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Abstract: The analysis of cosmetic products represents an important field of analytical
chemistry, since the demand for new formulations is continuously increasing. Regula-
tions about prohibited/regulated compounds are applied in each country. Among the
substances that are banned in cosmetics, corticosteroids represent a potential harm for
consumers since the prolonged exposure to these compounds can affect health status.
However, corticosteroids can be found in cosmetics as an illegal addition since they are
able to alleviate the symptoms of inflammatory skin problems. In this work, two different
approaches for detecting corticosteroids as potential adulterants in cosmetic products were
compared. First, a reversed-phase HPLC-MS method was optimized and fully validated
in order to identify and quantify eight corticosteroids (methylprednisolone, beclometha-
sone, flunisolide, budesonide, betamethasone 17-valerate, beclomethasone dipropionate,
flumethasone, and dexamethasone). This reference method was then compared with an
enzyme-linked immunosorbent assay (ELISA). Indeed, immunological techniques allow
for rapid, low-cost, and sensitive detection of target analytes even in complex matrices, and
they can be performed with simple instrumentation and by non-skilled personnel. The
application of these methods on spiked cosmetic products was compared in terms of perfor-
mance and advantages in order to evaluate the possibility of exploiting a complementary
approach for optimizing the time for and costs of the analysis.

Keywords: cosmetic products; HPLC-MS; ELISA; corticosteroids; adulteration

1. Introduction
Glucocorticoids, also known as corticosteroids, exhibit several therapeutic uses in the

treatment of chronic inflammatory and immune diseases due to their immunosuppressive
properties. These compounds inhibit the production and activity of inflammatory cells,
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decreasing the number of immune cells [1,2]. Glucocorticoids are widely found in allergy,
dermatology, endocrinology, hematology, and immunology medicines, administered orally,
topically, or in inhalation solutions [3–7]. However, studies show that corticosteroids
can be toxic and cause severe side effects, namely, osteoporosis, Cushing’s syndrome,
hypertension, hyperglycemia, increased risk of infection, skin atrophy, erythema, delayed
wound healing, etc. Chronic use of these compounds can be of substantial risk since the
main key factors that influence the adverse effect of corticosteroids are dose and dura-
tion of therapy [8–14]. As for definition, cosmetics cannot contain active substances with
pharmacological properties; European legislation banned these substances in cosmetic
formulations [15]. Also, other countries have regulated the presence of such substances in
cosmetic products [16]. Despite this, because of their anti-inflammatory, antiaging, and de-
pigmenting properties, they might be present in counterfeit products as adulterants [17–21].
Although the concentration of glucocorticoids in counterfeit products is usually low, pro-
longed use of them by consumers unaware of the adulteration constitutes a real health
risk. Corticosteroids are added in counterfeit products as a mixture of low contents of
corticosteroids to enhance the effect. Therefore, in order to verify the presence of such
substances suspected to be illegally added to cosmetic products, the analytical method
must be sensitive and selective enough to detect nanograms of the illegal drug and to
distinguish similar structures. Several qualitative and quantitative analytical methods have
been introduced to determine corticosteroids in different matrices using well-established
instrumental techniques such as gas chromatography (GC) [22] and high-performance
liquid chromatography (HPLC) coupled with diode array detector (DAD) [23] or mass
spectrometry (MS) [24–26] as well as NMR spectroscopy [27]. Among these, some have
been developed to detect trace amounts in different formulations, such as creams, gels, and
liquid formulations. Giaccone et al. proposed a method based on LC-ESI-MS/MS for the
determination of several corticosteroids in cosmetic products [28]. Kang et al. [29] devel-
oped a method using homogeneous ionic liquid microextraction high-performance liquid
chromatography equipped with a photo-diode array detector to determine corticosteroids
in liquid and gel-like cosmetic products. In another study, Ivković et al. optimized and
validated an RP-HPLC method with UV detection for the determination of corticosteroids
in ambiphilic creams using ultrasonic bath as the sample preparation technique [30]. Kim
et al. reported an ultra-performance liquid chromatography–tandem mass spectrome-
try (UPLC-MS/MS) to analyze trace amounts of 43 corticosteroids in different cosmetic
products such as creams, gels, and powders [20]. As an alternative, bioanalytical tech-
niques have been reported to detect corticosteroids in different matrices [31,32]. Indeed,
immunoassays have been widely employed for detecting prohibited or restricted ingre-
dients in the cosmetic field [33–45]. Despite this, to the best of our knowledge, only few
of them were applied to cosmetic formulations. Zhang et al. developed a competitive
indirect enzyme-linked immunosorbent assay (ELISA) for screening of hydrocortisone in
body lotion, moisture cream, and smoothing toner samples [46]. In another study, Wang
