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Summary

Exposure to painful or stressful stimuli produces an analgesic reaction which can
persist for 1-2 h post-stress. In the typical stress-induced analgesia study the subject
is not permitted to alter or exert control over the aversive event to which it is
exposed. That is, its behavior affects neither the duration or intensity of the event.
The experiments reported here attempted to determine whether this inability of the
subject to control the aversive event is an important determinant of stress-induced
analgesia, or whether simple exposure to painful events is a sufficient condition for
its production.

In the first experiment rats were given either escapable electric shocks (the
subject’s behavior could terminate the shock), equal amounts of inescapable shock,
or no shock. Tail-flick to radiant heat was assessed 30 min later. The group given
inescapable shock was strongly analgesic, while the group given an equal amount of
escapable shock was only mildly analgesic. Thus the controllability of the shock or
the availability of a coping response determined the antinociceptive reaction which
followed. The second experiment revealed that this differential effect of controllabil-
ity on tail-flick responding is masked, shortly after the end of the shock session, by a
transient analgesic effect of shock which is not sensitive to the controllability
dimension. The implications of these results for stress-induced analgesia and the
activation of opioid systems are discussed.
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Introduction

Exposure to a variety of painful or stressful events (e.g.. cold water, electric
shocks. rotation. conditioned stimuli previously paired with electric shock, 2-
deoxyglucose injections) has been shown to produce a subsequent analgesic reaction
{3.6.8.12]. This antinociceptive response. called stress-induced analgesia. can persist
for 1-2h [1.7] and can be assessed using a number of different analgesimetric
measures (phenylquinone-induced writhing. paw lick on hot plate, jump-flinch to
shock, tail-flick to radiant heat. vocalization to shock. etc.), and has been demon-
strated in a variety of different species including humans [39). Stress-induced
analgesia has received considerable recent attention. largely because it has been
thought to provide insight into the psychological factors which activate endogenous
pain control and /or opiate systems. Portions of the central nervous system normally
function to inhibit pain [see refs. 11, 16, 19). Of particular interest is a system which
extends from midbrain sites such as the periaqueductal gray to a locus of pain
inhibition in the spinal cord. Electrical stimulation of the midbrain sites produces a
profound analgesic reaction [26.31], and this system is thought to be involved in the
production of pain inhibition by exogenously administered opiates [29]. Further,
opioid peptides appear to play a mediational role in this endogenous system [34].
Thus if stress-induced analgesia were actually mediated by this system, it might
provide insight into both the natural factors which activate this midbrain pain
inhibition system and the functional role of opioid peptides.

Although stress-induced analgesia has received extensive anatomical, biochemical
and pharmacological study. little effort has been devoted toward discovering which
aspect(s) of the stress expenience is critical in producing it. A sizable body of
evidence indicates that the availability /unavailability of coping responses which
allow the subject to exert control over aversive events modulates many of the
consequences of exposure to such events. Thus, for example. organisms exposed to
inescapable and unavoidable (uncontrollable) electric shocks later show poor learn-
ing to escape shock in a different situation in which escape is possible (the so-called
‘learned helplessness effect’: refs. 25, 28). reduced activity in the presence of shock
[4.15), decreased levels of shock elicited aggression [21)], lowered dominance in a
food competition situation [30]. and heightened stress symptomatology. such as ulcer
formation and weight loss [37). These effects usually do not occur following
equivalent amounts of escapable (controllable) shock. Thus it is the uncontrollability
of the shock rather than shock per se which seems to produce these consequences.
Moreover, the neurochemical changes produced by shock exposure are also de-
termined by the escapability of the shocks [5.38]. ,

