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Oxaliplatin, a third-generation platinum-based chemotherapeutic agent, has shown substantial efficacy in cancer treatment. However, its associated side effects, particularly chemotherapy-induced peripheral neuropathic pain (CIPNP), continue to challenge cancer survivors globally. Clinically, it frequently presents as numbness, coldness, and discomfort in the limbs and extremities. Duloxetine is advised for analgesic purposes. Despite its clinical relevance, both the application methods and the underlying mechanisms of oxaliplatin-induced CINP warrant further investigation. Consequently, more precise animal models are needed to explore the mechanisms and progression of this condition. This review consolidates recent advancements in rat and mouse models of oxaliplatin-induced CINP, with the aim of enhancing modeling success rates and developing models that more accurately mirror disease progression. Such models are essential for advancing clinical research and drug development.
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1 INTRODUCTION
The increasing incidence of malignant tumors has led to a growing reliance on chemotherapy drugs as first-line antitumor agents. Platinum-based drugs are the main chemotherapeutic agents for treating Colorectal cancer (CRC) (Cartwright and Cunningham, 2017). Statistics show that approximately 65%–98% of chemotherapy patients develop peripheral neuropathy following oxaliplatin treatment (Cavaletti and Marmiroli, 2020). Oxaliplatin, a third-generation platinum-based cytotoxic derivative, is primarily used to treat advanced colorectal cancer and is considered to have a more favorable safety profile compared to other platinum-based agents (Sałat et al., 2019a). However, its side effects significantly compromise patients’ quality of life. Oxaliplatin therapy is primarily linked to three dose-limiting toxicities: neurotoxicity (notably oxaliplatin-induced peripheral neuropathy, OIPN), myelosuppression, and gastrointestinal problems (Marmiroli et al., 2017). These adverse effects significantly influence therapy success, especially considering the characteristic dose-dependent course of OIPN that often requires treatment alteration. Oxaliplatin exhibits a mechanism of action that is fundamentally different from traditional platinum-based chemotherapeutics, as its cumulative neurotoxicity shows clinically meaningful reversibility after treatment discontinuation, a neuroprotective characteristic absent in cisplatin-class drugs (Starobova and Vetter, 2017).
Chemotherapy-induced neuropathic pain (CINP)is a debilitating, dose-limiting toxicity of cancer chemotherapy. This neuropathy not only markedly diminishes quality of life but also often compels patients to modify or discontinue their treatment, presenting a significant clinical challenge (Mantyh, 2006).
Despite its clinical relevance, the mechanisms underlying CINP remain poorly understood. Acute OIPN symptoms may present as dyspnea and dysphagia, whereas chronic OIPN clinical signs encompass distal sensory abnormalities, decreased proprioception, and diminished deep tendon reflexes (Marmiroli et al., 2017). However, the mechanisms underlying CIPNP (chemotherapy-induced peripheral neuropathy) have not yet been fully elucidated. OIPN is associated with alterations in voltage-gated Na+ channels, as well as K+ channels, Ca2+ channels, and transient receptor potential (TRP) channels. Abnormalities in voltage-gated Na+ channels lead to prolonged channel opening and excessive excitability of dorsal root ganglion (DRG) sensory neurons (Webster et al., 2005). These changes induce ectopic discharges, resulting in the typical symptoms of oxaliplatin-induced sensory abnormalities. Prior research by academics has demonstrated that OXA-induced cold hyperalgesia increases the production of TRPA1 protein on TRP channels. CINP induced by OXA intensifies oxidative stress, thus modulating TRPA1 and aggravating CINP symptoms (Lim et al., 2010). The principal factors contributing to chronic OIPN include nuclear DNA damage, mitochondrial impairment, excessive oxidative stress, and activation of glial cells (Staff et al., 2019). Furthermore, mitochondrial impairment significantly contributes to CINP produced by OXA. In vitro findings indicate that the mitochondrial structure and function of rat neural cells exposed to OXA are modified (Bobylev et al., 2018). The activation of neuroimmune responses is a significant role in the development of CINP. The aberrant activation between neurons and glial cells is essential for neuropathic pain.
According to the 2020–2021 clinical practice guidelines of the American Society of Clinical Oncology (ASCO), no preventive or therapeutic strategies have been definitively established for CINP(11). As such, the selection of suitable animal models for research is of paramount importance. Current mechanistic studies commonly employ rat or mouse models of CINP, yet the absence of clear classifications and standardized evaluation criteria hinders the optimal use of these models, thereby affecting the reliability and validity of research outcomes. While various therapeutic approaches exist for chronic pain, certain researchers have performed pain-relief tests on mice utilizing an individual intra-abdominal injection of oxaliplatin (3 mg/kg) in conjunction with milnacipran. The mechanical pain in these animals peaked 10 days post-injection. Nevertheless, the mechanical pain threshold in the mice was diminished following the administration of milnacipran (Hershman et al., 2014). In addition, ASCO only recommends duloxetine for treatment. Nevertheless, the aforementioned therapies still have many shortcomings and deficiencies. Therefore, it is urgent to seek more perfect animal models for clinical treatment.
This paper discusses the methodologies for establishing rat and mouse CINP models induced by oxaliplatin, along with specific evaluation techniques and their applications in clinical research. The objective is to provide more precise and effective approaches for advancing CINP research.
2 MAIN METHODS FOR ESTABLISHING OXALIPLATIN-INDUCED NEUROPATHIC PAIN MODELS IN RATS AND MICE
The common methods for establishing rat and mouse CINP models include intraperitoneal and intravenous injections. Both techniques are relatively safe and straightforward, with intraperitoneal injection being the predominant method used globally for CINP modeling (Al Moundhri et al., 2013). Clinical trials indicate that oxaliplatin-induced peripheral neuropathy (OIPN) is a cumulative adverse event, typically manifesting when the total oxaliplatin dose exceeds 750–850 mg/m2 (Soveri et al., 2019; de Gramont et al., 2023). Prior research indicates that significant symptoms of oxaliplatin-induced chemotherapy-induced peripheral neuropathy during the acute phase correlate with similarly severe symptoms transitioning to the chronic phase in the initial treatment cycle (Pachman et al., 2015). Furthermore, the manifestations of oxaliplatin-induced CINP endure for an extended period. Post-chemotherapy, patients’ neuropathy persists and exacerbates due to the continued accumulation of oxaliplatin in the dorsal root ganglion (DRG) (Staff et al., 2019).
Rat CINP models are generally classified into acute and chronic types. Acute models involve a single or short-term high-dose injection of oxaliplatin, while chronic models utilize prolonged low-dose injections. Varying the injection dose and duration can induce different degrees of nerve damage. Research has demonstrated that a single intraperitoneal injection of oxaliplatin (6 mg/kg) reliably induces peripheral neuropathic pain in rats, primarily characterized by mechanical and cold allodynia (Baek et al., 2024).
Post-oxaliplatin treatment, rats exhibit several behavioral changes, including reduced food intake, weight loss, or stunted weight gain. Other signs may include limb muscle atrophy, increased paw licking, and paw lifting. Additionally, mechanical pain thresholds and cold/heat pain thresholds are altered. These behavioral manifestations serve as critical indicators for assessing the success of model establishment.
The table below offers a detailed summary of commonly employed acute and chronic modeling methods, along with their associated behavioral characteristics and safety assessments.
3 METHODS FOR MODEL EVALUATION
Oxaliplatin-induced neuropathic pain in clinical settings is characterized primarily by limb numbness, cold pain, and sensory disturbances. Approximately 80% of chemotherapy patients develop chemotherapy-induced peripheral neuropathy (CINP), with 60% continuing to experience symptoms 3 months post-treatment (Hu et al., 2019). These clinical manifestations are also evident in rat and mouse CINP models. Consequently, model evaluation typically involves assessing mechanical pain thresholds, mechanical allodynia, and alterations in cold and heat pain thresholds, along with cold/heat allodynia. The following are the evaluation methods most frequently used in recent studies.
3.1 Measurement of mechanical pain threshold
3.1.1 Von Frey filament pain threshold test
The experimental procedure is as follows: Mice are placed in a raised plexiglass chamber (10 × 5 × 5 cm) with a metal mesh floor. Prior to the experiment, the mice are allowed to acclimate for 15 min. A metal filament is used to apply progressively increasing mechanical pressure to the central region of the plantar layer of the hind paw until a clear paw withdrawal response is elicited. The response threshold, recorded in grams (g), represents the mechanical withdrawal threshold (MWT), defined as the minimum pressure required to provoke a rapid and pronounced paw withdrawal. The pressure stimulus is applied to each hind paw every 30 s. Each experiment consists of five measurements, with the final result being the average of these measurements. This experimental design ensures both accuracy and reproducibility of the data (Le et al., 2021). Keisuke et al. (Mine et al., 2022) conducted a study investigating the mitigation of oxaliplatin-induced peripheral neuropathy with omeprazole, employing mechanical allodynia assessments in rats post-drug application. Prior to the test, the rats were positioned on a metal mesh for 30 min to acclimatize. The rats’ hind paws were stimulated from beneath the mesh for 6 s each time. The “up-and-down” approach was employed for measurement, and the intensity of the Von Frey filament that provoked an escape response in the rats was documented as the escape response threshold.
3.1.2 Randall-Selitto paw withdrawal test
The test employs a Basile Algesimeter (Chicago, Illinois) to assess the paw pressure threshold in rats. During the procedure, rats are placed in a Perspex cylindrical restrainer with sliding doors, allowing the hind limbs to extend freely through a ventilation hole. Pain thresholds are measured before and after drug administration, with readings taken every 5 min, resulting in four measurements. The final pain threshold is determined as the average of the last three measurements. To prevent tissue damage, the maximum withdrawal pressure is limited to 200 g. This approach is scientifically structured to ensure the reliability and consistency of the results (Joseph et al., 2008; Mori et al., 2014).
3.1.3 Dynamic Aesthesiometer Test
The dynamic aesthesiometer (Model 37,450, Ugo Basile Biological Instruments, Comerio, Italy) assesses the progression of mechanical allodynia by applying a linearly increasing mechanical force. A sharp metal filament (0.5 mm in diameter) is placed beneath the rat’s hind paw, and intermittent pressure is gradually applied, reaching 15 g over 15 s to evoke a distinct paw withdrawal response, which serves as the measure for the mechanical pain threshold. Each hind paw is tested three times, with the average result taken as the final measurement. The maximum stimulation duration is 15 s, after which the device automatically ceases the mechanical stimulus. During right hind paw plantar testing, pressure is applied at a rate of 0.5 g/s, with a maximum of 5 g. If no paw withdrawal response occurs within 30 s, the test is manually halted, and the probe is retracted. Each rat undergoes five repeated measurements, ensuring at least 10-min intervals between tests. The average of these five measurements is used for analysis to enhance data accuracy and consistency. Two-way ANOVA followed by Sidak’s multiple comparison test (Marmiroli et al., 2017; Gould et al., 2021). The behavioral experiments related to Ballarini et al. (Ballarini et al., 2022)’s study on oxaliplatin neurotoxicity in mice involved the application of a pointed metallic filament, measuring 0.5 mm in diameter, to the plantar surface of the hind paw to exert increasing punctate pressure. The pressure at which the mice exhibited a distinct hind-paw withdrawal reaction was documented, and the stimulus was automatically ceased upon reaching the maximum duration of 15 s.
