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Abstract: A method was set up and validated to identify and quantify seven parabens in each of the 

three skin layers, i.e., Stratum Corneum, Epidermis, and Dermis, because, even if only some ana-

logues are legally allowed in Europe, forbidden parabens are also detected in many personal care 

products and therefore can be absorbed by the skin. A solid/liquid extraction followed by a gradient 

elution chromatographic separation method was performed and validated according to European 

guidelines. Our validated method afforded the detection of all seven parabens with limit of detec-

tion values ranging from 0.026 to 0.090 μg mL−1 and recoveries ranging from 61.80 to 105.73 μg mL−1 

at high and low concentration values (50.0–5.0 μg mL−1), respectively. The proposed method can 

help assess paraben’s skin bioaccumulation since people are repeatedly exposed to consumer goods 

containing parabens in their daily routine, posing a chronic risk to human health. 
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1. Introduction 

Well-being is nowadays regarded as a priority in everyday life. Personal care prod-

ucts (PCPs) involve a vast number of consumer goods offering benefits by increasing the 

aesthetic appeal of individuals and, therefore, their self-confidence. Most PCPs are cos-

metics, lipsticks, eye and facial makeup preparations, or hygiene products such as sham-

poos, bath soaps, antiperspirants, and dental-care products. Such products are not re-

quired to be sterile, but they must not contain levels of microorganisms high enough to 

reduce shelf life or to pose any health risks to consumers. 

Several chemicals can be employed to preserve and prolong PCPs’ shelf life, even if 

the latter are formulated for external use.  

The skin, the largest organ of the human body, is one of the major routes of exposure 

to toxic substances that can be absorbed. This depends on contact time [1] and skin integ-

rity. 

Parabens (PBs) are esters of p-hydroxybenzoic acid (pHBA), acting against several 

microorganisms, especially mold and yeast. They are widely used as preservatives mainly 

in cosmetics and PCPs, but also in pharmaceuticals and foodstuffs [1], and their primary 

uptake from the human body is the dermal route [2]. Moreover, PBs can irritate or sensi-

tize the normal human skin when patients are patch-tested to a parabens’ mix [3]. Hu-

mans are exposed through cosmetics to PBs to an extent accountable to 76 mg pro die, and 

once in contact with the skin, these can be metabolized by the carboxylesterase in dermal 

keratinocytes [4].  

PBs are also considered endocrine disruptors due to their estrogenic or androgenic 

activity. Indeed, they can be toxic to male reproductive organs and exert a proliferative 
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effect on the human breast [5]. In fact, the European Union (EU) limited short-chained 

parabens, such as Methyl 4-hydroxybenzoate (MP) and Ethyl 4-hydroxybenzoate (EP), to 

0.4% w/w of a total product, lowering the concentration limits of Propyl 4-hydroxybenzo-

ate (PrP) and Butyl 4-hydroxybenzoate (BuP) to 0.14% in cosmetics [6] and prohibiting 

their use in children’s products, as already established in Denmark since 2010 

(SCCS/1348/10) [7]. Concerning long-chained parabens, such as PrP, the EU set limits to 

0.19% w/w and banned isopropyl, isobutyl, phenyl, benzyl, and pentyl parabens in PCPs 

[6].  

The assessment of ex vivo permeation assists in the evaluation of the overall safety 

of the products containing PBs. Generally, excised human or animal skin is recommended 

for ex vivo permeation studies. However, due to the limited availability of human skin 

and ethical issues surrounding the use of animal skins, the permeation studies are hardly 

performed. In addition, the fact of their being time-consuming and poorly inter-lab repro-

ducible motivated the development of a wide variety of alternatives in the last three dec-

ades [8]. Unfortunately, however, alternative methods such as in silico prediction or bio-

mimetic liquid chromatography, alone, can occasionally be misleading in the permeability 

potential assessment of these preservatives [9]. For this reason, the need to correlate these 

methods with classical ex vivo methods emerged.  

Our work aims at setting up an ad hoc and validated suitable method to simultane-

ously identify and quantify seven PBs in the skin matrix. The selected panel of compounds 

includes MP, EP, PrP, BuP, Isopropyl 4-hydroxybenzoate (iPrP), Isobutyl 4-hydroxyben-

zoate (iBuP), and Benzyl 4-hydroxybenzoate (BzP). The dataset was assembled according 

to several criteria: these are (i) ample range of lipophilicity, offering wide applicability of 

this protocol; (ii) established occurrence in PCPs, even if misleadingly labelled as preserv-

ative free; (iii) authorization status, assembling both allowed and forbidden PBs [10].  

