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Abstract: Vitamins A and E and coenzyme Q10 are common ingredients in anti-ageing cosmetic
products. Within this study, we evaluated the quality of commercial cosmetics with vitamin A (35
products), vitamin E (49 products), and coenzyme Q10 (27 products) by using validated HPLC-UV
methods. Vitamin A was determined as retinol, retinyl palmitate, retinyl propionate, § carotene,
and hydroxypinacolone retinoate in concentrations ranging from 950 ng/g to 19 mg/g. Total vitamin
A contents, expressed with retinol equivalents, ranged from 160 ng/g to 19 mg/g, and were above
the maximum concentration recommended by the SCCS in six of the 35 tested cosmetics. The con-
tent-related quality control of 10 cosmetics with specified vitamin A content revealed significant
deviations (between 0% and 400%) of the label claim. Vitamin E was determined as both tocopherol
and tocopheryl acetate in concentrations between 8.5 pg/g and 16 mg/g. Coenzyme Q10 was deter-
mined as ubiquinone in 24 tested cosmetics, which labelled it, in concentrations between 4.2 pg/g
and 100 pg/g. Labelling irregularities were observed in all three active compound groups, resulting
in a significant share (42%) of improperly labelled cosmetic products. The results of this study reveal
the need for stricter cosmetics regulation and highlight the importance of their quality control, es-
pecially by evaluating the contents of the active compounds, in their efficacy and safety assurance.

Keywords: active compounds; assay; cosmeceutics; functional cosmetics; HPLC-UV; labelling; ret-
inoids; tocopherol; ubiquinone; 3 carotene

1. Introduction

The topical application of fat-soluble vitamins A and E and coenzyme Q10 has vari-
ous beneficial effects on the skin. Therefore, these three groups are important ingredients
in the cosmetic industry [1,2]. The widespread use of vitamin E over the past several dec-
ades is mostly associated with its antioxidant activity [3]. Vitamin E is used in cosmetics
as a cosmetically active ingredient (occlusive, humectant, emollient, and miscellaneous
agent) [4] or as a stabilizer of other, unstable components of the cosmetic product [5,6].
Because of its antioxidant activity, topically applied vitamin E is effective in the treatment
of skin conditions and diseases caused by oxidative stress, including UV-induced ery-
thema and edema, sunburns, and lipid peroxidation [1,2]. It is also an effective anti-ageing
agent [7,8]. Vitamin E is most commonly found in cosmetics in its active form, a-tocoph-
erol, or more stable esterified form, tocopheryl acetate, which requires hydrolysis to the
active form upon skin penetration [4]. Despite differing data on the extent of this conver-
sion in the skin, most studies disclose the higher antioxidant activity of a-tocopherol com-
pared to its esters [4,9-12]. Vitamin E may be found in a wide range of concentrations,
from 0.0001% to 36% in cosmetic products on the market [13].

Retinoids are effective in the topical treatment of acne, hyperpigmentation, psoriasis,
and skin-aging, and are therefore active ingredients in a variety of cosmetic products, es-
pecially as anti-ageing agents. The most common vitamin A forms found in cosmetics
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include retinol and its esters, retinyl palmitate and acetate, as well as [ carotene. Analo-
gously to vitamin E esters, vitamin A esters also require hydrolytic conversion to retinol,
which is further metabolized to retinal and then to the active form —retinoic acid. There-
fore, retinoid activity after topical application depends on the metabolic closeness to the
active form and decreases in the following order: retinoic acid > retinal > retinol > retinyl
esters [14]. Due to the possible risk of teratogenicity, retinoic acid is banned in cosmetic
products in the EU [15]. Despite their poor activity, retinyl esters, especially retinyl pal-
mitate, are commonly used in cosmetics due to their stability [14,16]. Due to safety rea-
sons, the Scientific Committee on Consumer Safety, Secretariat at the European Commis-
sion, Directorate General for Health and Food Safety recommends a maximum retinoid
concentration of 0.05% retinol equivalents (RE) in body lotions and 0.3% RE in hand and
face creams, as well as other leave-on or rinse-off products for cosmetics in the EU [14].
However, cosmetics with significantly higher retinoid contents are found on the EU mar-
ket.

Coenzyme Q10 is an endogenous nonvitamin lipophilic antioxidant, which is often
analytically evaluated alongside fat-soluble vitamins, due to its lipophilic structure and
activities in the human body [17]. Coenzyme Q10 is also an important antioxidant in the
skin [1,18]. However, its skin levels decline with age and exposure to UV irradiation [19].
Topical coenzyme Q10 application is effective in the replenishment of its skin levels and
thus provides skin protection and prevents skin inflammation, UV-induced erythema,
and skin cancer [18,20,21]. Coenzyme Q10, in its ubiquinone form, is a popular ingredient
in anti-ageing cosmetics, in which it is usually found in concentrations < of 0.05% [22].

The efficacy of cosmetic products is directly associated with their quality. As dis-
cussed above, the efficacy depends on the form of the active ingredient (e.g., vitamin A or
E esters), and also on their content, which is generally low (<1%). Another important chal-
lenge is the instability of these compounds, causing possible losses during manufacture
and storage, leading to their even lower contents or complete loss [8,23,24]. Therefore, a
prerequisite for their quality control is appropriate analytical methodology. Several ana-
lytical methods for the determination of a single retinoid [25-30] or retinoids in different
forms [31-33] in topical formulations may be found in the literature, including two meth-
ods [34,35] for the quality control of specific vitamin A forms commonly found in cosmet-
ics. The simultaneous determination of coenzyme Q10 and vitamin E (mostly in the form
of tocopheryl acetate) in pharmaceutical products has been described in the literature
[17,36], but to our knowledge has not been applied in the field of cosmetics. Within this
study, we aimed to evaluate the quality of a significant number of commercial anti-ageing
leave-on cosmetic products with vitamin A and E and coenzyme Q10 by applying appro-
priate analytical methodologies, including a novel method for the quality control of coen-
zyme Q10 and vitamin E, as tocopherol or tocopheryl acetate. We approached their quality
control following the principles of the quality control of pharmaceuticals—by evaluation
of the accuracy of their labelling, content determination, and comparison to the quantita-
tive label claims in some cosmetics.