3.2 Measurement of mechanical allodynia
3.2.1 Von Frey filament test
The Von Frey filaments (0.6, 1.0, 1.4, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 26.0, and 60 g) are used in combination with an electronic device (Bioseb, France Model: BIO-VF-M) for mechanical allodynia assessment via the Von Frey test. Mice (15–21 per test) are individually placed in a compartmentalized room with a mesh floor, allowing acclimation for at least 30 min prior to testing (Aloi et al., 2023). The Von Frey stimulus is applied to the plantar surface of the rats’ paws. A threshold is determined if at least three of five applications result in a response, with a cutoff of 60 g. During testing, mice are housed in transparent plastic boxes with metal mesh floors, ensuring full contact with the plantar surface. Prior to testing, mice are allowed to acclimate for at least 15 min. A series of nine Von Frey filaments, with logarithmically increasing stiffness (0.023–3.630 g), is used, starting with a 0.407-g filament (Akaberi et al., 2024; Toyama et al., 2017). The mechanical withdrawal threshold was evaluated utilizing the “up-and-down” strategy as delineated by Llorian-Salvador et al. (Llorián-Salvador et al., 2016). One of the mouse’s hind paws (left or right) was randomly chosen for examination. Should the mouse exhibit a positive response, such as elevating or licking the paw, a finer Von Frey filament was utilized in the subsequent test; otherwise, a thicker filament was employed. Six measurements were conducted for each mouse. The 50% response threshold was calculated using the following formula: 50% threshold (g) = (10^Xf + kd)/10,000. The correction factor k was derived from the response patterns in Dixon’s calibration table, whereas d indicated the average distance between filament diameters. The stated threshold value was the mean of the thresholds derived from the left and right hind paws (Marcotti et al., 2023).
3.2.2 Randall-Selitto test
An analgesimeter (Ugo Basile, Varese, Italy) is used to assess the nociceptive threshold by applying gradually increasing pressure to the dorsal or plantar surface of the hind paw or tail. The animal is restrained in a sling, with support provided by a towel, plastic cone, or cylinder, allowing access to the hind paw. A sharp probe applies pressure between its tip and a flat surface, which is increased at a constant rate until a nociceptive response, such as vocalization or paw withdrawal, is elicited. The nociceptive threshold is recorded in grams (g). A blunt conical probe targets a small area on the dorsal surface of the rat’s hind paw, and pressure is applied until the threshold is reached. To prevent tissue damage, the maximum pressure is limited to 200 g. The procedure involves minimal restraint of the animals (Deuis et al., 2017; Bonifacino et al., 2022).
3.3 Measurement of cold allodynia
3.3.1 Cold plate test
Rats and mice are placed on a cold plate maintained at 4°C, and the latency to paw withdrawal is measured by observing behavioral responses, such as jumping, paw licking, or paw lifting. The maximum observation time is 30 s. The cold plate test (Model 35,100 - Hot/Cold Plate, Ugo Basile) evaluates the cold pain threshold, utilizing a cylindrical plexiglass chamber and a thermostatic plate that generates variable temperatures. Mice are allowed free movement on the plate set to 4°C. Abnormal behaviors, including tail movements, sudden jumps, and other pain indicators, are recorded during a 5-min trial. To prevent potential tissue damage, a 60-s cutoff time is established. Animals failing to respond within this period are removed from the apparatus, with their latency recorded as 60 s (Sałat et al., 2019a; Marmiroli et al., 2017; Tsubaki et al., 2018).
3.3.2 acetone test
3.3.2.1 Cold pain sensitivity test with acetone spray
Cold allodynia in the hind paw is evaluated by gently spraying an acetone solution at predetermined intervals. A total of 20 μL of acetone is drawn into a syringe and swiftly applied to the plantar surface of the mouse’s paw, ensuring no direct contact with the skin. Both the left and right hind paws are tested, and the average response within 60 s is recorded (Toma et al., 2017). A behavioral investigation examining the preventative effect of a superoxide dismutase modulator on oxaliplatin-induced neuropathy demonstrated that cold sensitivity in mice was assessed following daily high-dose injection. The cold plate test was conducted at an ideal temperature of 2°C ± 0.2°C, and the mice’s responses were monitored within a 5-min interval, with the frequency of vigorous lifts of one or both hind paws recorded as an indicator of cold sensitivity. The cold plate test was performed at baseline prior to treatment, on day 5 of treatment, and on day 10 of each cycle. The results were presented as the mean ± standard deviation of the observers’ counts and were statistically examined using the Mann–Whitney test (Guillaumot et al., 2019).
3.3.2.2 Acetone drip test
The acetone drip test is another applicable method, where acetone is dripped onto the left hind paw of the animal every 3 min throughout the experiment, for a total of five applications. Results are recorded as positive or negative based on the presence or absence of a leg-lifting response (Alaei et al., 2023). Vincenzo et al. (Aloi et al., 2023) employed a greater concentration of acetone solution for application via spraying. Thirty minutes before to the official commencement of the trial, the mice designated for testing were situated in a distinct compartment featuring eight metal mesh floors. Subsequently, 50 μL of acetone solution was administered via spray to one of the rear paws of the mice. Subsequently, two researchers separately evaluated the behavior of the mice. The evaluations from the two researchers were quite consistent. The mean of the scores from the two researchers was utilized for statistical analysis.
3.3.2.3 Acetone injection test
Prior to testing, the rat is placed in a plastic box with a metal mesh bottom for 15 min of acclimation. Using a 0.5 mL syringe with a 26-gauge needle, acetone is injected from beneath the mesh floor onto the ventral surface of one hind paw. The rat’s reaction is monitored for 20 s, and if no response is observed within this period, it is recorded as no response. If a response occurs, an additional 40 s of monitoring is performed, resulting in a total observation time of 1 min from the initial acetone application. Acetone is applied alternately to each hind paw twice, with a 5-min interval between applications (Matsuura et al., 2021). In Karen’s study (Álvarez-Tosco et al., 2024),to evaluate cold allodynia, a 200 µL droplet of acetone was administered to the plantar surface of both hind paws of the mice on days 0, 1, 3, and five of the experiment using an insulin-type syringe. The duration of time the mice engaged in twitching, biting, or licking the stimulated paw was monitored and documented over a span of 2 min.
3.3.3 Cold water tail immersion test
The latency to tail withdrawal in a cold-water bath is used as an indicator of anti-nociceptive effects. The rat’s tail is immersed in water maintained at 4°C or 10°C, and the time from immersion to withdrawal is recorded. The procedure is repeated 3 to 5 times with 5-min intervals between measurements, and the average latency is calculated. To prevent tail tissue damage, the maximum immersion time is capped at 15 s (Alaei et al., 2023; Ling et al., 2007). Chen et al. (Chen R. et al., 2024) utilized a comparable approach for detection. The researchers submerged the tails of rats in a cold water bath at 4°C and performed assessments on days 0, 3, 6, 9, 12, and 15, monitoring and documenting the duration until the animals voluntarily retracted their tails. Each test was conducted with a 5-min interval, comprising a total of three trials. The mean of these three recorded numbers was considered the final result. An upper time restriction of 15 s was established for the experiment to avert tissue harm from low temperatures.
3.3.4 Cold plantar test
Dry ice is crushed into fine powder and packed into a modified 3 mL syringe. The open end of the syringe is pressed against a flat surface, and the plunger is used to compress the dry ice into flat, dense pellets approximately 1 cm in diameter. During the experiment, the tip of the dry ice pellet is extended from the syringe and applied to the central region of the rat’s hindfoot with light and steady pressure, avoiding distal joints. Full contact between the paw and the experimental surface is ensured. A stopwatch is used to record the time from the application of pressure to the paw withdrawal response, which is used to assess the cold pain threshold. Stable pressure application is maintained throughout to ensure the accuracy and reproducibility of the results (Ippolito et al., 2024).
3.4 Heat allodynia test
3.4.1 Hot plate test
For heat allodynia, rats are placed on a hot plate maintained at 50°C, and the latency to licking the left hind paw or jumping is recorded. The test is conducted using a hot plate device featuring a 19 cm diameter metal screen and a 30 cm high plexiglass enclosure. The device is electrically heated to a constant temperature of 50°C ± 1°C and is connected to a timer and thermostat. The time from the start of the test to the animal’s heat pain response, such as forelimb licking or jumping, is recorded as the heat pain reaction time. To prevent injury, the maximum response time is set at 30 s (Alaei et al., 2023; Kukkar et al., 2013). Based on the aforementioned experimental methods, Chen et al. (Chen R. et al., 2024) positioned the rats on a heated plate enclosed with an acrylic lid. Following a 1-min acclimatization period, the detection commenced. Subsequently, the initial occurrence of foot-licking behavior in the rats was documented. The test was administered every 5 min, repeated three times, and the average of these records was computed, with a maximum duration of 60 s for each test.
3.4.2 Thermal radiation method
3.4.2.1 Tail flick test with thermal radiation
The tail flick test, using equipment from Ugo Basile (Milan, Italy), assesses the thermal pain threshold in rats. Infrared heat is applied to the tail, and the nociceptive threshold is automatically measured. The operator activates the stimulation device, and when the rat perceives pain and flicks its tail, a sensor detects the response, stops the timer, and turns off the heat lamp. The tail flick test can involve radiant heat stimulation or immersion of the tail in water baths set at 46°C–52°C. The time required to induce tail flicking or withdrawal is recorded (Toyama et al., 2017; Chen X. et al., 2024).
3.4.2.2 Thermal radiation test on hind paws
Prior to modeling, the thermal pain threshold of the rats is measured. They are placed in a plexiglass box on a glass platform for 20 min before testing. The device is adjusted to ensure the baseline thermal paw withdrawal latency is between 10 and 12 s. If a rat does not exhibit a response, such as paw lifting or licking, within 15 s, it is considered non-responsive, and the power is automatically shut off to prevent injury. Each hind paw is tested three times, with 10-min intervals between measurements (Yu et al., 2021).
