Psychopharmacology
https://doi.org/10.1007/500213-025-06778-y

ORIGINAL INVESTIGATION ——

®

Check for
updates

Early oral administration of THC:CBD formulations prevent pain-
related behaviors without exacerbating paclitaxel-induced changes
in weight, locomotion, and anxiety in a rat model of chemotherapy-
induced neuropathy

Delia Soriano'" - Pablo Rodolfo Brumovsky?* - Marcelo José Villar' - Maria Florencia Coronel'

Received: 24 October 2024 / Accepted: 24 March 2025
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2025

Abstract

Rationale Paclitaxel-induced neuropathy stands out as the primary, dose-limiting side effect of this extensively used chemo-
therapy agent. Prolonged hypersensitivity and pain represent the most severe clinical manifestations. Effective preventive
and therapeutic strategies are currently lacking.

Objectives Our study aimed to assess the impact of early oral administration of pharmaceutical-grade formulations contain-
ing the phytocannabinoids THC and CBD in a rat model of paclitaxel-induced neuropathy.

Methods The experimental design involved the co-administration of paclitaxel and cannabinoid formulations with different
THC to CBD ratios (THC:CBD 1:1 and THC:CBD 1:20) to adult male rats. Mechanical and thermal sensitivity, locomo-
tor activity, vertical exploratory behaviors, anxiety-related parameters, weight gain, food and water consumption, and liver
functionality were assessed.

Results Daily administration of THC:CBD 1:1 successfully prevented paclitaxel-induced cold allodynia, while THC:CBD
1:20 effectively prevented both thermal and mechanical hypersensitivities. Additionally, THC:CBD 1:1 formulation restored
rearing behavior, significantly reduced by paclitaxel. Conversely, neither cannabinoid formulation was able to counter-
act paclitaxel-induced hypo-locomotion, reduced vertical exploratory activity, increased anxiety-like behaviors, attenuated
weight gain, or decreased food and water intakes. However, the formulations employed did not induce further alterations or
toxicity in animals receiving paclitaxel, and no signs of liver damage were detected.

Conclusions Our results suggest a differential therapeutic effect of two THC:CBD formulations on pain-related behaviors
and spontaneous activities, particularly in the context of peripheral neuropathy. These formulations represent a promising
therapeutic strategy not only to managing pain but also for enhancing daily activities and improving the quality of life for
cancer patients.

Keywords Paclitaxel-induced behavioral changes - Cannabinoid formulations - THC:CBD ratios - Cannabinoid
therapeutic actions - Drug-induced neurotoxicity - Spontaneous behaviors in rodents - Pain management - Ethological
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Introduction

Paclitaxel, a chemotherapeutic agent widely used in the
treatment of various cancers, is notably effective but often
limited by its severe side effects, particularly peripheral
neuropathy (Burgess et al. 2021; Cimbro et al. 2024; Kurt et
al. 2023). This condition, characterized by symptoms such
as numbness, tingling, and persistent pain, represents the
most significant dose-limiting side effect in paclitaxel-based
regimens (Cimbro et al. 2024; Nyrop et al. 2019; Soriano
et al. 2024). Approximately 40-60% of patients receiving
paclitaxel experience neuropathy, which can persist long
after treatment completion, severely impacting quality of
life and sometimes leading to discontinuation of a poten-
tially life-saving therapy (Cimbro et al. 2024; Nyrop et al.
2019; Soriano et al. 2024). In addition, patients receiving
paclitaxel may experience motor impairments, cognitive
difficulties, and mood disorders such as depression and anx-
iety (Ibrahim and Ehrlich 2020; Liu et al. 2022; Loprinzi
et al. 2011; Wang et al. 2021). Unfortunately, there are no
specific preventive strategies for chemotherapy-induced
peripheral neuropathy (CIPN) (Mezzanotte et al. 2022).
In addition, existing treatments are largely palliative and
fail to adequately address the underlying pathophysiologi-
cal mechanisms (Ibrahim and Ehrlich 2020; Loprinzi et al.
2020). Therefore, there is a pressing need to discover new
therapies for the prevention and management of CIPN and
associated neuropathic pain.

Recent advances in understanding cannabinoid pharma-
cology have sparked interest in the potential of phytocan-
nabinoids, particularly A’-tetrahydrocannabinol (THC) and
cannabidiol (CBD), as therapeutic agents for neuropathic
pain (Hansen et al. 2023; Ueberall et al. 2019; Zubcevic
et al. 2023). These compounds, derived from the cannabis
plant, interact with the endocannabinoid system, involved
in modulating pain and inflammation (Maldonado et al.
2016; Woodhams et al. 2017). Notably, THC and CBD have
analgesic, anti-inflammatory, and neuroprotective proper-
ties, making them attractive candidates for CIPN treatment
(D’Andre et al. 2021; Lynch et al. 2014; Nielsen et al. 2022).

In fact, among over 500 different compounds produced
by the cannabis plant (Radwan et al. 2021), THC and CBD
have been widely studied for the treatment of diverse pathol-
ogies of the nervous system (Devinsky et al. 2016; Duncan
et al. 2024; Vaney et al. 2004; Woodward et al., 2014). THC,
the major psychotropic component of cannabis, has been
shown to regulate energy metabolism (Jirbe and DiPatrizio
2005), inflammatory processes (Lyman et al. 1989), analge-
sia (Lichtman and Martin 1991), locomotion (Anderson et
al. 1975), and anxiety (Onaivi et al. 1990). The non-psycho-
tropic CBD exhibits anti-inflammatory (Costa et al. 2004),
antipsychotic (Zuardi et al. 2006), anxiolytic (Guimaraes et
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al. 1990), and neuroprotective effects (Garcia-Arencibia et
al. 2007). Preclinical and clinical studies have reported that
the combination of both cannabinoids enhances their thera-
peutic effects, and it is also proposed that CBD may coun-
teract THC adverse effects (Karniol and Carlini 1973; Klein
et al. 2011; Pennypacker and Romero-Sandoval 2020).

In recent decades, research on the therapeutic effects of
THC and CBD in pain models has expanded significantly
(Comelli et al. 2008; Starowicz and Finn 2017; Xiong et
al. 2012). In the context of CIPN, THC and/or CBD have
been shown to produce analgesic effects (Harris et al. 2016;
King et al. 2017; Ward et al. 2014). However, these effects
vary depending on the phytocannabinoid(s) used, dosis, and
route of administration, suggesting that their analgesic effi-
cacy may largely depend on the specific THC:CBD ratio
and treatment regimen. This variability is reflected in the
low efficacy observed in the few studies conducted in CIPN
patients, where only mild or no analgesia was reported
(Cavaletti et al. 2021; D’Andre et al. 2021; Lynch et al.
2014). This lack of traslation success highlights the impor-
tance of thorough preclinical characterization of cannabi-
noid formulations before advancing to clinical applications.

In addition to peripheral neuropathy and associated pain,
other chemotherapy-related adverse effects could be modu-
lated by cannabinoids. However, their role in this modu-
lation has been minimally explored in preclinical models
(Blanton et al. 2019; Ostadhadi et al. 2015). Therefore, our
study aimed to assess the efficacy of early oral administra-
tion of pharmaceutical-grade formulations containing THC
and CBD in a rat model of paclitaxel-induced neuropathy.
Specifically, we investigated the effects of two distinct
THC to CBD ratios (1:1 and 1:20) on various behavioral
and physiological parameters associated with neuropathy,
including mechanical and thermal sensitivity, locomo-
tor activity, vertical exploratory behaviors, anxiety-related
parameters, weight gain, food and water consumption, and
liver toxicity.

Materials and methods
Ethics

All the experiments involving animals underwent thorough
review and approval by the local Animal Care and Use
Committee from Instituto de Investigaciones en Medic-
ina Traslacional (IIMT) CONICET-Universidad Austral,
Buenos Aires, Argentina (Assurance number 03/2020 and
04/2020). The design of experimental protocols and behav-
ioral tests adhered to the three Rs principle, aiming to mini-
mize both the quantity of animals used and any discomfort
they might experience. These tests strictly followed the
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guidelines for animal research outlined by the International
Association for the Study of Pain (IASP) and the “Guide
for the Care and Use of Laboratory Animals” from the U.S.
National Research Council.

Animals and housing

Ninety-six adult male Sprague-Dawley rats, weighing 200 g
(6 weeks old), were housed in standard cages with four rats
per cage. Animals were obtained from the Animal Care
Facility of the School of Biochemistry and Pharmacy at
the University of Buenos Aires. Upon arrival at the animal
facility of the IIMT CONICET — Universidad Austral, the
rats were given at least 7 days to acclimatize to their housing
environment. Throughout the acclimatization period and the
experimental phase, the rats were maintained in a room with
controlled temperature (23+1 °C) and a light cycle of 12 h
light/12 hours dark (7 am on, 7 pm off). They had ad libi-
tum access to standard laboratory rodent chow food and tap
water, as described in previous studies (Casadei et al. 2021;
Miguel et al., 2022; Noya-Riobd et al. 2023).

Drug administration and experimental design

Animals were randomly selected and separated into two
cohorts for experimental studies with two different THC:CBD
formulations. In each cohort, rats randomly assigned to the
different experimental groups were injected with clinically
formulated paclitaxel solution (4 mg/ml, Laboratorio Rich-
mond, Argentina) or vehicle (0.9% sterile saline solution)
and received clinical grade cannabinoid formulations with
known and consistent composition (either THC:CBD 1:1 or
THC:CBD 1:20, Cannava SE, Argentina) or vehicle (sesame
oil, Cannava SE, Argentina). Thus, 3 experimental groups
were included in each experimental study: control (CTL)
animals receiving saline solution and sesame oil (n=16);
animals receiving paclitaxel (PAX) and sesame oil (n=16);
animals treated with PAX plus cannabinoid formulations
containing either THC:CBD 1:1 (PAX+THC:CBD 1:1) or
THC:CBD 1:20 (PAX+THC:CBD 1:20) (n=16).

Fig. 1 Experimental design.
Schematic representation of
the experimental timeline of
drug administration, as well e
as behavioral testing days. d,
day; po, oral administration; ip,
intraperitoneal; THC:CBD, A°-
tetrahydrocannabinol:cannabidiol
formulations; VF, von Frey test;
OF, open field

Sesame oil (po)

d-a

VF+Choi Tests

PAX was administered intraperitoneally (ip) at a dose
of 4 mg/kg/day, with injections given on days 0, 2, 4, and
7, resulting in a cumulative dose of 16 mg/kg (Ullah et al.
2021). Control animals received an equivalent volume of
vehicle solution following the same administration proto-
col. The initiation of PAX/saline administration on day 0
also corresponds with the beginning of daily administration
of cannabinoid formulations/sesame oil (Fig. 1). Sesame oil
and cannabinoid formulations were orally administered (po)
in a volume of 100 pl using an automatic pipette (100 pl/
day, THC:CBD 1:1=2.5 mg/kg/day THC+2.5 mg/kg/day
CBD or THC:CBD 1:20=0.5 mg/kg/day THC+ 10 mg/kg/
day CBD). The doses of paclitaxel and THC:CBD formula-
tions used are equivalent to those administered to patients
(PAX=135mg/m?/cycle; THC:CBD 1:1=30 mg/day THC
and 30 mg/day CBD; THC:CBD 1:20=6 mg/day THC and
120 mg/day CBD) (Gurgenci et al. 2024; Inglet et al. 2020;
Johnson et al. 2010; Stage et al. 2018).

Before the initiation of the oral treatment, all animals
received 100 ul sesame oil to get familiarized to the vehicle
solution and the route of administration (Fig. 1). Behavioral
and functional experiments were consistently conducted
during the light phase as described in subsequent sections.
Euthanasia of all animals occurred 14 days after the initia-
tion of the chemotherapy cycle, as illustrated in the timeline
diagram. Both paclitaxel administration and behavioral tests
were conducted two hours after the administration of canna-
binoid formulations, since previous studies indicate that this
is when cannabinoid bioavailability is at its peak (Berthold
et al. 2023; Hlozek et al. 2017).

Mechanical sensitivity: von Frey test

The habituation session to the new environment (d-6) was
followed by behavioral assessments conducted before (d-4,
baseline measurement), during (d1 and d3), and after (d§ and
d12) PAX administration period. Evaluations, performed by
a blinded observer between 2 and 6 pm, involved placing
animals individually in acrylic chambers on a raised wire
mesh platform, allowing them 10 min (min) to acclimate
to the new environment (Casadei et al. 2021; Miguel et al.,

| THC:CBD (po) |
Paclitaxel (ip)

y v V%

dOo d1 d2d3 d4 d7 d8 di2 di4

t 1 Tt

VF+Choi Tests OF VF+Choi Tests l

Euthanasia and
blood collection
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2022; Noya-Riob¢ et al. 2023). To prevent olfactory inter-
ference, the acrylic compartments were thoroughly cleaned
with 10% ethanol between trials.