2. Materials and Methods
2.1. Chemicals and Reagents

The following vitamins were obtained from Sigma-Aldrich (Steinheim, Germany):
all-trans-retinol (R) (299%), all-trans-retinyl palmitate (R-palm) (=99%), {3 carotene (3-car)
(299%), (+)-a-tocopherol (E) (296%), and DL-a-tocopherol acetate (E-ac) (296%). Retinyl
acetate (R-ac) (297%) and coenzyme Q10 as ubiquinone (Q10) (299%) were purchased
from Carbosynth (Berkshire, UK). Butylated hydroxytoluene (BHT) and HPLC-grade ac-
etonitrile (ACN), tetrahydrofuran (THF), and n-hexane were obtained from Sigma-Al-
drich (Steinheim, Germany). Ultra-pure water (MQ) was obtained through a Milli-Q wa-
ter purification system A10 Advantage (Millipore Corporation, Bedford, MA, USA).
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2.2. Instrumentation and Chromatographic Conditions

An Agilent 1100/1200 series HPLC system (Agilent Technologies, Santa Clara, CA,
USA) equipped with a UV-VIS detector and ChemStation data acquisition system was
utilized. The analysis was performed on a reversed-phase Luna C18 (2) 150 mm x 4.6 mm,
3 pum particle size column (Phenomenex, Torrance, CA, USA) at 40 °C using MQ (mobile
phase A), ACN (mobile phase B), and ACN:THF (50:50, v/v) (mobile phase C) at a flow-
rate of 1 mL/min.

Vitamin E (tocopherol and tocopheryl acetate) and coenzyme Q10 (ubiquinone) were
analyzed using a gradient elution with the following gradient for their chromatographic
separation: (time (min); % A; % B; % C): (0; 10; 10; 80), (5.5; 10; 10; 80), (7.0; 3; 5; 92), (10.0;
3; 5, 92), (10.1; 10; 10; 80). The detection wavelength was 280 nm. The injection volume
was adjusted to the content of the examined analytes in the samples and was between 10
uL and 20 pL.

The examined retinoids (retinol, retinyl palmitate, retinyl acetate, 3 carotene, hydrox-
ypinacolone retinoate, and retinyl propionate) were analyzed according to a validated
method [34] using the following gradient program: (time (min); % A; % B; % C): (0; 10; 5;
85), (4; 5; 5; 90), (8; 5; 5; 90), (8.1; 10; 5; 85). Detection was carried out at 325 nm for retinol,
retinyl acetate, retinyl palmitate, hydroxypinacolone retinoate, and retinyl propionate,
and at 450 nm for 3 carotene. Injection volume was adjusted to the amount of retinoids in
the tested products and was between 5 pL and 40 pL.

2.3. Preparation of Standard Solutions

Retinol, retinyl acetate, retinyl palmitate, 3 carotene, tocopherol, tocopheryl acetate,
and coenzyme Q10 stock standard solutions were prepared fresh daily by dissolving ap-
propriate amounts of the individual standard in a mixture of ACN and THF (50:50, v/v)
in the case of vitamin E and coenzyme Q10, and n-hexane containing 500 mg/L BHT in the
case of retinoids. Calibration standards and quality control (QC) solutions (in triplicate)
were prepared by dilution of the individual stock standard solutions with the same sol-
vent (Table 1). The retinoid solutions were evaporated to dryness under a stream of nitro-
gen at 40 °C (TurboVap LV, Caliper, Hopkinton, MA, USA) and reconstituted with a mix-
ture of ACN and THF (50:50, v/v) with 150 mg/L BHT to obtain calibration standards and
QC solutions as presented in Table 1. Standard solutions with lower concentrations than
those presented in Table 1 were also prepared for confirmation of the limit of determina-
tion (LOD) and limit of quantification (LOQ). The prepared standard solutions were im-
mediately analyzed.

Table 1. Concentrations (mg/L) of calibration standards and QC solutions.

R R-palm R-ac B-car E E-ac Q10

0.25 0.38 0.25 0.25 8.00 8.00 2.50

1.00 1.50 1.00 1.00 40.0 40.0 12.5

Calibration ~ 10.0 15.0 10.0 10.0 80.0 80.0 25.0
standards 25.0 37.5 25.0 25.0 320 320 100
75.0 113 75.0 75.0 480 480 150

100 150 100 100 800 800 250

5.00 7.50 5.00 5.00 16.0 16.0 5.00

QC solutions  15.0 22.5 15.0 15.0 160 160 50.0
50.0 75.0 50.0 50.0 640 640 200

2.4. Method Validation

Both utilized HPLC-UV methods were validated following the ICH guidelines
Q2(R1) [37] in terms of specificity, linearity, precision, accuracy, LOD, LOQ, sample sta-
bility, sample preparation repeatability, and recovery. Specificity was assessed in both



Cosmetics 2021, 8, 61

4 of 17

standard solutions (individual standards, their mixtures, all used solvents, some common
ingredients in cosmetics-purified water, white petroleum jelly, liquid paraffin, cetyl and
stearyl alcohol, macrogol cetostearyl ether, and benzyl alcohol) and in chromatograms of
the tested cosmetic products, which were evaluated for interferences.

