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Abstract: In this communication, we describe the first analytical method for the determination of
free histidine in hair care products (shampoos and conditioners). Cation-exchange chromatography
combined with postcolumn derivatization and fluorimetric detection enabled the accurate (recovery:
83.5-114.8%) and precise (2.4-5.6% RSD) determination of free histidine without matrix interferences
at concentration levels down to 1.5 mg kg~!. Real commercially available samples were found to
contain the amino acid at levels ranging between 70 and 535 mg kg~ !.

Keywords: histidine; high-pressure liquid chromatography; postcolumn derivatization; fluorescence;
hair care products

1. Introduction

Recent published research has proven experimentally that the presence of copper
traces in human hair promotes damage (color change, split ends, loss of shine, etc.) [1,2]
catalyzed by UV exposure [3]. Copper ions mainly from exogenous tap water sources were
determined in the sulfur-poor endo-cuticle [4], while possible action mechanisms were
identified ranging from the formation of reactive oxygen species to participation in the
oxidation of lipids [5]. A potential solution to the latter issues is the addition of copper
chelators to daily hair care products (shampoos and conditioners) that proved to improve
hair health by reducing the effect of UV exposure [6].

Well-known metal chelators such as N,N’-ethylenediamine disuccinic acid were found
to be effective for copper removal in shampoos [3] but they were not applicable for con-
ditioners, causing instability of the products due to their negatively charged functional
groups. Although not an obvious alternative, the amino acid histidine [6] offers (i) in-
creased chelating activity due to the imidazole group compared with other amino acids [7],
(ii) effective chelation of copper in the presence of a significant excess of calcium and
(iii) effective chelation at the typical pH of shampoos and conditioners [8].

From an analytical chemistry point of view, hair care products are considered to
be complicated matrices containing numerous organic and inorganic compounds, thus
requiring extra sample cleanup steps prior to the end-point analysis. Representative recent
analytical applications in hair care products are presented in Table 1 [9-18]. As can be seen
in the examples of Table 1, solid- or liquid-phase extraction steps are quite common even
when sophisticated LC-MS instrumentation is employed, while dry ashing/wet digestion
are necessary for the determination of inorganic analytes.

In the present study, we report the straightforward determination of free histidine in
hair care products (shampoos and conditioners) using cation-exchange chromatography
coupled to specific postcolumn derivatization and fluorimetric detection. To the best of
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our knowledge, this is the first analytical report for histidine in this type of matrix. The
method is based on the cation-exchange separation of the analyte from the complicated
substrates followed by an online postcolumn reaction with o-phthalaldehyde in the absence
of nucleophilic compounds [19,20]. Validation experiments confirmed the absence of
matrix effects and allowed the adaptation of very simple and convenient sample processing
(dissolution—filtration—dilution).

Table 1. Overview of recent analytical methods applied to hair care products.

Analyte(s)

Analytical Technique Sample Preparation/Cleanup Reference

Methyl and propyl parabens

N-nitrosodiethanolamine
Zinc Pyrithione
Dexpanthenol
Zinc Pyrithione
and Pyrithione
N-nitrosodiethanolamine
Sulfur

Heavy metals

Ketoconazole

Fenoxycarb and Permethrin
Histidine

Pipette tip micro-solid-phase extraction using
chromium-based metal organic framework

UV spectrophotometry [9]

Ultra-High-Pressure LC Online solid-phase extraction using Oasis HLB [10]
Complexometric titration Heating with HCI and H,O, [11]
Ultra-High-Pressure LC-MS Dissolution—filtration—dilution [12]
HPLC-MS/MS Solvent extraction with chloroform/MeOH [13]
HPLC-UV Modified QUEChERS [14]
UV-vis spectrophotometry Dry ashing/wet digestion [15]
Atomic absorption . N
spectrometry Dry ashing/wet digestion [16]
Ultra-High-Pressure . . . .
LC-MS/MS Solid-phase extraction using Oasis HLB [17]
HPLC-UV Dissolution—filtration [18]
HPLC-PCD Dissolution—filtration—dilution This study

