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Abstract
Stressful life events can have profound effects on our cognitive and motor abilities, from those
that could be construed as adaptive to those not so. In this review, I discuss the general notion that
acute stressful experience necessarily impairs our abilities to learn and remember. The effects of
stress on operant conditioning, that is, learned helplessness, as well as those on classical
conditioning procedures are discussed in the context of performance and adaptation. Studies
indicating sex differences in learning during stressful times are discussed, as are those attributing
different responses to the existence of multiple memory systems and nonlinear relationships. The
intent of this review is to highlight the apparent plasticity of the stress response, how it might have
evolved to affect both performance and learning processes, and the potential problems with
interpreting stress effects on learning as either good or bad. An appreciation for its plasticity may
provide new avenues for investigating its underlying neuronal mechanisms.

It must be that stress impairs learning—or does it? In this review, I describe some basic
trends in studies that have demonstrated a relationship between stress and learning. Then I
present exceptions, the numbers of which are significant. This is not an attempt to review the
literature on stress and learning, which is immense, or to review the neurobiological
substrates that may underlie them, which is nearly as immense. Rather, my intention is to
use a few examples from the literature, primarily from our laboratory and those associated
with “learned helplessness” phenomena, to illustrate the precarious nature of the relationship
between stress and learning, and what that nature implies for identifying neurobiological
substrates and mechanisms. More generally, the intention of this review is to pose
alternatives to the simple idea that stress impairs memory processes, highlighting the
evidence that stressful experience has multiple, and sometimes, even opposite effects on our
abilities to learn and remember.

Stress and Operant Conditioning (Learning Helplessness)
The most well-known effect of stress on learning is learned helplessness. In the 1960s, a
group of psychologists working at the University of Pennsylvania noticed that animals
exposed to brief inescapable shocks were markedly impaired in their subsequent ability to
learn a new task (Overmier and Seligman 1967; Seligman and Maier 1967). Those that were
exposed to the same amount of shock, but had control over it, were not impaired. These
experiments provided evidence that a psychological variable such as uncontrollability could
later retard an animal's capacity to respond when control was possible. Performance was
most often assessed during operant conditioning, a training situation in which animals elicit
overt motor responses in order to be reinforced (Glazer and Weiss 1976; Maier and Jackson
1979; Minor et al. 1988, 1991; Shors and Dryver 1992). Animals exposed to the inescapable
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stress expressed a number of other symptoms such as sleep and eating disturbances, ulcers,
and decreases in immune status. Because it appeared as if the animals had given up, the
phenomenon was promoted as an animal model for depression in humans (Seligman 1975),
the rationale being that exposure to uncontrollable and stressful life events leads to a feeling
of loss of control, which ultimately leads to depressive-like behavior.

Although generally accepted today, the helplessness phenomenon was historically a
controversial observation—or at least the interpretations of it were. There were two general
theories that emerged during the height of the controversy, one being cognitive in nature and
the other performance based (Maier and Jackson 1979). The cognitive interpretation asserted
that during exposure to the inescapable shocks, the animal learns that the shock and its
response are not contingent and is impaired thereafter in forming relevant contingencies.
The other prevailing theory was that the performance decrement reflects a decrease in
activity, which results either from associating the shock with an inactive response, or is
simply a product of neurotransmitter depletion (Glazer and Weiss 1976; Anisman et al.
1978; Sherman and Petty 1980). There were a number of attempts to dissociate the effects of
stress on activity from those on performance, and some results suggested that the
helplessness effect was one of learning, whereas others did not. In one study, rats were
exposed to an inescapable stressor of intermittent shocks and tested later in an avoidance-
escape task in which the response required minimal movement (a nose-poke response).
Animals exposed to the stressor actually performed better than the unstressed controls
(Glazer and Weiss 1976). In another study, the effect of stress on choice in a Y-maze task
was examined. Along with deficits in activity, there was an increase in the number of
incorrect choices made by the stressed animals (Jackson et al. 1980). Subsequent
experiments suggested that the decreased performance was a result of deficits in selective
attention rather than learning, per se (Minor et al. 1984). There were many such studies
conducted with similar conflicting results or at least complex interpretations, underscoring
the point that distinguishing effects of stress on performance from those on learning remains
a serious issue that is not easily resolved (Maier and Jackson 1979; Minor et al. 1991;
Wasserman and Miller 1997; Miller and Matzel 2000; Cahill et al. 2001).

