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Long-term effects of food deprivation:
I. Impact on pain reactivity and
shock-induced hypoalgesia

PAUL A. ILLICH, ANDREA R. ALLEN, and JAMES W. GRAU
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Prior work has shown that the uncontrollable shock procedure used to induce learned helpless-
ness produces a hormonally mediated opioid hypoalgesia. In addition, it sensitizes subjects to
becoming hypoalgesic 24 h later upon exposure to mild “reinstating” shock. In the present study,
we tested whether another manipulation that elicits a hormonally mediated opioid hypoalgesia,
food deprivation, would have a similar sensitizing effect. Subjects were food deprived for 48 h,
and then, 24 h after food was returned, they were exposed to mild shock. We found that previ-
ously food-deprived subjects exhibited a much stronger hypoalgesia after mild shock. In addi-
tion, they exhibited greater vocalization and struggling when shock was applied. Both effects
were attenuated by the opiate antagonist naltrexone. In contrast to past results, only a weak
hypoalgesia was observed in the saline-treated nondeprived subjects. Experiment 2 showed that
this was due to our having tested subjects during the early portion of the light cycle.

Considerable evidence now exists that exposure to a vari-
ety of aversive stimuli (e.g., shock, immobilization, and
cold water) can produce a strong decrease in pain reactiv-
ity, or hypoalgesia (Akil, Madden, Patrick, & Barchas,
1976; Amir & Amit, 1978; Bodnar, Kelly, Brutus, &
Glusman, 1980). In previous experiments, we have studied
this phenomenon by exposing rats to the uncontrollable
shock procedure used to induce behavioral learned help-
lessness (Grau, Hyson, Maier, Madden, & Barchas, 1981,
Hyson, Ashcraft, Drugan, Grau, & Maier, 1982; Maier
et al., 1980). We found that this shock schedule produces
a hypoalgesia that is opioid in form, because it is blocked
by both opiate antagonists (i.¢., naloxone and naltrexone)
and morphine tolerance (Drugan, Grau, Maier, Madden,
& Barchas, 1981; Grau et al., 1981; Lewis, Cannon, &
Liebeskind, 1980; Maier et al., 1980). Unlike the opioid
hypoalgesia observed in most situations (Fanselow, 1984;
Terman, Shavit, Lewis, Cannon, & Liebeskind, 1984,
Watkins & Mayer, 1982), the hypoalgesia observed af-
ter an extended exposure to inescapable shock appears to
be ‘‘hormonally’’ mediated, since it is blocked by ma-
nipulations that disrupt the pituitary-adrenal axis (e.g.,
adrenalectomy, hypophysectomy, and administration of
dexamethasone) (Lewis et al., 1980; Lewis, Tordoff,
Sherman, & Liebeskind, 1982; MacLennan et al., 1982;
Maier, 1986, 1989; Watkins & Mayer, 1982).

Work on this manuscript was supported by grants to J. W. Grau from
the National Institute of Drug Abuse (DA05846-01), the National Science
Foundation (BNS-881981), and the Texas Advanced Research Program
(010366-09). The authors would like to thank Mary Meagher and Cathy
Grover for their comments on this paper. Correspondence concerning
this article should be addressed to Paul A. Illich, Department of Psy-
chology, Texas A&M University, College Station, TX 77843.

345

Exposure to an extended series of inescapable shocks
also has long-term consequences. For example, it sensi-
tizes subjects to becoming hypoalgesic, 24 h later, upon
exposure to mild ‘‘reinstating”’ shock (see, e.g., Grau
et al., 1981; Maier, 1986; Maier et al., 1980). This ‘‘long-
term’” hypoalgesia also appears to be mediated by a hor-
monal opioid system, because it is blocked by naltrex-
one, morphine tolerance, dexamethasone, adrenalectomy,
and hypophysectomy (Drugan et al., 1981; Grau et al.,
1981; MacLennan et al., 1982; Maier et al., 1980). Im-
portantly, this effect does not reflect either a conditioned
or a residual hypoalgesia, because previously inescapably
shocked rats do not exhibit any hypoalgesia in the absence
of the reinstating shock (Jackson, Maier, & Coon, 1979).
These findings led Grau and his colleagues to suggest that
prior exposure to inescapable shock *‘sensitizes’’ the opi-
oid system (Grau, 1987a; Grau et al., 1981).

