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ARTICLE INFO ABSTRACT

Keywords: There is an urgent need for alternative antimicrobial therapies in veterinary small animal dermatology due to the

Dogs limited therapeutic options available for treatment of infections caused by multidrug-resistant bacteria. This

Hemp seed oil study aimed to evaluate the potential of hemp (Cannabis sativa L.) seed oil for topical treatment of localized

Iggtilceliltl;;?lsmme infections of the skin, such as otitis externa. Antimicrobial activity was determined by broth microdilution using

Staphylococci a strain collection of bacterial pathogens associated with skin infections, including Staphylococcus pseu-

Topical treatment dintermedius (n = 120), Staphylococcus aureus (n = 48), and Pseudomonas aeruginosa (n = 26). Checkerboard
dilution tests were used to assess the interaction of hemp seed oil with two antimicrobials used for management
of otitis externa, gentamicin and enrofloxacin, while in vitro cytotoxicity was evaluated by the cellular 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay on mouse fibroblast cell line
1929. Minimum inhibitory concentrations (MICs) in staphylococci (0.025-0.2 % v/v) were markedly lower than
in P. aeruginosa (>0.4 % v/v). Within S. pseudintermedius, methicillin-resistant strains displayed lower suscep-
tibility compared to susceptible strains. Hemp seed oil showed synergy with gentamicin (Fractional Inhibitory
Concentration Index < 0.5), reducing the MIC of gentamicin-resistant S. pseudintermedius strains (>16 ug/ml)
below the clinical susceptibility breakpoint (<4 pg/ml). No changes in cell viability were observed at concen-
trations below 2 % v/v. These findings suggest that hemp seed oil could be an effective and safe alternative or
adjuvant to conventional antimicrobials for managing otitis externa and other skin focal infections caused by
staphylococci, including methicillin-resistant strains.

1. Introduction

The rise of multidrug-resistant (MDR) bacterial pathogens in veter-
inary small animal dermatology, coupled with the shortage of new an-
timicrobials, underscores the urgent need for new treatment strategies
(Martins et al., 2022). Management of MDR bacterial infections has
become particularly challenging in the EU after the recent ban of anti-
biotics that are not authorized for animal use (Schmerold et al., 2023).
The European Food Safety Authority (EFSA) Panel on Animal Health and
Welfare has identified S. pseudintermedius and P. aeruginosa as the most
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relevant antimicrobial-resistant bacteria in small animals across the EU
(Nielsen et al., 2021). Methicillin-resistant Staphylococcus pseu-
dintermedius (MRSP) is a major concern due to the typical MDR profiles
of certain epidemic lineages, such as clonal complexes 71 and 45 (Dos
Santos et al., 2016).

This bacterial species is the most prevalent cause of canine bacterial
infections in dogs, especially pyoderma, otitis externa and wound
infection (Bannoehr & Guardabassi, 2012). Among Gram-negative
pathogens, Pseudomonas aeruginosa is a major contributor to canine
otitis externa, exacerbated by the increasing prevalence of MDR strains
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(De Martino et al., 2016). While dogs are not typically colonized by
Staphylococcus aureus, skin, post-surgical and wound infections caused
by methicillin-resistant strains (MRSA) are sporadically reported, posing
significant treatment challenges (Pantosti, 2012; Haag et al., 2019).

As the demand for alternatives to conventional antibiotics grows, the
scientific community is placing greater emphasis on the antimicrobial
properties of natural substances (Helmy et al., 2023). Plants and their
derivatives have shown considerable antimicrobial potential, with
numerous studies demonstrating the in vitro efficacy of plant extracts
against MRSA (Hammer et al., 1999; Meroni et al., 2020). Among
plant-derived substances, hemp and its extracts have attracted signifi-
cant attention(Nissen et al., 2010a, 2010b). Of the various hemp vari-
eties, Cannabis sativa L. is the most extensively studied in medicine due
to its adaptability and ease of cultivation in different climates
(Montserrat-De La Paz et al., 2014; Mikulcova et al., 2017). Cannabis
sativa L. has demonstrated multiple pharmacological properties,
including antibacterial activity against MRSA and MRSP, which is
attributed to the presence of cannabinoids (Chiong et al., 2024).

Hemp extracts contain a broad range of bioactive compounds that act
synergistically, making it more difficult for bacteria to develop resis-
tance (Martinenghi et al., 2020; Luz-Veiga et al., 2023).

