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Background and Objective: Neuropathic pain, characterized as a persistent ailment, presents
considerable therapeutic obstacles owing to the restricted effectiveness of contemporary interventions.
This study aimed to assess the therapeutic efficacy of conditioned medium (CM) derived from human
amniotic membrane mesenchymal stem cells (MSCs) in mitigating neuropathic pain and regulating spinal
calcitonin gene-related peptide (CGRP) concentrations in a chronic constriction injury (CCl) model. CGRP,
a neuropeptide released by primary sensory neurons, plays a central role in pain transmission, neurogenic
inflammation, and central sensitization in neuropathic conditions. Measuring CGRP was chosen to
evaluate CM's efficacy because its modulation reflects alterations in nociceptive signaling pathways,
providing mechanistic insights into pain relief beyond behavioral outcomes.

Materials and Methods: Adult male Sprague-Dawley rats underwent CCl to induce neuropathic pain,
followed by intrapreneurial administration of CM or vehicle above the ligature site. Mechanical and cold
allodynia were assessed using the Randall-Selitto and acetone tests at baseline and up to day 14 post-
intervention. Spinal cord segments (L4-L6) were harvested at study termination for Western blot analysis
of CGRP levels, with statistical significance set at £< 0.05.
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Results: CM-treated rats showed significant reductions in mechanical and cold allodynia by day 7,
sustained through day 14, compared to vehicle and CCl-only groups (P < 0.05). Spinal CGRP levels were
markedly lower in the CM group than in the control group (P< 0.001).

Conclusion: These findings suggest that amniotic MSC-derived CM mitigates neuropathic pain by
modulating CGRP-mediated pain signaling and altering nociceptive thresholds. This study highlights CM
as a promising non-cellular therapeutic for neuropathic pain, warranting further mechanistic and
preclinical studies to explore its clinical potential.
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Background

Neuropathic pain, accounting for approximately
20%-25% of chronic pain cases, remains a major
clinical challenge due to its limited responsiveness to
pharmacological treatments, which are effective in
only 40%—60% of patients [1]. Arising from lesions
or diseases affecting the somatosensory nervous
system, neuropathic pain is driven by multifactorial
mechanisms, including peripheral sensitization,
ectopic neuronal discharges, disinhibition of pain
pathways, and central sensitization within the spinal
cord and brain [2]. Neuroinflammatory processes,
mediated by activated glial cells and immune
mediators, further exacerbate nociceptive signaling,
contributing to hyperalgesia, allodynia, and persistent
pain states that remain largely resistant to

conventional pharmacological interventions [2]. This
highlights the urgent need for innovative therapeutic
approaches  that address these underlying
mechanisms.

Stem cells have emerged as a cornerstone of
regenerative medicine, offering the potential to repair
or regenerate damaged tissues resulting from injuries
or degenerative conditions [3]. Beyond their
therapeutic applications, stem cell-based
interventions have advanced our understanding of
cellular behavior, tissue remodeling, and regenerative
processes, paving the way for novel treatment
strategies in various pathological contexts, including
neuropathic pain [3].
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Among the various sources, stem cells derived from
bone marrow, adipose tissue, and embryonic tissues
have been investigated for their potential in repairing
petipheral nerve injuries [4]. Proposed mechanisms
include trophic support, modulation of the immune
response, remyelination, and extracellular matrix
remodeling [4]. Mesenchymal stem cells (MSCs) are
characterized by the presence or absence of specific
surface markers [5]. Among these, CD44, an
adhesion molecule, is highly expressed in MSCs and
plays a pivotal role in cell-matrix interactions,
migration, and tissue repair (REF) [6]. Conversely,
CD45, a pan-leukocyte marker, is absent in MSCs,
confirming their non-hematopoietic origin (REF)
[7]. Additionally, CD90 (Thy-1), a
glycophosphatidylinositol-anchored glycoprotein, is
considered a hallmark of stemness, supporting self-
renewal and differentiation capacity (REF) [6].
Including  these  markers in  phenotypic
characterization is essential to ensure the purity and
functional potential of MSC-derived products used
in regenerative therapies, such as conditioned
medium (CM) [8].

Nevertheless, contemporary scholarly attention has
transitioned towards the therapeutic prospects of
CM, specifically the secretome derived from cultured
stem cells, which encompasses a diverse array of
bioactive molecules, including cytokines, growth
factors, metabolites, and matrix proteins [9]. These
secretions may facilitate tissue repair and modulate
inflammation and pain pathways in various
neurological conditions, potentially counteracting
the neuroinflammatory and sensitizing aspects of
neuropathic pain pathophysiology [10].

