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Post-traumatic stress disorder (PTSD) is a debilitating disease with relatively high

lifetime prevalence. It is marked by a high diversity of symptoms and comorbidity with

other psychiatric disease. Furthermore, PTSD has a high level of origin and symptom

heterogeneity within the population. These characteristics taken together make it one of

the most challenging diseases to effectively model in animals. However, with relatively

little headway made in developing effective disease interventions, PTSD remains as a

high priority target for animal model study. Learned Helplessness (LH) is a procedure

classically used to model depression, but has in recent years transitioned to use as a

model of PTSD. Animals in this procedure receive 100 inescapable and unpredictable

tailshocks or simple restraint without shock. The following day, the animals are tested

in a shuttle box, where inescapably-shocked subjects exhibit exaggerated fear and

profound deficit in escape performance. Stress-enhanced fear learning (SEFL) also uses

an acute (single session) stressor for modeling PTSD in rodents. The SEFL procedure

begins with exposure to 15 footshocks or simple context exposure without shock.

Animals that initially received the 15 footshocks exhibit future enhanced fear learning.

In this review, we will compare the behavior, physiology, and interventions of these two

animal models of PTSD. Despite considerable similarity (a single session containing

inescapable and uncontrollable shock) the two procedures produce a very divergent set

of behavioral consequences.

Keywords: learned helplessness, stress-enhanced fear learning, PTSD, depression, fear, stress

Up to 20% of the population that experiences a trauma will go on to develop Post-Traumatic
Stress Disorder (Kilpatrick et al., 2013; PTSD). PTSD is a debilitating disease marked by symptoms
such as dissociative amnesia, avoidance behaviors, hypervigilance, anhedonia, exaggerated fear
startle, and insomnia (Association, 2013). Lifetime prevalence of PTSD in the United States
is approximately 7%, with U.S. military incidence reaching as high as 15–20% (Gradus, 2007;
Gates et al., 2012). A large ongoing research effort has focused on identifying the neurobiological
consequences of stress that lead to the development of disorders such as PTSD. Despite great
headway made in understanding the neurobiology of the disease, improvement in efficacious
intervention has been bare. This point was highlighted in a recent public message from the Director
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of the National Institute of Mental Health, Dr. Joshua Gordon. In
some cases, this lack of progress has led to criticism of the animal
models available to study PTSD.

In a recent review by Richter-Levin, Stork, and Schmidt,
the authors weigh-in on the current stress research climate
(Richter-Levin et al., 2018). The authors suggest that while
animal model research has proved invaluable in the study of
PTSD, modifications should be made to adequately capture
the complexity and heterogeneity of the disease in order to
increase translational relevance. Those authors suggest that
animal models of PTSD should be modified to accurately
represent exposure to risk factors and individual genetic and
behavioral differences. They also suggest careful selection of
stressor and behavioral phenotypes measured, suggesting that
just as we see in humans, different stressors produce dissociable
neurobiological and behavioral consequences in rodents.

In this review, we will examine this notion of stressor-
induced heterogeneity. We will critically evaluate the reported
effects of two animal stress procedures that have been claimed
to model PTSD psychopathology. Learned helplessness (LH)
is a half-century old procedure which commonly uses 100,
8 s inescapable and unpredictable 1mA tailshocks over a 2-h
session to produce a behavioral phenotype that parallels many
of the symptoms of PTSD and Major Depressive Disorder
(MDD). Stress-enhanced fear learning (SEFL) is a procedure that
presents 15, 1 s inescapable and unpredictable 1mA footshocks
over a 90-min session to induce its PTSD-like phenotype. By
critically examining two models that share several dimensional
similarities, we can evaluate the specific consequences of stress
volume on stress-induced psychopathology. In this case, we are
defining volume as the product of shock number, shock duration,
and shock intensity (current). It can also be thought of as the total
number of coulombs received during stress. Previous work has
shown that variation in coulombs qualitatively changes reactions
to a stressor (Fanselow, 1984).