Linearity was assessed by a linear regression model of the individual analyte calibra-
tion standards, which were prepared and analyzed during three consecutive days (Table
1). The acceptance criterion was coefficient of determination (R?) > 0.999. The injection
volumes during validation were 10 uL for retinol, retinyl acetate, and retinyl palmitate,
and 20 pL for  carotene, tocopherol, tocopheryl acetate, and coenzyme Q10.

Accuracy and precision were evaluated intra- and inter-day on three QC levels, dur-
ing three consecutive days (Table 1). Accuracy was determined as a ratio between the
concentration calculated from the regression line and the actual concentration and was set
to 100 + 10%. Precision was determined as a relative standard deviation (RSD) of the three
QC solutions on each concentration level and was set at <5%. Injection repeatability was
determined by six consecutive injections of the medium QC solution and was set to <2%.

The LOD and LOQ were determined by a signal-to-noise ratio of 3:1 and 10:1, respec-
tively, and were evaluated in chromatograms of standard solutions with known low con-
centrations and blank samples. Both values were confirmed by the analysis of standard
solutions with comparable concentrations. LOD and LOQ values are provided as ng of
the analyte per one gram of cosmetic product and were calculated for the most concen-
trated samples according to the sample preparation procedures (see Section 2.6. Analysis
of the commercial cosmetic products).

The stability of the evaluated analytes was assessed in QC solutions on all three lev-
els, which were stored at 8 °C for up to 24 h. Sample stability was calculated as a share of
the initial response and was expected to be within 100 + 5%.

Sample preparation repeatability was assessed by preparation of all tested products
in triplicate and calculating the RSD between them, which was set at <5%.

Method recovery was assessed by the addition of the evaluated analyte to a cosmetic
product with its significant amounts and separate analysis of the cosmetic product with-
out addition and of the standard solution containing the added analyte amount in the
extraction solvent. All samples were prepared in triplicate. Average recoveries were cal-
culated by the following equation: recovery (%) = 100 x (concentration found in spiked
sample—concentration found in the non-spiked sample)/added concentration. They were
set at 100 £+ 10%.

2.5. Selection and Overview of the Analyzed Commercial Cosmetic Products

Within this study, we evaluated anti-ageing leave-on facial cosmetic products, con-
taining vitamin A, E, and/or coenzyme Q10. The cosmetic products were purchased be-
tween 2015 and 2021. All products were obtained locally on the Slovenian market, includ-
ing grocery stores, drug stores, pharmacies, and on the Internet. To provide representative
samples, products in various formulations (day and night creams, serums, eye creams,
anti-ageing concentrates, and face tonics) and labelled with different forms of vitamin A
and E were correspondingly included. One of the selection criteria was also the quantita-
tive declaration of the content of the evaluated active ingredients on the cosmetic prod-
ucts. The obtained cosmetic products were categorized into five price ranges, considering
their retail price in Slovenia, calculated to a uniform volume of 50 mL. An overview of the
tested products, indicating the labelled forms of vitamins A and E and coenzyme Q10, as
well as their forms and the price ranges, are provided in Table 2. Five cosmetic products
(5, 6, 23, 40, and 54 in Table 2) have been previously analyzed [34].
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Table 2. Overview of the tested cosmetic products—their form, price range, and labelled vitamin
A, vitamin E, and coenzyme Q10.

No. Form Vitamin A Vitamin E Coenzyme Q10  Price (€/50 mL)
1 C 0.0055% R-palm <5
2 DC [-car E ubiquinone <5
3 NC [-car E ubiquinone <5
4 DC R-palm E ubiquinone <5
5 C R-palm E ubiquinone <5
6 C R-palm E ubiquinone <5
7 C R-palm <5
8 C R-palm E <5
9 NC R E-ac <5
10 DC R, R-palm <5
11 DC E-ac ubiquinone <5
12 DC E-ac ubiquinone <5
13 S E-ac ubiquinone <5
14 NC E, E-ac ubiquinone <5
15 DC E-ac ubiquinone <5
16 S E-ac ubiquinone <5
17 NC p-car E ubiquinone <5
18 C R-palm E, E-ac ubiquinone <5
19 C R-palm E, E-ac <5
20 DC E, E-ac ubiquinone <5
21 C E, E-ac ubiquinone <5
22 T R-palm <5
23 S 1% R 5-15
24 S 0.2% R 5-15
25 DC R-palm E-ac 5-15
26 C R-palm, B-car E, E-ac 5-15
27 EC ubiquinone 5-15
28 AC E-ac ubiquinone 5-15
29 DC R-palm E, E-ac ubiquinone 5-15
30 S R, R-palm E, E-ac 5-15
31 S E-ac ubiquinone 5-15
32 C R-palm E ubiquinone 5-15
33 DC ubiquinone 5-15
34 NC E-ac ubiquinone 5-15
35 C ubiquinone 5-15
36 C ubiquinone 5-15
37 C E-ac 5-15
38 S R-palm E,E-ac ubiquinone 5-15
39 S 0.5%R 15-30
40 C 2%HRP, R 15-30
41 C E, E-ac 15-30
42 AC R-palm E, E-ac 15-30
43 DC [-car E, E-ac ubiquinone 15-30
44 NC ubiquinone 15-30
45 C E, E-ac ubiquinone 15-30
46 C E 15-30
47 C E 15-30
48 S R-palm E, E-ac 15-30
49 DC E 15-30
50 C [-car E, E-ac 15-30
51 C [-car E, E-ac 15-30
52 C E, E-ac 15-30
53 C 0.5% R, R-prop E, E-ac 30-60
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54 C 0.2% R 30-60
55 AC ubiquinone 30-60
56 C R-palm E-ac 30-60
57 C E 30-60
58 S E 30-60
59 EC E 30-60
60 NC E 30-60
61 S E 30-60
62 AC R, R-palm E 30-60
63 S E 30-60
64 S E 30-60
65 DC E-ac 30-60
66 S 0.03% R, R-palm 60-125
67 C 1% R 60-125
68 S 25% R 60-125
69 C E-ac 60-125
70 C R, R-palm E 60-125
71 EC ubiquinone 60-125
72 C ubiquinone 60-125
73 C E, E-ac 60-125

AC—anti-ageing concentrate; C—cream; DC—day cream; E—tocopherol; E-ac—tocopheryl ace-
tate; EC—eye cream; HRP—hydroxypinacolone retinoate; NC—night cream; R—retinol; R-palm —
retinyl palmitate; R-prop —retinyl propionate; S—serum; T —face tonic; 3-car—f3 carotene.

