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The impact of naltrexone and morphine tolerance
on mild shock-induced hypoalgesia

JAMES W. GRAU, MANDY K. BILES, and PAUL A. ILLICH
Texas A & M University, College Station, Texas

We have previously shown that exposure to mild shock elicits a strong hypoalgesia on the tail-
flick test in rats. The present studies explored the role of endogenous opioids in producing this
hypoalgesia. Experiment 1 evaluated the impact of five doses of naltrexone (0, 0.44, 1.75, 7, and
28 mg/kg); Experiment 2 looked at the impact of morphine tolerance. Both a low dose of naltrex-
one (1.75 mg/kg) and morphine tolerance attenuated the hypoalgesia observed 6-10 min after
mild shock. By contrast, neither morphine tolerance nor a high dose of naltrexone (28 mg/kg)
had a significant impact on the hypoalgesia observed 2 min after shock. These findings suggest
that mild shock elicits both a transient nonopioid and a long-lasting opioid hypoalgesia.

We have previously shown that mild shock (three 0.75-
sec, 1.0-mA shocks) elicits a strong hypoalgesia in rats,
as measured by the tailflick test (Grau, 1984, 1987a,
1987b). We have also demonstrated that a high dose of
either naloxone or naltrexone attenuates the hypoalgesia
observed 6-10 min after shock but not the hypoalgesia
observed just 2 min after shock (Grau, 1984, 1987b). On
the basis of these findings, we have argued that mild shock
elicits both a transient nonopioid and a long-lasting opi-
oid hypoalgesia. This pattern of results has provided a
comerstone to a theory proposed by Grau (1986, 1987b)
and the foundation for considerable empirical work (e.g.,
Grau, 1987a, 1987b; Grau, Illich, Chen, & Meagher,
1991; Meagher, Grau, & King, 1989, 1990). It is, there-
fore, quite troubling that serious questions can be raised
regarding our basic claim that both nonopioid and opioid
mechanisms play a role in mild shock-induced hypo-
algesia. The primary problem is that we have relied upon
a single manipulation, reversal by a high dose of opioid
antagonist (e.g., 28 mg/kg of naltrexone), to infer opi-
oid mediation. Such a high dose of antagonist may have
its impact by disrupting other neurochemical systems
(Sawynok, Pinsky, & LaBella, 1979). To refute this criti-
cism, evidence is needed that a low dose of an opioid an-
tagonist, and other manipulations that undermine opioid
function (e.g., opioid tolerance), have a similar impact.

Unfortunately, this issue cannot be addressed by sim-
ply referring to other work in the field. The problem here
is that there are a number of distinct forms of opioid and
nonopioid hypoalgesia, many of which appear to be
paradigm-specific. For example, consider the opioid and
nonopioid hypoalgesia observed after relatively long (e.g.,

Work on this manuscript was supported by grants from the National
Institute of Drug Abuse Grant (DA04259-01 and DA05846-01) and Na-
tional Science Foundation (BNS-8819981) to J. W. Grau. Correspon-
dence concerning this article should be addressed to James W. Grau,
Department of Psychology, Texas A & M University, College Station,
TX 77843.

