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Introduction: Chemotherapy-induced peripheral neuropathy (CIPN) from agents like paclitaxel causes sensory loss and functional
impairment, with limited treatment options. To better model patient-relevant outcomes, we used open field video tracking in rodents to
assess gait, anxiety, and exploratory behavior. This approach provides a more comprehensive assessment of CIPN-related deficits
beyond pain responses.

Methods and Materials: Adult male and female Sprague Dawley rats were given paclitaxel (Taxol; 24 mg/kg cumulative dose) or
a vehicle over 8 days. Their distance traveled, time spent in the center and outer zones of the OF test, and rearing behaviors were
recorded using a PhenoTyper 4500 OF system before and after treatment. Behavioral outcomes were analyzed using 2-way repeated
measures analysis of variance (ANOVA) with significance set at p < 0.05.

Results: Paclitaxel treatment significantly reduced locomotor activity and rearing behavior in rats, reflecting functional impairments relevant
to human CIPN. A three-way ANOVA revealed sex-specific effects, prompting separate analyses by sex. Taxol-treated males showed marked
decreases in both distance traveled and rearing, while females exhibited reductions in locomotion but not rearing. No consistent changes were
observed in anxiety-like behavior, highlighting the selective impact of paclitaxel on motor and exploratory functions.
Discussion/Conclusion: This pilot study demonstrated that paclitaxel-treated rats exhibited significant reductions in spontaneous
behaviors such as distance traveled and rearing activity. These ethologically relevant behavioral measures reflect the clinical symptoms
of CIPN in humans and highlight the utility of OF activity as an appropriate method for tracking ongoing pain and treatment efficacy
in preclinical models of PIPN.

Keywords: chemotherapy-induced peripheral neuropathy, paclitaxel, open field test, locomotor activity, rearing behavior, spontaneous
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a dose-limiting toxicity of various chemotherapy agents,
characterized by distal symmetric sensory loss, neuropathic pain, and functional impairment in a predominantly stocking-
and-glove distribution.' Prevalence of CIPN among patients receiving neurotoxic chemotherapy ranges from 19% to
over 85%. Furthermore, 68% of cases occur within the first month of starting chemotherapy, 60% occur after 3 months,
and 30% occur at 6 months or longer.>> About 30% of patients with CIPN need dose reduction, treatment delay, or

treatment discontinuation because of intolerable neuropathy or functional impairment during neurotoxic chemotherapy.®’
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Duloxetine is the only agent recommended by the American Society of Clinical Oncology that has shown limited efficacy
in treating painful CIPN. With no approved agent for prevention, dose modification remains the primary strategy to
reduce neurotoxicity.* '® However, this approach increases overall morbidity by inadequately controlling neuropathic
symptoms and by risking inferior cancer outcomes.™>'!

Taxanes, particularly paclitaxel, are strongly associated with chemotherapy-induced peripheral neuropathy (CIPN),
affecting up to 60~70% of treated patients.”'*'> Axonal degeneration, loss of intraepidermal nerve fibers, mitochondrial
dysfunction, oxidative stress, and neuroinflammation, all contribute to the development of paclitaxel-induced peripheral
neuropathy (PIPN).'*'7 PIPN in humans results in clinically significant sensory and motor impairments, including
reduced vibration and proprioception, diminished light touch sensation, balance disturbances, slower gait speed, difficulty
with fine motor tasks, and an increased risk of falls.

Current rodent models of PIPN exhibit clinical and molecular features of human PIPN: mechanical allodynia, sensory
loss, and intraepidermal nerve fiber degeneration.'®'®2° These models primarily rely on behavioral assays such as von
Frey filament testing for mechanical hypersensitivity, the acetone test for cold allodynia, and histological analyses of
intraepidermal nerve fiber density and dorsal root ganglia (DRG) pathology.>*' >

However, a critical gap remains in assays capturing functional impairments observed in patients, specifically, gait
disturbances, activity avoidance, and other neurobehavioral changes, limiting translational relevance. To address this
translational gap, in the present pilot study, we used open field (OF) video tracking to capture these phenotypic changes
in rodents, allowing us to quantitatively analyze locomotor activity (distance travelled), anxiety-related behavioral
changes (time spent in center vs. outer zone of the OF test), and exploratory/motivational behavior (rearing). These
behaviors are analogous to human functional deficits: reduced locomotion reflects slower gait and mobility limitations,
avoidance of open areas reflects cautious movement or fall risk, and decreased rearing mirrors reduced engagement in
daily activities. This approach expands the behavioral phenotype beyond reflexive pain responses, providing a preclinical
model of PIPN in evaluation of potential therapeutic interventions targeting these relevant functional deficits. Our data
supports the use of OF video tracking as a relatively simple, objective method to assess CIPN-related functional deficits.

