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Abstract

Schizophrenia is a complex, multifactorial neuropsychiatric disorder in which many patients continue to experience disabling negative
and cognitive symptoms despite treatment with dopamine-based antipsychotics. This therapeutic limitation has intensified the search for
alternative neurobiological pathways that more directly regulate stress, affective processing, and salience. Increasing translational evidence
indicates the dynorphin-kappa opioid receptor (DYN-KOR) pathway as a vital molecular regulator within cortico-striatal-limbic circuits
that are impaired in schizophrenia. Dynorphins, derived from the prodynorphin precursor, serve as endogenous ligands for kappa opioid
receptors (KORs) situated in the mesolimbic and prefrontal networks. The activation of this system affects multiple neurotransmitter pathways,
including dopaminergic, glutamatergic, and GABAergic transmission. Kappa opioid receptor stimulation at the intracellular level activates
stress-responsive pathways, including c-Jun N-terminal kinase signaling, resulting in changes to synaptic plasticity, motivation, and cognitive
integration. These molecular effects parallel the behavioral domains most resistant to current pharmacotherapy. In humans, selective KOR
agonists consistently induce perceptual abnormalities, dysphoria, and cognitive impairment, closely mirroring essential characteristics of
psychosis. The effects are swiftly counteracted by opioid antagonists, validating a receptor-specific mechanism. Clinical biomarker studies
indicate altered dynorphin levels in the cerebrospinal fluid of individuals with schizophrenia, with heightened concentrations associated with
greater symptom severity and poor long-term outcomes. In accordance with these findings, animal models demonstrate that KOR activation
leads to anhedonia, aversion, and sensory-gating deficits, while pharmaceutical KOR inhibition reinstates reward sensitivity and cognitive
function. The combined genetic, behavioral, and clinical data support a revised neuropharmacological framework in which dysregulated
DYN-KOR signaling contributes to the pathogenesis of schizophrenia. Focusing on this system may provide a promising therapeutic approach
for symptom domains that current medications poorly address.
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Introduction

Schizophreniaisasevereand heterogeneousneuropsychiatric
disorder characterized by positive symptoms, negative
symptoms, and significant cognitive deficits, resulting in
profound functional impairment [1]. Although dopamine D2
receptor antagonists remain the foundation of antipsychotic
therapy, their therapeutic efficacy is largely confined to the
reduction of positive symptoms such as hallucinations and
delusions [1]. In contrast, negative symptoms including
anhedonia, avolition, and social withdrawal as well as
impairments in working memory, executive functioning,
and cognitive flexibility frequently persist despite adequate

dopaminergic blockade. These treatment-resistant areas are
now seen as key factors influencing long-term outcomes,
psychosocial functioning, and quality of life in schizophrenia
[2-4]. The limited effects of current antipsychotics on
motivation and cognition have increased efforts to find
alternative neurobiological systems that operate upstream
of, or alongside, dopaminergic pathways. These systems
more directly impact stress response, salience attribution,
and emotional motivation [1-2]. The dynorphin-kappa
opioid receptor (DYN-KOR) system has gained attention as a
promising candidate because of its strategic position within
cortico-striatal-limbic circuits, which are often linked to
schizophrenia's pathology [5]. Dynorphins, derived from the
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prodynorphin precursor, serve as natural ligands for kappa
opioid receptors. They influence key brain regions that control
reward, emotion, and cognition. KORs are highly expressed
in the prefrontal cortex, nucleus accumbens, amygdala, and
hippocampus, where they help regulate dopamine levels,
modulate glutamate transmission, and maintain GABAergic
inhibition [5-7]. Activating the DYN-KOR system affects large-
scale brain networks more than individual synapses, altering
cortico-striatal interactions and motivation levels. Notably,
dynorphin production is sensitive to stress, and repeated
psychosocial stressors increase DYN-KOR activity, making
this system a link between environmental stress and lasting
neurobiological changes [8,9]. Evidence from human studies,
molecular imaging, cerebrospinal fluid biomarkers, and
animal models supports the idea that abnormal DYN-KOR
signaling might lead to psychosis-like symptoms, motivational
issues, and cognitive problems seen in schizophrenia [5,10].
For instance, activating kappa opioid receptors in humans
reliably causes feelings of dysphoria, depersonalization,
perceptual distortions, and cognitive disruptions—symptoms
overlapping with psychosis [11,12]. More recent PET scans
show that KOR availability correlates with the severity of
anhedonia, directly linking DYN-KOR activity to negative
symptoms in schizophrenia [13]. Earlier biomarker studies
also found altered cerebrospinal fluid dynorphin levels in
schizophrenia patients, indicating possible dysregulation of
this neuropeptide system [14]. Overall, these findings suggest
that abnormal DYN-KOR signaling is not just a consequence
of dopaminergic imbalance but a key neurobiological process
driving stress sensitivity, misattribution of salience, and
persistent motivational deficits in schizophrenia.