During the assessment, rats were alert, not grooming or
sleeping and had their four paws in contact with the floor.
The evaluation of paw mechanical sensitivity to normally
innocuous punctuate and static mechanical stimuli was
conducted using a series of eight calibrated von Frey fila-
ments (1.4, 2, 4, 6, 8, 10, 15, 26 g (g), Stoelting, USA).
As previously reported (Casadei et al. 2021; Miguel et al.,
2022; Noya-Riobo et al. 2023), each filament was manu-
ally applied to the mid-plantar surface of each hind paw
for 3 s, with at least six measurements performed using the
“up-and-down” method (Chaplan et al. 1994; Dixon 1980).
Positive responses included robust and immediate paw with-
drawals, along with nocifensive behaviors such as repetitive
licking or shaking of the paw. Withdrawal responses (g) for
both paws were recorded at each testing day. Each paw was
treated as an independent measure at each time point.

Subsequently, the von Frey score was calculated, as
follows. This composite score was designed to integrate
data across the entire experimental period, providing a
comprehensive assessment of the decrease in mechanical
thresholds. This approach offers a holistic view of the ani-
mals’ sensory response profile and facilitates comparisons
between treatment groups while reducing the influence of
day-to-day variability. The withdrawal threshold (g) of each
paw at each time point was assigned a score of 2, 1, or 0
points based on whether the threshold fell within the ranges
0-6.99 g, 7-11.99 g, or 12-26 g, respectively. The von Frey
score for each paw was calculated as the sum of the scores
assigned to the paw at each of the 4 time points (d1, d3, d8
and d12). Thus, the von Frey score had a potential range of 0
to 8 points, with higher scores indicating greater mechanical
sensitivity. For example, if a paw was assigned 0 points on
dl1, 1 point on d3, 2 points on d§ and 2 points on d12, the von
Frey score for that paw would be 5. Responses were con-
sidered allodynic if paw withdrawal occurred with forces
of 7 g or less. Additionally, the development of mechanical
allodynia was confirmed if mechanical allodynic responses
were detected on at least two independent time points.

Cold sensitivity: Choi test

The animals were tested with the Choi test immediately after
performing the von Frey test. Cold sensitivity was measured
in the same testing apparatus by applying a drop (100 ml) of
acetone to the hind paws, and the response was quantified as
paw withdrawal frequency (Choi et al. 1994). Acetone stim-
ulation was performed 5 times on each paw, with a 5-min
break between applications to allow the paw’s temperature
to return to baseline. The number of brisk paw withdrawals
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associated with nocifensive behaviors was recorded during
the initial 60 s (sec) following acetone application (Miguel
et al., 2019; Recalde et al. 2020). Each paw was treated as
an independent measure at each time point.

Subsequently, the Choi score was determined. This
composite score was designed to integrate data across the
entire experimental period, providing a comprehensive
assessment of the increase in cold sensitivity. This approach
offers a holistic view of the animals’ sensory response pro-
file and facilitates comparisons between treatment groups
while reducing the influence of day-to-day variability. At
each time point (d1, d3, d§ and d12), the number of positive
responses was assigned a score of 0, 1, or 2 points, depend-
ing on whether the brisk withdrawal count was 0-1, 2, or
3-5, respectively. Therefore, for each paw, the Choi score
had a potential range of 0 to 8 points, with higher scores
indicating greater thermal sensitivity. For example, if a
paw was assigned 1 point on dl1, 2 points on d3, 2 points
on d8 and 1 point on d12, the cumulative score would be
6. Responses were considered allodynic if paw withdrawals
were elicited by 3 or more acetone stimulations. Addition-
ally, the development of cold allodynia in a specific animal
was confirmed if cold allodynic responses were detected on
at least two independent time points.

Overall health, coat condition and posture

Daily assessments were performed for the evaluation of
the coat, with particular attention to any lack of cleanliness
or the presence of alopecic plaques, which could indicate
deficient or excessive grooming, respectively. Additionally,
observations were made regarding evident postural changes
and the adoption of antalgic postures, as indirect indica-
tors of spontaneous pain (Miguel et al., 2019; Recalde et
al. 2020).

Locomotor activity, vertical exploratory behaviors
and anxiety-related parameters: open field test

The open field test was performed on d7, between 1 and 6
pm. Before initiating the test, animals underwent one-hour
(h) acclimatization to the experimental conditions of the
testing room (Rutten et al. 2014). Each rat was placed in the
centre of a black wooden arena measuring 66 x 70 x43 cm,
previously divided into 16 squares using white lines and
surrounded by black wooden walls (Parent et al. 2012;
Zimcikova et al. 2017). Each animal was recorded during
10 min using a high-quality video camera for subsequent
analysis (Soriano et al. 2021). During those 10 min, the
experimenter was not present in the room. After the test,
each animal was placed in a new cage to avoid disturbing
the other animals. The apparatus was thoroughly cleaned
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with 10% ethanol between each use to prevent interference
from olfactory clues.

Spontaneous locomotor activity was evaluated by mea-
suring total distance covered over a 10-minute period and
distance travelled in 2-minute intervals (Dupire et al. 2013;
Soriano et al. 2021). Assessment of spontaneous behaviors
involved studying rearing movements (animal standing on
its hind legs with the front legs in the air), thigmotactic ver-
tical explorations (animal standing on its hind legs with the
front legs resting on the wall) and grooming behaviors (ani-
mal grooming its face and/or genitals), which were assessed
during the 10-min period (Rutten et al. 2014; Soriano et
al. 2021; Zimcikova et al. 2017). Total number of episodes
of vertical exploration, including rearing and thigmotactic
movements, was calculated.

Anxiety-like behaviors were assessed during the initial
5 min in the open field device by analysing various param-
eters. These included the latency to exit the central area for
the first time, the percentage of time each rat spent in the
central area (four central squares), and the number of entries
into the central zone (Long et al. 2010; Parent et al. 2012;
Soriano et al. 2021).

Weight gain, food and water intake

Body weights were recorded three times a week throughout
the entire experimental period (Miguel et al., 2019; Recalde
et al. 2020). The percentage increase in weight for each
group at every time point was also computed using the for-
mula: [(current mean weight - starting mean weight) / start-
ing mean weight] x 100.

Daily recordings of food consumption and water con-
sumption were conducted in the morning, both during
PAX administration (d1 and d2) and post-administration
(d10, d11, and d12) periods. Food and water intakes were
assessed at the cage level and normalized to the total body
weight (g) of the four animals in each cage (Laaksonen et
al. 2013). Intakes were adjusted for body weight as follows:
food intake was calculated by dividing the grams of food
consumed per cage by the total body weight (g) of all ani-
mals in the cage. Similarly, water intake was determined by
dividing the milliliters of water consumed per cage by the
total body weight (g) of the animals in the cage.

Liver enzymes: serum analysis

At the end of each experiment, animals were placed in a
closed chamber for induction of anaesthesia using isoflu-
rane (Piramal, Pennsylvania, USA) and then immediately
euthanized by decapitation (Noya-Riob¢ et al. 2023). Five
ml of blood were collected and then kept at room tempera-
ture for 10 min. Samples were centrifuged at 3000 rpm for

10 min. Serum obtained was used to determine the levels
of the liver enzymes, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT). Enzyme activity
was determined using the Alinity AST2 Aspartate Amino
Reagent kit (Abbott Laboratories, Cat. No. 04T86) and the
Alinity ALT2 Alanine Amino Reagent kit (Abbott Labora-
tories, Cat. No. 04T84). Levels of activity were expressed
as units per liter (U/1).

Statistical analysis

Data was analysed using GraphPad Prism 8 (GraphPad Soft-
ware Inc., La Jolla, CA, USA). All the results were expressed
as mean+standard error of the mean (SEM). Parameters
evaluated along time (distance travelled in 2-min intervals,
weight, weight increase, food and water intakes) were ana-
lysed initially using repeated measures analysis of variance
(two-way ANOVA) with two factors: treatment (between-
subjects factor) and time (within-subjects factor). If the
two-way ANOVA revealed a significant interaction between
these factors, additional analyses were performed to exam-
ine the main effect of each factor by using one-way ANOVA
and unpaired Student’s t test t (for normally distributed data)
or Kruskal-Wallis tests (for non-normally distributed data).
On the other hand, the effect of treatment on parameters that
did not depend on time (von Frey and Choi scores, total dis-
tance travelled, episodes of vertical activity, anxiety-related
behaviors and liver enzyme activities) was analysed using
one-way ANOVA or Kruskal-Wallis tests, as appropriate.
Multiple comparisons were performed using Bonferroni’s
test (ANOVA) and Dunn'’s pairwise test (Kruskal-Wallis). P
values <0.05 were considered statistically significant.

Results

THC:CBD formulations prevented the development
of mechanical and cold hypersensitivity and
allodynia in rats treated with paclitaxel

Rats subjected to PAX treatment exhibited mechanical and
thermal hypersensitivity, as indicated by a notable increase
in von Frey scores (THC:CBD 1:1 Experiment: H=21.0,
p<0.0001, Kruskal-Wallis test, mean rank difference of
CTL vs. PAX=-27.4, Dunn’s test; THC:CBD 1:20 Experi-
ment: H=8.5, p=0.014 Kruskal-Wallis test, mean rank dif-
ference of CTL vs. PAX= -13.8, Dunn’s test; Fig. 2A and
B) and Choi scores (THC:CBD 1:1 Experiment: H=21.4,
<0.0001, Kruskal-Wallis test, mean rank difference of
CTL vs. PAX=-26.5, Dunn’s test; THC:CBD 1:20 Experi-
ment: H=8.8, p=0.012, Kruskal-Wallis test, mean rank
difference of CTL vs. PAX= -15.6, Dunn’s test; Fig. 2C
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Fig. 2 Mechanical and cold sensitivity. A-B. von Frey scores. C-D.
Choi scores. Data shown represent the mean+SEM. n=28-32 inde-
pendent measures per experimental group. Parameters were analyzed
by Kruskal-Wallis test and Dunn’s post-hoc comparison. *p<0.05,
**%p<0.001

and D), respectively. Early and sustained administration
of a THC:CBD 1:1 formulation was able to remarkably
prevent PAX-induced increase in Choi score (H=21.4,
<0.0001, Kruskal-Wallis test, mean rank difference of
PAX vs. PAX+THC:CBD 1:1=25.5, Dunn’s test), thereby
preventing thermal (cold) hypersensitivity (Fig. 2C). How-
ever, von Frey score, indicative of mechanical sensitiv-
ity, remained elevated in this group of animals (H=21.0,
p<0.0001, Kruskal-Wallis test, mean rank difference of
CTL vs. PAX+THC:CBD 1:1=-23,4, Dunn’s test; Fig. 2A).
On the other hand, administration of a THC:CBD 1:20 for-
mulation effectively prevented both mechanical (H=38.5,
p=0.014, Kruskal-Wallis test, mean rank difference of PAX
vs. PAX+THC:CBD 1:20=15.4, Dunn’s test; Fig. 2B), and
thermal hypersensitivities (H=8.8, p=0.012, Kruskal-Wal-
lis test, mean rank difference of PAX vs. PAX+THC:CBD
1:20=16.5, Dunn’s test; Fig. 2D). Notably, both formula-
tions reduced the Choi score by nearly 70% compared to the
PAX group (Fig. 2C and D).
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Mechanical and thermal allodynic responses ocurred in
17% and 36% of PAX-treated animals, respectively. Inter-
estingly, only 6% of animals receiving either the THC:CBD
1:1 or 1:20 developed mechanical allodynia. Moreover,
while 19% of animals treated with THC:CBD 1:1 presented
thermal allodynic responses, such behavior was absent in
those treated with THC:CBD 1:20.

In sum, both combinations of THC and CBD pre-
vented paclitaxel-induced cold hypersensitivity while only
THC:CBD 1:20 could prevent mechanical hypersensitivity.
In addition, both formulations reduced the number of ani-
mals experiencing mechanical or thermal allodynia.

Neither paclitaxel nor THC:CBD formulations had
any effect on coat appearance or body posture

None of the animals under evaluation displayed observable
piloerection or evident weakness of the hind limbs through-
out the experimental timeframe. Moreover, there were no
alterations in body posture, including limb retraction or pro-
tective behaviors. Furthermore, there were no observable
changes in the physical appearance of the animals, such as
a diminished coat cleanliness or the presence of alopecic
plaques. These indicators, which could suggest inadequate
or excessive grooming respectively, were absent across all
the experimental groups over the entire experimental period.