In this review we will focus on learned helplessness and
SEFL stress procedures in rats only. SEFL in mice is still in its
infancy, andwe therefore do not feel comfortable discussing these
findings at this time. Furthermore, there are several important
changes made to the LH procedure when using mice and there is
some controversy due to these changes (Landgraf et al., 2015).

LEARNED HELPLESSNESS

History
The learned helplessness procedure is a traditional method for
analyzing the effects of acute, traumatic stress and modeling
related symptoms of post-traumatic stress disorder and comorbid
major depression in rats (Minor et al., 1991, 2010; Başoglu
et al., 1997; Hammack et al., 2012; Minor and Plumb, 2012).
Seligman and colleagues first discovered in 1967 that exposure
to inescapable shock, but not escapable shock, results in failure
to perform future escape responding in a novel apparatus
(Overmier and Seligman, 1967; Seligman and Maier, 1967). The
classic experiments utilized dogs and a triadic design. In this
design there are three groups. One group is able to perform a
response to escape the shock. Another group is able to perform

the same response non-contingently, as their exposure to shock
is yoked to that of the escapable group. A final group is exposed
to the same apparatus, but no shock is administered. This design
allows for dissociable assessment of the effects of escapable
and inescapable shock. The term “learned helplessness” was
originally coined as it was initially believed that the escape
latency deficits were due to the animals learning that they had
no control over the environment (Seligman and Maier, 1967;
Maier and Seligman, 2016). However, others have provided
subsequent evidence which has suggested that it instead may be
the unpredictability of shock that is the root of the subsequent
maladaptive behavior (Dess et al., 1990; Minor et al., 1991; Minor
and Hunter, 2002). The model has since transitioned to rats and
LH has been used extensively as an animal model of human
disorders, such as PTSD andMDD (Maier, 1984; Foa et al., 1992).
Though the learned helplessness model has been used extensively
as a model of depression and PTSD, it does have a scientifically
contentious history. The relatively short 24–72-h lifespan of
many of the observed behavioral and cognitive deficits, which
can be moderately extended using a reinstatement procedure
(Maier, 2001), has been a point of which its opponents cite
when discussing its inefficacy as a model of psychiatric disease
(Anisman and Sklar, 1979; Jackson et al., 1979; Minor et al., 1988;
Dess et al., 1989; Yehuda and Antelman, 1993). However, face,
construct, and predictive validity maintain its place as one of the
leading models of PTSD and MDD.

It should be noted that it is common to drop the escapable
group in studies more concerned with modeling human stress
disorders, and less concerned with questions on the effects
of escapability. Both SEFL and the LH procedures induce
behavioral changes by delivering inescapable shocks but the
two procedures differ substantially in terms of the amount of
shock delivered. Seeing as the effect of shock volume, and not
escapability, is the focus of this review, we will be discussing the
overall behavioral and physiological consequences of inescapable
shock and not learned helplessness, per se. In other words,
we will not disentangle if the effects discussed are specific to
inescapable shock or if they also occur in rats that receive
equivalent escapable shock (see Greenwood and Fleshner, 2008;
Maier and Seligman, 2016 for review on the behavioral effects
of escapability).

Induced Phenotype
Animals exposed to 100 inescapable and unpredictable shocks
exhibit several behavioral characteristics similar to the symptoms
of PTSD (see Table 1). Rats pre-exposed to inescapable shock
enter the subsequent test situation in an anxious/agitated
state and show exaggerated fear responding during initial
escape testing. As testing progresses, inescapably shocked
rats rapidly transition to an unresponsive, depression-like
state, termed conservation-withdrawal. The transition to
conservation-withdrawal is evident as a profound deficit
in escape performance (Minor et al., 1994a,b; Plumb et al.,
2013). Experience with inescapable shock also results in
behavioral depression as defined by the forced swim task
(Weiss et al., 1981) and sucrose preference (Christianson
et al., 2008; but see Dess, 1992), disturbances in sleep
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(Adrien et al., 1991), exaggerated startle (Servatius et al.,
1995), anorexia (Weiss, 1968; Dess et al., 1989), anhedonia
(Zacharko and Anisman, 1991), anxiety as measured
by decreased social interaction (Short and Maier, 1993)
and the elevated plus maze (Steenbergen et al., 1989),
reinstatement of drug seeking (Figueroa-Guzman et al.,
2011) and attentional/cognitive deficits in rats (Jackson
et al., 1980; Minor et al., 1984; Shors, 2004). However, it
should be noted that many of the behavioral deficits are
short lived and fail to occur 72 or more hours following the
traumatic stress session (Jackson et al., 1978; Grau et al.,
1981; Weiss et al., 1981; Maier, 1990; Short and Maier, 1993;
Will et al., 1998). Several of the neurochemical changes
induced by inescapable shock also persist for only a few days
(Weiss et al., 1981; Maier, 2001).