Dynorphin—Kappa Opioid Receptor Signaling and
Psychotomimetic Mechanisms

The DYN-KOR system is particularly important for
modulating neuronal activity associated with stress and
for its role in cortico-striatal-limbic circuits. Most kappa
opioid receptors are found in the prefrontal cortex, nucleus
accumbens, amygdala, hippocampus, and ventral pallidum.
Activating KOR in cells initiates stress-related signaling
pathways, notably MAPK, which influence synaptic strength,
dendritic structure, and long-term plasticity in the prefrontal
and limbic regions of the brain [9,15,16]. Recent work further
demonstrates that stress-induced dynorphin release drives
p38 MAPK-dependent synaptic adaptations that persistently
alter motivational circuits [17]. These molecular and cellular
alterations underpin enduring motivational and cognitive
impairments. Activation of the kappa-opioid receptor (KOR)
significantly decreases dopamine release in mesolimbic
pathways by reducing the firing of dopaminergic neurons
and presynaptic dopamine release in the nucleus accumbens.
Contemporary circuit-mapping studies using optogenetic
and chemogenetic approaches show that KOR activation

suppresses phasic dopamine signaling and shifts encoding
from reward to aversion within ventral striatal circuits [6,18].
More recent electrophysiological studies confirm that KOR
activation alters excitatory—inhibitory balance within cortico-
striatal pathways, thereby impairing behavioral flexibility and
adaptive reward learning [8]. This dopaminergic inhibition
is associated with parallel alterations in glutamatergic and
GABAergic transmission, which disrupt reward responsiveness,
degrade signal-to-noise processing, and reduce cognitive
flexibility [6,8]. By reshaping cortico-striatal communication
and reducing dopaminergic gain, excessive DYN-KOR
signaling may contribute to aberrant salience attribution and
motivational deficits central to schizophrenia [5,13]. Together,
these intracellular and circuit-level effects indicate that
excessive DYN-KOR activation integrates stress signaling with
reward circuit suppression, providing a mechanistic bridge
between molecular signaling events and the behavioral
abnormalities characteristic of schizophrenia. Research has
shown that activating KOR directly can induce psychosis-like
effects. Administering selective KOR agonists consistently
induces feelings of dysphoria, perceptual changes,
depersonalization, and mental disturbances in healthy
individuals. These symptoms are similar to those observed in
psychosis and negative emotions. The quick reversal of these
effects with opioid antagonists confirms they are specifically
caused by KOR activation rather than general neurotoxicity
[11]. Overall, the data support a model where abnormal DYN-
KOR signaling triggers harmful stress responses, disrupts
salience processing, and promotes behaviors linked to
psychosis. This underscores the importance of this system in
the neurobiology of schizophrenia.

Circuit Mechanisms: Mapping DYN-KOR Signaling
onto Schizophrenia Symptom Domains

Within the mesolimbic reward system especially in the ventral
striatum and nucleus accumbens dynorphin-kappa opioid
receptor (DYN-KOR) signaling plays a key role in regulating
motivational salience and how rewards are valued [6,19].
Usually, brief activation of KOR acts as a homeostatic brake,
helping to prevent excessive dopamine release during stress
or highly salient events [19,20]. But long-term stimulation
makes the system more likely to learn things that are bad for
it and less likely to respond to rewards [21,22]. This change
reduces the drive to work for rewards, weakens the signals
that tell you when you could get a reward, and lowers the
pleasure you feel when you think about getting one [6,23].
In schizophrenia, these changes may show up in the clinic
as avolition, less goal-directed behavior, and trouble making
decisions based on effort [24,25]. Recent molecular imaging
findings illustrate a correlation between KOR availability and
the severity of anhedonia in schizophrenia offer direct in vivo
validation for the role of this system in exacerbating negative
symptomatology [13]. These results support the hypothesis

J Exp Neurol. 2026
Volume 7, Issue 1

50



Ragu Varman D. The Dynorphin-Kappa Opioid System as a Salience Gatekeeper in Schizophrenia. ] Exp Neurol.