85

greater than 60 sec) and intense (e.g., 1.6 mA) continu-
ous shocks (Terman, Shavit, Lewis, Cannon, & Lie-
beskind, 1984; Watkins & Mayer, 1982). In these
paradigms, it is clear that a low dose of opioid antagonist
blocks the putative opioid, but not the nonopioid, hypoal-
gesic response (Terman et al., 1984; Terman, Lewis, &
Liebeskind, 1986; Watkins, Cobelli, Faris, Aceto, &
Mayer, 1982). However, the hypoalgesia observed in
these paradigms, unlike the hypoalgesia we observe af-
ter mild shock, is not affected by manipulations that dis-
rupt forebrain functioning (e.g., administration of pen-
tobarbital, decerebration, or lesions of the frontal cortex
[Meagher, Grau, & King, 1989, 1990; Terman et al.,
1984; Watkins, Kinscheck, & Mayer, 1983)). In a
paradigm that appears more similar to our own, Maier
(1989) has shown that a single 5-sec tailshock generates
a hypoalgesia that is blocked by 7 mg/kg of naltrexone
and that five 5-sec tailshocks elicit both a transient nonopi-
oid and a long-lasting opioid hypoalgesia. But, again,
these hypoalgesic responses are not eliminated by a
manipulation that disrupts forebrain functioning (Maier,
1989). Although this has not been explicitly tested, it does
seem likely that the opioid hypoalgesia Fanselow (1984)
observes after mild gridshock on the formalin test depends
on forebrain systems (Maier, 1989; Meagher et al., 1989,
1990). However, here, too, it is unclear whether we can
generalize from this paradigm to our own, for evidence
suggests the pain associated with the formalin test can
change the form of the observed hypoalgesia from nonopi-
oid to opioid (Maier, Ryan, & Kurtz, 1984). Moreover,
the affective impact of shock probably varies, depending
on whether it is delivered through grids or tail electrodes
and whether or not the animal is immobilized during test-
ing. In fact, a comparison of the shock parameters used
by different researchers suggests that much less severe
shocks are needed to engage hypoalgesic systems when
the shock is presented through tail electrodes and the sub-
jects are restrained (cf. Maier, 1989; Meagher et al.,
1990; Terman et al., 1984). Given this, it seems likely
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that our tailshock/restraint procedure might be more com-
parable to the more intense gridshock paradigm that was
found by Fanselow (1984) to elicit a strong nonopioid
hypoalgesia. What these observations suggest is that we
cannot answer the question of whether our mild shock
paradigm engages an opioid hypoalgesia by simply refer-
ring to other work.

The present experiments are designed to establish the
form of the hypoalgesia observed in our mild shock
paradigm. Experiment 1 looks at the impact of naltrex-

one over a wide range of doses; Experiment 2 evaluates

the effect of morphine tolerance.

EXPERIMENT 1
Impact of Naltrexone

As mentioned above, others have noted that the high
dose of opioid antagonist used by Grau (1987b) could have
disrupted other neurochemical systems. For example, it
may have disrupted GABAergic function (Sawynok et al.,
1979). This is quite problematic, since evidence exists that
GABA may play a role in environmentally induced
hypoalgesia (Drugan, Mclntyre, Alpern, & Maier, 1985;
Drugan, Ryan, Minor, & Maier, 1984). Thus, our *‘opi-
oid”’ hypoalgesia might actually be mediated by GABAer-
gic systems. To rule out this possibility, we need to
demonstrate that a much lower dose of naltrexone can
block the hypoalgesia observed 6-10 min after shock. One
can also question our claim that the hypoalgesia observed
2 min after shock is nonopioid in nature (Maier, 1989;
Matzel & Miller, 1989). The problem here is that we have
always injected the naltrexone immediately before the sub-
Jects are placed in the test apparatus. Given this, it is pos-
sible that naltrexone failed to reverse the hypoalgesia ob-
served 2 min after shock simply because it did not have
enough time to act. To rule out this possibility, we need
to demonstrate that a similar pattern of results is observed
when the drug is given additional time to act. The present
experiment is designed to address both of these problems.
First, we test the impact of naltrexone over a wide range
of doses (0.0, 0.44, 1.75, 7.0, and 28 mg/kg). Second,
we allow the drug an additional 15 min to exert its effect.

Method

Subjects. The subjects were 100 Sprague-Dawley rats obtained
from Harlan (Houston, Texas). The rats were 100-120 days old
and weighed between 420 and 480 g. They were maintained on
12:12-h light:dark cycle. Testing was conducted during the last 3 h
of the light cycle. The subjects were individually housed and had
food and water continuously available.

