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A B S T R A C T

The long-term stability in real and accelerated time for galenic oils based on full-spectrum cannabis has been
studied, using sesame oil as a dilutant. Sesame oil is one of the most used vehicles in the cannabis pharmaceutical
industry due to the costs and increased oral bioavailability of cannabinoids. The real-time assays conducted at
25 ◦C over twelve months demonstrated high stability and showed no significant changes in the composition of
cannabinoids, total polyphenols, flavonoids, or antioxidant capacity. In these studies, it was observed that there
was no development of microorganisms compromising the stability of the oils over a year. The three oil varieties
exhibited a high bactericidal capacity against E. coli, S. aureus, and P. larvae.

1. Introduction

Cannabis sativa is a plant used medicinally and recreationally since
ancient times. It represents a true pharmacological plethora, likely due
to the abundance and heterogeneity of chemical components with
extensive biological activities that act synergistically to address
numerous pathologies and ailments such as epilepsy, anxiety, chronic
and neuropathic pain among others [1–4]. It is also clinically used for
alleviating cancer medication nausea, multiple sclerosis symptoms,
cancer cell proliferation, insomnia, neurological disorders and Crohn's
disease, all with different levels of evidence [5–10].

Regarding antimicrobial capacity, cannabinoid compounds such as
cannabidiol (CBD) and tetrahydrocannabinol (THC) have been reported
to have antimicrobial activity against numerous bacterial species
[11,12]. Likewise, in Cannabis sativa, a multitude of non-cannabinoid
compounds have been identified that also present antimicrobial activ-
ity or that can interact synergistically, improving the biological prop-
erties of cannabis formulations [13,14]. These properties are significant
due to the growing need for new natural alternatives to synthetic

antibiotics. This is especially important in those cases where antibiotics
cannot be used either due to prohibition or the emergence of drug-
resistant strains. For example, in beekeeping, the use of the antibiotic
oxytetracycline hydrochloride has been prohibited for treating Paeni-
bacillus larvae, the bacteria responsible for American foulbrood disease
[15].

The modern medical acceptance of the palliative or medicinal
properties of cannabis has led to numerous modifications in the regu-
latory frameworks of most countries, resulting in the global develop-
ment of cannabis-based medicinal products. Nevertheless, many aspects
of the medicinal use of certain pharmaceutical forms such as full-
spectrum oils, obtained from inflorescences, have yet to be formalized
or standardized. In a few countries, such as Italy, cannabis-based com-
pounding preparations are standardized. The Italian Society of Prepa-
ratory Pharmacists (SIFAP) recommends carrying out prior
decarboxylation to increase potency (neutral cannabinoids) and subse-
quent extraction in olive oil [16].

In Argentina, law 27,350, recently approved by Congress, acknowl-
edges the need to research the Cannabis sativa plant, its properties, and
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everything related to its potential application in human medicine
[17,18].