3.4.3 Hot water bath rat tail immersion test
Thermal pain sensitivity was evaluated by immersing the last 3 cm of the rat’s tail tip into water baths maintained at either low (10°C) or high (42°C) temperatures. The latency of the tail-flick reflex was measured as an indicator of thermal nociception (Li et al., 2018; Casadei et al., 2022).
3.4.4 Hargreaves experiment
The animal was placed in an enclosed glass chamber, and a thermal stimulus was applied to the plantar surface of the hind paw using a radiation or infrared source positioned at a fixed distance. When the hind paw retracted in reply to the thermal stimulus, this was recorded as a response. The Hargreaves thermal thresholds and the latency to elicit the retraction response were measured and documented (Chen X. et al., 2024). Following a 15-min acclimatization period for the rats, a 50-W halogen lamp was employed to irradiate the plantar areas of both hind paws. The technique was conducted three times, with a 5-min gap between each experiment. A cutoff period of 33 s was established, and the average withdrawal delay of the paw was determined as the final value (Mojadadi et al., 2025).
3.5 Assessment of motor coordination
3.5.1 Rotarod test
Before the experiment, animals undergo adaptive training on the rotarod instrument for three successive days. The rotarod operates at a fixed speed of 18 revolutions per minute (rpm). During each training session, the mice are placed on the rotating rod for 3 min per session, with no limit on the number of sessions. The formal experiment is conducted 24 h subsequent to the ultimate training session. During the experiment, mice are tested at rotarod speeds of 6 rpm, 18 rpm, and 24 rpm after receiving experimental drugs or control solvents. A mouse is considered to have motor dysfunction if it fails to stay on the rotarod for at least 1 min. The results are expressed as the average time spent on the rotarod, serving as an indicator of motor function (Sałat et al., 2015).
A rotarod treadmill (Ugo Basile, Milan, Italy) is used to assess the neuromuscular coordination of rats in control and treatment groups. The time from the rat stepping onto the rotarod to falling off is recorded using the device’s built-in timer. This time is considered the motor performance time (Alaei et al., 2023).
3.5.2 Grip strength test
For the motor strength grip test, the forepaws of each rat are placed on the grip bar, and the tension gauge is zeroed. The experimenter gently pulls the rat’s tail backward until it releases the bar, recording the reading on the tension gauge. This procedure is repeated four times for each rat (Zhou et al., 2019).
4 DISCUSSION
CINP is predominantly characterized as a sensory neuropathy with symmetrical symptoms. Common clinical manifestations include numbness, proprioception loss or impairment, tingling, pricking sensations, and hyperalgesia or allodynia, often affecting the hands and feet in a “stocking-and-glove” distribution pattern (Park et al., 2013). Oxaliplatin-associated CINP presents acutely and exacerbates with successive chemotherapy cycles (Pachman et al., 2016). It is estimated that 65%–98% of chemotherapy patients receiving oxaliplatin develop peripheral neuropathy (Cavaletti and Marmiroli, 2020). Currently, there is no definitive treatment for CINP in Western medicine. The 2020–2021 guidelines from the ASCO recommend duloxetine for pain management (Loprinzi et al., 2020), though its limited efficacy and notable side effects underscore the need for alternative therapeutic strategies. Additional approaches, such as minimally invasive interventional treatments, physical therapy, and external therapies like acupuncture, have been explored for treating CINP(51). We have encapsulated the applications of rats and mice in simulating CINP, detailing specific methodologies, safety protocols, injection dosages, and additional considerations. The table delineates the modeling techniques for the CINP acute model in rats (Table 1), alongside its applicability across several rat types (Table 2), mice (Table 3), and the injection methodologies for both rats and mice (Table 4)(Figures 1,2, ).
TABLE 1 | Rat acute CINP models under different doses and injection methods.
[image: Table 1]TABLE 2 | Rat CINP models with different doses and injection methods.
[image: Table 2]TABLE 3 | Mice CINP models with different doses and injection methods.
[image: Table 3]TABLE 4 | CINP model injection method of rat and mice.
[image: Table 4][image: Figure 1]FIGURE 1 | This figure provides a detailed illustration of the modeling process and subsequent evaluation methods for oxaliplatin-induced effects in rats and mice.
[image: Figure 2]FIGURE 2 | Conduct relevant behavioral and other tests on the successfully modeled rats. (A) Mechanical pain threshold testing (Von Frey hair, Randall-Selitto paw-withdrawal test, Dynamic Aesthesiometer Test); (B,C) Mechanical nociceptive hypersensitivity testing (Von Frey fiber wire method, Randall-Selitto); (D) Cold nociceptive hypersensitivity test (Cold plate method4°C, acetone test, Cold water bath rat tail withdrawal method, Cold paw test); (E) Thermal nociceptive hypersensitivity testing (Hot plate test method 50°C ± 1°C, Thermal radiation method, Hot water bath mouse tail immersion experiment, Hargreaves test); (F) Motor coordination testing (Rotarod test, Motor strength grip test). This figure was created using Figdraw.
OIPN can be classified into acute and chronic types, each driven by distinct mechanisms. Acute OIPN is linked to ion channel dysfunction, aberrant organic cation transporters, and glial cell abnormalities. In contrast, chronic OIPN mechanisms involve nuclear DNA damage, mitochondrial oxidative stress-induced injury, neuroinflammation through glial cell activation, and inflammation associated with gut microbiota disturbances (Yang et al., 2021). Chemotherapy-induced breakdown of the intestinal epithelial barrier results in the translocation of gut microbiota and the release of detrimental endogenous chemicals, thereby provoking the creation of pro-inflammatory mediators. This is a crucial element in the pathophysiology of CINP((Zhong et al., 2019)). Patients undergoing various chemotherapy regimens have encountered significant gut microbial dysbiosis. A notable decrease in bacteria, including Bacteroidetes, Bifidobacterium, and Clostridium clusters IV and XIVa, is observed (Zwielehner et al., 2011). Dorsal root ganglion (DRG) neurons express various ion channels, including voltage-gated sodium channels (Nav), potassium channels (Kv), calcium channels (Cav), chloride channels, and transient receptor potential (TRP) channels, all of which are integral to pain perception and intrinsic excitability regulation (Stevens and Stephens, 2018). Clinical studies in chronic OIPN have shown that 78% of patients present with abnormalities in Na + channels (Lee et al., 2013). The principal effects of chemotherapy-induced neurotoxicity are predominantly linked to cognitive impairment in the central nervous system in OIPN ((Cerulla Torrente et al., 2020)). The buildup of platinum-DNA adducts is regarded as a crucial element in the onset of OIPN((McWhinney et al., 2009)). Neuronal mitochondrial malfunction leading to nitro-oxidative stress is pivotal in OXA-induced neuropathy (Streckmann et al., 2018). (Figures 3–5).
[image: Figure 3]FIGURE 3 | Oxaliplatin generates acute neuropathic pain by disrupting voltage-gated ion channels, activating TRP channels, reducing DNA transcription, causing mitochondrial malfunction, and leading to the emergence of reactive oxygen species (ROS). This figure was created using Bio Render.
[image: Figure 4]FIGURE 4 | Oxaliplatin activates TRPA1 channels on the membranes of dorsal root ganglion (DRG) neurons, facilitating Ca2+ influx, leading to the accumulation of ROS, resulting in mitochondrial DNA (mtDNA) damage, disruption of the electron transport chain, and the opening of the mitochondrial permeability transition pore (mPTP). These alterations subsequently impede ATP synthesis and facilitate neurotoxicity. This figure was created using BioRender.
[image: Figure 5]FIGURE 5 | Activation of TRPA1 leads to Ca2+ influx, which ultimately results in mitochondrial dysfunction and neurotoxicity. mPTP:mitochondrial permeability transition pore,MCU: Mitochondrial Calcium Uniporter, mtDNA: mitochondrial DNA. This figure was created using BioRender.
Oxaliplatin treatment notably alters the expression of voltage-gated ion channels and genes involved in synaptic transmission in DRG neurons of rats (Housley et al., 2020). The activation of glial cells in the DRG, contributes to heightened inflammatory responses and increased neuronal excitability, ultimately leading to chemotherapy-induced hyperalgesia (Fumagalli et al., 2020). Oxaliplatin is believed to primarily induce apoptosis by forming DNA adducts (Yang et al., 2018). Investigations into the mechanisms underlying oxaliplatin-induced CINP focus on the pathological processes and molecular pathways in animal models, with oxidative stress playing a pivotal role in neuropathic injury.
Key indicators for evaluating and validating CINP in animal models include nociceptive abnormalities, particularly tactile allodynia thresholds assessed by electronic Von Frey testing. Neuropathic pain serves as a reliable marker for CINP severity in patients (Kerckhove et al., 2021; Selvy et al., 2021), and measuring nociceptive thresholds in live rodents offers convenience and high reproducibility (Turner et al., 2019). Selecting an appropriate animal model is thus essential for addressing research questions. Anti-inflammatory mechanisms are investigated in male Sprague-Dawley rats (on days 0, 2, and 4) (Miguel et al., 2019). Due to their simplicity in modeling, ease of behavioral assessment, and widespread use, rat and mouse CINP models have become crucial tools for studying human disease mechanisms and exploring preventive and therapeutic strategies, with significant potential for clinical applications. This work summarizes CINP models in multiple rodent species (rats and mice), detailing different dosages, pain detection techniques, and the safety of associated modeling approaches, with the objective of offering more accurate and clinically pertinent CINP models.
Animal models are commonly employed to investigate the mechanisms underlying CINP and, more importantly, to assess the efficacy of drugs in preventing or reversing CINP symptoms (Höke and Ray, 2014). While CINP has been reported to be more severe in female patients (Mizrahi et al., 2021), findings on sex differences in animal studies remain inconsistent. Some studies suggest more pronounced symptoms in males, while others report greater severity in females (Warncke et al., 2021). Therefore, future studies should incorporate both male and female animal models of CINP to improve the translational impact.
Moreover, further exploration is needed regarding factors such as chemotherapy drug type, dosage, administration route, animal model selection, and behavioral assessment methods to establish standardized experimental protocols. This will help reduce experimental bias and enable deeper investigations into current research topics, including DRG sensory neuron injury, ion channel dysfunction, and novel therapeutic approaches.
