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1984.—The effects of tripelennamine (3, 6, 12, 18, and 24 mg/kg) and pentazocine (5, 10, 20, 30, and 40 mg/kg), given alone
and in selected combinations, were determined in rats performing under an interresponse-time-greater-than-15-sec
schedule of food delivery. Each drug alone produced statistically insignificant increases in response rates and statistically
significant decreases in reinforcement rates. Combinations produced effects identical in direction to, and significantly
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greater than, those predicted by a simple additive model.
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Operant behavior

ILLICIT use of pentazocine in combination with tripelen-
namine has recently become widespread and has conse-
quently evoked considerable attention (e.g., (2, 11, 16, 17,
22, 23}). The mixture, which is used by addicts as a heroin
substitute, is commonly referred to as **T’s and blues’” [22].

Pentazocine is a benzomorphan derivative with both nar-
cotic agonist and antagonist characteristics [7,12]. The drug
is a potent analgesic and has known addictive potential [10].
Tripelennamine is an ethylenediamine antihistaminic which
blocks H, receptors. Low to moderate doses produce central
nervous system excitation; higher doses produce sedation.
Tripelennamine alone has been reported not to have addict-
ive potential [22].

There is emerging interest in the effects of pentazocine
and tripelennamine in nonhumans. Recent investigations
have demonstrated that the combination: (1) increases le-
thality in mice relative to either drug alone [19,24]; (2) has
morphine-like discriminative properties [21]; and (3) blocks
some narcotic abstinence symptoms in mice [1]. Tripelen-
namine also enhances analgesia in pentazocine-tolerant rats
and delays the development of tolerance to the analgesic
properties of pentazocine [3].

Nothing has yet been reported concerning the effects of
tripelennamine and pentazocine combinations on schedule-
controlled behavior, although studies of drug effects on op-
erant performance are well accepted in behavioral phar-
macology and have yielded a wealth of information concern-

ing drug-behavior interactions (see [4, 13, 20]). In order to
further profile the behavioral actions of tripelennamine and
pentazocine in combination, the present study examined the
effects of these drugs on the responding of rats maintained
under an interresponse-time-greater-than-t (IRT>t) schedule
of food delivery. Although the majority of studies of the
effects of narcotic agonists and antagonists on schedule-
controlled performance have employed fixed-ratio or fixed-
interval schedules [6,20], the IRT>t schedule has previously
been shown to provide a sensitive baseline for analyzing
drug interactions [18]. Thus it was used in the present study.

METHOD
Subjects

Four experimentally naive adult male Sprague-Dawley
rats, maintained at 80% of free-feeding weights, served as
subjects. They were individually housed with unlimited ac-
cess to water in a colony area with controlled temperature
(23°C) and lighting (12-hr light/dark cycle).

Apparatus

Four plastic and aluminum operant conditioning cham-
bers were used. Each chamber was equipped with two re-
sponse levers and a feeder which delivered 45 mg Noyes
food pellets (P. J. Noyes Co., Inc., Lancaster, NH) when
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desired. The right lever remained inoperative throughout the
study. Constant ambient illumination was supplied during
experimental sessions by a 7-W white houselight; an exhaust
fan provided ventilation and masking noise. Programming of
experimental events and recording of data were controlled
by a PDP-8/A computer (Digital Equipment Co., Inc.,
Maynard, MA) equipped with interfacing and software
(SUPERSKED) supplied by State Systems Inc.
(Kalamazoo, MI).

Behavioral Procedure

The rats were first trained to lever press under a fixed-
ratio 1 (FR 1) schedule, where a food pellet followed each
lever press. After each rat responded consistently under the
FR 1 schedule, it was exposed to an IRT>t schedule. Under
the IRT>t schedule, a food pellet followed the first response
emitted at least a specified number (t) of seconds after re-
ceipt of the preceding pellet; each response emitted before
that time reset the interval. Rats were initially exposed to an
IRT>1-sec schedule that was lengthened across 15 sessions
to an IRT>15-sec. Here, for food to be delivered responses
had to be separated in time by at least 15 sec.

The IRT>15-sec schedule was in effect throughout the
balance of the study. Each rat was exposed to one 30-min
session per day, 6 days per week. Number of responses emit-
ted and number of reinforcers (food pellets) earned per ses-
sion were recorded.

