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Repeated Inescapable Stress Produces a
Neuroleptic-like Effect on the Conditioned

Avoidance Response

Arnold |. Friedhoff, M.D., Kenneth D. Carr, Ph.D., Suzan Uysal, Ph.D.,

and Jack Schweitzer, Ph.D.

This study tests the hypothesis that the dopaminergic
system mediates a restitutive response by decreasing its
own activity in the face of events like persistent
inescapable stress that threaten to interrupt organized
mental activity. It is well established that neuroleptic
drugs inhibit the conditioned avoidance response (CAR),
but not the escape response, probably via a reduction in
subcortical dopaminergic activity. We trained rats to
perform the CAR and then subjected them to acute and
chronic stress to determine whether this would result in
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Neuroleptic drugs are typically screened tor their anti-
psychotic potential by testing their ability to inhibit the
conditioned avoidance response (CAR) without inhibit-
ing the escape response (Arnt 1982; Davidson and
Weidley 1976; Niemegeers et al. 1969). Inhibition of the
CAR is believed to be mediated by a reduction in
dopaminergic (DAergic) activity in both the striatum
and nucleus accumbens (Koob et al. 1984). It has also
been shown that stress produces an increase in the re-
lease of dopamine (DA) in the medial prefrontal cortex
(Deutch et al. 1985; Thierry et al. 1976) and that this
increase is believed to reduce DAergic activity in sub-
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inhibition of the CAR. Rats subjected to twice daily
tailshock stress for 8 days showed inhibition of the CAR
and a reduction in dopamine (DA) utilization in the
nucleus accumbens. These findings are compatible with
the hypothesis that an endogenous DA-dependent
mechanism exists that mimics neuroleptic effects in the
tace of repeated stress. In humans this response may
serve as a protection against psychotic decompensation
trom chronic endogenous or exogenous insult.
[Neuropsychopharmacology 13:129-138, 1995]

cortical DAergic terminal fields (Deutch et al. 1990; Loui-
lot et al. 1989; Pycock et al. 1980). Thus stress, or per-
haps repeated stress, by increasing DAergic activity in
the mPFC and reducing DAergic activity in subcortical
nuclei, might inhibit the CAR.

We previously pointed out that the DAergic sys-
tem, among its many functions, appears to act as a
buffer or restitutive system (Friedhoff 1985, 1986, 1988).
Neuroleptics, which reduce DAergic activity initially
bv blocking DA receptors and later by reducing DA syn-
thesis and release (Bunney & Grace 1978; Skirboll &
Bunney 1979) are effective against psychotic symptoms
of diverse etiology. Thus reduction of DAergic activity
suppresses psychotic symptoms of all types, rather than
those of a particular mental disorder.

[t is well known that neuroleptics, in the course of
producing antipsychotic effects, often increase the flat-
ness of affective responses. Flat affect may be second-
ary to the decreased DAergic activity produced by neu-
roleptics because Parkinsonism, a hypodopaminergic
svndrome, has associated flat affect as a primary symp-
tom. Reducing DAergic activity with neuroleptics has
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as its major action the attenuation of so-called positive
symptoms, but neuroleptics also produce or intensifv
affectual flattening. Interestingly patients with negative-
symptom schizophrenia also show flat affect as a pri-
mary symptom (Andreasen 1979, 1989; Andreasen et
al. 1981; Andreasen and Olsen 1982).

We wanted to test the idea that there is an endoge-
nous restitutive system that acts like a neuroleptic in
the face of events that threaten to destabilize mental
function. As mentioned, all neuroleptics inhibit the
CAR. Thus we proposed that an inescapable threat to
the integrity of mental function would produce inhibi-
tion of the CAR, just as a neuroleptic would. As a poten-
tial mental destabilizing situation, we chose repeated
inescapable stress. A study was undertaken to deter-
mine if repeated inescapable stress could produce in-
hibition of the CAR. This would be evidence of a phys-
iological response that could mimic that produced by
neuroleptics. A further aim of this study was to deter-
mine whether repeated stress could produce adaptive
changes in the brain DAergic system that are compara-
ble to those induced by neuroleptics.

