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Simple Summary: Cannabidiol has gained attention owing to its potential anti-inflammatory and
neuroprotective properties. This research examined cannabidiol’s cytotoxicity and its effects on
cytokines in lipopolysaccharide-activated peripheral blood mononuclear cells from both healthy
canines and those with idiopathic epilepsy. The study’s findings indicate that cannabidiol may have
a role in modulating pro-inflammatory cytokine levels, suggesting potential therapeutic applications
in various medical conditions.

Abstract: Cannabidiol, the primary non-psychoactive phytocannabinoid found in cannabis, has gen-
erated significant research interest due to its potential for biological effects, such as anti-inflammatory,
analgesic, immunomodulatory, and anticonvulsant properties. Several studies have demonstrated the
potential of CBD to alter inflammatory cytokines; however, data on CBD’s effects on cell viability and
pro-inflammatory cytokines in target animals, such as dogs, are limited. Therefore, in this study, we
investigated the effects of CBD on the cell viability and modulation of pro-inflammatory cytokines,
such as interleukin (IL)-1β, IL-6, and tumor necrosis factor-α (TNF-α), in canine PBMCs stimulated
with LPS. To evaluate the effect of CBD on neuroinflammation in epilepsy pathology, an independent
study of five refractory epileptic dogs co-treated with CBD for 30 days was conducted. The current
findings revealed that CBD concentrations of 16 µg/mL had a statistically significant effect on the
viability of canine PBMCs with a calculated IC50 of 15.54 µg/mL. The effect of CBD on inflamma-
tory cytokines in LPS-stimulated PBMCs tended to be dose-dependent, with CBD concentrations
of 5–30 µg/mL resulting in decreased production of the tested pro-inflammatory cytokines. Consid-
ering the effect of CBD on cytokine production by PBMCs from epileptic dogs, CBD has the potential
to modulate immune responses and provide benefits when used in combination with antiepilep-
tic drugs. The findings provided evidence of CBD cytotoxicity and its effect on the alteration of
pro-inflammatory cytokines in canine PBMCs.

Keywords: cannabidiol; CBD; epilepsy; cytokines; canine

1. Introduction

Cannabidiol, a non-psychotropic component of cannabis, is of increasing interest in
various research domains due to its potential to treat diseases or serve as a supplement for
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both human and animal health [1]. CBD has been found to interact with the endocannabi-
noid system and exert biological effects in several species [2]. Notably, the endocannabinoid
system may be a component of therapeutic strategies for inflammatory and neuropathic
pain conditions [3]. Although the mechanism of action of CBD is not yet clearly elucidated,
there exists substantial anecdotal evidence and clinical efficacy of CBD utilization [4,5].
In veterinary medicine, several reports have demonstrated the pharmacological effects
of CBD, including anti-inflammatory, analgesic, dermatological, and immunomodulatory
properties [6–9].

Given the extensive range of CBD products utilized in human and animal populations,
there is increasing interest in its potential to mitigate inflammation, pain, and neurological
disorders. Animals with inflammatory and pain conditions, such as osteoarthritis, have
demonstrated improvements in pain management and mobility when treated with CBD,
potentially due to its anti-inflammatory or nociceptive properties [7,10]. Several studies
have indicated that CBD may contribute to the reduction of neuroinflammation and provide
neuroprotective effects [11,12]. Animal studies and preliminary human trials have yielded
promising results in conditions such as multiple sclerosis and traumatic brain injury [13,14].

The inflammatory response is a complex biological response of the immune system to
harmful pathological conditions. This response process is primarily driven by hierarchical
cascade interactions among the inflammatory mediator network. Pro-inflammatory and
anti-inflammatory cytokines are essential mediators in regulating the growth and commu-
nication between other cells in the immune system and are predominantly produced by
T cells and macrophages [15,16]. Peripheral blood mononuclear cells (PBMCs), which in-
clude lymphocytes, macrophages, and dendritic cells, are involved in immune-related func-
tions. The pro-inflammatory cytokines, including interleukin-1 beta (IL-1β), interleukin-6
(IL-6), and tumor necrosis factor-alpha (TNF-α), are predominantly produced and re-
leased from mononuclear cells and macrophages [15]. The three cytokines mentioned
above were most frequently studied in relation to the immune-inflammatory response [13].
In this context, numerous publications have reported that CBD was capable of modulat-
ing the secretion and function of cytokines from immune-inflammatory cells [12,13,17].
A recent review article by Martini et al. demonstrated that several in vitro and in vivo
studies of CBD’s effects on immunomodulation resulted in decreased levels of IL-1β, IL-6,
and TNF-α [18]. Furthermore, cannabinoids have demonstrated anti-inflammatory effects
on LPS-stimulated human macrophages by reducing the levels of various cytokines [16].
Evidence suggests that epileptic seizures are associated with neuro-inflammatory responses
and elevated levels of cytokines, particularly IL-1β, IL-6, and TNF-α [19,20]. The utilization
of anti-IL-1, anti-IL-6, and anti-TNF in seizure management has been documented [21,22].
The literature on the impact of anti-seizure medications (ASMs) on cytokine levels is sparse.
Nonetheless, some pertinent findings can be examined. Research suggests that gabapentin
may modulate TNF-α, IL-1, and IL-6 levels [23], while zonisamide potentially influences
TNF-α [24]. Additionally, topiramate has been associated with alterations in IL-6 and IL-1
concentrations [25]. Conversely, phenobarbital, potassium bromide, and levetiracetam
showed no evidence or neutral effects on specific cytokines [26]. It is important to note that
the immunomodulatory effects of ASMs frequently produce inconsistent and conflicting
outcomes, which can be attributed to various confounding factors. As previously noted,
CBD possesses anti-inflammatory properties, which may potentially alleviate inflammation
in epileptogenesis that could contribute to seizures.

