the home cage is very
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efficient because one simply administers the paired injections
without the extra labor of keeping the rats in the test apparatus. It
also makes it certain that external cues from the test apparatus are
not part of the CS complex. However, it does not yield acquisition
data, which is not easily recorded in the home cage. In earlier
experiments in which all trials were administered in the HR
monitoring apparatus (6,8), we sometimes observed evidence for
conditioning on the third or fourth test trial, but never earlier.

As in earlier work, drug-drug conditioning occurred after very
few conditioning trials. But, in contrast to earlier work based on
high doses, conditioning was demonstrated at doses that corre-
spond closely by behavioral criteria to doses in frequent use among
humans. Amphetamine doses of up to 5 mg/kg are effective
rewards for rats (10) and such doses are probably similar in effect
to those used recreationally by humans. By our informal observa-
tions, the 8 mg/kg pentobarbital did not cause the rats to go to
sleep, the 32 mg/kg dose caused all the rats to go to sleep within
5-10 min, while the 16 mg/kg dose had variable effects. Hence,
the 16 mg/kg pentobarbital dose has a sedative effect probably
weaker than that of barbiturate doses used by humans for sedation.

Drugs are frequently used in combination both clinically and
recreationally. We believe that the principles demonstrated here
are applicable to CRs other than a change in HR and to a variety
of drug-drug combinations and can cause changes in the therapeu-
tic effects of drugs. That the present results are not unique is clear
from the effects of pairing diazepam with chlorpromazine (13).
Diazepam’s efficacy as a muscle relaxant is reduced while its
capacity to reduce anniety is increased. Thus, different clinical
effects of diazepam are changed differently by the very same
pairings. Hence, it is very likely that still other therapeutic effects
of drugs can become enhanced or degraded due to drug-drug
conditioning.
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