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Coping and Immunosuppression: Inescapable but Not

Escapable Shock Suppresses Lymphocyte Proliferation

Abstract. Rats were given series of escapable shocks, identical inescapable
shocks, or no shock. The subjects were reexposed to a small amount of shock 24
hours later, after which an in vitro measure of the cellular immune response was
examined. Lymphocyte proliferation in response to the mitogens phytohemaggluti-
nin and concanavalin A was suppressed in the inescapable shock group but not in the
escapable shock group. This suggests that the controllability of stressors is critical in

modulating immune functioning.

Exposure to a variety of psychosocial
and environmental stressors can alter the
functioning of the immune system (7).
For example, in humans, lymphocyte
proliferation in response to mitogens is
suppressed 6 weeks after the death of a
spouse (2). Such suppression is also seen
after exposure to loud noise in mice (3),
electric shock in rats (4), infant-mother
separation in bonnet monkeys (5), and
peer separation in pig-tailed monkeys
(6). Similarly, acceleration, restraints,
and overcrowding in mice reduce the
plaque-forming response to sheep red
blood cells (7).

These stressors are diverse, and it is
not known which aspect is critical for the
impairment of immune functioning. Re-
search on the relation between stress and
cancer suggests that an organism’s in-
ability to exert control over the events in
question may be important. Psychologi-
cal states that involve a loss of control,
such as bereavement and severe depres-
sion, are associated with an increased
incidence of cancer (8). In fact, an inabil-
ity to cope with aversive events is fre-
quently part of the definition of stress. It
is often argued that an event will induce
stress only if the organism cannot or
anticipates that it cannot cope with the
event (9). Stressors that have been
shown to impair immune functioning in
vitro, such as noise, electric shock, and
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separation, have been uncontrollable (in-
escapable and unavoidable).

In a number of experiments the impact
of the psychological dimension of con-
trollability on tumor growth and tumor
rejection has been evaluated. Sklar and
Anisman (/0) injected mice with synge-
neic P815 tumor cells and then gave them
60 shocks. Some of the mice were al-
lowed to terminate each shock by per-
forming an escape response, and thus
had a degree of control over the shock.
Other mice were given inescapable
shocks, and thus had no control. Even
though both groups received identical
shocks in physical terms, tumor growth
was enhanced in the inescapable shock
group while the escapable shocks had no
effect. Visintainer et al. (I1) reported
similar results for the rejection of Walker
256 sarcomas in rats.

However, tumor growth and regres-
sion do not necessarily reflect immune
system functioning. They can be directly
affected by such factors as vascular flow,
steroids, and prolactin, all of which are
increased by stress (8). The purpose of
this study was to directly determine
whether the controllability of stressors is
important in modulating the activity of
the immune system. We compared the
effects of equal amounts and distribu-
tions of escapable and inescapable shock
on mitogen-induced proliferation of lym-

phocytes in vitro. In order to enhance
comparability with the tumor studies de-
scribed above, we used only one session
of shocks with qualities similar to those
used in the tumor studies. Previous stud-
ies of the effects of stressors on in vitro
measures of immune functioning have
tended to involve multiple sessions of
stressor exposure, much more prolonged
sessions, or, where shock was used,
much more intense shock.

It is not obvious how soon immune
functioning should be measured after ex-
posure to shocks of differing controllabil-
ity. The immediate effects of shock could
easily mask any differences between es-
capable and inescapable shock soon af-
ter the session. Suppression could sim-
ply be maximum. Indeed, Keller et al.
(4) found no differences in lymphocyte
proliferation after shocks of very differ-
ent intensities when blood was drawn
immediately after the session. Suppres-
sion was maximum in both high and low
shock conditions. In addition, many of
the behavioral effects of inescapable
shock are typically measured 24 hours
after shock exposure rather than soon
after exposure. For example, Jackson
et al. (12) reported that inescapably
shocked subjects became analgesic 24
hours later on reexposure to a small
amount of shock (itself insufficient to
produce analgesia). Subjects for whom
the initial shocks were escapable did not
become analgesic when given shock 24
hours later. However, both escapably
and inescapably shocked subjects are
analgesic immediately after shock (13).
Shavit et al. (14) found footshock that
produces an opioid form of analgesia
(reversed by opiate antagonists and
cross-tolerant with morphine) to be im-
munosuppressive, whereas footshock
that produces a nonopioid form of anal-
gesia was not. The analgesia that
emerges upon a brief reexposure to
shock 24 hours after inescapable but not
escapable shock is completely reversed
by opiate antagonists and completely
cross-tolerant with morphine (15). Thus
we measured immune functioning imme-
diately after a brief reexposure to shock
24 hours after experience with equal
amounts of escapable or inescapable
shock. The procedures used were identi-
cal to those found to produce opioid
analgesia.