The study consisted of three experiments: In Ex-
periment 1, three stressors were evaluated to identify
one, other than footshock, that strongly and preferen-
tially activates the mesocortical DA pathway. The need
to exclude footshock stems from the confounding effect
that exposure to inescapable footshock could have on
performance in the CAR paradigm where footshock is
used as the unconditioned stimulus (see later). In Ex-
periment 2, brain regional DA utilization was evaluated
immediately following a CAR session in order to iden-
tify brain regions in which DA is utilized when rats suc-
cessfully execute the CAR. An index of DA utilization
is achieved by measuring tissue levels of DA and its
principle metabolites, dihydroxyphenvlacetic acid
(DOPAC) and homovanillic acid (HVA). A ratio ot
DOPAC or HVA to DA is calculated, and an increase
or decrease in these ratios reflects an increase or de-
crease, respectively, in DA metabolism and utilization.
In Experiment 3, the effect of acute stress and chronic
stress on CAR performance was determined in order
to evaluate whether stress produces a “neuroleptic-like”
inhibition of the CAR. Brain regional DA utilization was
then evaluated in an effort to correlate changes in CAR
performance with changes in DAergic activity in chron-
ically stressed rats. The three stressors were mild in-
termittent tailshock, witnessing a conspecific receiving
mild intermittent tailshock, and exposure to the cham-
ber (i.e., residual olfactory stimuli) in which two rats
had just received the preceding two stress treatments

MATERIALS AND METHODS
Experiment 1

Male Sprague-Dawlev rats (300-350 g) were housed in
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the general animal facility with ad libitum access to food
and water for a period of at least 7 days before use.

Treatments. Each of four treatment groups contained
8 rats (because of occasional sampling problems, repli-
cate tissue samples were not available for assay in a few
cases). Each rat received a single application of the as-
signed treatment for a duration of 20 minutes. Follow-
ing treatment, rats were returned to home cages for 5
minutes and then sacrificed by decapitation.

Tailshock Stress. Each rat was placed in a cylindrical
plexiglas restraining tube for approximately 3 minutes
so that tail electrodes could be affixed. Tail electrodes
were constructed of a 1-cm length of rubber tubing with
two stainless steel machine screws inserted so that the
heads extended slightly into the lumen of the tubing.
The tubing fit snugly at the base of the tail with the screw
heads making contact on the left and right side. To en-
sure good electrical conduction, each screw head was
first coated with Cambridge electrode jelly. Electrical
stimulation was delivered by a Grass 544 stimulator in
combination with a PSIUS stimulus isolation unit from
which wires were connected to the exterior length of
each machine screw. For tailshock treatment, rats were
placed on the floor of a 36- x 36- x 36-cm plexiglas
chamber but were further contained within a 25- x
15- x 15-cm wire mesh enclosure. BRS/LVE elec-
tromechanical equipment and a Lafayette interval timer
were used to deliver a 0.2-second duration tailshock ev-
ery 30 seconds for a period of 20 minutes. Tailshock in-
tensity was adjusted on the basis of behavioral criteria;
specifically, tailshock intensity was increased until the
rat displayed a clear orientation response to the base
of the tail. Orientation was sometimes but not always
accompanied by a brief vocalization.

Witness Stress. Each “witness” was placed within the
plexiglas chamber but outside of the wire mesh en-
closure (see above) for the duration of another rats’ tail-
shock session.

Olfactory Stress. Immediately after removing a tail-
shock: witness pair from the plexiglas chamber, a third
rat was placed in the chamber and confined there for
a period of 20 minutes. Following removal of this rat,
the plexiglas chamber and wire mesh enclosure were
washed thoroughly before introducing the next tail-
shock:witness pair for treatment.

Control. Control rats were maintained in home cages
and then sacrificed.