According to the Argentine Pharmacopoeia [19], expiration dates for
magistral preparations will be determined based on the physicochemical
and galenic characteristics of the product, as well as established refer-
ence bibliographies when available. In the absence of a compiled
monograph for a specific galenic formulation, and lacking evidence of
degradation or contamination risk, maximum expiration dates will be
assigned following the inherent properties of the products. For non-
aqueous officinal formulations that do not require sterility, a
maximum shelf life of 90 days at controlled room temperature or under
refrigeration, is stipulated. Given that galenic formulations are prepared
on a personalized basis, and considering the immense variety of
cannabis plants with different chemical profiles, and the great stability
shown by the oils over a year of monitoring, it is not necessary to
determine the maximum duration of these formulas, as they are not
expected to be shelf-sold medicines but rather formulations upon de-
livery of an individual prescription. However, since a shorter stability
period of 14 days [20] and 8 months with and without antioxidant
addition [21] have been reported for cannabis formulations in olive oils,
we evaluated a formulation based on sesame oil aimed at standardizing
a long-lasting and definitive formulation. Due to the high quantity and
heterogeneity of components in the full-spectrum galenic oil, it is not
appropriate to conduct stability and expiration date studies strictly ac-
cording to the International Council of Harmonization (ICH) and phar-
macopoeia guidelines, nevertheless, we conducted a stability study
taking into account the conditions established by the ICH, as a reference
[22]. ICH stability criteria involve conducting analyses of drug sub-
stances under various storage conditions, i.e., long-term tests performed
during 12 months at 25 ◦C ± 2 ◦C/60% RH ± 5% RH and accelerated
tests for 6 months at 40 ◦C ± 2 ◦C/75% RH ± 5% RH. The variables
studied for three types of cannabis varieties, namely chemotype I, with
high amounts of THC (THC: CBD > > 1), II with balanced amounts of
THC and CBD, (THC: CBD = 1, acceptable between 0.5 and 2) and III
with high CBD content (THC: CBD <<1) [23] in this work were: total
THC and CBD potency, neutral cannabinoids (THC and CBD), total
polyphenol content (TPC), total flavonoid content (TFC), microbiolog-
ical stability, antioxidant capacity expressed as Trolox Equivalent
Antioxidant Capacity (TEAC), and antimicrobial capacity. This study
represents the first investigation into the long-term stability of full-
spectrum cannabis galenic oils, evaluated under both real-time and
accelerated conditions. It addresses the critical need for information
regarding the longevity, stability, and preservation methods of galenic
and artisanal oils, which are extensively utilized worldwide. We used
sesame oil as a diluent, one of the most commonly used vehicles in the
cannabis pharmaceutical industry due to its properties, including solu-
bility, preservation, and enhanced oral bioavailability of cannabinoids
[31].

2. Experimental sections

2.1. Reagents and drugs

2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) dia-
mmonium salt (ABTS), and Folin-Ciocalteu reagent were purchased
from Sigma-Aldrich®. Solvents were HPLC grade and other chemicals
were of analytical grade. The following standard compounds, purchased
from Sigma-Aldrich®, were used in this study: gallic acid (GA,
purity≥97.5%), quercetin (Q, purity≥95%) and Trolox (purity of 97%).
Standard solutions of cannabidiol tetrahydrocannabidiol and canna-
binol (CBN) were purchased from Restek.

The inflorescences were provided by the CBG 2000 NGO from Mar
del Plata City, Buenos Aires, Argentina, and characterized by the MDQ
Herbarium of Vascular Plants of the Plant Diversity Laboratory of the
Marine and Coastal Research Institute (IIMyC) of the National Univer-
sity of Mar del Plata (voucher number IMyCHer: MDQ: 00871

(chemotype I) MDQ:00630 (chemotype II) andMDQ: 00870 (chemotype
III).

The vehicle used was gluten-free Nutrasem® Premium Toasted Ses-
ame oil, purchased from NutraSem S. R.L.

2.2. Oil preparation

The oils were prepared by extraction by maceration in
pharmacopoeia-grade ethanol. Twenty grams of freshly cut in-
florescences, frozen overnight, were finely chopped and placed in 1 l of
ethanol with magnetic stirring for 4 h. The filtrate was dried using a
rotary evaporator. Subsequently, the resins were completely decar-
boxylated in a balloon with a refrigerant in a glycerin bath at 130 ◦C for
half an hour, until no acidic cannabinoids were detected in TLC. The
resin was diluted 1 in 50 w/w and stirred until a translucent solution was
obtained. Samples were stored for 12 months at 25 ◦C and 6 months at
41 ◦C in a San Jor cultivation oven model SL3C from 20 to 70 ◦C with a
humidity monitor. The three types of oils were prepared in quadrupli-
cate for each temperature tested.