PBs quantification in the skin matrix remains challenging due to the high degree of 

complexity of the skin layers, composed mainly of ceramides, fatty acids, and cholesterol 

[11], which can severely interfere with chemicals’ quantification [12,13]. To the best of our 

knowledge, most research works report analytical methods to evaluate the concentration 

levels of PBs but of a limited number of analogs along with other chemicals [11,14] or, in 

most cases, the study aims to follow the uptake of PBs from skin explants by Franz Diffu-

sion Cell (FDC) experiments, applying the most varied topic formulations. Instead, we 

propose and validate an analytical method to simultaneously determine up to seven PBs 

in each skin layer, Stratum Corneum, Epidermis, and Dermis, studying the diffusion of a 

neat analyte. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

The purity of all of the PBs as primary standard (Methyl 4-hydroxybenzoate (MP), 

Ethyl 4-hydroxybenzoate (EP), Propyl 4-hydroxybenzoate (PrP), Butyl 4-hydroxybenzo-

ate (BuP), (purchased from Merck & Co., Poole, UK), Isopropyl 4-hydroxybenzoate (iPrP) 

(purchased from Fluorochem, Glossop, UK), Benzyl 4-hydroxybenzoate (BzP) (purchased 

from Sigma Aldrich, Milan, Italy), and Isobutyl 4-hydroxybenzoate (iBuP) (purchased 

from J&K, San Jose, CA, USA) was equal to or higher than 98%. Stock solutions (2 mg 

mL−1) were obtained by dissolving each PBs in ethanol. Chromatographic-grade solvents 

were used, and ultra-purified water Milli Q was produced in house (conductivity 0.055 

μS cm−1 at 25 °C, resistivity equals 18.2 MΩ·cm). For the differential tape-stripping process, 

3M™ Scotch®, Milan, Italy, was used. The skin of porcine ears was obtained from a local 

slaughterhouse (Avellino, Italy).  

2.2. Skin Sample Preparation and Extraction Method 

According to the Organization for Economic Co-operation and Development 

(OECD) guidelines, the skin samples were excised from a male pig ear, post-sacrifice, 
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obtained from a local slaughterhouse (Avellino, Italy) within 3 h from the animal’s death. 

The outer part of the ear was used. Subcutaneous fat was removed, skin samples were 

processed at room temperature (22 ± 2 °C) and hydrated in saline solution (NaCl 0.9%) for 

5 min, then were placed on a filter paper (Fisherbrand™ Grade 601; Fisher Scientific, 

Leicestershire, UK) and cut into pieces of about 2 cm2 size before the extraction procedure. 

The stripping technique was used to obtain isolated Stratum Corneum (SC) through one 

piece of adhesive tape, cut into 2 cm × 2 cm, applied and removed fifteen times with the 

same pressure. After stripping, the skin was submitted to a heat separation process. Skin 

was heated with a hair dryer for 30 secs, and then the Epidermis was separated from the 

Dermis by scraping with a scalpel. Tape strips (SC), Epidermis, and Dermis were placed 

in individual glass test tubes and kept in contact with 1 mL of an ethanolic solution con-

taining all seven PBs for 1 h. Subsequently, the solvent was gently evaporated under N2 

flow. The experiments were carried out employing two different concentrations, the 

higher of 50 μg mL−1, out of iBuP, which was 100 μg mL−1, and the lower of 5 μg mL−1, out 

of iBuP, which was 10 μg mL−1, respectively. Extraction from each skin layer (SC, Epider-

mis, and Dermis) was performed using 1 mL of water:ethanol sol. 50/50 (v/v) at room 

temperature overnight, keeping samples under magnetic stirring. The day after, the skin 

samples were discharged, the extraction solvent was transferred to plastic vials, sonicated 

for 30 min, and then centrifuged at 6000 rpm for 25 min. The supernatant was filtered 

using nylon syringe filters 0.22 μm (Phenomenex, Bologna, Italy) and analyzed using 

high-performance liquid chromatography (HPLC). The experiments were performed in 

triplicate. 

