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Stress-induced analgesia: Effect of naloxone
following cold water swims
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Rats exposed to novel stressful events subsequently display increased nociceptive
thresholds while chronic exposure produces adaptation. The present study investigated
whether the analgesia induced by one such stressor, a brief, forced cold-water swim, could
be eliminated by an opiate receptor blockade induced by a narcotic antagonist. Naloxone at
a dose of 10 mglkg was partially able to attenuate stress-induced analgesia. .but it had no
effect upon normal nociceptive thresholds in unstressed control subjects. That a high dose of
naloxone only partially attenuates stress-induced analgesia suggests that this type of analgesia
is not identical to that induced by opiates.

When first exposed to a stressful event, rats display a
transient, yet significant, increase in nociceptive
thresholds. Following the initial observation that rats
showed increased tail-flick latencies following acute
exposure to such severe stresses as inescapable foot
shock , rotation, or intraperitoneal injections of hyper
tonic saline (Hayes, Bennett , Newlon, & Mayer, 1976),
a number of other effective stressors have been identi
fied, such as cold water swims (Bodnar, Kelly, &
Glusman, 1978; Bodnar , Kelly, Spiaggia, & Glusman,
1977), food deprivation (Spiaggia, Bodnar, Kelly,
McManus, & Glusman, 1977), and administration of
2·deoxy·D·glucose, an antimetabolic analogue of
glucose, which produces a state of acute glucopriva
tion (Bodnar, Brutus, Glusman, & Kelly, 1978) .

Given the number and range of novel environmental
events that increase nociceptive thresholds, it would
seem unlikely that various nonspecific peripheral factors
peculiar to the individual stressors could account for the
threshold elevations . Further evidence supports this
contention. First, whereas acute exposure to either
inescapable footshock or cold water swims produces
analgesia, chronic exposure over daily sessions leaves
nociceptive thresholds unaltered (Akil , Madden, Patrick,
& Barchas, 1976 ; Bodnar , Kelly, Spiaggia, & Glusman,
1977; Bodnar, Kelly, Spiaggia, & Glusman, 1978 ;
Madden, Akil, Patrick, & Barchas, 1977), suggesting that
stress-induced analgesia adapts in much the same manner
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as autonomic and neuroendocrine stress responses
adapt following chronic exposure to stressors (Selye,
1952). Second, with respect to the specific stressor
employed in the present experiment, significant core and
skin temperature reductions occur following exposure to
both acute and chronic cold water swims, but only the
former result in analgesia (Bodnar, Kelly, Spiaggia, &
Glusman, 1977, 1978) . Third, general activity levels
of stressed animals increase at the same rate following
both acute analgesic swims and chronic nonanalgesic
swims (Bodnar, Glusman, Spiaggia, Brutus, & Kelly,
1978).

The present study assessed whether stress-induced
analgesia might be dependent upon activity in the
recently identified endogenous opiate system by
blocking the opiate receptor blockade via administration
of naloxone, a strong narcotic antagonist. Naloxone has
been shown to eliminate completely analgesia induced
by systemic or intracerebral administration of morphine
(Jacquet & Lajtha, 1974; Martin, 1967) and to attenuate
stimulation-produced analgesia (Akil, Mayer, &
Liebeskind , 1976; Oliveras, Hosobuchi, Redjemi,
Guilbaud, & Besson, 1977; Pert & Walter, 1976; Yaksh,
Yeung, & Rudy , 1976). In contrast , analgesia induced by
inescapable footshock was reported to be unaltered by
low (I-mg/kg) naloxone doses (Hayes et aI., 1976) but
partially attenuated by moderate (lO mg/kg) doses
(Akil , Madden, Patrick, & Barchas, 1976). Finally,
naloxone has produced only mild or no changes in
normal pain sensitivity with some studies reporting
reflex hyperanalgesia (Bernston & Walker, 1977 ;
Frederickson, Burgis, & Edwards, 1977; Jacob,
Tremblay, & Colombel, 1974) and others reporting
unaltered nociceptive thresholds (El-Sobky, Dostrovsky;
& Wall, 1976 ; Goldstein, Pryor, Otis, & Larsen, 1976).
The present study examined whether analgesia induced
by another stressor , cold water swims, could be elirni-
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DISCUSSION