Considering the significant influence of oxaliplatin dosage on neuropathy and chemotherapeutic effectiveness, it is essential to investigate personalized precision treatment approaches further (Krishnan et al., 2005). At the typical therapeutic dosage, oxaliplatin not only precipitates neuropathy but may also result in extra adverse events. Research indicates that specific chemosensitizers can augment the therapeutic efficacy of oxaliplatin (Ge et al., 2016). Based on this, the dosage of oxaliplatin can be appropriately reduced when using sensitizers. Chemotherapy frequently induces peripheral neuropathy in cancer patients, a prevalent side effect that can severely affect their quality of life. It generally presents with symptoms including numbness, discomfort, and atypical feelings. Despite the availability of certain ways to mitigate these symptoms, CINP continues to pose a significant challenge for cancer patients. To effectively tackle this dilemma, there is an immediate necessity to create more accurate animal models. These models enable researchers to more effectively find novel therapeutic targets and clinical tactics, ultimately significantly enhancing the treatment experience for cancer patients.
AUTHOR CONTRIBUTIONS
YJ: Writing – original draft, Methodology, Writing – review and editing. JS: Writing – original draft, Methodology, Writing – review and editing, Conceptualization. WW: Writing – review and editing, Conceptualization, Supervision, Validation. HP: Writing – review and editing, Investigation. HY: Conceptualization, Writing – review and editing. JY: Writing – review and editing, Conceptualization, Investigation. ZZ: Data curation, Writing – review and editing, Validation. QL: Writing – review and editing, Methodology. NL: Formal Analysis, Software, Writing – review and editing. JF: Supervision, Writing – review and editing. YS: Conceptualization, Writing – review and editing, Supervision. SJ: Visualization, Validation, Writing – review and editing. ML: Funding acquisition, Writing – review and editing, Supervision.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. Funding to the National Natural Science Foundation of China [grant numbers 82104838]; China Health Promotion Foundation Spark Programme [grant numbers XH-D001]; Liaoning Provincial Key Research and Development Programme [grant numbers2024JH2/102500062].
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Agnes, J. P., Dos Santos, B., das Neves, R. N., Luciano, V. M. M., Benvenutti, L., Goldoni, F. C., et al. (2023). β-Caryophyllene Inhibits oxaliplatin-induced peripheral neuropathy in mice: role of Cannabinoid type 2 receptors, oxidative stress and neuroinflammation. Antioxidants (Basel) 12 (10), 1893. doi:10.3390/antiox12101893
 Akaberi, M., Forouzanfar, F., Rakhshandeh, H., and Moshirian-Farahi, S. M. (2024). Analgesic effect of apricot kernel oil on neuropathic pain in rats. Heliyon 10 (15), e34988. doi:10.1016/j.heliyon.2024.e34988
 Alaei, M., Moetamani-Ahmadi, M., Mahaki, H., Fiuji, H., Maftooh, M., Hassanian, S. M., et al. (2023). Nanoliposomal oxaliplatin ameliorates chemotherapy-induced neuropathy. Neurosci. Lett. 812, 137367. doi:10.1016/j.neulet.2023.137367
 Al Moundhri, M. S., Al-Salam, S., Al Mahrouqee, A., Beegam, S., and Ali, B. H. (2013). The effect of curcumin on oxaliplatin and cisplatin neurotoxicity in rats: some behavioral, biochemical, and histopathological studies. J. Med. Toxicol. 9 (1), 25–33. doi:10.1007/s13181-012-0239-x
 Aloi, V. D., Pinto, S., Van Bree, R., Luyten, K., Voets, T., and Vriens, J. (2023). TRPM3 as a novel target to alleviate acute oxaliplatin-induced peripheral neuropathic pain. Pain 164 (9), 2060–2069. doi:10.1097/j.pain.0000000000002906
 Álvarez-Tosco, K., González-Fernández, R., González-Nicolás, M., Martín-Ramírez, R., Morales, M., Gutiérrez, R., et al. (2024). Dorsal root ganglion inflammation by oxaliplatin toxicity: DPEP1 as possible target for peripheral neuropathy prevention. BMC Neurosci. 25 (1), 44. doi:10.1186/s12868-024-00891-y
 Araldi, D., Staurengo-Ferrari, L., Bogen, O., Bonet, I. J. M., Green, P. G., and Levine, J. D. (2024). Mu-Opioid receptor (MOR) dependence of pain in chemotherapy-induced peripheral neuropathy. J. Neurosci. 44 (42), e0243242024. doi:10.1523/JNEUROSCI.0243-24.2024
 Baek, I. S., Choi, S., Yoon, H., Chung, G., and Kim, S. K. (2024). Analgesic effect of Auricular Vagus nerve stimulation on oxaliplatin-induced peripheral neuropathic pain in a rodent model. Exp. Neurobiol. 33 (3), 129–139. doi:10.5607/en24012
 Ballarini, E., Malacrida, A., Rodriguez-Menendez, V., Pozzi, E., Canta, A., Chiorazzi, A., et al. (2022). Sodium-calcium Exchanger 2: a pivotal role in oxaliplatin induced peripheral neurotoxicity and Axonal damage?Int. J. Mol. Sci. 23 (17), 10063. doi:10.3390/ijms231710063
 Bilgin, B., Hekim, M. G., Bulut, F., Kelestemur, M. M., Adam, M., Ozcan, S., et al. (2025). Humanin attenuates metabolic, toxic, and traumatic neuropathic pain in mice by protecting against oxidative stress and increasing inflammatory cytokine. Neuropharmacology 263, 110207. doi:10.1016/j.neuropharm.2024.110207
 Bobylev, I., Joshi, A. R., Barham, M., Neiss, W. F., and Lehmann, H. C. (2018). Depletion of Mitofusin-2 Causes mitochondrial damage in cisplatin-induced neuropathy. Mol. Neurobiol. 55 (2), 1227–1235. doi:10.1007/s12035-016-0364-7
 Bonet, I. J. M., Staurengo-Ferrari, L., Araldi, D., Green, P. G., and Levine, J. D. (2022). Second messengers mediating high-molecular-weight hyaluronan-induced antihyperalgesia in rats with chemotherapy-induced peripheral neuropathy. Pain 163 (9), 1728–1739. doi:10.1097/j.pain.0000000000002558
 Bonifacino, T., Micheli, L., Torazza, C., Ghelardini, C., Farina, C., Bonanno, G., et al. (2022). Pharmacological profile of MP-101, a Novel non-racemic Mixture of R- and S-dimiracetam with increased potency in rat models of cognition, depression and neuropathic pain. Cells 11 (24), 4027. doi:10.3390/cells11244027
 Canta, A., Chiorazzi, A., Pozzi, E., Fumagalli, G., Monza, L., Meregalli, C., et al. (2020). Calmangafodipir reduces sensory alterations and prevents Intraepidermal nerve fibers loss in a mouse model of oxaliplatin induced peripheral neurotoxicity. Antioxidants (Basel) 9 (7), 594. doi:10.3390/antiox9070594
 Cartwright, E., and Cunningham, D. (2017). The role of systemic therapy in Resectable gastric and Gastro-oesophageal Junction cancer. Curr. Treat. Options Oncol. 18 (12), 69. doi:10.1007/s11864-017-0510-0
 Casadei, M., Fiore, E., Rubione, J., Domínguez, L. M., Coronel, M. F., Leiguarda, C., et al. (2022). IMT504 blocks allodynia in rats with spared nerve injury by promoting the migration of mesenchymal stem cells and by favoring an anti-inflammatory milieu at the injured nerve. Pain 163 (6), 1114–1129. doi:10.1097/j.pain.0000000000002476
 Cavaletti, G., and Marmiroli, P. (2020). Management of oxaliplatin-induced peripheral sensory neuropathy. Cancers (Basel) 12 (6), 1370. doi:10.3390/cancers12061370
 Cerulla Torrente, N., Navarro Pastor, J. B., and de la Osa Chaparro, N. (2020). Systematic review of cognitive sequelae of non-central nervous system cancer and cancer therapy. J. Cancer Surviv 14 (4), 464–482. doi:10.1007/s11764-020-00870-2
 Chelini, A., Brogi, S., Paolino, M., Di Capua, A., Cappelli, A., Giorgi, G., et al. (2017). Synthesis and Biological evaluation of novel neuroprotective Pyridazine derivatives as Excitatory Amino acid transporter 2 (EAAT2) Activators. J. Med. Chem. 60 (12), 5216–5221. doi:10.1021/acs.jmedchem.7b00383
 Chen, R., Hu, J., Zhang, Y., Liu, Y., Zhu, J., Pan, Z., et al. (2024a). Total glucosides of paeony ameliorates chemotherapy-induced neuropathic pain by suppressing microglia pyroptosis through the inhibition of KAT2A-mediated p38 pathway activation and succinylation. Sci. Rep. 14 (1), 31875. doi:10.1038/s41598-024-83207-8
 Chen, X., Gan, Y., Au, N. P. B., and Ma, C. H. E. (2024b). Current understanding of the molecular mechanisms of chemotherapy-induced peripheral neuropathy. Front. Mol. Neurosci. 17, 1345811. doi:10.3389/fnmol.2024.1345811
 Choi, S., Chae, H. K., Heo, H., Hahm, D. H., Kim, W., and Kim, S. K. (2019). Analgesic effect of Melittin on oxaliplatin-induced peripheral neuropathy in rats. Toxins (Basel) 11 (7), 396. doi:10.3390/toxins11070396
 Crocetti, L., Guerrini, G., Giovannoni, M. P., Melani, F., Lamanna, S., Di Cesare Mannelli, L., et al. (2022). New Panx-1 Blockers: synthesis, Biological evaluation and molecular dynamic studies. Int. J. Mol. Sci. 23 (9), 4827. doi:10.3390/ijms23094827
 Dai, C., Zhen, F., Yu, L., and Xin, S. (2024). Puerarin alleviates oxaliplatin-induced neuropathic pain by promoting Nrf2/GPX4-mediated antioxidative response. PLoS One 19 (8), e0308872. doi:10.1371/journal.pone.0308872