Interestingly, this severe stress procedure does not appear
to enhance future fear learning as appreciably as the more
moderate, SEFL stress procedure. One notable study provides
evidence that inescapable shock may enhance, while escapable
shock reduce, subsequent fear learning (Baratta et al., 2007).
Furthermore, in a similar stress protocol (of considerably
smaller total stress volume), inescapable tailshock has
also been shown to enhance trace eyeblink conditioning
(Beylin and Shors, 1998) However, it should be noted
that the effects observed in both are relatively modest in
comparison to the effect found using the moderate, SEFL
stress procedure.

Behavioral Interventions
Several behavioral factors and interventions have profound
effects on the phenotype produced by severe stress. For
example, rats no longer exhibit post-stress escape latency
deficits if they are given 6 weeks of free access to a running
wheel prior to the trauma, and the protective effects of
wheel running are dependent on the duration of activity
(Greenwood et al., 2005). Perhaps more surprisingly, prior
exposure to subthreshold stress has also exhibited beneficial
effects following exposure to the traumatic stress session
(Plumb et al., 2015).

Several design aspects are critical in the development of
the phenotype produced by severe stress. For one, though the
pretreatment and testing contexts differ on many dimensions,
shuttle-escape deficits are contingent upon the stress and test
contexts sharing the same olfactory cues (Minor and LoLordo,
1984). Traditionally, this is done by allowing feces and urine
of the stressed animals to accumulate over the day. If one of
the contexts is cleaned, the learned helplessness phenotype is
abolished. Furthermore, if the contexts are cleaned and instead
both scented with a common artificial odor, the behavioral
phenotype persists. It should be noted that the effect of
contextual odor generalization has not been tested for other
behaviors induced by inescapable shock and does not likely
play a similar role. Another essential dimension of the design
is that the shocks remain variable and unsignaled. If the
shocks are cued, the behavioral phenotype no longer persists
(Dess et al., 1990).

Pharmacological
Interventions/Defined Neurocircuitry
Research into the neural mechanisms of the behavioral
consequences of severe stress was spearheaded early on by
Steve Maier. Through decades of research, the Maier lab has
characterized the importance of serotonin (5-HT) signaling in
the dorsal raphe nucleus (DRN) in the development of the LH
phenotype (for review, see Maier and Seligman, 2016). Within
this model, he proposes that DRN activity is modulated by
the controllability of the stressor via detection and activation
in the ventromedial prefrontal cortex (vmPFC). For example,
activation of the vmPFC using picrotoxin eliminates subsequent
LH behavior in rats exposed to inescapable shock (Amat et al.,
2008). Through Maier’s body of work, he also implicates roles
of the bed nucleus of the stria terminalis (Hammack et al.,
2004, 2012), amygdala (Maier et al., 1993), and dorsal striatum
(Strong et al., 2011). The habenula- DRN circuit has also been
identified to play a role using a unique behavioral outcome in
juvenile rats (Dolzani et al., 2016; see Metzger et al., 2017 for
review). Additionally, research from several labs has suggested an
integral role of norepinephrine signaling in the development on
LH behaviors (Minor et al., 1988; Grahn et al., 2002).

