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Abstract: Cannabidiol is a phytocannabinoid with proven pharmacological properties that is also
used in the cosmetic industry for its sebostatic and antioxidant activities, being considered a new
anti-aging ally. An analytical method is proposed for the determination of CBD in cosmetic products
by liquid chromatography with tandem mass spectrometry, after leaching the CBD from the cos-
metic matrix with ethanol. Low instrumental limits of detection (0.22 ng mL~1) and quantification
(0.74 ng mL~1) allow the determination of CBD at trace levels without needing preconcentration,
whereas the wide linearity of the method allows the determination of CBD in more concentrated
samples without high dilution. The method was successfully applied to the analysis of six cosmetic
products and a raw material. The proposed method is suitable for the quality control of cosmetic
products containing CBD, being able to quickly and easily determine this compound, ensuring that
its concentration in the finished product is the desired one.
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1. Introduction

Cannabidiol (CBD) is a phytocannabinoid found in the Cannabis plant that does not
have psychoactive activity, unlike tetrahydrocannabinol (THC) also present in Cannabis.

CBD has aroused a lot of interest in recent years due to its various pharmacological
properties, which include analgesic, anti-inflammatory, antineoplastic, and chemopreven-
tive activity. In addition, it has recently started to be used in the cosmetic industry for its
antioxidant, skin conditioning, and sebostatic properties. CBD acts on the function of seba-
ceous glands, behaving like a highly effective sebostatic agent, inhibiting the proliferation
of sebocytes and the production of sebum. CBD also exerts anti-inflammatory actions that,
combined with its lipostatic and antiproliferative effects, make it a promising therapeutic
agent for the treatment of acne vulgaris, since it counteracts the multiple pathogenic factors
of acne: sebum overproduction, sebocyte overproliferation, and inflammation [1]. More-
over, CBD is a powerful antioxidant that helps counteract oxidative cell damage generated
by free radicals by helping to decrease the visible signs of skin aging [2], and it is mainly
for this reason that it is becoming one of the star ingredients of the cosmetic sector in recent
years [3,4].

Current European legislation does not prohibit the use of synthetically obtained CBD
in cosmetic products. Cannabis seeds and leaves (without the upper part of the plant,
flowers, or fruits) obtained from varieties of hemp with a low THC content (less than 0.2%)
can be also used, both after proper treatment (such as to obtain oils, e.g., Cannabis sativa
seed oil) or after a process to obtain and purify CBD for direct use as an ingredient [5-7].
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Many articles related to CBD and other cannabinoids determination in plants [8],
oils [9], or other matrices, such as biological fluids, hair, or food products can be found in
the analytical literature based on the use of different sample preparation strategies [10] and
chromatographic techniques [11]. Gas chromatography coupled to simple mass spectrome-
try (GC-MS) was used for the analysis of hair [12-16], oral fluid [17,18], and hemp food [19]
samples. Gas chromatography with tandem mass spectrometry (GC-MS/MS) was also
used for hair sample analysis [20-23]. Liquid chromatography with ultraviolet detection
(LC-UV) was used for the analysis of urine [24,25] and brain and blood mice [25]. Liquid
chromatography with tandem mass spectrometry (LC-MS/MS) was used for the analysis
of hair [26] and oral fluid samples [27], and ultra-high performance liquid chromatography
with tandem mass spectrometry (UHPLC-MS/MS) was used for serum and urine [28,29]
and oral fluid and sweat patches [28] analysis.

Only a few recent publications are related to the determination of CBD and other
cannabinoids in cosmetic products. In this context, Meng et al. [30] analyzed commer-
cial creams by LC-MS/MS after dilution of samples with methanol (MeOH) contain-
ing 0.005% of formic acid and 5% of water, sonication, and centrifugation, thus obtain-
ing a limit of detection (LOD) of 0.048 ng mL~! of CBD in the measurement solutions.
Nemeskalova et al. [31] analyzed hydrophobic cosmetics by LC-UV and LC-MS/MS by
treatment with ethyl acetate:isopropanol 1:1 by vortex, followed by heating to get a good
dispersion and separation of the supernatant after cooling to —20 °C and finally dilution
with a 60% aqueous acetonitrile solution, shaking by vortex, and filtering before analysis;
aLOD of 0.2 pg g~ ! of CBD in samples was obtained. Huber et al. [32] determined CBD
in creams by LC-UV by microextraction using MeOH and an ionic liquid and sonication
at 40 °C, followed by centrifugation, evaporation of the supernatant, and dilution of the
remaining ionic liquid with an acetonitrile solution; a LOD of 0.01 mg g’1 of CBD in
samples was obtained.