et al. reported a lateral flow immunoassay to rapidly test dexamethasone in commercial
facial masks. The results obtained by this method were reported to be consistent with those
acquired by LC-MS [37]. Immunological techniques offer some advantages with respect to
the traditional chromatography-based methods, such as easier and faster protocol, as well
as suitability to analyze a large number of samples. The specificity of the antigen–antibody
reaction makes this approach ideal for the detection of small traces of the target analyte
in very complex matrices [47]. Furthermore, immunological methods can be performed
easily and rapidly (the tests are generally completed in a few hours) and the protocol is
suitable for complete automation and high-throughput screening. Finally, execution of
immunoassays requires an aqueous environment, avoiding the use of organic solvents and
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toxic chemicals and thus allowing for working with biocompatible and green procedures.
There are different formats in which immunological methods can be implemented, but
the most used for routinary applications is the ELISA. An enzyme (such as horseradish
peroxidase, HRP) is used as a label in order to catalyze a reaction in the presence of a
specific enzyme substrate in order to generate a signal that is measured for quantitative
detection of the target analyte. The assay is performed in a microwell plate platform, and a
multistep procedure comprising the addition of the sample and of the immunoreagents
followed by several washing steps is required. Finally, the addition of the enzymatic
substrate allows for the development of the analytical signal, which can be detected by
exploiting a multi-well plate reader. Depending on the nature of the enzymatic substrate, it
is possible to exploit different detection principles (e.g., colorimetric, chemiluminescent, or
electrochemiluminescent detection). The traditional reference techniques, such as HPLC,
GC coupled with MS, and immunoassays, show a limitation in sensitivity. Indeed, the limit
of detection (LOD) and quantification (LOQ) are generally higher than the ones offered by
instrumental-based techniques. Another problem is represented by the cross-reactivity phe-
nomenon, which implies that the antibody recognizes the target antigen and similar species,
leading to a lack of specificity. However, immunoassays can be very useful as preliminary
screening methods to be applied in series on a great number of samples in order to identify
batches suspected of adulteration, which can then be subjected to further analysis [48].
In this study, an HPLC-MS method was developed for the simultaneous determination
of eight corticosteroids (Figure 1): betamethasone valerate (BM 17-V), beclomethasone
(BC), beclomethasone dipropionate (BCDP), methylprednisolone (MP), budesonide (BD),
flunisolide (FN), flumethasone (FM), and dexamethasone (DM) in cosmetic formulations
without any sample pre-treatment. The method was validated in terms of linearity, sensi-
tivity, accuracy, precision, and matrix effect on three cosmetic products (two creams and
one serum) available on the market. Moreover, an alternative method based on ELISA was
employed to detect the aforementioned corticosteroids. This technique was adopted to
simplify the analysis of cosmetic formulations to determine the presence of glucocorticoids
without the need for a chromatography instrument, which might not be available in every
cosmetic lab. The ELISA was developed starting from a commercial kit for the measurement
of flumethasone in plasma, extending its applicability to cosmetic matrices and to a multi-
target screening (5 corticosteroids: BM 17-V, BC, MP, FM, and DM). The ELISA protocol in
use was optimized and validated on two steroid-free commercial cosmetic products (cream
and serum). For the first time, an ELISA was validated for the preliminary detection of a
group of corticosteroids at the same time. This method can be of great support for the rapid
control of samples suspected of adulteration with glucocorticoids in order to increase the
action of the product claim.
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Figure 1. Corticosteroid chemical structures.

2. Materials and Methods
2.1. Materials

HPLC-grade acetonitrile, formic acid, tetrahydrofuran, isopropanol, and sodium phos-
phate were purchased from Sigma-Aldrich (Milan, Italy). Betamethasone 17-valerate (BM
17-V), beclomethasone (BC), beclomethasone dipropionate (BCDP), methylprednisolone
(MP), budesonide (BD), flunisolide (FN), flumethasone (FM), and dexamethasone (DM)
were purchased from Sigma-Aldrich (Milan, Italy). Purified water from the Milli-RX system
(Millipore, Milford, MA, USA) was used to prepare mobile phase and standard solutions.
Nitrocellulose syringe filters (0.20 mm) were purchased from Phenomenex (Torrance, CA,
USA). Commercial cosmetic products, namely, cream A, cream B, and serum, were available
on the market; the ingredient lists are reported in Table S1 of the Supplementary Material.
An ELISA kit was purchased from Neogen (Lansing, MI, USA). It contained the EIA buffer
(phosphate-buffered saline solution with bovine serum and a preservative), the washing
solution (phosphate-buffered saline solution with a surfactant), the substrate (stabilized
3,3′,5,5′-tetramethylbenzidine (TMB) plus hydrogen peroxide), the drug–enzyme conjugate
(drug horseradish peroxidase concentrate), the antibody-coated plate, and the stop solution
(non-acidic reagent).