Thomas Minor focused on the energetic demands of the
stressor as a critical aspect that leads to future maladaptive
behavior in the animal. Minor suggests both serotonin
and corticosterone likely play only permissive roles in the
development of the behavioral consequences induced by severe
stress. This is based on their time course of release during stress
exposure and testing (see Minor and Hunter, 2002 for review).
Instead, he suggests that the state of fear invoked by the stress
session is energetically costly and depletes the animal’s energy
reserves (Conoscenti et al., 2019). Thus, the animal enters the test
session in a state of conservation withdrawal, a behavior deemed
to conserve energy resources. This behavior limits the animal’s
motivation to escape, and is mediated by adenosine signaling in
the nucleus accumbens core (Minor et al., 1994a,b, 2001, 2006,
2008, 2010; Plumb et al., 2013). Furthermore, consumption of
glucose following the trauma, which has been shown to replete
energy reserves (Conoscenti et al., 2019), eliminates the negative
behavioral consequences of stress (Minor and Saade, 1997;
Conoscenti et al., 2017, 2019). This theory accounts for the

transient nature of the behavioral effects, as the effects disappear

as the animal recovers from the energy deficit. However, it should

be noted that it does not account for experiments showing that

inescapably shocked rats with amygdalar lesions will still
exhibit shuttle escape latencies despite lacking a fear response

(Maier et al., 1993).
Another line of evidence implicates the role of the immune

response in the development of LH behavior. Specifically, several

studies have suggested that interleukin-1 (IL-1), an inflammatory
cytokine, is critical for LH’s characteristic shuttle escape latency

deficits (Maier andWatkins, 1995;Minor et al., 2006; Goshen and
Yirmiya, 2009; Hanff et al., 2010). Following inescapable shock,

hippocampal, hypothalamic, and peripheral concentrations of
IL-1 increase. This upregulation of IL-1 is necessary, but not

sufficient, for the induction of stress-induced behavior, as it
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TABLE 1 | Summary of LH and SEFL-induced change.

Phenotype Present in LH? Present in SEFL? References

Future enhanced fear learning Yes Yes (Rau et al., 2005; Baratta et al., 2007; Rau and Fanselow, 2009)

Anxiety; Elevated plus maze Yes Yes (Steenbergen et al., 1989; Poulos et al., 2014)

Anxiety; Open field Yes Yes (Fleshner and Greenwood, 2013; Perusini et al., 2016)

Anxiety; Exaggerated startle Yes Yes (Servatius et al., 1995; Perusini et al., 2016)

Anxiety; Social interaction Yes Not reported (Short and Maier, 1993)

Depression; Shuttle escape deficit Yes No (Seligman and Maier, 1967; Minor et al., 1994a)

Depression; Forced swim Yes Maybe (Weiss et al., 1981; Perusini et al., 2016; Tribble and Fanselow, 2019)

Depression; Sucrose preference Yes Not reported (Dess, 1992; Christianson et al., 2008)

Anorexia Yes Not reported (Weiss, 1968; Dess et al., 1989)

Reinstatement of drug seeking Yes Yes (Figueroa-Guzman et al., 2011; Meyer et al., 2013)

NEUROBIOLOGY

Amygdala Yes Yes (Maier et al., 1993; Perusini et al., 2016)

Ventromedial prefrontal cortex Yes Yes (Maier and Seligman, 2016; Pennington et al., 2017)

Dorsal raphe nuclei Yes Not reported (Maier and Seligman, 2016)

Nucleus accumbens Yes Not reported (Plumb et al., 2013)

Dorsal striatum Yes Not reported (Strong et al., 2011)

BNST Yes Not reported (Hammack et al., 2004, 2012)

Habenula Yes Not reported (Dolzani et al., 2016)

Corticosterone Yes Yes (Hanff et al., 2010; Poulos et al., 2014; Perusini et al., 2016)

Serotonin Yes Not reported (Maier and Seligman, 2016)

Norepinephrine Yes Not reported (Minor et al., 1988; Grahn et al., 2002)

Interleukin-1 Yes Yes (Goshen and Yirmiya, 2009; Jones et al., 2015)

Glucose Yes Not reported (Minor and Saade, 1997; Conoscenti et al., 2017)

Adenosine Yes Not reported (Minor et al., 1994a,b; Plumb et al., 2013)

This table displays a summary of the behavioral, neural, and pharmacological effects of LH and SEFL stressors.

has been shown that blocking IL-1 mitigates the behavioral
consequences of shock. It has been posited that IL-1 exerts its
stress mediating effects by inducing an increase in HPA-axis
activation (see Goshen and Yirmiya, 2009 for review).