Twelve rats were given an average of
one escapable shock per minute, for a
total of 80 shocks. Shock intensity began
at 0.8 mA and was increased 0.2 mA
every 20 trials. Final intensity was thus
1.6 mA. The rats were placed in a small
““wheel-turn”’ box (I6) and shock was
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applied through fixed tail electrodes.
Each shock ended when the subject
turned the wheel in the front of the
chamber. A second group of 12 rats
received inescapable shock. Each was
paired with an escapable shock subject;
shocks began at the same time as for the
escapable shock subject and ended when
the latter responded. A third group (N =
8) was restrained in the apparatus for an
equivalent period of time but was not
shocked.

Twenty-four hours later all three
groups were given five 5-second, 0.6-mA
footshocks in a shuttle box (/6). Blood
was then collected in heparinized Vacu-
tainer tubes by heart puncture under
light ether anesthesia. A home cage con-
trol group (N = 8) received no experi-
mental treatment before heart puncture.
Blood samples were centrifuged for 20
minutes at 400g and the plasma was
removed. The plasma-depleted whole
blood was reconstituted to its original
volume in sterile Dulbecco’s balanced
salt solution.

Lymphocytes were separated under
sterile conditions by Ficoll-Hypaque
sedimentation and adjusted to a final
concentration of 1 x 10° mononuclear
cells per milliliter of RPMI 1640 medium
supplemented with penicillin (100 U/ml),
streptomycin (100 pwg/ml), 2 mM L-gluta-
mine, and 5 percent heat-inactivated fe-
tal calf serum. White blood cells (before
separation) and recovered mononuclear
cells were counted with a Coulter
counter. The number of recovered
mononuclear cells ranged from 4.9 X
10° to 23.6 x 10° per sample. The T-cell
mitogens concanavalin A (Con A) and
phytotiemagglutinin (PHA) were used to
stimulate lymphocyte proliferation. Cells
(1 X 10°) in supplemented RPMI 1640
were added in triplicate to wells of a
microtiter plate for each concentration of
the mitogens tested and to control cul-
tures to which no mitogen was added.
After being incubated for 3 days at 37°C
in a humidified incubator with 5 percent
CO,, the cultures were briefly exposed
to [methyl-*H]thymidine and harvested
onto glass fiber filter paper 4 hours later.
The incorporation of [*H]thymidine into
newly synthesized DNA in stimulated
and unstimulated cultures was deter-
mined with a liquid scintillation counter.

White cell counts did not differ among
groups (/7). Thus the lymphocytopenia
sometimes observed immediately after
severe stress (4) did not occur. This may
be attributable to the fact that only mild
shock was received immediately before
blood sampling. The initial stressful
shock exposure preceded sampling by 24

S ATIGUIST 1983

90 — A @—@ Inescapable shock
O——0O Escapable shock
®- -® Restrained controls

80 (— O~ -O Home cage controls

S - U (count/min x 10~3)

oL 1 L |

5.0 10.0

PHA (ug/ml)

20.0

hours. Figure 1A shows the data on
lymphocyte proliferation for the various
concentrations of PHA used. At 5.0 pg/
ml PHA produced maximum stimulation
in all groups. Neither exposure to escap-
able shock on day 1 followed by five
footshocks on day 2 nor restraint on day
1 followed by footshock on day 2 affect-
ed lymphocyte proliferation. However,
inescapable shock was associated with
suppression of lymphocyte proliferation.
Analyses of variance yielded reliable dif-
ferences between groups [F(3,36) =
4.28, P < 0.01] and among PHA concen-
trations [F(3, 108) = 29.86, P < 0.001].
Newman-Keuls post hoc comparisons
indicated that the inescapable shock
group differed reliably from all the other
groups (P < 0.05), which did not differ
among themselves.

The results for the Con A-stimulated
cultures were slightly different (Fig. 1B).
This was not unexpected, since Con A
and PHA may affect different T-cell sub-
populations (/8). Escapable shock ap-
pears to have somewhat facilitated lym-
phocyte proliferation relative to the re-
strained control condition. However,
inescapable shock again depressed lym-
phocyte proliferation. The 0.5 and 1.0
pg/ml concentrations did not produce
reliable stimulation in control subjects.
An analysis of variance was thus applied
to only the data obtained for Con A at 5.0
and 10.0 pg/ml. The effect of groups was
marginally reliable [F(3, 36) = 2.49,
P < 0.07]. Newman-Keuls comparisons
(P <0.05) showed the inescapable
shock group to differ from both the es-

5.0
Con A (ug/ml)

Fig. 1. Stimulation of lymphocytes by PHA
(A) and Con A (B). Results (means * stan-
dard errors) are counts per triplicate mea-
sures of mitogen-stimulated cultures (S) per
minute minus counts per triplicate measures
of unstimulated cultures (U)) per minute.