2.3. Quantification of THC and CBD

CBD and THC were quantitatively analyzed by HPLC, using a chro-
matograph Konik KNK-500-A with a UV–visible detector (Konik UVIS-
200) with a reverse-phase Zorbax SB-Aq column 4.6 mm ID x 250
mm, 5 μm. A mixture of (85:15) methanol and ultrapure water with a
flow rate of 1 mL min− 1 was used as the mobile phase and the detection
was performed at l = 220 nm (Saingam and Sakunpak 2018). The
neutral CBD and THC concentration was determined using the external
standards calibration curve method. All experiments were carried out at
room temperature. GC–MS analysis was performed using a Shimadzu
GCMS-QP2100ULTRA-AOC20i with a column of 0.25 mm ID, 30 m and
0.1 μm phase thickness Zebron ZB-5MS. Samples were injected at
splitless and the injection volume was 1 ml. The interface and the
ionization source were kept at 280 ◦C and 230 ◦C respectively. Helium
chromatographic grade (99.9999%) was used as the carrier gas with a
linear velocity of 52.1 cm seg− 1. The oven temperature program started
at 50 ◦C, where it was held for 1 min and then increased to 190 ◦C at
40 ◦C min− 1, and to 280 at rate 10 ◦C min− 1, finishing at 300 ◦C at 40 ◦C
min− 1 where it was held for 2 min. Electron impact ionization (EI) was
used at 70 eV. Full-scan and the SIM EI spectra were acquired under the
following conditions: mass range 35–700 m/z, scan time 0.3 s, solvent
delay 3.0 min. Ions used for characterization were: Δ9-THC: 299, 314
and 231. CBD: 231, 246 and 314. CBN: 295, 296, 238. Δ8-THC: 258 and
299. The total Δ9-THC, CBD and CBN content (potency) was quantified
using analytical standards and the calibration curve method. Dilution of
oils for both measurements was made 1:1000 in a mixture 3:7 ethyl
acetate:methanol. Results for each measure are the mean of the values
obtained for three independent processes.

2.4. Total polyphenol content

Quantification of total polyphenol was performed as reported by
Torres et al. (2018), with modifications [24]. An Epoch BioteK micro-
plate reader with a working range of 200 to 900 nm was used. 20 μL of
cannabis oils (or sesame oil used as control), 100 μL of Folin-Ciocalteu
reagent, and 80 μL of a Na2CO3 saturated solution were added and 45
min later, absorbance was read at 760 nm. Total polyphenol content was
informed as μg of gallic acid equivalents (GAE) per mL of extract. The
values shown are the mean of four measures.

2.5. Total flavonoid content

Total flavonoid content was measured according to Matejic et al.
with some modifications [25]. 100 μL of cannabis oils (or sesame oil
vehicle as control), were mixed along with 100 μL of AlCl3 2% in
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methanol:acetic acid 95:5. After 45 min at room temperature, absor-
bance was read at 420 nm. Quercetin (Q) was used as a standard for the
calibration curve and flavonoid content was expressed as μg of quercetin
equivalents (QE) per mL of extract. The values shown are the mean of
four measures.

2.6. Antioxidant capacity

The antioxidant capacity was determined according to Dudonné
et al. [26]. Briefly, a 7 mM ABTS solution was mixed with a 140 mM
K2S2O8 solution. This mixture was allowed to react at room temperature
for 16 h in the dark. a 10 μL aliquot of cannabis oil (or control) and 180
μL of ABTS were added to each well in a microplate. Absorbance was
read at 734 nm after 45 min at room temperature. Trolox was used as
standard. Values are shown as μg of trolox equivalent (TEAC) per mL of
extract. The values shown are the mean of four measures.

2.7. Antimicrobial activity

The minimum inhibitory concentration (MIC) of cannabis oils after
12 months of storage at 25 ◦C was evaluated using the broth micro-
dilution test in a 96-well microtiter [27]. To elucidate the biological
properties of the extracts, we assessed their antimicrobial activity
against Gram-negative (Escherichia coli ATCC 25922) and Gram-positive
bacteria (Staphylococcus aureus ATCC 25923 and P. larvae ERIC I geno-
type). E. coli ATCC 25922 and S. aureus ATCC 25923 were obtained from
the stock cultures of the Department of Chemistry and Biochemistry of
the National University of Mar del Plata. P. larvae (ERIC I genotype)
were obtained from the Research Institute in Health, Production, and
Environment (IIPROSAM).