Preparation of Tissue and Biochemical Assay. Follow-
ing decapitation, brains were rapidly extracted, blocked,
and placed on a cryostat chuck on the —40°C quick-
freeze platform of an [EC Minotome. One-mm coronal
sections were cut at —10°C, placed on microscope
slides, and transferred to a bed of powdered dry ice
for removal of brain regions. The medial prefrontal cor-
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tex was cut from two serial sections using a scalpel
blade. The nucleus accumbens was punched from two
serial sections using a 1-mm-diameter stainless steel
needle. The claudate nucleus (head) was punched from
two serial sections using a 1.5-mm-diameter needle.
The samples were immediately transferred to tubes on
dry ice.

Analysis of Dopamine and Metabolites. Homogenates
of tissues, prepared by sonication in (.1 M perchloric
acid, were centrifuged and, to a portion of the super-
natant was added 3,4-dihydroxybenzylamine as inter-
nal standard for DA and DOPAC assays and, to another
portion, 3-hydroxy-4-methoxyphenylacetic acid (iso-
HVA) as internal standard for HVA analysis. Portions
of these solutions, without further purification, were
injected onto a Supelcosil C-18 DB column (Supelco).
The mobile phase was prepared by mixing 12 g ot
monosodium phosphate, 160 mg of disodium EDTA,
440 mg of heptane sulfonic acid monohydrate, 60 ml
of methanol, and sufficient distilled water to make about
1.8 L of solution. The pH was adjusted to 3.0 with 85%
phosphoric acid and then brought to 2 L with water.
This was filtered and degassed. Taking 1L of the solu-
tion, 70 ml were removed and replaced with 70 ml ot
methanol. The flow rate was 1 ml/min for DA and
DOPAC and 1.7 ml/min for HVA. The Coulochem
Model 5100A (ESA) electrochemical detector was set
at 0.47, —0.28, and 0.45 for detectors one and two and
conditioning cell, respectively.

Data Analysis. Foreach rat, indices of brain regional
DA utilization were obtained by calculating the ratios
of DOPAC/DA and HVA/DA. Effects of stressors on
the two different ratios were determined for each brain
region using separate one-way analysis of variance
(ANOVA), which, in the case of significant F values
(i.e., p<.05), were followed by Dunnett comparisons
of each stress treatment mean with the control mean.

Experiment 2

While the CAR is a classical behavioral screen tor DAer-
gic antagonist antipsychotic drugs, the anatomy of DA
utilization during CAR performance has not, to our
knowledge, been investigated. From microinjection
mapping studies, using DA antagonists and 6-OHDA,
it appears that subcortical DAergic activity is essential
to CAR acquisition while cortical DAergic activity is not
(Ashford and Jones 1976; Koob et al. 1984; Sherman
etal. 1982). In order to further explore the relationship
between regional DA utilization and the CAR, regional
DA utilization was evaluated in rats that were sacrificed
immediately tollowing a session of successful CAR per-
formance.

Twenty male Spraguc-Dawiev rats (250-300 g) were
trained to perform in a two-way active avoidance task
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using the fully automated Omnitech (Columbus, OH)
Shuttle Scan system interfaced with an IBM XT. A train-
ing session consisted of 30 discrete trials separated by
30-second intertrial intervals. Each trial began with pre-
sentation of a 10-second auditory CS pulsed at 2.5 Hz.
On trials where animals did not perform a shuttle re-
sponse during the CS (avoidance), a 0.5-mA scrambled
footshock was delivered via the stainless steel grid floor.
Footshock continued until the animal performed a shut-
tle escape response or for a maximum of 20 seconds.
The number of avoidance and escape responses and
their corresponding latencies were automatically re-
corded as were the number of noncontingent shuttle
responses emitted during intertrial intervals. Daily
training sessions continued until animals displayed a
criterion avoidance rate of at least 80%. Following
tulfillment of the behavioral criterion, trained rats re-
mained in home cages for 14 days. On the fifteenth day,
half of the rats performed in a 30-trial CAR session while
half remained in home cages immediately prior to
sacrifice. Tissue samples were obtained and analyzed
as described in Experiment 1.

Data Analysis. Inasmuch as the goal of this exper-
iment was to identify brain regions in which indices of
DA utilization are elevated as a result of CAR per-
formance, one-tailed f-tests were used to compare
DOPAC/DA and HVA/DA ratios within each brain re-
gion of control and experimental groups.