Stress and Spatial Learning
In addition to performance effects, there are potential pitfalls when trying to interpret the
significance of stress effects on learning. To cite an example, several years ago, we
evaluated the effects of an inescapable stressor on subsequent performance in a spatial maze
task known to require an intact hippocampal formation—the 8-arm radial maze task. The
maze, designed by Olton in the 1970s (Olton and Samuelson 1976), consists of a central
platform from which radiate eight arms, like the spokes of a wheel. Typically, the extremity
of each arm is baited with a food pellet placed in a depressed circular hole. At the beginning
of a trial, an animal is placed on the central platform; it then runs down various arms to
consume the food pellets. A hungry rat rapidly learns that each arm contains only one pellet
and avoids arms that were already explored and debaited, instead entering unexplored arms
until all pellets have been consumed. To remember which arms it has entered, the animal
uses salient spatial cues that surround the maze. For this reason, the maze has proved a
valuable tool for the study of spatial memory and the neural substrates that mediate it.

Performance in the maze has been measured in a variety of ways. The most common
measure is the number of re-entries into an arm from which the food pellet has already been
removed (re-entries into the debaited arms). In our experiment, rats were exposed to the
inescapable stressor of brief intermittent tail shocks, and 24 hr later, trained on the maze
task. As shown in Figure 1A, stressed rats committed relatively few errors during the first
days of training, but more as training proceeded (Shors and Dryver 1992; Fig. 1A). In
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contrast, unstressed rats committed more errors initially, but fewer as training progressed. At
first glance, these data might suggest that exposure to the stressful event impaired learning,
and specifically, the ability to use spatial cues for navigation in a novel environment.
However, on closer examination, it was clear that stressed animals knew exactly where they
were, where they were going, and were using spatial cues to accomplish their goals.
Generally, after being placed in the central area, the stressed animal would enter an arm,
proceed to the end, eat the pellet, and remain there for some period of time. This type of
behavior was associated with very few errors and a decrease in activity (Fig. 1B). With time
(and increasing hunger), the animal would emerge from that arm, obtain a pellet from
another arm, and return to his home arm to consume it. The animal did not randomly choose
other arms to obtain pellets, but rather remembered where the pellets had been consumed
initially and entered alternative arms that were not debaited. The point here is that the
stressed animal was not learning impaired, even though the numbers would indicate that
they were. One might even propose that the animal's performance was enhanced by the
stressful event, at least to the extent that the rat was hovering in the arm that was considered
safe, venturing out only to obtain food and returning to consume it in the safe region. This
example simply illustrates some of the problems in inferring learning effects strictly from
one or two measures in a standard laboratory task. Also, this example illustrates the futility
of trying to make very general statements about the relationship between stress and learning,
much less whether it is good or bad.

Stress and Classical Conditioning
The problem of distinguishing effects on performance from those on learning in animals is
minimized in tasks of classical conditioning, otherwise known as Pavlovian conditioning.
During this type of conditioning, an animal learns to associate a stimulus with the
occurrence of another stimulus that necessarily elicits a response. In our studies, we have
focused on the classically conditioned eyeblink response in the freely moving rat. In this
task, an auditory conditioned stimulus (CS) is preceded by and predicts the occurrence of an
unconditioned stimulus (US), which is a periorbital shock to the eyelid. The shock to the
eyelid elicits a blink, which is the unconditioned response (UR). When the shock to the
eyelid is repeatedly paired with and preceded by the auditory stimulus, the auditory stimulus
itself comes to elicit the eyeblink. This response is the conditioned response (CR), and the
number of CRs throughout training can be used as a measure of performance. Because the
periorbital stimulation always elicits an eyeblink (the UR), learning the association is not
dependent on the ability to elicit the basic motor response. Thus, relative to instrumental
conditioning, classical conditioning can be less susceptible to the effects of an experimental
manipulation such as stressor exposure on performance.

