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Introduction

In equines, peripheral nerve injuries (PNI) are among the 
most frequently reported lesions of the peripheral nervous 
system (Boorman et al. 2020). Given this clinical relevance, 
cell therapy research in equines, relevant both for the spe-
cies and as a translational model, holds promise for advanc-
ing therapeutic approaches (Cequier et al. 2021).

MSCs have shown promise in treating PNI due to their 
capacity for proliferation, differentiation, immunomodula-
tion, and secretion of neurotrophic factors (Sánchez et al. 
2017; Li et al. 2022). Despite their therapeutic potential, the 
survival and differentiation capacity of transplanted MSCs 
can be hindered by the harsh conditions of the injured tis-
sue microenvironment (Mante et al. 2025). These adverse 
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Abstract
Peripheral nerve injuries (PNI) often lead to long-term functional impairment. Mesenchymal stem cells (MSCs) and 
cannabidiol (CBD) have shown anti-inflammatory and neuroprotective effects in vitro, which may be relevant for PNI 
research. The aim of this study was to evaluate CBD-rich cannabis extract’s potential to induce anti-inflammatory and 
neurotrophic gene expression in equine adipose tissue-derived MSCs (EqAT-MSCs) in an inflammatory in vitro environ-
ment. The morphology and metabolic activity of EqAT-MSCs (n = 4) were assessed after CBD-rich extract priming at 
concentrations of 3, 5, 7, and 9 µM for 24 and 48 h. Cytokine and neurotrophic gene expression was evaluated under these 
conditions: DMEM (unprimed), DMEM + LPS (lipopolysaccharide) (10 ng/ml), and LPS (10 ng/ml) + DMEM + CBD at 
3, 5, and 7 µM for 24 and 48 h. No morphological changes were observed in primed EqAT-MSCs versus unprimed cells. 
EqAT-MSCs showed a reduction in metabolic activity at 9 µM after 24 h. CBD priming following LPS stimulation led 
to statistically significant changes in EqAT-MSC gene expression. BDNF expression increased after 48 h (3 and 5 µM), 
while NGF expression decreased at both 24 and 48 h (3, 5, and 7 µM). IL-1β expression decreased after 24 h (3 and 7 
µM), and IL-6 levels decreased at both 24 (5 and 7 µM) and 48 h (3, 5, and 7 µM). No significant changes were observed 
in GDNF, TNF-ɑ, IFN-ɣ, or IL-10. These results indicate that CBD-rich extract selectively modulates inflammatory and 
neurotrophic gene expression in EqAT-MSCs while maintaining metabolic integrity.
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conditions often result in low engraftment rates, increased 
cell death, and reduced therapeutic efficacy (Saparov et al. 
2016; Haider 2024).

To enhance the biological performance of MSCs, various 
priming strategies have been proposed. Priming involves 
preconditioning cells with specific stimuli, such as inflam-
matory cytokines (e.g., tumor necrosis factor alpha (TNF-α) 
and interferon gamma (IFN-γ), hypoxia, or pharmacological 
agents to enhance their immunoregulatory profile, paracrine 
secretion, and regenerative properties (Saparov et al. 2016; 
Noronha et al. 2019; Mante et al. 2025).

Among the pharmacological agents investigated, canna-
bidiol (CBD), a non-psychoactive phytocannabinoid derived 
from Cannabis sativa, has recently gained attention. Studies 
have shown that the use of CBD-rich extract can stimulate 
the immunomodulatory activity of canine and equine MSCs 
(Battistin et al. 2025; Perino et al. 2025). Although the pre-
cise mechanisms of CBD-rich extract remain to be fully elu-
cidated, studies on phytocannabinoids, including CBD and 
Δ⁹-tetrahydrocannabinol (THC), indicate that these com-
pounds can influence the immunomodulatory functions of 
MSCs through several pathways. These mechanisms may 
involve activation of cannabinoid receptor type 2 (CB2) 
and extracellular signal-regulated kinase (ERK) signaling, 
as well as inhibition of NALP3 inflammasome activation 
(Libro et al. 2016; Xie et al. 2016).

This makes CBD-rich extract a promising candidate for 
MSC priming strategies aimed at enhancing therapeutic 
outcomes. However, to the best of our knowledge, no stud-
ies have investigated the use of CBD-rich extract to prime 
equine MSCs under an inflammatory environment.