2.2. Standard Solutions and Sample Preparation

HPLC-MS. Stock standard solutions were prepared by dissolving 1 mg of each stan-
dard corticosteroid in 1 mL of a mixture of 0.1% formic acid in acetonitrile/0.1% formic acid
in water 60:40. These stock solutions were diluted at different concentrations in a mixture
of 0.1% formic acid in acetonitrile/0.1% formic acid in water 20:80 to a final concentration
in the range 0.1–20 ng/mL for calibration. To prepare the sample solutions, 300 mg of the
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cosmetic formulation (cream A, B, and serum) were diluted in 10 mL of tetrahydrofuran.
The solution was sonicated for 20 min and then filtered using a 0.2 mm nitrocellulose
syringe filter. The filtered solution was diluted 1:5 in a mixture of 0.1% formic acid in ace-
tonitrile/0.1% formic acid in water 60:40. Spiked sample solutions were obtained by adding
corticosteroid solution at five different concentration levels to two steroid-free cosmetic
products (two creams and one serum) available on the market (final concentrations as in
the standard solutions). After corticosteroid addition, samples were treated as described
before. Spiked samples were used for method validation.

ELISA. Stock standard solutions were prepared by dissolving each standard corticos-
teroid in a mixture composed of 80% PBS 0.1 M and 20% THF. Samples were treated by
dissolving 300 mg of sample (cream A, B, and serum) in 10 mL of tetrahydrofuran (THF)
and diluting this solution 1:5 in PBS 1 M.

2.3. Apparatus and Analytical Procedures

HPLC-MS. Liquid chromatography analyses were performed on an Agilent 1260 Infin-
ity II Chromatograph (Agilent, CA, USA) coupled with an Agilent InfinityLab MSD XT
mass spectrometer (Agilent, CA, USA). This setup featured an electrospray ionization (ESI)
source operated with an analyzer. The ESI system employed a 4.5 kV (positive polarity)
spray voltage and a heated capillary temperature of 200 ◦C. The sheath gas and the auxiliary
gas (nitrogen) flow rate were set to 0.75 and 1.2 L/min, respectively. The analytical parame-
ters were based on the article from the same authors [26] with some modifications. Mass
chromatograms were obtained in both scan mode (50–600 m/z) and single-ion monitoring
mode using the most abundant ion that corresponded to either pseudo molecular ion: [M
+ H]+ or [M-H2O + H]+. [M + H]: 435 m/z for FN and 411 m/z for FM. [M-H2O + H]:
357 m/z for MP, 391 m/z for BC, 413 m/z for BD, 457 m/z for BM 17-V, 503 m/z for BCDP,
and 373 m/z for DM. An XSELECT CSH C18 column (150 mm × 2.1 mm) was used for the
chromatographic analyses. The mobile phases included A (0.1% formic acid in acetonitrile),
B (0.1% formic acid in water) with a linear gradient from A-B 25:75 (V/V) to A-B 95:5 (V/V)
over 30 min, and a flow rate of 0.3 mL/min. A 3 min re-equilibrium time was considered
between runs, and the injection volume was 10 µL.

ELISA. A commercial corticosteroid group kit was used to detect steroids. The 96-well
plate was pre-coated with anti-flumethasone antibody. The kit was kept in the fridge below
5 ◦C until use and the entire procedure was conducted at room temperature. A total of
20 µL of sample solutions were added to the microwells. The conjugate enzyme was diluted
1:180 in a PBS-based buffer. A total of 180 µL of the diluted conjugate was added to the
sample solutions in each well. The plate was incubated for 45 min at room temperature.
The liquid was removed from the wells and each well was washed three times with 300 µL
of washing solution diluted 1:10 in distilled water. A total of 150 µL of substrate were
added to each well, and the plate was incubated for 30 min. A total of 50 µL of stop solution
were added and the absorbance was measured at 650 nm using a spectrophotometer. For
each analysis, a blank sample (corresponding to the maximum signal obtainable in the
absence of the target analyte) and the signal related to the absorbance of the colorimetric
substrate were measured.

2.4. Method Validation

HPLC-MS. Linearity was verified by generating calibration curves for each refer-
ence standard across five successive dilutions of the stock solution. Seven concentrations
of the standard steroids (ranging from 0.1 to 20 ng/mL, see Section 2.2) were injected,
and calibration graphs were plotted using the peak area of each analyte obtained from
mass chromatogram (SIM mode) versus the concentrations. Linearity was evaluated on
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real spiked samples at the same concentrations. Sensitivity as limit of detection (LOD,
signal/noise = 3) and limit of quantitation (LOQ, signal/noise = 10) were obtained by tripli-
cate injections of serial dilution of stock standard solutions and real samples. To investigate
the accuracy of the method, recovery studies were performed by spiking real samples
with low (0.3 and 0.5 ng/mL), medium (10 ng/mL), and high (20 ng/mL) concentrations
of standard steroid solutions. After treating the sample as described in Section 2.2, the
obtained results of the analysis were compared to those of the standard solutions at the
same concentration. Matrix effect (ME) was also determined through adding different
concentrations of standards (low, medium, and high) to the solutions obtained after sample
extraction. ME% was calculated as the percent ratio between the response in spiked samples
subtracted by the standard response. Precision was evaluated through analyzing three sets
of standard solutions at four different concentrations three times a day (intra-day) for three
consecutive days (inter-day), and the corresponding relative standard deviations (CV%)
were calculated.