Surprisingly, there had been few attempts to examine the effects of stressful and emotional
experience on performance using classical conditioning procedures (Spence and Beecroft
1954). Using such a task, we observed an effect that was quite different and indeed opposite
to that of helplessness. Specifically, we observed that exposure to an acute inescapable
stressor of restraint and intermittent tailshocks enhances classical eyeblink conditioning in
the male rat (Shors et al. 1992; Servatius and Shors 1994; Shors and Servatius 1995, 1997;
Fig. 2A). This effect is rapidly induced and persistently expressed. In other words, if the
training begins immediately after stress exposure, conditioning is enhanced, just as it is if
training begins a day later (Shors 2001). Exposure to the stressful event does not appear to
adversely affect the motor response, as exposure to the stressor during training does not alter
eyeblink responding (Beylin and Shors 1998; Shors 2001; Fig. 2B). Nor does stressor
exposure induce responding to the CS when the stimuli are presented in an unpaired manner
(Shors et al. 1992; Fig. 2A) Finally, exposure to the stressful event does not alter the
amplitude of the UR (Servatius et al. 2001). Overall, these results suggest that exposure to
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the stressful event enhances learning, rather than simply enhancing the motor output or
performance of the response.

This effect of acute stress on classical conditioning generalizes to some, but not all
conditioned responses and stressors. For example, exposure to stressful events of brief
intermittent shocks enhances classical conditioning of heart rate as well as the eyeblink
response (Wilson et al. 1975). Interestingly, we have not observed enhancing effects of this
type of stressor on classical fear conditioning using a decrease in movement as the measure
of performance (D.A. Townsend and T.J. Shors, in prep.), although there are reports of such
effects in the literature (Maier 1990). In terms of the stressor, we have reported very similar
effects of stress on eyeblink conditioning in response to a brief episode (20 min) of swim
stress (Shors 2001; Fig. 2C). Others have observed that water deprivation greatly enhances
acquisition of the conditioned eyeblink response (Berry and Swain 1989). However,
enhancement is not induced by all stressors. For example, neither restraint alone nor noise
stress altered subsequent eyeblink conditioning (Shors 2001). Nevertheless, data from a
number of studies now indicate that in contrast to helplessness effects, exposure to an
uncontrollable stressful event can facilitate performance of a classical conditioned response
—as detected in male animals.

Opposite Effects of Stress on Conditioning in Males Versus Females
If one were to conduct the same types of experiments as described, but in females rather
than males, the results would be very different. In fact, the results can be quite the opposite.
Exposure to the acute stressful events of either tailshocks or swim stress that enhances
conditioning in males, instead, dramatically impairs conditioning in females (Wood and
Shors 1998; Wood et al. 2001; Fig. 3). Thus, in response to the same environmental stimuli
and experimental conditions, males and females respond in opposite directions. This effect
of stress on conditioning in females, like that of males, does not appear to be directly
attributable to nonspecific effects of stress on performance. Neither stress nor sex
differences altered the number of spontaneous blinks or blinks in response to auditory
stimuli prior to training. Neither stress nor sex differences enhanced responding to the
conditioning stimuli when they were presented in an explicitly unpaired manner, nor did
they induce responses during the first trial of paired training before any learning could have
occurred. Although females tend to be more active than males and less activity impaired in
response to stressor exposure, they were not more active 24 h after the stressor and at the
time of training. On the basis of reports that female rats have lower thresholds for flinching
and jumping in response to shock (Drury and Gold 1978), we considered the potential
contribution of sexually dimorphic analgesic responses to the stressful event. However, we
have found no evidence that exposure to the stressor altered pain sensitivity in females, or
males for that matter (Wood and Shors 1998), or that the UR was affected by exposure to
the stressor (D.A. Bangasser and T.J. Shors, in prep.). As noted previously, one cannot rule
out all potential effects of stress on behaviors that affect performance. Even so, these
findings represent very different behavioral responses to stress—simply as a matter of sex.

