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Naltrexone does not disrupt acquisition or
performance of inhibitory conditioning
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Previous research has demonstrated that naltrexone (NTX) enhances acquisition of aversive
excitatory Pavlovian conditioning. Both the conditional opponent theory (Schull, 1979) and the
perceived intensity hypothesis (Fanselow, 1981; Young & Fanselow, 1992) accurately predict this
result. Nevertheless, these two models make different predictions about the effects of NTX on
inhibitory conditioning. In the present experiment, these predictions were tested by investigat-
ing the effect of NTX on the acquisition and expression of inhibitory conditioning. NTX was in-
jected during conditioned inhibitory (CI) training or testing. To avoid an effect of NTX on excit-
atory conditioning, excitatory and inhibitory trials were separated by 24 h. A control group was
used to assess acquisition of CI. It was found that NTX did not disrupt acquisition or expression
of CI. These results are inconsistent with the conditional opponent theory but are in accordance

with the perceived intensity hypothesis.

Treatment with opioid antagonists during training in-
volving aversive stimulation, such as footshock, causes
an increase in acquisition of fear conditioning (Ehrman,
Josephson, Schull, & Sparich, 1979; Fanselow & Bolles,
1979; Gallagher & Kapp, 1978). Two models of aversive
Pavlovian conditioning—the conditioned opponent theory
developed by Schull (1979) and the perceived intensity
hypothesis developed by Fanselow (1981, 1984a; Young
& Fanselow, 1992)—offer distinct accounts of this result.

The conditioned opponent process theory proposes that
an aversive stimulus produces its primary hedonic reac-
tion, a-process, followed by an opposite hedonic response,
b-process. This b-process functions to reduce the primary
hedonic reactions produced by the aversive stimulus. This
process is assumed to be mainly a conditional response
that grows with consecutive presentations of the aversive
stimulus. The animal’s affective state in response to
the aversive stimulus is a summation of these two oppo-
site processes. When the a-process is bigger than the b-
process, an A-state results; when the b-process is bigger
than the a-process, a B-state results. The A-state is respon-
sible for Pavlovian fear conditioning and has its maximum
efficacy when the aversive stimulus is presented for the
first time. With successive aversive stimulation, the b-
process increases, causing a reduction in the A-state. The
conditioned opponent theory suggests that endogenous
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opioids are the physiological substrate of the b-process
(Schull, 1979). This model ascribes the facilitatory ef-
fect of opioid antagonists on fear conditioning to a block-
ade of the b-process and a concomitant increase in the
A-state. This enhancement of the affective reaction to the
aversive stimulus (A-state), produced by the blockade of
the compensatory hedonic response to the same aversive
stimulus (b-process), produces the facilitatory effects of
opioid antagonists in aversive conditioning.

Alternatively, the perceived intensity hypothesis pro-
poses that the facilitatory effect of opioid antagonists on
aversive Pavlovian conditioning causes the disruption of
the opioid conditional analgesia that is elicited by stimuli
associated with the aversive stimulus. It has been dem-
onstrated that there is a reduction in pain sensitivity/
reactivity when an animal is exposed to a stimulus previ-
ously paired with shock (Chance, White, Krynock, &
Rosecrans, 1977; Fanselow, 1984b; Fanselow & Bolles,
1979; Hayes, Bennett, Newlon, & Mayer, 1978; Helm-
stetter & Fanselow, 1987; MacLennan, Jackson, & Maier,
1980; Ross & Randich, 1985; Watkins, Cobelli, &
Mayer, 1982). Moreover, it has been shown that the
analgesia triggered by conditional stimuli is often medi-
ated by endogenous opioids (Calcagnetti, Helmstetter, &
Fanselow, 1987; Fanselow, 1984b; Fanselow & Bolles,
1979; Helmstetter & Landeira-Fernandez, 1990; Watkins,
Cobelli & Mayer, 1982). In this way, the perceived in-
tensity hypothesis proposes a mechanism in which the opi-
oid analgesia that develops during aversive conditioning
reduces the physical impact of the aversive stimulus. Opi-
oid antagonists block this conditional analgesic response,
which results in an increase in the sensation and/or per-
ception of the aversive stimulus. This increase in pain re-
sults in the facilitatory effects of opioid antagonists on
aversive conditioning.
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Although both models accurately predict the enhance-
ment of the acquisition of Pavlovian fear conditioning pro-
duced by opioid antagonists, they make different predic-
tions concerning inhibitory conditioning of fear. In aversive
conditioning, a conditioned inhibitory stimulus reduces
conditional fear. According to the conditioned opponent
theory, conditioned inhibition (CI) is acquired when a
neutral stimulus is paired with the b-process. Since this
theory states that endogenous opioids mediate this com-
pensatory response, it predicts that opioid antagonists
should prevent or attenuate the development of CI. More-
over, the conditioned opponent process theory suggests
that the expression of CI depends on the activation of the
b-process, predicting that opioid antagonists should also
block the expression of CI. In contrast to these predic-
tions, the perceived intensity hypothesis suggests that opi-
oid antagonists influence conditioning only through their
antagonism of conditional analgesia. During inhibitory
conditioning, no aversive stimulation is presented; there-
fore, the perceived intensity hypotheses proposes that opi-
oid antagonists should not attenuate the acquisition or ex-
pression of CI.