Cannabinoids could not alleviate paclitaxel-induced
hypo-locomotion, but did not cause any additional
motor impairment

PAX-treated animals showed reduced spontaneous loco-
motor activity, indicated by a shorter distance travelled in
the open field arena during the 10-minute period compared
to CTL group (THC:CBD I:1 Experiment: F,,=3.6,
p=0.037, one-way ANOVA; p<0.05, Bonferroni post hoc;
THC:CBD 1:20 Experiment: F, 35=7.4, p=0.002, one-
way ANOVA; p<0.01, Bonferroni post hoc; Fig. 3A and
B). Decreased exploratory activity was also observed in
PAX+THC:CBD 1:20 group (p<0.05 vs. CTL, Fig. 3A)
but not in rats treated with THC:CBD 1:1 (p>0.05 vs.
CTL, Fig. 3B). However, no significant differences were
observed between animals receiving paclitaxel alone and
those receiving paclitaxel plus cannabinoids (THC:CBD
1:1 and THC:CBD 1:20 Experiments: p>0.05 in both cases;
Fig. 3A and B).

For the analysis of cumulative distance travelled in 2-min
intervals, two-way ANOVA revealed a significant interac-
tion between treatment and time intervals (THC:CBD 1:1
Experiment: Fg 144=2.7, p=0.009, two-way ANOVA;
THC:CBD 1:20 Experiment: Fg 5,=4.2, p<0.001,
two-way ANOVA).Therefore, additional analyses were
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Fig. 3 Spontaneous locomotor activity. A-B. Total distance travelled
in 10 min. C-D. Distance travelled in 2-minute intervals. Data shown
represent the mean+SEM. n=12-15 animals per experimental group.
Parameters were analysed by one-way ANOVA and Bonferroni post-

performed to examine the main effect of treatment in the
different time intervals by using one-way ANOVA and
Bonferroni post test. Animals in PAX group once again
exhibited decreased exploratory activity across time inter-
vals (THC:CBD 1:1 Experiment: p<0.01 in minute 2 and
»<0.05 in minutes 4-10; THC:CBD 1:20 Experiment:
»<0.05 in minute 2, p<0.001 in minutes 4 and p<0.01
in minutes 6-10; Fig. 3C and D). In the case of animals
receiving PAX+THC:CBD a reduced distance travelled
was observed only in specific time frames (THC:CBD 1:1
Experiment: p<0.001 in minute 2; THC:CBD 1:20 Experi-
ment: p<0.05 in minutes 6—10; Fig. 3C and D). On the
other hand, cannabinoids produced a similar reduction in
activity across time intervals compared to the PAX-group
(THC:CBD 1:1 and THC:CBD 1:20 Experiments: p>0.05
in all times; Fig. 3A and B).

Thus, the analysis of the distance travelled by the differ-
ent experimental groups revealed no effects of cannabinoid
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test. *Significant differences between CTL and PAX groups. # Signifi-
cant differences between PAX and PAX+THC:CBD groups. *p<0.05,
*4p<0.01, ***p<0.001, *p<0.05, #p<0.001

formulations on PAX-induced decrease in locomotor

activity.

THC:CBD 1:1 restored rearing behavior after
paclitaxel administration

The number of rearing episodes was significantly reduced in
animals receiving PAX compared to CTL group (THC:CBD
1:1 Experiment: F,39,=8.7, p<0.001, one-way ANOVA;
p<0.001, Bonferroni post hoc; THC:CBD 1:20 Experiment:
Fo37=3.7, p=0.034, one-way ANOVA; p<0.05, Bonfer-
roni post hoc; Fig. 4A and B). In contrast, PAX+THC:CBD
groups showed no differences when compared to CTL ani-
mals (THC:CBD 1:1 and THC:CBD 1:20 Experiments:
p<0.05; Fig. 4A and B). However, only animals receiving
1:1 THC:CBD displayed a significantly higher number of
rearing movements when compared to PAX-treated ani-
mals (THC:CBD 1:1 Experiment: p<0.05. THC:CBD 1:20
Experiment: p>0.05; Fig. 4A and B).
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Fig.4 Spontaneous vertical activity. A-B. Number of episodes of rear-
ing movements. C-D. Number of episodes of thigmotaxis. E-F. Total
number of episodes of rearing and thigmotaxis. Data shown represent
the mean+SEM. n=13-15 animals per experimental group. Param-
eters were analysed by one-way ANOVA and Bonferroni post-test.
*p<0.05, **p<0.01, ***p<0.001

Thigmotaxis behaviour was reduced in animals receiv-
ing both paclitaxel and THC:CBD formulations (THC:CBD
1:1 Experiment: F, 40,=4.2, p=0.022, one-way ANOVA;
p<0.05, Bonferroni post hoc; THC:CBD 1:20 Experiment:

@ Springer

F(240)=6.5, p=0.004, one-way ANOVA; p<0.01, Bon-
ferroni post hoc; Fig. 4C and D). A slight reduction not
reaching statistical significance was observed in animals
receiving only PAX (THC:CBD 1:1 and THC:CBD 1:20
Experiments: p<0.05; Fig. 4C and D).

In addition, vertical exploratory activity, evaluated as
the total number of rearing and thigmotactic movements,
was significantly reduced in PAX group (THC:CBD 1:1
Experiment:  F(, 4=4.2, p=0.022, one-way ANOVA;
p<0.05, Bonferroni post hoc; THC:CBD 1:20 Experiment:
F(2,40):6.5, p=0.004, one-way ANOVA; p<0.01, Bonfer-
roni post hoc; Fig. 4E and F) and in PAX-treated animals
receiving 1:20 THC:CBD (THC:CBD 1:1 Experiment:
p>0.05; THC:CBD 1:20 Experiment: p<0.05; Fig. 4E and
F).

Grooming behaviour was not affected by paclitaxel treat-
ment (THC:CBD 1:1 Experiment: F35=1.5, p=0.246,
one-way ANOVA; THC:CBD 1:20 Experiment: F, 37)=6.2,
p=0.005, one-way ANOVA; p>0.05, Bonferroni post hoc;
data not shown). However, THC:CBD 1:20 produced an
increase in the number of grooming episodes when com-
pared to CTL (p<0.01) and PAX-treated (p<0.05) animals
(data not shown).

Taken together, these results demonstrate that the reduc-
tion in rearing behavior induced by paclitaxel was attenuated
by treatment with THC:CBD 1:1. Additionally, cannabinoid
preparations accentuate the tendency towards decreased
episodes of thigmotaxis observed in PAX-group. However,
this effect on thigmotaxis behavior did not modify PAX-
induced decrease in vertical exploratory activity. Finally, the
formulation containing THC:CBD 1:20 increased grooming
behaviour in animals treated with paclitaxel.

Anxious-like behaviors in rats treated with PAX were
neither alleviated nor exacerbated by cannabinoids

PAX-treated animals spent less time in the central area
(THC:CBD 1:1 Experiment: F,4,=4.8, p=0.014, one-
way ANOVA; p<0.05, Bonferroni post hoc; THC:CBD
1:20 Experiment: F(2,40):3.7, p=0.035, one-way ANOVA;
»<0.05, Bonferroni post hoc; Fig. 5C and D) and entered
the central area fewer times compared to the CTL group
(THC:CBD 1:1 Experiment: F4,=1.5, p=0.242, one-
way ANOVA; THC:CBD 1:20 Experiment: F, 4,,=5.0,
p=0.011, one-way ANOVA; p<0.01, Bonferroni post hoc;
Fig. 5E and F). However, the latency to leave the central
area was not altered by paclitaxel (THC:CBD 1:1 Experi-
ment: H=5.9, p=0.050, Kruskal-Wallis test; THC:CBD
1:20 Experiment: H=0.5, p=0.783 Kruskal-Wallis test;
Fig. 5A and B). Treatment with THC:CBD formulations
did not affect either the latency or the number of central
area entries compared to CTL- or PAX-groups (THC:CBD
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Fig. 5 Anxiety-like behaviour. A-B. Latency to exit the central area.
C-D. Percentage of time spent in the central area. E-F. Number of
entries into the central zone. Data shown represent the mean+SEM.
n=13-16 animals per experimental group. Parameters were analysed
by one-way ANOVA and Bonferroni post-test, or Kruskal-Wallis test
and Dunn’s post-hoc comparison as appropriate. *p<0.05

1:1 and THC:CBD 1:20 Experiments: p>0.05 in both
parameters; Fig. 5A, B, E and F). Only animals receiving
THC:CBD 1:1 showed a significant reduction in time spent
in the central area (p<0.05 vs. CTL; Fig. 5C).

These results indicate that THC:CBD formulations did
not alleviate nor exacerbate the anxious-like phenotype
induced by paclitaxel.

THC:CBD formulations did not modify the
progressive attenuation in weight gain observed in
rats treated with paclitaxel

A significant interaction between treatment and time was
observed for body weight (THC:CBD 1:1 Experiment:
F6, 344y=14.1, p<0.0001, two-way ANOVA; THC:CBD
1:20  Experiment: Fjq 35 =12.3, p<0.0001, two-way
ANOVA) and weight gain (THC:CBD 1:1 Experiment:
Fli6, 344=12.5, p<0.0001, two-way ANOVA; THC:CBD
1:20  Experiment: Fjq 344=9.1, p<0.0001, two-way
ANOVA). Therefore, an analysis of simple effects of treat-
ment in different experimental days was conducted. When
compared to CTL animals, lower body weight was observed
in PAX-treated animals from day 7 (THC:CBD 1:1 Experi-
ment: p<0.05 on days 7 and 13 and p<0.01 on days 9 and
11; THC:CBD 1:20 Experiment: p<0.05 on day 13, p<0.01
on days 7, 9 and 11; one-way ANOVA and Bonferroni post-
test for all date; Fig. 6A and B). Similarly, an attenuation in
weight gain was observed in PAX-group compared to CTL-
group (THC:CBD 1:1 Experiment: p<0.01 on days 4, 7 and
13 and p<0.001 on days 9 and 11, one-way ANOVA and
Bonferroni post-test; THC:CBD 1:20 Experiment: p<0.05
on days 7 and 13, p<0.01 on day 11, p<0.001 on day 9,
Kruskal-Wallis test and Dunn’s test; Fig. 6C and D). The
body weight of animals treated with both paclitaxel and can-
nabinoids was similar to that of animals treated with pacli-
taxel alone, but significantly lower than that of CTL animals
(THC:CBD 1:1 Experiment: p<0.01 on days 7, 11 and 13
and p<0.001 on day 9; THC:CBD 1:20 Experiment: p<0.05
on day 13, p<0.01 on days 7, 9 and 11; Fig. 6A and B).
Also, an attenuation in weight gain was detected in animals
treated with both cannabinoid formulations (THC:CBD 1:1
Experiment: p<0.001 on days 4, 7,9, 11 and 13; THC:CBD
1:20 Experiment: p<0.05 on days 7 and 13, p<0.01 on day
11, p<0.001 on day 9; Fig. 6C and D) compared to CTL
group. However, changes in body weight and gain weight
were similar when comparing PAX-treated animals with
those receiving PAX +THC:CBD formulations.

Thus, the results revealed no effects of cannabinoid for-
mulations on PAX-induced attenuation in body weight and
weight gain.

Chan sin paclitaxel-treated rats were not
modulated by cannabinoids

When analysing food and water intakes over time, a sig-
nificant interaction between treatment and time was
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Fig. 6 Body weight throughout the experimental period. A-B. Weight.
C-D. Weight gain. Data shown represent the mean+SEM. n=13-16
animals per experimental group. Parameters were analysed by one-
way ANOVA and Bonferroni post-test, or Kruskal-Wallis test and

observed (THC:CBD 1:1 Experiment: F, =104,
p=0.011, two-way ANOVA; THC:CBD 1:20 Experiment:
F(2,9=24.4, p<0.0001, two-way ANOVA; data correspond
to food intake. THC:CBD 1:1 Experiment: F(, 5=14.1,
p=0.006, two-way ANOVA; THC:CBD 1:20 Experiment:
Fi §=18.9, p<0.001, two-way ANOVA; data correspond
to water intake). Additional analyses were performed to
examine the main effect of treatment in the different time
intervals, as well as the specific effect of time in each exper-
imental group by using one-way ANOVA and Bonferroni
post-test and paired t-test, respectively.