The oil samples were dissolved in 10% dimethyl sulfoxide (DMSO),
and a series of two-fold dilutions were dispersed in the culture medium
to achieve various final concentrations (46 to 1.44mgmL− 1) in the wells.
Mueller-Hinton broth was used as culture media for the strains E. coli
25922 and S. aureus ATCC 25923, while Mueller-Hinton broth supple-
mented with yeast extract, glucose, and sodium pyruvate was used for
P. larvae (genotype ERIC I). Finally, a portion of the bacterial suspen-
sions of the strains (105–106 CFUmL− 1) was prepared in physiological
solution and added to each well. All microtiter plates (with positive and
negative controls) were incubated at 35± 0.5 ◦C for 24–48 h, depending
on each strain. TheMIC was determined as the lowest concentration that
inhibits the visible growth of each strain. The minimum bactericidal
concentration (MBC) was determined by subculturing the broth di-
lutions from the microdilution test. The dilutions in which bacterial
growth inhibition was determined were plated on Mueller–Hinton or
Mueller–Hinton agar supplemented with yeast extract, glucose agar, and
sodium pyruvate and incubated for 24 to 48 h, depending on each strain.
The MBC was determined to be the lowest dilution of antimicrobials that
prevents the growth of the microorganisms on the agar.

2.8. Evaluation of the shelf life of cannabis oils

To evaluate the shelf life of cannabis oil, samples obtained at
different storage times and temperatures were analyzed. The samples
were stored at different controlled temperatures and humidity of 60 ±

5%: 1) room temperature (25 ± 2 ◦C) and 2) growing stove (41 ± 2 ◦C).
Microbiological counts of the samples were performed at different time
intervals (0, 3, 6, 8, 10 and 12 months). Microbiological tests were
conducted to ensure the microbial safety of the product over one year of
storage, following the regulations established by the National Admin-
istration of Medicines, Food, and Medical Technology of Argentina
(ANMAT) for non-mandatory sterile pharmaceutical products, in the
form of non-aqueous preparations for oral use. Ten ml of the sample was
homogenised in 90 ml of sterile phosphate buffer solution at pH 7.2.
Serial dilutions were prepared by adding 1 ml to 9 ml of phosphate
buffer pH 7.2. An aliquot of each dilution was plated on Casein-Soy

Digest Agar (Britania, Buenos Aires) to determine the total aerobic
count (35 ± 0.5 ◦C, 48 h). To identify the presence of E. coli, samples
were plated on MacConkey Agar. Suspicious colonies should be subse-
quently inoculated on Eosin-Methylene Blue Agar (35 ± 0.5 ◦C, 48 h).
To evaluate the total moulds and yeast count, samples were plated on
Dextrose-Sabouraud Agar (Britania, Buenos Aires) and incubated at
25 ◦C for 5–7 days.

2.9. Statistical analysis

The concentration data were analyzed with a non-parametric Krus-
kal–Wallis's test using the Infostat statistical software, version 2008
[28]. The values of MIC were also evaluated with a non-parametric
Kruskal-Wallis's test using SPSS 15.0 (SPSS Inc., Chicago, Ill., USA) for
Windows [14] In all cases, significant levels were defined at p < 0.05.

3. Results and discussion

3.1. Long-term chemical characterization

The results of the chromatographic analyses by GC–MS are presented
in Fig. 1. As observed, for both real and accelerated-time assays, no
significant differences were observed in terms of cannabinoid potency
(total CBD and THC). This fact was confirmed by HPLC, comparing
values at different times as indicated by the ICH (Fig. 2). No CBN or Δ8-
THC were detected at any time by the SIM method in GC–MS. This is
probably due to the inhibition of the THC oxidation or isomerization in
the formulation. Non-aqueous formulations have less solubilized oxy-
gen, and this combined with the antioxidant properties of many com-
pounds present in the full spectrum oil, diminishes or inhibits non-
enzymatic transformation of cannabinoids such as THC into CBN or
the Δ8-THC isomer [29–31].