Sex Differences in Helplessness
Perhaps such different responses to stress in females should not be so surprising. After all,
for decades now, it has been known that females are particularly sensitive to stressful life
events (Barnett et al. 1987). In humans, females are more susceptible to stress-related
illness, including depression, generalized anxiety, and post-traumatic stress disorders (Shors
2002; Shors and Leuner 2003). In the animal literature, there are numerous indications that
females are very different in their stress responsivity (Shalev and Weiner 2001; Wolf et al.
2001; Bowman et al. 2003). For learned helplessness, the pre-eminent theory regarding
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stress effects on behavior, it is reported that female rats do not express the phenomenon
itself. That is, it has been reported that exposure to an uncontrollable stressor does not
induce the impaired performance in operant conditioning that is typically observed in males
(Kirk and Blampied 1985; Steenbergen et al. 1990). Overall, female rats tend to be more
active than males and less likely to freeze after exposure to uncontrollable stressors such as
brief tailshocks. Similarly, they learn more quickly than males if the task requires an active
response such as during escape training, but learn poorly if the task requires passivity as in
passive avoidance conditioning (for review, see Shors 1998). Thus, the absence of
helplessness behavior in females may simply reflect their general tendency to move more
than males, especially after exposure to the stressful event. Such behaviors would expose
them to the environment, and thereby enhance their opportunities for learning.

In our studies, we found that the detrimental effects of stress on classical conditioning
procedures are most evident during specific stages in the reproductive cycle. The rat estrous
cycle encompasses a 4–5 d period with dramatic fluctuations in estrogen and progesterone,
among other hormones. Peak estrogen levels occur just prior to ovulation and during the
stage of proestrus. The effects of acute stress on classical conditioning are most evident in
females that are exposed to the stressor prior to proestrus (diestrus 2) and trained
subsequently in proestrus (Shors et al. 1998). It is during this stage of proestrus that females
are most active. In fact, voluntary activity in a running wheel is often used to monitor stages
of estrous. As discussed, it has been reported that females do not express the helplessness
phenomenon. However, in these studies, the estrous cycle was not monitored. In a more
recent study, Petty and colleagues did evaluate the effects of stress on escape behavior
during specific stages of the cycle (Jenkins et al. 2001). Specifically, males and females
were exposed to either inescapable or escapable shocks, and 1 h later, tested in their escape
ability in a shuttle-box apparatus (to ensure that they remained in the same stage of estrus).
During training, they were first exposed to a series of trials in which they had to shuttle once
from one side of the chamber to the other in order to terminate the footshock (a fixed-ratio
one; FR-1). Then, they were exposed to trials in which they had to shuttle back and forth to
terminate the foot shock (a fixed-ratio two; FR-2). Males showed no deficit in the one-way
task, but were delayed in acquiring the two-way task. In contrast, females were delayed in
responding during the one-way and the two-way task when tested in diestrus 2, prior to the
onset of proestrus. They were not impaired when tested during estrus. It is often asserted that
the absence of a deficit on the one-way task reflects the absence of a performance deficit. If
this is the case, then females are expressing a performance deficit, and perhaps not one of
learning. In any case, these various data indicate that the effects of stress on conditioning
depend not only on the stressor and the task, but also on the sex of the animal.