 de Gramont, A., Figer, A., Seymour, M., Homerin, M., Hmissi, A., Cassidy, J., et al. (2023). Leucovorin and Fluorouracil with or without oxaliplatin as first-line treatment in advanced colorectal cancer. J. Clin. Oncol. 41 (33), 5080–5089. doi:10.1200/JCO.22.02773
 Deng, B., Jia, L., Pan, L., Song, A., Wang, Y., Tan, H., et al. (2016). Wen-Luo-Tong prevents glial activation and nociceptive Sensitization in a rat model of oxaliplatin-induced neuropathic pain. Evid. Based Complement. Altern. Med. 2016, 3629489. doi:10.1155/2016/3629489
 Deng, J., Ding, H. H., Long, J. L., Lin, S. Y., Liu, M., Zhang, X. Q., et al. (2020). Oxaliplatin-induced neuropathic pain involves HOXA6 via a TET1-dependent demethylation of the SOX10 promoter. Int. J. Cancer 147 (9), 2503–2514. doi:10.1002/ijc.33106
 Deuis, J. R., Dvorakova, L. S., and Vetter, I. (2017). Methods used to evaluate pain behaviors in rodents. Front. Mol. Neurosci. 10, 284. doi:10.3389/fnmol.2017.00284
 Dong, Z. B., Wang, Y. J., Cheng, M. L., Wang, B. J., Lu, H., Zhu, H. L., et al. (2022). 2-Bromopalmitate decreases spinal inflammation and attenuates oxaliplatin-induced neuropathic pain via reducing Drp1-mediated mitochondrial dysfunction. PLoS One 17 (10), e0275428. doi:10.1371/journal.pone.0275428
 Fumagalli, G., Monza, L., Cavaletti, G., Rigolio, R., and Meregalli, C. (2020). Neuroinflammatory process involved in different Preclinical models of chemotherapy-induced peripheral neuropathy. Front. Immunol. 11, 626687. doi:10.3389/fimmu.2020.626687
 Furgała, A., Fijałkowski, Ł., Nowaczyk, A., Sałat, R., and Sałat, K. (2018). Time-shifted co-administration of sub-analgesic doses of ambroxol and pregabalin attenuates oxaliplatin-induced cold allodynia in mice. Biomed. Pharmacother. 106, 930–940. doi:10.1016/j.biopha.2018.07.039
 Furgała-Wojas, A., Kowalska, M., Nowaczyk, A., Fijałkowski, Ł., and Sałat, K. (2020). Comparison of Bromhexine and its active Metabolite - ambroxol as potential analgesics reducing oxaliplatin-induced neuropathic pain - Pharmacodynamic and molecular Docking studies. Curr. Drug Metab. 21 (7), 548–561. doi:10.2174/1389200221666200711155632
 Ge, L., Wang, Y. F., Tian, J. H., Mao, L., Zhang, J., Zhang, J. H., et al. (2016). Network meta-analysis of Chinese herb injections combined with FOLFOX chemotherapy in the treatment of advanced colorectal cancer. J. Clin. Pharm. Ther. 41 (4), 383–391. doi:10.1111/jcpt.12410
 Gould, S. A., White, M., Wilbrey, A. L., Pór, E., Coleman, M. P., and Adalbert, R. (2021). Protection against oxaliplatin-induced mechanical and thermal hypersensitivity in Sarm1(-/-) mice. Exp. Neurol. 338, 113607. doi:10.1016/j.expneurol.2021.113607
 Guillaumot, M. A., Cerles, O., Bertrand, H. C., Benoit, E., Nicco, C., Chouzenoux, S., et al. (2019). Oxaliplatin-induced neuropathy: the preventive effect of a new super-oxide dismutase modulator. Oncotarget 10 (60), 6418–6431. doi:10.18632/oncotarget.27248
 Hershman, D. L., Lacchetti, C., and Loprinzi, C. L. (2014). Prevention and management of chemotherapy-induced peripheral neuropathy in survivors of Adult cancers: American Society of clinical Oncology clinical practice guideline summary. J. Oncol. Pract. 10 (6), e421–e424. doi:10.1200/JOP.2014.001776
 Ho, I. H. T., Zou, Y., Luo, K., Qin, F., Jiang, Y., Li, Q., et al. (2025). Sodium butyrate restored TRESK current controlling neuronal hyperexcitability in a mouse model of oxaliplatin-induced peripheral neuropathic pain. Neurotherapeutics 22 (1), e00481. doi:10.1016/j.neurot.2024.e00481
 Höke, A., and Ray, M. (2014). Rodent models of chemotherapy-induced peripheral neuropathy. Ilar J. 54 (3), 273–281. doi:10.1093/ilar/ilt053
 Housley, S. N., Nardelli, P., Carrasco, D. I., Rotterman, T. M., Pfahl, E., Matyunina, L. V., et al. (2020). Cancer exacerbates chemotherapy-induced sensory neuropathy. Cancer Res. 80 (13), 2940–2955. doi:10.1158/0008-5472.CAN-19-2331
 Hu, S., Huang, K. M., Adams, E. J., Loprinzi, C. L., and Lustberg, M. B. (2019). Recent developments of novel Pharmacologic therapeutics for prevention of chemotherapy-induced peripheral neuropathy. Clin. Cancer Res. 25 (21), 6295–6301. doi:10.1158/1078-0432.CCR-18-2152
 Huang, W., Huang, J., Jiang, Y., Huang, X., Xing, W., He, Y., et al. (2018). Oxaliplatin Regulates chemotherapy induced peripheral neuropathic pain in the dorsal Horn and dorsal root ganglion via the Calcineurin/NFAT pathway. Anticancer Agents Med. Chem. 18 (8), 1197–1207. doi:10.2174/1871520618666180525091158
 Huang, X., Deng, J., Xu, T., Xin, W., Zhang, Y., and Ruan, X. (2021). Downregulation of metallothionein-2 contributes to oxaliplatin-induced neuropathic pain. J. Neuroinflammation 18 (1), 91. doi:10.1186/s12974-021-02139-6
 Illias, A. M., Gist, A. C., Zhang, H., Kosturakis, A. K., and Dougherty, P. M. (2018). Chemokine CCL2 and its receptor CCR2 in the dorsal root ganglion contribute to oxaliplatin-induced mechanical hypersensitivity. Pain 159 (7), 1308–1316. doi:10.1097/j.pain.0000000000001212
 Illias, A. M., Yu, K. J., Hwang, S. H., Solis, J., Zhang, H., Velasquez, J. F., et al. (2022). Dorsal root ganglion toll-like receptor 4 signaling contributes to oxaliplatin-induced peripheral neuropathy. Pain 163 (5), 923–935. doi:10.1097/j.pain.0000000000002454
 Ippolito, M., Hayduk, S. A., Kinney, W., Brenneman, D. E., and Ward, S. J. (2024). KLS-13019, a novel structural Analogue of Cannabidiol and GPR55 receptor antagonist, prevents and Reverses chemotherapy-induced peripheral neuropathy in rats. J. Pharmacol. Exp. Ther. 391 (2), 231–240. doi:10.1124/jpet.124.002190
 Jang, A., Choi, G. E., Kim, Y. J., Lee, G. H., and Hyun, K. Y. (2021). Neuroprotective properties of ethanolic extract of Citrus unshiu Markovich peel through NADPH oxidase 2 inhibition in chemotherapy-induced neuropathic pain animal model. Phytother. Res. 35 (12), 6918–6931. doi:10.1002/ptr.7304
 Joseph, E. K., Chen, X., Bogen, O., and Levine, J. D. (2008). Oxaliplatin acts on IB4-positive nociceptors to induce an oxidative stress-dependent acute painful peripheral neuropathy. J. Pain 9 (5), 463–472. doi:10.1016/j.jpain.2008.01.335
 Jung, Y., Lee, J. H., Kim, W., Yoon, S. H., and Kim, S. K. (2017). Anti-allodynic effect of Buja in a rat model of oxaliplatin-induced peripheral neuropathy via spinal astrocytes and pro-inflammatory cytokines suppression. BMC Complement. Altern. Med. 17 (1), 48. doi:10.1186/s12906-017-1556-z
 Kerckhove, N., Selvy, M., Lambert, C., Gonneau, C., Feydel, G., Pétorin, C., et al. (2021). Colorectal cancer survivors Suffering from sensory chemotherapy-induced peripheral neuropathy are not a Homogenous Group: Secondary analysis of patients' profiles with oxaliplatin-induced peripheral neuropathy. Front. Pharmacol. 12, 744085. doi:10.3389/fphar.2021.744085
 Krishnan, A. V., Goldstein, D., Friedlander, M., and Kiernan, M. C. (2005). Oxaliplatin-induced neurotoxicity and the development of neuropathy. Muscle Nerve 32 (1), 51–60. doi:10.1002/mus.20340
 Kukkar, A., Singh, N., and Jaggi, A. S. (2013). Neuropathic pain-attenuating potential of aliskiren in chronic constriction injury model in rats. J. Renin Angiotensin Aldosterone Syst. 14 (2), 116–123. doi:10.1177/1470320312460899
 Kuroda, T., Suzuki, A., Okada, H., Shimizu, M., Watanabe, D., Suzuki, K., et al. (2024). Endothelial Glycocalyx in the peripheral Capillaries is injured under oxaliplatin-induced neuropathy. J. Pain 25 (6), 104462. doi:10.1016/j.jpain.2024.01.005
 Le, Y., Chen, X., Wang, L., He, W. Y., He, J., Xiong, Q. M., et al. (2021). Chemotherapy-induced peripheral neuropathy is promoted by enhanced spinal insulin-like growth factor-1 levels via astrocyte-dependent mechanisms. Brain Res. Bull. 175, 205–212. doi:10.1016/j.brainresbull.2021.07.026
 Lee, K. H., Chang, H. J., Han, S. W., Oh, D. Y., Im, S. A., Bang, Y. J., et al. (2013). Pharmacogenetic analysis of adjuvant FOLFOX for Korean patients with colon cancer. Cancer Chemother. Pharmacol. 71 (4), 843–851. doi:10.1007/s00280-013-2075-3
 Li, D., Lee, Y., Kim, W., Lee, K., Bae, H., and Kim, S. K. (2015). Analgesic effects of Bee Venom derived Phospholipase A(2) in a mouse model of oxaliplatin-induced neuropathic pain. Toxins (Basel). 7 (7), 2422–2434. doi:10.3390/toxins7072422
 Li, L., Shao, J., Wang, J., Liu, Y., Zhang, Y., Zhang, M., et al. (2019). MiR-30b-5p attenuates oxaliplatin-induced peripheral neuropathic pain through the voltage-gated sodium channel Na(v)1.6 in rats. Neuropharmacology 153, 111–120. doi:10.1016/j.neuropharm.2019.04.024
 Li, M., Li, Z., Ma, X., Jin, S., Cao, Y., Wang, X., et al. (2022). Huangqi Guizhi Wuwu Decoction can prevent and treat oxaliplatin-induced neuropathic pain by TNFα/IL-1β/IL-6/MAPK/NF-kB pathway. Aging (Albany NY) 14 (12), 5013–5022. doi:10.18632/aging.203794
 Li, S. F., Ouyang, B. S., Zhao, X., and Wang, Y. P. (2018). Analgesic effect of AG490, a Janus kinase inhibitor, on oxaliplatin-induced acute neuropathic pain. Neural Regen. Res. 13 (8), 1471–1476. doi:10.4103/1673-5374.235305