Notwithstanding the aforementioned data, there remains a paucity of knowledge
regarding the toxicity and anti-inflammatory effects of CBD on immune cells in companion
animals. Consequently, the present study aims to evaluate the cytotoxicity and efficacy
of CBD in modulating pro-inflammatory cytokine production, specifically IL-1β, IL-6,
and TNF-α, in LPS-stimulated PBMCs in dogs. Furthermore, to investigate the potential
clinical implications of CBD on neuroinflammatory responses, an independent study
examining CBD co-administered with other anti-seizure medications (ASMs) in epileptic
dogs was included.
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2. Materials and Methods
2.1. Ethics

The study was approved by the Committee for the Approval of Animal Care and Use
for Scientific Research of the Faculty of Veterinary Medicine, Kasetsart University, Bangkok,
Thailand (approval number ACKU 65-VET-062). All experimental procedures and consent
forms were conducted in accordance with the institutional fundamental requirements.

2.2. Study Design and Procedures

The present investigation consisted of two separate studies. The initial investigation
aimed to elucidate the effects of CBD on cytotoxicity and cytokine production in canine
PBMCs stimulated with lipopolysaccharide (LPS). The subsequent investigation, conducted
independently, explored the potential clinical ramifications of CBD administration on cy-
tokine production by PBMCs isolated from epileptic dogs undergoing concurrent treatment
with various ASMs over a 30-day period.

2.2.1. Animal

The first study incorporated six German shepherd dogs, all in good health, with an
average age of 3.5 years (ranging from 2 to 6 years) and a mean weight of 26 kg (ranging
between 23 and 32 kg). These dogs were sourced from a private farm and individually
housed. A minimum 30-day acclimatization period was implemented before blood sam-
pling, during which no medications were administered. At the time of blood collection,
all subjects displayed hematological parameters within normal range and exhibited no
apparent clinical anomalies.

The second study, constrained by the scarcity of refractory epileptic canines, volun-
tary participation of owners, and Thai regulations on cannabis usage, was structured as a
one-month quasi-experimental single-arm pre/post-treatment analysis. The study involved
five dogs diagnosed with refractory epilepsy. To be included, the dogs had to meet certain
requirements, including a consistent three-month history of visits to the neurology depart-
ment prior to enrollment. Additionally, the dogs must have previously undergone magnetic
resonance imaging (MRI) and cerebral spinal fluid (CSF) analysis to rule out infectious or
structural abnormalities. Furthermore, all participating dogs needed to have experienced a
minimum of two seizures per month over a period of at least 12 weeks and be undergoing
ongoing treatment with phenobarbital and gabapentin. These subjects were also receiving a
minimum of two additional ASMs, such as potassium bromide, levetiracetam, zonisamide,
topiramate, and imepitoin. Notably, no steroids or NSAIDs were administered to any
of the participants. Following the procurement of signed consent forms from owners,
baseline blood samples (PBMCs) were obtained on day 1, prior to CBD treatment initiation.
A cautious dosing strategy referred to as a “start-low, go-slow” approach was introduced to
the owners. This method emphasizes starting with a low dose and gradually increasing the
dosage over time based on the dogs’ tolerability and clinical response. The CBD regimen
commenced at 0.5 mg/kg for all included dogs, with individualized dose escalations up to
a maximum of 2 mg/kg. On day 30, the dogs underwent re-examination, including routine
assessments and post-treatment blood collection.