Experiment 3a

In this experiment, rats were trained to behavioral
criteria in the CAR paradigm, and the effects of tailshock
and witness stress on CAR performance were deter-
mined. For each stressor, effects of acute and chronic
exposure were compared. In light of the observation
that chronic tailshock did inhibit CAR performance (see
below), brain regional DA utilization, following a CAR
test, was evaluated to determine whether CAR inhibi-
tion correlated with decreased DAergic activity.
Eighteen male Sprague-Dawley rats (250-300 g)
were trained to the behavioral criterion in the CAR par-
adigm and then divided into three experimental groups.
One group was subsequently exposed to tailshock stress
treatments, one to witness stress treatments, and the
third group served as control. On the first day of ex-
perimental testing, each rat was subjected to a single
application of their assigned treatment. This was im-
mediately followed by a CAR test, made to evaluate the
effects of acute stress on CAR performance. From the
second through ninth days, each rat received its as-
signed treatment twice daily (.M. and p.M.). Through-
out this 8-day period there was no CAR testing. Con-
trol rats were transported to and from the lab each day,
receiving neither stress treatments nor CAR testing. On
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the tenth experimental day, 20 hours after the most re-
cent stress treatment, all rats received a CAR test.

Data Analysis. CAR performance on acute and
chronic stress days was expressed as the change from
baseline and analyzed by two-way ANOVA (groups x
test day) with repeated measures on the factor of test
day. A significant interaction effect was followed by post
hoc Tukey comparisons between groups on particular
test days. Following our observation that chronic tail-
shock, but not witness stress, decreased CAR perfor-
mance when tested 20 hours after the last stress treat-
ment, the effect of a stress treatment immediately prior
to CAR testing was examined by giving these same rats
additional CAR tests. Twenty-four hours after the ini-
tial post-chronic stress CAR test, rats received a CAR
test immediately following exposure to their usual stress
treatment. Twenty-four hours later, another CAR test
was conducted. Thus, the CAR performance docu-
mented 20 hours post-chronic stress was compared
with: (1) CAR performance 24 hours later when
preceded by acute application of the same stress treat-
ment, and (2) CAR performance 24 hours after (1). A
repeated measures ANOVA and post hoc Dunnett com-
parisons were used to compare the second and third
CAR performances with the first.

To analyze differences in DOPAC/DA and HVA/DA
ratios between treatment groups, one-way ANOVAs
were run for each measure in each brain region. In cases
where significant F values were obtained (p < .05), Dun-
nett comparisons were used to compare treatment
means with the control mean. We carried out one-tailed
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Dunnett comparisons because we predicted that DA
utilization would decrease as a result of stress. In the
chronic tailshock stress group, where decreased CAR
performance and decreased DA utilization in nucleus
accumbens were found, the relationship between these
two events was evaluated by calculating a Pearson
correlation coefficient.

Experiment 3b

The purpose of this experiment was to replicate the
finding that chronic tailshock stress impairs CAR per-
formance and decreases DA utilization in nucleus ac-
cumbens in a manner that correlates with CAR perfor-
mance.

Twelve male Sprague-Dawley rats (250-300 g) were
trained to behavioral criteria in the CAR paradigm. Six
then received twice-daily tailshock stress for 8 consecu-
tive days while the remaining 6 were only transported
to and from the laboratory. No CAR testing occurred
during this 8-day period. Twenty-hours following the
last stress treatment, rats received a CAR test immedi-
ately followed by sacrifice and processing of brains for
biochemical assay.