 Lim, S. C., Choi, J. E., Kang, H. S., and Han, S. I. (2010). Ursodeoxycholic acid switches oxaliplatin-induced necrosis to apoptosis by inhibiting reactive oxygen species production and activating p53-caspase 8 pathway in HepG2 hepatocellular carcinoma. Int. J. Cancer 126 (7), 1582–1595. doi:10.1002/ijc.24853
 Ling, B., Authier, N., Balayssac, D., Eschalier, A., and Coudore, F. (2007). Behavioral and pharmacological description of oxaliplatin-induced painful neuropathy in rat. Pain 128 (3), 225–234. doi:10.1016/j.pain.2006.09.016
 Liu, X., Zhang, L., Jin, L., Tan, Y., Li, W., and Tang, J. (2018). HCN2 contributes to oxaliplatin-induced neuropathic pain through activation of the CaMKII/CREB cascade in spinal neurons. Mol. Pain 14, 1744806918778490. doi:10.1177/1744806918778490
 Llorián-Salvador, M., Pevida, M., González-Rodríguez, S., Lastra, A., Fernández-García, M. T., Hidalgo, A., et al. (2016). Analgesic effects evoked by a CCR2 antagonist or an anti-CCL2 antibody in inflamed mice. Fundam. Clin. Pharmacol. 30 (3), 235–247. doi:10.1111/fcp.12182
 Loprinzi, C. L., Lacchetti, C., Bleeker, J., Cavaletti, G., Chauhan, C., Hertz, D. L., et al. (2020). Prevention and management of chemotherapy-induced peripheral neuropathy in survivors of Adult cancers: ASCO guideline Update. J. Clin. Oncol. 38 (28), 3325–3348. doi:10.1200/JCO.20.01399
 Maia, J., Machado, L. K. A., Fernandes, G. G., Vitorino, L. C., Antônio, L. S., Araújo, S. M. B., et al. (2024). Mitotherapy prevents peripheral neuropathy induced by oxaliplatin in mice. Neuropharmacology 245, 109828. doi:10.1016/j.neuropharm.2023.109828
 Makker, P. G., Duffy, S. S., Lees, J. G., Perera, C. J., Tonkin, R. S., Butovsky, O., et al. (2017). Characterisation of Immune and neuroinflammatory changes associated with chemotherapy-induced peripheral neuropathy. PLoS One 12 (1), e0170814. doi:10.1371/journal.pone.0170814
 Mantyh, P. W. (2006). Cancer pain and its impact on diagnosis, survival and quality of life. Nat. Rev. Neurosci. 7 (10), 797–809. doi:10.1038/nrn1914
 Marcotti, A., Fernández-Trillo, J., González, A., Vizcaíno-Escoto, M., Ros-Arlanzón, P., Romero, L., et al. (2023). TRPA1 modulation by Sigma-1 receptor prevents oxaliplatin-induced painful peripheral neuropathy. Brain 146 (2), 475–491. doi:10.1093/brain/awac273
 Marmiroli, P., Riva, B., Pozzi, E., Ballarini, E., Lim, D., Chiorazzi, A., et al. (2017). Susceptibility of different mouse strains to oxaliplatin peripheral neurotoxicity: Phenotypic and genotypic insights. PLoS One 12 (10), e0186250. doi:10.1371/journal.pone.0186250
 Maruta, T., Nemoto, T., Hidaka, K., Koshida, T., Shirasaka, T., Yanagita, T., et al. (2019). Upregulation of ERK phosphorylation in rat dorsal root ganglion neurons contributes to oxaliplatin-induced chronic neuropathic pain. PLoS One 14 (11), e0225586. doi:10.1371/journal.pone.0225586
 Matsuura, K., Sakai, A., Watanabe, Y., Mikahara, Y., Sakamoto, A., and Suzuki, H. (2021). Endothelin receptor type A is involved in the development of oxaliplatin-induced mechanical allodynia and cold allodynia acting through spinal and peripheral mechanisms in rats. Mol. Pain 17, 17448069211058004. doi:10.1177/17448069211058004
 McWhinney, S. R., Goldberg, R. M., and McLeod, H. L. (2009). Platinum neurotoxicity pharmacogenetics. Mol. Cancer Ther. 8 (1), 10–16. doi:10.1158/1535-7163.MCT-08-0840
 Micheli, L., Di Cesare Mannelli, L., Del Bello, F., Giannella, M., Piergentili, A., Quaglia, W., et al. (2020). The Use of the selective Imidazoline I(1) receptor agonist Carbophenyline as a strategy for neuropathic pain relief: Preclinical evaluation in a mouse model of oxaliplatin-induced neurotoxicity. Neurotherapeutics 17 (3), 1005–1015. doi:10.1007/s13311-020-00873-y
 Micheli, L., Maggini, V., Ciampi, C., Gallo, E., Bogani, P., Fani, R., et al. (2023). Echinacea purpurea against neuropathic pain: Alkamides versus polyphenols efficacy. Phytother. Res. 37 (5), 1911–1923. doi:10.1002/ptr.7709
 Micheli, L., Parisio, C., Lucarini, E., Vona, A., Toti, A., Pacini, A., et al. (2021). VEGF-A/VEGFR-1 signalling and chemotherapy-induced neuropathic pain: therapeutic potential of a novel anti-VEGFR-1 monoclonal antibody. J. Exp. Clin. Cancer Res. 40 (1), 320. doi:10.1186/s13046-021-02127-x
 Miguel, C. A., Raggio, M. C., Villar, M. J., Gonzalez, S. L., and Coronel, M. F. (2019). Anti-allodynic and anti-inflammatory effects of 17α-hydroxyprogesterone caproate in oxaliplatin-induced peripheral neuropathy. J. Peripher Nerv. Syst. 24 (1), 100–110. doi:10.1111/jns.12307
 Mine, K., Kawashiri, T., Inoue, M., Kobayashi, D., Mori, K., Hiromoto, S., et al. (2022). Omeprazole suppresses oxaliplatin-induced peripheral neuropathy in a rodent model and clinical Database. Int. J. Mol. Sci. 23 (16), 8859. doi:10.3390/ijms23168859
 Mizrahi, D., Park, S. B., Li, T., Timmins, H. C., Trinh, T., Au, K., et al. (2021). Hemoglobin, Body Mass Index, and Age as Risk factors for paclitaxel- and oxaliplatin-induced peripheral neuropathy. JAMA Netw. Open 4 (2), e2036695. doi:10.1001/jamanetworkopen.2020.36695
 Mojadadi, M. S., Amin, B., Zeinali, H., and Nazemi, S. (2025). Targeting glial activation to mitigate mirror-image and extraterritorial neuropathic pain in a CCI model of neuropathic pain in male rats. Physiol. Rep. 13 (8), e70318. doi:10.14814/phy2.70318
 Moreira, D. R. M., Santos, D. S., Espírito Santo, R. F. D., Santos, F. E. D., de Oliveira Filho, G. B., Leite, A. C. L., et al. (2017). Structural improvement of new thiazolidinones compounds with antinociceptive activity in experimental chemotherapy-induced painful neuropathy. Chem. Biol. Drug Des. 90 (2), 297–307. doi:10.1111/cbdd.12951
 Mori, T., Kanbara, T., Harumiya, M., Iwase, Y., Masumoto, A., Komiya, S., et al. (2014). Establishment of opioid-induced rewarding effects under oxaliplatin- and Paclitaxel-induced neuropathy in rats. J. Pharmacol. Sci. 126 (1), 47–55. doi:10.1254/jphs.14134fp
 Mroué, M., Bessaguet, F., Nizou, A., Richard, L., Sturtz, F., Magy, L., et al. (2024). Neuroprotective effect of Polyvalent Immunoglobulins on mouse models of chemotherapy-induced peripheral neuropathy. Pharmaceutics 16 (1), 139. doi:10.3390/pharmaceutics16010139
 Noya-Riobó, M. V., Miguel, C., Soriano, D. B., Brumovsky, P. R., Villar, M. J., and Coronel, M. F. (2023). Changes in the expression of endocannabinoid system components in an experimental model of chemotherapy-induced peripheral neuropathic pain: evaluation of sex-related differences. Exp. Neurol. 359, 114232. doi:10.1016/j.expneurol.2022.114232
 Pachman, D. R., Qin, R., Seisler, D., Smith, E. M., Kaggal, S., Novotny, P., et al. (2016). Comparison of oxaliplatin and paclitaxel-induced neuropathy (Alliance A151505). Support Care Cancer 24 (12), 5059–5068. doi:10.1007/s00520-016-3373-1
 Pachman, D. R., Qin, R., Seisler, D. K., Smith, E. M., Beutler, A. S., Ta, L. E., et al. (2015). Clinical course of oxaliplatin-induced neuropathy: results from the Randomized phase III trial N08CB Alliance. J. Clin. Oncol. 33 (30), 3416–3422. doi:10.1200/JCO.2014.58.8533
 Park, S. B., Goldstein, D., Krishnan, A. V., Lin, C. S., Friedlander, M. L., Cassidy, J., et al. (2013). Chemotherapy-induced peripheral neurotoxicity: a critical analysis. CA Cancer J. Clin. 63 (6), 419–437. doi:10.3322/caac.21204
 Rapacz, A., Głuch-Lutwin, M., Mordyl, B., Filipek, B., Abram, M., and Kamiński, K. (2018a). Evaluation of anticonvulsant and analgesic activity of new hybrid compounds derived from N-phenyl-2-(2,5-dioxopyrrolidin-1-yl)-propanamides and -butanamides. Epilepsy Res. 143, 11–19. doi:10.1016/j.eplepsyres.2018.03.024
 Rapacz, A., Obniska, J., Koczurkiewicz, P., Wójcik-Pszczoła, K., Siwek, A., Gryboś, A., et al. (2018b). Antiallodynic and antihyperalgesic activity of new 3,3-diphenyl-propionamides with anticonvulsant activity in models of pain in mice. Eur. J. Pharmacol. 821, 39–48. doi:10.1016/j.ejphar.2017.12.036
 Rapacz, A., Obniska, J., Wiklik-Poudel, B., Rybka, S., Sałat, K., and Filipek, B. (2016). Anticonvulsant and antinociceptive activity of new amides derived from 3-phenyl-2,5-dioxo-pyrrolidine-1-yl-acetic acid in mice. Eur. J. Pharmacol. 781, 239–249. doi:10.1016/j.ejphar.2016.04.033
 Reis, A. S., Paltian, J. J., Domingues, W. B., Novo, D. L. R., Bolea-Fernandez, E., Van Acker, T., et al. (2025). Platinum Deposition in the central nervous system: a novel Insight into oxaliplatin-induced peripheral neuropathy in Young and Old mice. Mol. Neurobiol. 62 (3), 3712–3729. doi:10.1007/s12035-024-04430-y
 Rukh, L., Ali, G., Ullah, R., Islam, N. U., and Shahid, M. (2020). Efficacy assessment of salicylidene salicylhydrazide in chemotherapy associated peripheral neuropathy. Eur. J. Pharmacol. 888, 173481. doi:10.1016/j.ejphar.2020.173481