Figure 1: Alterations in flinch-jump thresholds of rats pre
treated with naloxone following acute exposure to cold water
stress, of similarly stressed rats injected with saline, and of
unstressed rats pretreated with naloxone or saline. All experi
mental manipulations occurred 30 min preceding the nociceptive
test.
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The partial reduction by naloxone of analgesia produced by
cold water stress agrees with the Akil, Madden , Patrick, and
Barchas (197 6) observation that naloxone at the same dose of
10 rng/kg attenuated analgesia caused by repeated footshock .
These investigators also found , as we did , that naloxone's partial
effectiveness actually reflected a statistical blend within the
experimental group of two binary effects: marked analgesic
reversal in some animals and no effect in others. Similar binary
effects of naloxone at both 1 and 10 mg/kg upon stimulation-

in attenuating stress-induced increases in the jump
thresholds of the naloxone -stress group [F(I ,10) = 4.39 ,
P < .05]. It had less pronounced effects upon initial
jump thresholds [F(1 ,10) = 3.41 , .10> P > .05] and no
effect upon flinch thresholds [F(1 ,10) = .18]. Nalox
one's ability to attenuate stress-induced analgesia was
not due to its effects upon normal pain thresholds.
These measures in the naloxone-alone group were un
affected by drug administration [jump: F(1 ,10) = .93;
initial jump: F(1,IO) = .37; flinch: F(1,I O) = 1.49] .

Strong individual differences in effectiveness of the
single dose of naloxone were observed among the six
naloxone-stress rats tested. In four, naloxone markedly
reduced stress-induced increases in jump and initial jump
thresholds, with Day I thresholds comparable to Day 5.
The other two naloxone-injected rats responded like the
saline-control animals. The differential effectiveness of
naloxone among the six rats was not correlated with any
other behavioral sign. No such individual differences
were noted among the subjects in the naloxone-alone
group.
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Figure 1 shows that , while naloxone failed to alter
normal nociceptive thresholds in unstressed animals, it
partially attenuated the analgesia induced by cold water
swims. Two-way analyses of variance for each noci
ceptive measure revealed significant effects among the
groups (jump: F(3,40) =23.50 , p < .01 ; initial jump:
F(3,40)= 11.50, p<.OI ; flinch : F(3 ,40) = 4 .88, p < .01]
and between the experimental (Day I) and baseline
(Day 5) sessions [jump : F(1 ,40) = 34.00, p < .01; initial
jump : F(1 ,40) = 10.10, p < .01; flinch : F(1 ,40) = 8.75,
p < .01] . While baseline sessions across the groups were
similar [jump: F(3 ,20) = 1.41; initial jump: F(3,20) =
.83; flinch: F(3,20) = .48] , Scheffe post hoc compari
sons showed that cold water swims significantly elevated
all nociceptive measures in the saline-stress group (jump:
F(1 ,10) = 30.47, P < .01; initial jump: F(1 ,10) = 38.72,
p < .01; flinch: F(l ,10) = 8.74, p < .05] . Compared to
these saline-stress subjects , naloxone was most effective

METHOD

RESULTS

Twenty-four male Holtzman Sprague-Dawley rats (350
500 g) were tested for flinch-jump thresholds using a modifica
tion of the Evans (1961) procedure. Testing was carried out in a
Plexiglas chamber that had a 30 x 24 em grid floor composed of
14 bars (.6-<:m diam) spaced 1.8 ern apart. Electric shocks were
delivered through the grids by a 60-Hz constant-current shock
generator thr ough a 14-pole shock scrambler. Using an ascending
method of limits of successively more intense shocks , the flinch
threshold was defined in milliamperes as the lowest intensity
that elicited a withdrawal of a single paw from the grids. The
initial jump threshold was defined as the lowest intensity that
elicited simultaneous withdrawal of both hindpaws from the
grids. The jump threshold was defined as the lowest of two
consecutive intensities that elicited a jump as above. Each trial
began with the animal receiving a 300-msec footshock at a
current intensity of .1 rnA. Subsequent shocks were increased in
equal .05-mA steps at 20-sec intervals. Following the determina
tion of flinch , initial jump, and jump thresholds on each trial,
the current intensity was reset to .1 rnA for the next trial until
10 trial s were completed.