Following PNI, early inflammatory responses involve the 
upregulation of cytokines such as IL-1β, IL-6, TNF-α, and 
IFN-γ by Schwann cells (SCs), macrophages, and resident 
immune cells to orchestrate debris clearance (Li et al. 2022). 
As inflammation resolves, macrophages polarize toward an 
anti-inflammatory M2 phenotype, increasing IL-6 and IL-10 
secretion to support regeneration (Yu et al. 2022; Zhang et 
al. 2025). Concurrently, SCs begin producing neurotrophic 
factors, including nerve growth factor (NGF), brain-derived 
neurotrophic factor (BDNF), and glial cell line-derived 
neurotrophic factor (GDNF), which play essential roles in 
axonal regrowth (Tomita et al. 2013; Caillaud et al. 2019; 
Pandey and Mudgal, 2022).

To experimentally reproduce the inflammatory milieu, 
lipopolysaccharide (LPS) is widely used as a reliable 
inducer of an in vitro pro-inflammatory environment. This 
stimulus is frequently employed in studies investigating 
the immunomodulatory effects of phytocannabinoid-based 
priming of MSCs (Xie et al. 2016; Ruhl et al. 2018).

The hypothesis of this study is that equine adipose tissue-
derived MSCs (EqAT-MSCs), when cultured with a CBD-rich 

extract of Cannabis sativa, modulate cytokine and neuro-
trophic gene expression under inflammatory conditions. Thus, 
the aim of this study was to investigate the anti-inflammatory 
and neurotrophic potential in vitro of the CBD-rich extract in 
EqAT-MSCs stimulated with lipopolysaccharide (LPS).

Materials and methods

Experimental design

EqAT-MSCs (P3; n = 4) were thawed and cultured in com-
plete medium composed of 90% Dulbecco’s Modified 
Eagle’s Medium (DMEM/F12), 10% fetal bovine serum 
(FBS) (both from Nova Biotecnologia, Cotia, São Paulo, 
Brazil), and 1% penicillin-streptomycin (Gibco®, Grand 
Island, New York, USA).

Cell morphology and metabolic activity were 
assessed using inverted microscopy and the MTT assay 
(3-(4,5-dimethylthiazol-2-yl)−2,5-diphenyltetrazolium bro-
mide), respectively, after priming with CBD-rich cannabis 
extract at concentrations of 3 µM, 5 µM, 7 µM, and 9 µM 
for 24 and 48 h. Based on the MTT analysis and supported 
by previous studies, the concentrations of 3, 5, and 7 µM 
were selected for gene expression evaluation (Libro et al. 
2016; Battistin et al. 2025).

Additionally, the gene expression of cytokines IFN-ɣ, 
TNF-ɑ, IL-1β, IL-6, and IL-10, and neurotrophic factors 
BDNF, GDNF, NGF was evaluated in EqAT-MSCs by RT-
qPCR under the following conditions: with complete medium 
(unprimed group), complete medium + lipopolysaccharide 
from Escherichia coli serotype 055:B5 (Sigma-Aldrich®. Saint 
Louis, Missouri, USA) (LPS, 10 ng/ml), and LPS (10 ng/ml) + 
complete medium + 3 µM, 5 µM, and 7 µM CBD-rich extract, 
after priming for 24 and 48 h (Fig. 1). The LPS concentration 
(10 ng/mL) was selected based on a previous study (Pezzanite 
et al. 2021) to induce an inflammatory environment.

Equine adipose-derived mesenchymal stem cells

EqAT-MSCs derived from healthy horses were sourced from the 
MSC bank at the Center for Translational Research in Regen-
erative Medicine, Institute of Biotechnology, São Paulo State 
University (UNESP). These cells had been previously charac-
terized, exhibiting adherence to plastic, fibroblast-like morphol-
ogy, and differentiation potential into osteogenic, adipogenic, 
and chondrogenic lineages. Additionally, they expressed sur-
face markers CD44, CD90, and CD105, while lacking expres-
sion of CD34 and MHC-II (Barberini et al. 2014).