Materials and Methods
Ethical Approval and Animal Welfare

All experimental animal protocols were approved by the Institutional Animal Care and Use Committee at The University
of Texas M.D. Anderson Cancer Center, and were used in accordance with the National Institutes of Health Guidelines
for the Care and Use of Laboratory Animals. The procedures employed in this pilot study were designed to minimize
discomfort to the animals and use the minimum number of animals needed for statistical analysis.

Paclitaxel Administration

Adult male and female Sprague Dawley rats that were 8—10 weeks of age were used in our behavioral experiments.
Pharmaceutical-grade paclitaxel (Taxol; Teva Pharmaceuticals Industries, Tel Aviv, Israel) was diluted with sterile saline
from the original stock concentration of 6 mg/mL (in 1:1 Cremophor EL: ethanol) and administered at a dosage of 6 mg/kg
intraperitoneally every other day for a total of 4 injections, resulting in a final cumulative dose of 24 mg/kg. Control animals
received an equivalent volume of a vehicle consisting only of equal amounts of Cremophor EL and ethanol diluted with
saline at the same concentration as that vehicle in the paclitaxel solution.

Behavioral Test
Animal behavior was recorded using a PhenoTyper 4500 OF activity box (Noldus Information Technology, Leesburg,
VA), which uses EthoVision video tracking software for the capture and analysis of spontaneous behaviors (Figure 1).
The Noldus PhenoTyper is a home-cage monitoring system that can reliably track prolonged, naturalistic rodent behavior
with minimal observer interference.**

Behavioral studies were blinded. Specifically, the investigator doing the open field tests did not know which animals
were vehicle treated, and which were paclitaxel treated at the time of testing. However, it is important to note that one of
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Figure | Noldus PhenoTyper [KMI] PT4500 open-field activity box.

the benefits of using this open field behavioral testing is that blinding is not completely necessary, as all behavior is
recorded and interpreted by the computer software, and thus is not dependent on subjective judgements by the
investigator in the same way as other behavioral tests such as vonFrey.

Day 8 was chosen as an endpoint, because at this day, peak behavioral responses to paclitaxel are known to be present
based on previous studies. We chose not to go past this date both for ethical and humane treatment reasons, as well as to
prevent the animals from becoming overly acclimated to the testing chambers, thus impacting results dependent on
exploratory behaviors.

Each animal was placed in a separate chamber measuring 18.5 inches long x 18.5 inches wide x 26 inches high with
a camera inserted into the top, directly above the center of the chamber to capture animal movements. The behaviors
recorded in our pilot study included distance traveled, time spent in the center zone and the outer zones of the OF, and
rearing. Behavioral recordings were completed for 30 minutes in a quiet room from 9:00 AM to 11:00 AM with the
overhead room lights on. A baseline recording of animal activity in the OF box was taken on Day 0 (before paclitaxel
administration), and post-treatment recording was taken on Day 8 (24 hours after the final paclitaxel injection) (Figure 2).

Results

General Observations and Pilot Study Timeline
Sex Differences and Interaction Effects

The literature on the translation of behavioral outcomes from the rat OF test to human studies of CIPN is growing.
Researchers have shown increasing validity of rats’ locomotor activity, as measured using the OF test, as a surrogate for
human physical activity and mobility, exploratory behavior and motivation, and anxiety-like behavior, with new models
and methodologies continuing to enhance its translational relevance.

Furthermore, sexually dimorphic responses in sensory neuron excitability and behavioral outcomes in rats, especially
in locomotor activity and anxiety-like behaviors on OF following intraperitoneal paclitaxel administration, suggest that
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Figure 2 Raw Open Field Tracking Data.

males and females exhibit differential neurobiological and behavioral adaptations to CIPN.?>2’ To determine the effect
of paclitaxel on locomotor activity and of sex on OF test results in our pilot study animals, we performed 3-way ANOVA
to assess the effect of time, treatment, sex, and their interaction on individual OF test parameters. This test revealed
a significant main effect of sex on distance traveled (F(1,20) = 14; P = 0.0011), rearing (F(1,20) = 10; P = 0.0045), and
time spent in the outer zone (F(1,20) = 8.8; P = 0.0077). Subsequently, we found a significant interaction of sex and
treatment on distance travelled (F(1,20) = 7.2, P = 0.014) and rearing ((F(1,20) = 11, P = 0.0031) (Figure 3). Thus, we
split up the male and female rats for subsequent analyses.

