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Recent evidence suggests that the
dynorphin–�-opioid receptor (KOR) sys-
tem is involved in the expression of a
number of stress-induced behavioral
changes. For example, in mice, repeated
swim stress and social defeat have been
shown to cause elevated forced-swim-
induced immobility, increased analgesia,
and potentiated cocaine place preference;
these effects can be blocked by pretreat-
ment with a KOR antagonist or deletion
of the prodynorphin gene (McLaughlin et
al., 2003, 2006). Further evidence that ac-
tivation of the KOR by endogenous li-
gands is responsible for stress-induced
changes in behavior is provided by data
showing that systemic administration of
KOR agonists induces prodepressant-like
effects and, conversely, antagonism of the
receptor leads to antidepressant-like ef-
fects in multiple animal models of depres-
sion (Newton et al., 2002; Mague et al.,
2003; Shirayama et al., 2004).

Despite a preponderance of evidence
showing that the activation of the KOR is
involved in the behavioral effects of mul-
tiple stressors, the second messenger sys-
tems that mediate these effects remain un-
known. In a recent issue of The Journal of
Neuroscience, however, Bruchas et al.
(2007) presented a convincing series of
experiments that implicate p38, a member
of the mitogen-activated protein kinase

(MAPK) family, as an important media-
tor of the KOR-dependent aversive prop-
erties of stress.

The authors first set out to determine
whether KOR phosphorylation, which ac-
tivates the receptor, is necessary for acti-
vation (i.e., phosphorylation) of p38.
They demonstrated that p38 phosphory-
lation was colocalized with KOR phos-
phorylation in cells of the nucleus accum-
bens, a brain region previously implicated
in the behavioral effects of KOR activation
after repeated swim stress (Pliakas et al.,
2001; Newton et al., 2002; Shirayama et
al., 2004). Phosphorylated p38 was not
found in KOR-knock-out mice follow-
ing the same regimen [Bruchas et al.
(2007), their Fig. 1A–C (http://www.
jneurosci.org/cgi/content/full/27/43/
11614/F1)], however, suggesting that
KOR activation is required for the activa-
tion of p38. To quantify these findings,
whole striatum extracts were assayed by
Western blot. The authors showed that
p38 phosphorylation was elevated by re-
peated swim stress in wild-type mice
treated with saline, but not in KOR-
knock-out mice, wild-type mice treated
with the KOR antagonist nor-BNI (nor-
binaltorphimine), or wild-type animals
exposed to only a single swim stress [Bru-
chas et al. (2007), their Fig. 2 (http://
www.jneurosci.org/cgi/content/full/27/
43/11614/F2)]. These data provide
further evidence that KOR activation is
required for the stress-induced activation
of p38.

The authors next performed a series of
experiments to determine whether p38

activation is required for the expression of
behavioral effects associated with KOR
activation. The authors first injected a p38
inhibitor (SB203580 [4-(4-fluoro-
phenyl)-2-(4-methylsulfonylphenyl)-5-
(4-pyridyl)-1 H-imidazole]) intracere-
broventricularly before bouts of forced
swimming. The inhibitor significantly
blocked p38 phosphorylation and also re-
duced time spent immobile during
subsequent swim tests [Bruchas et al.
(2007), their Fig. 3 A, B (http://www.
jneurosci.org/cgi/content/full/27/43/
11614/F3)]. This result temporally linked
p38 activation to a change in behavior, in-
creased immobility, previously associated
with KOR activation.

In addition to increasing immobility in
the forced swim test, KOR activation has
been shown to induce conditioned place
aversions, in which animals avoid envi-
ronments previously associated with the
administration of KOR agonists. Pharma-
cological inhibition of p38 completely
abolished the conditioned place aversion
induced by a KOR agonist without pro-
ducing a preference of its own or altering
preferences for cocaine-paired environ-
ments [Bruchas et al. (2007), their Fig. 4B
(http://www.jneurosci.org/cgi/content/
full/27/43/11614/F4)]. These data sug-
gest that p38 inhibition specifically
blocks the aversive properties of KOR
activation without disrupting associa-
tive learning generally. Additionally, the
authors showed that p38 inhibition did
not alter taste aversion to lithium chlo-
ride [Bruchas et al. (2007), their Fig. 4C
(http://www.jneurosci.org/cgi/content/
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full/27/43/11614/F4)], an aversive
learning task that is not KOR
dependent.