The antimicrobial effects of hemp extracts are often attributed to the
presence of cannabinoids like THC and CBD (Appendino et al., 2008).
Although the exact mechanism behind the antimicrobial action of hemp
extracts remains unclear, a study suggests that cannabidiol may be
associated with the rapid disruption of bacterial cytoplasmic mem-
branes, though it is uncertain whether this effect involves a specific
molecular target (Blaskovich et al., 2021). Unlike hemp extracts such as
essential oils, hemp seed oil, obtained by cold pressing hemp seeds, is
free of cannabinoids, including THC and CBD. Any detectable traces of
these compounds in products like the oil are probably due to accidental
contamination from the plant’s floral part (Montserrat-De La Paz et al.,
2014; Mikulcova et al., 2017). It is interesting to investigate whether the
hemp seed oil could still exert an antimicrobial effect, as it might reveal
other potential bactericidal molecules.

Topical therapy with cannabidiol is a promising option in derma-
tology due to its effectiveness against biofilms, low propensity to induce
resistance, and demonstrated in vivo efficacy (Blaskovich et al., 2021).
Additionally, topical cannabinoids have shown beneficial effects on the
skin, including anti-inflammatory, anti-itching, analgesics, wound
healing and anti-proliferative properties (Filipiuc et al., 2023). In this
study, the potential of hemp extract seed oil in veterinary dermatology
was investigated by assessing its antibacterial activity against MDR
strains of bacterial pathogens associated with skin infections in dogs.
The synergistic effect of hemp seed oil when combined with gentamicin
and enrofloxacin, two antimicrobial agents used in veterinary practice
for topical treatment of otitis externa, were explored.

2. Materials and methods
2.1. Bacterial strains

A total of 198 bacterial strains, including 124 clinical
S. pseudintermedius isolates (70 MRSP and 54 MSSP), 48 clinical S. aureus
isolates (19 MRSA and 29 MSSA) and 26 P. aeruginosa isolates, collected
from dogs between 2008 and 2023 as part of routine diagnostics at the
Department of Veterinary Medicine at the University of Copenhagen
(Denmark) and at the Department of Veterinary Medicine at the Uni-
versity of Perugia (Italy) were included in this study (Table S1, see
Supplementary Materials).

2.2. Hemp extract seed oil
The hemp extract seed oil was provided by BioAgrigea Company

(Padova, Italy) and was obtained by the cold extraction method from the
hemp variety FUTURA 75. Cannabinoid titration was performed by
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ultra-high performance liquid chromatography-MS/MS (UHPLC-MS/
MS) with an analyte limit of detection of 0.01 mg/ml. Prior to testing,
the oil was diluted in DMSO to a maximum concentration of 6.4 % v/v.

2.3. MIC testing

Hemp seed oil minimal inhibitory concentration (MIC) was deter-
mined in the range 0.4-0.007 % v/v via the broth microdilution method
according to CLSI guidelines (Clinical and Laboratory Standards Insti-
tute CLSIL, 2018). S. aureus ATCC 29213 and P. aeruginosa ATCC 27853
were used as quality control strains. The effect of high concentration of
DMSO on bacterial growth was assessed by growth kinetics on repre-
sentative strains. Statistical analysis was performed to assess the sig-
nificance of differences between groups. Results were interpreted using
the Student’s T test to compare means between methicillin-resistant and
susceptible strains groups. A p value of < 0.05 was considered statisti-
cally significant. All statistical analyses were conducted using GraphPad
Prism version 8 (GraphPad Software, San Diego, USA).

2.4. Checkerboard assay

After testing the gentamicin and enrofloxacin MICs by broth micro-
dilution (range 128-0.25 pg/ml), checkerboard assays were performed
to understand interactions of these antimicrobials with hemp extract
seed oil as previously described (Sopirala et al., 2010) with some
modifications. Briefly, antimicrobials were serially diluted 2-fold in the
rows in a 96-well microtiter plate, while the hemp seed oil was serially
diluted 2-fold in the columns to create a matrix in which each well
contained a combination of both agents at different concentrations. Fifty
microliters of the bacterial suspension were inoculated into each well at
a final concentration of 5 x 10° CFU/ml. The plates were incubated
aerobically at 37 °C for 20 h. After reading the optical turbidity of the
wells, the Fractional Inhibitory Concentration Index (FICI) was calcu-
lated according to the following formula: FICI = [MICasp)/MICp
+ MICpB)/MICg], where MICapca+p) and MICB(ap) represent the
concentrations of compounds A and B, respectively, in the combination,
while MIC, and MICg represent the MIC of each compound individually.
The interaction of the two compounds was interpreted as synergy,
antagonism or indifference for FICI values of < 0.5, > 4.0 and > 0.5-4.0,
respectively.