In PAX-treated animals, food intake was reduced during
PAX administration (THC:CBD 1:1 Experiment: F, 3)=7.9,
p=0.063, one-way ANOVA; THC:CBD 1:20 Experi-
ment: F,4=12.3, p=0.003, one-way ANOVA; p<0.01,
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Dunn’s post-hoc comparison as appropriate. *p<0.05, **p<0.01,
**%p<0.001 represent significant differences between CTL and PAX
groups, while "p<0.05, #p<0.01, #p<0.001 represent significant
differences between PAX and PAX+THC:CBD groups

Bonferroni post hoc; Fig. 7A and B), while it was increased
in the late phase, compared to CTL group (THC:CBD
1:1 Experiment: F,3=8.2, p=0.061, one-way ANOVA;
THC:CBD 1:20 Experiment: F(, 4=19.6, p=0.0005, one-
way ANOVA; p<0.01, Bonferroni post hoc; Fig. 7A and B).
Similar changes in food intake during and after PAX admin-
istration period were observed in animals receiving pacli-
taxel and THC:CBD 1:1 (p<0.01 for early phase; p<0.001
for later phase). In CTL animals, food intake was higher in
the initial phase than at later time points (THC:CBD 1:1
Experiment: t,,=31.0, p=0.021, paired t-test; THC:CBD
1:20  Experiment: t3=36.7, p<0.0001, paired t-test;
Fig. 7A and B).

In the case of water intake, paclitaxel alone or in combi-
nation with THC:CBD formulations induced a reduction in
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Fig. 7 Feeding behaviour. A-B. Food intake. C-D. Water intake. Food
and water consumptions evaluated during (d1-d2) and after (d10-
d12) the period of PAX administration. Data shown represent the

water consumption during PAX-administration period com-
pared to CTL group (THC:CBD 1:1 Experiment: F, 5,=8.7,
p=0.008, one-way ANOVA; p<0.01 to PAX+THC:CBD,
Bonferroni post hoc; THC:CBD 1:20 Experiment:
F =84, p=0.011, one-way ANOVA; p<0.05 to PAX
and PAX+THC:CBD, Bonferroni post hoc; Fig. 7C and
D). When comparing the initial period of PAX admin-
istration with the post-chemotherapy phase, CTL group
showed decreased water intake (THC:CBD 1:1 Experiment:
t3)=3.9, p=0.029, paired t-test; THC:CBD 1:20 Experi-
ment: t,,=7.4, p=0.018, paired t-test; Fig. 7C and D), while
PAX (THC:CBD 1:1 Experiment: t5,=3.4, p=0.043, paired
t-test; THC:CBD 1:20 Experiment: t3=3.8, p=0.032,
paired t-test; Fig. 7C and D) and PAX+THC:CBD groups
increased consumption (THC:CBD 1:1 Experiment:
t3)=6.6, p=0.007, paired t-test; THC:CBD 1:20 Experi-
ment: t3=3.3, p=0.044, paired t-test; Fig. 7C and D) at
later time points.

In sum, the administration of cannabinoids did not inter-
fere with the changes in food or water intakes induced by
paclitaxel.
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mean+SEM. n=2-4 cages per experimental group. Parameters were
analysed by one-way ANOVA and Bonferroni post-test, or paired t-test
as appropriate. *p<0.05, **¥p<0.01, ***p<0.001

Paclitaxel and THC:CBD formulations did not modify
serum transaminase levels

The activity levels of serum AST (THC:CBD 1:1 Experi-
ment: F, 15=2.3, p=0.129, one-way ANOVA; THC:CBD
1:20 Experiment: F, 5,=2.2, p=0.144, one-way ANOVA;
Fig. 8A and B) and ALT (THC:CBD 1:1 Experiment:
Fi17=2.3, p=0.127, one-way ANOVA; THC:CBD 1:20
Experiment: F,;5=1.1, p=0.371, one-way ANOVA;
Fig. 8C and D) were similar between experimental groups.
Thus, neither paclitaxel nor cannabinoids affected serum
transaminase levels.

Discussion

Paclitaxel is a commonly used antitumor agent in the first-
line treatment of various cancers, such as lung, breast and
ovarian cancer (Anand et al. 2023). The development of
peripheral neuropathy and neuropathic pain is one of the
main factors limiting dosing and, therefore, efficacy of
paclitaxel-based chemotherapy (da Costa et al. 2020). In
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Fig. 8 Liver enzyme activities in serum. A-B. Aspartate amino trans-
ferase (AST) activity. C-D. Alanine amino transferase (ALT) activity.
Data shown represent the mean+SEM. n=5-8 animals per experimen-
tal group. Parameters were analysed by one-way ANOVA and Bonfer-
roni post-test

recent years, the use of cannabinoids has increased among
patients with chronic pain; however, there is insufficient
evidence to support their use for specific conditions (Mac-
Callum and Russo 2018).

In this study, we assessed the effects of oral formulations
with varying THC-to-CBD ratios on paclitaxel-induced pain
and other chemotherapy-related adverse effects, including
alterations in locomotion, spontaneous activity, feeding,
water intake, anxiety-related behavior, and liver toxicity.
THC:CBD 1:1 formulation was included for its balanced
combination often associated with synergistic therapeutic
effects (Hardy et al. 2024; Johnson et al. 2010), while the
THC:CBD 1:20 formulation was selected to emphasize
CBD and assess its efficacy in mitigating THC-associated
adverse effects (Freeman et al. 2019; Pennypacker and
Romero-Sandoval 2020). Our findings show that these for-
mulations differ in their ability to prevent paclitaxel-induced
pain-related behaviors and reductions in spontaneous activ-
ity. Importantly, these formulations do not exacerbate other
paclitaxel-induced adverse effects, such as hypo-locomo-
tion or anxiety-like behaviors. Given that the administration
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route and doses were comparable to those used in approved
cannabinoid-based medications (Inglet et al. 2020), these
findings suggest potential therapeutic applications not only
for managing pain but also for enhancing daily activities in
patients undergoing paclitaxel treatment.

Sensory abnormalities predominantly characterize pacli-
taxel-induced neuropathy, and persistent pain is generally
the most severe symptom (da Costa et al. 2020; Ibrahim and
Ehrlich 2020). Patients normally report heightened sensitiv-
ity to touch, pressure, mildly cold or warm temperatures. As
previously demonstrated, experimental animals treated with
paclitaxel also develop induced pain-like behaviors (Bacal-
hau et al. 2023). In both patients and rats, hypersensitivity
develops dynamically, following distinct temporal patterns
of onset and progression. Therefore, composite scores that
integrate data over time and provide a holistic view of the
animals’ sensory response profiles facilitate treatment group
comparisons while minimizing the impact of day-to-day
variability. In our study, we found that early oral administra-
tion of both THC:CBD formulations prevented paclitaxel-
induced cold allodynia. However, only THC:CBD 1:20
effectively prevented hypersensitivity induced by mechani-
cal stimuli. This differential efficacy suggests a dose-
dependent effect, where a lower THC dose combined with a
higher CBD dose more effectively blocks the development
of heightened mechanical sensitivity.

Consistent with these findings, other experimental mod-
els of neuropathic pain have shown that increasing the CBD-
to-THC ratio enhances the analgesic effects on mechanical
allodynia in a synergistic manner (Comelli et al. 2008;
Mitchell et al. 2021). Interestingly, synergistic effects on
paclitaxel-induced mechanical hypersensitivity have also
been reported when combining very low, individually inef-
fective doses of CBD and THC (King et al. 2017). Although
no changes in body posture or coat condition were observed
after paclitaxel administration, either alone or in combina-
tion with THC and CBD, the presence of ongoing sponta-
neous pain cannot be fully ruled out. Overall, our findings
offer two potential therapeutic options that could address
the most severe symptoms in patients developing paclitaxel-
induced neuropathy.

The decline in daily activities frequently reported by
cancer patients experiencing paclitaxel-induced neuropathy
reflects the profound impact of this treatment-related side
effect (Kurt et al. 2023; Srivastava et al. 2022). In addition,
patients receiving cannabinoid-based therapies have also
reported a decrease in overall activity (Inglet et al. 2020).
Therefore, we evaluated the effects of both paclitaxel and
cannabinoids on horizontal (locomotion) and vertical (rear-
ing plus thigmotaxis) exploratory activities.

Previous studies have shown that THC can induce hypo-
locomotion in naive animals through the activation of CB1
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receptor (Metna-Laurent et al. 2017). This effect may be
enhanced or remain unchanged with the co-administration
of CBD (Calapai et al. 2022). However, in the context of
paclitaxel-induced neuropathy, the lack of changes in loco-
motion following the administration of THC and CBD sug-
gests the potential safety of the evaluated formulations.

Rearing is a natural behavior in rodents that enables them
to collect visual, olfactory, and auditory cues from their sur-
roundings, while thigmotaxis, a variation of rearing where
the front paws contact a surface for support, offers addi-
tional somatosensory input (Lever et al. 2006). Spontane-
ous vertical exploratory activity, involving both rearing and
thigmotactic behaviors, has been poorly studied in preclini-
cal models using cannabinoids. In our study, a significant
reduction in total vertical exploratory activity was observed
in paclitaxel-treated rats, which was unaffected by cannabi-
noid administration. In contrast, co-administration of equal
amounts of THC and CBD mitigated the reduction in rear-
ing activity induced by paclitaxel. However, thigmotaxis
behavior decreased in animals receiving THC:CBD 1:1 or
1:20. Nonetheless, neither effect positively nor negatively
influenced the overall reduction in total vertical activity
caused by paclitaxel.

In this regard, Hlozek and colleagues previously reported
that neither THC nor CBD significantly altered thigmo-
taxis behavior; however, their combined administration did
reduce thigmotaxis in naive animals (Hlozek et al. 2017).
In contrast, rearing behavior appears unaffected in ani-
mals receiving CBD (Long et al. 2010; Espejo-Porras et al.
2013), while it is diminished by the administration of vapor-
ized cannabis or THC (Bruijnzeel et al. 2016; Jérbe et al.
2002). Our results indicate that paclitaxel administration led
to a decrease in rearing behavior, suggesting a reduction in
daily activities. Notably, this reduction was prevented by the
administration of equal amounts of THC and CBD.

Patients undergoing paclitaxel treatment may also expe-
rience cognitive deficits along with mood disorders, includ-
ing depression and anxiety (da Costa et al. 2020). Preclinical
studies further indicate that paclitaxel-induced neuropathy
can lead to alterations in affective behaviors (Toma et al.
2017). Additionally, both THC and CBD have demonstrated
the ability to modulate anxiety in clinical and animal studies
(Babhji et al. 2020; Hasbi et al. 2023). In our study, animals
treated with paclitaxel, either alone or in combination with
THC:CBD, exhibited increased anxiety-like behaviors, as
evidenced by making fewer entries and spending less time
in the central area. Notably, these anxious-like behaviors
induced by paclitaxel were unaffected by cannabinoid for-
mulations, suggesting that neither the anxiolytic nor anx-
iogenic effect of THC, nor the anxiolytic effect of CBD
(Henson et al. 2022) were evident in this context.

Previous preclinical and clinical research has shown
that paclitaxel can induce changes in weight and body
mass (Hess et al. 2007; Ray et al. 2011), a side effect often
linked with reduced appetite (Kaizu et al. 2021). THC and
CBD have opposing effects on appetite regulation, with
THC stimulating food intake and CBD reducing it (Ligresti
et al. 2016; Spanagel and Bilbao 2021). In this study, we
observed that paclitaxel-induced attenuation in weight
gain persisted despite the administration of THC:CBD.
Consistently, food and water intake decreased only during
the initial phase, corresponding to paclitaxel administra-
tion period, in both paclitaxel-only and THC:CBD groups.
Notably, previous rodent studies have demonstrated a strong
interrelationship between food and water intake, and their
link to weight gain (Bachmanov et al. 2002; Minematsu et
al. 1994). Interestingly, clinical studies across various con-
ditions present mixed findings: while some report increased
appetite and weight gain with cannabinoid use, others find
no such effects, whether THC and CBD are used alone or in
combination (Inglet et al. 2020; Spanagel and Bilbao 2021).

Hepatotoxicity is a rare adverse effect of paclitaxel treat-
ment (Dogan and Gokhan 2024). However, cannabinoids,
particularly CBD, can lead to elevated hepatic transami-
nase enzymes (Anciones and Gil-Nagel 2020; dos Santos
et al. 2021). In our neuropathic pain model, we observed
no changes in serum AST and ALT levels in animals treated
with paclitaxel alone or in combination with cannabinoids.
These findings suggest that the doses and ratios of THC and
CBD used do not induce hepatocellular toxicity.