RESULTS
Experiment 1

The object of this experiment was to find a stressor that
would activate the mPFC but would have no effects on
striatum or nucleus accumbens before acquisition of
the CAR.
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Following acute application of a stressor, rats were sacrificed and concentrations of DA and metabolites were

measured in caudate nucleus. DA utilization expressed as HVA/DA and DOPAC/DA is displayed. A significant increase
in either ratio, compared to control, would signify an increase in DA utilization.
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Table 1. Regional DA Utilization Following CAR Performance’
HVA/DA? DOPAC/DA?
Control CAR Control CAR
Caudate 0.868 (+ 0.008) 0.1024 0006) 0.1502 (+ 0.01) 0.1485 (+ 0.01)

Accumbens 0.1253 (+ 0.016)
mPFC

0.3019 (+ 0.026) 0.3646 (+ 0.024)°

(£ 0.
0.1646 (+ 0.012)
(+ 0. 0.3625 (+ 0.029) 0.5859 (+ 0.117)°

0.5396 (+ 0.105) 0.5546 112)

“ Rats were sacrificed immediately after performing the CAR, and it was found that DA utilization
was increased in nucleus accumbens according to changes in HVA/DA and DOPAC/DA ratios and
in the mPFC according to the DOPAC/DA ratio

" Mean + SEM.
Cp <05

In the caudate nucleus, neither DOPAC/DA (F3 27 =
0.43) nor HVA/DA (F527 = 2.16) were affected by
stress treatments. In the nucleus accumbens, none of
the stress treatments altered DOPAC/DA (F32 =
0.69), but HVA/DA was increased by tailshock stress
(F3,22 = 3.57, p < .05; Dunnett p < .05). In the medial
prefrontal cortex, tailshock produced a significant in-
crease in DOPAC/DA (F324 = 9.71, p < .001; Dunnett
p < .01), exceeding the control value by more than 100%.
HVA/DA in medial prefrontal cortex was similarly in-
creased by tailshock (F3 24 = 7.03, p < .001; Dunnett p <
.01), again exceeding the control value by more than
100%. HVA/DA values in medial prefrontal cortex were
also significantly increased by witness stress (Dunnett,
p < .05). Olfactory stress had no effect on DA utiliza-
tion in any of the brain regions analyzed. These results
are displayed in Figures 1 through 3.
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Experiment 2

The object of this experiment was to determine whether
an increase in DAergic activity in subcortical nuclei oc-
curred in rats that had performed the CAR.

On the day of sacrifice, all CAR rats, except one,
exceeded the 80% avoidance criterion. Indices of DA
utilization in brains of these rats were therefore com-
pared with those of controls. In the caudate nucleus,
there was no difference between groups in DOPAC/DA
or HVA/DA. In the nucleus accumbens, both DOPAC/
DA [H17) = 1.75, one-tailed p < .05] and HVA/DA
[{17) = 1.88, one-tailed p < .05] was greater in CAR
performers than in controls. CAR performers also dis-
played a significant increase in medial prefrontal
DOPAC/DA [#(16) = 2.05, p < .05]; (see Table 1).

/)

L

tailshock
wilrness

contro!

oifactory

|
i
|

Figure 2. Following acute application ot a stressor, rats were sacrificed and concentrations of DA and metabolites were
measured in nucleus accumbens. DA utilization expressed as HVA/DA and DOPAC/DA is displayed. Tailshock stress
significantly increased DA utilization as indexed by the HVA/DA ratio.
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Figure 3. Following acute application of a stressor, rats were sacrificed and concentrations of DA and metabolites were
measured in medial prefrontal cortex (mPFC). DA utilization expressed as HVA/DA and DOPAC/DA is displayed. DA utili-
zation was increased by tailshock according to both measures and increased by witness stress according to the HVA/DA

measure.

Experiment 3

Prior to the introduction of stress treatments, all rats
reliably displayed minimum CAR performance of 80%
(24 avoidance responses in a 30-trial session). The mean

80 ~

D
]

a0 -

Percent Avoidance

Chronic
Tailshock

Chronie

Control Witness

Figure 4. Three groups of rats were trained to behavioral
criterion (>80% avoidance) and then subject to 8 days of twice
daily tailshock stress, witnessing of tailshock stress, or con-
trol treatment. 24 hours later CAR performance was retested.
For each treatment group, mean (+ SEM) percent avoidance
prior to stress (clear bars) and following chronic stress (hatched
bars) are displayed. Chronic tailshock stress decreased CAR
performance (p < .05).

