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Abstract: Minoxidil, finasteride, dutasteride, and clobetasol propionate might be present as adulteration agents in
cosmetic products such as hair serums. In this study, minoxidil, finasteride, dutasteride, and clobetasol propionate
in commercial hair serum samples are determined by an LC-HRMS method. The relative standard deviations
(R.S.D.) were below 1.5% for the compounds. The correlation coefficient was determined in the range of 0.997-
0.999 for each component in the calibration range. The recoveries of the method are determined as 97.5, 105.5,
104.2, and 100.8, respectively. These active pharmaceutical ingredients were not declared by the manufacturer,
however, pose risk to public health due to their potential toxicological properties. The manufacturers and
government authorities must be aware and give importance to inform the users to prevent the possible risks.
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1. Introduction

Androgenic alopecia (AGA); i.e., male pattern baldness, a common condition characterized by
thinning of scalp hair, has an important place as one of the important cosmetic problems today. The
androgenic agent testosterone is converted to dihydrotestosterone (DHT) by the enzyme 5a-reductase,
and the metabolite plays a crucial role in AGA pathogenesis. In this regard, one of the current treatment
methods is designed to prevent the formation of DHT. Finasteride and minoxidil are only two drugs which
currently have FDA approval in AGA treatment. The first prevents the formation of DHT by blocking the
5a-reductase enzyme and the latter aims to strengthen vascularization and hair follicles by vasodilatation
[1,2].

Minoxidil is a potent vasodilator which was first introduced as a treatment for hypertension [3].
It has strong hair growth inducing effects which is possibly linked to the activation of the B-catenin
pathway [4]. Finasteride and dutasteride, medications that inhibit type Il Sa-reductase, are also used for
the treatment used for AGA [5]. Clobetasol propionate is a potent topical steroid which is used in the
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treatment of atopic and contact dermatitis, psoriasis, and vulvar lichen sclerosus [6]. Additionally, in hair
serum applications special rollers are used to easily reach the bottom of the preparations applied to the
roots of the follicles, and cracks are required to form in the skin. Since this causes damage to the skin,
there is also the possibility that steroids such as clobetasol propionate have been used for prevention or
healing.

Several studies have been reported for the measurement of the minoxidil [7], finasteride [8],
dutasteride [9] and clobetasol propionate [10] in the literature to define and quantify them in their
pharmaceutical dosage forms and pharmacokinetic experiments.

Therefore, in this study, it is aimed to develop a fast, precise, and reliable LC-HRMS method to
investigate whether these active ingredients existence in commercially available three hair serums which
claim to consist of all-natural ingredients. The possible toxic effects of these molecules on human health
are evaluated herein.

2. Experimental
2.1. Materials

Minoxidil (299 % Sigma-Aldrich), Finasteride (=98 % Sigma-Aldrich), Dutasteride (>96 %
Sigma-Aldrich), Clobetasol propionate (European Pharmacopoeia Reference Standard). Ammonium
format, formic acid obtained from Merck. HPLC grade methanol and acetonitrile purchased from Sigma-
Aldrich. HPLC-grade water produced on Elga Milli-Q water (Bedford, MA, UK) water purification
system.

2.2. Standard Solutions

Standard solution mixtures were prepared at 6 different concentrations (0.1 mg/L, 1 mg/L, 10
mg/L, 25 mg/L 50 mg/L and 100 mg/L) in methanol. 1000 mg/L of stock solution of dihydrocapsaicin
(purity 97%) in methanol was used as an internal standard.

2.3. Optimization of LC-MS Conditions

The optimum mobile phase conditions were determined for the target compounds, a gradient of
methanol and water system. mobile phase A composed of 0.1 % ammonium formate in methanol and
mobile phase B composed of 1% ammonium formate in water. The mobile phases for HPLC composed
of the following gradients of mobile phases of (A) and B. 0-1.00 min 50% A and 50% B, 1.01-3.00 min
100% B, 3.01-6.0 min B %, and 6.01-15.0 min 50% A and 50% B. (flow rate, 0.35 mL/min; column
temperature, 22 ° C). Environmental conditions were adjusted 22.0 £ 5.0 °C and a relative humidity of 50
% + 15 %. A Thermo Scientific ORBITRAP Q-EXACTIVE mass spectrometer (Thermo Fisher Scientific
Inc., Waltham, MA, USA) equipped with a Troyasil C18 column (150 x 4.6 mm i.d., 5 mm particle
size). Electro-spray ionization (ESI) ionization technique was used for the ionization. lons
between m/z 100 and 900 were scanned in high-resolution mode for the target compounds. The MS
conditions were used as following: sheath gas flow rate 45, auxiliary gas flow rate, 10, spray voltage, 3.80
kV, capillary temperature, 320 °C, auxiliary gas heater temperature 320 °C, S-lens RF level 50.
Compounds were identified by comparing the retention times of standards. Dihydrocapsaicin (purity 97%)
was used as an internal standard. Table 2 shows the ionization mode, mass data, linear range, linearity,
limit of detection (LOD), limit of quantification (LOQ) and recovery information [11-14].