2.2.2. Canine Blood Sampling and PBMCs Isolation

Whole blood (1–2 mL) was obtained from the donor dogs and collected via the cephalic
vein into an anticoagulant tube containing ethylenediaminetetraacetic acid (EDTA). For
PBMC isolation, the blood samples were layered on 2 mL of Lymphocyte Separation
Medium (LSM) 1.077 g/mL (Corning, NY, USA) and centrifuged at 2000 rpm for 30 min
to obtain enriched PBMCs. Following centrifugation, PBMCs were harvested from the
interface and washed twice with RPMI-1640 medium (Corning, VA, USA) by centrifugation
at 3500 rpm for 10 min. Subsequently, cell count and viability were assessed utilizing
the trypan blue exclusion dye assay. Cells exhibiting viability greater than 80% were
immediately utilized in subsequent experiments.
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2.2.3. Cell Culture

PBMCs were adjusted to 1 × 106 cells/mL and cultured in RPMI-1640 medium con-
taining 2 mM L-glutamine (Corning, VA, USA), 10% heat-inactivated fetal bovine serum
(Gibco, Paisley, UK), penicillin (100 U/mL), and streptomycin (100 µg/mL) (Gibco, NY,
USA) in a humidified atmosphere of 5% CO2 at 37 ◦C.

2.2.4. Cell Viability of CBD on PBMCs

PBMCs (1 × 106 cells/mL) were seeded into a 96-well plate and pre-incubated for
1–2 h in a humidified atmosphere with 5% CO2 at 37 ◦C. Subsequently, both cell types
were treated with various concentrations of CBD in 0.5% ethanol (2, 4, 6, 8, 10, 12, 14,
16, 18, and 20 µg/mL). The cells were then incubated for 24 h for PBMCs. Follow-
ing treatment, cell viability was assessed using the CCK-8 colorimetric assay. In brief,
10 µL of CCK-8 solution (Dojindo, Kumamoto, Japan) was added to each well containing
both cell types, and the plates were incubated for 2–4 h. The absorbance of each well was
subsequently measured at 450 nm using a microplate reader (EnSight® Multimode plate
reader, PerkinElmer, Waltham, MA, USA). Cell viability was determined by calculating the
percentage of absorbance relative to the control group (non-treated cells).

2.2.5. Cell Viability of CBD on LPS-Stimulated PBMCs

PBMCs (1 × 106 cells/mL) were seeded into a 96-well plate and pre-incubated for 1–2 h
in a humidified atmosphere with 5% CO2 at 37 ◦C. Subsequently, the cells were treated
with various concentrations of CBD (2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 µg/mL) and DEX
(Dexamethasone) as a positive drug control (5 µg/mL) (Lodexa, Bangkok, Thailand) in
the absence or presence of LPS (1 µg/mL) (Sigma-Aldrich, St. Louis, MO, USA) and then
incubated for 24 h. After the treatment, a CCK-8 colorimetric assay was performed.

2.2.6. Determination of IL-1β, IL-6 and TNF-α Release

PBMCs (1 × 106 cells/mL) were seeded into a 96-well plate and pre-incubated for
1–2 h in a humidified atmosphere with 5% CO2 at 37 ◦C. Subsequently, the cells were
treated with concentrations of CBD (5, 7.5, 10, 15, and 30 µg/mL) and DEX (5 µg/mL) in
the presence of LPS (1 µg/mL) and then incubated for 24 h. Following incubation, the
supernatants of each well were collected by centrifugation at 3500 rpm for 10 min and
stored at −80 ◦C until analysis. The levels of pro-inflammatory cytokine release were
quantified using commercial IL-1β, IL-6, and TNF-α ELISA kits (Abcam, Waltham, MA,
USA). For blood samples from epileptic dogs, PBMCs were isolated within 12 h of sample
receipt from the unit. Subsequently, cell viability assays and ELISA tests were conducted
following the protocol.

2.3. Statistical Analysis

The data obtained from the research are presented as mean ± standard deviation
(S.D.), with each experiment replicated at least twice to ensure reliability. Statistical analysis
of the data was conducted to compare differences between groups using the Kruskal-Wallis
test followed by Dunn’s multiple comparison test to determine statistical significance.
A significance level of 95% confidence was established, with p < 0.05 considered statistically
significant. The statistical analysis of cytokine levels in the second study was performed
using the Wilcoxon test at a 95% confidence level (p < 0.05). All analyses were performed
using GraphPad Prism version 9 (GraphPad Software, LLC, Boston, MA, USA).

3. Results
3.1. Isolation and Optimization of PBMC Culture Conditions from Canine Blood Samples

The cell viability at 0 h was 98.68 ± 0.26%, and after 24 h, the viability decreased to
97.37 ± 0.20%. This reduction in viability over 24 h was statistically significant (p < 0.01)
but remained within an acceptable range (≥80%) according to ISO 10993-5:2009 [27].
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As illustrated in Figure 1, after 24 h, the morphology of the PBMCs exhibited mi-
nor alterations; however, the majority of the cells maintained a spherical shape, with
no significant indications of clustering or aggregation when compared to the 0-h time
point. Consequently, the culture conditions and time period of 0 to 24 h were deemed
suitable for PBMC studies, ensuring that the cell quality did not adversely affect subsequent
experimental procedures.