2.6. Analysis of the Commercial Cosmetic Products

All tested cosmetic products were analyzed within their shelf-life, immediately after
opening, in triplicate. Due to a time-lapse between the establishment of both analytical
methods and the time of analysis, vitamin A, E, and coenzyme Q10 were not evaluated in
2 of the 37 cosmetics, 5 of the 53 cosmetics, and 4 of the 31 cosmetics, respectively, which
labelled their presence. To accurately evaluate the content of vitamins A and E and coen-
zyme Q10, preliminary testing was initially performed, based on which the sample prep-
aration procedure was adjusted to the individual cosmetic product.

2.6.1. Sample Preparation for the Analysis of Vitamin E and Coenzyme Q10

Samples for the analysis of tocopherol, tocopheryl acetate, and coenzyme Q10 were
prepared by weighing a certain amount (between 200 and 1000 mg of the cosmetic prod-
uct) into a plastic tube. A predefined amount (2, 5, or 10 mL) of a mixture of ACN and
THE (75:25, v/v %) was added to the cosmetic product, followed by vortex mixing (3 min),
sonication (15 min), additional vortex mixing (2 min), and centrifuging (4130x g, 25 °C, 10
min). The samples were filtered through a 0.45 um Minisart® RC filter (Sartorious, Gottin-
gen, Germany) before analysis.

2.6.2. Sample Preparation for the Analysis of Vitamin A

Samples for evaluation of vitamin A content were prepared according to a validated
procedure for their analysis and quantification [34]. Samples from the tested semi-solid
cosmetic products were prepared by initial weighing of the cosmetic product (75-1000
mg) into a plastic tube. Acetonitrile (2 mL) was added to the samples, followed by their
sonication (5 min). Then, n-hexane (8 mL) with 500 mg/L BHT was added to the samples,
which were further vortexed (5 min) and centrifuged (4130x g, 25 °C, 10 min). Part of the
supernatant (0.5 mL-2.0 mL) was evaporated to dryness under a stream of nitrogen at 40
°C (TurboVap LV, Caliper, Tokyo, Japan). Dry residues were reconstituted with a mixture
of ACN and THF (50:50, v/v %) with 150 mg/L BHT (0.5 mL-2.0 mL), sonicated (10 min),
and vortexed (1 min). If needed, the samples were centrifuged (16 200x g, 25 °C, 5 min)
before analysis.
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Samples of the tested liquid cosmetic products were prepared by their dilution by 5-
to 500-fold with a mixture of ACN and THF (50:50, v/v %) with 150 mg/L BHT. The sam-
ples were homogenized by sonication (10 min) and vortex mixing (5 min). If needed, the
samples were centrifuged (16,200 g, 25 °C, 5 min) before analysis.

2.6.3. Quantification of Vitamins A and E and Coenzyme Q10

The contents of vitamins A and E and coenzyme Q10 in the tested cosmetic products
were calculated from their linear regression lines. Due to the lack of hydroxypinacolone
retinoate and retinyl propionate standards, their content was assessed based on retinyl
acetate, which is structurally their most similar retinoid based on previous confirmation
of their structural identity by LC-MS.

The analytically determined contents are presented as an average (AV) + standard
error of the mean (SEM), n = 3. Vitamin E contents are provided as a mass percentage (%
m/m). The contents of vitamin A and coenzyme Q10 are provided as a mass percentile (%o
m/m), due to their lower contents. The tested cosmetic products were numbered consec-
utively within the specific categories (e.g., cosmetic products with vitamin E). The num-
bers in Table 2 and Figures 3-7 are not correlated between different figures and Table 2,
and do not represent identification numbers for the individual products.

3. Results
3.1. Validation of the HPLC-UV Methods

The utilized HPLC-UV methods were validated following the ICH guidelines
Q2(R1) in terms of specificity, linearity, precision, accuracy, LOD, LOQ, sample stability,
sample preparation repeatability, and recovery. The specificity of the method was con-
firmed for all evaluated analytes as no interferences derived from the used solvents and
the evaluated reagents, other evaluated analytes, or the cosmetic products were detected
at their retention times and detection wavelength. A representative chromatogram of a
standard mixture of retinol, retinyl acetate, and retinyl palmitate at 325 nm, 3 carotene
standard solution at 450 nm, and standard mixture of tocopherol, tocopheryl acetate, and
coenzyme Q10 at 280 nm, as well as some of the analyzed cosmetic products are provided
in the Supplementary Materials (Figures S1-57). Linearity was confirmed over the evalu-
ated concentration ranges (Table 3). The methods’ LOD and LOQ were determined based
on the signal-to-noise ratio. The methods were found sufficiently sensitive for the deter-
mination of the evaluated analytes in cosmetic products (Table 3). The sensitivity may be
additionally increased by adjustments in the sample preparation procedure (mass of the
cosmetic product, solvent volume, volume of the supernatant, and reconstitution solvent).
The remaining validation parameters, including intra- and inter-day accuracy and preci-
sion, injection repeatability, and stability were within the acceptance criteria (Table 3).