The cells were thawed and cultured in a medium 
consisting of 90% DMEM/F12, 10% FBS (both from 
Nova Biotecnologia, Cotia, São Paulo, Brazil), and 1% 
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penicillin-streptomycin (Gibco®, Grand Island, New York, 
USA) until they reached 80% confluence.

Cannabidiol-rich cannabis extract

The full-spectrum Cannabis sativa extract, predominantly 
enriched with CBD, used in this study was provided by the 
Maria Flor Cannabis Association (Marília, São Paulo, Bra-
zil). Its composition was analyzed using High-Performance 
Liquid Chromatography (HPLC) by DALL Soluções Analíti-
cas (Curitiba, Paraná, Brazil), confirming 28.12% CBD and 
0.80% tetrahydrocannabinol (THC). The extract was initially 
diluted in dimethyl sulfoxide (DMSO) at a 1:1 ratio, filtered, 
and further diluted in DMEM to prepare concentrations of 3 
µM, 5 µM, 7 µM, and 9 µM, which were used in the experi-
ments (final DMSO concentration of 0.05%).

Morphological evaluation

The morphology of EqAT-MSCs was assessed using an 
inverted microscope (LEICA DMIRB, Germany). Photomi-
crographs were captured at 24 and 48 h for both the control 

group (unprimed cells) and EqAT-MSCs primed with 3 µM, 5 
µM, 7 µM, and 9 µM CBD-rich extract.

MTT

For the analysis of cellular metabolic activity, EqAT-MSCs 
were seeded into a 96-well plate (Sarstedt, Nümbrecht, Ger-
many) at a density of 1 × 10⁴ cells/well in complete medium. 
After 24 h, the supernatant was discarded and replaced with 
complete medium (unprimed group), and complete medium 
with CBD-rich cannabis extract at concentrations of 3 µM, 5 
µM, 7 µM, and 9 µM for the primed groups. The cells were 
incubated for 24 and 48 h.

Following priming, the medium was removed, and the 
MSCs were incubated with MTT (3-(4,5-dimethylthiazol-
2-yl)−2,5-diphenyl tetrazolium bromide) (Thermo Fisher 
Scientific, Waltham, MA, USA, catalog number M6494) for 
4 h at 37 °C and 5% CO2. After removing the MTT solution, 
the cells were homogenized with 200 µL of DMSO and ana-
lyzed at an absorbance of 570 nm using an Asys Expert Plus® 
microplate reader (Biochrom Asys Expert Plus Microplate 
Reader; Biochrom Ltd., Harvard Bioscience, Holliston, MA).

Fig. 1  Equine adipose tissue-derived mesenchymal stem cells (EqAT-
MSCs; P3; n = 4) were cultured in complete medium and primed with 
cannabidiol (CBD)-rich cannabis extract at concentrations of 3 µM, 
5 µM, 7 µM and 9 µM for 24 and 48 h. Cell morphology and meta-
bolic activity were evaluated using inverted microscopy and the MTT 
assay, respectively. Gene expression of cytokines (IFN-ɣ, TNF-ɑ, 
IL-1β, IL-6, IL-10) and neurotrophic factors (BDNF, GDNF, NGF) 
was analyzed by RT-qPCR after 24 and 48 h of priming in the follow-

ing groups: complete medium (unprimed), complete medium + LPS 
(10 ng/ml), and complete medium + LPS + 3 µM, 5 µM and 7 µM. 
CBD-rich extract. IFN-ɣ: Interferon-gamma. TNF-ɑ: Tumor necro-
sis factor-alpha. IL-1β: Interleukin-1 beta. IL-6: Interleukin-6. IL-10: 
Interleukin-10. BDNF: Brain-derived neurotrophic factor. GDNF: 
Glial cell line-derived neurotrophic factor. NGF: Nerve growth factor. 
LPS: Lipopolysaccharide. Created in BioRender. Amorim, R. (2026) 
https://BioRender.com/rxhnk1k
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synthesis was carried out using the High-Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems™, Life Tech-
nologies Corporation, Carlsbad, USA), according to the manu-
facturer’s instructions. Reverse transcription was performed to 
obtain cDNA using the Veriti 96-Well Thermal Cycler (Applied 
Biosystems™, Thermo Fisher Scientific) under the following 
thermal cycling conditions: 10 min at 25 °C, 12 min at 37 °C, 
and 5 min at 85 °C. The cDNA samples were cryopreserved at 
−80 °C and used as templates for PCR reactions.