The aim of this work is to develop and validate an analytical method for the determi-
nation of CBD in different types of cosmetic products, with good analytical features for
use in the quality control of the cosmetic industry, such as replacement or reduction of
toxic organic reagents, quickness, and simplicity, especially in the sample preparation stage.
Moreover, the proposed method allows the determination of CBD both at trace level and in
higher concentrations. Recommended performance parameters in single-laboratory valida-
tion of analytical methods for cosmetics given by the Joint Research Centre Guidelines [33]
have been studied.

2. Materials and Methods
2.1. Apparatus

An Agilent Technologies 1100 Series liquid chromatography system, equipped with
a degasser, a quaternary pump, an automatic injector, and an oven, was used. The chro-
matography system was coupled to an Agilent 6410B Triple Quad LC-MS/MS detector.
Reverse-phase chromatographic separations were carried out using an Agilent Zorbax
SB-C18 column (50 mm in length, 21 mm in internal diameter, and 1.8 pm in particle size).
The acquisition and processing of data were carried out using a computer equipped with
the Agilent Technologies MassHunter Workstation LC/QQQ software (Version B.08.02).

A ZX3 vortex mixer from VELP Scientifica (Usmate Velate, Italy) was used to facilitate
the lixiviation of the analyte from the sample.

2.2. Reagents and Samples

A solution of CBD in MeOH with a concentration of 1.0 mg mL~! from Sigma-Aldrich
(Saint Louis, MO, USA) (purity 99.3%) was used as a stock standard solution.
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A solution of Cannabidiol-D3 (CBD-D3) in MeOH with a concentration of 100 pg mL~!
from Sigma-Aldrich (Saint Louis, MO, USA) (purity 99.7%) was used as a stock internal
standard solution.

Ethanol (EtOH) HPLC grade from Panreac (Barcelona, Spain) and deionized water
obtained through a Connect water purification system from Adrona (Riga, Latvia) were
used for sample and standards preparation.

A chromatographic mobile phase composed of LC-MS grade MeOH and LC-MS grade
water from Panreac (Barcelona, Spain) was used, both phases containing 0.1% of formic
acid prepared from formic acid provided by VWR chemicals (Fontenay-sous-Bois, France).

Six commercial cosmetic products (i.e., four creams, a shower gel, and a hair mask)
and a raw material (Cannabis sativa oil standardized in 1.3% CBD) were analyzed, and their
brands are not mentioned for confidentiality reasons. According to the labels, the four
creams and the raw material contained CBD among the labeling ingredients, while the
labels on the shower gel and the hair mask indicated that they contained the ingredient
Cannabis sativa oil.

2.3. Proposed Method
2.3.1. Standards Preparation

An ethanolic CBD solution of 100 ng mL~! was prepared by successive dilutions of
the 1.0 mg mL~! CBD stock standard solution with EtOH. Working standard solutions
containing different concentrations of CBD (1 to 30 ng mL~!) were prepared by dilution
of the 100 ng mL~! ethanolic standard solution with the appropriate volumes of EtOH
and water to get 1:1 EtOH:water solutions. These solutions also contained the appropriate
volume of a 200 ng mL~! ethanolic CBD-D3 solution to get a fixed internal standard
concentration of 8 ng mL~!. The obtained standard solutions were transferred to injection
vials for chromatographic analysis.

2.3.2. Samples Preparation

First, 1 g of sample was weighed into a volumetric flask and brought to a final volume
of 10 mL with EtOH. To facilitate CBD leaching, the sample was shaken with a vortex mixer.
Then, 1 mL of this initial solution was taken and transferred to a 10 mL volumetric flask and
the appropriate volumes of EtOH and water were added to get a 1:1 EtOH:water solution.
A lower mass of sample or a lower volume of the initial sample solution was taken if CBD
concentration was relatively high. As in the standards, sample solutions contained the
appropriate volume of the 200 ng mL~! ethanolic CBD-D3 solution to get a fixed internal
standard concentration of 8 ng mL~!. The obtained solutions were filtered through nylon
filters with a pore size of 0.45 um and transferred to injection vials for LC-MS/MS.

2.3.3. LC-MS/MS Analysis

Ten microliters of sample or standard solutions were injected into the chromatographic
system and the ratio of the analyte (CBD) peak area to the internal standard (CBD-D3) peak
area was used as an analytical signal to carry out the determination of CBD. The mobile
phase consisted of MeOH:water (both with 0.1% of formic acid) by isocratic elution at a
mixing ratio of 80:20% (v/v). The flow rate was 0.2 mL min~!, and the column temperature
was maintained constant at 35 °C. The run time was below 4 min.

