tion of the contribution of contextual
stimuli to tolerance (10, 15).

Opiate-inexperienced male rats (Wis-
tar-derived, 90 to 110 days old) with
permanent jugular cannulas (/6) were
intravenously injected with diacetylmor-
phine hydrochloride (heroin) 15 times,
one injection every other day. The dose
was increased according to the following
schedule: first injection, 1 mg/kg; second
and third injections, 2 mg/kg; fourth
through seventh injections, 4 mg/kg; and
eighth through fifteenth injections, 8 mg/
kg. Each rat also received one volumetri-
cally equated injection of the vehicle (5
percent dextrose solution) on days when
it was not injected with heroin.

The injections were given in two dif-
ferent environments. One was the colo-
ny, where the rats were individually
housed. The animal was removed from
its cage, injected, and returned to its
cage. The other environment was a dif-
ferent room with constant white noise
(60 dB SPL). Rats were injected 15 min-
utes after being transferred to this room
and were Kkept there for an additional 2
hours. One group of rats received heroin
in the distinctive room and dextrose in
the colony; a second group received her-
oin in the colony and dextrose in the
distinctive room. Finally, the subjects in
each group were placed in one of the two
environments and injected with 15 mg of
heroin per kilogram. This procedure per-
mitted evaluation of the effects of a high
dose of heroin in the context of cues that
had previously signaled lower doses of
the drug [similarly tested (ST) rats] and
in the context of cues not previously
associated with the drug [differently test-
ed (DT) rats]. It should be emphasized
that, throughout the study, both experi-
mental groups were injected an equal
number of times with the same doses of
heroin at the same intervals between
injections [results obtained from the two
counterbalanced conditions were not sig-
nificantly different (/7)]. A third group
received 30 daily injections of dextrose
in each of the two environments on an
alternating schedule and then an injec-
tion of heroin (15 mg/kg) in one of the
two environments. Thus the control rats
had no experience with the opiate before
the final session.

Chi-square analysis indicates that
mortality differed significantly among
groups (P < .001) (I8). Both groups with
pretest experience with sublethal doses
of heroin were more likely to survive the
highest dose than control animals
(P < .002), suggesting that tolerance re-
sulted from the sublethal heroin injec-
tions independent of the environment
associated with those injections. Howev-
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er, mortality was significantly higher in
DT than in ST rats (P < .001), indicating
that identical pretest pharmacological
histories do not necessarily result in the
display of equivalent tolerance to the
lethal effect of heroin. The experiment
was conducted in six replications (three
involving testing in each of the two envi-
ronments), and in every replication a
greater proportion of DT than ST rats
died (P < .02, binomial test). The com-
bined results for all replications are sum-
marized in Table 1.

In conclusion, groups of rats with the
same pharmacological history of heroin
administration can differ in mortality fol-
lowing administration of a high dose of
the drug: rats that received the potential-
ly lethal dose in the context of cues
previously associated with sublethal
doses were more likely to survive than
animals that received the dose in the
context of cues not previously associat-
ed with the drug.
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Tumor Rejection in Rats After Inescapable or Escapable Shock

Abstract. Rats experienced inescapable, escapable, or no electric shock 1 day
after being implanted with a Walker 256 tumor preparation. Only 27 percent of the
rats receiving inescapable shock rejected the tumor, whereas 63 percent of the rats
receiving escapable shock and 54 percent of the rats receiving no shock rejected the
tumor. These results imply that lack of control over stressors reduces tumor rejection

and decreases survival.

Psychological states involving the loss
of control, such as helplessness, be-
reavement, and depression, are associat-
ed with an increased incidence of cancer
(7). The influence that psychological var-
iables may have on the development and

maintenance of malignancies is difficult
to determine from correlational studies
of humans: the psychological states may
have preceded cancer onset, resulted
from it, or occurred at the same time.
Therefore, animal studies in which psy-
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chological factors are manipulated inde-
pendently of the onset of cancer are
required. ‘

One means for assessing the contribu-
tion of the psychological factor of stress-
or controllability to tumor susceptibility
is the ‘‘yoked’’ testing procedure. In this
procedure, two groups of subjects re-
ceive identical exposure to an aversive
event and differ only in the extent to
which their responses influence the
event. One group controls the event and
can terminate it, as by pressing a bar.
The second group helplessly receives the
stimulus as governed by the first group.
A third group receives no aversive stim-
ulation, and therefore provides a control
for the effects of the tumor itself.

Experiencing an uncontrollable aver-
sive event produces behavioral and
physiological effects that do not occur
when the event is controllable. For ex-
ample, animals that have received ines-
capable shock show severe deficits in
learning to escape from other aversive
stimuli (2), become submissive in com-
petition for food (3), fail to escape from
frustrating situations (4), and show less
aggression when subjected to additional
shock (5). Physiologically, inescapable
shock leads to catecholamine depletion
in the central nervous system (6, 7),
activation of the hypothalamic-pituitary-
adrenal axis (8), weight loss (9), and
gastric ulceration (9, 10). Finally, uncon-
trollable aversive events increase psy-
chological distress in humans (11).