Because the opioid system is not sensitized if naltrex-
one or dexamethasone are given prior to the initial ex-
posure to inescapable shock (MacLennan et al., 1982;
Maier et al., 1980), it has been suggested that the activa-
tion of the hormonal opioid system plays a critical role
in producing the sensitization effect (Grau, 1987a). Given
this, one might wonder whether other manipulations that
activate the hormonal system have a similar sensitizing
effect. For example, considerable evidence exists that food
deprivation eiicits a strong hormonally mediated opioid
hypoalgesia (Hamm & Knisely, 1986; Hamm, Knisely,
Watson, Lyeth, & Bossut, 1985; McGivern, Berka, Bernt-
son, Walker, & Sandman, 1979; McGivern & Berntson,
1980). If activation of the hormonal opioid system is suffi-
cient to sensitize the opioid system, then previously food-
deprived subjects should exhibit a heightened opioid hypo-
algesia upon exposure to mild shock. Experiment 1 was
a test of this hypothesis.
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EXPERIMENT 1

To test whether previously food-deprived subjects ex-
hibit a heightened opioid hypoalgesia upon exposure to
mild shock, we deprived half of the subjects of food for
48 h. Food was then returned, and 24 h later, the subjects
were exposed to three mild shocks (0.75 sec, 1 mA). Else-
where, we have shown that this shock schedule elicits both
a transient, naltrexone-insensitive ‘‘nonopioid’’ and a long-
lasting, naltrexone-reversible opioid hypoalgesia (for evi-
dence that these effects do not reflect either a locally medi-
ated hypoalgesia or a disruption of motor reactivity, see
Illich & Grau, 1990). To assess the impact of food depri-
vation on these two components, half of the subjects in
each condition were given naltrexone prior to testing.

If food deprivation sensitizes subjects to becoming
hypoalgesic, then previously food-deprived subjects should
exhibit a much stronger hypoalgesia after mild shock.
However, one could argue that this potentiated hypo-
algesia simply reflects a residual food-deprivation-induced
hypoalgesia that summates with the hypoalgesia elicited
by mild shock. To rule out this alternative, we must show
that previously food-deprived subjects do not exhibit any
residual hypoalgesia 24 h after food is returned. In the
present experiment, we addressed this issue in a number
of ways. First, baseline levels of pain reactivity were as-
sessed with the tailflick test immediately before mild shock
was administered. In addition, unshocked controls were
used to verify that no differences were observed between
groups in the absence of shock. Finally, we assessed the
impact of food deprivation on the vocalization and strug-
gling elicited by the mild shock used to induce hypo-
algesia.

Method

Subjects. The subjects were 48 male Sprague-Dawley rats ob-
tained from Harlan (Houston, TX). The rats were 100-120 days
old and weighted 420-480 g. They were maintained on a 12:12-h
light:dark cycle. The light phase began at 6:30 am and ended at
6:30 pm. Testing was conducted during the first 3 h of the light
phase of the light:dark cycle. The subjects were individually housed
and had food and water continuously available.

Apparatus. The apparatus used to restrain, to shock, and to test
pain reactivity has been described in detail elsewhere (Grau, 1987a,
1987b). Here it will be described briefly. During behavioral test-
ing, the rats were restrained in one of two Plexiglas tubes (22 cm
in length and 6.8 cm in diameter). A 660-V transformer was used
to produce a constant-current 1.0-mA shock. The shock was ad-
ministered through tail electrodes, which were constructed from
a modified fuse clip. The electrode was taped to the rat’s tail, ap-
proximately 15 cm behind the rear of the tubes. Tailflick latencies
were assessed with a radiant heat tailflick device.