capable shock group and the home cage
controls. In addition, the escapable
shock group differed from the restrained
controls but not the home cage controls.
Thus a single session of 80 brief
shocks (shock duration was only 1.0 to
3.0 seconds by the end of training) of
moderate intensity can substantially in-
hibit lymphocyte proliferation in vitro if
the subject has no control over the
shocks. However, identical shocks pro-
duce no decrease in proliferation if the
subject can escape them. Thus the ability
to exert control over the stressor com-
pletely prevented immunosuppression.
We do not know how T cell function
was altered by the uncontrollable stress.
The T cells could have undergone cellu-
lar alteration (/9), or recirculation pat-
terns could have been changed so that a
different subpopulation was represented
in the circulation (20). Different function-
al subpopulations would result in a dif-
ferent lymphocyte response. Thus there
could have been either a direct function-
al impairment of lymphocytes or a redis-
tribution of subpopulations producing a
change in reactive lymphocytes. Finally,
indirect effects on other cell populations,
such as the macrophages, could also be
responsible for the suppression (21).
There are several possibilities for the
mechanism whereby inescapable shock
led to the change in immune functioning.
Adrenal corticosteroids can suppress a
variety of immune system functions, in-
cluding lymphocyte proliferation in re-
sponse to T-cell mitogens (3). Weiss et
al. (22) reported that uncontrollable
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stressors produce higher levels of circu-
lating corticosteroids than controllable
stressors (22). However, since they used
stress conditions very different from
ours, it cannot be assumed that our
groups differed in corticosterone levels.
Another possibility concerns endoge-
nous opioids. Opiate antagonists can in-
hibit tumor growth and prolong survival
in animals implanted with tumors (23).
As already noted, Shavit et al. (14) found
conditions that produce opioid analgesia
to be immunosuppressive, while condi-
tions that produce nonopioid analgesia
were not. Lymphocytes and neutrophils
have been reported to possess opiate
receptors (24), and our inescapable
shock conditions produce opioid analge-
sia (15). Perhaps an endogenous opiate is
released, causing immunosuppression.
However, many other hormones and
neuroregulators affect lymphocyte activ-
ity, and many are altered by stress (25).
Regardless of the mechanism in-
volved, these findings suggest a link be-
tween psychological factors and disease.
Psychosocial and environmental factors
have long been recognized as affecting
health and disease (/), and the immune
system has often been thought to be the
link. However, in experiments involving
direct measures of immune functioning,
the impact of simple physical stressors
has typically been studied. By demon-
strating the responsiveness of the cellu-
lar arm of the immune system to the
dimension of controllability rather than
to shock per se, our findings suggest that
the immune system can be modulated by
more complex psychological factors.
These results also suggest that the im-
mune system might be altered by the
sorts of variables known to modulate
previously studied consequences of un-
controllability, such as learned helpless-
ness (26).
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Population Density of Tropical Forest Frogs:

Relation to Retreat Sites

Abstract. The forest frog Eleutherodactylus coqui defends specific sites for
retreats and nests in the Luquillo Forest, Puerto Rico. The hypothesis that shortages
of nest and retreat sites limit population size was tested by placing 100 bamboo frog
houses in plots measuring 100 square meters in areas of high frog density. These new
sites were readily adopted by adult frogs. After one year, experimental plots had
significantly more nests and frogs of all sizes than did control plots.

Shortages in retreat and nest sites are
often cited as limits to population size
(1), but few studies (most of them of
birds) have shown the effects on popula-
tion of an increase in the number of
retreat and nest sites (2). In studies of
reef fishes, critical experiments were ei-
ther lacking or showed equivocal results
(3). We now report that population den-
sity increases significantly when addi-
tional retreat and nest sites are provided
for Eleutherodactylus coqui Thomas, a
terrestrial-breeding frog that is abundant
throughout Puerto Rico (4). We have
studied the biology of E. coqui in the
Luquillo Division, Caribbean National
Forest, since 1978. The coqui is noctur-
nal, calling and foraging from ground to
subcanopy heights, with most activity
occurring within 3 m of the ground.
Males are territorial and call from ex-
posed sites on, for example, leaves, tree
trunks, or human artifacts. Eggs, attend-
ed by males, are laid in specific kinds of
sites, usually rolled leaves or leaf axils
on or near the ground. Of 31 nests locat-
ed in July 1978, 97 percent were within 1
m of the ground and 87 percent were in

rolled leaves on the ground. Such sites
also serve as diurnal retreats. At 350 m in
mid-elevation forests at El Verde Field
Station, where we conducted our study,
the preferred nest and diurnal retreat
sites are within fallen rolled leaves of
Cecropia peltata or of the sierra palm,
Prestoea montana. Frogs are discrimi-
nating in their selection of nests and
retreat sites (5). Our knowledge is based
on the location of hundreds of nests and
retreats during numerous complete
searches of possible off-ground sites as
well as ground litter.

Population densities of coqui vary
greatly; we have found 1 to 24 adults and
1 to 230 frogs of all size classes per 100
m?2. The highest densities occur in areas
of high density of sierra palm. Palms
provide axils of leaf bases and fallen
fronds, which are favorable calling, for-
aging, retreat, and nest sites. High popu-
lation densities, the rapid decay of dried
leaves, and the behavior of the frogs
suggest that the availability of retreat
and nest sites is important in limiting
population size. Adult males are terri-
torial and actively defend eggs on which
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