Reactions were performed in duplicates using cDNA 
previously synthesized, PowerUp™ SYBR™ Green Master 
Mix (Applied Biosystems™, Life Technologies, Carlsbad, 
CA, USA), RNA-free water, and equine primers (Thermo 
Fisher Scientific, São Paulo, Brazil), based on a previous 
study (Battistin et al. 2025) (Table 1).

Samples were tested with two reference genes, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) and beta-actin 
(ACTB). The real-time polymerase chain reaction (qPCR) 
method was performed using the QuantStudio™ 12 K Flex 
Real-Time PCR System thermocycler (Applied Biosys-
tems™, Thermo Fisher Scientific) with the following param-
eters: 50 °C for 2 min, 95 °C for 2 min, and 40 cycles of 95 °C 
for 1 s and 60 °C for 30 s, followed by a dissociation curve. 
The relative quantification of gene expression was performed 
using the ΔΔCt method (Livak and Schmittgen 2001).

Statistical analysis

Data were evaluated for normality using statistical tests (Sha-
piro–Wilk), descriptive statistics, and graphical analysis. The 
results obtained from the RT-qPCR and cell metabolic activ-
ity analyses were subjected to the non-parametric Kruskal-
Wallis test at each evaluation time point (24 and 48  h) to 
compare the treatments (p < 0.05). When a statistically sig-
nificant difference was found, Dunn’s test was applied. Anal-
yses were performed using SigmaStat 3.5 software.

Results

Morphology

No differences in morphology were observed between the 
groups primed with CBD-rich cannabis extract and the 
unprimed group after 24 and 48 h (Fig. 2).

Cellular metabolic activity

Only the group primed with 9 µM CBD-rich extract for 24 h 
(median = 79.6%) showed a significant reduction in the meta-
bolic activity of EqAT-MSCs compared to the control group 
(median = 100%) (Fig. 3).

Gene expression of cytokines and neurotrophic factors

The gene expression of cytokines (IFN-ɣ, TNF-ɑ, IL-1β, IL-
6, and IL-10) and neurotrophic factors (NGF, BDNF, and 
GDNF) in unprimed and primed EqAT-MSCs was quanti-
fied using the RT-qPCR technique. For this, equine MSCs 
were seeded in duplicates to 24-well plates (Sarstedt, Nüm-
brecht, Germany) at a density of 5 × 104 cells/well.

After 24 h, the supernatant was discarded and replaced with 
the medium for each experimental group: Unprimed group 
(complete culture medium); Stimulated group (complete cul-
ture medium + 10 ng/ml LPS); Stimulated group + 3 µM CBD-
rich extract (complete culture medium + 10 ng/ml LPS + 3 µM 
CBD-rich cannabis extract); Stimulated group + 5 µM CBD-
rich extract (complete culture medium + 10 ng/ml LPS + 5 
µM CBD-rich cannabis extract); and Stimulated group + 7 
µM CBD-rich extract (complete culture medium + 10 ng/ml 
LPS + 7 µM CBD-rich cannabis extract). Cells were main-
tained under priming conditions for 24 and 48 h.

Then, the cells were lysed using 1 mL of TRIzol™ (Invitro-
gen™, USA), and the samples were stored at −80 °C for subse-
quent analysis. RNA extraction was performed using the same 
reagent, following the manufacturer’s instructions. The RNA 
was eluted with RNA-free water, quantified, and analyzed by 
spectrophotometry with the Thermo Scientific NanoDrop 2000 
(Thermo Fisher Scientific, Wilmington, USA) to determine 
the absorbance ratios at 260/280 nm and 260/230 nm. cDNA 

Table 1  Primers used for analyzing gene expression by RT-qPCR
Gene Forward (5´−3´) Reverse (5´−3´)
IL-1β ​G​C​A​G​C​C​A​T​G​G​C​A​G​C​A​G​T​A ​A​T​T​G​C​C​G​C​T​G​C​A​