The route of administration is a critical pharmacokinetic
factor that must be carefully considered in animal models.
Preclinical research on cannabinoids has traditionally relied
on injection methods, such as intraperitoneal, subcutaneous,
and intravenous administration. However, oral formulations
of cannabinoids, such as THC and CBD, have demonstrated
greater safety and are now widely used in medical canna-
bis treatments (e.g., Dronabinol/Marinol, Epidiolex) (dos
Santos et al. 2021). Consistent with this, our study utilized
oral administration of cannabinoid formulations at doses
of THC and CBD which are equivalent to the doses com-
monly prescribed to patients for their therapeutic efficacy
and tolerability (Gurgenci et al. 2024; Hardy et al. 2024;
Inglet et al. 2020; Johnson et al. 2010). In this context, for-
mulations with a balanced THC:CBD ratio (e.g., 1:1) have
demonstrated robust analgesic effects with manageable side
effects (Hardy et al. 2024; Johnson et al. 2010; Langford et
al. 2013; Rog et al. 2007; Serpell et al. 2014).

As the CBD proportion increases (e.g., 1:10 or 1:20), the
adverse effects of THC seem to be further mitigated, while
maintaining analgesic and anti-inflammatory benefits (Free-
man et al. 2019; Pennypacker and Romero-Sandoval 2020).
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Although mechanistic studies are beyond the scope of the
present work, it could be hypothesized that the mechanisms
contributing to the analgesic effects here observed probably
involved the activation of CB1 and CB2 receptors, as well as
cannabinoid-related receptors such as the serotonin receptor
SHT1A, which modulate nociceptive pathways (Campos
et al. 2021). Additionally, both THC and CDB have been
proposed to interact with transient receptor potential (TRP)
channels, which play a key role in thermal and mechanical
pain transmission (Jurga et al. 2024; Muller et al. 2019).

To sum up, this study highlights the differential efficacy
of'the THC:CBD formulations used in preventing paclitaxel-
induced mechanical and thermal pain-related behaviors,
as well as the reduction in spontaneous rearing behavior.
Additionally, the cannabinoid formulations neither provided
therapeutic effects nor exacerbated adverse effects of pacli-
taxel, such as hypo-locomotion, decreased vertical explor-
atory activity, heightened anxiety, and attenuated weight
gain related to reduced food intake. Moreover, no hepato-
toxic effects were observed with the administration of pacli-
taxel and/or cannabinoids. Therefore, early administration
of THC and CBD formulations effectively prevented pain-
related behaviors without exacerbating paclitaxel-induced
alterations in a chemotherapy-induced neuropathy model.
These formulations represent a promising therapeutic strat-
egy to prevent this frequent and severe side effect of chemo-
therapy treatment, potentially improving the quality of life
for cancer patients.

Conclusions

By exploring the effects of two cannabinoid formula-
tions (THC:CBD 1:1 and THC:CBD 1:20) in a rat model,
the research identifies promising strategies to prevent and
reduce pain-related behaviors. The findings suggest that
these cannabinoid combinations can offer targeted relief
without additional toxicity, highlighting their potential as
therapeutic options. Given that the administration route and
doses used were comparable to those in approved cannabi-
noid-based medications, this study opens news avenues for
developing interventions to manage chemotherapy-induced
neuropathy, ultimately improving the quality of life for can-
cer patients undergoing treatment.

Acknowledgements This work was supported by Secretaria de Cien-
cia y Tecnologia (Proyecto 29 A), Agencia Nacional de Promocion
Cientifica y Técnica (PICT 2020-030), Consejo Nacional de Investiga-
ciones Cientificas y Técnicas (CONICET, PIP 297) and Universidad
Austral (O05-PDISR098), Argentina. These funding sources were not
involved in the study design, the collection, analysis and interpretation
of data, the writing of the report or the decision to submit the article for
publication. We deeply thank Tec. Tobias Giovannetti, Lic. Constanza
Miguel and Tec. Maria de los Milagros Arganaraz (IIMT CONICET

@ Springer

- Universidad Austral, Buenos Aires, Argentina) for their invaluable
technical assistance and skillful cooperation within the animal facility.
We are also grateful for the generous support of Cannava S.E. (Jujuy,
Argentina) for providing clinical-grade cannabinoid formulations and
Hospital Universitario Austral (Buenos Aires, Argentina) for providing
clinical-grade paclitaxel solutions. During the preparation of this work
the authors used version 4.0 of chat GPT (chat.openai.com) to improve
readability and language. After using this tool, the authors reviewed
and edited the content as needed and take full responsibility for the
content of the publication.

Author contributions DS: Investigation, Methodology, Formal analy-
sis, Conceptualization, Visualization, Writing - original draft, Writing
- review & editing. PRB: Resources, Writing - review & editing. MJV:
Resources, Writing - review & editing. MFC: Project administration,
Conceptualization, Visualization, Supervision, Formal analysis, Writ-
ing — original draft, Writing - review & editing, Funding acquisition.

Funding Funds provided by Secretaria de Ciencia y Tecnologia
(Proyecto 29 A), Agencia Nacional de Promocion Cientifica y Téc-
nica (PICT 2020-030), Consejo Nacional de Investigaciones Cienti-
ficas y Técnicas (CONICET, PIP 297) and Universidad Austral (O05-
PDISR098), Argentina. These funding sources were not involved in
the study design, the collection, analysis and interpretation of data, the
writing of the report or the decision to submit the article for publica-
tion.

Data availability The data that support the findings of this study are
available from the corresponding author upon request.

Declarations

Ethical approval All procedures were approved by the local Animal
Care and Use Committee from Instituto de Investigaciones en Medici-
na Traslacional (IIMT) CONICET-Universidad Austral, Buenos Aires,
Argentina (Assurance number 03/2020 and 04/2020) and were carried
out in accordance with all relevant guidelines and regulations.

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

References

Anand U, Dey A, Chandel AKS, Sanyal R, Mishra A, Pandey DK,
De Falco V, Upadhyay A, Kandimalla R, Chaudhary A, Dhanjal
JK, Dewanjee S, Vallamkondu J, de la Pérez JM (2023) Cancer
chemotherapy and beyond: Current status, drug candidates, asso-
ciated risks and progress in targeted therapeutics. In Genes and
Diseases (Vol. 10, Issue 4). https://doi.org/10.1016/j.gendis.202
2.02.007

Anciones C, Gil-Nagel A (2020) Adverse effects of cannabinoids. Epi-
leptic Disord 22(1). https://doi.org/10.1684/epd.2019.1125

Anderson PF, Jackson DM, Chesher GB, Malor R (1975) Tolerance
to the effects of A9-tetrahydrocannabinol in mice on intestinal
motility, temperature and locomotor activity. Psychopharmacolo-
gia 43(1). https://doi.org/10.1007/BF00437611

Bacalhau C, Costa-Pereira JT, Tavares I (2023) Preclinical research
in paclitaxel-induced neuropathic pain: a systematic review. In
Frontiers in Veterinary Science (Vol. 10). https://doi.org/10.338
9/fvets.2023.1264668

Bachmanov AA, Reed DR, Beauchamp GK, Tordoff MG (2002) Food
intake, water intake, and drinking spout side preference of 28


https://doi.org/10.1016/j.gendis.2022.02.007
https://doi.org/10.1016/j.gendis.2022.02.007
https://doi.org/10.1684/epd.2019.1125
https://doi.org/10.1007/BF00437611
https://doi.org/10.3389/fvets.2023.1264668
https://doi.org/10.3389/fvets.2023.1264668

Psychopharmacology

mouse strains. Behav Genet 32(6). https://doi.org/10.1023/A:10
20884312053

Bahji A, Meyyappan AC, Hawken ER (2020) Efficacy and acceptabil-
ity of cannabinoids for anxiety disorders in adults: A systematic
review & meta-analysis. J Psychiatr Res 129. https://doi.org/10.1
016/j.jpsychires.2020.07.030

Berthold EC, Kamble SH, Kanumuri SRR, Kuntz MA, Senetra AS,
Chiang YH, McMahon LR, McCurdy CR, Sharma A (2023)
Comparative pharmacokinetics of commercially available Can-
nabidiol isolate, Broad-Spectrum, and Full-Spectrum products.
Eur J Drug Metab Pharmacokinet 48(4). https://doi.org/10.1007
/s13318-023-00839-3

Blanton HL, Brelsfoard J, DeTurk N, Pruitt K, Narasimhan M, Morgan
DJ, Guindon J (2019) Cannabinoids: current and future options to
treat chronic and Chemotherapy-Induced neuropathic pain. Drugs
79(9):969-995. https://doi.org/10.1007/s40265-019-01132-x

Bruijnzeel AW, Qi X, Guzhva LV, Wall S, Deng JV, Gold MS, Febo
M, Setlow B (2016) Behavioral characterization of the effects of
cannabis smoke and Anandamide in rats. PLoS ONE 11(4). https
://doi.org/10.1371/journal.pone.0153327

Burgess J, Matsumoto AK, Marshall AA, Alam AU, Ferdousi M, Gosal
D, Mak T, Boon C, Marshall A, Frank AB, Malik RA, Alam U
(2021) Chemotherapy-Induced peripheral neuropathy: epidemi-
ology, pathomechanisms and treatment. Oncol Then 9:385-450.
https://doi.org/10.1007/s40487-021-00168-y

Calapai F, Cardia L, Calapai G, Di Mauro D, Trimarchi F, Ammendo-
lia I, Mannucci C (2022) Effects of Cannabidiol on Locomotor
Activity. In Life (Vol. 12, Issue 5). https://doi.org/10.3390/lifel
2050652

Campos RMP, Aguiar AFL, Paes-Colli Y, Trindade PMP, Ferreira BK,
de Melo Reis RA, Sampaio LS (2021) Cannabinoid Therapeutics
in Chronic Neuropathic Pain: From Animal Research to Human
Treatment. In Frontiers in Physiology (Vol. 12). https://doi.org/1
0.3389/fphys.2021.785176

Casadei M, Fiore E, Rubione J, Dominguez LM, Coronel MF, Lei-
guarda C, Garcia M, Mazzolini G, Villar MJ, Montaner A, Con-
standil L, Romero-Sandoval A, Brumovsky PR (2021) 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.
https://doi.org/10.1097/j.pain.0000000000002476

Cavaletti G, Marmiroli P, Renn CL, Dorsey SG, Serra MP, Quartu
M, Meregalli C (2021) Cannabinoids: an effective treatment for
Chemotherapy-Induced peripheral neurotoxicity?? Neurothera-
peutics: J Am Soc Experimental Neurother 18(4):2324-2336. h
ttps://doi.org/10.1007/S13311-021-01127-1

Chaplan SR, Bach F, Pogrel J, Chung J, Yaksh TL (1994) Quantitaive
assesment of tactil allodynia in the Raw paw. J Neurosci Methods
1:55-63. https://doi.org/10.1016/0165-0270(94)90144-9

Choi Y, Yoon YW, Na HS, Kim SH, Chung JM (1994) Behavioral
signs of ongoing pain and cold allodynia in a rat model of neuro-
pathic pain. Pain, 59(3)

Cimbro E, Dessi M, Ziranu P, Madeddu C, Atzori F, Lai E, Pretta A,
Mariani S, Donisi C, Spanu D, Pozzari M, Murgia S, Saba G,
Codipietro C, Palmas E, Sanna G, Semonella F, Sardo S, Finco
G, Scartozzi M (2024) Early taxane exposure and neurotoxicity
in breast cancer patients. Supportive Care Cancer: Official J Mul-
tinational Association Supportive Care Cancer 32(10):709. https:
//doi.org/10.1007/300520-024-08908-2

Comelli F, Giagnoni G, Bettoni I, Colleoni M, Costa B (2008) Anti-
hyperalgesic effect of a cannabis sativa extract in a rat model of
neuropathic pain: mechanisms involved. Phytother Res 22(8). htt
ps://doi.org/10.1002/ptr.2401

Costa B, Colleoni M, Conti S, Parolaro D, Franke C, Trovato AE,
Giagnoni G (2004) Oral anti-inflammatory activity of Can-
nabidiol, a non-psychoactive constituent of cannabis, in acute

carrageenan-induced inflammation in the rat paw. Naunyn-
Schmiedeberg’s Archives Pharmacol 369(3). https://doi.org/10.1
007/s00210-004-0871-3

D’Andre S, McAllister S, Nagi J, Giridhar KV, Ruiz-Macias E,
Loprinzi C (2021) Topical cannabinoids for treating Chemother-
apy-Induced neuropathy: A case series. Integr Cancer Ther 20. ht
tps://doi.org/10.1177/15347354211061739

da Costa R, Passos GF, Quintdo NLM, Fernandes ES, Maia JRLCB,
Campos MM, Calixto JB (2020) Taxane-induced neurotoxicity:
pathophysiology and therapeutic perspectives. Br J Pharmacol
177(14):3127-3146. https://doi.org/10.1111/BPH.15086