Sesame oil is primarily composed of long-chain fatty acids, including
saturated fatty acids (stearic and palmitic) and unsaturated fatty acids
(oleic (18:1) and linoleic (18:2)) which are known to enhance oral
bioavailability [32,33]. It is used as a substitute for olive oil due to its
high content of unsaturated fatty acids, approximately 85%. Addition-
ally, it contains tocopherols, which provide high oxidative stability and
other antioxidant components such as sesamol, semolin, and sesamin
[32,34]. This unique composition likely contributes to the greater sta-
bility of the formulation components compared to formulations using
olive oil. Furthermore, the stability and preservative properties of
polyphenols and flavonoids, which are widely used as additives in the
food, cosmetic, and pharmaceutical industries, enhance the overall
stability of the formulation [35].

Likewise, the three types of oils maintained stable determinations of
total polyphenols and flavonoids, as well as their antioxidant capacity
(Fig. 3).

The determination of total flavonoids was carried out in the three
types of oils, under the indicated conditions. As observed, the concen-
tration of flavonoids remained largely unchanged throughout both the
six and twelve-month trials. The flavonoids present in Cannabis sativa,
including canflavins A, B, and C, exhibit neuroinflammatory and neu-
roprotective activities [36], as well as antioxidant properties similar to
those of epigallocatechin, quercetin, and kaempferol, which are also
present in Cannabis sativa L [37]. Additionally, these flavonoids are
known to interact with the production or release of prostaglandin E2
(PGE2), contributing to their notable anti-inflammatory, neuro-
protective, and antiproliferative properties, among other bioactivities
[38]. These characteristics provide value both as a preservative and a
pharmacological ingredient. .

Total polyphenols in cannabis were also determined [39], showing
no significative changes along the experiments at 25 ◦C, however, a
decrease of approximately 20% was observed in the accelerated time
experiment. This is following several authors that suggest polyphenol
stability decreases when rising temperatures [40]. We can infer that the
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decrease in total polyphenol content might be due to compounds other
than CBD since we did not observe a decrease for this later. According to
the extensive work done by Wishart et al., catechin is one of the major
polyphenols present in cannabis, along with cannabidiol. It is related to
a broad spectrum of biological activities such as angiogenesis, regulation
of cell growth, cancer, and related disorders. It has also been shown to
mediate cardiovascular protection, anti-inflammatory, and anti-
proliferative effects, among others; which are likely attributed to its
antioxidant capability [41]. Other polyphenol present in cannabis at
elevated rates, such as 3,4-dihydroxybenzoic acid, also with high anti-
oxidant activity, have been related to anti-inflammatory, anti-
hyperglycemic, and antimicrobial activities [42]. Regarding antioxidant
properties expressed in TEAC, Pino et al. inferred that ABTS.þ undergoes
H-atom transfer (HAT) with flavonoids and phenolic compounds.
Therefore, in cannabis oils, antioxidant capacity is primarily attributed
to the HAT mechanism [43]. In agreement with their postulate that
antioxidant capacity results synergistically from cannabinoids and all
phenolic compounds present in cannabis oils, we also obtained consis-
tent results for the three oil varieties, despite their differing chemotypes.
The results of TEAC for our dilutions are in good agreement with the
values reported by Pino et al. for undiluted pure resins obtained through
very different methods (TEAC = 3 ± 1 mM for our oils, and 0.56–0.75
for solid–liquid extraction (SLE) and supercritical fluid extraction
(SCF)). Gruschow [44] reported total polyphenol content for different
oils direct extraction, namely hemp, olive and MCT oils. Our values for
TPC and TEAC resulted in higher, probably because of the difference in
extraction methods. Ethanol is a better solvent than oils for polyphenolic
polar compounds from plant material. TEAC measured at 25 ◦C did not
show a significant decrease. Nevertheless, following the decrease in total
polyphenol content at 41 ◦C, the antioxidant capacity also showed a
slight reduction during the six-month experiment. In this case, the
antioxidant capacity was reduced by 15% to 25%. Although these values

Fig. 1. Concentration profile of cannabinoids as a function of time (months) and at two temperatures. The graphs in the left column were made at 25 ◦C and those on
the right at 41 ◦C. THC and CBD. Chemotype I: a and d; Chemotype II: b and e; Chemotype III: c and f.