Apparatus. During behavioral testing, the rats were restrained
in one of two Plexiglas tubes. A 660-V transformer was used to
produce a constant-current 1.0-mA shock. The shock was ad-
ministered through tail electrodes that were constructed from a modi-
fied fuse clip. The electrode was taped to the rat’s tail, approxi-
mately 15 cm behind the rear of the tubes. Pain responsivity was
assessed with a radiant-heat tailflick device. A detailed description
of this device, as well as other details of the apparatus, can be found
elsewhere (Grau, 1987a, 1987b).

Procedure. The experiment employed a 5 (drug condition) X
2 (shock condition) factorial design. Subjects received an i.p. in-
jection of either 0.0, 0.44, 1.75, 7, or 28 mg/kg of naltrexone dis-
solved in saline. Fifteen minutes later, the subjects were placed in
the unilluminated restraining tubes and allowed to acclimate them-
selves for 15 min. The subjects then received four tailflick tests
at 2-min intervals. An 8-sec cutoff was used to prevent tissue
damage. The last three tests were used to compute the subject’s
baseline level of pain reactivity.

After the last tailflick test, the electrodes were attached with adhe-
sive tape. Half of the subjects in each drug condition were then
given three inescapable, unsignaled 1.0-mA, 0.75-sec shocks at 20-
sec intervals. The other subjects were treated the same, except that
shock was withheld. About 1 min after the last shock, or an equiva-
lent period of restraint, the rat’s tail was untaped. A minute later,
five tailflick tests were conducicd at 2-min intervals.

Statistics. On the basis of prior work, it was hypothesized that
naltrexone would have little impact at 2 min after shock and would
attenuate the analgesia observed 6-10 min after shock. To test this
hypothesis, two separate ANOV As were conducted: one on the data
obtained from the 2-min test point; another on the 6-10-min means.
Duncan’s multiple range test (p < .05) was used to make post hoc
comparisons.

Results and Discussion

The impact of naltrexone on baseline levels of pain reac-
tivity is depicted in the top panel of Figure 1. Although
the drug appears to have produced a slight hyperalgesia,
this effect did not approach statistical significance (all
Fs < 1.0, p > .05).

The impact of naltrexone on shock-induced hypoalge-
sia is depicted in the lower two panels of Figure 1. At
both 2 and 6-10 min after testing, it is clear that shock
induced a strong hypoalgesia in the saline controls. At
2 min after shock (middle panel), naltrexone appears to
have had relatively little impact on the hypoalgesia. By
contrast, at 6-10 min after shock (bottom panel), the
hypoalgesia was attenuated by the three largest doses of
naltrexone (1.75, 7, and 28 mg/kg). The lowest dose
(0.44 mg/kg) had no impact.

Statistical analyses confirmed these impressions. An
analysis of the data from the 2-min test point revealed a
significant shock effect [F(1,90) = 61.67, p < .001].
However, neither the main effect of drug treatment
[F(4,90) = 0.85, p > .05] nor its interaction with shock
treatment [F(4,90) = 0.89, p > .05] approached statisti-
cal significance. Post hoc comparisons confirmed that the
five shocked groups were hypoalgesic relative to the five
unshocked groups (p < .05). None of the differences be-
tween the five shocked groups approached statistical sig-
nificance (p > .05). Similarly, the unshocked groups did
not differ significantly.

An analysis of the 6-10-min means revealed shock had
a significant impact {F(1,90) = 31.63, p < .001].
Although the main effect of drug was not significant
[F(4,90) = 2.10, p < .10}, trend analysis revealed a sig-
nificant linear component [F(1,90) = 5.44, p < .05]. The
quadratic, cubic, and quartic components did not approach
statistical significance (all Fs < 2.16, p > .05). Simi-
larly, although the interaction between shock and drug
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Figure 1. The mean levels of pain reactivity observed prior to shock
(top panel), 2 min after shock (middle panel), and 6-10 min after
shock (bottom panel). (The filled and unfilled circles depict the data
from the shocked and unshocked groups, respectively. The error
bars indicate the standard error of the mean [SEM)].)

treatment was not significant [F(1,90) = 1.34,p > .05},
its linear component was significant [F(1,90) = 4.56,
p < .05]. Post hoc comparisons revealed that the shocked
groups that received saline or 0.44 mg/kg of naltrexone
were hypoalgesic relative to all other groups. No cther
differences were significant.