CAR performance for each of the three experimental
groups was virtually identical at 91% to 92%. When the
CAR was tested immediately following the first acute
exposure to stress, all three groups continued to per-
form at the baseline level (i.e., >90%). Twenty hours
after 8 days of twice-daily stress treatment, CAR per-
formance of the tailshock stress group decreased
significantly by comparison with the control group
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Figure5. For each treatment group, escape latency, on trials
where avoidance did not occur, prior to chronic stress treat-
ment (clear bars) and following chronic stress (hatched bars),
are displayed. No significant difference was found.
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Table 2. Percent Avoidance®
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Post-Chronic Stress

48 Hours
Rat 24 Hours (Preceded by Acute Stress) 72 Hours
1 46.7 100.0 53.3
2 53.3 80.0 66.7
3 70.0 96.7 83.3
4 30.0 433 83.3
5 433 100.0 66.7
X + SEM 48.6 + 13.1 84.0 + 21.7 70.7 + 11.4

" CAR was tested at 24, 48, and 72 hours post chronic stress. The significant deficit seen at 24 hours
was eliminated by pretreatment with an acute stress, 48 hours later. At 72 hours with no acute stress
pretreatment, CAR performance was inhibited and no different from 24 hours post chronic stress

(see test for p values).

(Fgroups x days = 4.01, p < .05; Tukey control vs. tail-
shock, chronic, g = 3.8, p < .05; see Figure 4). Inspec-
tion of results for individual animals revealed that 5 of
the 6 rats displayed a marked decrease in avoidance.
The decreased performance in these rats was selective
for avoidance behavior inasmuch as latency to escape
footshock on trials where avoidance did not occur was
short and no different from normal escape latency (Fig-
ure 5). Twenty-four hours later, when all rats received
another CAR test immediately following an application
of their assigned stress treatment, the witness stress
rats continued to avoid at baseline levels. Interestingly,
the tailshock stress rats, whose avoidance was inhibited
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Figure 6. Following the final CAR test all rats were sacrificed
and concentrations of DA and metabolites were measured
in caudate nucleus, nucleus accumbens, and medial prefrontal
cortex (mPFC). DA utilization expressed as DOPAC/DA is
displayed for control (clear bars), chronic witness (hatched bars),
and chronic tailshock (diagonal bars) groups. DOPAC/DA in
the nucleus accumbens of chronic tailshock group was lower
than in the control group (* p < .05).

the day before, displayed a significantly improved CAR
performance (F210 = 4.8, p < .05; Dunnett p < .01; see
Table 2). After another 24 hours, most of these rats again
displayed diminished CAR performance. CAR perfor-
mance at this time was not significantly better than it
was 24 hours after chronic stress.

Tissues taken immediately after the final CAR test
revealed no differences between DOPAC/DA or HVA/
DA within the caudate nucleus or medial prefrontal cor-
tex of the three different treatment groups. In the nu-
cleus accumbens, however, only the tailshock stress
group displayed a reduction in DOPAC/DA [F213 =
2.7, p = .11, Dunnettuishock = p < .05]. Both the wit-
ness stress and tailshock stress groups displayed reduc-
tions in HVA/DA [F211 = 5.83, p < .02; Dunnettiailshock =

HVA /DA
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Figure7. DA utilization expressed as HVA/DA is displayed
for control (clear bars), chronic witness (hatched bars), and
chronic tailshock (diagonal bars) groups. HVA/DA in the nu-
cleus accumbens of both stress treatment groups was lower
than in the control group (* p < .05, ** p < .01).
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p <.05; Dunnettuwiness = p < .01]. These results are dis-
plaved in Figures 6 and 7.

In summary, only the tailshock stress group dis-
plaved inhibition of the CAR while both the witness
and tailshock stress groups displayed a decrease in nu-
cleus accumbens DA utilization following the CAR
session. For rats in the tailshock group, there was a
Pearson correlation between percent avoidance and
HVA/DA of r = +0.71, although this correlation did
not achieve statistical significance.

In experiment 3b rats treated with chronic tailshock
again displayed inhibition of the CAR (matched pairs
t(5) = 6.17, p < .01; Figure 8). In this experiment, un-
like in experiment 3a, there was also a slight lengthen-
ing of the escape latency [t(5) = 2.54, p < .05; Figure
9]. Indices of DA utilization were again reduced in nu-
cleus accumbens of the chronic stress group, but did
not reach significance, in contrast to the first ex-
periment.

