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ABSTRACT

Neuropathic pain, resulting from damage or dysfunction of the nervous system, presents significant clinical
challenges due to its chronic nature and resistance to treatment. This study compared the thermal nociception
and inflammatory mechanisms of two neuropathic pain models: Sciatic nerve ligation (SNL) and oxaliplatin-
induced peripheral neuropathy. Male Wistar Albino rats were randomly assigned to control, SNL, and oxaliplatin-
induced neuropathy. The SNL model was established through partial sciatic nerve ligation, while oxaliplatin (4
mg/kg) was administered intraperitoneally twice weekly for four weeks. Thermal nociception was evaluated
using tail-flick and hot-plate tests, and inflammatory markers (TNF-a and IL-1B) were measured in dorsal root
ganglia (DRG) tissue and serum using ELISA. Thermal analgesia tests revealed that neuropathic pain symptoms
appeared from the second week in the oxaliplatin group and the fourth week in both models (p<0.05). TNF-a
and IL-1B levels were significantly elevated in the SNL and oxaliplatin groups compared to controls, with the
highest TNF-a levels observed in the oxaliplatin group (p<0.05). These findings indicate that both models
effectively induce neuropathic pain, with notable increases in pro-inflammatory cytokines in DRG and serum.
The study examines the inflammatory mechanisms underlying neuropathic pain, providing insights into its
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Introduction

Neuropathic pain is a clinical condition that results
from damage or dysfunction in the nervous system. It
significantly impacts patients' quality of life and is often
challenging to treat (1). This type of pain can impact both
the peripheral and central nervous systems, often
becoming chronic and leading to physical, emotional, and
social challenges (2,3). The fundamental mechanisms
underlying neuropathic pain include peripheral and
central sensitization, inflammation, and neurotransmitter
imbalances. Therefore, the strategies used in the
treatment of neuropathic pain are typically complex and
multifaceted (4).

Several experimental models have been developed to
enhance our understanding neuropathic pain's underlying
mechanisms and to formulate effective treatment
strategies. These models simulate various etiological
processes and are crucial for investigating pain's
neurophysiological,  biochemical, and behavioral
characteristics The most used models for studying
neuropathic pain include spinal nerve ligation (SNL),
oxaliplatin-induced neuropathy, and chronic constriction
injury (CCl) (5-7). Each model simulates distinct
mechanisms of neuropathic pain, aiding researchers in
understanding the development of pain and its response
to treatment.

pathophysiology and potential therapeutic approaches.

Keywords: Neuropathic pain, Sciatic nerve ligation, Oxaliplatin-induced neuropathy, Thermal nociception, Pro-

b @ aysegulozturk@cumhuriyet.edu.tr{® https://orcid.org/0000-0001-8130-7968

Sciatic nerve injury is a commonly used method to
model injuries in peripheral nerves and the pain
syndromes they cause(8). This model is induced by various
methods, including nerve compression, transection, or
partial ligation, and it mimics the mechanical allodynia,
thermal hyperalgesia, and motor dysfunction that result
from peripheral nerve damage. Models that utilize sciatic
nerve injury are often preferred for elucidating the
molecular mechanisms underlying peripheral
neuropathies(9-11). On the other hand, oxaliplatin is a
platinum-based chemotherapeutic agent utilized in
cancer treatment, and peripheral neuropathy is a
frequently observed side effect (12). Oxaliplatin-induced
neuropathic pain models have been developed to
enhance our understanding of chemotherapy-induced
neuropathy. These models reflect clinical symptoms such
as cold sensitivity, mechanical allodynia, and
sensorimotor dysfunction (6,13). This model facilitates the
simultaneous examination of both central and peripheral
components of neuropathic pain, allowing for a
comprehensive  assessment of the underlying
pathophysiological processes in this domain.

The dorsal root ganglion (DRG) is a crucial structure
involved in transmitting sensory information from
peripheral nerves to the central nervous system(14,15). In
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the development of neuropathic pain, both peripheral
nerve injury and chemotherapy-induced neurotoxicity
have been shown to induce significant molecular and
cellular changes in the DRG. In the literature, alterations
in gene expression, neuronal hyperexcitability, and
inflammatory processes at the DRG level have been
prominently observed in models of chemotherapeutic
agents, such as oxaliplatin-induced peripheral
neuropathies and sciatic nerve injuries. This underscores
the DRG as a critical structural and functional center in the
mediation of neuropathic pain(16,17).