Tumor growth is also increased by the
'same amounts of uncontrollable shock
which produce the behavioral deficits
and physiological changes in animals.
Sklar and Anisman (/2) found that tu-
mors grow more quickly in mice given
inescapable shock than in mice given
escapable shock or no shock. However,
since the dose of tumor cells was large
enough to ensure tumor development in
every ‘animal, the effect of inescapable
shock on the process of tumor rejection
could not be assessed. The physiological
mechanisms that promote the growth of
an established tumor are different from
those that influence the rejection or ini-
tial development of a tumor and subse-
quent metastasis (13, 14). As Sklar and
Anisman pointed out, in order to deter-
mine whether uncontrollable stressful
events increase the risk of cancer, we
need to investigate the influence of this
psychological variable on tumor rejec-
tion. ‘

In our experiment, we measured tu-
mor rejection as a function of the con-
trollability of shock by using a dose of
tumor cells designed to induce tumors in

438

x2(1)=6.74, P <.01

80 -
L 1
I x2(1)=8.97,P<.05
~ 1
=4
o
°
2
2 40 A
53
€
=]
i 7
Escapable No shock Inescapable

Fig. 1. Tumor rejection in rats subjected to
escapable shock, no shock, or inescapable
shock. The statistical data are based on chi-
square analysis with Yates’ correction for
continuity.

only 50 percent of unshocked rats. If the
shock, as a physical stressor, was suffi-
cient to influence tumor development,
then the escapable- and inescapable-
shock groups would show the same rate
of tumor rejection. However, if the psy-
chological state induced by uncontrolla-
ble shock inhibited tumor rejection, then
only rats exposed to inescapable shock
would' show a reduced ability to resist
the tumor challenge.

The subjects, 93 Sprague-Dawley
adult male rats (Holtzman), were housed
individually in the University of Pennsyl-
vania’s general colony environment (15).
They were placed on a photoperiodic
cycle of 14 hours of light and 10 hours of
darkness and given u_nlimitéd access to
food and water. All experimental proce-
dures were run during the light phase.

For the shock manipulation, two iden-
tical sound-attenuating chambers (back-
ground noise, 76 dB) were used, each
containing one shock box (1/6). A 600-V
a-c transformer with a limiting resistor
supplied constant current through a La-
fayette scrambler (model 82500). The
shock (0.7 mA) was delivered to the grid
floor and the metallic sides of each box.
Depression of a bar in the escapable-
shock box terminated the shock in both
boxes. A bar press in the inescapable-
shock box had no effect.

Syngeneic Sprague-Dawley rats with
growing Walker 256 sarcoma tumors
were killed after a tumor mass was pal-
pable for 14 days. The tumor was dis-
sected into pea-sized pieces, which were
forced through a 40-mesh surgical sieve
and mixed with equal parts (by weight)
of Gey’s solution. For implantation, 0.2
cm? of the tumor preparation (I7) was
injected subcutaneously into the left low-
er anterior flank of each subject. Twen-
ty-four hours later the rats were divided

randomly into three groups: escapable
shock (N = 30), inescapable shock
(N = 30), and no shock (N = 33). The
rats were exposed to 60 shock trials at
random intervals. The rats in the escap-
able shock group could terminate the
shock at any time by pressing the bar. If
they did not press the bar, the shock
ended after 60 seconds. As described
earlier, the rats in the yoked condition
simultaneously received the same
amount of shock as their partners, but
were helpless to control it. After the
trials, the rats were returned to their
home cages and were maintained on the
same feeding and light-dark schedule as
before.

Tumor rejection was defined as the
absence of a tumor 30 days after implan-
tation. The 30-day cutoff was chosen as a
result of extensive pilot work showing
that all rats that had this tumor 30 days
after cell injection died within another 60
days and that no rats that were tumor-
free at 30 days developed the tumor or
died in the next 60 days. Although all
tumors were palpable, tumor absence or
presence was confirmed by dissection.

Rats receiving inescapable shock were
only half as likely to reject the tumor and
twice as likely to die as rats receiving
escapable shock or no shock (Fig. 1).
Only 27 percent (8 of 30) of the rats given
inescapable shock rejected the tumor,
compared to 63 percent (19 of 30) of the
rats given escapable shock and 54 per-
cent (18 of 33) of the rats given no shock.
Thus, inescapable shock increased the
probability that an animal would die by
decreasing the rate of tumor rejection.

Immunological activity is probably an
important line of defense against cancer
metastasis, and there is evidence that the
immune system is suppressed after un-
controllable aversive events. For exam-
ple, immunosuppression (defined by de-
creased spleen cell reactivity) was found
in animals exposed to uncontrollable ac-
celeration stress (/8). Monjan and Col-
lector (19) found that uncontrollable
noise stress produced T and B cell sup-
pression in mice. Suppression of lym-
phocyte function is related to the intensi-
ty of aversive stimulation (20). In hu-
mans, immunosuppression has been re-
ported during bereavement (21).

One possible connection between the
psychological experience of uncontrolla-
ble stress and immunosuppression is
suggested by Selye’s general adaptation
syndrome (22). When an animal is ex-
posed to a stressor, the arousal releases
adrenocorticotropic hormone and adre-
nocortical activation occurs. This in turn
causes immunosuppression. The more
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