Pharmacological Procedure

The effects of pentazocine and tripelennamine were eval-
vated alone and in combination. Drugs were administered
only when an individual rat’s performance was stable across
three consecutive control sessions, in one of which a 1 ml/kg
injection of isotonic saline solution was given intraperitone-
ally (IP) 30 min prior to the experimental session. Respond-
ing was assumed to be stable when the mean rate of respond-
ing varied by less than 10% across the three sessions. Dose-
response curves were determined for 5 doses of pentazocine
alone (5, 10, 20, 30, and 40 mg/kg) and 5 doses of tripelen-
namine alone (3, 6, 12, 18, and 24 mg/kg). Each rat received
each dose of pentazocine and tripelennamine on one occa-
sion, in an irregular order. Following testing of the individual
drugs, dose-response curves for the two drugs in combina-
tion were determined. The effects of 3 doses of pentazocine
(5, 10, and 20 mg/kg) and 3 doses of tripelennamine (3, 6, and
12 mg/kg) were evaluated in all possible combinations; the
effects of 30 mg/kg pentazocine plus 3 and 6 mg/kg tripelen-
namine were also determined. Higher combination doses
were observed in pilot studies to occasionally produce sei-
zures and death (cf., [19]) and therefore were not evaluated
in the present study. Each rat received each of the 11 com-
bined doses once, in an irregular order. Finally, as a test for
tolerance or supersensitivity, dose-response curves were re-
determined for 3 doses of pentazocine alone (5, 20, and 40
mg/kg) and for 3 doses of tripelennamine alone (3, 12, and 24
mg/kg).

All drug injections were given at a volume of 1 mlkg.
Doses of tripelennamine (Sigma, St. Louis, MO) refer to the
total salt, doses of pentazocine (purchased as Talwin® from
Winthrop Laboratories, New York, NY) refer to the total
base. Both drugs were mixed with isotonic saline solution to
obtain the proper injection volume. When given alone and in
combination, pentazocine and tripelennamine were given IP
30 min prior to the experimental session. Thus, conditions of
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FIG. 1. Effects of pentazocine and tripelennamine alone on the
mean group response and reinforcement (number of food pellets
delivered per min) rates of rats responding under an IRT>15-sec
schedule of food delivery. Response and reinforcement rates during
sessions in which drug was given are expressed as a percentage of
the rate obtained across the three control sessions preceding drug
administration. Circles represent rates for drug administration be-
fore combinations were given and squares represent rates after
combinations were given. Vertical lines indicate +1 standard error
(SE). The absence of such lines indicates a SE too small to appear on
the figure (i.e., within the data point). Reading from left to right
across the figure, mean control response rates (and SEs) were
4.1(0.8), 4.8(0.2), 4.4(0.5), 4.5(0.3), 4.3(0.2), 4.2(0.1), 4.8(0.2),
4.3(0.2), 4.5(0.5), and 4.4(0.3) responses per min, and mean control
reinforcement rates (and SEs) were 2.0(0.1), 2.1(0.2), 2.2(0.1),
2.2(0.1), 2.2(0.1), 2.1(0.2), 1.8(0.2), 2.0(0.2), 2.0(0.2), and 2.0(0.2)
food deliveries per min.

injection were identical during control, single drug, and mul-
tiple drug sessions.

RESULTS

Across all control sessions (the three sessions im-
mediately prior to each drug administration), the mean group
response rate was 4.4 responses per min; mean rates during
individual control sessions ranged from 3.5 to 5.7 responses
per min. Control rates prior to each drug administration are
presented in the figure legends.

Figure 1 depicts the effects of pentazocine and tripelen-
namine alone on group response and reinforcement (number
of food pellets delivered per min) rates. In all figures, re-
sponse and reinforcement rates during sessions in which
drug was given are expressed as a percentage of the rate
obtained across the three control sessions immediately pre-
ceding drug administration. Repeated measures analyses of
variance [9] indicated that neither pentazocine (F=1.7,
p>0.05) nor tripelennamine (F=2.0, p>0.05) alone signifi-
cantly affected response rates relative to control values dur-
ing pre-combination dose-response determinations, although
both drugs were associated with slight increases in response
rates. Across all doses, pentazocine (F=3.7, p<0.01) and
tripelennamine (F=3.8, p<0.01) alone significantly lowered
reinforcement rates relative to control values. The mag-
nitude of this effect was generally dose-dependent for each
drug. Planned comparisons tests (Fisher’s protected least
significant difference [t ;] tests, see [9]) were used to com-
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FIG. 2. Effects of pentazocine and tripelennamine combinations on
the mean group response and reinforcement (number of food pellets
delivered per min) rates of rats responding under an IRT>15-sec
schedule of food delivery. Response and reinforcement rates during
sessions in which drug was given are expressed as a percentage of
the rate obtained across the three control sessions preceding drug
administration. Vertical lines indicate +1 standard error (SE). The
absence of such lines indicates a SE too small to appear on the figure
(i.e., within the data point). Asterisks represent values predicted by
an additive model, where the effects of individual drugs are sum-
mated to predict their combined effects. Reading from left to right
across the figure, mean control response rates (and SEs) were
4.3(0.3), 4.1(0.2), 4.6(0.4), 4.2(0.2), 4.4(0.3), 3.9(0.1), 4.3(0.1),
4.5(0.3), 4.3(0.2), 4.5(0.4), and 4.1(0.4) responses per min, and mean
reinforcement rates (and SEs) were 2.4(0.1), 2.3(0.1), 2.3(0.1),
2.5(0.1), 2.4(0.1), 2.4(0.1), 2.5(0.1), 2.3(0.1), 2.4(0.1), 2.4(0.1), and
2.5(0.1) food deliveries per min.