The role of inflammation in the pathogenesis of
neuropathic pain is garnering increasing attention. Nerve
damage and chemotherapy agents increase pro-
inflammatory cytokines in the peripheral and central
nervous systems. In this process, tumor necrosis factor-
alpha (TNF-a) and interleukin-1 beta (IL-1B) levels are
significantly elevated (18,19). These cytokines play a
critical role in activating the molecular pathways that
initiate neuropathic pain. TNF-a can increase oxidative
stress and cause neuronal damage in nerve cells by
binding to TNF receptors on the cell surface. In contrast,
IL-1B can intensify pain by promoting microglial activation
and central sensitization processes(18). Therefore, the
examination of inflammatory markers is crucial for
enhancing our understanding of the molecular basis of
neuropathic pain and for developing targeted treatment
strategies.

This study aims to compare the similarities and
differences between a peripheral neuropathy model
based on sciatic nerve injury and an oxaliplatin-induced
neuropathic pain model. By examining the inflammatory
molecular mechanisms that mediate pain, as well as the
sensory and behavioral changes in both models, this
research seeks to provide a more comprehensive
understanding of the pathophysiology of neuropathic
pain.

Material Method

Animals

The necessary authorization for this research was
obtained from the Local Animal Experiments Ethics
Committee of Sivas Cumhuriyet University, under
approval number 13.02.2024-16. The study utilized a
sample of 18 male Wistar Albino rats, each four months
old and weighing between 230 and 250 grams. The rats
were housed in cages designed to minimize stress,
according to international guidelines. The animals were
maintained in a climate-controlled environment that
provided a 12-hour light/dark cycle, with a temperature
range of 22 + 2°C and a relative humidity of 53 £ 5%. The
room was equipped with sound insulation to minimize
external disturbances. The research was conducted
between 9:00 AM and 5:00 PM, during which light and
sound levels were continuously monitored. In our
research, we chose to euthanize the animals using the

method of decapitation without anesthesia. The primary
reason for this choice was to prevent potential
interactions between the administered anesthesia and
our biochemical findings.

Oxaliplatin-Induced Peripheral Neuropathy

Oxaliplatin was obtained from Fortius Pharmaceutical
Health Products Ltd. Co. (istanbul, Tiirkiye). The effects of
oxaliplatin on thermal analgesia were investigated using
tail-flick and hot-plate tests. Oxaliplatin (4 mg/kg) was
administered intraperitoneally twice a week for 4 weeks,
specifically on the 1%, 2n¢, 8th, gth 15t 16t 227 and 23
days. Thermal analgesia tests were conducted before the
initial drug application (Day O, pre-test) and on the 2", 9",
16™, 23 and 30" days thereafter (6).

Surgical Intervention

A neuropathic pain model was established through the
partial ligation of the sciatic nerve. The surgical
procedures were performed in the Experimental Animals
Laboratory at Sivas Cumhuriyet University. Anaesthesia
was administered via intramuscular injections of ketamine
at a dosage of 90 mg/kg and xylazine at a dosage of 3
mg/kg. A surgical incision approximately 1 cm in length
was made on the biceps femoris under aseptic conditions.
Subsequently, the sciatic nerve was accessed at the mid-
thigh level of the right leg. The sciatic nerve was
meticulously dissected from the surrounding connective
tissues and securely ligated using a 4-0 chromic catgut.
The incision was then closed with 4-0 silk sutures (7,20).

Analgesia Tests

Thermal nociception was assessed using the tail-flick
and hot plate methods (May TF 0703 Tail-flick Unit, AHPi
0603 Analgesic HP, Commat). The tail-flick test was
conducted by positioning the stimulus 3 cm from the tips
of the rats' tails to evaluate the functionality of the spinal
reflex arc. The duration of the tail-flick response was then
measured in seconds (21). A cutoff latency of 30 seconds
was established to minimize the risk of tissue damage. The
subjects were placed on a heated surface maintained at a
temperature of 53 * 0.6 °C for the hot-plate test. The
latency to the first behavioral response, either licking or
jumping, was recorded as an indicator of the pain
threshold. A cutoff time of 50 seconds was established to
prevent potential injury to the paw. Measurements in rats
treated with oxaliplatin were taken at 30 and 60 minutes,
while measurements in rats with sciatic nerve ligation
were conducted at 60 minutes (22,23).