Fig. 2. HPLC chromatograms of the different cannabis oils obtained at the
temperatures under study. initial state; 25 ◦C after 12 months and
41 ◦C after 6 months. a) Chemotype I, b) Chemotype II and c) Chemotype III. tR
(CBD) = 4.04 min and tR (THC) = 5.26 min. Detection at 220 nm.
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are expected at higher temperatures (60 ◦C) [45], we believe that
exposure at 41 ◦C, albeit at a slower rate, could lead to similar outcomes
over six months of exposure. Larrauri et al. suggested that the oxidation
of polyphenols at high temperatures may also contribute to a decline in
TEAC [46].

Terpenoids were not quantified in this study due to their presence in
quantities approximately one hundred times smaller than cannabinoids
[35], given the considerable variability among different varieties as well
as changes occurring during inflorescence trimming and production
methodologies [47]. We do not believe these compounds significantly
alter the quality of the oils, let alone their pharmacological properties.

3.2. Evaluation of the shelf life of cannabis oils

The shelf life of cannabis oils was also evaluated. Microbiological
tests were carried out to guarantee the microbial safety of the product
during one year of storage. Microbiological quality analyses included
total aerobic count, total combined moulds and yeast count, and
investigation of E. coli. The results of the microbiological examination
are shown in Table 1. At the beginning of storage of the cannabis oil
samples with different cannabinoid content, a total aerobic count of <1
CFUmL− 1 was obtained, while E. coli was absent in all of the samples
analyzed. In addition, values below 102 CFUmL− 1 were obtained for the
total moulds and yeast count. In the following storage times of 3, 6, 8, 10
and 12 months, the growth of total aerobic bacteria, E. coli moulds and
yeast were not detected in the oils incubated at 25 ◦C. The growth of
these microorganisms was also not detected in the samples incubated at
41 ◦C for 3 and 6 months of storage.

The route of administration and the way of use of C. sativa formu-
lations are decisive in establishing microbiological safety. In microbio-
logical quality studies of cannabis products, bacterial indicators are
generally studied as indicative of hygiene care during product produc-
tion. According to the guideline for non-aqueous preparations for oral
use from ANMAT up to 103 CFUmL− 1 total aerobic count, and 102

CFUmL− 1 total moulds and yeasts count, are allowed, while E. coli must
be absent in cannabis oil samples. From the results obtained at the

beginning of storage, all the samples accomplished the requirements of
the legislation and were within the tolerance limits suitable for use as
oral preparation. During storage for 1 year at 25 ◦C samples with
different cannabinoid contents remained within the limits established by
regulations for these products. Likewise, the different cannabis oils
maintained a microbiological quality within the limits at 41 ◦C for six
months.

Total aerobic bacteria are indicative of the manufacturer's sanitary
quality and compliance with good manufacturing practices, but may not
directly correlate with the presence of pathogens [48]. Likewise, the

Fig. 3. Comparison of the polyphenol and flavonoid content and antioxidant capacity of cannabis oils as a function of time (months) at different temperatures. The
graphs in the left column were made at 25 ◦C and those in the right at 41 ◦C. Where R represents: μg of gallic acid equivalents (GAE) per mL of extract; μg of
quercetin equivalents (QE) per mL of extract; μg of Trolox equivalents (TEAC) per mL of extract. Chemotype I: a and d; Chemotype II: b and e; Chemotype III: c
and f.

Table 1
Number of microorganism colonies in oil cannabis samples at different tem-
peratures and storage times.

Total aerobic
count (CFUml− 1)

Total moulds and
yeast count
(CFUml− 1)

Escherichia coli
(CFUml− 1)

Chemotype I II III I II III I I III

25 ◦C 0 months <1 <1 <1 5 10 5 n.
d.

n.
d.

n.
d.

3 months <1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

6 months <1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

8 months <1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

10
months

<1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

12
months

<1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

41 ◦C 0 months <1 <1 <1 5 10 5 n.
d.

n.
d.

n.
d.

3 months <1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

6 months <1 <1 <1 <1 <1 <1 n.
d.

n.
d.

n.
d.