One key molecule implicated in pain transmission is
calcitonin  gene-related  peptide (CGRP), a
neuropeptide released by primary sensory neurons
during persistent pain states, such as migraine and
neuropathy [11]. In the context of neuropathic pain,
CGRP exacerbates pathophysiology by promoting
neurogenic inflammation through vasodilation and
immune cell activation and contributing to central
sensitization via enhanced synaptic transmission in
the spinal dorsal horn [12]. Elevated CGRP levels
following nerve injury amplify nociceptive
hypersensitivity, making it a critical mediator in the
transition from acute to chronic pain [13].
Modulating CGRP signaling may represent a
practical approach for attenuating neuropathic pain
by interrupting maladaptive processes.

Despite growing evidence for stem cell-derived CMs'
regenerative and immunomodulatory properties,
their effects on pain and spinal CGRP expression in
petipheral nerve injury models have been
inadequately studied [14]. CGRP is pivotal in

promoting nociceptive signal transmission in the
spinal cord.

Obijectives

Therefore, this study aimed to elucidate the effects
of intrapreneurial administration of CM derived
from human amniotic MSC on pain-related
behaviors and spinal CGRP in a rat model
characterized by chronic constriction injury (CCI) of
the sciatic nerve [15].

Materials and Methods

Forty adult male Wistar rats (200-250 g) were
obtained from the Experimental and Comparative
Studies Center, Iran University of Medical Sciences
[16]. Three rats, one from the CCI group and two
from the vehicle group, died during the course of the
experiment and were replaced to maintain group
consistency. All animals were housed under
standardized laboratory conditions, including a
12:12-hour light/datk cycle (lights on at 06:00), a
controlled ambient temperature of 21°C * 1°C,
relative humidity maintained at approximately 45%,
and unrestricted access to food and water [16]. All
procedures complied with National Institutes of
Health and national animal research guidelines
(Ethics Code: IRIUMS.REC.1399.1445).

Experimental Groups and Randomization

The animals were randomly allocated to four groups
(n=10): control (no intervention), CCI (nerve injury),
CCI + intraneural injection of CM, and CCI +
intraneural injection of Dulbecco's Modified Eagle
Medium (DMEM) (vehicle).

Induction of Chronic Constriction Injury (CCI)

CCI was induced by exposing the left sciatic nerve via a
2-cm incision parallel to the iliac crest under anesthesia
(ketamine 80 mg/kg, xylazine 8 mg/kg, i.p.) [18]. The
nerve was separated and loosely ligated at four points (1
mm apart) using 4-0 chromic gut sutures without
compromising blood flow. The muscle and skin were
sutured, the site was disinfected, and covered with
tetracycline ointment [19].

Preparation of Conditioned Medium (CM)

CM was derived from fourth-passage human amniotic
MSCs. MSCs were cultured in DMEM supplemented
with  10% fetal bovine serum, 1% penicillin-
streptomycin, and other standard growth factors under
normoxic conditions (37°C, 5% COp). After reaching
80%—-90% confluence, the culture medium was
replaced with serum-free DMEM, and the cells were
incubated for an additional 7 days to allow secretion of
bioactive factors. The supernatant was collected,
centrifuged at 1600 rpm for 5 minutes to remove
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cellular debris, and passed through a 0.22-pm sterile
filter to obtain the final CM [20].

Administration of Conditioned Medium (CM) or
Vehicle

Thirty minutes post-CCI induction, 10 uL. of CM was
slowly injected into the sciatic nerve sheath proximal
to the ligation site (near the fourth ligation point)
over 2 minutes using a Hamilton syringe [17, 21]. The
Vehicle group received an equivalent volume (10 uL)
of plain DMEM administered similatly.

Behavioral Assessments of Pain

Pain-related behaviors were evaluated using the
plantar test (for thermal hyperalgesia), acetone test
(for cold allodynia), and Randall-Selitto test (for
mechanical hyperalgesia) [16, 22]:

Plantar Test: Thermal hyperalgesia was assessed by
measuring the latency to hind paw withdrawal from
an infrared heat source. A cutoff time of 25 seconds
was implemented to avoid tissue damage. Hach rat
was tested in three trials separated by 10-minute
intervals, and the average latency was recorded [23].
Randall-Selitto Test: Mechanical hyperalgesia was
quantified by applying incrementally increasing
pressure to the hind paw until a withdrawal response
was elicited. At least two trials per rat were conducted
at 1-minute intervals, and the mean pressure
threshold was calculated [24].