Experimental Protocol

Rats were randomly divided into three groups. To
establish a neuropathic pain model, oxaliplatin
(administered i.p. at a dose of 4 mg/kg) and the sciatic
nerve ligation method were applied to the rats. The
progression of neuropathic pain in the rats was
subsequently monitored over four weeks using thermal
analgesia tests.
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Determination of TNF-a and IL-18 Levels in DRG
and Serum

Following the completion of the experimental
measurements, the rats were sacrificed via cervical
dislocation, and the DRG was extracted from the L4-S5
region of the spinal column. The DRG tissues were placed
in petri dishes and subjected to three washes with cold
phosphate-buffered saline (PBS) at a pH of 7.4. The
samples were then homogenized in cold PBS using a
mechanical homogenizer (SpeedMill PLUS; Analytik Jena)
to ensure thorough mixing. Subsequently, the
homogenized samples were centrifuged at 4000 rpm for
10 minutes at a temperature of 4°C. The resulting
supernatants were employed for biochemical analyses,
with total protein concentrations determined using the
Bradford protein assay kit (SERVA, Heidelberg, Germany)
(24). Blood samples were collected into serum tubes and
centrifuged at 2000 rpm for 10 minutes. The resulting
yellowish serum was then carefully separated.

Data Analysis

The outcomes were assessed using one-way analysis
of variance (ANOVA) and repeated measures ANOVA,
followed by a Tukey post hoc test (SPSS version 23.0 for
Windows) to enable multiple group comparisons. All
findings are presented as mean * standard error of the
mean (SEM). The threshold for statistical significance was
setat p<0.05.

Results

Effects of Sciatic Nerve Ligation and Oxaliplatin-
Induced Neuropathic Pain Model on Thermal
Analgesia

The nociceptive pain threshold in each rat was
assessed using thermal analgesia tests, including the Tail
Flick and Hot Plate methods.

It has been determined that signs of neuropathy in
animals appeared after the administration of oxaliplatin,
beginning in the second week and starting from the 60"
minute (p<0.05; Figure 1). From the third week of
oxaliplatin administration, neuropathic symptoms were
observed in the Tail Flick test conducted at both the 30-
minute and 60-minute marks (p<0.05; Figure 1).
Neuropathic pain symptoms were observed in both the
sciatic nerve ligation and oxaliplatin-induced groups
beginning in the fourth week (p<0.01; Figure 1). In the
control group, the values on day 9 increased significantly
compared to those on day 2 (p = 0.013). However, no
significant differences were observed between day 16 and
day 2 (p =0.226) or between day 16 and day 9 (p = 0.145).
Therefore, the significant changes observed on days 9 and
16 are believed to be attributable to the decrease in the
neuropathic groups rather than to transient fluctuations
in the control group. In the hot-plate test, it was observed
that neuropathic symptoms developed in all groups within

the neuropathic pain model, beginning in the second
week (p<0.05; Figure 2).
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Figure 1. The data demonstrate the impact of SNL and
oxaliplatin-induced neuropathic pain on nociception,
as evaluated through tail flick tests. The values are
presented as means + SEM (n = 6). *p < 0.05, **p <
0.01, ***p < 0.001, reflecting a significant difference
compared to the control group.
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Figure 2. The data demonstrate the impact of SNL and
oxaliplatin-induced neuropathic pain on nociception,
as evaluated through hot plate tests. The values are
presented as means + SEM (n = 6). *p < 0.05, **p <
0.01, ***p < 0.001, reflecting a significant difference
compared to the control group.

The Effect of Sciatic Nerve Ligation and
Oxaliplatin-Induced Neuropathic Pain Models on
Inflammatory Markers

The TNF-a level, measured in DRG tissue as an
inflammatory marker, shows a significant difference
between groups according to the statistical analysis
results (p<0.05; Figure 3A). It has been determined that
the group with the highest level of TNF-a is the one that
received oxaliplatin treatment (p<0.001; Figure 3A).
Comparing TNF-a levels between the SNL and oxaliplatin
groups, it was observed that TNF-a levels were elevated
in the oxaliplatin group (p<0.05; Figure 3A). When
examining serum TNF-a levels, a significant increase was
observed in both the SNL group and the Oxaliplatin group
compared to the control group (p<0.01; Figure 3B).

306



Cumbhuriyet Sci. J., 46(2) (2025) 304-309

S =

BN
(=]
1

.
o

j

w
=}
1
.

[
<>
1

TNF-a(pg/ng protein)
=
1 N
TNF-a(pg/ml protein)

(=]
=]

Groups

wn
(—}
1

=
=]
1

(]
=
1

~
=]
1

—
=
1

dokok

L1 Control
: > [ sNL
-

B Oxaliplatin

Groups

Figure 3. The data demonstrate the effects of SNL and oxaliplatin-induced neuropathic pain on (A) DRG and (B) serum
levels of TNF-a, as assessed by ELISA. The values are presented as means + SEM (n = 6). *p < 0.05, **p < 0.01, ***p
< 0.001, reflecting a significant difference compared to the control group.

