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a b s t r a c t

A simple high-performance liquid chromatography (HPLC) method with ultraviolet diode array (UV-DAD)
and electrospray ionisation mass spectrometry (ESI-MS) detection has been developed for the determi-
nation of minoxidil, progesterone, estrone, spironolactone, canrenone, hydrocortisone and triamcinolone
acetonide in cosmetic products. The presence of these substances in commercial cosmetic samples is
prohibited. The compounds were separated by reversed phase chromatography with water (0.1% trifluo-
roacetic acid) and acetonitrile gradient elution and detected by UV-DAD at 230, 254 and 280 nm and by
ESI-MS positive ionisation mode. Benzoic acid was used as internal standard. Linearity was studied with
UV-DAD detection from 1.50 to 1000 �g/ml or �g/g range, depending on the different compounds and
type of cosmetic preparation and with ESI-MS in the 50–1000 ng/ml or ng/g range. Good determination
coefficients (r2 ≥ 0.99) were found in both UV and ESI-MS. At three concentrations spanning the linear
dynamic ranges of both UV-DAD and ESI-MS assay, mean recoveries were always higher than 90% for the
Hormones
different analytes. This method was successfully applied to the analysis of substances under investigations
illegally added in cosmetic cream and lotions, sold on internet web sites to prevent hair loss and other
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hormone-dependent skin

. Introduction

Baldness, alopecia, hirsutism and acne are skin and hair dis-
ases complicating social relationship of the affected people [1–4].
he most common topically active anti-alopecia and baldness, anti-
irsutism and anti-acne drugs are: minoxidil, glucocorticoids (e.g.
ydrocortisone or triamcinolone acetonide), spironolactone and its
rimary metabolite canrenone used alone or in combination to
revent hair loss but also effective in the treatment of hirsutism
nd acne [5–15] and oral contraceptives such as progesterone and
strone used to fight biochemical signs of hyperandrogenism (hir-
utism, acne, male-pattern hair loss) (Fig. 1) [16]. At present, in
pproved marketed Italian topic products, only a combination of
inoxidil and hydrocortisone exists in two different lotions con-

aining the first compound in a range of 12–15% (v/v) and the

econd in 0.1% (v/v). Conversely, one component cream and two
utaneous solutions for topic use are present in the market and
ontain 0.5% hydrocortisone and 2–5% minoxidil, respectively. The
ther reported substances (triamcinolone acetonide, spironolac-

∗ Corresponding author. Tel.: +39 06 49903682; fax: +39 06 49902016.
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ses, like acne and hirsutism.
© 2008 Elsevier B.V. All rights reserved.

one, canrenone, estrone and progesterone) are only present in
harmaceutical preparations (e.g. tablets, gels or vaginal ovules)
or systemic use.

Recently, the Italian anti-adulteration and safety bureau (NAS)
eized several illegal cosmetic preparations sold through internet
eb sites or illegal circuits (e.g. private doctors, fitness centers,

dd stores) as promising remedies for these hormone-dependent
athologies. Although in the majority of cases substances contained

n the products are not listed, the high suspicion that the above-
eported pharmacologically active substances could be illegally
mployed in these formulations prompted the bureau to request
or specific analysis of seized products.

Article I from CEE Cosmetic Directive 76/768/EEC, aiming at reg-
lating the production of cosmetic products, defined exactly what
an be considered a cosmetic: “For the purposes of this law, a “cos-
etic product” shall mean any substance or preparation other than
edicines, to be placed in contact with the various external parts

f the human body (epidermis, hair system, nails, lips and external

enital organs) or with the teeth and the mucous membranes of
he oral cavity with a view, exclusively or mainly to cleaning them,
erfuming them, protecting them, keeping them in a good con-
itions, changing their appearance and/or correcting body odors
17]. Cosmetic products have no therapeutic purposes and shall

http://www.sciencedirect.com/science/journal/07317085
mailto:simona.pichini@iss.it
dx.doi.org/10.1016/j.jpba.2008.06.008
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Fig. 1. Chemical structure of the com

ot claim any therapeutic action. In particular, the products listed in
nnex II to this law are cosmetic products pursuant to the preceding
aragraphs”.