Since the availability of coping responses seems to critically determine many of
the reactions 0 stress exposure, this factor might also be important in the produc-
tion of stress-induced analgesia. In fact. the stressor has been beyond the subject’s
control in most or all stress-induced analgesia studies. That is, nothing the organism
could do altered either the onset. duration. termination. or intensity of the painful or
stressful events. Thus it may not be the occurrence of painful events per se that is
crucial in producing stress-induced analgesia. but rather it may be the subject’s lack
of control over them.
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Recent findings reported by Jackson et al. {14] and Maier and Jackson [24]
encourage this possibility. They found that a brief re-exposure to shock could
reinstate an analgesic reaction 24 h after an initial exposure to shock stress. The
re-exposure to shock used was insufficient by itself 1o induce an analgesic reaction.
That is. animals were not analgesic (hot-plate and tail-flick measures) when tested
24 h after exposure 10 an extended series of shocks. but became so when given a
small amount of shock, an amount (oo small to produce an antinociceptive reaction
in animals not exposed 1o shock 24 h earlier. More importantly, they found that this
analgesic reaction only occurred if the initial shocks were inescapable. Some rat
subjects were allowed to escape shocks by turning a small wheel with their paws. The
onset of the shocks could not be prevented, but a wheel turn produced shock
termination. A second group received the same shocks but could not escape them.
Wheel turning had no effect. Each member of this group was yoked to a subject
from the escape group. Each shock began at the same time for both subjects and
terminated for both whenever the escape group subject responded. Thus both groups
received identical durations and distributions of shock. but members of the escape
group had control over shock while members of the yoked group did not. A third
group was merely restrained and served as a baseline control. Twenty-four hours
later all subjects received a brief re-exposure to shock in a different apparatus
followed by tail-flick or hot-plate analgesia tests. Even though both escape and
yoked subjects had received identical shocks. only the yoked subjects were strongly
analgesic. Thus mere exposure to shock was not sufficient to produce the long-term
reinstated analgesic reaction studied by Jackson and Maier. Rather. the subjects’
lack of control over shock was critical.

It is not known whether the short-term stress-induced analgesia typically invest-
gated and the long-term reinstatable reaction are instances of the same phenomenon
or whether they instead involve different processes. Thus controllability need not of
necessity be a critical feature in the usually studied stress-induced analgesia para-
digm. The purpose of the present experiments was to investigate this issue.

In the first experiment some animals were given escapable shock, some received
yoked inescapable shock, and others were merely restrained. All subjects were tested
for pain sensitivity /reactivity 30 min following the termination of the shock session.
The test used was the tail-flick to radiant heat. This test was chosen because it is the
most commonly used measure in stress-induced analgesia studies and because its
response to analgesic drugs more closely matches human analgesic drug potencies
than do other measures {35]. However, it should be noted that we have also
employed hot-plate testing in related work [12,14.24] and have always obtained
comparable results. A second experiment also compared the tail-flick responding of
animals given escapable, equal amounts and distributions of inescapable, or no
shock. However, here separate groups were tested either 1 min or 30 min following
the shock session. This experiment was conducted because differences that might
have appeared 30 min after testing as in the first experiment could easily be absent
shortly after shock exposure. The effects of controllability might take some time to
develop or might be initially masked by transitory postshock effects (see below).




0
Method

Subjects

Seventv-two male albino rats obtained from Holtzman (Madison. Wisc.) were
used as subjects. The rats were 80-90 days old at the start of the experiment. They
were maintained on a 12: 12 h light/dark cycle. were individually housed. and had

food and water continuously available.

Apparatus

Pretreatment shocks or restraint occurred in 3 wheel-turn boxes, 15.5 cm X 12.0
cm X 17.0 cm. The side and front walls were made of clear Plexiglas: the rear wall
and floors were made of Masonite. A grooved Plexiglas wheel extended 1.7 cm into
the front of the chamber, through a hole 8.0 cm from the floor of the box. The wheel
required about 0.50 N in order to turn. The tail of the rat was extended through a
slot in the rear wall of the chamber and was taped to a Plexiglas rod. Shock was
applied through electrodes attached to the rat’s tail and augmented with electrode
paste. The shock sources were modeled after the Grason-Stadler Model 700.