Adaptive or Epiphenomenonal?
What might be the evolutionary benefits or adaptive significance of these sex differences in
learning and responses to stress? That stressful experience would enhance the ability to
process and acquire new information, even associations, is easy to reconcile with theories of
natural selection and survival. Seemingly, in the wild, it would be adaptive to maintain a
state of heightened vigilance and attention during the period of time immediately after
experiencing a life-threatening event. One could imagine that this particular response would
be useful for males, as they often have to defend territory and resources under stressful
conditions. The adaptive utility of the female response (that of impaired performance after
stress) is more difficult to reconcile with theories of natural selection and survival, and must
be considered in the context of their learning abilities under unstressed conditions. That is,
even in the absence of stress manipulation, there are sex differences in performance (Shors
et al. 1998; Wood et al. 2001). Simply put, females in proestrus emit more learned responses
than males and females in other stages of estrus. As mentioned, proestrus is a stage in the rat
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cycle before ovulation when estrogen levels are high. Female behavior is quite different
during this stage, with increases in exploration and decreases in food and water intake. Over
their lifetime, female rats in the wild have relatively few seasons and, hence, few
opportunities to become pregnant; each proestrus in season is a critical time for finding a
mate, yet avoiding capture by prey. Thus, it makes intuitive sense that females would
perform optimally during this time period. Presumably, other behavioral changes, such as
increased activity and reduced food and water intake, are similarly adaptive. But why would
females be so sensitive to stressful events during this time? One possible explanation is that
exposure to a stressful and potentially life-threatening event signals to the animal that there
are dangerous stimuli in the vicinity and now is not the time to explore, much less
reproduce. In this scenario, the effect of stress on conditioning is not viewed so much as an
impairment, but rather an amelioration of enhanced responding that would normally occur
during this stage of reproductive life.

As a final consideration, it is possible that these opposite effects of stress on conditioning
and performance in males versus females are epiphenomenal and only observed under
limited conditions in a laboratory situation. Even so, these findings reveal very different,
opposite effects in the same species to the same environmental stimulus. If nothing else,
they indicate that there is no simple or even consistent relationship between stress and
learning. To emphasize the point, I now present some data indicating that the effects of
stress on some learning tasks can be eliminated, and even reversed, simply by exposing
animals to different sex hormones in utero or upon birth.

Reversing the Effects of Stress on Learning
There is vast literature documenting that exposure to hormones early in development can
alter behaviors expressed in adulthood. The majority of studies report changes in sexual
behavior, such as mounting in males and lordosis, a posture that indicates sexual receptivity
in females. For example, males castrated at birth will exhibit the female-typical response of
lordosis when exposed to ovarian hormones during adulthood (Phoenix et al. 1959; Feder
and Whalen 1965; Pfaff et al. 2002). In contrast, females that are exposed briefly to
testosterone at birth do not ovulate or exhibit lordosis, but exhibit male sexual behaviors
such as mounting in response to testosterone exposure. From these studies, it is proposed
that the background condition for reproductive behaviors is feminine, and the presence of
testosterone during early development organizes a masculine response (Jost et al. 1973;
Arnold and Breedlove 1985; Becker et al. 1992).