The majority of the compounds considered in the present study
re included in the Annex II of the above-mentioned Directive
nd are expressly forbidden (minoxidil, spironolactone, proges-
erone, estrone, hydrocortisone, triamcinolone). Even though not

entioned in the above reported Annex II, canrenone is also a
harmacologically active compound and therefore it should not be
dded to a cosmetic product.

There is no literature on the simultaneous separation by high-
erformance liquid chromatography (HPLC) and detection by
ltraviolet-diode array (UV-DAD) and electrospray ionisation mass
pectrometry (ESI-MS) of the seven active substances that we
ought to investigate. Numerous methodologies have been pub-
ished about the analysis of substances under investigation in a
ariety of matrices with different chromatographic techniques.
mong the most recent, ion-pair HPLC for minoxidil in plasma [18],

andem thin-layer chromatography and HPLC for hydrocortisone
nd other steroids in cosmetic products [19], HPLC–atmospheric
ressure chemical ionization-MS for spironolactone and canrenone

n plasma [20] and finally HPLC for progesterone and estrone and
PLC–ESI-MS for triamcinolone in cosmetics [21,22].

In this study a simple HPLC separation method with both
V-DAD and ESI-MS detection to investigate the illegal pres-
nce of analytes under investigation in cosmetic preparations was
eveloped. It was hypothesized that, in order to produce a phar-
aceutical effect, an illegal product should contain an amount of

hese substances comparable to the minimum of these active sub-
tances usually administered in pharmaceutical preparations. If an
llegal product contains the investigated substances at this level of
oncentration, UV-DAD detection is usually adequate. Nonetheless,
o detect these substances in an illegal product at lower concentra-
ions and in order to have a high degree of specificity and additional

nformation about the structure of the analytes, the use of ESI-MS
s more suitable. For this purpose, the developed method has been
pplied to some cosmetic preparations sold on internet web sites
ith the purpose of preventing and fighting hair loss and other
ormone-dependent skin diseases, like acne and hirsutism.

•

•
•

ds of interest and internal standard.

. Experimental

.1. Chemicals and reagents

The pharmaceutical standards (purity >99%) of minoxidil,
ydrocortisone, triamcinolone acetonide, spironolactone, proges-
erone, estrone, benzoic acid (used as internal standard, IS),

ethyl 4-hydroxybenzoate, ethyl 4-hydroxybenzoate, propyl 4-
ydroxybenzoate and butyl 4-hydroxybenzoate were purchased
rom Sigma and canrenone was supplied by Sanofi-Aventis.

All reagents were of analytical-reagent grade and were used
ithout further purification. Methanol and trifluoroacetic acid

TFA) were purchased from Aldrich, acetonitrile and HPLC grade
ethanol were supplied by Merck (Darmstadt, Germany). Ultra-

ure water and all other reagents of analytical grade were obtained
rom Carlo Erba (Milan, Italy). An oil-in-water blank cream contain-
ng about 30% fatty substances (water, isopropyl palmitate, octyl
ctanoate, sucrose cocoate, glycerin, glyceryl stearate, stearyl alco-
ol, alcohol) and a hydro-alcoholic blank lotion (water, alcohol,
lycerine) free from the analytes under investigation were prepared
n our laboratory according to Italian Pharmacopoeia and used to
repare calibration standards and quality control samples.

All solvents and solutions for HPLC analysis were filtered
hrough a Millipore filter (pore size: 0.45 �m) and vacuum
egassed, by an ultrasound treatment, before use.