Thus, as in prior studies (Grau, 1984, 1987b), naltrex-
one had no impact on the hypoalgesia observed 2 min af-
ter shock. Importantly, this was true even though the drug
was given an additional 15 min to exert its action. This
rules out the possibility that naltrexone failed to have a
significant impact on the hypoalgesia observed 2 min af-
ter shock simply because it did not have enough time to
act. Thus, this hypoalgesia appears to be mediated by a
nonopioid system(s). In contrast, a low dose of naltrex-
one (1.75 mg/kg) blocked the hypoalgesia observed
6-10 min after shock. Since such a low dose of naltrex-
one should have a minimal impact on nonopioid systems
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(e.g., GABAergic), this finding suggests the hypoalge-
sia observed 6-10 min after shock is indeed opioid-
mediated. Of course, even when moderate doses of
naltrexone are employed, naltrexone reversibility remains
a necessary, but not a sufficient, condition for imputing
opioid mediation (Sawynok et al., 1979). Consequently,
it is important to demonstrate that other manipulations that
undermine opioid hypoalgesia have a similar impact. The
next experiment seeks such evidence.

EXPERIMENT 2
Impact of Morphine Tolerance

In this experiment, we assess the impact of another
manipulation that has traditionally been used to infer opi-
oid mediation: morphine tolerance. Unfortunately, our ini-
tial attempt to conduct this experiment revealed a basic
problem: In the absence of shock, subjects who were
morphine-tolerant exhibited a small, but significant,
hyperalgesia. This poses a problem, since it could be ar-
gued that morphine tolerance attenuates mild shock-
induced hypoalgesia simply because it lowers baseline tail-
flick latencies. There are two ways in which this problem
can be addressed. First, one can conduct an analysis of
covariance that statistically adjusts for the variance attrib-
utable to the baseline differences. Second, one can ex-
perimentally manipulate the baseline levels of pain reac-
tivity in the saline controls so that they match the baseline
levels of pain reactivity in the morphine-tolerant subjects.
In the present experiment, both procedures were used to
address the problem of tolerance-induced hyperalgesia.

Method

Subjects. The subjects were 48 rats of the same age, sex, and
strain as were used in the previous experiment.

Apparatus. The apparatus was the same as was used in Ex-
periment 1.

Procedure. Sixteen subjects received subcutaneous injections of
morphine sulphate (12.5 mg/kg) for 13 days. We have previously
shown that this injection regime induces significant tolerance and
attenuates another example of shock-induced hypoalgesia that ap-
pears to be opioid-mediated (Drugan, Grau, Maier, Madden, & Bar-
chas, 1981). The other 32 subjects received saline injections. Ev-
ery day, in the late afternoon, each subject received one injection.
Testing was conducted 24 h after the last injection. Half of the saline-
treated subjects and all of the morphine-treated subjects were tested,
as described in Experiment 1. Thus, after the subjects had accli-
mated themselves to the tubes for 15 min, four tailflick tests were
conducted to determine baseline levels of pain reactivity. Half of
the subjects in each drug condition then received three 0.75-sec,
1.0-mA shocks, as described in Experiment 1. The remaining sub-
jects were treated the same, except shock was withheld. Five tail-
flick tests were then conducted at 2-min intervals. The remaining
saline-treated subjects were treated the same, except that the tail-
flick device was set to a hotter setting. This was done in an attempt
to equate their baseline levels of pain reactivity to the baselines ob-
tained from the morphine-treated subjects.

Statistics. The data were analyzed in the same fashion as described
in Experiment 1. In addition, an analysis of covariance (ANCOVA)
was performed on the mean levels of pain reactivity observed
6-10 min after shock, or an equivalent period of restraint, in the
saline- and morphine-tolerant subjects tested with the tailflick device