2.3. Liquid Chromatography Method 

A reversed-phase HPLC-UV technique was used for the development and validation 

of the analytical method using an LC-20 VP apparatus (Shimadzu Corp., Kyoto, Japan); 

the stainless-steel column was a silica-based Cholesterol-bonded reversed-phase column 

(150 mm × 4.6 mm, 5 μm, Cosmosil (Nacali Tesque, Kyoto, Japan). The seven PBs were 

separated, under the following chromatographic conditions: eluent A (aqueous added of 

0.01% v/v Trifluoroacetic acid (TFA)) and eluent B (acetonitrile (ACN), added of 0.01% 

v/v TFA), flow rate set to 1.0 mL min−1, column temperature 22 ± 2 °C. Then, 60 μL of 

standard and matrix solutions, i.e., three times the loop volume, were injected, and the 

signals from the UV detector were recorded at 254 nm. The separation was performed on 

a multi-step gradient elution: starting from 30% eluent B, a sequential linear gradient to 

35% eluent B in 10 min, then 38% B in 20 min, and finally 95% B in 1 min. The post-run 

equilibration time was 20 min. Data acquisition and integration were accomplished by 

Cromatoplus software.  

2.4. Chromatographic Method Validation 

Method was validated by testing the parameters of selectivity, linearity, precision, 

accuracy, matrix effect, carry-over effect, robustness, limit of detection (LOD), and limit 

of quantification (LOQ) according to the European validation guidelines [15].  

2.5. Calibration Curve and Linearity 

Calibration curves were constructed using different concentrations of a mixed solu-

tion of the seven analytes. The linearity ranges were tested based on the average peak 

areas versus the concentration (μg mL−1) of PBs; ethanolic standard solutions were pre-

pared and added to the matrix to final concentrations from 50.0 to 0.5 μg mL−1. Linear 

regression analysis and calibration curve parameters (correlation, coefficient, slope, and 

intercept) were back-calculated from the peak areas using the regression line by the 

method of least squares, and the mean accuracy values were determined. 
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2.6. Limits of Detection and Quantification 

LOD and LOQ were estimated to be the concentrations providing signals equal to 3 

and 10 times, respectively. They were calculated based on the following equations: LOD 

= SD·3/S and LOQ = SD·10/S, [13], where SD is the standard deviation of the intercept 

response with the y-axis of the calibration curves, and S is the slope of a calibration curve. 

The spike level is in the appropriate range using a concentration of 0.5 μg mL−1 five times. 

2.7. Precision and Accuracy 

Accuracy and precision can be evaluated independently. The method’s precision was 

evaluated by running five replicates of the sample repeated in the same day and in two 

different days to cover both intra-day and inter-day precision, expressed as relative stand-

ard deviation (RSD). Repeatability was assessed using the nominal concentration of PBs 

mixed solution (0.5 μg mL−1). The accuracy of this method was determined considering 

the recovery of all seven PBs from the different skin layers (Stratum Corneum, Epidermis, 

and Dermis) in triplicate, spiking at high and low concentration values (50.0 and 5.0 μg 

mL−1), and reported as a percentage of the nominal value (percent recovery). 

2.8. Selectivity 

Selectivity, i.e., the ability to discriminate the investigated analytes from other chem-

icals possibly interfering with their signals, was assessed by utilizing blank samples of 

each skin layer. SC, Epidermis, and Dermis samples were kept in contact with 1 mL of 

ethanol for 1 h and extracted with the same procedure indicated in the skin sample prep-

aration and extraction method section. They were used as blank to verify the occurrence 

of interfering peaks eluting at the same retention time of each analyte. 

2.9. Carry-Over 

The carry-over effect of the method was evaluated by injecting ethanol solvent after 

running the highest concentrated samples of PBs spiked in the skin (three times) and ob-

serving the occurrence of signals within the retention windows of the target chemicals. 