.2. Cosmetic products

Four different cosmetic products (one cream and three lotions)
ere obtained from two internet web sites, where they were sold as
romising remedies for hyperandrogenism-dependent pathologies
hair loss, baldness, acne, hirsutism). The products presented a label
ith generic indications such as:
Cream 1: better skin for woman, 3 oz., apply before getting to bed,
made in India;
Cream 2:, 3 oz., apply once a day, made in UK;
Lotion 1: regain hair, 100 ml, apply once a day, made in UK;



al and Biomedical Analysis 48 (2008) 641–648 643

•
•

•

N
w

2

2

s
d
P
a
s

(
p
o
9
t
u
e
r
p
b
p
u
2

2

t
p
l
G
E
s

s
v

s
e
r
c

i
s
i
I
(
O
w

a
u
i
s

s
2

Fig. 2. Overlay of (A) HPLC-UV-DAD chromatogram at 254 nm of a blank cosmetic
cream added with 60 �g/g minoxidil (1), hydrocortisone (3), triamcinolone ace-
tonide (4), estrone (5), canrenone (6), spironolactone (7), progesterone (8) and
300 �g/g IS (2), (a) ethyl 4-hydroxybenzoate, (b) propyl 4-hydroxybenzoate and
(c) butyl 4-hydroxybenzoate. (B and C) HPLC–ESI-MS-TIC chromatograms at 130
and 170 fragmentation voltages, respectively of a blank cosmetic lotion added with
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Lotion 2: solution for man, 100 ml, apply twice a day, made in UK;
Lotion 3: natural lotion for woman, 100 ml, apply once a day, made
in UK;
Lotion 4: natural lotion for men, 100 ml, apply once a day, made
in UK;

o ingredients were reported on the label and the manufacturer
as not indicated.

.3. Instrumentations and conditions

.3.1. HPLC-UV-DAD
HPLC-UV-DAD analyses were performed using an Agilent 1100

eries HPLC system consisting of a G 1312A binary pump, a G1322A
egasser and an ALS G1329A autosampler (Agilent Technologies,
alo Alto, CA) interfaced to an Agilent1100 UV-DAD detector. Data
cquisition and analysis were performed using standard software
upplied by the manufacturer.

Chromatographic separation was achieved using Zorbax SB-CN
250 mm × 4.6 mm; 5 �m) (CPS analitica, Milan, Italy). The mobile
hase used in the separation, at a flow rate of 1.2 ml/min, consisted
f (A) water (0.1% TFA) and (B) acetonitrile programmed as follows:
0% A for 1 min, decreased to 10% in 40 min, then increased again
o 90% A in 10 min. The injection volume was 10 �l and the col-
mn temperature was set at 30 ◦C. The DAD detector allowed the
valuation of the peak purity factors, very useful in the analysis of
eal samples to confirm the absence of interfering co-eluting com-
ounds and the selection of appropriate wavelength to obtain the
est sensitivity for all the investigated compounds. On the basis of
reliminary analyses on methanolic working solution of analytes
nder investigation, three different detection wavelengths (230,
54 and 280 nm) were selected.

.3.2. HPLC–ESI-MS
HPLC–ESI-MS analyses were also performed the same HPLC sys-

em (Agilent 1100 series system) consisting of a G 1312A binary
ump, a G1322A degasser, and an ALS G1329A autosampler (Agi-

ent Technologies, Palo Alto, CA) interfaced to an Agilent 1100 series
1946D single quadrupole mass spectrometer equipped with an
SI interface. Data acquisition and analysis were performed using
tandard software supplied by the manufacturer

The conditions used for chromatographic separation were the
ame as the one used for HPLC-UV-DAD assay apart from injection
olume that, in this case, was 20 �l.

The mass spectrometer was operated in positive ESI mode with
elected ion monitoring (SIM) acquisition. The following ESI param-
ters were applied: drying gas (nitrogen) heated at 350 ◦C at a flow
ate of 10.0 l/min; nebulizer gas (nitrogen) at a pressure of 40 psi;
apillary voltage at 4000 V.

MS characterization (purity and identity) of compounds under
nvestigation was achieved using flow injection analysis (FIA). The
ubstances, dissolved in mobile phase, were infused through an
ntegrated syringe pump into the ESI probe at rate of 1 ml/min.
n FIA experiments, full scan acquisitions were made over the
50–550 m/z) range using both negative and positive ionisation.
n the basis of these experiments, the best acquisition parameters
ere selected.