ELISA. Calibration curves were generated by spiking known amounts of the target
analytes in two different matrices obtained after the pretreatment described in Section 2.2.
Calibration graphs were plotted using the B/B0 ratio, in which B represents the signal
obtained for a specific target analyte concentration and B0 is the maximum signal measured
in the absence of the target analyte against the logarithm of the target concentration and
fitting the experimental data with a four-parameter logistic equation. The LODs of the assay
were calculated as the concentration, yielding a B/B0 corresponding to that of the blank
minus three times its standard deviation. These calibration curves were then compared
with a calibration curve obtained by spiking each corticosteroid in a mixture composed
of 80% PBS 0.1 M and 20% THF in order to evaluate the matrix effect. To investigate the
recovery obtained with the proposed procedure of sample pretreatment, recovery studies
were performed by directly spiking the cosmetic products with low, medium, and high
concentrations of each corticosteroid.

3. Results and Discussion
3.1. LC-MS Method Development

Eight corticosteroids BM 17-V, BC, BCDP, MP, BD, FN, FM, and DM were separated
using reversed phase chromatography. The conditions are reported in Section 2.3. The
analysis was performed on a C18 column, and a gradient elution was selected to resolve
the peaks of the analytes with similar structures and formulation ingredients. As shown
in Figure S1, all the analytes were separated, including the two isomers of BCDP [26]. As
mentioned before, a mass spectrometer was used as the detector in this method. Total
ion current mode was used to identify the analytes, and single-ion monitoring (SIM) was
selected to increase the specificity and sensitivity for quantitative purposes. SIM analyses
were performed based on the most abundant ion, which was either the pseudo-molecular
ion [M + H]+, or [M-H2O + H]+, given by positive ESI. The monitored [M + H]+ ions were
435 m/z for FN, 411 m/z for FM, [M-H2O + H]+ 357 m/z for MP, 391 m/z for BC, 413 m/z for
BD, 457 m/z for BM 17-V, 503 m/z for BCDP, and 373 m/z for DM. The TIC chromatograms
of a standard mixture and a representative spiked commercial cosmetic product (cream A)
are shown in Figure S1.

3.2. HPLC-MS Method Validation

The full method validation involved the assessment of linearity, limit of detection
(LOD), limit of quantification (LOQ), intra-day variability (repeatability), inter-day vari-
ability (intermediate precision), and recovery (trueness). Although the lack of use of the
internal standard may seem to be a limitation of the method, the validation results, pre-
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sented below, demonstrate that the method is still suitable and reliable for the use proposed
in this work.

Linearity. Linearity was verified on both standard and spiked sample solutions. Five
dilutions of a mixture of stock standard corticosteroid solutions (BM 17-V, BC, BCDP, MP,
BD, FN, FM, and DM) in a mixture of 0.1% formic acid in acetonitrile/0.1% formic acid in
water 20:80 at the following concentrations: 0.1, 0.3, 1.0, 5.0, 10.0, 20.0 ng/mL and spiked
samples (cream A, cream B, and serum) at the same final concentration were prepared. The
solutions were injected in HPLC, and calibration curves were obtained for each steroid by
using the least-squares method. The linear correlation coefficients (R2) were between 0.99
and 0.98, and the results are reported in Table S2. The limit of detection (LOD) and limit of
quantitation (LOQ) were determined by lowering the concentration of steroid solutions or
spiked sample solutions to reach signal/noise = 3 and signal/noise = 10 for LOD and LOQ,
respectively. The results for sensitivity (LOQ) can be found in Table 1.

Table 1. Recovery for spiked BM 17-V, BC, BCDP, MP, BD, FN, FM, and DM concentrations; LOD;
and LOQ obtained in different matrices.