The pain-reactivity test device was a tail-flick apparatus consisting of a 43.0
cm X 17.7 ¢m X 8.0 cm metal box which supported a 7.4 cm X 3.0 cm aluminum
plate. A shallow groove was cut in this plate, and the rat’s tail was put in this slot
during a trial. A photocell receiver was located in this groove. A General Electric
150-W projector spotlight was mounted above the plate which held the rat’s tail. The
distance between the lamp and the tail was adjustable. A condensor lens was located
between the light source and the tail to focus the light. The position of the lens was
fixed, and its flat surface was located 6.5 cm above the aluminum plate. A 5-7 mm
tail deflection activated the photocell and automatically terminated the trial.

Procedure

In the first experiment, 24 rats were randomly assigned to 1 of 3 groups. The first
group (escape) received escape training in the wheel-turn boxes. The escape session
was identical to that used in previous studies and consisted of 80 unsignaled shock
trials presented on a variable time schedule, with a mean intertrial interval of 60 sec
(range, 30-120 sec). Shock could be terminated by turning the wheel one-half of a
complete rotation after the first 0.8 sec of the trial had elapsed. Responses within 0.8
sec of shock onset had no consequence. The shock terminated automatically if the
subject had not responded after 30 sec of shock. Shock intensity was initially set at
0.8 mA and was incremented to 1.0 mA after 20 trials, to 1.3 mA after 40 trials. and
to 1.6 mA after 60 trials. This was done because responding in this situation
deteriorates with a constant shock intensity.

The subjects in the second group (yoked) were each paired with a member of the
escape group and received the same shocks as did their yoked partners in the escape
group. Wheel turning had no effect on shock duration for this group. The members
of the third group of rats (restrained) were merely restrained in the wheel-turn boxes
for a period of time equal to that spent in the boxes by the other two groups.

All subjects were tested 30 min later. Each subject received 3 tail-flick testing
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trials separated by 3min. On a test trial. an experimenter (unaware of group
membership) held the rat in his/her hand and placed the rat’s tail in the grooved
metal plate. A switch activated the lamp and started a timer. The light beam was
focused on a spot about halfway between the base and the tip of the tail. The
distance between the heat lamp and the tail was initially adjusted. by using naive
rats from the same shipment as those used in the study. to produce control group
latencies in the 6-8 sec range. A trial was automatically terminated if a tail-flick had
not occurred in 21 sec, and a 21-sec latency was recorded. This was necessary in
order to prevent tissue damage to the tail.

In the second experiment. 48 subjects were randomly assigned to 1 of 6 groups.
Two groups received escapable shock as in the first experiment, two received yoked
inescapable shock. and two were restrained. One of the inescapable shock, the
escapable shock and the restrained groups was given tail-flick testing beginning
I min after the end of the shock session. The other groups were tested 30 min after
the shock session. Testing was identical to that used in the first experiment. Thus
this second set of groups constitute a replication of the first experiment.

Results and Discussion

All subjects in the escape group in the first experiment learned to escape shock.
For each subject wheel turn latencies were shorter in the last block of 10 trials than
on the first block. The mean tail-flick latencies for the 3 groups are shown in Fig. 1.
It can be seen that the rats which had received inescapable shock (yoked) were very
slow to respond to the radiant heat when tested 30 min later. The escape group.
which had received identical shocks, was much less analgesic. These impressions are
confirmed statistically. An analysis of variance yielded a reliable group effect
(F=41.68; df = 2, 21; P =0.00003). Subsequent Newman-Keuls tests (0.05) found
that the yoked group responded more slowly than did both other groups, and that
the escape group differed reliably from the restrained controls.

Clearly, the controllability of the stressor was an important factor in determining
short-term stress-induced analgesia as well as long-term reinstated analgesia. The

MEAN TAIL-FLICK LATENCY (sac)

YOKED  RESTRAINED
GROUP

Fig. 1. Mean 1ail-flick latencies for rats which had received escapable. yoked incscapable. or no shock.
Bars indicate standard error of the mean.
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