Animals 2025, 15, x FOR PEER REVIEW 5 of 15 
 

stored at −80 °C until analysis. The levels of pro-inflammatory cytokine release were 
quantified using commercial IL-1β, IL-6, and TNF-α ELISA kits (Abcam, Waltham, MA, 
USA). For blood samples from epileptic dogs, PBMCs were isolated within 12 h of sample 
receipt from the unit. Subsequently, cell viability assays and ELISA tests were conducted 
following the protocol. 

2.3. Statistical Analysis 

The data obtained from the research are presented as mean ± standard deviation 
(S.D.), with each experiment replicated at least twice to ensure reliability. Statistical 
analysis of the data was conducted to compare differences between groups using the 
Kruskal-Wallis test followed by Dunn’s multiple comparison test to determine statistical 
significance. A significance level of 95% confidence was established, with p < 0.05 
considered statistically significant. The statistical analysis of cytokine levels in the second 
study was performed using the Wilcoxon test at a 95% confidence level (p < 0.05). All 
analyses were performed using GraphPad Prism version 9 (GraphPad Software, LLC, 
Boston, MA, USA). 

3. Results 
3.1. Isolation and Optimization of PBMC Culture Conditions from Canine Blood Samples 

The cell viability at 0 h was 98.68 ± 0.26%, and after 24 h, the viability decreased to 
97.37 ± 0.20%. This reduction in viability over 24 h was statistically significant (p < 0.01) 
but remained within an acceptable range (≥80%) according to ISO 10993-5:2009 [27]. 

As illustrated in Figure 1, after 24 h, the morphology of the PBMCs exhibited minor 
alterations; however, the majority of the cells maintained a spherical shape, with no 
significant indications of clustering or aggregation when compared to the 0-h time point. 
Consequently, the culture conditions and time period of 0 to 24 h were deemed suitable 
for PBMC studies, ensuring that the cell quality did not adversely affect subsequent 
experimental procedures. 

  

Figure 1. The viability of PBMCs isolated from canine blood samples was assessed at 0 h (A) and 24 
h (B) utilizing the Trypan Blue Exclusion Assay (n = 6). The results are presented as mean ± S.D. A 
statistically significant difference in viability was observed between the 0 and 24 h time points, with 
a confidence level of 99% (p < 0.01). 

3.2. LPS-Stimulated PBMCs Cytotoxicity 

PBMCs isolated from canine blood samples were subjected to CBD treatment at 
concentrations ranging from 2–20 µg/mL for 24 h, and cell viability was assessed using 
the CCK-8 colorimetric assay. The results indicated that CBD concentrations between 2–
14 µg/mL exhibited no significant cytotoxicity to PBMCs when compared to the control 

Figure 1. The viability of PBMCs isolated from canine blood samples was assessed at 0 h (A) and
24 h (B) utilizing the Trypan Blue Exclusion Assay (n = 6). The results are presented as mean ± S.D.
A statistically significant difference in viability was observed between the 0 and 24 h time points,
with a confidence level of 99% (p < 0.01).

3.2. LPS-Stimulated PBMCs Cytotoxicity

PBMCs isolated from canine blood samples were subjected to CBD treatment at
concentrations ranging from 2–20 µg/mL for 24 h, and cell viability was assessed using
the CCK-8 colorimetric assay. The results indicated that CBD concentrations between
2–14 µg/mL exhibited no significant cytotoxicity to PBMCs when compared to the control
group (Figure 2), with viability rates exceeding 80%. The dose-response curve for CBD-
mediated inhibition of cell activity at 50% (half maximal inhibitory concentration; IC50)
was calculated to be 15.54 µg/mL, as illustrated in Figure 3.
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Figure 2. The viability assessment results of PBMCs (×106 cells/mL) from canines when evaluated
with CBD concentrations ranging from 2–20 µg/mL, 0.5% ethanol, 1 µg/mL LPS, and 5 µg/mL DEX
for 24 h (mean ± S.D., n = 6). Ethanol at concentrations of 0.5% exhibited no cytotoxicity in cell
proliferation in vitro. The distinct asterisks above each dilution indicate the statistical significance of
that dilution (p < 0.01), while identical asterisks above dilutions denote no statistical significance.



Animals 2024, 14, 3683 6 of 14

Animals 2025, 15, x FOR PEER REVIEW 6 of 15 
 

group (Figure 2), with viability rates exceeding 80%. The dose-response curve for CBD-
mediated inhibition of cell activity at 50% (half maximal inhibitory concentration; IC50) 
was calculated to be 15.54 µg/mL, as illustrated in Figure 3. 