2.10. Matrix Effect 

The matrix effect was investigated by calculating the ratio of the peak area in the 

presence of matrix (matrix spiked with PBs-mixed solution) to the peak area in the absence 

of matrix (PBs-mixed pure solution), i.e., determined by comparing the analyte response 

in the presence of matrix with that in the absence of matrix. The spiking was executed at 

50.0 μg mL−1: 

𝑀𝑎𝑡𝑟𝑖𝑥 𝑒𝑓𝑓𝑒𝑐𝑡 =
𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑚𝑎𝑡𝑟𝑖𝑥

𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑖𝑛 𝑎𝑏𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑚𝑎𝑡𝑟𝑖𝑥
  

2.11. Robustness 

Robustness of the analytical method was tested throughout the study period, apply-

ing changes in selected analysis parameters, including different batches and qualities of 

solvents (ACN, EtOH), reagents (TFA, water), equipment, sonication, and centrifugation 

time, and finally the operator over short (days), medium (weeks), and long (months) time 

windows. 

3. Results and Discussion 

3.1. Optimization of Extraction and Chromatographic Method 

Our proposed method of extraction and quantification of PBs in the different skin 

layers resulted in being easy to apply and sensitive. Indeed, although several scientific 

works have already determined some PBs, to the best of our knowledge these research 
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papers described the simultaneous detection of up to four PBs [16], or of some permitted 

PBs along with compounds belonging to different chemical classes [16,17]. The extraction 

from the skin was performed by using two organic solvents, methanol, and ethanol, at 

different percentages with water. The highest recovery was obtained with ethanol: water 

50:50 v/v. 

The effective separation of the seven studied chemicals was optimized after the mod-

ulation of several parameters, such as: (i) stationary reversed-phases (LC column Supelco 

Ascentis C18, 250 mm × 4.6 mm, 5.0 μm i.d; Kinetex phenyl-hexyl 100 Å 150 mm × 4.6 mm, 

5.0 μm particle size); (ii) the mobile phase composition (organic solvents: methanol and 

acetonitrile); (iii) flow rate (range 0.5–1.0 mL min−1); and (iv) gradient elution program, to 

achieve a satisfactory resolution for all the PBs. The best separation conditions were 

achieved with the replacement of methanol with acetonitrile because the use of methanol 

resulted in substandard peak symmetry, and the separation of iBuP and BuP to a degree 

<50%. Moreover, the best resolution of all chemicals was achieved using a Cholesterol-

bonded reversed-phase column, where this cholesterol derivative is attached to a propyl 

spacer through an ether bond. The stationary phase features a rigid scaffold that allows 

shape recognition forces to a greater extent than the ODS phases when free-branched moi-

eties can accommodate analytes of different shapes, being less selective. The cholesterol-

bonded phase has similar hydrophobicity to C18 (ODS) but is better suited for compounds 

with similar hydrophobicity (carbon content approx. 10%) and a slightly different molec-

ular shape, such as closely related PBs. 

3.2. Method Validation 

All method validation parameters are shown in Table 1. 

Table 1. Summary of method validation parameter results. 

Calibration 

Parameters 
MP EP iPrP PrP iBuP BuP BzP 

Linear range  

µg mL−1 
50.0–0.5 50.0–0.5 50.0–0.5 50.0–0.5 100.0–1.0 50.0–0.5 50.0–0.5 

Slope 4836.6 4256.8 4657.3 4512.7 2133.7 6501.9 3177.8 

Intercept 7668.8 5554.6 2590.7 1816.1 4877.7 450.06 2853.4 

R2 0.986 0.990 0.997 0.998 0.997 0.995 0.997 

Repeatability 

(n = 5) RSD% 
4.908 7.480 6.480 5.518 8.977 3.351 20.155 

Intermediate precision 

(n = 10) RSD% 
4.492 7.581 7.518 8.173 10.193 7.919 30.041 

LOQ 

µg mL−1 
0.087 0.161 0.244 0.197 0.301 0.121 0.216 

LOD 

µg mL−1 
0.026 0.048 0.073 0.059 0.090 0.036 0.065 

Matrix effect 

SC 
0.92 0.83 0.85 0.86 1.01 0.81 0.80 

Matrix effect 

Epidermis 
0.92 0.84 0.87 0.88 0.98 0.80 0.89 

Matrix effect 

Dermis 
0.89 0.81 0.83 0.84 0.98 0.82 0.78 

R2 coefficient of determination; RSD % Relative Standard Deviation %; LOQ: limit of quantification; LOD: limit of detection; SC: 

stratum corneum; Methyl 4-hydroxybenzoate (MP), Ethyl 4-hydroxybenzoate (EP), Isopropyl 4-hydroxybenzoate (iPrP), Propyl 4-

hydroxybenzoate (PrP), Isobutyl 4-hydroxybenzoate (iBuP), Butyl 4-hydroxybenzoate (BuP), Benzyl 4-hydroxybenzoate (BzP). 
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The linear R-squared values (R2) of all the calibration curves ranged from 0.986 to 