2. Results and Discussion
2.1. Investigation of the Separation Conditions

Despite the negative charge of the carboxylic acid moiety, histidine can be retained on
cation-exchange columns through the positively charged nitrogen atoms in its molecule.
Although previous studies of our group have shown rather fast elution of the analyte, the
combination with selective postseparation detection has proven to be adequate for the
analysis of complex matrices [20]. It was therefore necessary to examine the chromato-
graphic profiles of the samples prior to selection of the final separation conditions. Such
preliminary investigations are necessary in order to avoid “surprises” during real sample
analyses. Three histidine-containing shampoos and three histidine-containing conditioners
were randomly selected and were analyzed independently using 5 mmol L~! HNO; as
the mobile phase. Only a single peak corresponding to histidine was recorded in all cases,
despite the complex background of the samples. Similar results were obtained by our
group for biological material as well and can be attributed to the specific postcolumn
derivatization reaction [20]. Increase in the acidity of the mobile phase led to elution of
the analyte at the void volume of the HPLC and also stressed the analytical column in
terms of pH tolerance. On the other hand, lower acidity (3 mmol L~! HNO3) increased
the separation cycle without any other obvious gain. No obvious gain was also recorded
by using 5-10% acetonitrile in the mobile phase. The PCD conditions (concentration of
the reagent, pH, buffer, temperature, etc.) were adopted from previous experimental work
from our group without changes as they provided adequate selectivity [20]. A graphical
depiction of the HPLC-PCD setup (including the derivatization reaction) can be seen in
Figure 1.
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Figure 1. Graphical depiction of the HPLC-PCD setup for the determination of free histidine in
hair care products; 5 mmol L~! HNO; mobile phase at 1 mL min~! (60 °C), 10 mmol L~! OPA,
50 mmol L~ KH,PO, (pH=9),0.25mL min~! flow rate for each stream, 200 cm reaction coil (60 °C),
Aex/Aem = 340/460 nm.

2.2. Investigation of the Extraction Conditions

Histidine is a polar compound, and its amino groups can be protonated in acidic
media. For this reason, 5 mmol L~1 of HNO3 (mobile phase) was used for the extraction
of the analyte in all cases, in this way matching the composition of the mobile phase and
avoiding potential peak distortion phenomena. The extraction was promoted ultrasonically,
and the extraction recovery was studied at time intervals of 15 and 30 min. The time of
30 min did not improve the extraction recovery, and it was concluded that 15 min was
adequate to recover free histidine from the matrix. Following extraction, the samples were
treated according to the Sample Preparation section (centrifugation, filtration and dilution).
No foaming of the samples was observed at any stage. A graphical depiction of the sample
treatment workflow is presented in Figure 2.

2.3. Analytical Figures of Merit

Linearity was obeyed in the range of 1.5-30 mg kg~ ! histidine (r> = 0.998) with
LOD/LOQ = 0.5 and 1.5 mg kg~ !, respectively. The mean within-day precision (expressed
as % RSD) was 2.4% (n = 8 at 5 and 15 mg kg ! histidine), while the between-day precision
was 5.6% (as the RSD of the slopes, n = 6 non-consecutive days).
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Figure 2. Representative workflow of the HPLC-PCD method for the determination of free histidine
in hair care products.

2.4. Study of the Matrix Effect

Due to the complexity of the samples, it was important to investigate the potential
postextraction matrix effects [21,22]. The postextraction matrix effect was studied indi-
vidually for the shampoo and conditioner products, using samples that did not contain
endogenous histidine (according to the manufacturers’ labels). In brief, pooled shampoo
and conditioner samples (1 = 6 for each pooled matrix) were prepared individually and
were treated as described in the experimental section. Each pooled matrix was spiked after
extraction with histidine in the range of 5-20 mg kg~!. The matrix effect was calculated
as the relative error of the slope of the individual matrix-matched calibration curves com-
pared to the slope of the aqueous one. As shown in Table 2, due to the combination of
cation-exchange chromatography and selective PCD, the percent postextraction matrix
effects were negligible, being —1.1% and +3% for histidine in the shampoo and conditioner
samples, respectively.

Table 2. Evaluation of the matrix effect (ME %) in shampoo and conditioner samples.

Slope ME %

Aqueous Curve 279.15 (£0.85)
Shampoo Matrix 276.02 (£4.35) -1.1%
Conditioner Matrix 287.42 (+3.65) +3.0%

2.5. Analysis of Real Samples

The hair care samples were commercially available shampoo and conditioner products
and were selected based on their labels’ claims. In the products that did not refer to histidine
in their ingredients, the analyte was not detected. On the other hand, free histidine was
quantified in all claimed samples, at concentration levels ranging between ca. 70 and
535 mg kg ™!, as shown in Table 3. The dilution factor of each sample is shown in Table 3.
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Representative chromatograms from a standard solution and both shampoo and conditioner
products are depicted in Figure 3. The accuracy of the method was evaluated by spiking
experiments in the samples at two final concentration levels of 5 and 10 mg kg~!. As can
be seen in Table 4, the recoveries were satisfactory and ranged between 83.5 and 114.8%.

Table 3. Histidine content in shampoo and conditioner products (1 = 3).

Shampoo Samples

Histidine (mg kg~1) (+S.D.)

Sample 12 70 (£5)

Sample 2 2 75 (£3)

Sample 3P N.D.

Conditioner Samples Histidine (mg kg~1) (+S.D.)

Sample 1 270 (£10)

Sample 2 € 145 (£5)

Sample 3 © 300 (+12)

Sample 4 € 535 (+13)

Sample 5 b N.D.