Abbreviations: CFU: colony forming units; n.d.: not detected.
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limits established for the count of moulds and yeast, differ according to
the type and use of the product [49]. For aqueous preparations for oral
use, the limit for the count of total aerobic bacteria is 102 CFUmL− 1,
while for the count of moulds and yeasts, up to 101 CFUmL− 1 is
accepted. This limit is maintained for use via oromucosal, gingival,
cutaneous, nasal, auricular, vaginal and transdermal patches, while for
the rectal administration route, the limit of 103 CFUmL− 1 for total aer-
obic bacteria and 102 CFUmL− 1 for moulds and yeasts is accepted.

On the other hand, E. coli is a bacterium commonly found in the
intestines of many animals, including humans, and it is typically not
associated with disease, except for specific toxin-producing strains such
as O157:H7:. While E. coli is susceptible to high temperatures, patho-
genic strains are rare and they do not thrive under conditions of low
water activity or refrigeration temperatures. Since cannabis is dried and
heated during processing, it is not a likely vehicle for E. coli infection
except in cases of fresh consumption [50]. Argentinian legislation stip-
ulates the absence of E. coli in non-aqueous preparations for oral use and
regulates the absence of other bacteria such as S. aureus and Pseudo-
monas aeruginosa in cannabis products intended for administration via
oromucosal, gingival, cutaneous, nasal, auricular, and transdermal
patches. Additionally, Candida albicans must be absent in products
intended for vaginal use.

3.3. Antimicrobial activity of cannabis oils

In the present study, the antimicrobial activity of the three different
oils after 12 months of storage at 25 ◦C was studied against strains E. coli
ATCC 25922, S. aureus ATCC 25923 and P. larvae (ERIC I genotype)
(Table 2). All cannabis oils showed antimicrobial activity against the
three strains. MICs of cannabis oil to prevent the growth of E. coli,
S. aureus and P. larvae were significantly similar for the different oils
with dissimilar cannabinoid contents and between strains (P˃0.05). On
the other hand, for E. coli ATCC 25922 and S. aureus ATCC 25923, MBC
was 46 mgmL− 1, while for P. larvae ERIC I MBC were between 2.87 and
5.75 mgmL− 1.

The antimicrobial activity against the pathogenic bee bacteria,
P. larvae ERIC I genotype presented a MIC of 2.87 mgmL− 1 in the oil with
the highest CBD content (chemotype III) and 5.75 mgmL− 1 for the oils
with the highest THC content (chemotype I) or CBD/THC in equilibrated
parts (chemotype II). Fuentes et al. (2023) [14] studied the antimicro-
bial activity of cannabis hexane extracts against P. larvae strains,
obtaining MIC values of 1.13 mgmL− 1 for root extracts. On the other
hand, extracts from other plants against P. larvae have demonstrated
antimicrobial activity with MIC values of 385 mgmL− 1 for extracts of
Citrus paradisi [51] and 25 mgmL− 1 for extracts of Scutia buxifolia [52].

Likewise, the antimicrobial activity of cannabis oil was observed
against E. coli ATCC 25922, with a MIC of 23–46 mgmL− 1. Kaur et al.
[53] determined a MIC of 50 mg mL− 1 for methanol extracts of C. sativa
against E. coli. and Ferrante et al [54] obtained MIC values of 7.1
mgmL− 1 for water extracts against E. coli ATCC 10536. Although the low
susceptibility of E. coli and other Gram-negative bacteria to C. sativa

extracts has previously been reported [55], the present results are
promising as a potential treatment for this group of bacteria.

Regarding the antimicrobial activity of the oils against S. aureus
ATCC 25923, MICs of 11.5 to 46 mgmL− 1 were determined. Zengin et al.
[56] determined MIC of 8 mgmL− 1 for essential oils from leaves, in-
florescences, and thinner stems against S. aureus, while Fuentes et al.
(2023) determined MIC values of 8.5 mgmL− 1 of hexane extracts of
C. sativa roots.

On the other hand, for the cannabis oil chemotype III, the MIC had a
content of 2.76 mgmL− 1 of CBD against E. coli ATCC 25922, 0.69
mgmL− 1 of CBD against S. aureus ATCC 25923 and 0.17 mgmL− 1 of CBD
against P. larvae genotype ERIC I. Likewise, for the cannabis oil type I,
the MIC had a content of 0.92 mgmL− 1 of THC against E. coli ATCC
25922 and S. aureus ATCC 25923, and 0.23 mgmL− 1 of THC against
P. larvae genotype ERIC I. Therefore, the majority content of THC and
CBD in the determined MICs presented similar values.