Devinsky O, Marsh E, Friedman D, Thiele E, Laux L, Sullivan J,
Miller I, Flamini R, Wilfong A, Filloux F, Wong M, Tilton N,
Bruno P, Bluvstein J, Hedlund J, Kamens R, Maclean J, Nangia S,
Singhal NS, Cilio MR (2016) Cannabidiol in patients with treat-
ment-resistant epilepsy: an open-label interventional trial. Lancet
Neurol 15(3). https://doi.org/10.1016/S1474-4422(15)00379-8

Dixon W (1980) Efficient analysis of experimental observation. Phar-
macologia Annual Rev Pharmacol Toxicol 20:441-462. https://d
oi.org/10.1146/annurev.pa.20.040180.002301

Dogan B, Gokhan U (2024) Hepatotoxicity of Anti-cancer drugs.
Interdisciplinary cancer research. Springer, Cham

dos Santos RG, Hallak JEC, Crippa JAS (2021) Neuropharmacologi-
cal Effects of the Main Phytocannabinoids: A Narrative Review.
In Advances in Experimental Medicine and Biology (Vol. 1264).
https://doi.org/10.1007/978-3-030-57369-0 3

Duncan RS, Riordan SM, Gernon MC, Koulen P (2024) Cannabinoids
and endocannabinoids as therapeutics for nervous system disor-
ders: Preclinical models and clinical studies. In Neural Regenera-
tion Research (Vol. 19, Issue 4). https://doi.org/10.4103/1673-53
74.382220

Dupire A, Kant P, Mons N, Marchand AR, Coutureau E, Dalrymple-
Alford J, Wolff M (2013) A role for anterior thalamic nuclei in
affective cognition: interaction with environmental conditions.
Hippocampus 23(5):392-404. https://doi.org/10.1002/HIPO.220
98

Espejo-Porras F, Fernandez-Ruiz J, Pertwee RG, Mechoulam R, Gar-
cia C (2013) Motor effects of the non-psychotropic phytocan-
nabinoid cannabidiol that are mediated by 5-HT1A receptors.
Neuropharmacology 75:155-163. https://doi.org/10.1016/j.neur
opharm.2013.07.024

Freeman AM, Petrilli K, Lees R, Hindocha C, Mokrysz C, Curran HV,
Saunders R, Freeman TP (2019) How does cannabidiol (CBD)
influence the acute effects of delta-9-tetrahydrocannabinol (THC)
in humans? A systematic review. In Neuroscience and Biobehav-
ioral Reviews (Vol. 107). https://doi.org/10.1016/j.neubiorev.201
9.09.036

Garcia-Arencibia M, Gonzalez S, de Lago E, Ramos JA, Mechoulam
R, Fernandez-Ruiz J (2007) Evaluation of the neuroprotective
effect of cannabinoids in a rat model of Parkinson’s disease:
importance of antioxidant and cannabinoid receptor-independent
properties. Brain Res 1134(1). https://doi.org/10.1016/j.brainres.
2006.11.063

Guimaraes FS, Chiaretti TM, Graeft FG, Zuardi AW (1990) Antianxi-
ety effect of Cannabidiol in the elevated plus-maze. Psychophar-
macology 100(4). https://doi.org/10.1007/BF02244012

Gurgenci T, Hardy J, Huggett G, Foster K, Pelecanos A, Greer R,
Philip J, Haywood A, Mendis R, Yates P, Good P (2024) Medici-
nal cannabis (MedCan 3): a randomised, multicentre, double-
blind, placebo-controlled trial to assess THC/CBD (1:20) to
relieve symptom burden in patients with cancer-a study protocol
for a randomised controlled trial. Trials 25(1). https://doi.org/10.
1186/S13063-024-08091-Z

Hansen JS, Gustavsen S, Roshanisefat H, Kant M, Biering-Serensen F,
Andersen C, Olsson A, Chow HH, Asgari N, Hansen JR, Nielsen
HH, Hansen RM, Petersen T, Oturai AB, Sellebjerg F, Saedder

@ Springer


https://doi.org/10.1007/s00210-004-0871-3
https://doi.org/10.1007/s00210-004-0871-3
https://doi.org/10.1177/15347354211061739
https://doi.org/10.1177/15347354211061739
https://doi.org/10.1111/BPH.15086
https://doi.org/10.1016/S1474-4422(15)00379-8
https://doi.org/10.1146/annurev.pa.20.040180.002301
https://doi.org/10.1146/annurev.pa.20.040180.002301
https://doi.org/10.1007/978-3-030-57369-0_3
https://doi.org/10.1007/978-3-030-57369-0_3
https://doi.org/10.4103/1673-5374.382220
https://doi.org/10.4103/1673-5374.382220
https://doi.org/10.1002/HIPO.22098
https://doi.org/10.1002/HIPO.22098
https://doi.org/10.1016/j.neuropharm.2013.07.024
https://doi.org/10.1016/j.neuropharm.2013.07.024
https://doi.org/10.1016/j.neubiorev.2019.09.036
https://doi.org/10.1016/j.neubiorev.2019.09.036
https://doi.org/10.1016/j.brainres.2006.11.063
https://doi.org/10.1016/j.brainres.2006.11.063
https://doi.org/10.1007/BF02244012
https://doi.org/10.1186/S13063-024-08091-Z
https://doi.org/10.1186/S13063-024-08091-Z
https://doi.org/10.1023/A:1020884312053
https://doi.org/10.1023/A:1020884312053
https://doi.org/10.1016/j.jpsychires.2020.07.030
https://doi.org/10.1016/j.jpsychires.2020.07.030
https://doi.org/10.1007/s13318-023-00839-3
https://doi.org/10.1007/s13318-023-00839-3
https://doi.org/10.1007/s40265-019-01132-x
https://doi.org/10.1371/journal.pone.0153327
https://doi.org/10.1371/journal.pone.0153327
https://doi.org/10.1007/s40487-021-00168-y
https://doi.org/10.1007/s40487-021-00168-y
https://doi.org/10.3390/life12050652
https://doi.org/10.3390/life12050652
https://doi.org/10.3389/fphys.2021.785176
https://doi.org/10.3389/fphys.2021.785176
https://doi.org/10.1097/j.pain.0000000000002476
https://doi.org/10.1097/j.pain.0000000000002476
https://doi.org/10.1007/S13311-021-01127-1
https://doi.org/10.1007/S13311-021-01127-1
https://doi.org/10.1016/0165-0270(94)90144-9
https://doi.org/10.1007/s00520-024-08908-2
https://doi.org/10.1007/s00520-024-08908-2
https://doi.org/10.1002/ptr.2401
https://doi.org/10.1002/ptr.2401

Psychopharmacology

EA, Kasch H, Rasmussen PV, Finnerup NB, Svendsen KB (2023)
Cannabis-Based medicine for neuropathic pain and Spasticity—
A multicenter, randomized, Double-Blinded, Placebo-Controlled
trial. Pharmaceuticals 16(8). https://doi.org/10.3390/ph16081079

Hardy JR, Greer R, Gurgenci T, Kearney A, Ladwa R, Huggett G,
Good P (2024) A randomized, double-blind controlled trial of
medicinal cannabis vs placebo for symptom management in
patients with advanced cancer receiving palliative care. J Clin
Oncol 42(16suppl):12020—12020. https://doi.org/10.1200/JCO.2
024.42.16_SUPPL.12020

Harris HM, Sufka KJ, Gul W, Elsohly MA (2016) Effects of Delta-
9-Tetrahydrocannabinol and Cannabidiol on Cisplatin-Induced
neuropathy in mice. Planta Med 82(13). https://doi.org/10.1055
/s-0042-106303

Hasbi A, Madras BK, George SR (2023) Endocannabinoid System and
Exogenous Cannabinoids in Depression and Anxiety: A Review.
In Brain Sciences (Vol. 13, Issue 2). https://doi.org/10.3390/brai
nscil3020325

Henson JD, Vitetta L, Hall S (2022) Tetrahydrocannabinol and can-
nabidiol medicines for chronic pain and mental health conditions.
In Inflammopharmacology (Vol. 30, Issue 4). https://doi.org/10.1
007/310787-022-01020-z

Hess LM, Barakat R, Tian C, Ozols RF, Alberts DS (2007) Weight
change during chemotherapy as a potential prognostic factor for
stage lii epithelial ovarian carcinoma: A gynecologic oncology
group study. Gynecol Oncol 107(2):260. https://doi.org/10.1016/
J.YGYNO.2007.06.010

Hlozek T, Uttl L, Kadefabek L, Balikova M, Lhotkova E, Horsley RR,
Novékova P, Sichova K, Stefkova K, Tyl§ F, Kuchai' M, Paleni¢ek
T (2017) Pharmacokinetic and behavioural profile of THC, CBD,
and THC+CBD combination after pulmonary, oral, and subcu-
taneous administration in rats and confirmation of conversion in
vivo of CBD to THC. Eur Neuropsychopharmacol 27(12):1223—
1237. https://doi.org/10.1016/j.euroneuro.2017.10.037

Ibrahim EY, Ehrlich BE (2020) Prevention of Chemotherapy-Induced
peripheral neuropathy: A review of recent findings. Crit Rev
Oncol Hematol 145. https://doi.org/10.1016/j.critrevonc.2019.1
02831

Inglet S, Winter B, Yost SE, Entringer S, Lian A, Biksacky M, Pitt
RD, Mortensen W (2020) Clinical Data for the Use of Cannabis-
Based Treatments: A Comprehensive Review of the Literature. In
Annals of Pharmacotherapy (Vol. 54, Issue 11). https://doi.org/10
.1177/1060028020930189

Jarbe TUC, DiPatrizio NV (2005) A9-THC induced hyperphagia and
tolerance assessment: interactions between the CB1 receptor
agonist A9-THC and the CBI1 receptor antagonist SR-141716
(rimonabant) in rats. Behav Pharmacol 16:5-6. https://doi.org/1
0.1097/00008877-200509000-00009

Jarbe TUC, Andrzejewski ME, DiPatrizio NV (2002) Interactions
between the CB1 receptor agonist A9-THC and the CB1 recep-
tor antagonist SR-141716 in rats: Open-field revisited. Pharmacol
Biochem Behav 73(4). https://doi.org/10.1016/S0091-3057(02)0
0938-3

Johnson JR, Burnell-Nugent M, Lossignol D, Ganae-Motan ED, Potts
R, Fallon MT (2010) Multicenter, double-blind, randomized,
placebo-controlled, parallel-group study of the efficacy, safety,
and tolerability of THC:CBD extract and THC extract in patients
with intractable cancer-related pain. J Pain Symptom Manag
39(2):167-179. https://doi.org/10.1016/J.JPAINSYMMAN.200
9.06.008

Jurga M, Jurga A, Jurga K, Kazmierczak B, Ku$mierczyk K,
Chabowski M (2024) Cannabis-Based Phytocannabinoids: Over-
view, Mechanism of Action, Therapeutic Application, Production,

and Affecting Environmental Factors. In International Journal of

Molecular Sciences (Vol. 25, Issue 20). Multidisciplinary Digital

@ Springer

Publishing Institute (MDPI). https://doi.org/10.3390/ijms252011
258

Kaizu M, Komatsu H, Yamauchi H, Yamauchi T, Sumitani M, Dooren-
bos AZ (2021) Characteristics of taste alterations in people
receiving taxane-based chemotherapy and their association with
appetite, weight, and quality of life. Support Care Cancer 29(9). h
ttps://doi.org/10.1007/s00520-021-06066-3

Karniol IG, Carlini EA (1973) Pharmacological interaction between
Cannabidiol and §9-tetrahydrocannabinol. Psychopharmacologia
33(1). https://doi.org/10.1007/BF00428793

King KM, Myers AM, Soroka-Monzo AJ, Tuma RF, Tallarida RJ,
Walker EA, Ward SJ (2017) Single and combined effects of
A9-tetrahydrocannabinol and Cannabidiol in a mouse model
of chemotherapy-induced neuropathic pain. Br J Pharmacol
174(17):2832-2841. https://doi.org/10.1111/bph.13887

Klein C, Karanges E, Spiro A, Wong A, Spencer J, Huynh T, Gunasek-
aran N, Karl T, Long LE, Huang XF, Liu K, Arnold JC, McGregor
IS (2011) Cannabidiol potentiates A 9-tetrahydrocannabinol
(THC) behavioural effects and alters THC pharmacokinetics dur-
ing acute and chronic treatment in adolescent rats. Psychophar-
macology 218(2). https://doi.org/10.1007/s00213-011-2342-0