Two different fragmentation voltages (130 and 170 V) were
pplied in order to obtain a quantifying ion (the protonated molec-
lar ion in the majority of the cases) and two significant qualifying
ons for the different analytes under investigation. Dwell time was
et at 43 ms, and mass peak width at 0.10 min.

More specifically, at 130 V ions at m/z 210, 193 and 164 were
elected for minoxidil; m/z 271, 253 and 179 for estrone; m/z 315,
50 and 109 for progesterone; m/z 123, 105 and 77 for IS were

b
p
u
o
d

0 ng/ml minoxidil (1), hydrocortisone (3), triamcinolone acetonide (4), estrone (5),
anrenone (6), spironolactone (7), progesterone (8) and 300 ng/ml IS (2). Benzoates
re not seen at those fragmentation voltages.

elected. At 170 V ions at m/z 341, 363 and 267 for canrenone;
/z 341, 363 and 249 for spironolactone; m/z 363, 287 and 270 for

ydrocortisone; m/z 435, 474 and 415 for triamcinolone acetonide.
he underlined ions were used for quantification. The acceptance
riterion for selected ion intensity ratios was a deviation ≤20% of
he average of the ion intensity ratios of all the calibrators.

.4. Calibration standards and quality control samples

.4.1. Calibration standards and quality control samples for
PLC-UV-DAD

Standard stock solutions (5 mg/ml) of analytes were prepared
n methanol and stored at +4 ◦C. The internal standard (IS) work-
ng solution was prepared at a concentration of 3 mg/ml. Diluted
ispersions of blank lotion and blank cream were prepared trans-
erring 1 ml lotion and 1 g cream to a 100 ml volumetric flask and
aken to volume with methanol. The dispersions were subjected to
ltrasonic treatment for 10 min at 40 ◦C. After centrifugation, the
lear supernatant was collected (solutions A blank).

Calibration standards containing 300 �g IS and different �g
mounts (LOQ, 1000 �g/ml or �g/g) of analytes under investiga-
ion were prepared for each analytical batch by adding suitable
mounts of standard stock solutions to 1 ml blank lotion and blank
ream solutions A. Calibration samples were treated and processed
s unknown samples. Several aliquots of quality control samples
t 40, 300 and 600 �g/ml or �g/g concentration were prepared in
lank cosmetic products to be used for the calculation of validation

arameters. Blank solutions containing 2000 and 5000 �g analytes
nder the investigation per ml or per g products were prepared as
ver-curve samples, to be tested for accuracy and precision once
iluted 5 and 10 times, respectively.
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.4.2. Calibration standards and quality control samples for
PLC–ESI-MS

Standard stock solutions (50 �g/ml) of analytes were prepared
n methanol and stored at +4 ◦C. The IS working solution was pre-
ared at a concentration of 30 �g/ml. Diluted dispersions of blank

otion and blank cream were prepared by transferring 1 ml lotion
nd 1 ml cream to a 100 ml volumetric flask and taken to volume
ith methanol. One ml of each methanolic dispersion was further
iluted 1:1000 with methanol. The dispersions were submitted to
ltrasonic treatment for 10 min at 40 ◦C. After centrifugation, the
lear supernatant was collected (solutions B blank).

Calibration standards containing 300 ng IS and different ng
mounts (LOQ, 1000 ng/ml or ng/g) of analytes under investiga-
ion were prepared for each analytical batch by adding suitable
mounts of standard stock solutions to 1 ml blank lotion and blank
ream solutions B. Calibration samples were treated and processed
s unknown samples. Several aliquots of quality control samples
t 60, 400 and 800 ng/ml or ng/g concentration were prepared in
lank cosmetic products to be used for the calculation of validation
arameters. Blank solutions containing 2000 and 5000 ng analytes
nder the investigation per ml or per g products were prepared as
ver-curve samples, to be tested for accuracy and precision once
iluted 5 and 10 times, respectively.