Acetone Test: Cold allodynia was evaluated by
applying a single drop of acetone to the plantar
surface of the hind paw. Behavioral responses (e.g.,
withdrawal, licking, or shaking) were scored over five
trials, with 1-minute intervals between applications
[25].

Assessment of Calcitonin Gene-Related Peptide
(CGRP) Expression by Western Blotting

CGRP expression in the lumbar spinal cord was
analyzed using western blotting [26]. Rats were
deeply anesthetized with ketamine (100 mg/kg) and
xylazine (10 mg/kg) intraperitoneally [27]. Following

laminectomy, the lumbar spinal cord (L4-L6
segments) was excised, rinsed in ice-cold 0.1 M
phosphate-buffered saline, and snap-frozen in liquid
nitrogen within 3 minutes to minimize protein
degradation [28]. Samples were stored at —80°C until
processing [29].

Tissues were homogenized in the Regulation of
Investigatory Powers Act (RIPA) lysis buffer
containing protease and phosphatase inhibitors [30].
Protein concentrations were determined using the
bicinchoninic acid (BCA) assay. Equal amounts of
protein (30-50 pg) were separated by 10% sodium
dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene
fluoride or polyvinylidene difluoride (PVDF)
membranes [31]. Membranes were blocked with 5%
non-fat milk in Tris-buffered saline with 0.1%
Tween® 20 detergent (TBST) for 1 hour at room
temperature, then incubated overnight at 4°C with
primary antibodies against CGRP (1:1000 dilution)
and B-actin (1:5000, loading control) [32]. After
washing, the membranes were incubated with
horseradish peroxidase (HRP)-conjugated secondary
antibodies (1:5000) for 1 hour [33]. Bands were
visualized using enhanced chemiluminescence
reagents and quantified by densitometry with Image]
software. CGRP expression levels were normalized
to B-actin [34].

Results

Flow Cytometry

Flow cytometric analysis confirmed the mesenchymal
nature of the cultured cells. Most (> 95%) cells
expressed CD44, supporting their adhesive and
migratory properties crucial for regenerative activity.
CD45 was undetectable, indicating the absence of
hematopoietic cells, while a subset of cells exhibited
CD90 expression, consistent with stemness-related
characteristics (Figure 1). These findings validated the
cellular source of CM utlized in subsequent
experiments.
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Figure 1. Evaluation of Surface Marker Expression in Amniotic-derived Stem Cells by Flow Cytometry

Behavioral Tests

Randall's test indicated a dectreased threshold for
mechanical sensitivity in all groups subjected to
chronic constriction injury (CCI) on the first day
following the procedure. However, the results were
not statistically significant. From day two to day 21,
mechanical sensitivity progressively increased. A vital
difference emerged by day seven between the CM
and vehicle groups. Although sensitivity slightly
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declined in the treatment group by day 21, this
reduction was not statistically significant, suggesting
a potentially greater analgesic effect with extended
observation (Figure 2).

Statistical analysis confirmed that CM-treated rats
exhibited a significant increase in mechanical
withdrawal thresholds compared to both CCI (*P <
0.05) and vehicle (**P < 0.01) groups from day seven
onward (Figure 2).
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Figure 2. The Effect of Intrathecal Injection of Conditioned Media on Mechanical Sensitivity Threshold After Induction of Neuropathic Pain, Based
on the Randall Behavioral Test. In all groups, the mechanical sensitivity threshold decreased after CCl induction. In rats receiving conditioned
media, the reduction in sensitivity is significant compared to the CCl and Vehicle groups from the seventh day. Values are presented as mean +
SEM. Each group consisted of eight rats. * denotes a statistically significant difference relative to the Vehicle group (P <0.01).
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In the acetone test for cold sensitivity, a statistically
significant reduction in threshold was observed across
all CCI groups after injury (F [10] = 1.93, P = 0.047).
No significant intergroup differences were observed on
days one and three. By days seven and fourteen, pain

responses escalated in intensity. However, the CM
group exhibited significantly reduced pain compared to
the vehicle group on day seven (P = 0.011) and the CCI
group on day 14 (P = 0.011). By day 21, differences
wetre not statistically significant (Figure 3).
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Figure 3. The Effect of Intrathecal Injection of Conditioned Media After the Induction of Neuropathic Pain on the Cold Stimulation Threshold Based
on the Acetone Behavioral Test. In all groups, the cold stimulation threshold decreased after CCl induction. In rats receiving conditioned media,
the reduction in stimulation threshold was significantly less compared to the CCl and Vehicle groups from day seven onwards. The results are
expressed as mean + SEM. Each experimental group included eight rats. An asterisk (*) denotes a statistically significant difference compared to
the nerve injury group (P <0.05). The symbol ($) indicates a substantial difference from the vehicle group (P <0.05).