While conducting Experiment 3b two additional
noteworthy findings were observed. First, when rats
received chronic tailshock treatment without being re-
strained several minutes before each treatment to affix
the tail electrode, a significant CAR inhibition was not
produced.

Second, chronic brief restraint, exactly as utilized
for affixing tail electrodes, without tailshock also failed
to affect CAR performance. Thus, it seems that the com-
pound stress of brief restraint followed by tailshock,
asused in Experiments 1, 3a, and 3b, may be necessary
to induce inhibition of the CAR.
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Figure 8. Two groups of rats were trained to behavioral
criteria in the CAR (>80% avoidance), subject to twice daily
tailshock stress or control treatment for 8 days, and 24 hours
later retested in the CAR. Percent avoidance prior to (clear
bars) and following (hatched bars) chronic stress treatment are
displayed (* p < .01).
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DISCUSSION

It is clear from the results of Experiment 1 that tailshock
stress produced a large increase in cortical DA utiliza-
tion, and to alesser extent in nucleus accumbens. Wit-
ness stress was anatomically selective in stimulating DA
utilization in medial prefrontal cortex; however, the
effect was only manifest in the HVA/DA measure. The
tailshock stress, therefore, seemed most suitable for
purposes of subsequent experiments; however both
tailshock and witness stress were used in Experiment
3 where effects of acute and chronic exposure on CAR
performance were determined.

From the results of experiment 2 it appears that
CAR performance entails DA utilization in nucleus ac-
cumbens and medial prefrontal cortex. The role of the
nucleus accumbens is further supported by results of
a recent microdialysis study in which leverpress avoid-
ance was associated with increased nucleus accumbens
DA utilization and performance was impaired by local
injection of 6-OHDA (McCullough et al. 1993). Whether
DAergic activity in nucleus accumbens is necessary for
CAR performance has yet to be tested in our paradigm.
In a one-way avoidance paradigm, Koob and cowork-
ers (1984) found that DA blockade in nucleus accum-
bens alone is insufficient to inhibit acquisition of avoid-
ance. They found that DA activity in nucleus accumbens
and caudate nucleus had to be blocked simultaneously
in order to inhibit avoidance. Two-way avoidance is a
more complex task than one-way avoidance and may
be dependent more on the functions that nucleus ac-
cumbens DA activity is proposed to mediate, includ-
ing selective attention (Solomon and Staton 1982), re-
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Figure9. Mean (SEM) escape latency, on those trials where

rats failed to avoid, prior to (clear bars) and following (hatched
bars) chronic stress treatment are displayed (* p < .05).
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sponsiveness to environmental cues (van den Bos et
al. 1991), and switching from ongoing behavior to an-
other behavior (Taghzouti et al. 1985). Thus, whereas
the first aim of experiment 3 (also see later) was to de-
termine whether acute or chronic stress inhibits the
CAR, an associated aim was to determine whether any
observed inhibition of the CAR is accompanied by re-
duced DA utilization, particularly in the nucleus ac-
cumbens.

From the results of Experiment 3 it appears that
chronic exposure to stressors that activate the mesocor-
tical DA pathway reduce DA utilization in the nucleus
accumbens during CAR performance and, in the case
of tailshock stress, produce a marked impairment of
CAR performance. From the findings of experiment 2,
which reveal an association between nucleus accum-
bens DAergic activity and CAR performance, along
with the present association between CAR inhibition
and reduced nucleus accumbens DA utilization in the
tailshock group, a causal relationship between chronic
stress, dampening of nucleus accumbens DAergic ac-
tivity during the CAR, and CAR inhibition would seem
possible; however, the finding that chronic witness
stress reduces nucleus accumbens DA activity during
the CAR, without inhibition of the CAR, refutes a sim-
ple causal connection. It might be hypothesized that
reduced DA utilization in nucleus accumbens is neces-
sary but not sufficient to cause inhibition of the CAR
This hypothesis would be compatible with the conclu-
sion of Koob and coworkers (1984) that a 6-OHDA le-
sion of nucleus accumbens is necessary but not suffi-
cient to block a one-way CAR.