IL-1B measured using the ELISA method in DRG tissue
demonstrated a significant difference between the groups
(p<0.05; Figure 4A). The analysis revealed that the
concentrations of IL-1B were significantly elevated in both
the SNL and oxaliplatin groups compared to the control
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group (p<0.05; Figure 4A). Serum IL-1B levels were
assessed across the groups, showing significantly elevated
levels in both the SNL and Oxaliplatin groups (p<0.05;
Figure 4B).
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Figure 4. The data demonstrate the effects of SNL and oxaliplatin-induced neuropathic pain on (A) DRG and (B) serum
levels of IL-1B, as assessed by ELISA. The values are presented as means + SEM (n = 6). *p < 0.05, **p < 0.01, ***p
< 0.001, reflecting a significant difference compared to the control group.

Discussion

This study demonstrates that thermal analgesia tests
(Tail Flick and Hot Plate methods) conducted in models of
sciatic nerve ligation and oxaliplatin-induced neuropathic
pain indicate that symptoms of neuropathic pain began to
develop in both models starting from the second week.
The oxaliplatin group (second week) showed neuropathic
symptoms earlier than the SNL group (fourth week).

Inflammatory markers, specifically TNF-a and IL-13, were
significantly elevated in both models within the DRG and
serum when compared to the control group. Furthermore,
the oxaliplatin group demonstrated higher levels of TNF-a
than the SNL group.

Our data suggest that the earlier onset of neuropathic
symptoms in the oxaliplatin group aligns with the
established toxic effects of oxaliplatin on peripheral
nerves. This indicates that nociceptive pathways are
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affected and altered more rapidly. Several studies in the
literature have emphasized the ability of oxaliplatin to
disrupt axonal integrity and induce peripheral nerve
dysfunction (25,26). Research findings reveal that
oxaliplatin causes damage to peripheral nerves, and this
effect is mediated through mechanisms including
inflammation, oxidative stress, mitochondrial
dysfunction, and disruptions in axonal transport (27-29).
These mechanisms can lead to rapid energy depletion and
dysfunction in nerve cells. Sciatic nerve ligation typically
results in more localized damage, while oxaliplatin exerts
a systemic effect. This distinction can influence both the
onset duration and the distribution of pain (30). This may
consequently accelerate the onset of neuropathic
symptoms in  oxaliplatin-induced neuropathy by
influencing both the timing of onset and the distribution
of pain. Furthermore, oxaliplatin leads to cellular
hyperactivity, particularly by affecting voltage-dependent
Na*and Ca?* channels (31,32). This alteration can result in
abnormal electrical signalling in nerve cells and increased
pain sensitivity. Consequently, these effects may lead to a
more rapid onset of neuropathic pain compared to the
ligation model.

Studies have demonstrated that inflammation plays a
crucial role in the development of neuropathic pain, as
indicated by elevated levels and activation of pro-
inflammatory cytokines such as TNF-a and IL-1B. These
cytokines contribute to the sensitization of pain pathways
by promoting neuroinflammatory processes in both the
peripheral and central nervous systems, thereby
exacerbating pain perception and neuronal dysfunction
(19). The data obtained from the study indicate that
elevated levels of TNF-a and IL-1B are associated with a
strong pro-inflammatory response in both models. These
cytokines are known mediators of neuropathic pain and
contribute to sensitization and hyperalgesia by activating
immune and glial cells in the DRG (19,33). The
considerable increase in inflammatory cytokines,
particularly TNF-a and IL-1B, observed in both models
underscores the potential benefits of anti-inflammatory
therapies that target these pathways. The observed
differences in TNF-a levels between SNL and oxaliplatin
models suggest potential variations in the mechanisms
underlying neuropathy in traumatic and chemotherapy-
induced pain models. These findings suggest that,
although similar inflammatory responses are observed in
both models, different pathways may be involved. This
distinction could play an important role in the
development of treatments for neuropathic pain.

In conclusion, the elevation of inflammatory cytokines,
such as TNF-a and IL-1B, in both models suggests the
potential advantages of anti-inflammatory therapies.
Additionally, the rapid onset of neuropathic symptoms
associated with oxaliplatin treatment emphasises the
necessity for early intervention. While this study
concentrated on TNF-a and IL-18 to characterize the
inflammation profile, analyses of other cytokines and
chemokines could yield further insights. Moreover, long-

term studies are needed to explore the progression and
chronic effects of neuropathy.
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