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A B S T R A C T   

Opioids are employed in the management of chemotherapy-induced neuropathic pain (CINP) when other pain 
management approaches have failed and proven ineffective. However, their use in CINP is generally considered 
as a second-line or adjunctive therapy owing to their central side effects and development of tolerance with their 
long-term usage. Targeting peripheral sites may offer several advantages over the conventional CNS-based ap
proaches as peripheral targets modulate pain signals at their source, thereby relieving pain with higher speci
ficity, efficacy and minimizing adverse effects associated with off-site CNS actions. Therefore, present study was 
designed with an aim to investigate the effect of loperamide, a peripherally acting mu-opioid receptor agonist, on 
paclitaxel-induced neuropathic pain in rats and elucidate its underlying mechanism. Loperamide treatment 
significantly attenuated mechanical, and cold hypersensitivity and produced significant place preference 
behaviour in neuropathic rats indicating its potential to treat both evoked and spontaneous pain. More impor
tantly, loperamide treatment in naïve rats did not produce place preference to drug-paired chamber pointing 
towards its non-addictive analgesic potential. Further, molecular investigations revealed increased expression of 
ion channels such as TRPA1, TRPM8; voltage-gated sodium channels (VGSCs) and neuroinflammatory markers in 
the dorsal root ganglion (DRG) and lumbar (L4-L5) spinal cord of neuropathic rats, which was significantly 
downregulated upon loperamide treatment. These findings collectively suggest that activation of peripheral mu- 
opioid receptors contributes to the amelioration of both evoked and spontaneous pain in neuropathic rats by 
downregulating TRP channels and VGSCs along with suppression of oxido-nitrosative stress and neuro
inflammatory cascade.   

1. Introduction 

Chemotherapy-induced neuropathic pain (CINP) is a noteworthy 
complication stemming from the administration of chemotherapeutic 
agents, affecting around 50–90 % of individuals undergoing chemo
therapy treatment [1]. CINP manifests as a painful condition which can 
progress in severe cases to loss of sensory perceptions. Impairments in 
sensory functions can lead to a lowered pain threshold in response to 
various stimuli giving rise to mechanical allodynia, tingling, burning, 
paraesthesia and dysesthesia triggered by contact with warm or cool 
temperatures [2–5]. Despite its increasing recognition, CINP continues 
to pose a significant challenge, as it currently lacks viable curative ap
proaches [6]. Some of the medications currently being used for CINP 
include serotonin and norepinephrine reuptake inhibitors (SNRIs) such 
as duloxetine, anticonvulsants like gabapentin and pregabalin, tricyclic 

antidepressants (TCAs) and patches of lidocaine, capsaicin and both 
weak and strong opioids [1]. Unfortunately, a substantial proportion, 
approximately 70 %, of patients does not get effective pain relief from 
these medications [7]. Moreover, most of these drugs primarily work by 
targeting the higher pain centers, present in the central nervous system 
and are associated with several unwanted side effects such as hepatic 
impairment, renal insufficiency, fatigue and central toxicities like anx
iety, dizziness, sedation, respiratory depression, cognitive dysfunction, 
addiction, abuse potential [8]. 

Nonetheless, a growing body of clinical evidence suggests the 
involvement of the peripheral nervous system (PNS) in the progression 
and maintenance of chronic pain [9]. Targeting peripheral nociceptors 
modulate pain signals at their source, thereby relieving the pain with 
higher specificity, and minimizing off-target CNS side effects. Thus, 
targeting the PNS for development of safer therapeutics devoid of 
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A B S T R A C T

Paclitaxel, a frequently utilized chemotherapeutic agent, often gives rise to severe and distressing sensory neu-
ropathy in patients undergoing chemotherapy. Unfortunately, current therapeutics for chemotherapy-induced
neuropathic pain (CINP) demonstrate limited effectiveness and are burdened with the potential for central side
effects such as sedation, respiratory depression, cognitive impairment, and addiction, posing substantial clinical
challenges. In light of these limitations, present study is designed to investigate the therapeutic potential of
Dermorphin [D-Arg2, Lys4] (1–4) amide (DALDA), a preferential peripherally acting mu-opioid receptor agonist,
in rat model of CINP. The primary objective was to assess the analgesic properties of DALDA and elucidate the
underlying mechanisms governing its therapeutic activity. Our findings revealed that DALDA treatment signifi-
cantly ameliorated paclitaxel-induced evoked and spontaneous ongoing pain in rats without causing drug
addiction and other central side effects. Molecular analyses further unveiled that paclitaxel administration
resulted in increased expression of TRP channels, NR2B, voltage-gated sodium channels (VGSCs) and neuro-
inflammatory markers in both the dorsal root ganglion (DRG) and the spinal cord (L4-L5 region) of rats. DALDA
treatment significantly downregulated ion channels (TRPs, VGSCs) and NR2B expressions, concomitant with the
inhibition of microglial activation, resulting in the suppression of oxido-nitrosative stress and neuroinflammatory
cascade. Findings from the current study suggests that peripheral mu-opioid receptors may offer a potential target
for the treatment of patients suffering from CINP, offering new avenues for improved pain relief while minimizing
central side effects.

Introduction

Paclitaxel, a widely used chemotherapeutic agent, has demonstrated
remarkable efficacy against various malignancies. Despite its success in
cancer treatment, a distressing side effect associated with paclitaxel
administration is the development of neuropathic pain, which signifi-
cantly compromises patients' quality of life [1]. Chemotherapy-induced
neuropathic pain (CINP) is characterized by sensory abnormalities,
such as spontaneous pain, allodynia, and hyperalgesia, burning, tingling,
which can persist long after the completion of treatment [2–4]. Overall,
estimates of CINP prevalence can range from 30 % to 70 % or more
among cancer patients receiving chemotherapy. The current therapeutic
options for CINP include gabapentinoids, tricyclic antidepressants

(TCAs), serotonin-norepinephrine reuptake inhibitors (SNRIs) like
duloxetine and weak or strong opioids [5,6]. These medications pre-
dominantly work by targeting the pain centers in the central nervous
system (CNS) resulting in multiple side effects like dizziness, sedation,
addiction and abuse potential [5,7]. Additionally, a significant propor-
tion of patients with CINP do not respond favorably to current thera-
peutic interventions, and many eventually develop tolerance over time,
rendering treatment less effective. Therefore, it becomes imperative to
prioritize the development of therapeutic interventions that can produce
profound analgesia without causing CNS toxicities.

In recent years, the pursuit of targeting the peripheral nervous system
(PNS) has gained prominence as a strategic approach in the development
of safer and innovative analgesic treatments. This approach focuses on
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