The behavioral or physiological mechanism(s) un-
derlying inhibition of CAR performance by chronic
stress are not clear. The fact that chronic but not acute
tailshock blocked the CAR would seem to rule out a
“motor activation deficit.” Weiss and coworkers (1975)
have found that acute exposure to severe stress blocks
instrumental escape and avoidance performance and
depletes brain norepinephrine. Chronic exposure to
such stress results in both noradrenergic and behavioral
adaptation such that instrumental escape is restored.
Thus, changes in instrumental behavior go in the direc-
tion opposite to those observed in the present studyv.
Alearning of “helplessness” would also seem unlikely
to explain the CAR inhibition inasmuch as instrumen-
tal escape was not affected by the chronic stress treat-
ment. One would expect “helplessness” to extend to
all aversively motivated instrumental shuttle responses.
Moreover, the transient restoration of CAR perfor-
mance produced by an immediately preceding stress
treatment would seem incompatible with learned help-
lessness, which should, if anything, be strengthened
by an additional stress treatment prior to CAR test-
ing (Seligman 1972). Although it is of general impor-
tance to understand the behavioral mechanism of the
present CAR inhibition, the more important ques-
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tion for the present study is whether the physiologi-
cal and/or behavioral mechanism of inhibition of the
CAR is related to that produced by neuroleptic drugs.

It should be noted that even in the case of neurolep-
tic drugs, the behavioral mechanism of CAR inhibition
is not clearly understood. For example, there are data
to support proposals that the inhibition of the CAR
results from the impairment of voluntary response ini-
tiation (Koob et al. 1984), the enhancement of fear-
induced freezing behavior (Blackburn and Phillips
1990), or the blockade of incentive motivation (Beninger
1983). Replication of the chronic stress-induced inhibi-
tion of the CAR in Experiment 3b strengthens the hy-
pothesis that exposure to chronic stress produces CAR
inhibition similar to that produced by neuroleptic anti-
psychotic drugs. We also found, however, that an acute
stressor temporarily restored CAR performance, for rea-
sons that are not presently clear. It should be noted
however that an additional 24 hours after the acute
stressor, inhibition of the CAR produced by chronic
stress was again evident. Thus, the enduring effect of
chronic stress appears to be the inhibition of CAR per-
formance. Inasmuch as there was a tendency for
HVA/DA and DOPAC/DA in the nucleus accumbens
to be reduced in the rats that displayed inhibition of
the CAR, we cannot rule out the possibility that a mod-
est decrease in accumbens DA utilization may be
sufficient to atfect the CAR when combined with other
CNS changes not identified in this study. A continu-
ing effort to elucidate the relationship between brain
DAergic activity and CAR inhibition following chronic
stress might benefit from use of microdialysis technol-
ogy that allows monitoring of dynamic changes in DA
activity online, and from investigation of additional sub-
cortical DA terminal areas such as amygdala (Ashford
and Jones 1976; Sherman et al. 1982).

Considering all of the data from these several ex-
periments, it can be concluded that repeated tailshock
stress, coupled with brief restraint, produces marked
inhibition of the CAR. We are not proposing that neu-
roleptics or chronic stress produce a protective effect
on mental function by inhibiting the CAR. Rather, in-
asmuch as all neuroleptics can produce inhibition of the
CAR, this ability appears to be a marker of a dopamine-
dependent protective system. Thus these findings pro-
vide support for our earlier hypothesis that one physi-
ological function of the D Aergic system is to buffer stress
and thereby prevent disorganization of mental func-
tion when the stress is chronic and inescapable. Stress,
however, is believed, by some, to produce relapse in
schizophrenia (Deutch 1993; Norman and Malla 1993).
One could speculate that patients who succumb to
stress have a defect in regulation of a DA-dependent
protective system and cannot make the necessary
downward adjustments without the assistance of neu-
roleptics. Defective function of this system could lead
to vulnerability to psychosis.
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