On the basis of this literature, we considered the possibility that the opposite effects of acute
stress on conditioning in male and female rats might be altered or even reversed by
manipulating sex hormones during very early development. In the first experiment, we
manipulated testosterone in both sexes on the day of their birth (Fig. 4). We asked whether
exposure to testosterone in females would alter their response to that of males, that is, would
their learning be enhanced by exposure to stress in adulthood? We also asked whether
removing testosterone from males on the day of birth would alter their behavior to that of
the females, that is, would their learning now be impaired by exposure to stress? As shown
in Figure 4B, learning in adult males that had been castrated at birth was still enhanced by
exposure to the stressor, and thus, removal of testosterone after birth did not affect this
behavior. In females, however, there was a dramatic change; they responded in the opposite
direction as adults, that is, their performance was facilitated by stress (Fig. 4A). Thus,
exposure to testosterone upon birth prevented the typical female response to stress and
induced a male-like response. Sex differences in conditioning were also minimized by this
manipulation.
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Next, we considered the possibility that castration did not alter the male-typical response,
because it was already established in utero (i.e., the brain had already been exposed to
testosterone). This would not be unheard of, as male rats experience a substantial increase in
testosterone levels on about day 17 of gestation, which drops to female levels by day 20. If
exposed to a testosterone antagonist in utero, they exhibit reduced sexual behavior,
preference for males, and can display lordosis responses in the presence of estrogen (Nadler
1969; Vega Matuszczyk and Larsson 1995). Therefore, we hypothesized that exposure to
testosterone in utero organized the male-specific response to stress in adulthood. To test this
hypothesis, pregnant female rats were injected with a testosterone antagonist (CA) for
several days when testosterone levels are elevated in male pups. Foster mothers raised the
offspring, and the effect of stress on associative learning was evaluated when the pups
reached adulthood. Learning in the adult females was unaffected by antagonizing
testosterone in utero; that is, stress still impaired their performance. However, as shown in
Figure 4C, performance was not enhanced by stress in the treated males. It is noted that
stress did not impair learning in these males, and thus, the manipulations during gestation
did not reverse the male response, but rather, prevented a response from occurring. In
summary, these data indicate that the presence of sex hormones during gestation and
development organize whether and how acute stress will affect the ability to acquire new
information in adulthood (Shors and Miesegeas 2002). Moreover, they indicate that the
relationship between stress and learning is not absolute and can be manipulated quite
dramatically by changes that occur as the brain becomes organized for future encounters
with stressful life events.

Existing Theories, Functions, and Multiple Memory Systems
The relationship between stress and learning is often described theoretically in terms of an
inverted-U, and is illustrated in Figure 5A. At very low levels of stress (i.e., boredom or
drowsiness), performance is impaired; at moderate levels of stress, performance is enhanced;
but at extreme levels of stress, performance is impaired. Although some correlates of stress
such as levels of glucocorticoids can relate to performance in such a manner (Roozendaal
2001), others do not. For example, the relationship between inescapable stress and classical
eyeblink conditioning does not adhere to this function. Using a variety of stressors of
varying intensities and qualities, we have found that after exposure to the stressor,
conditioning is either enhanced or it is not There is no observable gradation in responses; it
appears to be an all-or-none phenomenon. Exposure to both the acute swim stress (20 min)
and 30 intermittent tailshocks (1 mA, 1 sec) enhanced conditioning in males, whereas
exposure to 90 min of restraint or noise stress, both of which enhanced corticosterone levels
similarly, did not (Shors and Servatius 1997; Shors 2001). Lesser amounts of stress, varying
shock numbers or intensity, also did not alter conditioning. Of course, it is conceivable,
perhaps probable, that if enough stress were delivered, performance in males would be
impaired. However, such degrees of stimulation would be more traumatic than stressful, per
se. In summary, an inverted-U-type function does not describe the effects of acute stressful
experience on classical conditioning of a fine motor response such as the eyeblink.