The sample preparation procedure was found repeatable, as the RSD between the
triplicates of the same cosmetic product was <5% for all tested cosmetic products (Figures
3, 5 and 6). The average recoveries for all evaluated analytes, except for retinyl acetate,
which was not found in any cosmetic product, were also within the acceptance criterion
100 £ 10%.

Table 3. Validation data.

R R-palm R-ac f-car E E-ac Q10
Range (mg/L)  0.25-100 0.38-150 0.25-100 0.25-100 8.00-800 8.00-800 2.50-250
R? 0.9996 1.0000 0.9998 0.9998 0.9999 0.9999 0.9999
LOD (ng/g) 1.88 2.12 1.52 55.0 97.6 85.8 12.3
LOQ (ng/g) 6.20 7.00 5.02 182 322 283 40.7

Intra-day

o 101.5+1.1 101.4+0.7 101.4+0.9 100.2+1.7 100.6 +2.5 101.2+2.0 100.3+3.3
accuracy (%)
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Inter-day g9 8137 100543 1022£2.8 98232 969530 97.2:24 107.0+0.1
accuracy (%)

Intra-day g 6g 4 0,64 092070 0.90£0.65 1.67+0.72 148068 146 £0.75 1.31£0.78
precision (%)

Inter-day ) 441,02 166056 3.40 £ 154 1.97+1.08 139059 1,62 £0.82 1.24 +0.85
precision (%)

Injection

2 08 12 11 09 15 35
repeatability (%) 02 00 0 0 0.0 0 0

Stability (%) 100.8+0.4 100.5+0.7 100.9+0.4 101.0+0.5 96.3+2.5 101.8+0.3 103.0+0.8

The results for accuracy, precision, and stability are presented as an average of the three QC in
triplicate + standard deviation.

3.2. Overview of the Tested Cosmetics

Within this study, we evaluated a total of 73 anti-ageing facial cosmetic products,
with vitamin A, E, and/or coenzyme Q10. Cosmetics in various formulations (day and
night creams, serums, eye creams, anti-ageing concentrates, and a face tonic) and price
ranges (Table 2) were included in this study. Among the three evaluated active com-
pounds, vitamin E was the most common ingredient, labelled in #73% of the tested prod-
ucts, followed by vitamin A (=51%) and coenzyme Q10 (=42%). Approximately half of the
tested products included only one of the tested active compounds in the ingredients list,
=35% included two (vitamin A and E or vitamin E and coenzyme Q10), and #15% included
all three evaluated active compounds (Figure 1). In total, 10 cosmetic products with quan-
titatively declared content (vitamin A in all cases) were included in the study (Figure 1).
Cosmetic products with quantitatively declared vitamin E and coenzyme Q10 contents
were not found on the Slovenian market. The analyzed cosmetic products labelled the
presence of different vitamin A forms (retinol, retinyl palmitate, 3 carotene, hydroxypina-
colone retinoate, retinyl propionate) and vitamin E forms (tocopherol or tocopheryl ace-
tate) (Figure 1). Coenzyme Q10 was labelled in its oxidized form, ubiquinone, in all tested
cosmetics. Different forms of the same active compound were also labelled in some tested
cosmetic products. Both vitamin E forms were labelled in 19 cosmetic products, and two
vitamin A forms (mostly retinol and retinyl palmitate) in 7 products.
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specified
Mf;:m Ao content (A)
17% 14%
E+Q10
16% =
22%
A+E ingredients
19% 20 (A E,Q10)
11% 86%
(@n=73 (b)yn=73
3%
19% R
® R-palm E+E-ac E
= Becar 36% 38%
R+R-palm
m R-palm+R-car
® R+HPR E-ac
R+R-prop 26%
(c)n=37 (d)n=53

Figure 1. Distribution of the tested cosmetic products according to: (a) the labeled vitamins A and
E and coenzyme Q10; (b) the quantitative specification of their content; (c) labeled vitamin A
forms; (d) labeled vitamin E forms; n—number of the cosmetic products within each category.

3.3. Accuracy of the Labeling of Vitamins A and E and Coenzyme Q10

Within quality control of the tested cosmetics, we evaluated the accuracy of the la-
belling of vitamins A and E and coenzyme Q10. More specifically, we evaluated whether
the labelled coenzyme Q10 and specific vitamin A and/or E forms are present in the cos-
metics and whether the detected vitamin A and E forms are properly labelled. The results
for all evaluated active compounds are summarized in Figure 2. Hydroxypinacolone ret-
inoate was labelled and detected in one cosmetic product, as well as retinyl propionate.
The accuracy of the labelling was also evaluated more comprehensively, considering the
detected labelling errors in each of the tested cosmetic products. In total, at least one la-
belling error was observed in 31 cosmetic products (Figure 2). The observed labelling er-
rors were uniformly distributed in cosmetic products purchased in different repositories
and were observed in #40% of the cosmetics from pharmacies; *43% of the cosmetics from
grocery stores and the Internet; and =44% of the cosmetics from drug stores.

Vitamin A
Retinol Retinyl palmitate B carotene
13%
25%
65% oo
v -
n=20 n=24 n==6
Vitamin E Coenzyme Q10

Tocopherol Tocopheryl acetate Ubiquinone
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19%

58%

n=235

11%

89%
83%

n=231 n=27

Distribution of the tested products according to the detected labelling errors

1%

no labelling errors
1 labelling error
37%
58% m 2 labelling errors

| 3 labeling errors

n=73

Figure 2. Accuracy of the labelling of vitamins A and E and coenzyme Q10 in the tested cosmetics (green—labelled and contained;
pink—contained and not labelled; red —labelled and not contained) and the distribution of the tested products according to the
detected labelling errors; n—number of tested cosmetic products within each category; labelling errors include the absence of the
labelled (form of) compound and presence of a compound (in a form) which is not labelled.