.5. Samples preparation and extraction

Aliquots (1 ml or 1 g) of the cosmetic sample (lotions and cream),
ere diluted and treated as above reported for calibration stan-
ards and quality control samples. An amount of 10 �l solutions
were injected, after filtration on Millipore Filter, into the HPLC-
V-DAD. For HPLC–ESI-MS analysis, 1 ml solutions B were diluted
:1000 with methanol, added with IS and 20 �l were injected into
hromatographic column.

.6. Validation procedures

Prior to application to real samples, both HPLC-UV-DAD and
PLC–ESI-MS were tested in a validation protocol following the
ccepted criteria for bioanalytical method validation [23,24]. Selec-
ivity, matrix effect, recovery, linearity, limit of detection (LOD) and
uantification (LOQ), precision, accuracy and stability were assayed
s previously reported [25,26].

In brief, blank products were extracted and analyzed for assess-
ent of potential interferences due to endogenous substances. The

pparent responses at the retention times of the analytes under
nvestigation and IS were compared to the response of analytes
t the LOQ and IS at its lowest quantifiable concentration. The
otential or carryover was investigated by injecting extracted blank
roducts, with added IS, immediately after analysis of the highest
oncentration point of the calibration curve on each of the days of
he validation protocol and measuring the area of eventual peaks,
resent at the retention times of analytes under investigation.

Analytical recoveries were calculated by comparing the peak
reas obtained when calibration samples were analyzed by adding
he quality control samples and the IS in the extract of blank prod-
cts prior to and after the extraction procedure. The recoveries were
ssessed by quality control samples using four replicates at each
evel.

For an evaluation of matrix effects, the peak areas of extracted
lank products spiked with quality control samples after the extrac-

ion procedure were compared to the peak areas of pure diluted
ubstances.

Linearity was studied with in the calibration curves range,
epending on the different compounds and type of cosmetic
reparation and on UV-DAD and ESI-MS detection. Six points cal-

9
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bration curves were tested in triplicate using peak area ratios
etween compounds and IS for calculations. A weighted (1/con-
entration) least-squares regression analysis was used for slopes
nd intercepts (SPSS, version 9.0.2 for Windows). Standard devi-
tion (S.D.) of the mean noise level over the retention time
indow of each analyte was used to determine detection limit

LOD = 3S.D.) and the quantification limit (LOQ = 10S.D.). To be
ccepted, the calculated LOQ had to show precision and accuracy
ithin the 20% relative S.D. (R.S.D.) and relative error, respec-

ively.
A total of five replicates at each of quality control samples added

o blank products and over-curve samples, diluted to optimal levels,
xtracted as reported above were analyzed for the determination
f intra-assay precision and accuracy. Precision was expressed as
he R.S.D. of concentrations calculated for quality control samples
nd accuracy as the relative error of the calculated concentrations.
oth parameters had to be within 20% of R.S.D. or error for both
auilty control and over-the-curve samples.

The effects of three freeze–thaw cycles (storage at −20 ◦C) on
he stability of compounds in lotion and cream were evaluated
y repeated analysis (n = 3) of quality control samples. In addition,
id-term stability test was performed for quality control and real

amples (Lotion 1 and Cream) stored at −20 ◦C. Three replicates of
oth quality control and real samples were analyzed once a month
uring a 4-month period. The stability was expressed as a percent-
ge of the initial concentration (first analyzed batch) of the analytes
oth in quality control and real samples.

. Results and discussion

.1. Chromatography and validation results

The linear gradient with a simple binary mixture with TFA in
he aqueous phase produced well-shaped chromatographic peaks
nd permitted an excellent separation of all the tested compounds,
hich differ in lipophilicity. Fig. 2 presents an overlay of UV DAD

t 254 nm and ESI-MS total ion current (TIC) chromatograms indi-
ating coincidence of the signals of interest and Fig. 3 shows the
SI-MS SIM responses presented by the analytes under investiga-
ion extracted by a cream, respectively.