The influence of opioid antagonist on the expression
of CI was studied by Blazis and Moore (1982). In their
experiment, rabbits were employed as subjects and the
nictitating membrane response served as the index of con-
ditioning. Animals were trained with a conditioned inhibi-
tory procedure and, after they had acquired the response,
they were treated with the opioid antagonist naloxone or
saline. It was found that naloxone had no effect on the
expression of CI. However, the effect of opioid antago-
nists on the expression of CI has yet to be examined
directly in fear conditioning, which is where the facilita-
tory effects of opioid antagonists have most frequently
been studied. Additionally, there is no information on the
effect of opioid antagonists on the acquisition of CI. In
the present experiment, the impact of naltrexone (NTX),
an opioid antagonist, on the acquisition and expression
of CI in rats was studied. Freezing, an innate response
to fear, was employed to assess aversive conditioning.

METHOD

Subjects

Fifty female Long-Evans rats, between 70 and 90 days old and weigh-
ing 220-300 g, served as subjects. They were born and raised in the
UCLA Psychology Department colony. The animals were individually
housed in hanging stainless steel cages with ad-lib food and water. All
rats were experimentally naive, and each animal was briefly handied
for 5 days before the start of the experiment. The experiment was con-
ducted during the light portion of a 12:12-h light:dark cycle.

Apparatus

Four identical chambers measuring 28 X 21 X 10.5 cm (Lafayette
Instrument Co.), placed inside sound- and light-attenuating chests, were
used for conditioning and observation. Each chamber contained a white
houselight (1820 bayonet bulb, 28 V) located on a side wall. Opposite
to that wall was a speaker through which a white noise (82 dB A scale)
or a pure tone (3000 Hz, 84 dB A scale) could be presented. Ventila-
tion fans supplied background noise (68 dB A scale). The floor of each
chamber was composed of 18 stainless steel rods (4 mm diameter),
spaced 1.5 cm center to center. Individual shock generators and scram-
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blers ( Lafayette Instrument Co.) were wired to each chamber and were
adjusted to deliver a 1-mA shock. An ammonium hydroxide solution
(5% was used to clean the chambers prior to and after each subject.

All chambers could be altered in order to provide a different stimu-
lus environment (test context). A piece of wood was diagonally placed
across each chamber, such that the wall containing the houselight re-
mained uncovered. Moreover, the ventilation fans were turned off, and
tap water instead of ammonium hydroxide was used to clean the cham-
bers. Finally, 1.0 ml of imitation almond extract was placed under the
grid floor of each test chamber.

Procedure

The 50 animals were randomly assigned to five groups containing 10
subjects each. Four of these groups were trained in a procedure that
consisted of eight excitatory and eight inhibitory sessions. Each ses-
sion, spaced 24 h apart, consisted of three trials. In the excitatory ses-
sions, the tone was presented for 60 sec, and a 1-sec, 1-mA electric
shock was presented during the last second of the tone (A+). In the
inhibitory sessions, the tone and light were presented together for 60 sec,
and no shock was presented (AB—). The interval between trials in both
session types was variable, ranging from 140 to 420 sec. Session type
(excitatory or inhibitory) was determined randomly, with the constraints
that the first session was excitatory and a maximum of three sessions
of the same type could occur consecutively. Two groups were injected
with NTX (7 mg/kg, i.p.) 10 min before the beginning of an inhibi-
tory session and saline prior to the beginning of an excitatory session.
This NTX dose was chosen because of its ability to reverse conditional
analgesia and enhance aversive conditioning (Fanselow & Baackes, 1982;
Helmstetter & Fanselow, 1987). The two other groups received saline
before both types of sessions. A fifth group, which served as a control
group for inhibitory conditioning, received the same procedure as the
others with the exception that during the excitatory sessions a white noise
(C+), instead of a tone, was employed. The C+ group had saline in-
Jected during both excitatory and inhibitory sessions.