Assessment of Spinal Calcitonin Gene-related Peptide
(CGRP) Protein Expression Post-nerve Injury

CGRP expression was evaluated via Western blotting
using spinal cord samples collected at the study
endpoint and stored at —80°C. Statistical analysis
indicated significant differences in CGRP levels
among the groups (df = 4; F = 12.83; P = 0.002).
Expression was markedly reduced in the CM group
(0.85+0.07) compared to the nerve injury
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(1.65£0.05) and wvehicle groups (1.79 £ 0.07).
Intrapreneurial administration of CM significantly
suppressed CGRP expression versus the nerve injury
(P = 0.009) and wvehicle groups (P = 0.000).
Furthermore, CGRP concentrations in the CCI,
vehicle, and CM groups were significantly different
from those in the control group (P < 0.05, P < 0.001,
and P < 0.001, respectively) (Figure 4).
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Figure 1. The Expression Levels Of Spinal Calcitonin Gene-Related Peptide (Cgrp)/B-Actin Protein Within The Spinal Cords Of Animals Across The
Experimental Groups. Data are reported as mean + Sem. ** Statistically significant difference in comparison to the cm group (p < 0.01)
### Significant difference compared to the control group (P< 0.05 and P < 0.001, respectively).

Discussion

Neuropathic pain, arising from peripheral or central
nerve injuries, involves complex mechanisms such as
neuronal apoptosis, neuroinflammation, and central
sensitization, which collectively challenge effective
therapeutic ~ management  [35].  Conventional
treatments, including antidepressants,
anticonvulsants, and opioids, often yield limited and
transient relief, underscoring the need for novel
interventions [35]. The CCI model, a well-established
preclinical paradigm, recapitulates key features of
human neuropathic pain, including mechanical
hyperalgesia, cold allodynia, and thermal
hyperalgesia, thereby facilitating the evaluation of
potential therapeutics [30].

This study investigated the therapeutic potential of
CM derived from human amniotic MSCs in a CCI
model. CM, comprising a rich secretome of bioactive
factors, such as cytokines, growth factors (e.g.,
BDNF, NGF, VEGEF), extracellular vesicles (EVs),
and matrix proteins, offers regenerative and
immunomodulatory benefits without the risks
associated with direct cell transplantation, such as
immune rejection or tumorigenicity [37, 38]. Our
findings demonstrate that intrapreneurial CM
administration significantly attenuates behavioral
manifestations of neuropathic pain, including
mechanical hyperalgesia and cold allodynia, while
concurrently reducing spinal CGRP levels, a key
mediator of nociceptive signaling.

Behavioral assessments revealed a progressive onset
of neuropathic symptoms post-CCl, with peak
hypersensitivity obsetrved between days 7 and 14,
consistent with the model's temporal profile of
neuroinflammation and sensitization. CM treatment
elicited significant improvements in mechanical
withdrawal thresholds (Randall-Selitto test) from day
7 onward, with sustained effects until day 21, albeit
without statistical significance at the latter time point.
Similarly, in the acetone test, CM reduced cold
allodynia responses on days 7 and 14 compared to
CCI and vehicle controls. These temporal patterns
suggest an early and robust analgesic effect of CM,

potentially extending beyond the observation period,
as indicated by the trend toward further
improvement on day 21. Further studies could
clucidate whether these benefits persist or require
repeated dosing for chronic management.
Integrating  these  behavioral — outcomes  with
biochemical findings, the marked reduction in spinal
CGRP expression in the CM group (0.85 + 0.07 vs.
1.65 + 0.05 in the CCI group and 1.79 * 0.07 in the
vehicle group; P < 0.01) provides a mechanistic link to
pain alleviation. CGRP, a 37-amino-acid neuropeptide
existing in a and P isoforms, is predominantly
expressed in C-fiber sensory neurons and dorsal root
ganglia, where it co-localizes with substance P and
modulates nociception through receptor activation
(e.g., teceptor-like receptor [CLR]/teceptor activity-
modulating proteins [RAMP1] complex) [39, 40]. In
neuropathic  states, elevated CGRP  promotes
neurogenic inflaimmation via peripheral vasodilation
and immune cell recruitment, while centrally enhancing
synaptic plasticity and sensitization in the spinal dorsal
horn (laminae I, I1I, V) [41, 42]. The observed decrease
in spinal CGRP directly correlates with diminished
allodynia and hyperalgesia, as reduced CGRP signaling
likely interrupts amplified nociceptive transmission and
central hypersensitivity, elevating pain thresholds, as
evidenced in our behavioral data.