The greater or lesser content of CBD or THC does not seem to be
critical in the antimicrobial activity of the cannabis oils against the
different bacteria studied, since they present similar antimicrobial ac-
tivity as individual compounds. THC presents a MIC of 1 μgmL− 1 against
S. aureus ATCC 25923, while previous studies report CBD MICs of 0.5-
1μgmL− 1 for S. aureus ATCC 25923 [10]. On the other hand, for both
compounds, low activity has been reported against Gram-negative
bacteria such as E. coli, Salmonella typhimurium, Shigella dysenteriae,
Proteus vulgaris, Proteus mirabilis, Klebsiella pneumoniae [11].

There is a high variability in the composition of C. sativa essential
oils, which could explain the variability in antimicrobial activities to-
wards the same microbial species. The antimicrobial activity of C. sativa
oils is not only due to the presence of the cannabinoids CBD and THC but
also to many other compounds. The antibacterial effect has been
determined for essential oils prepared from different cultivars of
C. sativa L with undetectable levels of Δ9-THC and very low levels of
other cannabinoids, but with other compounds such as polyphenol or
terpenes (α-pinene, myrcene, trans-β-ocimene, α-terpinolene, trans-
caryophyllene, and α-humulene) [57]. Similarly, the antimicrobial ac-
tivity of C. sativa extracts that did not contain THC or CBD in their
composition and that nevertheless presented antimicrobial activity
against different bacterial species has been reported, supporting the idea
of synergism between the compounds that determine the bactericidal
capacity such as polyphenols, without attributing this action exclusively
to the compounds found in a greater proportion in the extracts [14]. On
the other hand, the study of the antimicrobial activity of C. sativa oils is
significant, due to the development of resistance to traditional antibi-
otics which is a common reason for treatment failure. Phytocannabi-
noids such as CBD and cannabigerol (CBG) do not induce the appearance
of strains resistant to antibacterial compounds [58].

4. Conclusions

Galenic formulations based on cannabis were prepared using stan-
dardized methods. These formulations used sesame oil due to its pre-
servative properties, solubility, and ability to enhance the
bioavailability of cannabinoids through oral administration. All three
varieties or chemotypes used for oil preparation demonstrated good
long-term stability, remaining unchanged for 12months at 25 ◦Cwith no
observable organoleptic or physicochemical changes (such as solubility,
opalescence, or turbidity). In this study, no significant changes were
observed in the chemical profiles or presence of microorganisms. This
stability could be attributed to the antioxidant and antimicrobial prop-
erties of various cannabinoid and polyphenolic compounds, which,
alongside their pharmacological characteristics, contribute as natural
preservatives. In accelerated stability studies at 41 ◦C, no significant
changes were observed in cannabinoid profiles or the appearance of
microorganisms. However, the determination of total polyphenols
showed a slight decline, as did antioxidant capacity, likely due to
elevated temperatures. These results suggest that full-spectrum oils

Table 2
Antimicrobial activity (MIC and MBC) of the cannabis oils against E. coli ATCC
25922, S. aureus ATCC 25923 and P. larvae (ERIC I genotype).

E. coli ATCC 25922 S. aureus ATCC
25923

P. larvae ERIC I
genotype

Chemotype MIC
(mg
mL− 1)

MBC
(mg
mL− 1)

MIC
(mg
mL− 1)

MBC
(mg
mL− 1)

MIC
(mg
mL− 1)

MBC
(mg
mL− 1)

I 23 46 23 46 5.75 5.75
II 23 46 46 46 5.75 5.75
III 46 46 11.5 46 2.87 2.87

Abbreviations: MIC (minimum inhibitory concentration; MBC (minimum
bactericidal concentration).
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formulated in sesame oil exhibit high stability even without refrigera-
tion potentially meeting or exceeding the standard duration specified in
Argentine Pharmacopoeia for non-sterile, non-aqueous formulations.
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