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Enhanced anxiety-like behavior induced by
chronic neuropathic pain and
related parvalbumin-positive neurons in male rats
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[Introduction]

Chronic pain is one of the global issues, exerting an enormous personal and economic burden.
Given its diverse and multifaceted effects, emotional disorders, including anxiety, are
common and exacerbate pain conditions. This combination impedes treatment and
profoundly affects the quality of life. During the development of chronic pain, various plastic
structures in the brain are involved as neurological mechanisms. These include not only
cortical regions that function to directly detect and prevent tissue damage from harmful
stimuli but also the limbic system, which generates emotional behaviors essential for the
experiential aspects. Imbalances in the inhibitory neuronal network have been suggested to
contribute to the development, amplification, and perpetuation of the emotional-affective
dimensions associated with chronic pain. Effective treatments require a comprehensive
understanding of the interactions between pain progression and anxiety disorders and the
underlying mechanisms in the central nervous system. However, these underlying
mechanisms remain unclear. Therefore, we conducted this study to investigate the time-
dependent effect of neuropathic pain on the development of anxiety-like behaviors and
whether this interaction is associated with parvalbumin (PV)-positive neurons and
cholecystokinin (CCK)-positive neurons, which are the largest subtypes of interneurons
within the corticolimbic regions.

[Methods]

Partial sciatic nerve ligation (pSNL) was used in a neuropathic pain model that can present
pain symptoms and mimic clinical neuropathic pain symptoms, including mechanical
allodynia, heat-evoked hyperalgesia, and spontaneous pain. Eight-week-old male Wistar rats
were divided into two groups: the pSNL group, in which one-third to half of the left sciatic
nerve at the upper-thigh level was tightly ligated, and the sham group, in which the nerve
was exposed but not ligated. Nociceptive behavior was evaluated using the von Frey test
before and weekly after surgery. The elevated plus maze (EPM) and open field (OF) tests
were conducted biweekly after surgery to assess anxiety-like behaviors. At 2 or 8 weeks after
surgery, immediately after completing the behavioral tests, the rats were humanely killed,
and their brains were harvested to analyze c-Fos-, PV-, and CCK-positive neurons using the
immunohistochemistry method.

[Results]

Rats in the pSNL group reduced the mechanical withdrawal threshold in the surgical hind
paw soon after surgery and enduring the experimental period presenting a chronic
neuropathic pain condition.

From 4 weeks post-surgery, pSNL rats exhibited reduced OF center time, rearing, and initial

activity, along with diminished EPM open-arm activities (time spent, head dips, movement,



and rearing), indicating anxiety disorder behaviors which correlated with the paw
withdrawal threshold. These effects were absent at 2 weeks post-surgery. At 8 weeks post-
surgery, specific behaviors (decreased total rearing and increased inactive time in EPM) were
observed in the pSNL group. Using c-Fos as an indicator of neuronal activity, we found that
some subregions of the amygdala and hippocampus were activated in response to anxious
stimulation. While CCK-positive neuron density increased in the basolateral amygdaloid
complex (BLC) of the amygdala in pSNL rats, it was not related to anxiety-like behavior
parameters. PV-positive neuron alterations were observed in various regions, including the
BLC, cornu ammonis areas 1 and 2 (CA1 and CA2) of the hippocampus, and the primary
somatosensory cortex subregions. Interestingly, the decrease in PV-positive neuron density
in the BLC and the increase in CA1 and CA2 were correlated with anxiety-like behaviors.
Furthermore, PV-positive neurons in the BLC of pSNL rats were predominantly changed in
large-cell subtypes and were less activated in response to anxious stimulation.

[Disscusion]

Our primary findings reveal that pain induced by pSNL alters the emotionality of rats over
time, with anxiety disorders exhibited during the later phase of pain progression but not
during the earlier phase. This effect is likely due to the persistent and prolonged pain
stimulus inducing significant structural and functional changes in the limbic—cortical
circuitry, contributed by distinct alterations in PV-positive neurons in the amygdala and
hippocampus subregions. As a result, the imbalance in the activity of PV-positive and
projection neurons in emotional brain regions contributes to the promotion of anxiety-like
behavior in pSNL rats. The findings also indicate a potential mediating role of specific PV-
positive neuron subtypes in the anxiety-like behaviors exhibited in neuropathic pain.
Although the exact mechanisms underlying the alterations in PV-positive neurons are not
fully understood, some suggested mechanisms relate to inflammation and oxidative stress.
Further studies need to be carried out to provide more details regarding the alteration and
characteristics of PV-positive neurons during the time course of neuropathic pain. This could
help to clarify the mechanisms and suggest targeted treatment of these disorders.
[Conclusion]

These data suggest that anxiety-like behaviors emerge in the late phase of neuropathic pain

and relate to PV-positive neurons in corticolimbic regions of pSNL rats.
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