 

Figure 2. The viability assessment results of PBMCs (×106 cells/mL) from canines when evaluated 
with CBD concentrations ranging from 2–20 µg/mL, 0.5% ethanol, 1 µg/mL LPS, and 5 µg/mL DEX 
for 24 h (mean ± S.D., n = 6). Ethanol at concentrations of 0.5% exhibited no cytotoxicity in cell 
proliferation in vitro. The distinct asterisks above each dilution indicate the statistical significance 
of that dilution (p < 0.01), while identical asterisks above dilutions denote no statistical significance. 

 
Figure 3. Percentage of PBMCs viability assay. Cell viability of PBMCs from canines when exposed 
to cannabidiol (CBD) concentrations ranging from 2–20 µg/mL for 24 h (mean ± S.D.). 

3.3. Pro-Inflammatory Cytokines in LPS-Stimulated PBMCs Affected by CBD 

To investigate the anti-inflammatory properties of CBD, this study examined the 
effects of CBD on three major pro-inflammatory cytokines, IL-1β, IL-6, and TNF-α, from 
LPS-stimulated PBMCs in dogs. After assessing the viability of LPS-stimulated PBMCs 
with CBD at concentrations of 5, 7.5, 10, 15, and 30 µg/mL and DEX at concentrations of 5 
µg/mL, it was determined that CBD at concentrations of 5–10 µg/mL and DEX at 
concentrations of 5 µg/mL did not induce cell toxicity. 

The IL-1β from canine LPS-stimulated PBMCs co-cultured with CBD at a 
concentration range of 5–10 µg/mL exhibited a statistically insignificant decrease in 
secretion when compared to the control. Upon comparison of the ability to reduce TNF-α 
secretion between LPS-stimulated PBMCs and those co-cultured with CBD at a 
concentration of 5–7.5 µg/mL, no statistically significant difference was observed. CBD at 
a concentration started from 7.5 µg/mL demonstrated a statistically significant reduction 
in the secretion of IL-6. The effect of CBD was most pronounced on IL-6 activity. As 
depicted in Figure 4, this finding elucidated the immunomodulatory activity of CBD, 

Figure 3. Percentage of PBMCs viability assay. Cell viability of PBMCs from canines when exposed
to cannabidiol (CBD) concentrations ranging from 2–20 µg/mL for 24 h (mean ± S.D.).

3.3. Pro-Inflammatory Cytokines in LPS-Stimulated PBMCs Affected by CBD

To investigate the anti-inflammatory properties of CBD, this study examined the
effects of CBD on three major pro-inflammatory cytokines, IL-1β, IL-6, and TNF-α, from
LPS-stimulated PBMCs in dogs. After assessing the viability of LPS-stimulated PBMCs
with CBD at concentrations of 5, 7.5, 10, 15, and 30 µg/mL and DEX at concentrations
of 5 µg/mL, it was determined that CBD at concentrations of 5–10 µg/mL and DEX at
concentrations of 5 µg/mL did not induce cell toxicity.

The IL-1β from canine LPS-stimulated PBMCs co-cultured with CBD at a concentration
range of 5–10 µg/mL exhibited a statistically insignificant decrease in secretion when
compared to the control. Upon comparison of the ability to reduce TNF-α secretion
between LPS-stimulated PBMCs and those co-cultured with CBD at a concentration of
5–7.5 µg/mL, no statistically significant difference was observed. CBD at a concentration
started from 7.5 µg/mL demonstrated a statistically significant reduction in the secretion of
IL-6. The effect of CBD was most pronounced on IL-6 activity. As depicted in Figure 4, this
finding elucidated the immunomodulatory activity of CBD, which appears to be in a dose-
dependent manner by reducing the production of pro-inflammatory cytokines induced by
LPS stimulation in canine PBMCs.

3.4. Pro-Inflammatory Cytokines Modulation in Refractory Epileptic Dogs Co-Treated with CBD

Despite the number of epileptic dogs that presented at the animal hospital, only
five animals suffering from refractory epilepsy met the inclusion criteria. However, in the
cases of IL-1β and IL-6, only four dogs were included in the investigation due to insufficient
PBMC samples. At day 0, all included dogs exhibited normal ranges in hematology and
blood chemistry tests, with the exception of elevated ALK.

As a result, the mean IL-1β secretion levels from PBMCs on day 0 and day 30 were
119.6 and 77.41 pg/mL, respectively. It is noteworthy that one dog subject exhibited
markedly elevated IL-1β levels on the initial day, while two of the four dogs demonstrated
comparable IL-1β levels between the two examination days. IL-6 levels in four dogs were
elevated on day 0 compared to day 30, with mean values of 0.725 ng/mL and 0.525 ng/mL,
respectively. No statistically significant difference was observed between the time points
for either IL-1β and IL-6.