Effects of Paclitaxel on Locomotor Activity in the OF Test

Intraperitoneal administration of paclitaxel in rat models reliably induces chemotherapy-induced peripheral neuropathy
(CIPN), which is characterized by the development of mechanical allodynia, cold hypersensitivity, and persistent sensory
deficits.*®* Previous studies demonstrated rats’ locomotor activity as measured in the OF test to be a valid surrogate for
human functional impairments and decreased physical activity, reflecting both pain-related behavioral suppression and
possible sensorimotor deficits.*’

In male rats, 2-way ANOVA revealed significant main effects of time (F(1,10) = 14; P = 0.0035) and treatment (F(1,10) =
7.2; P=0.023) on distance traveled. Post hoc analysis demonstrated that continuous injection of paclitaxel but not the vehicle
significantly reduced locomotor activity as measured according to distance traveled before treatment (BL) compared with day
8 (t = 4.1; p = 0.0022). Moreover, paclitaxel-treated rats traveled markedly less than vehicle-treated rats did following 4
paclitaxel injections (t = 3.2; p = 0.0050), further confirming the negative effect of paclitaxel on locomotor activity.

We observed a similar effect in female rats, with 2-way ANOVA revealing a significant main effect of time (F(1,10) =
7.1; P =0.024) and interaction of time and treatment (F(1,10) = 9.7; P = 0.011) on distance traveled (F(1,10) = 9.66; P =
0.0111). Indeed, continuous paclitaxel injection significantly reduced the distance traveled by female rats at day 8 when
compared with baseline (¢ = 4.1; p = 0.0022), whereas vehicle injection did not cause any significant differences in the
distance traveled between baseline and day 8.

Changes in Rearing Behavior Following Treatment with Paclitaxel

We have observed decreased rearing behavior in rat models following intraperitoneal administration of paclitaxel to
induce CIPN. This reduction in rearing is interpreted as a marker of both functional impairment and pain-related
behavioral suppression in the OF test. Specifically, paclitaxel-treated rats exhibit a significant decline in vertical
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Figure 3 Mean * SEM for (A) Center Zone: time spent in the center zone, (B)Outer Zone: time spent in the outer zone, (C) Distance: total distance traveled, and (D)
Rearing: rearing frequency, combining both male and female groups. Behavioral data were analyzed using three-way ANOVAs with treatment (Veh vs. Taxol), time (BL vs.
D8), and sex (male vs. female) as independent variables.

exploratory activity (rearing), which is temporally associated with the onset and persistence of mechanical and cold
hypersensitivity as well as ongoing pain-like behaviors.

In male rats, 2-way ANOVA revealed a significant main effect of treatment (F(1,10) = 11.25; P = 0.0073) and
interaction of time and treatment (F(1,10) = 6.883; P = 0.025) on rearing frequency. Post hoc analysis demonstrated
a significant decrease in rearing frequency in paclitaxel-treated rats from baseline to day 8 (t = 2.7; p = 0.022).
Furthermore, paclitaxel-treated rats had markedly decreased rearing frequency compared with that for vehicle-treated
rats following 4 paclitaxel injections (t = 4.3; p = 0.00040), further supporting paclitaxel’s effect of behavioral
suppression.

In female rats, 2-way ANOVA revealed no significant main effects of either time or treatment on rearing frequency
(all P > 0.5). As such, the interaction of time and treatment and the differences within and between the paclitaxel- and
vehicle-treated groups was negligible.

The data reveal a clear sex-specific effect of paclitaxel on rearing behavior, suggesting that male rats are more
susceptible to paclitaxel-induced behavioral suppression than female rats are. In male rats, the significant main effect of
treatment and interaction of time and treatment demonstrate that treatment with paclitaxel not only reduced rearing

frequency but also but did so progressively over time. The post-hoc findings further confirmed this, demonstrating both
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a within-group reduction in rearing frequency from baseline to day 8 and a between-group difference when compared
with vehicle-treated controls. In contrast, we did not observe a significant effect of paclitaxel treatment on rearing
frequency in paclitaxel-treated female rats.

These sex-specific trajectories suggest differential sensitivity of rats to paclitaxel’s behavioral effects and highlight
the importance of sex as a biological variable in assessing neuropathy-related outcomes.

Time Spent in Inner and Outer Zones During OF Testing

Time spent in the inner versus outer zones during OF testing in rodent models of paclitaxel-induced CIPN is translationally
significant because increased time in the outer zone and decreased time in the inner zone are robust indicators of anxiety-
like and pain-suppressed behaviors, which are clinically relevant comorbidities in patients with CIPN.