One of the most cited functions relating stress (or arousal) to learning was posed by Yerkes
and Dodson in 1908, and was thereafter known as the Yerkes-Dodson Law. This theory, like
that of an inverted-U, poses a relationship based on degrees of stress and performance.
However, the theory is multidimensional, with an additional axis for task difficulty. As
illustrated in Figure 5B, low levels of stress (or arousal) are associated with enhanced
performance on more difficult tasks, whereas higher degrees of stress are associated with
enhanced performance on easier ones. We have examined whether or not the effects of stress
on classical eyeblink conditioning depend on task difficulty. To do that, we tested the effects
of stress on two types of conditioning, one easier than the other. Delay conditioning is a
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relatively easy task, in which the CS (tone) and eyelid stimulus (US) stimuli overlap in time
(Fig. 6A). Trace conditioning, on the other hand, is a more difficult task. During trace
conditioning, the stimuli are separated in time, and thus, the animal must maintain a
representation of the CS after its offset in order to associate it with the second stimulus (Fig.
6B). Most animals, including humans, require many more trials to learn the trace association
than the delay one (using the same intertrial interval; Woodruff-Pak 1993; Beylin et al.
2001). In males, exposure to the acute, nonetheless intense stressor of brief intermittent
tailshocks enhances delay conditioning (Fig. 6A), the easier task, as well as enhancing trace
conditioning, the more difficult task (Fig. 6B). Exposure to the same stressor impairs both
delay and trace conditioning in females. Thus, task difficulty, per se, does not differentiate
the effects of stress on classical eyeblink conditioning.

It has become evident in recent years that there are a few, if not multiple memory systems in
the brain (Kesner 1991; Squire and Zola 1996; Thompson and Kim 1996; Poldrack and
Packard 2003). The exact details about how these systems interact are still unknown, but it
has become popular to pose various phenomenon the basis of a system's reliance, or lack
thereof, on the hippocampus. For example, some have posed that stress effects on learning
depend on whether the animal has sufficient resources to use a hippocampal-based memory
system (Diamond et al.1996; Luine et al. 1996; Kim and Diamond 2002; see Lupien and
Lepage 2001 for alternative view). Although this general idea is consistent with a number of
observations (Akirav et al. 2001), it is inconsistent with those involving classical eyeblink
conditioning, in which the response to stress is similar, irrespective of whether the task
requires the hippocampus or not. Delay conditioning does not require the hippocampus for
learning, whereas trace conditioning does (Solomon et al. 1986; Weiss et al. 1999; Beylin et
al. 2001), yet both are similarly enhanced by stress in males and impaired by stress in
females (Fig. 6). Thus, stress-induced effects on eyeblink conditioning are not limited to a
particular type of conditioning task or brain region associated with learning that task.

There are certainly examples in which stress and performance adhere to these various
functions, be they inverted, upright, or simply linear. However, the relationship between
stress and classical eyeblink conditioning adheres to a step function, in which the effect of
stress on conditioning is either induced or not (Fig. 5C). Depending on sex, the effect can be
positive or negative, but it is expressed as a punctate response to stressful life experience.

Conclusion
To summarize, exposure to an acute stressful event has numerous effects on learned
behaviors and performance. It can impede learning to escape from an aversive stimulus, alter
perseverative behavior, and thereby impede performance on a spatial learning task. It can
enhance or impair performance of a classically conditioned motor response, simply as a
matter of sex. Moreover, its' effects on performance can be altered, and in some cases,
reversed simply by manipulating hormonal milieu during very early development. What do
such different responses to the same stressful events reveal about the true relationship
between stress and learning, other than its apparent complexity? First, it is unlikely that
there are one or even two defining relationships between stress and learning. Second, they
are not exclusively negative. And finally, the neuronal mechanisms that mediate these
differing, and in some cases, opposite responses to stress must be remarkably plastic and
broad in their capabilities. Perhaps the capacity to respond in very different ways to stressful
stimuli is the hallmark of a highly evolved and adaptive stress response. By appreciating,
even capitalizing on its plasticity, it may be possible to more accurately describe
relationships between stress and learning as well as the neuronal mechanisms that underlie
them.
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Figure 1.
(A) In this experiment, male rats were exposed to an acute stressful event, and 24 hr later,
tested on performance in the 8-arm radial maze task (Shors and Dryver 1992). The graph
depicts the number of errors described as reentries into an arm that had previously been
debaited. On the first few days of training, stressed rats committed fewer errors than
unstressed rats, but with continued training, stressed rats committed more errors and the
unstressed committed fewer. (B) The second graph depicts the activity of stressed and
unstressed rats, defined as the arms entered per minute. Those exposed to the stressor were
less active than those not exposed to the stressor, especially during the first few days of
training. Overall, the data suggest that stress impedes, but does not necessarily impair spatial
learning.