To elucidate the underlying mechanisms linking CM to
CGRP modulation and pain relief, we considered the
multifaceted actions of the MSC secretome. CM's anti-
inflammatory components, such as interleukin (IL)-10,
transforming  growth  factor-B  (TGF-B), and
prostaglandin E2 (PGE2), suppress pro-inflammatory
cytokines (e.g., tumor necrosis factor [INF]-a, IL-1p)
released by activated microglia and astrocytes post-
nerve Injury, mitigating neuroinflammation that
upregulates CGRP expression [43]. Additionally,
neurotrophic ~ factors, such as  brain-derived
neurotrophic factor (BDNF) and nerve growth factor
(NGF) in CM, may promote neuronal survival and
repair, preventing apoptosis and ectopic firing that
exacerbate CGRP release [44]. Emerging evidence also
implicates EVs within CM, which carry micro
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ribonucleic acids (miRNAs) (e.g., miR-101b-3p)
capable of targeting pain-related channels, such as
Nav1.6, or modulating CGRP pathways indirectly
through anti-inflammatory effects (from recent
studies on TNF-a-preconditioned MSC-EVs) [45].
Furthermore, CM may influence vascular endothelial
growth factor A (VEGF-A) signaling, a pathway
implicated in MSC-mediated pain modulation,
potentially reducing vascular permeability and
neurogenic inflimmation associated with CGRP
[46]. These mechanisms collectively dampen the
vicious cycle of inflaimmation-sensitization-pain,
with CGRP downregulation as a downstream
effector aligning with the observed behavioral
improvements.

Comparing our results with prior studies reinforces
the therapeutic promise of CM while highlighting
nuances in source-specific efficacy. For instance,
Gama et al. (2018) reported that bone marrow-
derived MSC-CM produced long-lasting
antinociception in a mouse CCI model, attributing
effects to immunomodulation and reduced glial
activation, akin to our findings but without CGRP
assessment [38]. Similatly, Masoodifar et al. (2021)
demonstrated that MSC-CM reduced mechanical
allodynia and thermal hyperalgesia in neuropathic
rats by downregulating P2X4/P2X7 purinergic
receptors in the spinal cord, suggesting overlapping
pathways with CGRP modulation, as purinergic
signaling intersects with neuropeptide release [39]. In
a partial sciatic nerve ligation model, Jaleh et al.
(2024) found that CM from dental pulp stem cells
ameliorated pain behaviors, potentially via anti-
apoptotic and regenerative effects, mirroring our
behavioral outcomes but extending to longer
durations (up to 28 days) [16]. Preemptive CM
administration has also been shown to prevent pain
development by attenuating early inflammation, as in
a 2024 study, which aligns with our post-injury
timing but suggests prophylactic potential [47].
Notably, our focus on amniotic MSC-CM and spinal
CGRP distinguishes this study, as few studies link
CM to CGRP specifically; however, indirect evidence
from OA models indicates that MSC-detived EVs
may target CGRP pathways [46]. Discrepancies, such
as varying effect durations, may stem from CM source
(amniotic vs. bone matrrow/adipose), administration
route (intrapreneutial vs. intravenous/intrathecal), or
model specifics, warranting comparative trials.
Although CGRP antagonists (e.g., monoclonal
antibodies) have shown variable efficacy in migraine
and  osteoarthritis  (OA), with LY2951742
demonstrating limited success in mild OA due to
baseline severity [48], CM offers a broader,
multifaceted approach by targeting upstream
inflammation  and  promoting  regeneration.

Limitations include the short-term observation and
lack of direct EV or cytokine profiling in CM; future
studies should incorporate these, alongside longer
timelines and human translational models, to
optimize CM for clinical use.

Conclusion

Based on the results obtained from the investigation
of pain-related behavioral tests and the effects of
conditioned media, the specific characteristics of
conditioned media led to a reduction in CGRP.
Subsequently, the pain neuropathy sensitization
threshold, which is elevated due to neuronal injury,
is reduced, leading to decreased neuropathic pain
levels in the group treated with conditioned media.
Therefore, conditioned media, rich in various growth
factors, neurotrophins, glucose, and amino acids
holds significant potential for repairing and
maintaining neurons. It can potentially improve
inflammation and damage in neuropathic pain
conditions in which neurons are compromised, thus
proving highly effective in pain relief. Further
extensive studies are required to confirm conditioned
media as a suitable alternative to pain-relieving drugs
in neuropathic pain conditions.
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