The triple quadrupole MS operated in positive electrospray ionization mode (ESI+,
capillary voltage at 3kV) by multiple reaction monitoring (MRM). The other conditions
were gas temperature at 310 °C, nebulizer gas flow rate at 12 L min~!, and nebulizer gas at
50 psi.

The collision energy and the m/z precursor—product ion transitions for quantification
are indicated in Table 1, together with the summary of the instrumental variables.
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Table 1. Instrumental variables of LC-MS/MS analysis.

Instrumental Variable

Injection volume 10 uL
LC Column temperature 35°C
Flow rate 0.2 mL min~!
Mode Isocratic
Mobile phase 80% MeOH: 20% H,O (both with 0.1% of formic acid)
Precursor ion: 315 (CBD) Precursor ion: 318 (CBD-D3)
m/z =193 2 m/z =41 m/z =123 m/z =196 2 m/z =41 m/z =123
Fragmentor 132V 132V 132V 114V 114V 114V
Collision energy 18V 70V 34V 18V 70V 34V
MS/MS Capillary voltage (ESI*) 3kv
Gas temperature 310°C
Gas flow 12 L min—!
Nebulizer 50 psi

2 Used as quantification transitions.

3. Results and Discussion
3.1. Chromatographic Conditions

The standards and samples were prepared as EtOH:water solutions (see Section 2.3),
which allowed the sample preparation step to be as environmentally friendly as possible.
However, commercialized EtOH does not reach the degree of purity necessary to be used
as a mobile phase in LC-MS/MS, so MeOH:water was used in the chromatographic step.

The optimization and selection of MS/MS transitions were performed using Agilent
MassHunter Optimizer software in multiple reaction monitoring (MRM) mode in positive
polarity. The variables related to the detector were studied by injecting a CBD standard
solution of 1 ug mL~! and a CBD-D3 solution of 1 ug mL~!, both 1:1 EtOH:water. The
product ions generated from the two precursor ions were studied, and then the fragmentor
and the collision energy were optimized for each of the product ions. The optimized
parameters are shown in Table 1. It was also determined that the quantification ion, the
one that provides a higher signal, is the one that corresponds to the transition 315 > 193
for CBD and the one that corresponds to the transition 318 > 196 for CBD-D3. Finally, the
capillary voltage was optimized for the product ions, being +3 kV in all of them.

Figure 1 shows the chromatogram of a standard solution containing 4 ng mL~! of CBD
and 8 ng mL~! of CBD-D3 obtained under these conditions. The CBD peak is observed at
a retention time of approximately 3.2 min with a good resolution.

3.2. Standards Preparation

EtOH is proposed as a solvent for the stock standard solutions, since it is a harmless
and relatively inexpensive solvent compared to other organic solvents in which CBD is
also soluble. However, elution force differences between MeOH (used in the mobile phase)
and EtOH (used as solvent) caused a split of the peak if only EtOH was used as the solvent.
Then, before injection to the LC-MS/MS system, the ethanolic standard solutions were
diluted with water to obtain EtOH:water 1:1 solutions that prevented splitting.
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Figure 1. Chromatogram obtained applying the proposed LC-MS/MS method to a standard solution
containing 4 ng mL~! of analyte and 8 ng mL~! of internal standard ((a) CBD; (b) CBD-D3).

3.3. Samples Preparation

The method was tested by applying it to six commercial cosmetic products and a raw
material with different types of matrix.

The sample preparation process does not require any prior preconcentration steps,
only brief shaking of the samples with EtOH to achieve leaching of CBD from the cosmetic
matrix. Samples were filtered through a 0.45 pm pore size nylon filter, preventing solid
particles from reaching the injector or column. As for standard solutions, filtered samples
were diluted with water to obtain EtOH:water 1:1 solutions.

3.4. Analytical Figures of Merit of the Proposed Method

Quality parameters such as linearity, limit of detection (LOD), limit of quantification
(LOQ), repeatability, and recovery were evaluated to validate the proposed method. The
results are summarized in Table 2.

Table 2. Main analytical parameters of the proposed LC-MS/MS method.