 Sałat, K., Furgała, A., and Malikowska-Racia, N. (2019a). Searching for analgesic drug candidates alleviating oxaliplatin-induced cold hypersensitivity in mice. Chem. Biol. Drug Des. 93 (6), 1061–1072. doi:10.1111/cbdd.13507
 Sałat, K., Furgała, A., and Sałat, R. (2018). Evaluation of cebranopadol, a dually acting nociceptin/orphanin FQ and opioid receptor agonist in mouse models of acute, tonic, and chemotherapy-induced neuropathic pain. Inflammopharmacology 26 (2), 361–374. doi:10.1007/s10787-017-0405-5
 Sałat, K., Furgała, A., and Sałat, R. (2019b). Interventional and preventive effects of aripiprazole and ceftriaxone used alone or in combination on oxaliplatin-induced tactile and cold allodynia in mice. Biomed. Pharmacother. 111, 882–890. doi:10.1016/j.biopha.2019.01.008
 Sałat, K., Kołaczkowski, M., Furgała, A., Rojek, A., Śniecikowska, J., Varney, M. A., et al. (2017). Antinociceptive, antiallodynic and antihyperalgesic effects of the 5-HT(1A) receptor selective agonist, NLX-112 in mouse models of pain. Neuropharmacology 125, 181–188. doi:10.1016/j.neuropharm.2017.07.022
 Sałat, K., Podkowa, A., Kowalczyk, P., Kulig, K., Dziubina, A., Filipek, B., et al. (2015). Anticonvulsant active inhibitor of GABA transporter subtype 1, tiagabine, with activity in mouse models of anxiety, pain and depression. Pharmacol. Rep. 67 (3), 465–472. doi:10.1016/j.pharep.2014.11.003
 Selvy, M., Kerckhove, N., Pereira, B., Barreau, F., Nguyen, D., Busserolles, J., et al. (2021). Prevalence of chemotherapy-induced peripheral neuropathy in multiple myeloma patients and its impact on quality of life: a single center Cross-Sectional study. Front. Pharmacol. 12, 637593. doi:10.3389/fphar.2021.637593
 Shao, J., Yu, W., Wei, W., Wang, S., Zheng, Z., Li, L., et al. (2023). MAPK-ERK-CREB signaling pathway upregulates Nav1.6 in oxaliplatin-induced neuropathic pain in the rat. Toxicol. Lett. 384, 149–160. doi:10.1016/j.toxlet.2023.07.010
 Soveri, L. M., Lamminmäki, A., Hänninen, U. A., Karhunen, M., Bono, P., and Osterlund, P. (2019). Long-term neuropathy and quality of life in colorectal cancer patients treated with oxaliplatin containing adjuvant chemotherapy. Acta Oncol. 58 (4), 398–406. doi:10.1080/0284186X.2018.1556804
 Staff, N. P., Cavaletti, G., Islam, B., Lustberg, M., Psimaras, D., and Tamburin, S. (2019). Platinum-induced peripheral neurotoxicity: from pathogenesis to treatment. J. Peripher Nerv. Syst. 24 (Suppl. 2), S26-S39–s39. doi:10.1111/jns.12335
 Starobova, H., and Vetter, I. (2017). Pathophysiology of chemotherapy-induced peripheral neuropathy. Front. Mol. Neurosci. 10, 174. doi:10.3389/fnmol.2017.00174
 Staurengo-Ferrari, L., Araldi, D., Green, P. G., and Levine, J. D. (2023). Neuroendocrine mechanisms in oxaliplatin-induced hyperalgesic priming. Pain 164 (6), 1375–1387. doi:10.1097/j.pain.0000000000002828
 Staurengo-Ferrari, L., Bonet, I. J. M., Araldi, D., Green, P. G., and Levine, J. D. (2022). Neuroendocrine stress Axis-Dependence of duloxetine Analgesia (Anti-Hyperalgesia) in chemotherapy-induced peripheral neuropathy. J. Neurosci. 42 (3), 405–415. doi:10.1523/JNEUROSCI.1691-21.2021
 Stevens, E. B., and Stephens, G. J. (2018). Recent advances in targeting ion channels to treat chronic pain. Br. J. Pharmacol. 175 (12), 2133–2137. doi:10.1111/bph.14215
 Streckmann, F., Balke, M., Lehmann, H. C., Rustler, V., Koliamitra, C., Elter, T., et al. (2018). The preventive effect of sensorimotor- and vibration exercises on the onset of Oxaliplatin- or vinca-alkaloid induced peripheral neuropathies - STOP. BMC Cancer 18 (1), 62. doi:10.1186/s12885-017-3866-4
 Toma, W., Kyte, S. L., Bagdas, D., Alkhlaif, Y., Alsharari, S. D., Lichtman, A. H., et al. (2017). Effects of paclitaxel on the development of neuropathy and affective behaviors in the mouse. Neuropharmacology 117, 305–315. doi:10.1016/j.neuropharm.2017.02.020
 Toyama, S., Shimoyama, N., and Shimoyama, M. (2017). The analgesic effect of orexin-A in a murine model of chemotherapy-induced neuropathic pain. Neuropeptides 61, 95–100. doi:10.1016/j.npep.2016.12.007
 Toyama, S., Shimoyama, N., Szeto, H. H., Schiller, P. W., and Shimoyama, M. (2018). Protective effect of a Mitochondria-Targeted Peptide against the development of chemotherapy-induced peripheral neuropathy in mice. ACS Chem. Neurosci. 9 (7), 1566–1571. doi:10.1021/acschemneuro.8b00013
 Trevisan, G., Materazzi, S., Fusi, C., Altomare, A., Aldini, G., Lodovici, M., et al. (2013). Novel therapeutic strategy to prevent chemotherapy-induced persistent sensory neuropathy by TRPA1 blockade. Cancer Res. 73 (10), 3120–3131. doi:10.1158/0008-5472.CAN-12-4370
 Tsubaki, M., Takeda, T., Matsumoto, M., Kato, N., Yasuhara, S., Koumoto, Y. I., et al. (2018). Tamoxifen suppresses paclitaxel-vincristine-and bortezomib-induced neuropathy via inhibition of the protein kinase C/extracellular signal-regulated kinase pathway. Tumour Biol. 40 (10), 1010428318808670. doi:10.1177/1010428318808670
 Turner, P. V., Pang, D. S., and Lofgren, J. L. (2019). A review of pain assessment methods in Laboratory rodents. Comp. Med. 69 (6), 451–467. doi:10.30802/AALAS-CM-19-000042
 Wagner, M. A., Smith, E. M. L., Ayyash, N., and Holden, J. E. (2024a). Prazosin as an adjuvant to increase effectiveness of duloxetine in a rat model of oxaliplatin-induced peripheral neuropathy. Semin. Oncol. Nurs. 40 (5), 151686. doi:10.1016/j.soncn.2024.151686
 Wagner, M. A., Smith, E. M. L., Ayyash, N., Toledo, J., Rasheed, Z., and Holden, J. E. (2024b). Effectiveness of duloxetine on oxaliplatin-induced allodynia and hyperalgesia in rats. Biol. Res. Nurs. 26 (2), 248–256. doi:10.1177/10998004231209444
 Warncke, U. O., Toma, W., Meade, J. A., Park, A. J., Thompson, D. C., Caillaud, M., et al. (2021). Impact of dose, sex, and Strain on oxaliplatin-induced peripheral neuropathy in mice. Front. Pain Res. (Lausanne) 2, 683168. doi:10.3389/fpain.2021.683168
 Warren, G., Osborn, M., Tsantoulas, C., David-Pereira, A., Cohn, D., Duffy, P., et al. (2024). Discovery and Preclinical evaluation of a novel inhibitor of FABP5, ART26.12, effective in oxaliplatin-induced peripheral neuropathy. J. Pain 25 (7), 104470. doi:10.1016/j.jpain.2024.01.335
 Webster, R. G., Brain, K. L., Wilson, R. H., Grem, J. L., and Vincent, A. (2005). Oxaliplatin induces hyperexcitability at motor and autonomic neuromuscular junctions through effects on voltage-gated sodium channels. Br. J. Pharmacol. 146 (7), 1027–1039. doi:10.1038/sj.bjp.0706407
 Yang, K., Yang, J., and Yi, J. (2018). Nucleolar Stress: hallmarks, sensing mechanism and diseases. Cell Stress 2 (6), 125–140. doi:10.15698/cst2018.06.139
 Yang, Y., Zhao, B., Gao, X., Sun, J., Ye, J., Li, J., et al. (2021). Targeting strategies for oxaliplatin-induced peripheral neuropathy: clinical syndrome, molecular basis, and drug development. J. Exp. Clin. Cancer Res. 40 (1), 331. doi:10.1186/s13046-021-02141-z
 Yu, W., Zheng, Z., Wei, W., Li, L., Zhang, Y., Sun, Y., et al. (2021). Raf1 interacts with OIP5 to participate in oxaliplatin-induced neuropathic pain. Life Sci. 281, 119804. doi:10.1016/j.lfs.2021.119804
 Zaręba, P., Gryzło, B., Malawska, K., Sałat, K., Höfner, G. C., Nowaczyk, A., et al. (2020). Novel mouse GABA uptake inhibitors with enhanced inhibitory activity toward mGAT3/4 and their effect on pain threshold in mice. Eur. J. Med. Chem. 188, 111920. doi:10.1016/j.ejmech.2019.111920
 Zhong, S., Zhou, Z., Liang, Y., Cheng, X., Li, Y., Teng, W., et al. (2019). Targeting strategies for chemotherapy-induced peripheral neuropathy: does gut microbiota play a role?Crit. Rev. Microbiol. 45 (4), 369–393. doi:10.1080/1040841X.2019.1608905
 Zhou, H. H., Zhang, L., Zhang, H. X., Xu, B. R., Zhang, J. P., Zhou, Y. J., et al. (2019). Tat-HA-NR2B9c attenuate oxaliplatin-induced neuropathic pain. Exp. Neurol. 311, 80–87. doi:10.1016/j.expneurol.2018.09.014
 Zhou, H. H., Zhang, L., Zhou, Q. G., Fang, Y., and Ge, W. H. (2016). (+)-Borneol attenuates oxaliplatin-induced neuropathic hyperalgesia in mice. Neuroreport 27 (3), 160–165. doi:10.1097/WNR.0000000000000516
 Zwielehner, J., Lassl, C., Hippe, B., Pointner, A., Switzeny, O. J., Remely, M., et al. (2011). Changes in human fecal microbiota due to chemotherapy analyzed by TaqMan-PCR, 454 sequencing and PCR-DGGE fingerprinting. PLoS One 6 (12), e28654. doi:10.1371/journal.pone.0028654
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Jiang, Shi, Wang, Piao, Yao, Yu, Zhai, Liu, Li, Fu, Shen, Jin and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1609791-g005.gif
TRPA1 Activation

mtDNA nam-f Pathway

Mitochondrial Ca®* Overloadand






OPS/images/fphar-16-1609791-t001.jpg
Modeling Injecting Pain Rat species Applicable References

methods drugs behavior research areas
5 mgkg, injected | ip 5 mg/kg +MA, +CA SD male rats Deathless Mechanism research | Matsuura et al.