Samples following the ones exceeding the linear range in the
hromatographic run were re-injected to check eventual con-
amination by carryover. Nonetheless, no carryover was observed
n this case, nor when extracted blank cosmetic were injected
fter the highest point of the calibration curve, using both
V-DAD and ESI-MS detection. The additional peaks present

n UV-DAD chromatograms, in any case at retention times
ifferent from those of analytes under investigation, were iden-
ified as 4-hydroxybenzoate esters (methyl 4-hydroxybenzoate,
thyl 4-hydroxybenzoate, propyl 4-hydroxybenzoate and butyl
-hydroxybenzoate) used as preservatives in cosmetic products
Fig. 1).

With respect to the matrix effect, the comparison between peak
reas of analytes spiked in extracted blank products versus those
or pure diluted standards showed less than 10% analytical signal
uppression due to co-eluting endogenous substances.

Absolute analytical recoveries (mean ± S.D.) obtained after
xtraction procedure for the three different quality control sam-
les using the two different detection modes, were always around

0% (Table 1).

With both UV-DAD and ESI-MS, linear calibration curves showed
etermination coefficients (r2) higher than 0.99 in all cases. LODs
nd LOQs values were adequate for the purposes of the present
tudy (Table 1). Particularly, the calculated LOQ tested for precision
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Figs. 4 and 5 and Table 3 show that, in all the examined products,
more than one forbidden compound was present. In details, minox-
idil was always present in the lotions sold for preventing hair loss
and hirsutism together with canrenone and progesterone. Spirono-
ig. 3. HPLC–ESI-MS SIM chromatogram of an extract of a blank cosmetic cream ad
5), canrenone (6), spironolactone (7), progesterone (8) and 300 ng/g IS (2).

nd accuracy presented coefficient of variations always better that
0%.

The results obtained for intra-assay and inter-assay precision
nd accuracy satisfactorily met the internationally established
cceptance criteria [23,24] (Table 2). Over-curve samples, tested for
ccuracy and precision after diluting 10 and 50 times, gave values
lways better than 10% R.S.D. and error %.

No relevant degradation was observed after any of the three
reeze–thaw cycles, with differences in the initial concentration less
han 10%. Similar results (differences to the initial concentration
lways lower than 10%) were obtained in the case of the mid-term
tability test for both QC and real samples assuring the feasibility
f stored samples analysis.

.2. Analysis of cosmetic products
The validated HPLC-UV-DAD and HPLC–ESI-MS assays have
een applied to the analysis of some cosmetic preparations sold
n internet web sites with the purpose of preventing and fighting
air loss and other hormone-dependent skin diseases, like acne and
irsutism.

F
m
1

ith 60 ng/g minoxidil (1), hydrocortisone (3), triamcinolone acetonide (4), estrone
ig. 4. HPLC-UV-DAD chromatogram at 254 nm of an extract of commercial cos-
etic cream (diluted 1:100) containing 12.1 mg/g triamcinolone acetonide (4),

7.3 mg/g spironolactone (7) and 49.0 mg/g progesterone (8) and IS (2).
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Table 1
Method calibration data and recovery of analytes under investigation

Analytes Determination coefficient (r2)a LOD (�g/ml or �g/g) LOQ (�g/ml or �g/g) Mean recovery (%)b (�g/ml or �g/g)

40 300 600

HPLC-UV-DAD
Minoxidil 0.9991 ± 0.004 0.6 1.8 92.5 ± 2.3 94.7 ± 2.5 94.2 ± 2.5
Triamcinolone acetonide 0.9938 ± 0.006 0.5 1.5 91.7 ± 2.1 94.7 ± 2.2 94.8 ± 3.2
Hydrocortisone 0.9991 ± 0.007 0.7 2.1 92.0 ± 3.4 96.0 ± 2.4 97.0 ± 2.2
Spironolactone 0.9989 ± 0.006 0.5 1.6 93.5 ± 3.7 95.5 ± 2.8 94.5 ± 2.3
Canrenone 0.9947 ± 0.005 0.4 1.3 92.5 ± 2.9 94.5 ± 2.4 94.7 ± 2.6
Progesterone 0.9993 ± 0.006 0.6 1.9 91.1 ± 1.8 97.1 ± 2.5 96.1 ± 3.1
Estrone 0.9947 ± 0.005 0.5 1.5 95.2 ± 3.7 95.7 ± 2.7 95.6 ± 1.8