G​T​A​A​G​T​C​A
IL-6 ​A​A​C​A​A​C​T​C​A​C​C​T​C​A​T​C​C​T​

T​C​G​A​A
​C​G​A​A​C​A​G​C​T​C​T​C​
A​G​G​C​T​G​A​A​C

IL-10 ​C​G​G​C​C​C​A​G​A​C​A​T​C​A​A​G​G​A ​T​C​G​G​A​G​G​G​T​C​T​T​
C​A​G​C​T​T​T​T​C

IFN-ɣ ​C​T​G​T​C​G​C​C​C​A​A​A​G​C​T​A​A​
C​C​T

​G​G​C​C​T​C​G​A​A​A​T​G​
G​A​T​T​C​T​G​A

TNF-ɑ ​T​T​G​G​A​T​G​G​G​C​T​G​T​A​C​C​T​
C​A​T​C

​G​G​G​C​A​G​C​C​T​T​G​G​
C​C​T​T​T

BDNF ​T​T​G​G​A​T​G​A​G​G​G​C​C​A​G​A​A​
A​G​T

​C​A​A​G​T​C​C​G​C​G​T​C​
C​T​T​A​C​T​G​T​T

GDNF ​C​A​G​G​G​A​C​T​C​T​T​C​C​T​C​C​A​
T​C​C​T

​T​G​G​G​C​A​C​G​A​G​C​A​
T​G​T​T​T​C​T

NGF ​C​C​A​A​C​G​G​A​G​C​A​G​C​T​T​T​C​
T​G​T

​A​A​C​A​A​C​A​T​G​G​A​C​
A​T​T​A​C​G​C​T​A​T​G​C

ACTB ​C​G​G​C​G​G​C​T​C​C​A​T​T​C​T​G ​C​T​G​C​T​T​G​C​T​G​A​T​
C​C​A​C​A​T​C​T​G

GAPDH ​G​G​C​A​A​G​T​T​C​C​A​T​G​G​C​A​C​
A​G​T

​G​G​G​C​T​T​T​C​C​G​T​T​
G​A​T​G​A​C​A​A

IL-1β  interleukin 1 beta, IL-6  interleukin-6, IL-10  interleukin-10, 
IFN-γ  interferon gamma, TNF-α  tumor necrosis factor-alpha, 
BDNF  brain-derived neurotrophic factor, GDNF  glial cell-derived 
neurotrophic factor, NGF  nerve growth factor, ACTB  beta-actin, 
GAPDH glyceraldehyde-3-phosphate dehydrogenase
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expression was reduced in the group primed with 7 µM 
CBD-rich extract after 48 h (median = 0.73) compared to the 
3 µM CBD-rich extract group (median = 1.22) at the same 
time.

Regarding NGF, at both 24 and 48 h, primed with 3 µM 
CBD-rich extract (medians = 0.81; 0.74), 5 µM CBD-rich 
extract (medians = 0.80; 0.79), and 7 µM CBD-rich extract 
(medians = 0.74; 0.71) significantly reduced its expression 
compared to the LPS-stimulated group (medians = 1.08; 
0.96).

Gene expression of cytokines

LPS affected the expression of IL-1β after 24 h of culture, 
showing an increase in its expression in the stimulated 
group (median = 1.58) compared to the unprimed group. 
(median = 0.97). At the same time, a significant reduction 
in IL-1β expression was observed when comparing the 
LPS-stimulated group with the groups primed with 3 µM 
CBD-rich extract (median = 1.24) and 7 µM (median = 0.72) 
(Fig. 4).

The expression of IL-6 showed significant differ-
ences between the groups. After 24  h, its expression was 
reduced in the groups primed with 5 µM CBD-rich extract 
(median = 0.42) and 7 µM CBD-rich extract (median = 0.23) 
compared to the LPS-stimulated group (median = 1.31). 
After 48  h, significant reductions were observed in the 
groups primed with 3 µM CBD-rich extract (median = 0.4), 
5 µM CBD-rich extract (median = 0.28), and 7 µM CBD-
rich extract (median = 0.16) compared to the LPS-stimulated 
group (median = 1.8).

No significant differences were observed between groups 
for the cytokines IL-10, IFN-ɣ and TNF-ɑ.

Gene expression of neurotrophic factors

The relative expression of neurotrophic factors is shown 
in Fig.  4. The expression of BDNF showed a significant 
increase in the EqAT-MSCs groups primed with 3 µM and 
5 µM CBD-rich extract (median = 1.45; 1.33) compared to 
the unprimed group and EqAT-MSCs stimulated with LPS 
(median = 1.01; 1.09) after 48 h.