once description (2021)
10 mg/kg injected | ip 10 mg/kg +MA, +HA CD1 male mice Deathless Curative effect Furgala-Wojas et al.
once description research (2020)
10 mg/kg, injected | i.p 10 mg/kg +MA, +motor | CDI male mice Deathless Developmental Salat et al. (2018)
once deficit description research
10 mg/kg injected | ip 10 mg/kg +CA CD-1 mice Deathless Developmental Furgala et al. (2018)
once description research
6 mg/kg, injected | ip 6 mg/kg +MA, +CH SD male rats Clearly document  Mechanism research | Li et al. (2018)
once that no deaths are
recorded

6 mg/kg, injected | ip 6 mg/kg +MA SD male rats Deathless Mechanism research | Huang et al. (2018)
once description
10 mg/kg, injected | ip 10 mg/kg +MA CD-1 mice Deathless Developmental Rapacz et al. (20182)
once description research
10 mg/kg, injected | ip 10 mg/kg +MA CD1 male mice Deathless Developmental Rapacz et al. (2018b)
once description research
10 mg/kg injected | ip 10 mg/kg +MA CD1 male mice Deathless Developmental Rapacz et al. (2016)
once description research
10 mg/kg, injected | ip 10 mg/kg +MA, +CH, CDI1 male mice Deathless Curative effect Salat et al. (2017)
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once +CH, +CA description research
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Note. i. p. Intraperitoneal injection. i. v. Intravenous injection. CA., Cold allodynia; CH., Cold hyperalgesia. HA. Heat allodynia. HH., Heat hyperalgesia; MA., Mechanical allodynia; MH.,
Mechanical hyperalgesia. +. This behaviour was assessed as pain-like following oxaliplatin administration. This behaviour was assessed as insignificant following oxaliplatin administration.
(The same in the following tables).
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4mg/kg, injected on days 0, | ip 12 mg/kg +MA, +HA | SD maleand | Deathless Developmental Noya-Riobé et al.
2.4 female rats description research (2023)
4 mg/kg, injected once per | ip 20 mg/kg +MA SD maleand | Deathless Mechanism research | Dong et al. (2022)
day for 5 days female rats | description
2.4 mg/kg, injected on days | ip 264 mg/kg +MA, SD male rats | Deathless Curative effect Bonifacino et al.
1-3, 6-10, and 13-15 +MH, +CA description research (2022)
2 mg/kg, injected on days 1, | ip 20 mg/kg +MA, +MH, | SD female  Deathless Mechanism research | Li et al. (2022)
2,3,4,5 +HA, +CA rats description
6 mg/kg, injected on days | ip 24 mg/kg +HH SD male rats | Deathless Mechanism research | Yu et al. (2021)
13,57 description
4 mg/kg, injected once per | ip 20 mg/kg +MA SD maleand | Deathless Mechanism research | Huang et al. (2021)
day for 5 days female rats | description
2 mg/kg, injected once iv 2 mg/kg +MH SD male rats | Deathless Developmental Staurengo-Ferrari

description research et al. (2023)
4 mg/kg, injected twicea | ip 32 mg/kg +MH SD male rats | Deathless Mechanism research | Maruta et al. (2019)
week for 4 weeks description
24 mgkg 32 mglkgor | ip 216 mg/kg, +MH, +CH SD male rats | Deathless Developmental Li et al. (2019)
40 mg/kg, injected twice 288 mg/kg, or description research
weekly ford.5 weeks 36 mg/kg
4mg/kg, injectedon days 1, | ip 32 mg/kg +MH, +CH SD male rats | Deathless Curative effect Zhou et al. (2019)
2,8,9,15,16,22,and 23 description research
4 mg/kg, injected twicea | ip 32 mg/kg +MH, +CH SD male rats | Deathless Mechanism research | Liu et al. (2018)
week for 4 weeks description
2.4 mg/kg, injected daily for | i.p 33.6 mg/kg +MH, +HH | SD malerats | Deathless Developmental Chelin et al. (2017)
2 weeks description research
6 mg/kg, injected daily for | ip 30 mg/kg +MA, +CA SD male rats  Deathless Curative effect Jung et al. (2017)
five consecutive days description research
4 mgkg, injected twicea | ip 36 mg/kg +MH Wistar female | Deathless Curative effect Deng et al. (2016)
week for 4 weeks rats description research
3 mg/kg, injected on days 0, | i.p 12 mg/kg +MA, +motor | SD male and | Deathless Mechanism research | Tllas et al. (2022)
2,46 deficit female rats | description
6 mg/kg, injected once per | ip 36 mg/kg +CA Wistar male | Clearly document | Mechanism research | Alvarez-Tosco et al.
day for 6 days rats that no mice deaths (2024)
are recorded

5 mg/kg, injected on ip 10 mg/kg +MH, +CH SD maleand | Deathless Curative effect Ippolito et al. (2024)
days 14 female rats  description research
2 mg/kg, injected ip 10 mg/kg +MA, +MH | SD maleand | Deathless Curative effect Wagner et al.
5 consecutive days female rats description research (20242)
6 mg/kg, injected on days 1, | i.p 24 mg/kg +MH, SD male rats  Deathless Mechanism research | Shao et al. (2023)
3557 +CH, +HH description
4mg/kg, injected on days 0, | ip 12 mg/kg +MH, +CH SD maleand | Deathless Developmental Shao et al. (2023)
2,4 female rats | description research
4 mg/kg, injected once per | ip 20 mg/kg +MH SD maleand | Deathless Mechanism research | Deng et al. (2020)
day for 5 consecutive days female rats | description
2 mg/kg, injected for five | iv 10 mg/kg +MA, +MH | SD male and | Deathless Curative effect Wagner et al.
consecutive days female rats description research (2024b)
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3 mg/kg, 5 consecutive days, ip 30 mg/kg +MA C57BL/6] male | Deathless Mechanism Dai et al. (2024)
followed by 2 days of rest, for two mice description research
cycles
low-dose (0.3 mg/kg) or high-dose | ip 3 mg/kg +MA, +CA C57BL/6 and | Deathless Experimental Warncke et al.
oxaliplatin (3 mg/kg) for 30 mg/kg BALB/c] male  description Research (2021)
5 consecutive days, followed by and female mice
5 days of rest, followed by a second
cycle of five daily injections
3 mg/kg, three times per week for | ip 36 mglkg +HH C57BL/6 WT | Deathless Mechanism Jang et al. (2021)
4 weeks mice description research
2.4 mg/kg, 5 consecutive days each | ip 24 mglkg +CA CD-1 male mice | Deathless Curative effect Micheli et al.
week for 2 weeks description research (2023)
2.4 mg/kg, injected 2 weeks ip 336mgkg | +HA CD-1 male mice | Deathless Mechanism Crocetti et al.
description research (2022)
2.4 mg/kg, injected 2 weeks ip 336mgkg | +MA, CD-1 male mice | Deathless Mechanism Micheli et al.
+MH, +HA description research (2021)
2.4 mg/kg, 5 consecutive days ip 24 mglkg +MH, +HH CD-1 mice Deathless Developmental Micheli et al.
every week for 2 weeks description research (2020)
30 mg/kg, injected once ip 30 mg/kg +CH STZ mice Deathless Developmental Zargba et al.
description research (2020)
10 mg/kg, injected once per week | ip 30 mg/kg +MA, +HH BALB/c male  Deathless Mechanism Toyama et al.
for 3 weeks. mice description research (2018)
6 mg/kg, injected daily for a ip 30 mg/kg +MH, +CH C57BL/6 male | Deathless Curative effect Li et al. (2015)
continuous 5 days mice description research
3 mg/kg, injected daily ip 30 mg/kg +MA, +CA ICR male mice | Deathless Curative effect Zhou et al.
administration for 5 days, description research (016)
followed by 5 days of rest, for
2 weekly cycles
5 my/kg, injected daily for five | ip 25 mglkg +MA, +CA C57BL/6 male | Deathless Curative effect Le etal. (2021)
consecutive days mice description research
3 mg/kg, injected daily ip 30 mg/kg +MA, +CH BALB/c male | Deathless Curative effect Rukh et al.
administration for 5 days, and female mice | description research (2020)
followed by 5 days of rest, for
2 weekly cycles
3 mg/kg, injected daily ip 15 mglkg +MH, +CH C57BL/6 mice | Deathless Curative effect Ho et al. (2025)
administration for 5 days description research
6 mg/kg, every 3 days over 6 days | ip 12 mg/kg +MA, +CA Swiss male and | Deathless Curative effect Mroué et al.
female mice description research (2024)
5 mg/kg, injected on days 0,2, 4,6 | ip 20 mglkg +MH C57BL/6] and | Deathless Developmental Makker et al.
DEREG male | description research (2017)
mice
2 mg/kg, injected twice a week for | ip 8 mg/kg +MA, +CA+, | Balb-cmale mice | Deathless Mechanism Bilgin et al.
2 weeks HA,+motor description research (2025)
deficit
10 mg/kg, injected on days 0,2 | ip 20 mg/kg +MA, +HH Swiss male mice | Clearly Developmental Reis et al. (2025)
document thatno | research
mice deaths are
recorded
5 mg/kg, injected twice per week | ip 50 mg/kg +MA, +CH C57BL/6 male | Deathless Developmental Kuroda et al.
for 5 weeks mice description research (2024)
3 mg/kg ip 15 mg/kg or | +MH, +CH Swiss male mice | Deathless Mechanism Maia et al. (2024)
3 mg/kg, injected for 5 consecutive 28 mglkg description research
days or 2.8 mg/kg injected into
mice twice a week for 4 weeks
5 mg/kg, injected on days0, 2,4,6, | ip 40 mg/kg +MA, Swiss male mice | Deathless Mechanism Agnes et al.
8,10, 12 and 14 +CH,+ HH description research (2023)
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