2 Samples were diluted 10-fold prior to analysis. ® Samples were diluted 2-fold prior to analysis. ¢ Samples were

diluted 50-fold prior to analysis.
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Figure 3. Representative overlaid chromatograms of standard solution (30 mg kg~ histidine) and

shampoo and conditioner samples using the proposed HPLC-PCD method.

Table 4. Accuracy of the proposed method for the analysis of histidine in diluted real samples (1 = 3).

Shampoo Samples Spiked (mg kg™ % Recovery
Sample 1 156.00 19093.'75
Sample 2 156.()0 g?:i
Sample 3 156.00 gg:;
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Table 4. Cont.

Conditioner Samples Spiked (mg kg—1) % Recovery
Sample 1 100 o510
Sample 2 100 1125
Sample 3 156.()0 19072. 61
Sample 4 156.00 19()51.30
Sample 5 100 1025

3. Materials and Methods
3.1. Instrumentation

The HPLC instrumentation consisted of an AS3000 autosampler (Thermo Scientific,
Walltham, MA, USA); a LC-9A binary pump (Shimadzu, Kyoto, Japan); and an Elite™
vacuum degasser (Alltech, Athens, Greece). Chromatographic separations were performed
using a MetroSep C4 column (150 x 4.0 mm i.d., 5 pm) (Metrohm, Herisau, Switzerland)
thermostated at the desired temperature (Jones Chromatography oven). The PCD instru-
mentation consisted of a MinipulsTM 3 peristaltic pump (Gilson, Middleton, WI, USA);
the PCD reaction coil (200 cm, tightly knitted around a stainless-steel rod); and connec-
tions (made of PTFE tubing, i.d. = 0.5 mm). The reaction coil was thermostated at the
required temperature (HiChrom Limited, Reading, UK). Detection was carried out using a
RF-551 spectrofluorimetric detector operated at high sensitivity (Aex/Aem = 360/440 nm)
(Shimadzu, Kyoto, Japan), and data acquisition was carried out via the Clarity® software
(version 4.0.3, DataApex, Prague, Czech Republic).

3.2. Reagents and Solutions

All reagents used in this study were commercially available and of analytical grade.
The following reagents were used: histidine (Sigma-Aldrich), o-phthalaldehyde (OPA,
Fluka), HNOj3 (Fluka), KH,PO4 (Merk) and NaOH (Merck). Doubly deionized water
was produced by a Milli-Q system (Millipore, Thessaloniki, Greece). The mobile phase
consisted of 5 mmol L~! HNOj; and was prepared daily, including ultrasonic degassing.
The standard stock solution of histidine was prepared daily at the concentration level of
1000 pmol L~! by dissolving accurately weighed amounts in the mobile phase. Working
standard solutions were prepared by serial dilutions of the stock solution in the same
solvent. The derivatizing reagent (OPA) was prepared at a concentration of 10 mmol L1,
Phosphate buffer was also prepared daily at 50 mmol L~! and was adjusted to the pH
value of 9 by addition of 2.0 mol L~! NaOH solution.

3.3. HPLC-PCD Procedure

Standards or samples of 20 uL. were separated through a cation-exchange column
by isocratic elution (5 mmol L1 HNO3) at a flow rate of 1.0 mL min~! and a column
temperature of 60 °C. The eluted compounds were mixed online with the PCD reagents
at a flow rate of 0.25 mL min~! for each stream. The derivatization reaction was allowed
to proceed through a thermostated reaction coil (200 cm/60 °C), and the products were
detected using the fluorescence detector at Aex/Aem = 360/440 nm.

3.4. Preparation of Samples

Two types of commercially available hair care products, namely, shampoos and con-
ditioners, were purchased from local markets and were stored as for everyday use. A
representative amount of 1.0 g of each product was weighed in a 15 mL plastic centrifuge
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tube and dispersed in 10 mL of HNO3 5 mmol L~!. The extraction of histidine was pro-
moted ultrasonically for 15 min. The mixture was centrifuged at 2000 rpm for 5 min,
and the supernatant was filtered through a syringe filter. Each sample was analyzed at a
preliminary step in order to determine the necessary dilution factor. Depending on the con-
centration of free histidine in the filtered solutions, the samples were appropriately diluted
in the mobile phase prior to HPLC-PCD analysis. The validation of the method was based
on histidine-free shampoo and conditioner matrices following the above pretreatment.
Each sample was processed in triplicate.

4. Conclusions

In this study, the first analytical method was validated for the determination of free
histidine in hair care products. Cation-exchange chromatography coupled to online post-
column derivatization offers the determination of histidine in shampoo and conditioner
samples, without matrix effects and with minimum sample preparation, at levels ranging
between 70 and 535 mg kg~ !.
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