Although no significant differences were observed 
compared to the unprimed and stimulated groups, GDNF 

Fig. 3  Cellular metabolic activity of equine adipose tissue-derived 
mesenchymal stem cells (EqAT-MSCs) following priming with can-
nabidiol (CBD)-rich cannabis extract. Metabolic activity was assessed 
by MTT assay after 24 and 48 h of exposure to CBD-rich extract at 
different concentrations. Data are presented as medians, interquartile 
ranges, and minimum and maximum values (p < 0.01**)

 

Fig. 2  Morphological characterization of equine adipose tissue-derived 
mesenchymal stem cells (EqAT-MSCs) under different experimen-
tal conditions. Representative phase-contrast micrographs of EqAT-
MSCs cultured for 24 and 48 h. (A, F) Unprimed group (control); (B, 

G) EqAT-MSCs primed with 3 µM cannabidiol (CBD)-rich cannabis 
extract; (C, H) 5 µM CBD-rich extract; (D, I) 7 µM CBD-rich extract; 
(E, J) 9 µM CBD-rich extract. Magnification: 200×. Scale bar: 100 μm
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inflammation. The expression of inflammatory and anti-
inflammatory cytokines and neurotrophic factors was inves-
tigated to determine whether CBD-rich extract priming could 
prepare the cells for a more favorable immunoregulatory and 
neuroprotective role under inflammatory conditions.

Discussion

The present study aimed to evaluate whether priming EqAT-
MSCs with a CBD-rich cannabis extract could modulate 
their gene expression profile in response to LPS-induced 

Fig. 4  Relative expression 
of neurotrophic factors and 
cytokines in equine adipose 
tissue-derived mesenchymal 
stem cells (EqAT-MSCs) after 
24 and 48 h of priming with 3 
µM, 5 µM and 7 µM. cannabidiol 
(CBD)-rich extract. (A) BDNF, 
(B) GDNF, (C) NGF, (D) IL-1β, 
(E) IL-6, (F) TNF-ɑ, (G) IFN-ɣ 
(H) IL-10. Data are presented 
as medians, interquartile ranges, 
and minimum and maximum 
values. p values: p < 0.05*, 
p < 0.01**, p < 0.001***. BDNF: 
brain-derived neurotrophic fac-
tor; GDNF: glial cell-derived 
neurotrophic factor; NGF: nerve 
growth factor; IL-1β: interleukin 
1 beta; IL-6: interleukin-6; IL-10: 
interleukin-10; IFN-γ: interferon 
gamma; TNF-α: tumor necrosis 
factor-alpha
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compared to the EqAT-MSCs stimulated with LPS after 
48  h. The expression of the tropomyosin receptor kinase 
B (TrkB) has been observed in MSCs, and its activation 
plays a significant role in BDNF production by these cells 
(Heo et al. 2013). Previous in vivo studies have shown that 
CBD can modulate BDNF levels in a time-dependent man-
ner, with transient increases shortly after administration 
followed by a return to baseline (Heo et al. 2013; Sales et 
al. 2019). Consistent with these observations, other stud-
ies evaluating later time points after CBD treatment did 
not detect sustained changes in BDNF expression or secre-
tion (Ceprián et al. 2019; Perez et al. 2021). This can be 
attributed to the activation of pathways associated with anti-
inflammatory activity and tissue repair during later stages 
of injury, which are characterized by reduced secretion of 
inflammatory cytokines and neurotrophic factors (Ceprián 
et al. 2019; Sales et al. 2019; Perez et al. 2021).

No differences in GDNF expression were observed 
between the LPS-stimulated group and any experimental 
group at both time points. Consistent with findings from 
other studies, CBD does not appear to influence GDNF lev-
els in vivo or in vitro (Santos et al. 2015; Ceprián et al. 2019; 
Perez et al. 2021). The neurotrophic potential of CBD is pri-
marily related to its immunomodulatory, anti-apoptotic, and 
antioxidant properties, as well as its influence on other cell 
types, such as SCs, rather than directly stimulating the pro-
duction of these neurotrophins (Ceprián et al. 2019). Studies 
that analyze the influence of CBD and MSCs when inserted 
in an inflammatory environment, and their interaction with 
other cell types, are important for a better understanding of 
their exact mechanism of action.