2.5. Cell cytotoxicity assay

MTT test was performed on L929 cell line exposed to different con-
centrations of hemp extract seed oil (2 %, 1 %, 0.5 %, 0.25 %, 0.125 % v/
v) or DMSO, which was tested as the same concentration as vehicle
control. The 1929 cell line was cultivated in low glucose DMEM sup-
plemented with 10 % FBS, penicillin (100 IU/ml) and streptomycin
(100 pg/ml) at 37°C and 5 % CO». L929 were seeded in 96-well plates at
10* cells/cm? and incubated for 24 h. The medium was then replaced
with 100 pl of complete cell medium supplemented hemp seed oil or
DMSO. After 24 h, 10 pl of MTT 5 mg/ml were added to each well and
incubated for 4 h. At the end of the incubation, the cell medium was
removed, and the formazan precipitates was solubilized with 100 pl
DMSO and the absorbance was measured at 570 and 630 nm. The
relative cell viability was calculated by comparing the absorbance value
of the treated cells with that of the untreated cells. The analysis was
performed in three independent experiments and each dilution was
performed in triplicate, and results were compared using one-way
analysis of variance (ANOVA) with post-hoc Tukey’s HSD and Bonfer-
roni correction in GraphPad Prism version 8 (GraphPad Software, San
Diego, USA). P values < 0.05 were considered significant.
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3. Results
3.1. Hemp seed oil cannabinoid concentrations

Prior to testing, the cannabinoid concentration of the hemp extract
seed oil was determined by UHPLC-MS/MS. Cannabidiolic acid showed
the highest concentration (1.3 mg/ml), followed by CBD (0.29 mg/ml)
and delta-9-tetrahydrocannabinolic acid (0.04 mg/ml). Cannabinol and
A°-THC concentrations were under the limit of detection (< 0.01 mg/
ml).

3.2. Antimicrobial activity of hemp seed oil

Growth kinetics analysis of representative bacteria strains in the
presence of DMSO showed that concentrations below 1.6 % had no effect
on the growth dynamics of the bacteria compared to the untreated
control (Fig. S1, see Supplementary Materials). This concentration was
selected as the highest concentration tested in MIC assay. MIC values of
hemp seed oil on 124 clinical S. pseudintermedius strains ranged between
0.025 to > 0.4 % (v/v) (Fig. 1A). MRSP strains generally displayed
higher MIC values (above 0.1 %) compared to susceptible strains
(Fig. 1A), with a significant difference observed between MRSP and
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MSSP (Fig. 1C; p < 0.001). In contrast, no significant difference was
noted between methicillin-resistant and susceptible S. aureus strains
(Fig. 1D). All P. aeruginosa strains displayed MIC values greater than
0.4 % (v/v).

3.3. Synergistic activity of hemp seed oil in combination with gentamicin

Thirteen gentamicin-resistant MRSP strains were selected for
checkerboard assay. These exhibited a gentamicin MIC of 64-128 pg/ml
(Table 1). The hemp seed oil showed strong synergistic interactions
(FICI < 0.5) with gentamicin for all isolates tested with at least 4-fold
decrease of gentamicin MIC (Table 1).

The hemp seed oil did not show any synergistic interactions (0, 5 >
FICI > 4.0) with enrofloxacin for all MRSP strains tested (n = 13) and
with both gentamicin and enrofloxacin for the P. aeruginosa strains
tested (n=7). Hemp sensitized gentamicin-resistant MRSP strains
(R>16 pg/ml) to MIC below the CLSI susceptibility breakpoint (S<4 pg/
ml).

3.4. Effect of hemp seed oil on L929 cell line

The cellular 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
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Fig. 1. Distribution of minimum inhibitory concentration (MIC) values (% v/v) of hemp seed oil for Staphylococcus isolates. (A) Mic distribution for methicillin-
resistant Staphylococcus pseudintermedius (MRSP) and methicillin-susceptible Staphylococcus pseudintermedius (MSSP), showing higher susceptibility of MSSP iso-
lates at lower MIC values. (B) Mic distribution for methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-susceptible Staphylococcus aureus (MSSA), with
MSSA isolates demonstrating greater sensitivity to lower concentrations of hemp oil. (C) Results show a statistically significant difference (p < 0.001) in MIC values
between MRSP and MSSP isolates, indicating that MSSP strains are more susceptible to hemp seed oil. (D) No statistically significant difference in MIC values is
observed between MRSA and MSSA isolates, suggesting similar levels of susceptibility to hemp seed oil between these two groups.
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Table 1
Checkerboard results for gentamicin and hemp seed oil combination in 13
clinical MRSP strains.