Steroid
Spiked

Concentration
(ng/mL)

Recovery (±CV%) LOD (ng/mL) LOQ (ng/mL)

Cream A Cream B Serum Cream A Cream B Serum Cream A Cream B Serum

BM
17-V

0.3 88.1 (±4.3) 65.3 (±5.5) 70.2 (±9.2)

0.02 0.067 0.19 0.07 0.13 0.360.5 95.1 (±7.6) 71.2(±7.8) 78.2 (±3.4)
10 83.5 (±5.2) 62.5 (±7.7) 76.7 (±5.7)
20 84.9 (±5.3) 68.6 (±4.9) 73.5 (±3.7)

BC

0.3 91.5 (±8.2) 120.8 (±9.6) 108.7 (±9.1)

0.07 0.15 0.28 0.2 0.49 0.510.5 89.1 (±4.3) 109.9 (±7.7) 103.2 (±6.6)
10 95.3 (±5.6) 115.7 (±6.7) 105.1 (±3.6)
20 99.8 (±8.9) 113.5 (±5.4) 112.9 (±3.9)

BCDP

0.3 112.1 (±7.1) 101.4 (±7.5) 77.8 (±8.2)

0.02 0.04 0.48 0.08 0.13 1.160.5 101.1 (±8.4) 99.6 (±3.9) 80.6 (±7.5)
10 105.1 (±8.6) 93.8 (±4.1) 75.0 (±8.3)
20 111.8 (±4.4) 98.6 (±8.4) 85.3 (±9.1)

MP

0.3 76.0 (±3.4) 77.9 (±2.9) 79.5 (±7.3)

0.05 0.04 0.10 0.15 0.13 0.320.5 70.3 (±8.2) 85.8 (±6.4) 73.5 (±8.3)
10 79.2 (±10.1) 81.9 (±4.6) 71.3 (±8.4)
20 72.4 (±3.7) 83.4 (±8.8) 75.3 (±5.6)

BD

0.3 77.4 (±9.2) 78.0 (±7.2) 106.0 (±4.6)

0.12 0.16 0.13 0.42 0.53 0.450.5 72.4 (±6.2) 75.3 (±7.7) 115.2 (±7.1)
10 75.0 (±5.5) 82.8 (±9.2) 110.3 (±9.1)
20 79.0 (±9.8) 79.2 (±7.6) 111.2 (±8.8)

FN

0.3 72.4 (±9.8) 102.0 (±7.8) 96.0 (±4.8)

0.04 0.08 0.13 0.13 0.25 0.430.5 75.4 (±8.9) 100.6 (±8.8) 106.5 (±4.4)
10 82.5 (±9.6) 106.7 (±9.1) 103.3 (±8.1)
20 79.0 (±5.8) 105.4 (±8.3) 99.2 (±8.4)

FM

0.3 93.5 (±3.9) 74.2 (±8.8) 99.9 (±5.5)

0.05 0.07 0.21 0.12 0.22 0.720.5 89.4 (±4.3) 74.8 (±9.9) 102.0 (±7.5)
10 101.1 (±4.9) 76.7 (±2.8) 109.9 (±8.4)
20 96.6 (±5.9) 72.1 (±3.7) 103.54(±8.2)

DM

0.3 85.7 (±6.6) 94.1 (±8.8) 96.1 (±8.8)

0.02 0.05 0.12 0.18 0.36 0.410.5 91.4 (±6.9) 82.9 (±8.4) 91.7 (±7.2)
10 79.1 (±7.1) 93.8 (±9.4) 93.7 (±6.2)
20 89.7 (±8.3) 89.0 (±4.8) 87.6 (±4.4)

Recovery precision and matrix effect. Recovery values and the matrix effect were
evaluated in order to assess the applicability of the methods on real samples. Recovery
measures the ability of a method to extract an analyte from a matrix and it is expressed as
the percentage of the known amount of the analyte carried through the sample extraction
and processing steps of the method. Four concentrations (low, medium, and high levels) of
a mixture of standard steroids were added to commercial samples (cream A, cream B, and
serum). The samples were treated as described in Section 2.2. The final solution of the sam-
ples containing the spiked steroids were analyzed twice along with the standard solutions
to compare the results and determine the recovery percentage. The results are reported
in Table 1. The mean values for cream A, cream B, and serum were 87.3%, 88.7%, and
93.1%, respectively. In order to evaluate the presence of significative differences between
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the obtained results and the real concentration values, paired t-tests were performed, with
no critical issues found for any of the analyzed samples (n = 2 and p = 0.01). It is important
to point out that there is not a minimum established value for recovery since an analytical
method with a low recovery could be suitable for a certain analyte if the sensitivity of
the detection technique is high enough. Nevertheless, recovery of the analyte should be
precise, reproducible, and consistent over the calibration range. Indeed, as happens with
ME, the guidelines do not focus on the recovery value but rather on demonstrating that the
obtained values are consistent [49,50]. The precision of the method was assessed through
multiple intra-day (n = 3) and inter-day (n = 3) analyses of the spiked commercial samples.
The values were compared with those of standard solutions. The results expressed in CV%
can be found in Table S3. The matrix effect was evaluated for all three samples as well. The
sample solutions were spiked with standard steroids at low, medium, and high concentra-
tion levels after sample extraction. The ME% values ranged from −1 to 5% (Table 2), which
are considered acceptable since they are below 10%.