The 24 rats were randomly assigned to four groups of 6 rats
each. The first , or control, group underwent daily flinch -jump
testing for 5 consecutive days. The second , or naloxone, group
was administered a subcutaneous dose of 10 mg/kg of naloxone
(Naloxone Hydrochloride, Endo Labs; 10 mg/rnl , .9% saline)
30 min prior to the first of 5 days of flinch-jump testing . The
third , or naloxone-stress, group was administered 10 rug/kg of
naloxone immediately prior to the cold water stress condi tion,
which occurred 30 min prior to the first of 5 days of flinch-jump
testing. The fourth, or saline-stress, group was treated identically
to the third group , but received only saline.

In the cold water stress condition, each animal was placed in
a bath of 2°C ice water and forced to swim for 3.5 min. The
water was too deep for the animal to stand without being sub
merged. Between swim exposure and psychophysical testing ,
the rats were placed in individual cages lined with newspaper.

nated by naloxone , and if so, whether this effect could
be attributed to naloxone 's effect upon normal noci
ceptive thresholds.



NALOXONE AND STRESS-INDUCED ANALGESIA 127

produced analgesia from the periaqueductal midbrain have also
been noted (Akil, Mayer, & Liebeskind, 1976). While such
individual differences seem to characterize naloxene's interac
tions with analgesia induced by cold water stress, footshock , or
brain stimulation, this drug has been consistently effective in
reversing opiate-induced analgesia (Jacquet & Lajtha, 1974;
Martin, 1967). These findings point to an essential difference
between opiate-induced and other types of analgesia.

Several other biochemical and behavioral studies have
attempted to link stress-induced analgesia to the activity of
endogenous opiates. Recent observations indicate that increased
brain opiate receptor binding occurs parallel to the analgesia
produced by inescapable footshock (Madden, Patrick, & Barchas,
1976; Chance, White, Krynock, & Rosecrans, 1977a, 1977b;
Madden et al., 1977). This same stressor at slightly different
parameters, however, fails to increase 3H-met-enkephalin activity
in brain (Fratta, Yang , Hong , & Costa, 1977) but can increase
B-endorphin activity in blood, but not brain (Rossier, French,
Rivier, Ling, Guilleman, & Bloom, 1977). Moreover, B
endorphin and adrenocorticotropin are released concomitantly
by the pituitary following injury stress (Guilleman, Vargo,
Rossier, Minick, Ling, Rivier , Vale , & Bloom, 1977). On the
other hand, evidence dissociating stress-induced analgesia
includes the observations that dorsolateral lesions of the spinal
cord which eliminate morphine and stimulation-induced anal
gesia (Basbaum, Marley, O'Keefe, & Clanton, 1977) fail to atten
uate analgesia induced by inescapable footshock (price, Hayes,
Bennett, Wilcox, & Mayer , 1976) and that crosstolerance fails to
develop between morphine-produced and cold water stress
induced analgesia (Bod nar, Kelly, Steiner, & Glusman, 1977).

An alternative, though conjectural, explanation for the
apparent nonopiate properties of stress-induced analgesia may
involve participation of the recently described delta-type opiate
receptor for which the enkephalins, but not morphine or
naloxone, possess high affinity (Lor d, Waterfield, Hughes, &
Kosterlitz, 1977). Thus, an enkephalin-mediated stress-induced
response which exerted its analgesic effects exclusively , or
predominantly, via protected delta receptors, might be expected
to be impervious to naloxone antagonism. Of th ese two alterna
tives, the most parsimonious explanation for these results would
posit the existence of a parallel nonopiate route of access, or
neural input, into that descending bulbospinal sys tem that
apparently serves as the final common path for pain inhibition
and which may also be accessed through opiate inputs (Mayer &
Price, 1976).
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