Kurt B, Karsli ZS, Oksiizoglu BOC, Oztiirk E, Demirérs N, Dag O
(2023) Determination of the influence of peripheral neuropathy
symptoms on quality of life in breast cancer patients: A Cross-
Sectional study with four Follow-Ups. Florence Nightingale J
Nurs 31(2). https://doi.org/10.5152/FNJN.2023.22156

Laaksonen KS, Nevalainen TO, Haasio K, Kasanen IHE, Nieminen
PA, Voipio HM (2013) Food and water intake, growth, and adi-
posity of Sprague-Dawley rats with diet board for 24 months. Lab
Anim 47(4). https://doi.org/10.1177/0023677213488103

Langford RM, Mares J, Novotna A, Vachova M, Novakova I, Notcutt
W, Ratcliffe S (2013) A double-blind, randomized, placebo-con-
trolled, parallel-group study of THC/CBD oromucosal spray in
combination with the existing treatment regimen, in the relief
of central neuropathic pain in patients with multiple sclerosis. J
Neurol 260(4):984-997. https://doi.org/10.1007/S00415-012-67
39-4

Lever C, Burton S, O’Keefe J (2006) Rearing on hind legs, environ-
mental novelty, and the hippocampal formation. In Reviews in the
Neurosciences (Vol. 17, Issues 1-2). https://doi.org/10.1515/REV
NEURO.2006.17.1-2.111

Lichtman AH, Martin BR (1991) Spinal and supraspinal components
of cannabinoid-induced antinociception. J Pharmacol Exp Ther,
258(2)

Ligresti A, De Petrocellis L, Di Marzo V (2016) From phytocannabi-
noids to cannabinoid receptors and endocannabinoids: pleiotropic
physiological and pathological roles through complex Pharma-
cology. Physiol Rev 96(4). https://doi.org/10.1152/physrev.0000
22016

Liu S, NiJ, Yan F, Yin N, Li X, Ma R, Wu J, Zhou G, Feng J (2022)
Functional changes of the prefrontal cortex, insula, caudate
and associated cognitive impairment (chemobrain) in NSCLC
patients receiving different chemotherapy regimen. Frontiers in
Oncology, 12. https://doi.org/10.3389/fonc.2022.1027515

Long LE, Chesworth R, Huang XF, McGregor IS, Arnold JC, Karl T
(2010) A behavioural comparison of acute and chronic Delta9-
tetrahydrocannabinol and Cannabidiol in C57BL/6JArc mice. Int
J Neuropsychopharmacol 13(7):861-876. https://doi.org/10.1017
/S1461145709990605

Loprinzi CL, Reeves BN, Dakhil SR, Sloan JA, Wolf SL, Burger KN,
Kamal A, Le-Lindqwister NA, Soori GS, Jaslowski AJ, Novotny
PJ, Lachance DH (2011) Natural history of paclitaxel-associated
acute pain syndrome: prospective cohort study NCCTG NO8C1. J
Clin Oncology: Official ] Am Soc Clin Oncol 29(11):1472-1478.
https://doi.org/10.1200/JC0O.2010.33.0308


https://doi.org/10.3390/ijms252011258
https://doi.org/10.3390/ijms252011258
https://doi.org/10.1007/s00520-021-06066-3
https://doi.org/10.1007/s00520-021-06066-3
https://doi.org/10.1007/BF00428793
https://doi.org/10.1111/bph.13887
https://doi.org/10.1007/s00213-011-2342-0
https://doi.org/10.5152/FNJN.2023.22156
https://doi.org/10.1177/0023677213488103
https://doi.org/10.1007/S00415-012-6739-4
https://doi.org/10.1007/S00415-012-6739-4
https://doi.org/10.1515/REVNEURO.2006.17.1-2.111
https://doi.org/10.1515/REVNEURO.2006.17.1-2.111
https://doi.org/10.1152/physrev.00002.2016
https://doi.org/10.1152/physrev.00002.2016
https://doi.org/10.3389/fonc.2022.1027515
https://doi.org/10.1017/S1461145709990605
https://doi.org/10.1017/S1461145709990605
https://doi.org/10.1200/JCO.2010.33.0308
https://doi.org/10.1200/JCO.2010.33.0308
https://doi.org/10.3390/ph16081079
https://doi.org/10.1200/JCO.2024.42.16_SUPPL.12020
https://doi.org/10.1200/JCO.2024.42.16_SUPPL.12020
https://doi.org/10.1055/s-0042-106303
https://doi.org/10.1055/s-0042-106303
https://doi.org/10.3390/brainsci13020325
https://doi.org/10.3390/brainsci13020325
https://doi.org/10.1007/s10787-022-01020-z
https://doi.org/10.1007/s10787-022-01020-z
https://doi.org/10.1016/J.YGYNO.2007.06.010
https://doi.org/10.1016/J.YGYNO.2007.06.010
https://doi.org/10.1016/j.euroneuro.2017.10.037
https://doi.org/10.1016/j.critrevonc.2019.102831
https://doi.org/10.1016/j.critrevonc.2019.102831
https://doi.org/10.1177/1060028020930189
https://doi.org/10.1177/1060028020930189
https://doi.org/10.1097/00008877-200509000-00009
https://doi.org/10.1097/00008877-200509000-00009
https://doi.org/10.1016/S0091-3057(02)00938-3
https://doi.org/10.1016/S0091-3057(02)00938-3
https://doi.org/10.1016/J.JPAINSYMMAN.2009.06.008
https://doi.org/10.1016/J.JPAINSYMMAN.2009.06.008

Psychopharmacology

Loprinzi CL, Lacchetti C, Bleeker J, Cavaletti G, Chauhan C, Hertz
DL, Kelley MR, Lavino A, Lustberg MB, Paice JA, Schneider
BP, Smith EML, Smith M, Lou, Smith TJ, Wagner-Johnston N,
Dawn LH (2020) Prevention and management of Chemotherapy-
Induced peripheral neuropathy in survivors of adult cancers:
ASCO guideline update. J Clin Oncol 38(28):3325-3348. https://
doi.org/10.1200/JC0.20.01399

Lyman WD, Sonett JR, Brosnan CF, Elkin R, Bornstein MB (1989)
A9-Tetrahydrocannabinol: a novel treatment for experimental
autoimmune encephalomyelitis. J Neuroimmunol 23(1). https://
doi.org/10.1016/0165-5728(89)90075-1

Lynch ME, Cesar-Rittenberg P, Hohmann AG (2014) A double-blind,
placebo-controlled, crossover pilot trial with extension using an
oral mucosal cannabinoid extract for treatment of chemotherapy-
induced neuropathic pain. J Pain Symptom Manag 47(1):166—
173. https://doi.org/10.1016/j.jpainsymman.2013.02.018

MacCallum CA, Russo EB (2018) Practical considerations in medical
cannabis administration and dosing. Eur J Intern Med 49. https://
doi.org/10.1016/j.ejim.2018.01.004

Maldonado R, Bafios JE, Cabafero D (2016) The endocannabinoid
system and neuropathic pain. Pain 157. https://doi.org/10.1097/
j-pain.0000000000000428

Metna-Laurent M, Mondésir M, Grel A, Vallée M, Piazza PV (2017)
Cannabinoid-induced tetrad in mice. Current Protocols in Neuro-
science, 2017. https://doi.org/10.1002/cpns.31

Mezzanotte JN, Grimm M, Shinde NV, Nolan T, Worthen-Chaudhari
L, Williams NO, Lustberg MB (2022) Updates in the Treatment
of Chemotherapy-Induced Peripheral Neuropathy. In Current
Treatment Options in Oncology (Vol. 23, Issue 1). https://doi.org/
10.1007/s11864-021-00926-0

Miguel CA, Noya-Riob6é MV, Brumovsky PR, Villar MJ, Coronel MF
(2022) Sex-related differences in oxaliplatin-induced changes in
the expression of transient receptor potential channels and their
contribution to cold hypersensitivity. Neurosci Lett 788:136863.
https://doi.org/10.1016/J.NEULET.2022.136863

Miguel CA, Raggio MC, Villar MJ, Gonzalez SL, Coronel MF
(2019) Anti-allodynic and anti-inflammatory effects of
170-hydroxyprogesterone caproate in oxaliplatin-induced periph-
eral neuropathy. J Peripher Nerv Syst 24(1):100—110. https://doi.
org/10.1111/jns.12307

Minematsu S, Hiruta M, Watanabe M, Amagaya S (1994) Correla-
tion of body weight gain with food and water consumption and
spontaneous activity in rats. Jikken Dobutsu Experimental Anim
43(3). https://doi.org/10.1538/expanim1978.43.3 433

Mitchell VA, Harley J, Casey SL, Vaughan AC, Winters BL, Vaughan
CW (2021) Oral efficacy of A(9)-tetrahydrocannabinol and Can-
nabidiol in a mouse neuropathic pain model. Neuropharmacology
189. https://doi.org/10.1016/j.neuropharm.2021.108529

Muller C, Morales P, Reggio PH (2019) Cannabinoid ligands targeting
TRP channels. In Frontiers in Molecular Neuroscience (Vol. 11).
https://doi.org/10.3389/fnmol.2018.00487

Nielsen SW, Hasselsteen SD, Dominiak HSH, Labudovic D, Reiter L,
Dalton SO, Herrstedt J (2022) Oral Cannabidiol for prevention of
acute and transient chemotherapy-induced peripheral neuropathy.
Support Care Cancer 30(11). https://doi.org/10.1007/s00520-02
2-07312-y

Noya-Riobé6 MV, Miguel CA, Soriano DB, Brumovsky PR, Villar
MJ, Coronel MF (2023) Changes in the expression of endocan-
nabinoid system components in an experimental model of che-
motherapy-induced peripheral neuropathic pain: evaluation of
sex-related differences. Exp Neurol 359. https://doi.org/10.1016
/JEXPNEUROL.2022.114232

Nyrop KA, Deal AM, Reeder-Hayes KE, Shachar SS, Reeve BB,
Basch E, Choi SK, Lee JT, Wood WA, Anders CK, Carey
LA, Dees EC, Jolly TA, Kimmick GG, Karuturi MS, Rein-
bolt RE, Speca JEC, Muss HB (2019) Patient-reported and

clinician-reported chemotherapy-induced peripheral neuropathy
in patients with early breast cancer: current clinical practice. Can-
cer 125(17):2945-2954. https://doi.org/10.1002/cncr.32175

Onaivi ES, Green MR, Martin BR (1990) Pharmacological character-
ization of cannabinoids in the elevated plus maze. J Pharmacol
Exp Ther, 253(3)

Ostadhadi S, Rahmatollahi M, Dehpour AR, Rahimian R (2015) Ther-
apeutic potential of cannabinoids in counteracting chemotherapy-
induced adverse effects: An exploratory review. In Phytotherapy
Research (Vol. 29, Issue 3). https://doi.org/10.1002/ptr.5265

Parent AJ, Beaudet N, Beaudry H, Bergeron J, Bérubé P, Drolet G,
Sarret P, Gendron L (2012) Increased anxiety-like behaviors in
rats experiencing chronic inflammatory pain. Behav Brain Res
229(1):160-167. https://doi.org/10.1016/J.BBR.2012.01.001

Pennypacker SD, Romero-Sandoval EA (2020) CBD and THC: Do
They Complement Each Other Like Yin and Yang? In Pharma-
cotherapy (Vol. 40, Issue 11). https://doi.org/10.1002/phar.2469

Radwan MM, Chandra S, Gul S, Elsohly MA (2021) Cannabinoids,
phenolics, terpenes and alkaloids of cannabis. In Molecules (Vol.
26, Issue 9). https://doi.org/10.3390/molecules26092774

Ray MA, Trammell RA, Verhulst S, Ran S, Toth LA (2011) Devel-
opment of a mouse model for assessing fatigue during chemo-
therapy. Comp Med 61(2):119. https://doi.org//pmc/articles/PM
C3079813/

Recalde MD, Miguel CA, Noya-Riobé MV, Gonzélez SL, Villar MJ,
Coronel MF (2020) Resveratrol exerts anti-oxidant and anti-
inflammatory actions and prevents oxaliplatin-induced mechani-
cal and thermal allodynia. Brain Res 1748:147079. https://doi.org
/10.1016/j.brainres.2020.147079