Table 2. Matrix effect on spiked samples in different matrices.

Steroid
Spiked

Concentration
(ng/mL)

Matrix Effect %

Cream A Cream B Serum

BM 17-V

0.3 0.47 −0.48 −0.47
0.5 0.26 −0.25 0.21
10.0 0.04 −0.32 0.26
20.0 0.01 −0.01 −0.29

BC

0.3 0.46 0.81 0.71
0.5 0.21 0.06 −0.02
10.0 0.12 −0.03 0.08
20.0 −0.49 0.82 −0.12

BCDP

0.3 0.91 −0.66 −0.97
0.5 0.11 −0.44 −0.14
10.0 0.11 −0.28 −0.12
20.0 0.06 0.21 −0.18

MP

0.3 0.87 −0.33 −0.33
0.5 0.19 −0.07 −0.41
10.0 0.18 −0.06 −0.36
20.0 0.01 −0.48 −0.38

BD

0.3 0.15 0.07 1.01
0.5 0.09 0.12 −0.14
10.0 0.09 −0.38 −0.51
20.0 −0.11 −0.36 0.71

FN

0.3 0.33 −0.40 −0.40
0.5 0.05 −0.53 −0.52
10.0 0.15 −0.48 −0–47
20.0 −0.04 −0.23 −0.45

FM

0.3 0.72 −0.27 −0.53
0.5 0.16 −0.07 0.08
10.0 0.07 −0.12 −0.07
20.0 −0.08 −0.15 −0.06

DM

0.3 0.64 −0.05 −0.13
0.5 0.10 −0.15 −0.02
10.0 0.26 −0.15 −0.03
20.0 0.05 −0.11 −0.05

3.3. ELISA Method Validation

A protocol for using the ELISA kit has been successfully developed and optimized
for its use in the analysis of corticosteroids in cosmetic formulations. Calibration curves
were generated by spiking a known amount of target analytes in the cosmetic matrices
(facial cream corresponding to cream A used for the HPLC-MS method and serum) suitably
dissolved in THF and diluted 1:5 (v/v) in PBS. The matrices were selected based on the
fact that generally the illegal addition of corticosteroids involves preparations for facial
application [35]. These calibration curves were compared with those obtained by spiking
target analytes in a mixture of PBS/THF. In the case of FN, BD, and DP, it was not possible
to generate calibration curves since there were no significant changes in the signal even in
the presence of high concentrations of these targets with respect to the blank. The primary
antibody immobilized on the microwell plate was probably not able to recognize these
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corticosteroids. Indeed, the specifications of the used commercial kit did not report these
target analytes among those that can be quantified.

The calibration curves (Figure 2) showed a high matrix effect; indeed, the LODs and
dynamic ranges proved that the matrix significantly influences the performance of the
method. Table 3 shows the LOD values and upper limits obtained for all the target analytes
in the different matrices. As expected, the best performances were obtained by spiking
corticosteroids in the solvent PBS/THF without the matrices. The dynamic ranges for
some analytes were wide (up to 3 orders of magnitude), thus showing that to obtain a
significant change in the signal a large difference in concentration of the target analyte is
required. For FM and DM, the lowest LODs were obtained; and for the other target analytes
the minimum detectable concentrations were also compatible with the concentrations of
corticosteroids that are commonly added to cosmetic preparations.
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and serum (square symbols) for the different corticosteroids.

Table 3. Concentration ranges and LOD for calibration curves generated using standard and spiked
solution in different matrices.

Steroid
PBS/THF CREAM SERUM

LOD (ng/mL) Upper Limit
(mg/mL) LOD (ng/mL) Upper Limit

(mg/mL) LOD (ng/mL) Upper Limit
(mg/mL)

FM 0.02 0.002 0.59 0.015 1.610 0.009
DM 0.04 0.005 1.8 0.067 0.03 0.12
BC 0.80 0.88 1.8 0.068 12.1 6.20
BM 17-V 4.7 3.27 13.8 0.53 67 65.46
MP 0.22 3.13 51.2 36.2 5 30.76

In the case of immunoassay, the pretreatment of the sample represents a critical step
since most of the extractive methods reported in literature applied to cosmetic samples are
based on the use of organic solvents. Since immunoassays are based on the use of biological
probes, organic solvents are not ideal for developing such bioassays. For this reason, the
proposed pre-treatment procedure was based on the extraction of target analytes using
THF followed by a 1:5 dilution in PBS in order to avoid an undesired effect of THF on
the immunoassay performances. Therefore, in order to evaluate the recovery of the target
analytes obtained through this procedure, cream and serum samples spiked with low,
medium, and high concentration of different corticosteroids were analyzed. The added
concentrations were selected considering the dynamic ranges reported for the different
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corticosteroids. The results are shown in Table 4. The recovery values were between 70
and 92%, and the performance was better in the case of medium and high concentrations.
Paired t-tests were performed to evaluate the difference between the real concentration and
the obtained values, and it was found that there were no significative differences for all
the analyzed samples (n = 3 and p = 0.01). The assay also showed a satisfactory precision,
providing a mean CV% of below 25%.