Previous in vitro work (Bruchas et al.,
2006) suggested that activation of MAPK
requires recruitment of �-arrestin, a
KOR-associated protein, after phosphor-
ylation of KOR by G-protein-coupled re-
ceptor kinase 3 (GRK3). To determine
whether this process is necessary for be-
havioral changes that occur after repeated
swim stress, the authors assessed the abil-
ity of KOR agonists to induce p38 phos-
phorylation and increase forced-swim-
induced immobility in GRK3-knock-out
mice. Treatment with a KOR agonist in-
creased p38 phosphorylation in wild-type
mice, but had no effect in GRK3-knock-
out mice [Bruchas et al. (2007), their Fig.
5A,C (http://www.jneurosci.org/cgi/con-
tent/full/27/43/11614/F5)]. Likewise,
GRK3-knock-out mice showed reduced
immobility after repeated swim stress
[Bruchas et al. (2007), their Fig. 5D
(http://www.jneurosci.org/cgi/content/
full/27/43/11614/F5)]. GRK3 phosphory-
lation of p38 was shown to be specific:
ERK (extracellular signal-regulated ki-
nase), another MAPK family protein, was
phosphorylated in both wild-type and
GRK3-knock-out mice after KOR
treatment.

In this report, Bruchas et al. (2007)
connected stress-induced KOR activation
to downstream activation of p38 and illus-
trated that p38 activation is required for
the expression of behavioral changes pre-
viously shown to be KOR dependent. An
interesting finding in the study was that
the activation of p38 temporally corre-
lated with increased immobility in the
forced swim test [Bruchas et al. (2007),
their Figs. 2 (http://www.jneurosci.org/
cgi/content/full/27/43/11614/F2), 3A
(http://www.jneurosci.org/cgi/content/
full/27/43/11614/F3)]: elevations were
not present during the first swim, but
rather emerged on the second day. It
would be important to know, however,
whether KORs are activated by the first
swim, which would suggest there is a “sen-
sitization” step required for p38 activation

and increased immobility. This step may
be the recruitment and activation of
GRK3 and �-arrestin that the authors
show to be required for expression of
stress-induced behavioral changes. Al-
though the authors demonstrated that the
onset of behavioral changes occurred at
the same time as p38 activation, it remains
unclear whether concurrent elevation in
p38 phosphorylation is required for the
expression of stress-induced behaviors.
Because p38 phosphorylation remained
near peak elevation for 60 min and re-
turned to baseline 6 h after repeated swim
stress [Bruchas et al. (2007), their Fig. 2D
(http://www.jneurosci.org/cgi/content/
full/27/43/11614/F2)], it would be useful
to know whether increased immobility
followed this same time course or whether
p38 phosphorylation activates another
signaling mechanism that is sufficient for
the expression of increased stress-induced
behaviors after dephosphorylation of p38.

It was previously demonstrated that
repeated forced swim stress potentiates
cocaine reward (McLaughlin et al., 2003).
In the current paper, the authors show
that blocking p38 phosphorylation does
not affect cocaine reward [Bruchas
et al. (2007), their Fig. 4B (http://www.
jneurosci.org/cgi/content/full/27/43/
11614/F4)]; however, they do not test the
role of p38 activation on the swim stress-
induced potentiation of cocaine reward.
This experiment would serve to identify
another behavioral effect, previously
found to be dependent on KOR activa-
tion, which is dependent on p38
activation.

With this report, Bruchas et al. (2007)
have brought some insight into the role of
the dynorphin–KOR system in mediating
the aversive properties of stress. These
findings, combined with a recent report
from this group (Land et al., 2008), impli-
cating the KOR system as a downstream
target of CRF (corticotropin-releasing
factor) in the regulation of stress-induced
behaviors, provide much-needed mecha-
nistic information regarding the behav-
ioral effects of various stressors. This work
provides evidence for additional sub-

strates that may be manipulated to
counter the maladaptive behavioral con-
sequences of repeated stress and that
could be used to treat many stress-
induced disorders.
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