SEFL

History
Our first indication of enhanced fear learning following stress
was suggested by two papers published in 1979 (Fanselow
and Bolles, 1979a,b). In these experiments rats that received
an identical single shock in the same novel context froze at
very different rates depending on whether or not they received
prior experience with a robust fear conditioning protocol in
a completely different context (see Figure 1). Interestingly,
while both 15 forward (tone-shock) and backward (shock-
tone) trials enhanced subsequent contextual fear conditioning,
predictive signaling of the shock reduced the magnitude of this
enhancement. Importantly, the lack of freezing observed prior
to the single shock indicated that this enhancement was not
caused by generalization of fear from the 15 shock to the 1
shock contexts.

This ability of stress to enhance fear learning was then used
as a tool to explore two deficits in contextual fear conditioning
(Fanselow et al., 1993). One was the deficit seen when only
a minimal period of exploration was allowed prior to delivery

of a single shock. Prior stress facilitated conditioning with
this procedure that typically supports little to no conditioning.
Another deficit in contextual fear conditioning occurs when
shocks are closely spaced rather than given in a more distributed
manner. In this case, prior stress eliminated the difference
between massed and spaced trials. These studies also revealed
an important boundary conditioning to SEFL; when multiple
conditioning shocks were well spaced prior stress caused no
enhancement in fear learning. These findings indicate that stress
enhances the rate but not the asymptote of the learning curve.

Induced Phenotype
As previously discussed, the quintessential phenotype measured
using this model is the enhancement of future fear learning (Rau
et al., 2005; Rau and Fanselow, 2009). However, animals exposed
to 15 inescapable and unpredictable shocks also exhibit several
similar symptoms to LH-stressed animals (see Table 1). Animals
exposed to 15 footshocks exhibit reinstatement of drug seeking
(Meyer et al., 2013) as well as several anxiety-like phenotypes.
For example, animals that receive shock exhibit decreased time
in the open arms of the elevated plus maze (Poulos et al., 2014),
decreased exploration during an open field test (Perusini et al.,
2016), and potentiated startle (Perusini et al., 2016). Unlike
LH-stressed animals, there is no evidence suggesting that these
animals exhibit depression-like behavior after to exposure to 15
shocks. With this stress volume, animals fail to exhibit escape
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FIGURE 1 | On Day One female Long-Evans rats received either no treatment, or 15 shocks (0.71-mA, 0.75-s) that were either preceded by a 30 s tone (Signaled

Stress) or followed by the tone (Unsignaled Stress) in a rectangular shuttle box. Subsequently the rats received a single conditioning shock (1.0-mA, 0.75-s) in a

conditioning chamber that differed in term of shape, smell, location, dimensions and lighting. Prior to the conditioning shock the there was little freezing (<2%) in the

conditioning chamber. Animals that received a prior signaled shock stressor showed more than twice the level of freezing of the unstressed controls. Fear learning

showed an even greater enhancement in that rats whose stress was unsignaled [Based on Fanselow and Bolles (1979a,b)].

latency deficits (Minor et al., 1994c), though it should be noted
that this study used tailshock, not footshock. While one study
did show an effect of shock on float time in the forced swim
test (Perusini et al., 2016), this effect has subsequently failed
to replicate (Tribble and Fanselow, 2019). Interestingly, the
behavioral effects of the SEFL stress have been shown to persist
for several months (Rau and Fanselow, 2009). This symptom
persistence is notable, seeing that the LH procedure has a much
higher stress volume and yet several of the behavioral effects are
much more transient in nature.