Table 4. Recovery for spiked concentrations in different matrices.

Steroid
Spiked Concentration (ng/mL) Recovery (%)

Cream Serum Cream Serum

FM
0.7 2 75 71
7 4 82 79
12 7 90 89

DM
2 1 72 70
30 60 85 87
50 100 92 90

BC
2 15 73 79
30 3000 79 80
50 5000 88 85

BM 17-V
20 80 72 71

250 700 75 78
400 50,000 83 81

MP
60 10 71 73

20,000 15,000 79 78
30,000 25,000 81 85

3.4. Comparison Between HPLC-MS Method and Immunoassay

Several observations can be made based on the results obtained using the two different
methods for detecting corticosteroids within cosmetic matrices. As regards performance in
terms of detection limits, these appear to be comparable for the two approaches. Indeed,
depending on the analyte, the immunological assay guarantees the detection of the tar-
get even at low concentrations, showing the possibility of competing with the reference
HPLC-MS technique. However, from the point of view of the matrix effect, the bioassay
is greatly affected by the different type of cosmetic, thus making calibration necessary for
each different type of matrix. Given the possibility of testing several samples in a single
analysis and given the reproducibility of the data, the need to perform a specific calibration
for each matrix is not a problem. Furthermore, despite having a significant matrix effect,
the LODs and LOQs are suitable for the detection of these target analytes in the different
matrices; therefore, the ELISA method is sufficiently sensitive for its application in this field.
Recovery and precision are also higher in the case of the HPLC-MS method. The selectivity
of the reference HPLC-MS method is high, but the ELISA test is not able to identify and
discriminate different corticosteroids, instead only providing their generic presence. As
regards quantification, the immunoassay for some analytes (BC, BM 17-V, MP) presents
very wide dynamic ranges that correspond to low sensitivities and to a more imprecise
quantification compared to that obtainable by HPLC-MS. Despite this, however, considera-
tions must be made regarding ease of use and rapidity of analysis, which are very different
for the two approaches. In fact, the immunoassay requires less complex instrumentation,
high-throughput screening, and an easy-to-use procedure, which therefore considerably
simplifies the analysis process. In particular, these analyses can also be conducted by non-
specialized personnel and outside of centralized laboratories, unlike HPLC-MS techniques,
which instead require specific training for qualified personnel [51]. These two techniques
therefore offer different advantages, which makes them complementary and suitable for
different contexts. Furthermore, the expansion of the use of the commercial ELISA kit
that allows for the broadening of the spectrum of targets and matrices to be detected and
quantified represents a novelty of this study.
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Regarding the applicability of the two methods to different types of formulations,
we analyzed spiked samples at medium concentration. The results were in line with the
cosmetic products involved in the method validation. In particular, we tested four more
creams—two oil/water and two water/oil emulsions—and three more serums.

4. Conclusions
The great variety of cosmetic products and the complexity of their composition leads

to the need for sensitive and versatile analytical methods suitable for the detection of
different target analytes. The continuous evolution of regulated and prohibited substances
for cosmetic purposes also necessitates frequent checks and large-scale screening, which
can highlight the presence of any substances added illegally to the formulations. For
this reason, a rapid and easy-to-use method such as immunoassay can represent a valid
alternative to reference benchtop methods such as HPLC-MS. In this work, we therefore
developed and compared two analytical methods based on different principles. The first
was an ad-hoc optimized HPLC-MS method to identify and quantify eight corticosteroids.
The second was a bioanalytical immunoassay based on ELISA technology for the detection
of corticosteroids in cosmetic matrices.

Compared to previous works [20,28–30] (Table 5), the LC-MS sensitivity is similar if
not greater, in the order of 0.02–0.2 ng/mL (LOD) for creams and 0.1–0.5 ng/mL (LOD) for
serum. Together with the high sensitivity, another advantage of the presented method over
the previous ones is the simple sample preparation without any pretreatment like solid-
phase extraction [52,53], surfactant-based ultrasound-assisted dispersive liquid–liquid
microextraction [54], or microwave-assisted extraction [55].

Table 5. Performances and sample preparation procedures for HPLC-MS methods reported in the
literature for corticosteroid quantification in cosmetic samples.

Steroid LOQ
(ng mL−1) Linearity Range Sample Preparation Technique Ref.

Mometasone furoate 12.5 0.0125–2 (mg mL−1)
The extraction of 1 g of ambiphilic cream by 10 mL of acetonitrile
was performed in an ultrasonic bath for 10 min at room
temperature. The extract was filtered through a 0.45 mm cellulose
acetate filter and then injected into the HPLC system.