2026;7(1):49-54.

that mesolimbic dopamine dysfunction in schizophrenia may
be modulated by upstream neuropeptide control rather than
solely by inherent dopaminergic pathology [6]. In addition to
affecting reward pathways, DYN-KOR signaling also modulates
cortico-striatal glutamatergic transmission and local inhibitory
processes, thereby influencing higher cognitive functions
[26,27]. Activation of KOR changes glutamate release in
presynaptic neurons, impacting the excitation-inhibition
balance in the prefrontal cortex [6,9]. These changes can
disturb the cortex's signal-to-noise ratio, impairing working
memory and reducing cognitive flexibility [28,29]. Disruptions
in cortical prediction signaling may also destabilize striatal
gating systems, resulting in incorrect salience attribution,
a key feature of psychosis [30,31]. This approach does not
invalidate the dopamine theory of schizophrenia; rather,
it contextualizes it within a broader neuromodulatory
framework, in which stress-sensitive peptide systems actively
modulate dopaminergic output and cortical integration [6,9].

The stress-responsive characteristics of dynorphin further
associate the DYN-KOR axis with disease progression and
susceptibility to relapse [9,21]. Stress exposure significantly
increases dynorphin levels in limbic regions, and continuous
activation of this pathway might create a feedback loop,
leading to higher stress sensitivity and more dynorphin
release [32,33]. This cycle can gradually diminish reward
processing, enhance unpleasant learning, and hinder
adaptive coping [6,22]. In individuals with schizophrenia,
such mechanisms may intensify negative symptoms and
cognitive deterioration, even when positive symptoms are
pharmacologically managed [31,34]. Over time, constant
activation of DYN-KOR may lead to functional decline, social
withdrawal, and a higher risk of relapse when psychosocial
stress is high. All of these circuit-level discoveries point to the
DYN-KOR system as a dynamic regulator of reward, cognition,
and stress adaptation. Its dysregulation provides a biologically
coherent rationale for symptom domains that extends beyond
traditional dopaminergic hyperactivity, underscoring the
need to incorporate peptide-based neuromodulatory systems
into modern schizophrenia models [6,9].

Evidence for DYN-KOR

Schizophrenia

Dysregulation in

An increasing amount of clinical and translational research
suggests that dysregulated dynorphin-kappa opioid receptor
(DYN-KOR) signaling plays a significant role in schizophrenia
[6,35]. Early neurochemical studies showed changes in
dynorphin A levels in the cerebrospinal fluid of individuals
with schizophrenia, where higher levels correlated with
more severe symptoms and poorer long-term outcomes [14].
These findings imply that elevated dynorphin levels may
indicate prolonged activation of stress-related neuropeptide
systems, rather than a temporary condition, potentially

leading to lasting motivational and emotional issues [8,9].
Additionally, genetic research supports this connection by
finding polymorphisms in the prodynorphin promoter region
that are linked to a higher risk of schizophrenia in specific
populations [36]. Schizophrenia is extremely polygenic, with
variations potentially serving as modulatory risk factors that
predispose individuals to increased dynorphin production
or modified stress responsiveness, thereby interacting with
environmental stresses throughout development [37]. This
gene-environment convergence is consistent with models
proposing exaggerated stress sensitivity as a core feature of
the disorder [31]. More recently, molecular imaging studies
have provided direct in vivo evidence implicating the KOR
system in schizophrenia-related symptom dimensions.
Positron emission tomography studies demonstrate a robust
correlation between kappa opioid receptor occupancy and
clinical phenotypes, particularly adverse sensations [38].
Research shows that increased KOR availability is linked
to more severe anhedonia in people with schizophrenia,
highlighting the link between this receptor system and
challenges in reward processing and motivation [13]. These
imaging results underscore a significant connection between
biological signaling and behavioral problems.

Therapeutic Consequences and Prospective
Pathways
Combining pharmacological, biomarker, genetic, and

neuroimaging data highlights the dynorphin-kappa opioid
receptor (DYN-KOR) axis as a promising target for treating
schizophrenia, particularly for symptoms that do not respond
well to dopamine-focused antipsychotics [6,13,35]. Meta-
analyses suggest that opioid antagonists, when combined
with other therapies, can decrease overall symptom severity,
offering early clinical support for focusing on opioid signaling
in schizophrenia [39,40]. These effects appear to extend
beyond symptom relief, possibly enhancing emotional and
motivational challenges [25,34]. Recent clinical trials of
selective KOR antagonists for mood disorders have yielded
mixed results; however, these outcomes should be evaluated
in the context of trial design rather than as evidence against
the biological relevance of the target [41,42]. While the
potential of kappa-opioid receptor (KOR) antagonists as
therapeutic agents is increasingly recognized, the existing
clinical evidence presents certain constraints. Initially, the
majority of clinical investigations into KOR antagonists
have focused on populations with mood or substance-use
disorders, rather than schizophrenia; this restricts the direct
applicability of these findings to psychotic disorders [7,10].
Furthermore, the psychiatric cohorts involved in these trials
frequently exhibit heterogeneity in their symptom profiles,
which may mask potential therapeutic advantages for
specific subgroups, especially those experiencing significant
anhedonia or stress-related symptomatology [25,34]. Finally,
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early KOR antagonists, such as nor-binaltorphimine (nor-BNI)
and analogous compounds, exhibited atypically extended
pharmacokinetic characteristics and delayed receptor
inactivation, thereby complicating dose optimization and
safety evaluations within clinical contexts [7]. In addition,
the absence of validated biomarkers capable of identifying
individuals with elevated DYN-KOR activity has likely
limited the ability of clinical trials to detect therapeutic
effects. Emerging approaches such as kappa-opioid receptor
molecular imaging and biomarker-guided stratification
may therefore be important for improving. The presence of
negative symptom burden, anhedonia, and stress sensitivity
is not uniform across psychiatric populations, and failing
to stratify patients based on these attributes may obscure
treatment outcomes [24,43]. In schizophrenia, characterized
by stress-reactive neurobiology and impairments in reward