Unlike shuttle-escape performance deficits in LH, it appears

that the SEFL behavior does not rely on associative processes

such as context generalization (Rau et al., 2005; Poulos et al.,
2014; Pennington et al., 2017). Stress during adolescence still

results in SEFL even though this early life stress does not
produce associative fear learning (Poulos et al., 2014). SEFL
behavior is also resistant to extinction of the trauma context,
further suggestion that there are non-associative processes at
play (Rau et al., 2005; Long and Fanselow, 2012). However, it
has been hypothesized that perhaps animals that undergo the
SEFL procedure are learning a shock-shock association. That is,
the animal is learning that one footshock predicts subsequent
footshock, and the enhancement of fear to the 1-shock context
is due to this learned association. To support the notion that the
effects of SEFL are not due to a shock-shock association, we have
found that stress pretreatment exposure will enhance subsequent

fear learning when using a loud noise as the stressor (Pennington
et al., 2017). Furthermore, the SEFL effects no longer appear if the

1-shock exposure precedes the 15-shock session (Rau et al., 2005).
It should be noted that while this evidence does not eliminate

the possibility of shock-shock associations from playing a role in

SEFL, this explanation is less applicable to the behavioral changes
produced by LH-stress due to their transituational nature.

Behavioral Interventions
The SEFL phenotype is relatively robust, and therefore has
seen little success in terms of behavioral interventions. In
the majority of stress models, animals are singly housed, as
pair-housed animals often show decreased behavioral effects
of stress (Liu et al., 2013). However, a series of studies
aimed at probing the effects of single vs. pair-housing animals
showed no significant effects in eliminating the SEFL phenotype
(Tribble and Fanselow, 2019).

Several aspects of SEFL design are in direct contrast with the
LH stress procedure. Themost apparent is that the SEFL behavior
is not dependent on shared cues between contexts. Indeed, great
care is taken in the SEFL procedure to eliminate any similarity
between the stress and conditioning contexts. Additionally, the
effects of signaling shock show slightly different outcomes. As
previously mentioned, evidence suggests that signaling shock
during stress pre-exposure may act to reduce, but not eliminate,
SEFL behavior (Fanselow and Bolles, 1979a,b).

Pharmacological Interventions/Defined
Neurocircuitry
Compared to the decades of research dedicated to identifying
the neural mechanisms of LH behavior, the neurocircuitry of
SEFL behavior remains relatively scant (see Table 1). Similar
to LH, it appears that corticosterone is necessary, but not
sufficient, for the induction of SEFL behavior (Perusini et al.,
2016). Furthermore, the SEFL stress procedure produces a
similar dysregulation of the diurnal cycle of corticosterone
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(Poulos et al., 2014). Finally, a series of studies suggest that
glucocorticoids may be acting via activation glucocorticoid
receptors in the basolateral amygdala, which in turn
upregulate the GluA1 AMPA receptor subunit in this structure
(Perusini et al., 2016).

It appears that the ventromedial prefrontal cortex also
plays an important role in the SEFL phenotype. A study
showed that when the vmPFC is lesioned, future enhanced
fear learning is attenuated, while the trauma memory
remains intact (Pennington et al., 2017). Interestingly, this
means that the impacts of the vmPFC on LH and SEFL are
opposite: activation of vmPFC may be necessary for SEFL,
while inactivation of vmPFC during stress pretreatment
appears to be necessary for the formation of LH behaviors
(Amat et al., 2005, 2008).

Stress-induced immune reactivity also appears to play
an essential role in SEFL. Donald Lysle has reported a
series of studies which suggest that IL-1beta, specifically, is
necessary for the induction of the SEFL phenotype (Jones
et al., 2015, 2018). Similar to LH, IL-1 antagonists block the
induction of SEFL and shock stress increases both central
and peripheral concentrations of IL-1. Furthermore, repeated
morphine injection into the dorsal hippocampus following
stress pretreatment has been reported to eliminate the stress-
induced increases in IL-1 and subsequent SEFL behavior
(Szczytkowski-Thomson et al., 2013; Jones et al., 2015, 2018).