Regarding TNF-α, elevated levels on day 0 compared to day 30 were observed in
all five participating dogs. Following co-treatment with CBD, a significantly lower level
of TNF-α was observed at day 30 (106.99 pg/mL) compared to day 0 (179.05 pg/mL).
Figure 5 depicts the production of pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α)
by PBMCs obtained from dogs diagnosed with refractory epilepsy, following a 30-day
co-administration of CBD.
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no significant difference.
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Figure 5. Pro-inflammatory cytokine secretion (IL-1β, IL-6, and TNF-α) from PBMCs of canine
refractory epilepsy subjects co-treated with CBD for 30 days (mean ± S.D.). Asterisk denotes
statistical significance (p < 0.05), and “ns” indicates non-significant results.

4. Discussion
4.1. Cytotoxic Effect of CBD on LPS-Stimulated PBMCs

Cannabinoids are chemical compounds, primarily produced by the Cannabis sativa
plant, that reportedly interact with the endocannabinoid system and exert various biological
effects. Among these, CBD is of particular interest and is being investigated for its potential
use in treating various conditions, such as pain, inflammation, and neurological disorders
in animals [7,8,11].

The pro-inflammatory cytokines, including IL-1β, IL-6, and TNF-α, most commonly
serve as markers to study immune-inflammatory responses [13]. Consequently, this current
study established a model for evaluating the cytotoxicity and efficacy of CBD in modulating
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pro-inflammatory cytokine production after the co-culture of isolated PBMCs from healthy
dogs with LPS.

Studies have been conducted utilizing LPS-stimulated PBMCs to evaluate cytokine
secretion, as measured by ELISA [5,28,29]. The kinetics of pro-inflammatory cytokine
production in LPS-stimulated human PBMCs have been reported to indicate the time-
course effect of peak cytokine secretion: IL-1β and TNF-α at 12 h, with IL-6 at 20 h [30].
Consequently, in this study, the decision was made to culture PBMCs from LPS-stimulated
blood dog samples for 24 h, as cell viability remained unaltered and this duration was
sufficient for LPS-stimulated PBMCs to secrete pro-inflammatory cytokines.

Our results confirmed that LPS at 1 µg/mL acts as an inflammatory stimulus to induce
IL-1β, IL-6, and TNF-α production in canine PBMCs [31]. Similarly, PBMCs were found
to be more sensitive than whole blood when stimulated with LPS [32]. Therefore, these
data indicate an increase in pro-inflammatory cytokine production after LPS stimulation.
Certain evidence suggests that LPS could modulate cannabinoid receptor expression in
an inconsistent manner, both up-regulating and down-regulating receptor expression [33].
However, several factors with complex mechanisms are involved in cannabinoid receptor
expression, which are not yet clearly elucidated.

To the best of the authors’ knowledge, this is the first study investigating the possible
immunomodulatory response in terms of cytokine patterns, toxicity, and effects of CBD
on LPS-stimulated canine PBMCs. The evaluation of CBD’s effect on cell viability in this
investigation revealed that CBD concentrations ranging from 2–14 µg/mL showed no effect
on the viability of PBMCs when using a cut point of living cells greater than 80%. Indeed,
the current results provided a calculated IC50 of 15.54 µg/mL.

Although limited data exist on CBD-affected cell viability in target animals other than
laboratory rodents, the current results align with previous studies in target animals. For
instance, CBD at concentrations ranging from 2.5 to 10 µg/mL was found to markedly
inhibit the proliferation of canine cancer cells [34]. Another study on the toxicity of CBD
on PBMC cells in horses demonstrated that CBD affected cell viability at a concentration
range of 6–10 µg/mL [35]. However, these concentrations, including those in the present
study, are often considered to exceed normal physiological ranges. Consistent findings
from canine studies have demonstrated that plasma CBD concentrations typically range
from approximately 0.05–0.5 µg/mL for doses between 1–10 mg/kg [36–39]. Additionally,
when hemp extract rich in CBD is administered, the primary compound detected is CBDA,
not CBD, with both substances generally found in comparable concentrations [38,40].

Recently, an experiment on CBD toxicity in human PBMC cells demonstrated that CBD
at concentrations of 40 and 80 µM exhibited toxicity effects, while 20 µM CBD displayed
variable toxicity effects on PBMCs, depending on the individual [41]. Similarly, regarding
individual responses, Brown and colleagues evaluated the effect of CBD and THC on
cytokine protein expression in canine PBMCs and suggested that cannabinoid effects may
be exhibited in a dog-dependent manner [12]. This indicated that the role of cannabinoids
on immunomodulatory properties was substantially complex, with multiple influencing
factors, such as animal species, dosing, cell type, health status, and the timeframe of
action [7,12,42].

4.2. Effect of CBD on Pro-Inflammatory Cytokines in LPS-Stimulated PBMCs

Clinically, several reports have demonstrated that CBD alleviated the symptoms of
canines suffering from inflammation, suggesting CBD was associated with cannabinoid-
mediated pro- and anti-inflammatory cytokine production [7,10].