0.998 for all PBs. The sensitivity of the developed method is appreciable from the listed 

LOD and LOQ parameters, with values ranging from 0.026 μg mL−1 to 0.090 μg mL−1 and 

from 0.087 μg mL−1 to 0.301μg mL−1, respectively. The RSD% of within-run precision was 

in the range of 4.908 and 20.155, while the RSD% between-run precision ranged from 4.492 

to 30.041. The selected panel of analytes have different lipophilicity, ranging from 1.96 

(MP) to 3.56 (BzP) log P values and different solubility, from 2.50 × 103 (MP) to 92 (BzP) 

mg L−1 that can cause the different recovery values. Recovery from SC, Epidermis, and 

Dermis, respectively, was evaluated at high and low spiking concentrations (50.0 and 5.0 

ug/mL): (a) for the highest spiked concentrations, the SC values ranged from 109.90 to 

62.27, Epidermis ranged from 106.85 to 63.69, and Dermis ranged from 109.52 to 66.07; (b) 

for the lower spiked concentrations, SC ranged from 100.08 to 61.80, Epidermis ranged 

from 100.72 to 64.94, and finally Dermis ranged from 105.73 to 65.34. For each skin layer, 

the extraction recovery decreased with solubility increasing. Table 2 summarizes the re-

covery values for each of the seven PBs.  

Table 2. Recovery of Parabens (PBs) from each isolated skin layers: Stratum corneum, Epidermis, 

and Dermis at the two concentration levels (50.0 * and 5.0 ** µg mL−1). 

Recovery 

µg mL−1 
MP EP iPrP PrP iBuP BuP BzP 

Stratum 

Corneum * 
90.45 ± 1.75 82.19 ± 1.74 84.21 ± 1.52 84.91 ± 1.42 109.90 ± 3.34 62.27 ± 0.59 78.77 ± 1.59 

Stratum 

Corneum ** 
100.08 ± 5.06 92.10 ± 4.70 74.93 ± 4.86 72.19 ± 5.33 76.05 ± 2.88 61.80 ± 2.96 76.60 ± 2.90 

Epidermis * 90.92 ± 0.47 83.53 ± 0.39 86.09 ± 0.90 87.37 ± 1.03 106.85 ± 0.50 63.69 ± 0.62 87.53 ± 3.05 

Epidermis ** 100.72 ± 4.43 99.26 ± 1.31 82.52 ± 2.50 77.15 ± 2.92 79.44 ± 1.61 64.94 ± 2.78 76.97 ± 1.85 

Dermis * 79.78 ± 4.78 73.37 ± 3.37 76.02 ± 4.11 76.00 ± 5.01 109.52 ± 2.32 68.89 ± 0.42 66.07 ± 3.68 

Dermis ** 105.73 ± 1.65 99.46 ± 0.28 82.72 ± 0.28 77.08 ± 0.10 79.66 ± 0.57 65.34 ± 0.57 70.98 ± 1.47 

These results support that the developed analytical method offers a reliable response 

which is crucial in such a complex biological matrix. Chromatograms obtained for the 

analytes dissolved in ethanol (Figure 1a) and the skin matrix (Figure 1b–d) with respective 

PBs retention time, under the selected chromatographic conditions and without interfer-

ing peaks, are shown. The table in Figure 1a also shows the resolution ± SD of each peak 

pair calculated as the following equation formula: 

𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 =
𝑡𝑅𝑒𝑓𝑃𝑒𝑎𝑘 − 𝑡𝑅

𝑊50% 𝑅𝑒𝑓𝑃𝑒𝑎𝑘 + 𝑊50% 𝑅

 (1) 

where tRefPeak is the retention time of the reference peak, which by default is the peak after 

the current peak; tR is the retention time of the current peak; and W50%RefPeak, and W50%R are 

the width of these two peaks at 50% of the peak height. After running concentrated sam-

ples of PBs, ethanol injections did not show any interfering signals.  
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Figure 1. Chromatograms obtained for a standard mixture of the Parabens in ethanol (a) and of a 

50 μg mL−1 extracted from Stratum Corneum (b); Dermis (c); Epidermis (d). 