Rodents naturally prefer the periphery (outer zone) of an OF owing to their innate aversion to open, brightly lit
spaces; increased time in the outer zone and decreased time in the inner zone reflect heightened anxiety.>'

In both male and female rats, 2-way ANOVA revealed a lack of statistically significant main effects of treatment or
time, and interaction between time and treatment on time spent in the center zone of the OF test (all P > 0.05). These
findings demonstrated that neither treatment with paclitaxel nor the passage of time influenced anxiety-related behavior,
as measured according to center zone exploration.

We observed the same finding regarding time spent in the outer zone for male rats. Two-way ANOVA revealed a lack
of statistically significant main effects of treatment or time, and interaction between time and treatment on time spent in
the center zone of the OF test (all P > 0.05). In female rats, despite no significant main effects of time or treatment on
zone activity, we detected a significant effect of interaction of time and treatment (F (1, 10) = 5.4, P = 0.042), indicating
that the effect of treatment on behavior varied depending on the time point. Despite this interaction, post hoc analyses did
not reveal any significant differences in specific group comparisons (P > 0.05), suggesting that the interaction effect
reflects a subtle or trend-level pattern in zone activity not captured by individual pairwise contrasts.

Discussion

In this pilot exploratory study, we sought to characterize the toxic effects of PIPN using ethologically relevant measures and
tracking neurobehavioral changes in a rat model following an 8 days of exposure to paclitaxel. Our findings demonstrate
a significant decrease in distance traveled in both male and female rats and reduced rearing activity in male rats treated with
paclitaxel (Figures 2—5). These spontaneous pain-related behavioral changes offer valuable insight into the persistent effects
of paclitaxel-induced damage that extend beyond traditionally tested evoked pain responses. Therefore, these metrics may

=0.0022
A p B

p = 0.0022
5000 8000  —
. N e Veh p=0.0156 e \Veh
__ 4000 E A s 4 Taxol  _ go00- | LA 4 Taxol
g o| ita E ° A °
= 3000 i by o . A
8 a 8 4000+ A
S 2000 y § L
5 8
o =) o
1000 2000
0 1 1 0 1 1
BL D8 BL D8
Timepoint Timepoint

Figure 4 Mean distance traveled (+ SEM) at baseline (BL) and day 8 (D8) following treatment with either vehicle (Veh) or paclitaxel (Taxol). (A) Distance Male: Distance
travelled by male rats. Two-way anova reveals a significant main effect of time (F (I, 10) = 14, P =0.0035), and treatment (F (I, 10) =7.2, P =0.023). (B) Distance Female: Distance
travelled by female rats. Two-way anova reveals a significant main effect of time (F (I, 10) = 7.1, P = 0.024), and interaction of time x treatment (F (I, 10) =9.7, P = 0.011). Post
hoc pairwise comparisons (Fisher’s LSD test) are shown in the bar graphs. Sample size per group: n = 6.
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Figure 5 Mean rearing frequency (+ SEM) at baseline (BL) and day 8 (D8) following treatment with either vehicle (Veh) or paclitaxel (Taxol). (A) Rearing — Frequency, Male.
Two-way anova reveals a significant main effect of treatment (F (I, 10) = 11.25, P = 0.0073), and interaction of time x treatment (F (I, 10) = 6.883, P = 0.025). (B) Rearing —
Frequency, Female. Post hoc pairwise comparisons (Fisher’s LSD test) are shown in the bar graphs. Sample size per group: n = 6.

offer a more clinically relevant model for evaluation of CIPN, where patients report disruptions in voluntary movement and
daily activity rather than only mechanical hypersensitivity or stimulus-evoked pain.

A key consideration in interpreting these findings is whether spontaneous pain-related behavioral alterations reflect
motor impairment or sensory pain. Authors have reported a lack of significant motor dysfunction in rodent models,
particularly following treatment with low-dose paclitaxel treatment as measured by using grip strength or rotarod
performance tests.*%*? Moreover, the presence of damaged mitochondria in sensory neurons in the dorsal root ganglia
but not in the motor neurons in the ventral root further suggests sensory impairment as the etiology of decreased
voluntary movement in rats with PIPN.?* In clinical settings, patients with CIPN tend to exhibit sensory impairment (eg.,
pain, tingling, numbness) more prominently than motor dysfunction, although at higher cumulative doses of paclitaxel
some motor deficits have been observed.>** Hence, the reduction in spontaneous activities such as distance traveled and
rearing in an OF test most likely mirrors the persistent pain rather than motor deficits. Therefore, these behavioral
assessments may be useful in modeling the chronic, ongoing discomfort experienced by patients with CIPN.