2.4. Method Validation

An LC-HRMS method was developed for determination of minoxidil, finasteride, dutasteride
and clobetasol propionate in commercial hair serums. Method validation parameters were determined
as specificity, accuracy, linearity, limit of detection (LOD), limit of quantification (LOQ) and
repeatability (in a day and intra days).
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2.4.2. Specificity

The specificity is an important tool as a measure of how accurately and precisely the target analyte
can be identified in the matrix without any interference. The specificity of the developed LC-HRMS
method was determined by direct analysis (blank) of the prepared methanol extract of Serenoa serrulata
and spiked target analytes [15-17].

2.4.3. Accuracy

Accuracy is the closeness of agreement between the value of the amount of substance of the
measurand in the matrix and the nominal quantity value of the measurand in it. In this study, accuracy
was determined for each compound at three different concentrations, 1 mg/L, 25 mg/L, and 50 mg/L. The
values obtained by measuring the samples prepared gravimetrically at these concentrations were
calculated using the following recovery formula and the results are given in Table 1 [15-17].

%Recovery = Recovered concentration /Injected concentration x 100

2.4.4. Precision

Three different concentrations (1 mg/L, 25 mg/L, and 50 mg/L) were used in intra-day and inter-
day precision studies. For the precision study, all concentration levels were analyzed 6 times on 3 different
days. The relative standard deviation (RSD) was calculated using the formula below. Acceptance limits
for % RSD of the measurands were determined as less than 1.5 %.

%Relative standard deviation = Standard deviation/Mean x 100
2.4.5. Detection and Quantitation Limits

LOD and LOQ studies were carried out by spiking the starting material at lower mass fraction
values such as 0.05 mg/L and 0.1 mg/L of the compounds. The developed LC-HRMS method was applied
to the 6 spiked samples. The LOD and LOQ values were calculated by multiplying the standard deviation
(SD) by 3 and 10, respectively (see Table 1) [17].

2.4.6. Linearity

The linearity of the LC-HRMS method was assayed by analyzing standard solutions in the range
of 0.1-100 mg/L for minoxidil, finasteride, dutasteride and clobetasol propionate. The R? values were
found to be in the range of 0.997-0.999. The linear regression equations were reported in Tablel.

2.5. Sample Preparation

Approximately 10 mL of hair serum sample was filtered on a 0.45 um nylon filter. Then, 4 mL
of filtrate sample was placed in a 5 mL volumetric flask and 50 pL of internal standard stock solution was
added in it. Then it was adjusted to the volume with filtered sample solution. From the final solution 1.5
mL was taken and transferred to the HPLC vial and, from the vial 2 pL was injected to the LC-HRMS.

2.6. Measurement Uncertainty Assessment

The uncertainty parameters were determined as purity of the standards, weighing of sample
intake, repeatability, recovery, and calibration curve. The EURACHEM CITAC methodology was used
for the estimation of the measurement uncertainty. Since the detailed methodology and used equation
were given below and in our previous reports in detail (see Table 2) [15-17].



96

Determination of adulteration of hair serum samples

— 2 2 2 2 2
Ucombined _Juspurity) +(uweighing) +(ucalibration) +(urecovery) + (urepeatability)

3. Results and Discussion

3.1. Analytical Chemistry

In this study, a simple and widely applicable an analytical method for determination of minoxidil,
finasteride, dutasteride, and clobetasol propionate was developed by using LC-HRMS technique in hair
serums which are used for the treatment of AGA. The developed method was validated according to the
EURACHEM CITAC Guide [17]. Method validation parameters are summarized in Table 1. The
uncertainty budget of each compound is given in Table 2. Since the uncertainty value from the weighing
parameter is very small, it has been neglected in the calculation. The main sources of the uncertainty are
determined as repeatability, calibration curve, and purity of the compounds.

Samples produced in different batches of the three best-selling hair serum samples in Turkiye
were obtained from the market and analyzed according to the developed method. As a result of the
analyzes made, the presence of high amounts of synthetic drugs/actives were detected in the hair serum
samples declared by the manufacturer to be of herbal origin. When Figure 1 is examined, it has been
determined that the hair serum sample with F code contains minoxidil, finasteride, and clobetasol
propionate, while the presence of minoxidil, finasteride, and dutasteride was determined in the serum
sample with the S code. Lastly, inthe T coded serum, these compounds have not been detected.