Shors Page 12

Learn Mem. Author manuscript; available in PMC 2012 May 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
(A) In this experiment, male rats were exposed to an acute stressful event of brief
intermittent tail shocks, and 24 hr later, trained on the classically conditioned eyeblink
response with paired stimuli consisting of a white noise conditioned stimulus (CS) and
eyelid stimulation as the unconditioned stimulus (US) (Shors et al. 1992). Additional groups
were exposed to the same number of stimuli presented in an explicitly unpaired manner. As
shown, exposure to the stressful event greatly increased the number of learned responses to
the CS, but did not induce responding to the CS when the stimuli were unpaired. (B) In this
experiment, male rats were exposed to the acute stressful event as the animals were
acquiring the CR. In this case, exposure to the stressful event did not alter responding to the
CS (Shors 2001). (C) In this experiment, male rats were exposed to an acute stressor of 20
min inescapable swimming, and trained 24 hr later on the classically conditioned eyeblink
response (Shors 2001). Exposure to the acute swim stress increased the number of learned
responses to the CS. Overall, these data indicate that acute stressful experience enhances the
ability to acquire new associations involving fine motor responses, at least in males.
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Figure 3.
In this experiment, males and females were exposed to the stressful event, and 24 h later,
trained on the classically conditioned eyeblink response using a trace paradigm that is
dependent on the hippocampal formation for acquisition (Beylin et al. 2001; Wood et al.
2001). Exposure to the stressful event increased the number of learned responses in males,
but reduced the number of learned responses in females, especially when they were tested in
proestrus. There are also sex differences in conditioning itself, with females outperforming
males under unstressed conditions. Overall, these data indicate that males and females can
respond in opposite directions to the same environmental event.
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Figure 4.
In this set of experiments, male and female rats were exposed to different hormonal
manipulations during very early development and tested as adults in their performance
during trace conditioning and their response to stressful experience (Shors and Miesegeas
2002). (A) Females injected with one dose of vehicle on the day that they were born emitted
many fewer learned responses after stress in adulthood. However, those injected with
testosterone on the day that they were born emitted many more learned responses after stress
in adulthood. (B) Males castrated on the day that they were born or exposed to a sham
surgery emitted more learned response after stress in adulthood. (C) However, males in
which testosterone receptors were antagonized in utero did not respond to acute stress in
adulthood, whereas those exposed to a vehicle in utero emitted more learned responses after
stress in adulthood. Overall, these data indicate that stress effects on learning are organized
very early in development and are remarkably plastic.
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Figure 5.
(A) The inverted-U shaped relationship between stress and learning is depicted with
optimum performance occurring at moderate levels of stress. Poor performance would occur
with low and very high levels of stress. (B) The Yerkes-Dodson law is depicted with three
levels of task difficulty. At low levels of task difficulty, higher levels of stress induce
optimum levels of performance. At high degrees of task difficulty, lower levels of stress
induce optimum levels of performance. (C) The relationship between stress and performance
in males and females is depicted as a punctate response that either occurs or does not. After
a threshold of stress is reached in males, performance in enhanced. After threshold is
reached in females, performance is impaired.
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Figure 6.
The opposite effects of acute stressful experience on classical eyeblink conditioning occur
irrespective of task difficulty or the brain region on which the task depends. (A) Acute stress
enhances performance during delay conditioning in males but impairs delay conditioning in
females (Wood and Shors 1998). (B) Acute stress also has opposite effects on trace
conditioning in males and females, even though the task is more difficult and depends on an
intact hippocampus (Beylin et al. 2001; Wood et al. 2001).
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