The reduction in distance traveled and rearing behavior by our study animals may be explained by various cellular and
molecular mechanisms of PIPN that were previously elucidated. Paclitaxel’s mechanism of action involves binding to and
stabilizing microtubules which in turn disrupts normal assembly and disassembly of microtubules and subsequently axonal
transport.® Consequently, axonal degeneration occurs, particularly in long distal sensory axons.>® Other studies implicated
mitochondrial dysfunction and reactive oxygen species as having roles in the development and maintenance of paclitaxel-
induced pain by demonstrating a temporal correlation between mitochondrial dysfunction and pain behavior.*'**” Another
widely acknowledged mechanism of PIPN is the increased neuroinflammation and glial activation in the dorsal root ganglia
and spinal dorsal horn, which cause hypersensitivity and pain.***' Notably, blocking inflammatory mediators can attenuate
CIPN symptoms and compensatory behaviors, further supporting these mechanisms.*?

Studies have well established that time spent in the center zone and outer zone in the OF test is indicative of anxiety-like
behavior. In other words, a rat that spends more time exploring the center zone displays less anxiety-like behavior than one
that remains close to the edge of the OF (outer-zone).*>** Despite not reaching statistical significance, paclitaxel-treated
female rats showed a reduced amount of time spent in the center zone and a slightly increased amount in the periphery
(Figure 6). Authors previously reported delayed onset of neurobehavioral side effects in mice which may explain the lack of
significance in our current findings.*> Previous studies support the findings in the present pilot study, suggesting that there
may be a correlation between paclitaxel administration and emotion regulation. For example, in a recent study by Pathak
and Singh (2025), female rats exhibited heightened fear response and exaggerated anxious behaviors in OF tests after
treatment with paclitaxel as demonstrated by their preference for safer behaviors and avoidance of risk-taking activity.*® In
alignment with our findings, Toma et al (2017) and Liu et al (2022) also found that mice spent more time in outer zones
than in the inner zones following paclitaxel administration.**® The link between psychopathological side effects of
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Figure 6 Mean zone activity (+ SEM) at baseline (BL) and day 8 (D8) following treatment with either vehicle (Veh) or paclitaxel (Taxol). (A) Time Spent in Center Zone —
Cumulative (min), Male. (B) Time Spent in Center Zone — Cumulative (min), Female. (C) Time Spent in Outer Zone — Cumulative (min), Male. (D) Time Spent in Outer
Zone — Cumulative (min), Female. No significant post hoc pairwise comparisons (Fisher’s LSD test) were found. Sample size per group: n = 6.

chemotherapeutic agents, including anxiety and depression, is well established. The exact pathophysiology underlying
anxiety in CIPN cases is still under investigation and future studies with longer follow-up times are needed to more
accurately evaluate the effects of paclitaxel on neurobehavior in rodent models.

This pilot study had several limitations. Because of the small sample size, the findings should be interpreted
conservatively, and their generalizability may be limited. When drawing conclusions using ANOVA results, the small
sample size (n=6) poses challenges due to the inability to assess normality and homogeneity of variance assumptions. In
future studies, it is necessary to increase the sample size due to the considerable variation in our current pilot study.
Although OF activity provides valuable insight into spontaneous, ethologically relevant behaviors, we did not include
conventional nociceptive assays such as the von Frey test in this pilot study. The absence of an evoked mechanical
sensitivity measure limits our ability to directly confirm the development of paclitaxel-induced mechanical allodynia.
Future studies will incorporate von Frey testing in parallel to further validate spontaneous behavioral changes against
established CIPN phenotyping methods. Moreover, we observed significant behavioral changes, but we did not study the
underlying mechanisms of these changes. Furthermore, given that we tracked the behavioral changes at only one time
point, our understanding of longer term and cumulative paclitaxel exposure is limited.

In conclusion, we identified preliminary differences in gait parameters such as distance traveled and rearing behaviors
according to sex in paclitaxel-treated rats. These findings indicate the importance of establishing objective, clinically
relevant measures in preclinical models that accurately reflect the sustained pain and sensory deficits experienced by
patients with CIPN. The findings support the potential feasibility of using an objective, accessible methodology with
which to assess the progression or improvement of ongoing symptoms due to CIPN. Given the limitations, larger,

adequately powered studies are needed to confirm these trends and explore whether such measures may ultimately
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contribute to more translationally meaningful assessments of CIPN. Moreover, we expect that behavioral changes would
be improved by treatment of CIPN, and we plan to test this in later studies.
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