On Day 17, all animals were exposed to a novel test context for 3 min.
After this period, five unsignaled electric shocks, 60 sec apart, were
delivered. No drug or saline was injected during this phase. This treat-
ment was instituted to establish an excitatory baseline against which to
assess CI. On Day 18, the animals were reexposed to the test context
and, 3 min later, the light was presented for 10 min. The two groups
treated with NTX during the inhibitory sessions were injected with NTX
(NTX/NTX) or saline (NTX/SAL). The two other groups treated with
saline during the inhibitory sessions received NTX (SAL/NTX) or sa-
line (SAL/SAL). In order to measure pain sensitivity during testing,
all animals were injected with 0.05 mt of a 15% formalin solution sub.
cutaneously into the dorsal area of the right hind paw 30 min before
the beginning of the test. During this test day, freezing (defined as the
absence of any visible movement of the body and vibrissa except for
movement necessary for respiration), and formalin-induced behaviors
(defined by paw lifting or paw licking; see Fanselow, 1984b) were scored
with a time sample procedure. An experimenter unaware of the ex-
perimental conditions recorded formalin-induced behavior, general ac-
tivity, or freezing. Freezing and formalin induced behavior were scored
hierarchically. If an animal was freezing and presenting the formalin
behavior at the same time, only the formalin behavior was considered.!

RESULTS

Figure 1 presents the percent of samples scored as freez-
ing for the five groups in the test context prior to the pre-
sentation of the conditioned inhibitor. A one-way analy-
sis of variance (ANOVA) revealed no differences among
the groups [F(4,45) = 1.387,p > .25]. This result sug-
gests that all groups had the same level of baseline fear
in the test context. Since animals typically do not freeze
more than 5% to a novel context (Fanselow, 1984b), the
high levels of freezing observed during the baseline was
conditioned by the five shocks.
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Figure 1. Mean percentage freezing in the test context prior to
the presentation of the conditioned inhibitor.

On the basis of this result, the measure of inhibitory
conditioning was taken to be the difference between the
mean percentage of freezing during the 3-min baseline
and the mean percentage of freezing during the 10 min
during which the light was presented. These results are
presented in Figure 2. A one-way ANOVA revealed a
reliable difference among groups [F(4,45) = 3.02,p <
.03]. The presence of inhibitory conditioning is indicated
by the reliable difference between the inhibitory control
group that received a white noise instead of tone during
excitatory conditioning (C+/AB—) and the sum of the
four conditioned inhibitor groups that received the same
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Figure 2. Difference in mean percentage freezing between base-
line and presentation of the conditioned inhibitor. Larger differ-
ence score indicates greater inhibition.
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behavioral procedure (A+/AB-) [F(1,45) =5.54,p <
.03]. As will be discussed below, these four groups did
not differ.

DISCUSSION

NTX did not affect expression or performance of CI since the group
trained under saline and tested under NTX (SAL/NTX) exhibited the
same amount of inhibitory conditioning as did the group trained and
tested under saline (SAL/SAL). This result is in agreement with Biazis
and Moore’s (1982) study and suggests that endogenous opioids are not
involved in the inhibition of fear. This outcome does not support the
prediction of the conditioned opponent theory that the expression of CI
depends on the release of endogenous opioids and that NTX disrupts
the expression of CI.

NTX also did not attenuate acquisition of CI. The groups treated with
NTX during training and tested under saline (NTX/SAL) and NTX
(NTX/NTX) did not differ reliably from the group that was injected
with saline on both training and test (SAL/SAL). In fact, the Group
NTX/SAL, trained under NTX, tended to show more inhibitory condi-
tioning than did Group SAL/SAL, which received the CI training under
saline, although the trend fell short of statistical significance. These re-
sults did not support the conditioned opponent theory’s prediction that
NTX prevents acquisition of CI. As described in the introduction, the
conditioned opponent theory states that inhibitory conditioning is ac-
quired by pairing a neutral stimulus with the endogenous opioid medi-
ated b-process.

As a whole, the present results demonstrated that NTX did not at-
tenuate acquisition or performance of CI. Furthermore, the results failed
to provide support for the conditioned opponent theory based on a com-
pensatory hedonic response mediated by endogenous opioids. Although
these results cannot rule out the existence of this compensatory response
postulated by the conditioned opponent theory, they suggest that en-
dogenous opioids are not involved in it. Therefore, the theory’s expla-
nation for the facilitatory effect of NTX on fear conditioning, via an
opioid compensatory response, should be reconsidered. However, these
results provided support for the perceived intensity hypothesis, which
predicts that NTX should not affect learning or performance of condi-
tional fear-related behavior when given in the absence of primary pain-
ful stimuli.
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NOTES

1. Formalin-induced behaviors rarely occurred during the testing ses-
sion; therefore only freezing was analyzed.
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