Repeatability (%RSD)
Intra-Day (N = 5) Inter-Day (N = 5)

LOD LOQ MLOD MLOQ
(ngmL-1) (mgmL1) (ngg1 (ngg1)

2ngmL-1 4ngmL-1 2ngmL-! 4ngmL-1
0.22 0.74 22 74 4.6 51 59 8.5
N: Number of replicates.
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The linearity can be defined in this case as the ability of the LC-MS/MS proposed
method to induce an analytical signal whose intensity is directly proportional to CBD
concentration. Analytical signals (analyte and internal standard peaks area ratio) of six
standards containing CBD concentrations between 0.75 and 200 ng mL~! and a fixed
concentration of CBD-D3 (8 ng mL~!) were calculated, and linearity was estimated by the
coefficient of determination (R?). An R? value of 0.9992 was obtained, showing that it is
possible to determine CBD in samples with a relatively high concentration without needing
to add more dilution steps than those recommended in the proposed method.

The instrumental LOD and LOQ, i.e., the smallest CBD concentration that can be
detected or quantified with acceptable accuracy, were calculated as three and 10 times,
respectively, the signal-to-noise ratio. Methods LOD and LOQ were calculated as the
corresponding values in the sample, according to the preparation procedure. The LOD and
LOQ were 0.22 and 0.74 ng mL~! in the measurement solutions (i.e., 22 and 74 ng g~ ! in
the sample), respectively. These values allow the determination of CBD at trace levels in
cosmetic formulations without needing pre-concentration steps.

The repeatability of the measurements is expressed as relative standard deviation
(RSD) of several replicates of the same solution. It was evaluated by applying the proposed
method to five replicates of two standard solutions containing different concentration
levels of CBD (2 and 4 ng mL~!) on the same day (intra-day) and for five consecutive days
(inter-day). The results revealed that good repeatability was achieved (RSD < 8.5%).

The proposed method was applied to the analysis of six commercially available
cosmetics (containing cannabidiol or Cannabis sativa seed oil) and a raw material (containing
Cannabis sativa oil and a known amount of CBD).

The results are shown in Table 3. It revealed that CBD was detected in the raw material
and in the cosmetic samples in where CBD was indicated on the label as an ingredient,
while CBD was not detected in those samples in which Cannabis sativa seed oil was indicated
as an ingredient.

Table 3. Application of the method to the analysis of commercial samples.

; b ; b
Found Amount®  Repeatability of Results Relative Recovery Relative Recovery

Sample ? (g g1 RSD (%) (for2 ?)/%)mLfl) (for4 ?);i)mlfl)

A 140 £8 5.7 101 +4 114 £ 16

B 316 £ 8 25 105.6 £1.2 109.0 £ 1.1

C 2060 + 50 24 100 £5 100 £7

D 341 £ 17 5.0 113 £8 109 £11

E N.D. - 100 + 2 100 £ 5

F N.D. - 110 £ 11 101 £13

G 1304 + 14 1.1 - -

2 A, B, C, and D: Commercial cosmetic creams containing CBD as an ingredient; E: Shower gel containing Cannabis
sativa seed oil as an ingredient; F: Hair mask containing Cannabis sativa seed oil as an ingredient; G (raw material):
Labeled as Cannabis sativa oil standardized in 1300 ug g~ CBD; P expressed as mean + standard deviation of
three replicates.

In order to evaluate the recovery of the method, six cosmetic samples were spiked with
1 mL of a CBD standard solution of 200 or 400 ng in the first step of the procedure (before
treatment with EtOH), which results in 2 and 4 ng mL~! in the measurement solutions.
The recovery of CBD was calculated as the percentage of the CBD obtained by using the
proposed method. As can be seen, the relative recovery values obtained ranged between
100% and 114%, which shows negligible matrix effects.

Figure 2 shows the chromatogram of the raw material and Figure 3 corresponds to a
cream sample.
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Figure 2. Chromatogram obtained applying the proposed LC-MS/MS method to Cannabis sativa oil
raw material (sample G) ((a) CBD; (b) CBD-D3).
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Figure 3. Chromatogram obtained applying the proposed LC-MS/MS method to a cosmetic cream
(sample C) ((a) CBD; (b) CBD-D3).

4. Conclusions

A sensitive analytical method is proposed to determine CBD in cosmetic products
using LC-MS/MS.

The proposed analytical method is simple and highly sensitive, since it allows the
determination of CBD at trace levels. Likewise, the wide linearity range of the method
allows the determination of CBD in samples with relatively high concentrations.

The characteristics of the method and the results obtained show its usefulness in
carrying out this determination simply and quickly. The compound has been efficiently
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determined in cosmetic samples of different natures with good analytical features. For
this reason, the proposed method is suitable for quality control of cosmetic products that
contain this ingredient, thus assuring that its concentration in the finished product is the
desired one.
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