Rog DJ, Nurmikko TJ, Young CA (2007) Oromucosal delta9-tetrahy-
drocannabinol/cannabidiol for neuropathic pain associated with
multiple sclerosis: an uncontrolled, open-label, 2-year extension
trial. Clin Ther 29(9):2068-2079. https://doi.org/10.1016/J.CLIN
THERA.2007.09.013

Rutten K, Schiene K, Robens A, Leipelt A, Pasqualon T, Read SJ,
Christoph T (2014) Burrowing as a non-reflex behavioural read-
out for analgesic action in a rat model of sub-chronic knee joint
inflammation. Eur J Pain 18(2):204-212. https://doi.org/10.1002/
J.1532-2149.2013.00358.X

Serpell M, Ratcliffe S, Hovorka J, Schofield M, Taylor L, Lauder H,
Ehler E (2014) A double-blind, randomized, placebo-controlled,
parallel group study of THC/CBD spray in peripheral neuropathic
pain treatment. Eur J Pain 18(7):999-1012. https://doi.org/10.100
2/J.1532-2149.2013.00445.X

Soriano D, Brusco A, Caltana L (2021) Further evidence of anxiety-
and depression-like behavior for total genetic ablation of canna-
binoid receptor type 1. Behav Brain Res 400. https://doi.org/10.1
016/J.BBR.2020.113007

Soriano D, Arana Amantini M, Cordoba G, Vanni Y, Varela M, Pal-
etta C, Coronel F, M (2024) Prevalence, severity, and persistence
of Chemotherapy-Induced peripheral neuropathy in Early-Stage
breast cancer patients treated with Paclitaxel: an observational
study in a referral hospital in Latin America. J Crit Care Emerg
Med 3(12):1-6. https://doi.org/10.47363/JCCEM/2024(3)166

Spanagel R, Bilbao A (2021) Approved cannabinoids for medical pur-
poses — Comparative systematic review and meta-analysis for
sleep and appetite. Neuropharmacology 196. https://doi.org/10.1
016/j.neuropharm.2021.108680

Srivastava SP, Sinha AP, Sharma KK, Malik PS (2022) Severity, risk
factors and quality of life of patients associated with Chemother-
apy-Induced peripheral neuropathy. Clin Nurs Res 31(6). https://
doi.org/10.1177/10547738221085613

Stage TB, Bergmann TK, Kroetz DL (2018) Clinical Pharmacokinet-
ics of Paclitaxel Monotherapy: An Updated Literature Review. In
Clinical Pharmacokinetics (Vol. 57, Issue 1). https://doi.org/10.1
007/s40262-017-0563-z

@ Springer


https://doi.org/10.1002/cncr.32175
https://doi.org/10.1002/ptr.5265
https://doi.org/10.1016/J.BBR.2012.01.001
https://doi.org/10.1002/phar.2469
https://doi.org/10.3390/molecules26092774
https://doi.org//pmc/articles/PMC3079813/
https://doi.org//pmc/articles/PMC3079813/
https://doi.org/10.1016/j.brainres.2020.147079
https://doi.org/10.1016/j.brainres.2020.147079
https://doi.org/10.1016/J.CLINTHERA.2007.09.013
https://doi.org/10.1016/J.CLINTHERA.2007.09.013
https://doi.org/10.1002/J.1532-2149.2013.00358.X
https://doi.org/10.1002/J.1532-2149.2013.00358.X
https://doi.org/10.1002/J.1532-2149.2013.00445.X
https://doi.org/10.1002/J.1532-2149.2013.00445.X
https://doi.org/10.1016/J.BBR.2020.113007
https://doi.org/10.1016/J.BBR.2020.113007
https://doi.org/10.47363/JCCEM/2024(3)166
https://doi.org/10.1016/j.neuropharm.2021.108680
https://doi.org/10.1016/j.neuropharm.2021.108680
https://doi.org/10.1177/10547738221085613
https://doi.org/10.1177/10547738221085613
https://doi.org/10.1007/s40262-017-0563-z
https://doi.org/10.1007/s40262-017-0563-z
https://doi.org/10.1200/JCO.20.01399
https://doi.org/10.1200/JCO.20.01399
https://doi.org/10.1016/0165-5728(89)90075-1
https://doi.org/10.1016/0165-5728(89)90075-1
https://doi.org/10.1016/j.jpainsymman.2013.02.018
https://doi.org/10.1016/j.ejim.2018.01.004
https://doi.org/10.1016/j.ejim.2018.01.004
https://doi.org/10.1097/j.pain.0000000000000428
https://doi.org/10.1097/j.pain.0000000000000428
https://doi.org/10.1002/cpns.31
https://doi.org/10.1007/s11864-021-00926-0
https://doi.org/10.1007/s11864-021-00926-0
https://doi.org/10.1016/J.NEULET.2022.136863
https://doi.org/10.1016/J.NEULET.2022.136863
https://doi.org/10.1111/jns.12307
https://doi.org/10.1111/jns.12307
https://doi.org/10.1538/expanim1978.43.3_433
https://doi.org/10.1016/j.neuropharm.2021.108529
https://doi.org/10.3389/fnmol.2018.00487
https://doi.org/10.3389/fnmol.2018.00487
https://doi.org/10.1007/s00520-022-07312-y
https://doi.org/10.1007/s00520-022-07312-y
https://doi.org/10.1016/J.EXPNEUROL.2022.114232
https://doi.org/10.1016/J.EXPNEUROL.2022.114232

Psychopharmacology

Starowicz K, Finn DP (2017) Cannabinoids and Pain: Sites and Mech-
anisms of Action. In Advances in Pharmacology (Vol. 80). https:/
/doi.org/10.1016/bs.apha.2017.05.003

Toma W, Kyte SL, Bagdas D, Alkhlaif Y, Alsharari SD, Lichtman
AH, Chen ZJ, Del Fabbro E, Bigbee JW, Gewirtz DA, Damaj MI
(2017) Effects of paclitaxel on the development of neuropathy
and affective behaviors in the mouse. Neuropharmacology, 117.h
ttps://doi.org/10.1016/j.neuropharm.2017.02.020

Ueberall MA, Essner U, Mueller-Schwefe GHH (2019) Effectiveness
and tolerability of THC:CBD oromucosal spray as add-on mea-
sure in patients with severe chronic pain: analysis of 12-week
open-label real-world data provided by the German pain e-reg-
istry. J Pain Res 12:1577-1604. https://doi.org/10.2147/JPR.S19
2174

Ullah R, Ali G, Subhan F, Naveed M, Khan A, Khan J, Halim SA,
Ahmad N, Zakiullah, Al-Harrasi A (2021) Attenuation of noci-
ceptive and paclitaxel-induced neuropathic pain by targeting
inflammatory, CGRP and substance P signaling using 3-Hydroxy-
flavone. Neurochem Int 144:104981. https://doi.org/10.1016/J.N
EUINT.2021.104981

Vaney C, Heinzel-Gutenbrunner M, Jobin P, Tschopp F, Gattlen B,
Hagen U, Schnelle M, Reif M (2004) Efficacy, safety and toler-
ability of an orally administered cannabis extract in the treatment
of spasticity in patients with multiple sclerosis: A randomized,
double-blind, placebo-controlled, crossover study. Mult Scler
10(4). https://doi.org/10.1191/1352458504ms10480a

Wang AB, Housley SN, Flores AM, Kircher SM, Perreault EJ, Cope
TC (2021) A review of movement disorders in chemotherapy-
induced neurotoxicity. In Journal of NeuroEngineering and
Rehabilitation (Vol. 18, Issue 1). https://doi.org/10.1186/s1298
4-021-00818-2

Ward SJ, McAllister SD, Kawamura R, Murase R, Neelakantan H,
Walker EA (2014) Cannabidiol inhibits paclitaxel-induced neuro-
pathic pain through 5-HT 1A receptors without diminishing ner-
vous system function or chemotherapy efficacy. Br J Pharmacol
171(3):636—645. https://doi.org/10.1111/bph.12439

Woodhams SG, Chapman V, Finn DP, Hohmann AG, Neugebauer V
(2017) The cannabinoid system and pain. Neuropharmacology
124:105-120. https://doi.org/10.1016/j.neuropharm.2017.06.015

@ Springer

Woodward MR, Harper DG, Stolyar A, Forester BP, Ellison JM (2014)
Dronabinol for the treatment of agitation and aggressive behavior
in acutely hospitalized severely demented patients with noncog-
nitive behavioral symptoms. Am J Geriatric Psychiatry 22(4). htt
ps://doi.org/10.1016/j.jagp.2012.11.022

Xiong W, Cui T, Cheng K, Yang F, Chen SR, Willenbring D, Guan
Y, Pan HL, Ren K, Xu Y, Zhang L (2012) Cannabinoids sup-
press inflammatory and neuropathic pain by targeting A3 Glycine
receptors. J Exp Med 209(6). https://doi.org/10.1084/jem.20120
242

Zimcikova E, Simko J, Karesova I, Kremlacek J, Malakova J (2017)
Behavioral effects of antiepileptic drugs in rats: are the effects on
mood and behavior detectable in open-field test? Seizure 52:35—
40. https://doi.org/10.1016/J.SEIZURE.2017.09.015

Zuardi AW, Crippa JAS, Hallak JEC, Moreira FA, Guimardes FS
(2006) Cannabidiol, a cannabis sativa constituent, as an antipsy-
chotic drug. Brazilian J Med Biol Res = Revista Brasileira De
Pesquisas Medicas E Biologicas 39(4):421-429. https://doi.org/1
0.1590/S0100-879X2006000400001

Zubcevic K, Petersen M, Bach FW, Heinesen A, Enggaard TP, Alm-
dal TP, Holbech JV, Vase L, Jensen TS, Hansen CS, Finnerup
NB, Sindrup SH (2023) Oral capsules of tetra-hydro-cannabinol
(THC), Cannabidiol (CBD) and their combination in peripheral
neuropathic pain treatment. Eur J Pain (United Kingdom) 27(4).
https://doi.org/10.1002/ejp.2072

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/j.jagp.2012.11.022
https://doi.org/10.1016/j.jagp.2012.11.022
https://doi.org/10.1084/jem.20120242
https://doi.org/10.1084/jem.20120242
https://doi.org/10.1016/J.SEIZURE.2017.09.015
https://doi.org/10.1590/S0100-879X2006000400001
https://doi.org/10.1590/S0100-879X2006000400001
https://doi.org/10.1002/ejp.2072
https://doi.org/10.1002/ejp.2072
https://doi.org/10.1016/bs.apha.2017.05.003
https://doi.org/10.1016/bs.apha.2017.05.003
https://doi.org/10.1016/j.neuropharm.2017.02.020
https://doi.org/10.1016/j.neuropharm.2017.02.020
https://doi.org/10.2147/JPR.S192174
https://doi.org/10.2147/JPR.S192174
https://doi.org/10.1016/J.NEUINT.2021.104981
https://doi.org/10.1016/J.NEUINT.2021.104981
https://doi.org/10.1191/1352458504ms1048oa
https://doi.org/10.1186/s12984-021-00818-2
https://doi.org/10.1186/s12984-021-00818-2
https://doi.org/10.1111/bph.12439
https://doi.org/10.1016/j.neuropharm.2017.06.015

	﻿Early oral administration of THC:CBD formulations prevent pain-related behaviors without exacerbating paclitaxel-induced changes in weight, locomotion, and anxiety in a rat model of chemotherapy-induced neuropathy
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethics
	﻿Animals and housing
	﻿Drug administration and experimental design
	﻿Mechanical sensitivity: von Frey test
	﻿Cold sensitivity: Choi test
	﻿Overall health, coat condition and posture
	﻿Locomotor activity, vertical exploratory behaviors and anxiety-related parameters: open field test
	﻿Weight gain, food and water intake
	﻿Liver enzymes: serum analysis
	﻿Statistical analysis

	﻿Results
	﻿THC:CBD formulations prevented the development of mechanical and cold hypersensitivity and allodynia in rats treated with paclitaxel
	﻿Neither paclitaxel nor THC:CBD formulations had any effect on coat appearance or body posture
	﻿Cannabinoids could not alleviate paclitaxel-induced hypo-locomotion, but did not cause any additional motor impairment
	﻿THC:CBD 1:1 restored rearing behavior after paclitaxel administration
	﻿Anxious-like behaviors in rats treated with PAX were neither alleviated nor exacerbated by cannabinoids
	﻿THC:CBD formulations did not modify the progressive attenuation in weight gain observed in rats treated with paclitaxel
	﻿Chan	s in paclitaxel-treated rats were not modulated by cannabinoids
	﻿Paclitaxel and THC:CBD formulations did not modify serum transaminase levels

	﻿Discussion
	﻿Conclusions
	﻿References