processing, KOR antagonism may be particularly pertinent
for carefully selected subgroups rather than as a universal
therapeutic [2,31]. Future therapeutic strategies may take a
precision-focused approach by combining symptom profiles
with biological markers of DYN-KOR activity [37]. Techniques
such as kappa opioid receptor imaging, assessing dynorphin
levels in peripheral or cerebrospinal fluid, and stress-response
phenotyping can assist in identifying individuals who are
most likely to benefit from therapies targeting KOR [13,41].
Combining KOR antagonists with stable antipsychotics
may effectively address negative and cognitive symptoms
while preserving dopaminergic control of psychosis [4,34].
Overall, utilizing biomarkers to inform adjustments in the
DYN-KOR system could significantly decrease long-term
functional impairments and enhance treatment outcomes in
schizophrenia.

Dynorphin-Kappa Opioid Receptor (DYN-KOR) Signaling in Schizophrenia
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Figure 1. Dynorphin-kappa opioid receptor (DYN-KOR) signaling in schizophrenia: molecular, circuit, and clinical integration.
Schematic representation of the dynorphin-kappa opioid receptor (DYN-KOR) system and its proposed role in schizophrenia
pathophysiology. Dynorphins, derived from the prodynorphin (PDYN) precursor, activate kappa opioid receptors (KORs) densely expressed
in cortico—striatal-limbic regions including the prefrontal cortex (PFC), nucleus accumbens (NAc), amygdala, and hippocampus. KOR
activation triggers intracellular stress-related signaling cascades, especially MAPK, JNK, and p38 MAPK pathways, leading to lasting synaptic
and structural changes. At the circuit level, excessive DYN-KOR signaling diminishes mesolimbic dopamine release, influences glutamatergic
transmission, and alters GABAergic activity, disrupting the balance between excitatory and inhibitory signals and impairing cortico-striatal
communication. These neurochemical changes lead to problems with reward processing, reduced motivational importance, impaired
cognitive flexibility, and alterations in synaptic plasticity. Prolonged activation of this pathway leads to symptoms such as anhedonia,
avolition, cognitive issues, and perceptual disturbances—features often resistant to typical dopamine D2 receptor-targeted antipsychotics.
Clinical evidence aligns with this, revealing increased dynorphin levels in cerebrospinal fluid (CSF), changes in KOR availability observed
through molecular imaging, and psychosis-like effects induced by selective KOR agonists. Abnormal DYN-KOR signaling collectively
connects stress responses, neurotransmitter imbalances, and ongoing negative and cognitive symptoms in schizophrenia, highlighting
this pathway as a promising candidate for targeted therapy.
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Conclusion

Dysregulated dynorphin-kappa opioid receptor signaling is
a plausible and clinically relevant mechanism involved in the
complex pathophysiology of schizophrenia. The DYN-KOR
pathway connects neurobiological models of symptoms that
are not well treated by dopamine-focused therapies, linking
stress responses with changes in reward processing and
higher cognitive functions. This system appears particularly
relevant for managing unpleasant symptoms, anhedonia,
and cognitive deficits—factors that markedly contribute
to ongoing functional impairments and reduced quality of
life. Evidence from human drug trials, biomarker studies,
neuroimaging, and animal research indicates that abnormal
DYN-KOR signaling is not merely a consequence of psychosis
but may actively affect the disease's development and
progression, particularly under chronic stress. These findings
emphasize the importance of shifting away from uniform
treatments and towards personalized therapies that address
specific neurological vulnerabilities. Ongoing translational
research—including studies on genetic biomarkers, receptor
imaging, and symptom-specific clinical trials—is vital for
understanding how KOR regulation could benefit people with
schizophrenia. A precision medicine strategy should focus on
identifying patient subgroups that are most likely to respond
to targeted treatments. DYN-KOR-focused therapies have
the potential to develop more effective drugs, particularly for
cases where existing antipsychotics are less successful.
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