Vocalization was measured with a miniature microphone (Radio
Shack 270-092B), which was positioned over a 9.4-mm hole drilled
through the top of each tube 2.5 cm from the front. The micro-
phone was connected to a Sanyo amplifier (DCA 611), which was
adjusted to selectively amplify frequencies above 1500 Hz. At
80 dB, frequencies below 1500 Hz were attenuated by approxi-
mately 8 dB. The response function of the system was relatively
flat (£0.5 dB) from 1500 to 20000 Hz. The output from the am-
plifier was fed into a full wave rectifier. This provided a dc volt-
age that was proportional to the intensity of the sound pressure level

at the microphone. The dc voltage was fed into an analog-to-digita]
converter (Alpha Products, Analog 80), which was connected to
a Radio Shack Model IV computer. The computer read and recorded
the digital input approximately 19 times per second. This system
has been calibrated by determining the relation between the digital
input and the loudness of a 4000-Hz sine-wave tone. The computer
used this derived function to convert each of the digital inputs to
decibels. Sounds below 78 dB were ignored. This cutoff helped to
prevent extraneous sounds, such as breathing, from contaminating
our vocalization data. The system could measure sounds up to an
intensity of 110 dB.

Struggling was measured by attaching a strain gauge to the tail
electrodes. The strain gauge was connected to the electrodes by a
wire and was positioned 20 cm behind the electrodes. The strain
gauge was constructed from a spring-loaded potentiometer. This
potentiometer was connected to an adjustable voltage regulator that
controlled the voltage received by the analog-to-digital converter.
The output from each of the strain gauges was sampled approximately
19 times per second. This system has been calibrated by comput-
ing the relation between the digital inputs and force in newtons (N).
The system could measure forces up to 10 N.

Procedure. The experiment was conducted in three phases:
(1) baseline testing; (2) an assessment of the impact of food depri-
vation, per se, on pain reactivity; and (3) a test of the long-term
consequences of food deprivation on pain reactivity and shock-
induced hypoalgesia. During the first phase of baseline testing (Days
1 and 2), subjects were placed in restraining tubes and allowed
20 min to become acclimated. They were then given four tailflick
tests spaced 2 min apart. An 8-sec cutoff was used to prevent tis-
sue damage. The average of the last three tailflick latencies on Day 2
was used as the baseline measure of pain reactivity. Immediately
after testing was completed on Day 2, subjects were placed in one
of two groups (food-deprivation phase). For one group (deprived),
food was removed. The impact of food deprivation on pain reac-
tivity was tested 24 h later (Day 3). This test was conducted in the
same manner as has been described for Days 1 and 2. After this
test, subjects were given 9 g of food. Pain reactivity was assessed
again 24 h later (Day 4). At the end of testing, all of the food-
deprived subjects were maintained on ad lib food for the remainder
of the experiment. The remaining subjects (nondeprived) were al-
lowed free access to food throughout the experiment. These sub-
jects were tested in the same manner as were the deprived subjects
on Days 3 and 4.

On Day 5, we tested the long-term consequences of food depri-
vation. Prior to testing, half the subjects in each condition reccived
an i.p. injection of naltrexone (14 mg/kg). The remaining subjects
received an injection of saline. Ten minutes later, subjects were
placed in restraining tubes and given 20 min to become acclimated.
The subjects then received four tailflick tests spaced 2 min apart.
Immediately after the last tailflick test, shock electrodes were at-
tached and half of the subjects in each condition received three 0.75-
sec, 1-mA tailshocks at 20-sec intervals. Vocalization and strug-
gling were recorded in the shocked subjects for 1 sec before, 1 sec
during, and 5 sec after each shock. Two minutes after the last shock
or an equivalent period of restraint, all subjects received five tail-
flick tests spaced 2 min apart.

Statistics. The preshock vocalization and straining results were
analyzed with the nonparametric Kruskal-Wallis H test. All other
data were analyzed with an analysis of variance (ANOVA). Post
hoc comparisons were made with the Duncan’s multiple-range test.

Results

Day 2: Tailflick scores. The test of baseline levels of
pain reactivity on Day 2 revealed that no differences ex-
isted prior to testing [F(1,46) = 0.04, p > .05]. The
mean tailflick latencies were 4.84 and 4.86 sec for the
food-deprived and -nondeprived groups, respectively.







