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DENOBLE, V.J., P.C. MELE AND J. H. PORTER. Intravenous self-administration of pentobarbital and ethanol in rats.
PHARMACOL BIOCHEM BEHAYV 23(5) 759-763, 1985. _Rats provided with unlimited access to intravenous doses of
ethanol (30, 60, 90, 180, and 360 mg/kg/infusion) failed to initiate and maintain lever pressing that resulted in ethanol
delivery. When pentobarbital (0.5 mg/kg/infusion) was substituted for ethanol, lever pressing increased. There were three
indications of the positive reinforcing effects of pentobarbital: (1) a greater number of lever presses occurred when
pentobarbital was response-contingent than when saline was available; (2) a greater number of responses were made on the
pentobarbital lever than on a control “‘activity’’ lever; and (3) systematic changes in lever pressing were a function of
pentobarbital dose (0.125, 0.25, 0.5, 1.0, and 2.0 mg/kg/infusion). Sequential substitution of ethanol (30, 90, 360
mg/kg/infusion) for pentobarbital failed to maintain lever pressing. However, access to combinations of ethanol (1, 3, 10,
30, 60 mg/kg/infusion) and a nonreinforcing dose of pentobarbital (0.125 or 0.25 mg/kg/infusion) did maintain lever pressing.
As the dose of ethanol increased, the daily number of infusions first increased then decreased. Following a history of
self-administration of ethanol-pentobarbital combinations, a retest of ethanol alone (10 or 30 mg/kg/infusions) followed by
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pentobarbital alone (0.125 or 0.25 mg/kg/infusion) failed to maintain lever pressing.
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Rat
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Drug interactions Positive reinforcers

EXCESSIVE ethanol drinking can be produced in animals
by the use of schedule-induced polydipsia. In this procedure
excessive drinking occurs when food-deprived animals are
given small pellets of food on an intermittent schedule
[12,13]). Once the animals are trained to accept ethanol they
will show a preference for ethanol even when water is avail-
able [27]. While oral self-administration of ethanol has been
well documented (for reviews see [21,22]), intravenous self-
administration of ethanol has been less extensively studied.
In addition, intravenous ethanol self-administration has been
more reliably demonstrated in nonhuman primates than in
rats [4, 9, 10, 20, 37]. For reasons that are unclear, intrave-
nous ethanol self-administration in rats has been demon-
strated only at doses below 5.0 mg/kg/infusion [29] or after
repeated forced ethanol infusions of 9.0 to 16.0 g/kg/day [23]
or under conditions of schedule-induction [24]. In contrast to
ethanol, it has been shown that rats will intravenously self-
administer barbiturates under conditions of concurrent non-
contingent electric shock presentation [7,8], or after being
made physiologically dependent (as cited in [25]) or under
conditions of non-physiological dependence [6,25].

Drug self-administration is controlled in part by the sub-
ject’s history of drug exposure. The rate and pattern of be-
havior maintained by one drug can be influenced by the his-
tory of drug exposure [28, 39, 40]. Previous studies have
shown that pentobarbital and ethanol can act synergistically
in drug discrimination tests [2]. Ethanol has also been shown
to modify other effects of barbiturates, such as an enhanced
rate of acquisition of both metabolic and functional

tolerance, a potentiation of barbiturate induced sleep time,
and an increase in the physical dependence liability of barbi-
turates [30, 34, 35]. Therefore, the purpose of the present
study was first to examine intravenous ethanol self-
administration in rats before and after a history of pentobar-
bital self-administration. A second purpose was to determine
if low doses of ethanol alter the effectiveness of pentobarbi-
tal in maintaining lever pressing that results in its delivery.

METHOD
Subjects

Six experimentally naive male hooded rats (Blue Spruce
Farms) weighing 350 to 400 g were used. Rats were
anesthetized with ketamine (70 mg/kg/IM) and sodium pen-
tobarbital (18 mg/kg/IP) and implanted with a venous catheter
under aseptic conditions. One end of the catheter (inside
diameter, 0.30 mm; outside diameter 0.61 mm) was passed
by way of the external jugular vein into the superior vena
cava at the level of the right atrium. The distal end of the
catheter was passed subcutaneously and out through the skin
in the middle of the rat’s back. This end of the catheter was
connected to a stainless steel back plate, and via protective
tubing and swivel joints it was connected to a remote infu-
sion pump. Each rat was allowed seven days recovery in
their home cage before being placed in the test chamber. In
two rats, catheter patency was not confirmed; therefore, re-
sults are being reported for four rats. The general cathe-
terization procedure has been described in detail elsewhere
[36].
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FIG. 1. The number of infusions per 24 hr is shown for ethanol and
pentobarbital as a function of dose (mg/kg/infusion). Each bar is a
mean of 3-5 consecutive sessions for four rats and the vertical lines
show the standard error of the mean.