Isolate ID MIC,* MICaa )" MICg* MICpa5)" FICI®
37711-3 128 1 0.1 0.05 0.25

45250-1 64 2 0.1 0.05 0.25

45250-2 64 4 0.05 0.025 0.375
46507 64 4 0.05 0.025 0.375
41484 128 2 0.2 0.1 0.187
42654 128 2 0.1 0.05 0.188
27150 64 4 0.1 0.05 0.137
32908 64 2 0.1 0.05 0.137
31369 64 2 0.1 0.05 0.137
30655 64 1 0.1 0.05 0.075
30538 64 1 0.2 0.05 0.131
30511 64 1 0.2 0.05 0.131
28522 64 2 0.2 0.025 0.069

@ MICa, MIC (pg/ml) of gentamicin alone.

b MICa(a+B), MIC of gentamicin in combination with Hemp seed oil.

¢ MICg, MIC (v/v) of Hemp seed oil alone.

d MICg(a-), MIC of Hemp seed oil in combination with gentamicin.

¢ FICI is given for the combination with the highest degree of synergy.

bromide (MTT) reduction assay MTT assay was performed on mouse
fibroblast 1929 cells to evaluate the cytotoxicity effect of the hemp
extract seed oil. Incubation of cells with hemp seed oil concentrations of
1% v/v or below did not lead to changes in cell viability (Fig. 2).
However, at 2 % v/v of hemp seed oil a marked decrease in cell viability
was observed (relative viability 4 %). DMSO did not show any reduction
in cell viability at any of the tested concentrations (Fig. 2).

4. Discussion

The antimicrobial activity of hemp extract seed oil against patho-
genic bacteria in small animal veterinary dermatology has been inves-
tigated. To date, the focus has primarily been on the essential oil of hemp
or on specific cannabinoids such as CBD and THC (Nissen et al., 2010a,
2010b; Puskarova et al., 2017; Iseppi et al., 2019; Nocera et al., 2020).
To the best of our knowledge, this is the first study to evaluate the
antimicrobial activity of hemp extract seed oil against MDR pathogens
isolated from dogs using a quantitative approach. In all previous studies
on hemp seed oil, the antimicrobial effect was assessed using
semi-quantitative methods, such as disk diffusion, targeting the bacteria
primarily responsible for spoilage, including gram-positive Bacillus
subtilis, Bacillus cereus, Enterococcus faecalis and Staphylococcus aureus
and the Gram-negative Citrobacter freundii, Escherichia coli, Proteus vul-
garis, Pseudomonas aeruginosa and Serratia marcescens (Nissen et al.,
2010a, 2010b; Mikulcova et al., 2017;). To allow a quantitative
approach, scalar dilutions of the seed oil were prepared using diluted
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Fig. 2. Relative viability of L929 cell line treated with increasing concentra-
tions of hemp seed oil, as compared to the vehicle control (DMSO), after 24 h of
exposure, measured by MTT assay. No statistically significant impact on cell
viability was observed for both hemp seed oil and DMSO at concentrations
< 1 %. A significant decrease in cell viability (p < 0.001) was detected at 2 %
vol/vol between hemp seed oil and vehicle control. Data are presented as mean
+ SD of three independent experiments, each comprising three replicates.
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DMSO which is widely used to solubilize oils without interfering with
their biological effects when used at subinhibitory concentrations
(Modrzynski et al., 2019; Tuncer & Gurbanov, 2023). The highest seed
oil concentration that could be solubilized was 0.4 % with 1.6 % DMSO,
and it was demonstrated that this concentration does not interfere with
bacterial growth.

Results indicated that hemp seed oil can exert strong antimicrobial
activity against staphylococci, including MRSP and MRSA (Fig. 1).
Direct comparison with existing literature is not feasible, as no similar
studies have been reported. Additionally, comparing the antimicrobial
activity of hemp extracts from different studies can be problematic and
misleading due to variations in evaluation methods and various factors
that influence the chemical composition of these extracts, such as the
plant organ used for extraction (e.g. leaves, flowers or seeds), as well as
plant’s maturity and harvesting stage (Ostapczuk et al., 2021). Inter-
estingly, MRSP strains displayed higher MICs compared to susceptible
strains, a trend not observed for MRSA (Fig. 1). This suggests that the
structural or functional changes in the cell wall associated with methi-
cillin resistance in S. pseudintermedius, but not in S. aureus, may interfere
with penetration and/or activity of hemp seed oil.