3.4. Quantitative Evaluation of Vitamins A and E and Coenzyme Q10 in the Tested Cosmetics

The quality control of the tested cosmetic products also included quantification of the
active compounds. The individual vitamin A forms (retinol, retinyl palmitate, [3 carotene,
hydroxypinacolone retinoate, and retinyl propionate) were quantitatively determined in
35 different cosmetics which claimed their presence (Figure 3). The determined retinol
concentrations ranged between 5.5 ng/g and 19 mg/g, with an average of 3.2 mg/g and a
median of 390 ug/g. Retinyl palmitate was determined in concentrations between 4.0 ug/g
and 9.2 mg/g, with an average of 1.0 mg/g and a median of 230 ug/g. The determined
contents of  carotene ranged from 950 ng/g to 8.0 pg/g, with an average of 3.1 pug/g and
a median of 2.1 ug/g. Hydroxypinacolone retinoate and retinyl propionate were each de-
tected only once, both in cosmetic products which declared their presence. In cosmetics
containing vitamin A not (only) in its retinol form, total vitamin A content, expressed with
retinol equivalents (RE), was also determined (Figure 4).

The contents of tocopherol and tocopheryl acetate were determined in 49 cosmetics
(Figure 5). Vitamin E as tocopherol or tocopheryl acetate was labelled as an ingredient in
48 evaluated cosmetics. One additional cosmetic product contained vitamin E which was
not labelled. None of the tested cosmetics quantitatively declared the concentration of vit-
amin E. The determined tocopheryl acetate concentrations ranged between 35 pg/g and
16 mg/g, with an average of 5.5 mg/g and a median of 4.8 mg/g. Significantly lower to-
copherol concentrations were generally determined in the tested cosmetics, ranging from
8.5 pg/g to 8.0 mg/g, with an average of 810 ug/g and a median of 120 ug/g.

Coenzyme Q10, in its oxidized form, ubiquinone, was evaluated in 27 cosmetics
which included it in the ingredients list. The content of ubiquinone was not stated in any
of the tested cosmetics. The labelled ubiquinone was not detected in three cosmetics. The
determined ubiquinone concentrations in the remaining 24 products ranged between 4.2
ug/g and 100 ug/g (Figure 6), with an average of 35 pg/g and a median of 25 ug/g.
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Figure 3. Determined content of retinol (R), retinyl palmitate (R-palm), 3 carotene (p-car), hydroxypinacolone retinoate
(HRP), and retinyl propionate (R-prop) in the tested cosmetics (1-35), expressed in mg per g of the cosmetic product
(average + SEM, n = 3) in relation to the product’s price (per 50 mL). In the tested cosmetics numbered 16 and 33, the

labelled vitamin A was not detected. In the tested cosmetics marked with *, a labelling error was observed.
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Figure 4. Determined total retinoid content, expressed in mg of retinol equivalents (RE) per g of the tested cosmetics (1-
35) in relation to the product’s price (per 50 mL). In the tested cosmetics numbered 16 and 33, the labelled vitamin A was
not detected. In the tested cosmetics marked with ¥, a labelling error was observed.
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Figure 5. Determined content of tocopherol (E) and tocopheryl acetate (E-ac) in the tested cosmetics (1-49) in mg per g of
the cosmetic product (average + SEM, n = 3) in relation to the product’s price (per 50 mL). In the tested cosmetics numbered
4, 18, 28, 34, 43, and 44, the labelled vitamin E was not detected. In the tested cosmetics marked with *, a labelling error
was observed.

0.1
-
e
2 008
H
S _0.06
S®
-~
O 80.04
v E
E o 11 I ki I il
g o M n - [ | | | -
1 2 3 4 5 6 7 8 10 11 12 13 15 16 17 18 19 20 21 22 23 24 25 26
<5€ 5-15€ 15-30€ 30- 60—
60€ 125€

Figure 6. Determined content of coenzyme Q10 in the tested cosmetics (1-27) in mg per g of the cosmetic product (average
+ SEM, n = 3) in relation to the product’s price (per 50 mL). In the tested cosmetics numbered 9, 14, and 27, the labelled
coenzyme Q10 was not detected.

3.5. Content-Related Quality Control of Vitamin A in the Tested Cosmetics
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Ten of the tested cosmetic products quantitatively specified the content of a particu-
lar vitamin A form, which was most commonly retinol (eight products), as well as retinyl
palmitate and hydroxypinacolone retinoate, each in one product. The obtained results on
retinoid contents were compared to the label claims (Figure 7). Retinoid contents deviated
significantly (by >20%) from the label claims in eight of the ten tested cosmetics. Retinoid
contents ranged from 0% up to almost 400% of the label claims, with an average of 104%
and a median of 95%.
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Figure 7. Determined vitamin A contents in relation to the label claim (%) in the 10 tested cosmetic
products.
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4. Discussion