A previous systematic review of in vivo studies on the effects of cannabinoids on
pro- and anti-inflammatory cytokines indicated that the three most commonly studied
cytokines were IL-1β, IL-6, and TNF-α [13] In summary of the literature, the majority of
investigations found that CBD reduced IL-1β, IL-6, and TNF-α levels, with one exception
reporting an increase in IL-6 levels [13].
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Our findings clearly demonstrated that CBD has been predominantly implicated in
reducing IL-6 secretion, beginning at the initial dose (7.5 µg/mL). The results from this
study correlated with a previous report that confirmed that IL-6 was considered a sensitive
marker cytokine in response to CBD [16]. This aligns with a recent study suggesting that
IL-6, unlike IL-1β and TNF-α, could be a useful marker of peripheral inflammation in
elderly humans [43]. Additionally, all tested cytokines in our study exhibited a tendency
to decrease in a dose-dependent manner. It is noteworthy that the significant reduction
of cytokines at higher doses of CBD might be attributed to a reduction in cell viability.
CBD-exhibited biological effects and CBD-induced cytotoxicity increasing in a dose- and
time-dependent manner have been previously described [14,44]. Moreover, at higher
concentrations, CBD may overwhelm the body’s cellular defense mechanisms, triggering
oxidative stress, apoptosis, mitochondrial dysfunction, and other forms of cellular toxicity,
ultimately leading to reduced cell viability in PBMCs [14,45].

Numerous studies have demonstrated the potential of CBD to alter inflammatory
cytokines; however, most of these investigations were conducted in laboratory animals
or human-derived cells [16,18]. To date, research on both in vivo and ex vivo studies of
CBD modulating inflammatory cells in companion animals is limited. A small number
of studies have reported the effect of CBD on inflammatory cytokine responses in target
animals, such as dogs. Among these, Gugliandolo et al. demonstrated an ex vivo model of
LPS-stimulated whole blood from dogs using CBD at 50 and 100 µg/mL, which decreased
IL-6 and TNF-α levels and reduced Nf-kB and COX-2 expression. However, the results
showed no effect of CBD on IL-10 levels. This publication provided the first description
of CBD’s effects on cytokine production directly in dogs’ immune cells from whole blood,
without data related to cytotoxicity [46]. Nevertheless, due to differences in study design
and models, it is inappropriate to directly compare the dose and effectiveness of CBD
among these reports. It is worth noting that although all participating dogs in this project
were healthy with normal hematological profiles, other undetected internal pathological
conditions might have existed. In this regard, we concur with the explanation provided by
Brown et al., suggesting that studies using a single breed of dog and health status with the
presence of various disease states might influence the immune response to CBD [12].

In addition, it has been reported that CBD selectively suppressed the secretion of IL-1β
and IL-6, while TNF-α showed no effect or increased secretion by human monocytes acti-
vated through most toll-like receptors (TLRs). However, it is suggested that an alteration in
pro-inflammatory cytokines, such as IL-1β and IL-6, by CBD may depend on health status
and pathological conditions [47]. In this context, it is important to note that CBD demon-
strates anti-inflammatory properties through multiple mechanisms, one of which involves
the activation of peroxisome proliferator-activated receptors (PPARs), particularly PPARγ.
PPARs influence immune regulation and cytokine expression through complex mecha-
nisms, including alterations in gene transcription and translation [48]. These effects often
require extended periods to manifest fully. Consequently, acute studies (e.g., 24-h in vitro
assays) may not capture the full extent of PPAR effects. However, our results provide
evidence that corroborates previous findings regarding the cytokines affected by CBD.

There are shortcomings in this study that should be noted. First, there was a limited
sample size in terms of the breed and number of dogs used. Additionally, there was a
narrow range of CBD doses used in the experiment with LPS-stimulated PBMCs to study
the secretion of pro-inflammatory cytokines, which may have resulted in insufficient data
points to elucidate the response of immunomodulation. This ex vivo experimental design
may not directly reflect how CBD affects immune response in vivo or under multi-factor
environments. Collectively, these limitations warrant further in-depth and broad mechanis-
tic studies conducted under different physio-pathological conditions, using various animal
models and CBD dosages.
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4.3. Cytokines Alteration in PBMCs of Refractory Epileptic Dogs Co-Treated with CBD

The approval of Epidiolex by the FDA in 2018 for pediatric seizure disorders has
led to increased interest in the application of CBD as a therapeutic approach for epileptic
conditions [49]. Although the mechanism and efficacy of CBD on anti-seizure activity
remain unclear, its anti-inflammatory effects may play a crucial role in neuroprotective
activity [50]. Despite limited information regarding the use of CBD in epileptic dogs,
anecdotal evidence of this application has been observed. Specifically, there are few studies
on the application of CBD with and without other phytocannabinoids to control seizures
in epileptic dogs [51–53]. Recently, Potschka and colleagues reviewed the potential use of
CBD in the treatment of canine epilepsy [11].