Apparatus

Four identical operant conditioning chambers (Lehigh
Valley Electronics, LVE No. 193-25), each contained in a
sound-attenuated cubicle (LVE No. 132-02) were used. Lo-
cated at one end of the chamber were two levers, a house
light and water spout. Presses on the right lever were pro-
grammed to activate the infusion pump (Harvard Apparatus
Peristaltic pump No. 1201) for 4 sec, delivering an infusion of
200 wl of solution (saline or pentobarbital) into the
bloodstream of the rat. To achieve the high ethanol doses
(90, 180, 360 mg/kg/infusion) the concentration of ethanol
solution was held constant, and adjustments in the volume
infused constituted dose variations. The largest volume in-
fused was 500 ul and the longest duration of infusion was 8
sec. Responses on the other lever (control lever) were re-
corded but had no programmed consequences. The house
light (4.5 watts) provided general illumination and blinked at
a rate of 10 Hz when the infusion pump was activated. White
noise was continuously present and an exhaust fan provided
ventilation. Through all experimental sessions, food (20-30 g
Purina Rat Chow) and unlimited water were available. Ex-
perimental events were scheduled and responses recorded
by equipment located in an adjacent room.

Drugs

Physiological saline was used as the vehicle for both
ethanol and sodium pentobarbital. The concentration of
ethanol was 20% w/v from 95% USP. Doses of pentobarbital
are expressed as the salt.

Procedure

Each rat was provided access to the following sequence
of ethanol doses (30, 60, 90, 180, and 360 mg/kg/infusion)
under a fixed ratio 1 (FR 1) schedule. Each ethanol dose was
available 24 hr/day for a minimum of seven days. Next, the
rats were given access to the following series of sodium pen-
tobarbital doses under FR 1 schedule: 0.5, saline; 0.5, 2.0,
1.0, 0.5, and 0.125 mg/kg/infusion. Each dose was available
for four to seven consecutive sessions until pressing
stabilized (3-5 days with no increasing or decreasing trends
in the number of infusions per session).
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FIG. 2. The number of infusions (solid lines) and the intake in
mg/kg/body weight (dashed lines) are shown as a function of pen-
tobarbital dose for individual rats. Points above S indicate lever
pressing maintained by saline. Each point is a mean of 3-5 consecu-
tive sessions and the vertical lines show the standard error of the
mean. Asterisks indicate a retest of that dose.

After determination of the pentobarbital dose effect func-
tion, each rat was provided access to the pentobarbital dose
(0.25 or 1.0 mg/kg/infusion) that produced maximal respond-
ing, and periods of access to ethanol were alternated with
periods of access to pentobarbital as follows: pentobarbital
followed by 30 mg/kg/infusion of ethanol, pentobarbital fol-
lowed by 90 mg//kg/infusion of ethanol, pentobarbital fol-
lowed by 360 mg/kg/infusion of ethanol, and a pentobarbital
retest. Each drug was available for a minimum of five days or
until responding stabilized. Following this the rats were
provided access to a dose of pentobarbital (0.25 or 0.125
mg/kg/infusion) that did not maintain lever pressing, in
combination with ethanol doses of 1.0, 3.0, 10, or 30
mg/kg/infusion. Finally the rats were given access to ethanol
alone (10 or 30 mg/kg/infusion) followed by pentobarbital
alone (0.125 or 0.25 mg/kg/infusion) for five consecutive
sessions each.

Throughout all experimental manipulations, control lever
responding was recorded and compared to the rate of re-
sponding recorded from the lever resulting in drug infusions.