Matrix effect values ranged from the lowest value of 0.78 (Dermis) to 1.01 (Stratum 

Corneum). Concerning the robustness, minor variations in the experimental parameters 

did not cause any appreciable change in the method performance. For the extraction pro-

cedures, distinct organic solvents in various percentages with water were tested. The 

spike levels (50.0 μg mL−1 and 5.0 μg mL−1) were in the recommended range, i.e., calculated 

LOD < spike level < 10 × calculated LOD. The literature reports several analytical methods 

for the determination of PBs, but (a) alone but up to four analogs, (b) in combination with 

molecules belonging to other chemical classes that could interfere in the diffusion, and (c) 

formulated in topical pharmaceutical and cosmetic formulations, such as ointment, sun-

screen, body lotion, and so on (references in Table 3). Table 3 summarizes several studies 

concerning PBs analysis performed with LC_UV detection, along with LOD parameters.  
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Table 3. Comparison of present study with the literature’s analytical methods for the estimation of 

MP, PrP LOD values. * PBs along with compounds of other chemical classes. # not reported.  

Analytes Vehicle Method LOD µg mL−1 LOQ µg mL−1 Ref 

MP, PrP Ethanol LC_UV 0.003–0.053 0.087–0.197 Present study 

MP, PrP 

Water: ace-

tonitrile 

(50:50) 

LC_UV 0.026–0.026 n.r. # [18]  

MP, PrP 

Pharmaceuti-

cal formula-

tion 

LC_UV 0.110–0.090 1.85–0.06 * [19]  

MP, and PP 
Cosmetic 

products 
UPLC_DAD 0.068–0.064 0.02 and 0.04 * [20]  

MP and PP 

Pharmaceuti-

cal formula-

tion 

LC_UV 0.025–0.029 0.076–0.088 * [21]  

LC_UV Liquid Chromatography_Ultraviolet Detection; UPLC_DAD UltraPerformance Liquid 

Chromatography_ Diode-Array Detection. 

We reported a comparison only for MP and PrP because they are the most frequently 

investigated PBs mixture. Usually, scientific works reported LODs for permitted preserv-

atives, but not for the forbidden ones. Indeed, as also reported recently in the literature, 

low concentrations of iPrP, iBuP, and BzP were detected in 70% of PCPs, labeled as 

“green” or “natural,” despite their being banned from the EU [10]. The LOD values in the 

present study are similar to those in Table 3. Other works, not reported in Table 3, afford 

lower LOD values but use different detection systems such as mass spectrometry (MS) 

[22,23]. MS is indeed more sensitive, but the concentration levels of PBs in the marketed 

formulation are in the mg range and, therefore, sensitively detectable with a more cost-

effective piece of equipment such as UV detectors, which are standard for routine labora-

tory use. Furthermore, these studies assess PBs in other matrices, such as blood serum, 

cosmetic, and pharmaceutical samples [18,20]. The proposed method allows for the sim-

ultaneous analysis of as many as seven PBs analogues in a relatively short time, extracting 

them from each skin layer. Lastly, our experiments were run using neat ethanol as the 

vehicle, evaluating only the passage through the skin [24] and its retention therein.  

4. Conclusions 

Considering that approximately 90% of personal care products, such as toothpaste, 

shampoo, shower gel, body cream, and antiperspirants, contain one or more parabens 

[25], it is clear that demands for robust and flexible methods aimed at investigating PBs’ 

skin uptake are emerging. In fact, many cosmetics are applied to the whole body, there-

fore, suspected, or hazardous preservatives could accumulate in the skin and constantly 

be released into the bloodstream. This scientific work proposes an analytical method for 

the simultaneous identification and quantification of seven PBs, based on a cost-friendly 

and efficient sonication-assisted solvent extraction in each of the three skin layers, i.e., SC, 

Epidermis, and Dermis, with reasonable accuracy. This protocol does not require large 

amounts of organic solvent and affords very little interference from the matrix. This 

method might be suitable for large-scale cosmetic and pharmacological assessment of 

these preservatives in each skin layer and to be used routinely in analytical laboratories 

with relatively simple and cost-effective equipment. 
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