Analytes Determination coefficient (r2)a LOD (ng/ml or ng/g) LOQ (ng/ml or ng/g) Mean recovery (%)b (ng/ml or ng/g)

60 400 800

LC-ESI-MS
Minoxidil 0.9902 ± 0.006 14 46 92.7 ± 3.5 96.7 ± 2.1 96.0 ± 2.0
Triamcinolone acetonide 0.9923 ± 0.007 15 50 94.0 ± 2.8 96.0 ± 2.5 96.8 ± 2.4
Hydrocortisone 0.9992 ± 0.003 18 54 91.5 ± 3.4 95.8 ± 2.9 94.8 ± 2.5
Spironolactone 0.9941 ± 0.005 16 48 92.5 ± 3.8 93.5 ± 2.1 93.3 ± 2.3
Canrenone 0.9992 ± 0.003 15 50 92.5 ± 2.9 97.5 ± 2.7 96.5 ± 1.7
Progesterone 0.9902 ± 0.006 17 52 92.1 ± 3.7 96.5 ± 2.3 96.0 ± 2.6
Estrone 0.9941 ± 0.004 15 50 93.7 ± 2.7 95.5 ± 2.8 95.7 ± 1.8

a Mean ± S.D. of three replicates.
b Mean ± S.D. of four replicates.

Table 2
Intra- (n = 5) and inter-assay (n = 15) precision and accuracy for the analytes under investigation in quality control samples

Analytes Intra-assay Inter-assay

Precision (R.S.D.) Accuracy (% error) Precision (R.S.D.) Accuracy (% error)

40a 300a 600a 40a 300a 600a 40a 300a 600a 40a 300a 600a

HPLC-UV-DAD
Minoxidil 11.2 9.8 7.8 2.2 1.8 1.2 4.8 3.3 3.7 8.9 8.8 7.6
Triamcinolone acetonide 8.9 8.7 6.2 6.2 9.9 7.9 6 5.7 5.8 11.6 9.7 9.8
Hydrocortisone 12.8 7.7 6.1 8.4 4.3 3 7.9 3.9 3.8 8.8 7.8 6.4
Spironolactone 8.2 3 1.9 4.8 3 1.9 5 2.9 2.8 11.7 7.9 6.3
Canrenone 13.8 11.7 9.9 6.1 3.1 3.2 7.3 6 3.1 12.9 10.7 8.2
Progesterone 12.1 8.9 4.8 4.9 5.1 3.8 7.6 3.9 3.7 11.4 8.9 6.4
Estrone 9.8 8.7 3.9 8.9 9 7.3 7.8 8.4 3.9 9.9 11.1 8.7

Analytes Intra-assay Inter-assay

Precision (R.S.D.) Accuracy (% error) Precision (R.S.D.) Accuracy (% error)

60b 400b 800b 60b 400b 800b 60b 400b 800b 60b 400b 800b

HPLC–ESI-MS
Minoxidil 7.4 7.4 6.4 9.4 11.3 8.7 3.4 2.5 6.7 2.5 8.8 12.2
Triamcinolone acetonide 5.7 9.8 12.1 1.7 1.2 0.7 3.7 5.7 7.3 2.5 2.2 1.9
Hydrocortisone 5.6 5.3 9.9 5.6 9.9 9.9 8.5 6.6 9.9 1.4 7.7 9.9
Spironolactone 2.4 4.7 7.2 10 8.5 6.9 1.2 2.8 4.4 10.8 8.5 6.3
Canrenone 14.8 7.9 1 12.5 7.3 2.1 4.8 7.2 0.6 13.3 7.6 1.8

l
a
a
t
e

s
d
c
c

a
h

c
c

m

•

Progesterone 10.6 7.8 5.4 9.2 6.5
Estrone 14.4 8.4 2.3 7.5 9.6

a Expressed in �g/ml lotion and �g/g cream.
b Expressed in ng/ml lotion and ng/g cream.

actone was also present in two out of the three lotions. Cream, sold
s anti-acne and anti-hirsutism product contained triamcinolone
cetonide together with spironolactone, canrenone and proges-
erone. Neither hydrocortisone, nor estrone was present in the
xamined preparations.