RESULTS

In all rats unlimited access to intravenous doses of
ethanol (30, 60, 90, 180, and 360 mg/kg infusion) failed to ini-
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FIG. 3. The number of infusions per 24 hr as a function of ethanol
(Etoh) or pentobarbital (PB) availability. Each graph represents an
individual rat and each bar represents a mean of 3-5 consecutive
sessions. Asterisks indicate the number of infusions for individual
rats during the initial ethanol dose effect function. Vertical lines
show the standard error of the mean.

tiate and maintain lever pressing that resulted in ethanol de-
livery (Fig. 1). Generally, only 10-15 infusions of ethanol
occurred at any dose during a 24 hr session. This is similar to
the number of saline infusions which were self-administered
during the saline substitution (Fig. 1). In contrast, respond-
ing under the FR 1 schedule was initiated and maintained by
0.5 mg/kg/infusion of sodium pentobarbital (Fig. 1) in all rats
(49.0 infusions per 24 hr +7.1 SEM). The number of pen-
tobarbital infusions stabilized in all rats within 13 days. Ac-
quisition patterns were typically 2-4 days of low responding
(15-25 infusions/24 hr) followed by gradual increase (2-5 days)
to near stable response rates. The within sessions pattern of
pentobarbital infusions under the FR 1 scedule was typically
a series of closely spaced infusions (4-10 per min), followed
by a pause (60-120 min) during which time little or no infu-
sions were taken. Typically, after 5-8 infusions of pentobar-
bital (0.5 mg/kg) signs of intoxication and ataxia charac-
terized by an inability to stand on the floor grids in the oper-
ant chamber were observed.

Substitution of saline for the pentobarbital solution failed
to maintain lever pressing (Fig. 1). Saline substitution
produced a temporary (12-18 hr) increase in lever pressing,
which rapidly declined to 16 infusions (3.4 SEM) during the
following 24 hr session. Observation of the rats during the
seven day saline substitution failed to reveal any signs of
physiological dependence [38]. When pentobarbital (0.5
mg/kg) was reintroduced, the number of infusions increased
to previous levels within 48 hr. When pentobarbital was
available, lever pressing occurred almost entirely on the
lever, resulting in a pentobarbital infusion. Control lever re-
sponses were less than 12% of the total number of responses
for all rats.

The effect of varying pentobarbital dose on the number of
infusions and session intake (mg/kg of body weight) for indi-
vidual rats is shown in Fig. 2. As the dose of pentobarbital
was increased, the number of infusions first increased then
decreased. In contrast, session intake (mg/kg of body
weight) increased directly as a function of pentobarbital
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FIG. 4. The number of infusions per 24 hr as function of pentobarbi-
tal (PB) ethanol (Etoh) combinations. Each graph represents an in-
dividual rat and each bar is a mean of 3-5 consecutive sessions.
Vertical lines show the standard error of the mean. Rat R 4 did not
complete this part of the experiment.

dose. For three rats (R 2, 3, 4) the pentobarbital dose that
maintained maximal responding was 1.0 mg/kg/infusion,
whereas for one rat (R 1) 0.25 mg/kg/infusion maintained
maximal responding. At the lowest pentobarbital dose tested
(0.25 or 0.125 mg/kg/infusion) lever pressing was similar to
saline levels. A retest of the dose that produced maximal
responding was not different from original values (Fig. 2).

The effect of substituting ethanol for pentobarbital is
shown in Fig. 3. Three rats (R 1, 2, 3) showed increases in
the number of lever presses at 30 mg/kg/infusions of ethanol
compared to the original values, while R 4 showed a de-
crease. Subsequently, none of the ethanol doses tested main-
tained lever pressing above either saline levels or above
previously determined ethanol levels (asterisks, Fig. 3).
When pentobarbital was substituted for ethanol (Fig. 3),
lever pressing increased to levels comparable with the origi-
nal values (Fig. 2).

The effect of adding ethanol to the low, nonreinforcing
dose of pentobarbital on the number of infusions is shown in
Fig. 4. The first bar in each graph shows that a retest of the
dose of pentobarbital that maintained maximal responding
did not differ from original values (compare with Fig. 2). The
effects of adding successively increasing doses of ethanol to
the nonreinforcing dose of pentobarbital (R 1, 0.125; R 2 and
R 3. 0.25 mg/kg/infusion) was first an increase in the number
of infusions then a decrease. For rats R 1 and R 2 the de-
crease occurred when 60 mg/kg/infusion of ethanol was pre-
sented in combination with pentobarbital, whereas for rat R
3 the decrease occurred at 30 mg/kg/infusion of ethanol.
When rats were given access to ethanol alone (R 1 and 2, 30;
R 3, 10 mg/kg/infusion) followed by pentobarbital alone (R 1,
0.125; R 2 and R 3, 0.25 mg/kg/infusion) for a minimum of five
sessions, lever pressing was not maintained.