Table 1. Method validation parameters of the developed method

Compound m/z lonization  Linear Linear Regression LOD/ R2 Recover
P Mode Range Equation LOQ y

Minoxidil ~ 210.1347  Positive 0.1-100 y=0.1194x+0.7918 0.03/0.09  0.999 975

Finasteride = 373.2846  Positive 0.1-100 y=0.149x+0.3777 0.03/0.09  0.998 105.2

Clobetasol 467.1971  Positive 0.1-100  y=0.0001357x-0.0000786  0.03/0.09  0.999 1008

propionate

Dutasteride  529.2285  Positive  0.1-100 y=0.08042x+0.3711 003009 0997 1042

* Linear regression analysis with a calibration equation of y = ax + b in which x is the concentration in pg/mL the compound and
y is the peak area.

Table 2. Determined Active substances in commercial hair serum samples (mg/L)

i i Hair Serum
Compound Hair Serum Hair Serum U %
F S T
Minoxidil 25612.44 29625.35 <LOD 2.46
Finasteride 6150.55 3125.7 <LOD 3.53
Clobetasol propionate 2202.85 <LOD <LOD 3.72

Dutasteride <LOD 113.01 <LOD 4.47
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Figure 1. LC-HRMS chromatograms of commercial hair serum samples A) Commercial hair sample
coded F, B) Commercial hair sample coded as S

3.2. Potential Toxic Effects of the Ingredients

The active ingredients in any cosmetic product in Turkiye must be declared to the Ministry of
health, Turkish Medicines and Medical Devices Agency. However, the presence of the compounds
detected here has not been declared by the manufacturer. Considering that finasteride is not licensed in
liquid form in Turkiye, this study highlights the importance of reporting and regulation. Moreover, the
possible toxic effects of these compounds pose serious risks to public health.

In this study, minoxidil, finasteride, and dutasteride were determined in two different hair serum
(lotion) brands it the Turkish market. In the hair serum F and S the major active ingredient was found to
be as minoxidil, 25612.44 mg/L and 29625.35 mg/L, respectively. In hair serum F, finasteride and
Clobetasol propionate were determined, while in the hair serum S, finasteride and dutasteride were
determined as an adulteration agent. None of these compounds are declared on the labels of the examined



98

Determination of adulteration of hair serum samples

products. In this regard, the toxicological properties of the determinant compounds are of great
importance.

Minoxidil is a potent vasodilator, when applied topically it may cause undesirable hair texture
and irritant contact dermatitis, therefore, it can be preferred to be used orally [18]. However, in case of
oral exposure, it may cause undesired systemic effects such as cardiovascular toxicity [19] besides
hypertrichosis which is excessive hair growth anywhere on the body [3].

The next determined compounds in the serums are finasteride and dutasteride. They may cause
systemic toxic effects such as erectile dysfunction, ejaculation problems, decreased libido which is linked
with its antiandrogenic effects. Additionally, an increased risk of depression is an important adverse effect
of them [5,20]. Although topical administration is well tolerated, excessive topical administration might
lead to these systemic toxic effects.

The other determined compound in the studied hair serums is clobetasol propionate. Its mechanistic
effects are related to its anti-inflammatory, immunosuppressive and antimitotic effects, which is linked
with growth and differentiation inhibiting cytokine production. Indeed, it has local and systemic side
effects, such as skin atrophy and hypothalamic-pituitary-adrenal axis suppression [6]. We claim that
clobetasol propionate has been placed in this serum mixture to reduce possible irritation which may be
caused due to uncontrolled usage of active ingredients. Besides that, in hair serum applications, special
rollers are used to easily reach the bottom of the preparations applied to the follicles, and cracks are
required to form in the skin. Since this has caused damage to the skin, there is also the possibility that
steroids such as clobetasol propionate have been used to prevent this or accelerate healing.

4. Conclusion

In conclusion, a simple and effective LC-HRMS method for minoxidil, finasteride, dutasteride,
and clobetasol propionate in hair serums was developed and validated in this study. This developed
method was recorded in the literature with this study as the first method performed simultaneously for
these four metabolites. In the hair serum samples sold in the market in Tirkiye, active pharmaceutical
ingredients that were not declared by the manufacturer were detected. This situation poses a danger both
in terms of competition among companies and public health. It is very important to use those drugs under
the control of a physician and to monitor them continuously to prevent possible symptoms. Hereby,
minoxidil, finasteride, dutasteride, and clobetasol propionate might be present is hair serums as
adulteration agents. The manufacturers and government authorities must be aware and give importance
to inform the users to prevent the possible risks for public health.
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