pare response rates and reinforcement rates at each drug
dose to control values. Results of these tests indicated that
reinforcement rates were significantly (p <0.05) lowered at
the 20 and 30 mg/kg doses of pentazocine, and at the 12, 18,
and 24 mg/kg doses of tripelennamine. Post-combination
dose-response determinations provided no evidence of
tolerance or supersensitivity; post-combination dose-
response curves closely approximately pre-combination
curves.

Figure 2 shows the effects of pentazocine and tripelen-
namine in combination. All combined doses increased group
response rates and reduced reinforcement rates relative to
control values. Across all doses, these effects were statisti-
cally significant (repeated measures analysis of variance
F=2.3, p<0.01 for response rate, F=5.2, p<0.01 for rein-
forcement rate). Planned comparisons tests (t,gp) indicated
that response rates were significantly (p<0.05) increased
relative to control values at 5 combination doses. These were
5 mg/kg pentazocine plus 12 mg/kg tripelennamine, 20 mg/kg
pentazocine plus 6 and 12 mg/kg tripelennamine, and 30
mg/kg pentazocine plus 3 and 6 mg/kg tripelennamine. Seven
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combination doses (5 mg/kg pentazocine plus 12 mg/kg
tripelennamine, 10 mg/kg pentazocine plus 12 mgkg
tripelennamine, 20 mg/kg pentazocine plus 3, 6, and 12 mg/kg
tripelennamine, and 30 mg/kg pentazocine plus 3 and 6 mg/kg
tripelennamine) significantly reduced reinforcement rates
relative to control values. The magnitude of the increases in
response rates and decreases in reinforcement rates was
generally dose-dependent.

The effects of pentazocine and tripelennamine combina-
tions were similar to, although in most cases greater than,
those predicted by a simple additive model. Effects pre-
dicted by arithmetic summation of the effects of individual
drugs are indicated by asterisks in Fig. 2. In all instances,
pentazocine plus tripelennamine produced larger increases
in response rates than predicted by an additive model. A
chi-square analysis [8] indicated that the effects of the two
drugs on response rate were significantly greater (p<<0.01)
than predicted by simple additivity. Decreases in reinforce-
ment rates were greater than predicted by simple additivity
in 8 of 11 instances. A chi-square analysis indicated that the
overall departure from additivity was statistically significant
(p<0.01).

DISCUSSION

Previous studies have shown that under some conditions
low doses of pentazocine increase low-rate operant respond-
ing, whereas high doses nonselectively suppress behavior [5,
14, 15]. To our knowledge, no reports have appeared con-
cerning the effects of tripelennamine on schedule-controlled
behavior. Neither pentazocine nor tripelennamine alone
significantly affected response rates in the present study,
although at certain doses each drug significantly decreased
reinforcement rates relative to control values. When given
together, the effects of the two drugs on the performance of
rats exposed to an IRT>15-sec schedule of food delivery
were supra-additive, i.e., identical in direction to, but signif-
icantly greater in magnitude than, those predicted on the
basis of a simple arithmetic summation of the actions of the
individual agents.

Pentazocine and tripelennamine together are used on the
street as a substitute for heroin [22], thus there is consider-
able interest in the effects of the combination. Although the
biochemical mechanism responsible for their interaction is
unclear, previous investigations have shown that relatively
high doses of pentazocine and tripelennamine produce
strongly supra-additive effects in mouse assays of lethality
[19,24]. At lower doses, tripelennamine enhances the
morphine-like discriminative stimulus properties of pen-
tazocine in rats tested under a two-response drug discrimi-
nation procedure [21]. Tripelennamine also delays the devel-
opment of tolerance to the analygesic effects of pentazocine
in rats tested in a hot-plate assay and increases analgesia in
pentazocine-tolerant rats tested in this apparatus [3]. Thus
the supra-additive effects evidenced in the present study are
consistent with the results of earlier experiments in which
dissimilar dependent measures were utilized.
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