Within this study, we evaluated the quality of 73 cosmetic products with vitamin A,
E, and/or coenzyme Q10. Considering their beneficial effects against signs of photo ageing
and intrinsic skin ageing [2,7], we focused on anti-ageing leave-on cosmetic products de-
signed for facial use. Cosmetics in various formulations and with different labelled vita-
min A and E forms (Table 2) were tested to provide representative samples for each of the
three groups of active compounds and to obtain diversity in the prices, marketing, and
accessibility of the products. The market survey confirmed that vitamin A, E, and coen-
zyme Q10 are widespread in cosmetic products. Among them, vitamin E was most com-
monly labelled in a variety of cosmetics products. Combinations of vitamin E and vitamin
A and/or coenzyme Q10 were also commonly found on the market, while the combination
of vitamin A and coenzyme Q10 without vitamin E was not found. This is also evident
from the range of tested cosmetic products (Table 2 and Figure 1). The evaluated commer-
cial cosmetics labelled the presence of different forms of vitamin A (mostly retinyl palmi-
tate, retinol, and {3 carotene) and vitamin E (tocopherol and tocopheryl acetate), while co-
enzyme Q10 was only labelled in its oxidized form (ubiquinone) (Figure 1). Despite the
lower activity than retinol [14,16], the more stable vitamin A form, retinyl palmitate [24],
was the most frequently labelled vitamin A form. Newer vitamin A forms with higher
activity and reduced incidence and intensity of irritation side effects are emerging on the
market. Such examples are hydroxypinacolone retinoate [38] and retinyl propionate [39],
each labelled in one cosmetic product. Vitamin E was more frequently labelled in the ac-
tive form tocopherol, despite its lower stability [4]. However, tocopheryl acetate, individ-
ually or in combination with tocopherol, was also commonly found (Figure 1). An im-
portant selection criterion was also the specification of the active compounds’ contents,
which is less common in the cosmetic industry and was only found for vitamin A in 14%
of the tested products (Table 2 and Figure 1). The quantitative specification of the active
compounds’ contents is a developing practice in recent years, especially in functional cos-
metics, which promote different effects on the skin.

An appropriate, selective, and accurate methodology is a prerequisite for the quality
control of cosmetics. The analysis of different vitamin A forms within this study was per-
formed by a previously published HPLC-UV method for their quality control [34], which
was selected for the comprehensive analysis of more retinoids. The simultaneous analysis
of coenzyme Q10 and vitamin E, as tocopherol or tocopheryl acetate, was performed by a
novel method for their quality control, comprising a simple sample preparation procedure
and an HPLC-UV method for their quantification. Both methods utilized within this
study were properly validated following the ICH guidelines [37] and proven suitable for
the quality control of vitamins A and E and coenzyme Q10 in cosmetic products.

The quality control of the selected cosmetic products initially comprised the accuracy
of the labelling of the evaluated active compound groups (different forms of vitamin A
and E as well as coenzyme Q10). In general, the majority of the 35 evaluated vitamin A
cosmetics contained some vitamin A form, except for two products. More inconsistencies
were detected regarding the labelling of individual vitamin A forms. Retinol was not
properly labelled in 35% and retinyl palmitate in 21% of the tested products (Figure 2).
The labelling inconsistencies were mostly on account of their presence, which was not
stated on the packaging, although their absence and replacement of the labelled retinyl
palmitate with retinol were also noticed. No labelling inconsistencies were observed in
the case of the less frequently found forms— 3 carotene, hydroxypinacolone retinoate, and
retinyl propionate. These results are supported by our previous preliminary study on a
smaller sample of retinoid cosmetics [34]. More labelling inconsistencies were observed in
the case of vitamin E, which was not detected in =12% of the evaluated vitamin E cosmet-
ics, and was present in one additional cosmetic product, which did not state it. Incorrect
labelling of tocopheryl acetate was observed in 17% of the tested cosmetics, mostly due to
its unlabeled presence (Figure 2). Contrary findings were obtained in the case of tocoph-
erol, for which labelling inconsistencies were more frequently determined —in 42% of the
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tested cosmetics (Figure 2). The observed coenzyme Q10 labelling inconsistencies in 11%
of the tested cosmetics were a consequence of its absence. Although proper labelling of
the ingredients is essential for quality assurance, there is a lack of studies researching the
labelling accuracy of commercial cosmetics, including cosmetics with vitamin E and co-
enzyme Q10.

Further on, we evaluated the contents of different vitamin A and E forms, as well as
coenzyme Q10 in the examined cosmetics. The determined vitamin A contents in the 35
tested cosmetic products varied greatly by a >4300-fold difference between the lowest and
highest determined content for retinol, >2300-fold for retinyl palmitate, and >840-fold for
p carotene (Figure 3). According to the literature, a significant facial anti-ageing effect may
be achieved with topical formulations containing 0.075% [40] retinol or more (0.1% [41],
0.15% [42], 0.4% [43], 0.5% [44], and 1% [43]), whereas lower retinol concentration (0.04%)
showed less prominent improvements of fine wrinkles, and no improvements of deep
wrinkles [40]. Retinol contents near or above 0.075% were determined in half of the tested
retinol cosmetics.

A more feasible approximation and prediction of the retinoid effects may be achieved
by the determination of total vitamin A content expressed with retinol equivalents (Figure
4). Twelve (34%) of the tested cosmetics contained vitamin A in concentrations which are
likely to achieve a significant anti-ageing effect (>0.075% RE). The efficacy of the tested
cosmetics with >10-fold lower vitamin A contents (23% of the cosmetics) and >100-fold
lower contents (23% of the cosmetics) is questionable. The remaining 20% of the tested
vitamin A cosmetics contained >1,000-fold less vitamin A than what is considered effec-
tive and are unlikely to achieve the desired anti-ageing effect. Most of these products be-
long to the lower price range (< EUR 5/50 mL). However, considering their occurrence in
each price range, except between EUR 30 and 60/50 mL, and the absence of a correlation
between vitamin A content and the cosmetic products’ price (Figure 4), we conclude that
the price is not a determining factor for higher vitamin A content nor efficacy of the cos-
metics. Another important aspect of vitamin A cosmetics is their safety, associated with
their local adverse effects (potential retinoid-associated irritation and photo toxicity
[14,45]) and systemic adverse effects (potential headaches, abdominal pain, nausea, liver
or kidney damage, hypercalcemia, bone abnormalities, and teratogenicity [14,46]). There-
fore, the Scientific Committee on Consumer Safety (SCCS), at the European Commission,
recommends the use of vitamin A at maximum use concentrations of 0.3% RE in hand and
face creams and other leave-on products [14]. The significantly higher total vitamin A
content than the maximum recommended concentration by the SCCS in six of the 35 tested
cosmetic products (Figure 4) is a cause of concern and reveals the need for (stricter) con-
tent-related quality control.