While investigating the reason behind this result goes beyond the
scope of this study, further research is warranted to elucidate the po-
tential relationships between methicillin resistance and susceptibility to
hemp seed oil.

It was not surprising that hemp seed oil showed lower antimicrobial
activity against P. aeruginosa since no studies on seed oil or essential oils,
including those from hemp, have demonstrated a good efficacy against
this Gram-negative species. According to de Sousa et al. (2023), this
could be due to the presence of liposaccharides in Gram-negative bac-
teria, which prevent the attachment of seed oil to the cell membrane.

As widely reported in the literature, the antimicrobial properties of
hemp extracts are related to the presence of cannabinoids such as THC
and CBD (Baswan et al., 2020; Martinenghi et al., 2020; Blaskovich
et al.,, 2021; Robaina Cabrera et al., 2021; Luz-Veiga et al., 2023).
However, some studies suggest that minor constituents of hemp extract,
particularly terpenes like p-caryophyllene and limonene, may also play a
role in the overall antimicrobial activity (Ostapczuk et al., 2021; Schofs
et al., 2021). It should be noted that the hemp seed oil used in this study
was THC-free and had a very low CBD content (0.285 mg/ml), detect-
able only as an impurity during the extraction processes. These levels are
too low to exhibit antibacterial activity. Hemp seed oil has a relatively
complex macro composition, and therefore, numerous compounds
beyond cannabinoids, whether alone or in combination, have the po-
tential to exert antimicrobial activity (Leizer et al., 2000).

In current veterinary dermatology, topical treatment is recom-
mended over systemic treatment for managing otitis externa and local-
ized skin infections because it reduces the risk of side effects and lowers
the likelihood of selecting resistant strains at other body sites, such as
the intestinal tract, where most bacteria reside(Bajwa, 2019). Here, it
has been demonstrated a synergistic effect of hemp seed oil with
gentamicin, resulting in a significant reduction in the MIC below the
CLSI  clinical susceptibility — breakpoint (S <4ug/ml) in
S. pseudintermedius. Studies on various plant species have demonstrated
that natural phytochemicals, including flavonoids and phenolic acids
such as protocatechuic acid and chlorogenic acid (Chai et al., 2019), as
well as punicalagin (Kiran et al., 2024), can exert synergistic effects with
conventional antibiotics, particularly against Gram-positive pathogens.
Although the specific mechanisms underlying this synergy were not
directly investigated, potential mechanisms may involve disruption of
bacterial membrane integrity, inhibition of efflux pumps, and interfer-
ence with quorum sensing pathways (Frassinetti et al., 2020). Our
findings suggest that hemp seed oil could be a promising option for
managing localized skin and ear infections caused by Gram-positive
strains. In addition, it may enhance the efficacy of gentamicin in treat-
ing otitis externa, particularly in cases where high levels of exudate in
the ear canal can compromise gentamicin stability and effectiveness
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(Bajwa, 2019; Carlotti, 1991).

To support the future application of hemp seed oil as a topical
treatment, the cytotoxic effect was evaluated on the fibroblast cell line
1929, which was chosen because it is widely used for testing the cyto-
toxicity of natural products. As demonstrated by the MTT assay results,
hemp extract seed oil at concentrations corresponding to the MIC values
recorded for the bacterial strains included in the study does not produce
any toxic effects on the cellular growth, indicating that it is safe for use
in topical applications.

Despite its merits, the present study has its limitations. First, this
study focused on the analysis of a single hemp extract, specifically seed
oil, which composition is influenced to external factor, such as climatic
conditions. Consequently, compositional variations across different
production years may impact its antimicrobial effectiveness. Secondly, a
detailed characterization of the hemp seed oil was not performed, and
the mechanism behind its antimicrobial properties needs further in-
vestigations. Finally, aadditionally in-vivo experiments are needed to
confirm the safety of the oil for animal treatment.

5. Conclusions

This work demonstrates the antibacterial activity of hemp seed oil
against staphylococci associated with skin infections in dogs at con-
centrations that are not cytotoxic. The antimicrobial activity against
MRSP and MRSA, along with the synergistic effect observed when
combined with gentamicin, underscores the potential of hemp seed oil as
an alternative or adjunctive topical antimicrobial therapy for otitis
externa and other focal infections in small animal veterinary derma-
tology. Future studies are warranted to investigate the safety of the oil
under in-vivo conditions and the mechanisms behind the decreased
susceptibility in MRSP but not MRSA strains.
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