DISCUSSION

Access to five doses of ethanol failed to initiate lever press-
ing that resulted in ethanol delivery. While a number of
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studies have reported that monkeys, and to a lesser extent
rats, will intravenously self-administer ethanol [9, 10, 20, 32,
37], there have been several reports indicating that one-third
to one-half of the animals tested fail to initiate self-
administration {1, 31, 37]. The present results with ethanol
are in general agreement with other studies, indicating that
ethanol does not function reliably as an intravenously deliv-
ered reinforcer for rats (6, 17, 18, 23, 29]. In contrast to
ethanol, all rats initiated and maintained lever pressing for
intravenously delivered pentobarbital. This finding is in
agreement with two recent reports of intravenous barbiturate
self-administration in nonphysically dependent rats [6,25].
There were three indications of the positive reinforcing ef-
fect of pentobarbital: (1) a greater number of lever presses
when pentobarbital was response-contingent than when
saline was response-contingent; (2) a greater number of re-
sponses on the pentobarbital lever than on the control lever;
and (3) systematic changes in lever pressing as a function of
the pentobarbital dose. In the present study the 1.0 mg/kg
dose of pentobarbital maintained the highest number of daily
infusions in three of the four rats. This is in agreement with a
previous finding showing that a 1.0 mg/kg dose produced the
highest abuse liability score in rats using IV self-
administration techniques. [6].

Pentobarbital-maintained lever pressing was studied over
arange of doses. As the dose of pentobarbital was increased,
responding increased then decreased resulting in an inverted
V shaped dose-response function (Fig. 2). This general rela-
tionship between the magnitude of the reinforcer and fre-
quency of responding found in the present study was similar
to that obtained with other reinforcers [11, 15, 26]. In con-
trast to the inverted V shaped dose-response function, the
pentobarbital intake (mg/kg of body weight) increased di-
rectly as a function of dose.

Although a history of drug self-administration is not nec-
essary to establish certain drugs as reinforcers, a prior drug
self-administration history may increase the probability that
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certain drugs will maintain behavior. Winger and Woods [37]
reported that for some monkeys intravenously delivered
ethanol would not initiate responding. However, when intra-
venous cocaine or methohexital replaced ethanol, responding
was initiated and maintained. When ethanol was reintroduced,
responding was maintained and did not differ from monkeys
that initiated ethanol self-administration without exposure to
cocaine or methohexital. Similar results have since been re-
ported [20]. It has also been shown that prior exposure to
ethanol by gavage increases the rate of acquisition of ethanol
self-administration in rhesus monkeys [10]. In addition, a
recent study with rats has shown that both tertiary butanol
and ethanol, when substituted for pentobarbital in a dis-
crimination test, will generally result in a pentobarbital
choice [3]. Taken together it would suggest that ethanol and
pentobarbital share similar interoceptive cues, and exposure
to either drug may increase the probability that the other will
maintain self-administration behavior. However, in the pres-
ent study, repeated ethanol substitutions followed by rein-
troduction of pentobarbital were not sufficient to initiate
ethanol maintained lever pressing. The difference in species
(rodents vs. nonhuman primates) and barbiturate used (pen-
tobarbital vs. methohexital) may account for the failure of a
pentobarbital reinforced history to facilitate ethanol self-
administration in the present study.

Interactions between ethanol and barbiturates have been
extensively reported in humans and animals [14.35] and have
been reported to be both in terms of changes in metabolism
[19] and in alterations in sensitivity of the CNS [5]. Using a
drug discrimination test, it has been shown that low doses of
pentobarbital (5.0 mg/kg) and ethanol (500 mg/kg) adminis-
tered in combination would result in a drug response,
whereas these same doses given alone result in a saline re-
sponse [2]. The present study extends these findings by
showing that the reinforcing properties of pentobarbital are
increased in a dose-related fashion by ethanol.
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