In the literature, findings regarding IL-10 expression fol-
lowing CBD priming are inconsistent. A downregulation of 
this cytokine has been reported in human adipose-derived 
MSCs following CBD exposure (Kowalczuk et al. 2022), 
whereas an upregulation of IL-10 gene expression was 
observed in EqAT-MSCs after 24 h of priming with 5 µM 
of a CBD-rich extract (Battistin et al. 2025). In contrast, in 
the present study, no significant differences in IL-10 expres-
sion were observed among the analyzed groups. Notably, 
although the same cellular source and CBD-rich extract 
were used as in the study by Battistin et al. (2025), the pres-
ent experimental model included LPS stimulation to estab-
lish an inflammatory environment. Under these conditions, 
CBD-rich extract priming did not modulate IL-10 expres-
sion in EqAT-MSCs, indicating that IL-10 regulation by 
CBD may be influenced by the inflammatory context.

In the present study, LPS stimulation increased IL-1β 
expression, while priming with CBD-rich extract at 3 and 7 
µM reduced the expression of both IL-6 and IL-1β in EqAT-
MSCs. A previous study in human gingival MSCs reported 
that CBD treatment was associated with reduced NF-κB 

The use of 10 ng/mL LPS to create an inflammatory envi-
ronment in EqAT-MSCs was based on a previous equine 
study showing that this concentration is used to activate 
TLR-4 in equine MSCs in vitro (Pezzanite et al. 2021). 
With the exception of IL-1β, which responded robustly to 
LPS after 24 h, the other immunomodulatory factors did not 
show significant changes. This could indicate that 10 ng/
mL LPS may be suboptimal to fully activate EqAT-MSCs. 
Differences in TLR-4 structure and signaling between 
species have been described in humans, rodents, and pri-
mates, which can influence the intensity of response to LPS 
(Smirnova et al. 2000; Vézina et al. 2013).

In human MSCs, CBD has been shown to reduce the 
expression of genes related to cytokines and pro-inflam-
matory pathways, including IL-1β, TLR, IFN-γ receptors, 
NF-κB-dependent pathways, transcription factors (STAT), 
and MAPK (Libro et al. 2016). Therefore, the ability of 
CBD to interfere with NF-κB- and STAT-dependent sig-
naling could partially explain its anti-inflammatory effects 
under LPS stimulation (Clark et al. 2013; Libro et al. 2016).

Still, when analyzing the response of EqAT-MSCs to 
different doses of CBD-rich cannabis extract, a tendency 
toward reduced cellular metabolic activity was observed 
with increasing CBD-rich extract concentrations. How-
ever, this reduction became statistically significant only 
at a concentration of 9 µM. Therefore, this dose was not 
used in the gene expression analyses of cytokines and neu-
rotrophic factors. These findings are consistent with pre-
viously reported cannabidiol-associated cytotoxicity in 
human MSC cultures at concentrations of 10 µM and 25 
µM (Soundara et al. 2017). Additionally, a previous study 
using EqAT-MSCs demonstrated that at concentrations of 
5 and 7 µM, the CBD-rich cannabis extract did not alter 
metabolic or β-galactosidase activity, indicating its safety 
(Battistin et al. 2025).

Morphological evaluation showed that priming with 
CBD-rich extract did not induce structural alterations in the 
cells, consistent with previous results in equine MSCs (Bat-
tistin et al. 2025). These findings indicate that priming with 
CBD-rich extract does not compromise cellular integrity up 
to 48 h.

The reduction in NGF expression observed in the experi-
mental groups at both time points aligns with findings from 
others in vivo and in vitro studies (Santos et al. 2015; Perez 
et al. 2021). A previous study suggests that cannabidiol may 
activate tropomyosin kinase receptor A (TrkA), the pri-
mary receptor for NGF (Santos et al. 2015). Although the 
exact mechanisms underlying NGF downregulation remain 
unclear, this effect may be linked to modulation of TrkA-
associated signaling pathways. (Santos et al. 2015).

Differences in BDNF expression were observed in the 
groups primed with 3 µM and 5 µM CBD-rich extract 
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understand its mechanism of action. Additionally, species-
specific inflammatory model protocols for equines should 
be further investigated.
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