Summary and Conclusions
In this review, we discussed the behavioral and physiological
consequences of two acute stress paradigms that vary on
one major dimension: volume. Exposure to inescapable,
unpredictable shock appears to incorporate some homogenous
peripheral and central mechanisms and induce a series
of consistent trans-situational behaviors, regardless of
volume. It appears that stress-induced anxiety phenotypes
are first to arise during exposure to a stressor, as anxiety-
related behaviors are conserved across the two shock-stress
models. The HPA axis appears to play a critical, permissive
role in the development of both LH and SEFL-induced
behavior. It also appears that the immune response,
specifically IL-1, plays a critical role in the development of
stress-induced psychopathology. Regarding neurocircuitry,
converging evidence suggests that the amygdalar complex
is involved in the neurocircuitry of shock stress regardless
of volume. The vmPFC has also been implicated in
both behavioral models, though it appears to have
opposing effects.

Several dissociable behavioral and neurobiological aspects of
the two procedures stand out. The most obvious division is the
induction of a depression-like phenotype in LH-stressed animals
that appears absent in SEFL-stressed animals. Another interesting
difference is the apparent generalization necessary for LH’s
characteristic deficits in shuttle-escape performance, which does
not appear necessary for the SEFL phenotype. Perhaps the most
perplexing difference is that of symptom persistence. The LH-
stressor produces many behavioral changes that appear to persist

for only a few days. Meanwhile, SEFL produces a set of behaviors
which persist for at least several months. Given that there is a
much greater volume of stress in the LH procedure it is surprising
that many of its effects do not persevere. However, it should be
noted that several of these short-lived changes are in behaviors
that do not overlap with the behavioral effects of SEFL. Therefore,
it may be a product of the behavioral phenotype assayed, and not
an effect directly related to stress volume. It is important to note
that there are several outstanding questions that have been left
unanswered. For example, the role of 5-HT neurons in the DRN
has been well characterized in LH, but has yet to be investigated
in SEFL.

Use of the same stressor can produce dissociable behavioral
and neural consequences by simply modulating stress volume.
Notably, the degree of stress does not necessarily make the
effects quantitatively greater, but rather there seems to be
qualitative changes in the consequent behavioral reactions.
Based on the literature reviewed, it appears that the SEFL
procedure may produce several phenotypes specific to model
PTSD without depression comorbidity, while LH may model
a PTSD comorbid with depression. This notion sits perfectly
in-line with the heterogeneity of PTSD described in the
review by Richter-Levin et al. (2018). Within that review, the
authors describe an outstanding fundamental question about
PTSD: is PTSD with depression a unique subtype, or do
the diseases merely show a high comorbidity. Approximately
half of patients diagnosed with PTSD also concurrently meet
criteria for Major Depressive Disorder (Kessler et al., 1995;
Breslau et al., 1997; Rytwinski et al., 2013; Caramanica
et al., 2014; Flory and Yehuda, 2015). Perhaps even more
staggering is the statistic that 95% of those with PTSD will be
diagnosed with MDD within their lifetime (Hammack et al.,
2012). Patients with MDD exhibit symptoms such as chronic
depressed mood, anhedonia, anorexia or hyperphagia, insomnia
or hypersomnia, fatigue, and cognitive deficits (Association,
2013). These symptoms are consistent with several of the
symptoms observed following LH, but not SEFL, stress exposure.
It is possible that human PTSD development is influenced
by similar factors. For example, stress volume may influence
both the quality and quantity of symptoms. It is also possible,
that disease persistence does not positively correlate with stress
volume, but may be predicted by another variable of stress
exposure. Only through careful, focused study examining the
neurobiological effects of modulating stress volume may we
begin to unravel the dissociable aspects of PTSD and PTSD with
comorbid depression.

Further precise exploration to assess the behavioral and
neurobiological dissociation between the two procedures
is necessary. By further understanding the mechanisms
of each stressor we may be able to more accurately
target investigation into neural mechanisms and effective
treatment of specific disease phenotypes. This goal can
best be reached by minimizing the lab-specific stress
procedure permutations that are presently under use and
focusing on stressors that can be parametrically titrated and
objectively compared.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 6 May 2019 | Volume 13 | Article 104

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Conoscenti and Fanselow LH and SEFL Dissociation

ARTICLE DEDICATION

We dedicate this article to the memory of Dr. Thomas
R. Minor, a major contributor to the reviewed work
on learned helplessness. Tom was an exceptional
mentor, a supportive colleague, and a caring friend
whose ideas both challenged and sparked our
scientific endeavors.
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