There has been evidence that the alteration of the proinflammatory response may affect
epileptogenesis [20,54,55]. Notably, prior studies have demonstrated that pro-inflammatory
cytokines, such as IL-1β, IL-6, and TNF-α, are markedly increased in patients with refrac-
tory repetitive acute seizures and are associated with seizure activity [19,20]. All three main
cytokines have reportedly been involved in CNS inflammatory response and epileptogene-
sis [22]. Although epileptogenesis can enhance blood-brain barrier (BBB) permeability, the
interplay between epileptogenesis, BBB permeability, and cytokines is complex and multi-
faceted [56]. Moreover, limited information on neuroinflammation in canine epileptogenesis
is available [20]. Among neuro-inflammatory cytokines, evidence of increased IL-1β levels
in serum [57] and IL-6 and TNF-α levels in CSF [58] of epileptic dogs has been reported.

In the current study, five refractory epilepsy dogs were included. IL-1β in the serum
of epileptic dogs in our current results was found at 119.61 pg/mL, which was comparable
to the previous report by Kostic (118.6 ± 81.4 pg/mL) [57]. The results indicated that
average levels of IL-1β and IL-6 tended to decrease over time following CBD ingestion.
However, there was no statistically significant difference in both cytokines between pre-
and post-investigation. Regarding anti-cytokine agents for the treatment of epilepsy, the
efficacy of using anti-IL-1 and anti-IL-6 to control seizures in drug-resistant epilepsy and
refractory status epilepticus has been reviewed [22].

Previous reports have indicated that TNF-α and IL-1β play important roles in neuro-
modulation, which may affect seizure susceptibility in animal models [59]. Notably, our
findings demonstrated that TNF-α was significantly reduced after dogs received CBD. This
aligns with earlier reports suggesting that the use of anti-TNF-α agents may be beneficial
in resisting seizures in certain epileptic disorders [21].

In accordance with Arulsamy and Shaikh (2020), consistent improvement in seizure
activity was achieved by downregulating TNF-α expression compared with other pro-
inflammatory cytokines. This may be attributed to TNF-α reducing the expression of sur-
face gamma-aminobutyric acid A receptors (GABAA), leading to a decrease in inhibitory
synapse activity [60]. However, there is a paucity of literature reporting the use of anti-TNF
agents in epilepsy. Consequently, the role and mechanism of TNF-α in epileptogenesis
have not been fully elucidated [22,55]. As mentioned earlier, the administration of ASMs in
epilepsy management has been observed to influence cytokine levels, albeit with consider-
able variability and inconsistency [23–26]. This diversity in results can be attributed to a
complex interplay of factors influencing both drug efficacy and research methodologies.

Taken together, in cases of epileptic dogs, CBD may have the potential to counteract
pro-inflammatory cytokines, particularly TNF-α. This finding may be valuable in explor-
ing specific targeting of inflammatory mediator pharmaceuticals to treat canine epilepsy,
and the current findings may augment its potential as an adjunctive therapy to conven-
tional ASMs. However, the extent of cytokine modulation may depend on the type of
epilepsy, severity, state of disease, timeframe of inflammation (acute-chronic), and pharma-
cokinetics and pharmacodynamics of cannabinoids. As previously discussed regarding
cytokines regulated by PPARs, it is important to emphasize the significance of chronic
dosing regimens, as demonstrated in the epileptic dogs, which could potentially modulate
the immune response.
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A significant limitation of this independent study was the low statistical power due to
the small sample size of volunteer participants. An additional limitation arose from the
individualized CBD administration following the “start-low go-slow” principle (range of
0.5–2 mg/kg) for each dog, resulting in varied CBD dosages during treatment. Furthermore,
the diversity in the state (disease progression) and severity of the disease in each dog neces-
sitated different ASMs, which may have influenced the immunomodulatory and clinical
outcomes. Nevertheless, we posit that this quasi-experimental study provides the first
evidence indicating that TNF-α was the predominant cytokine affected by CBD, which may
serve as an important target in the treatment of refractory canine epilepsy. Given the current
context, additional investigation is necessary to examine cytokine levels in future studies,
aiming to elucidate whether the effects are localized to the brain, systemic, or encompass
both domains. Considering the limitations of this study, further research is warranted to
corroborate these preliminary results and their potential therapeutic applications.

5. Conclusions

Conclusively, the key finding of the current study demonstrates that cannabidiol
(CBD), a major non-psychoactive phytocannabinoid constituent from hemp, attenuates the
production and release of selected pro-inflammatory cytokines from lipopolysaccharide
(LPS)-activated peripheral blood mononuclear cells (PBMCs) in dogs and exhibits a ten-
dency to down-regulate the immunomodulation towards a specific inflammatory response
in epileptic dogs.
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