HPLC-DAD

[29]

Hydrocortisone acetate 15.625 0.01563–5 (mg mL−1)
Fluocinonide 9 0.009–2.88 (mg mL−1)
Fluocinolone acetonide 31.25 0.03125–7.5 (mg mL−1)
Betamethasone 21 0.021–6.72 (mg mL−1)
Betamethasone dipropionate 10.5 0.0105–3.36 (mg mL−1)
Triamcinolone acetonide 21 0.0105–6.72 (mg mL−1)

17α-Estradiol 0.79 0.625–125 (ng mL−1) A total of 20 mL of cosmetic sample were transferred to a 50 mL
polyterafluoroethylene (PTFE) centrifuge tube. A total of 0.6 g of
NaCl was added and 1 mol/L NaOH was added to adjust the pH
value to 10. After vortex mixing for 30 s, 70 µL of [C6MIM][BF4]
were added to the homogenized sample. The solution was
homogenized for 10 s. A total of 1 mL of water solution containing
0.3588 g of NH4PF6 was added. A cloudy solution was formed as a
result of the formation of fine droplets of [C6MIM][PF6], which
homogeneously dispersed in the solution. After vortexing for 2 min,
the resulting sample solution was centrifuged at 15,000 rpm for
8 min at −4 ◦C and the [C6MIM][PF6] was deposited at the bottom
of the centrifuge tube. The resulting IL phase was filtered with a
0.22 µm PTFE filter membrane before HPLC analysis.

RP-HPLC-UV

[30]

17α-Ethinylestradiol 0.63 0.625–125 (ng mL−1)

Estrone 0.59 0.625–125 (ng mL−1)

17α-Hydroxyprogesterone 0.23 0.25–50 (ng mL−1)

Medroxyprogesterone 0.30 0.25–50 (ng mL−1)

Megestrol-17-acetate 0.10 0.125–100 (ng mL−1)

Norethisterone acetate 0.17 0.25–125 (ng mL−1)

Progesterone 0.10 0.125–125 (ng mL−1)

43 Glucocorticoids
Comprised
between
1.0–90.0

100.0–2000.0 (ng mL−1)

One gram of each sample was taken and dissolved in 100%
methanol in a 20 mL volumetric flask, and 1 mL of 0.1% formic acid
in methanol solution and 0.25 mL of ISTD (200 µg mL−1) were
added. After sonication for 30 min and centrifugation (at 2000 rpm)
for 10 min, 4 mL of supernatant liquid were diluted with 0.1%
formic acid in 80% methanol (1:5). The stock solution was filtered
through a 0.22 µm PVDA filter (Millipore, Milford, CT, USA) prior
to UPLC analysis.

UPLC-MS/MS [20]

The detectability offered by the biospecific assay is comparable to those in the liter-
ature [35,44] and that obtained by HPLC-MS. In this context, the detected concentration
ranges for both methods are compatible with the concentrations of corticosteroids that are
commonly added to cosmetics illegally. Indeed, to obtain a significant effect on skin aesthet-
ics, the concentration of corticosteroids should comprise between 0.2 and 2% (w/v) [56].
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However, as regards the performance of the method in terms of specificity, precision,
recovery, and matrix effect in the quantification of the target analytes, the HPLC-MS
technique performs much better. Despite this, the possibility of exploiting a rapid, easy-
to-use, low-cost, and high-throughput technique such as immunoassay for large-scale
preliminary screening would be useful for the purposes of frequent checks on cosmetic
products. With ELISA, the instrumental configuration allowed approximately one hundred
samples to be analyzed in 1 min using the 96-well plates. At this stage, the identification of
the corticosteroid present would not be important since all corticosteroids are prohibited in
cosmetic formulations.

After this preliminary multi-analyte screening, the samples suspected to contain one or
more corticosteroids among FM, DM, BC, BM 17-V, and MP could then be subjected to more
expensive and time-consuming analyses via HPLC-MS in order to accurately identify and
quantify these analytes. This complementary approach based on two analytical techniques
could in the future also be extended to other target analytes of cosmetic interest, as regulated
substances are continually increasing and frequent controls are urgently needed to avoid
counterfeit products on the market.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/app15010414/s1, Figure S1. TIC chromatograms of (a) MP, (b) BC,
(c) FN, (d) BD, (e) BM 17-V, (f) BCDP, (g) FM, (h) DM, (i) blank cream A, (j) blank cream B, (k) serum;
Table S1. List of ingredients in the cosmetic products (A, B, and serum). Table S2. Slope and R2
obtained for calibration curves generated with standard and spiked solutions in the concentration
range of 0.1–20 ng/mL; Table S3. Precision of the method assessed through multiple intra-day (n = 3)
and inter-day (n = 3) analyses of the spiked samples.
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