This is the first remarkable result of the study, which demon-
trates the presence of a variety of forbidden substances (hormones,
iuretics, minoxidil) in cosmetic products, as also demonstrated in

ase of anesthetics and antihistaminics illegally added to after-sun
osmetics [27].

The second important non expected result is that the percent-
ges of non-allowed substances in examined products is extremely
igh, one order of magnitude more than those usually employed in

•

3.7 6.1 4.6 3.3 10 7.1 4.2
11.8 8.7 9.5 3.3 6.6 9 11.5

osmetic samples [27], and comparable to percentage of pharma-
ologically active substances in pharmaceutical preparations [28].

In conclusion, this paper reports the development of an HPLC
ethod based on two detection methods:

a diode array detection which can be used by all control labora-
tories still not equipped with an HPLC–MS instrument for the

routine control of substances forbidden in cosmetic products,
such as the ones detected in our study;
an ESI-MS detection, which identifies with a high grade of cer-
tainty unknown substances which can be illegally added in
cosmetics based on their structure and molecular weight.
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Fig. 5. HPLC–ESI-MS SIM chromatogram of an extract of commercial cosmetic lotion (diluted 1:100,000) containing 74.0 mg/ml minoxidil (1), 11.1 mg/ml canrenone (6),
25.8 mg/ml spironolactone (7) and 31.6 mg/ml progesterone and IS (2).

Table 3
Concentration of non-allowed substances in cosmetic products for preventing hair loss and other hormone-dependent skin diseases by HPLC-UV-DAD and HP LC-ESI-MS (in
mg/ml lotion, mg/g cream and in % w/v or w/w substance in cosmetic product)

Sample Minoxidil Triamcinolone acetonide Hydrocortisone Spironolactone Canrenone Progesterone Estrone

Cream 1
HPLC-UV-DAD n.d. 12.1 (1.2%) n.d. 17.3 (1.7%) n.d. 49.0 (4.9%) n.d.
HPLC–ESI-MS n.d. 10.2 (1.0%) n.d. 15.1 (1.5%) 5.3 (0.5%) 47.4 (4.7%) n.d.

Cream 2
HPLC-UV-DAD n.d. n.d. n.d. n.d. n.d. 39.0 (3.9%) 0.001 (0.1%)
HPLC–ESI-MS n.d. n.d. n.d. n.d. n.d. 37.4 (3.7%) 0.009 (0.009%)

Lotion 1
HPLC-UV-DAD 61.9 (6.1%) n.d. n.d. 13.4 (1.3%) 7.0 (0.7%) 28.7 (2.8%) n.d.
HPLC–ESI-MS 82.3 (8.2%) n.d. n.d. 6.3 (0.6%) 5.9 (0.6%) 34.3 (3.4%) n.d.

Lotion 2
HPLC-UV-DAD 62.4 (6.2%) n.d. n.d. n.d. 24.0 (2.4%) 26.8 (2.6%) n.d.
HPLC–ESI-MS 68.1 (6.8%) n.d. n.d. n.d. 22.3 (2.2%) 29.3 (2.9%) n.d.

Lotion 3
HPLC-UV-DAD 63.4 (6.3%) n.d. n.d. 27.0 (2.7%) 13.0 (1.3%) 30.7 (3.1%) n.d.
HPLC–ESI-MS 74.0 (7.4%) n.d. n.d. 25.8 (2.5%) 11.1 (1.1%) 31.6 (3.2%) n.d.

Lotion 4
HPLC-UV-DAD 68.3 (6.8%) n.d. 0.0022 (0.2%) n.d. n.d. n.d. n.d.
HPLC–ESI-MS 80.0 (8.0%) n.d. 0.0033 (0.3%) n.d. n.d. n.d. n.d.

n.d. not detected.
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