The determined vitamin E (tocopherol and tocopheryl acetate) contents showed
lower variability than vitamin A contents by up to 500-fold for tocopheryl acetate and up
to 1000-fold for tocopherol. The determined contents of tocopheryl acetate mostly gravi-
tated towards 1% and were generally higher than the determined tocopherol contents,
which were <0.1% in 90% of the tested products (Figure 5). The determined tocopherol
and tocopheryl acetate contents were mostly within the expected range for facial leave-on
cosmetics (0.03-2% for tocopherol and 0.003—-6% for tocopheryl acetate), based on industry
data on cosmetic products formulations [13] and research data (0.107-0.670% tocopheryl
acetate in four commercial cosmetics on the Kuwait market [47]). Despite the differing
information on tocopheryl acetate conversion to tocopherol (from 0% to 50%) found in the
literature [10,48,49], the determined tocopherol and tocopheryl acetate contents were gen-
erally lower than the minimal effective tocopherol concentration of 1.0%, as recommended
by Nada et al. [48]. A trend of increasing vitamin E content among the higher-priced prod-
ucts was not observed (Figure 5). Instead, vitamin E contents were more uniformly dis-
tributed between the different price ranges.

The tested commercial cosmetics showed the lowest variability, with only a 23-fold
difference between the lowest and highest determined coenzyme Q10 content (Figure 6).
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The determined coenzyme Q10 contents are consistent with the survey data from the Vol-
untary Cosmetic Registration Program (VCRP) for 2020 on a greater range of coenzyme
Q10 leave-on cosmetics (387 products), with concentrations ranging between 0.00075%
and 0.05% [22]. Coenzyme Q10 in concentrations >0.01% has shown beneficial anti-ageing
effects on the skin [50], and were determined in <20% of the tested cosmetics. Additional
research on the lowest effective coenzyme Q10 concentration in leave-on cosmetics is re-
quired to evaluate the efficacy of the remaining 80% of the tested coenzyme Q10 cosmet-
ics. In three examined products, the labelled coenzyme Q10 was not detected. As previ-
ously observed for vitamins A and E, the expected correlation between the product prices
and coenzyme Q10 content was not observed (Figure 6).

An important aspect within quality control is content-related quality control in rela-
tion to label claims, which is a generally accepted principle in the pharmaceutical indus-
try, but has not yet been adopted in the cosmetics industry. One of the reasons, besides
the looser regulation, is the fact that the active ingredients’ contents in cosmetic products
are rarely specified. This is also evident from Figure 1 as, despite being among the selec-
tion criteria, only 10 of the 73 tested cosmetics specified the content. The obtained results
on the content in relation to the label claims (Figure 7) revealed significant deviations in
both directions —from an absence or significantly lower content than declared up to 4-fold
higher contents. Possible explanations for such deviations of the labelled vitamin A con-
tents and the commonly determined active compounds contents below 0.01% include in-
appropriate formulation or their inappropriate stabilization and degradation during the
manufacturing or storage [24]. Regardless, such results are concerning and support our
recommendation for their stricter control and regulation, especially as the most significant
deviations were observed in the higher-priced cosmetics (Figure 7).

5. Conclusions

Our work focused on the quality control of a significant number of cosmetic products
with vitamins A and E and coenzyme Q10, which are common ingredients in anti-ageing
cosmetics. On the example of these three groups of active compounds, we demonstrated
an approach for the quality control of cosmetics, including evaluation of the labelling ac-
curacy of different forms of active compounds, their content determination, and the con-
tent-related quality control in relation to the label claims. Based on the revealed labelling
inconsistencies for all three groups of active compounds in 42% of the tested cosmetics,
vitamin A contents above the maximum recommended concentration by the SCCS, and
significant deviations in the contained and labelled vitamin A amounts, we recommend
their stricter regulation and quality control. The development of suitable assay methods
and progress in the field of functional cosmetics, which specify the content of active com-
pounds, are essential steps towards their proper quality control following the principles
of the pharmaceutic industry and the provision of quality, safe, and efficient cosmetics.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/cosmetics8030061/s1, Figure S1: Representative chromatogram of a standard mixture of
retinol (retention time 2.5 min), retinyl acetate (retention time 2.9 min), and retinyl palmitate (reten-
tion time 6.9 min) at detection wavelength 325 nm, Figure S2: Representative chromatogram of 3
carotene standard solution (retention time 6.8 min) at detection wavelength 450 nm, Figure S3: Rep-
resentative chromatograms of a standard mixture of tocopherol (retention time 6.0 min), tocopheryl
acetate (retention time 6.4) and coenzyme Q10 (ubiquinone) (retention time 10.8) at detection wave-
length 280 nm, Figure S4. Representative chromatograms of a cosmetic product with retinol (reten-
tion time 2.4) at detection wavelength 325 nm, Figure S5. Representative chromatograms of a cos-
metic product with retinyl palmitate (retention time 6.9) at detection wavelength 325 nm, Figure S6.
Representative chromatograms of a cosmetic product with 3 carotene (retention time 6.8) at detec-
tion wavelength 450 nm, Figure S7. Representative chromatograms of a cosmetic product with to-
copherol (retention time 6.0 min), tocopheryl acetate (retention time 6.3) and coenzyme Q10 (ubig-
uinone) (retention time 10.7) at detection wavelength 280 nm.
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