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Abstract: To identify oxidative hair dyes in hair-coloring products, the thin-layer chromatography (TLC)
screening method was used in accordance with Korean Quasi-drug Codex. However, the TLC method is not
reliable when there are very small amount of materials to be tested or when R, values of several components
are similar. In this study, Ultra Performance Liquid Chromatography (UPLC) with a rapid sample preparation
method was developed for the reliable and sensitive identification of active components contained in oxidative
hair-coloring products. Hexane-distilled water was used for the extraction of active components contained in
the products prior to UPLC analysis. The limit of detection of active components was 6.7-77.9 pg/L, and the
limit of quantitation was 22.3-259.7 ug/L. Except for a~naphthol, the range of recovery ratio was 96.2-101.5%.
From this study, we demonstrated that oxidative active hair-coloring components can easily be analyzed by
rapid extraction method followed by UPLC analysis.
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diamine, 4,4-diaminodiphenylamine sulfate, p-amino-o-
cresol, p-nitro-m-phenylenediamine sulfate, 2-methyl-5-
hydroxyethylaminophenol 2] 32 n-phenyl-p-phenyle-
nediamine (Sigma, St. Louis, MO, USA). Toluene-2,5-
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diamine, 2-amino-4-nitrophenol 123 2-amino-5-
nitrophenol (Aldrich, Milwauke, WI, USA). O-, m-, p-
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phenylenediamine (Fluka, St. Louis, MO, USA).
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Table 1. The operating conditions of Ultra Performance Liquid
Chromatography (UPLC)

Acquity UPLC HSS T3

Column (1.8 pm, 2.1x100 mm, Waters, USA)
Flow rate 0.35 mL/min
Injection volume 1 uL
UV wavelength 235 nm
Time (min) A (%) B (%)
0.00 100 0
8.00 95 5
12.00 95 5
Mobile phase 15.00 65 35
(gradient) 17.00 45 55
18.00 100 0
20.00 100 0
A: 0.02 mM ammonium phosphate at pH 5.2
B: Acetonitrile (ACN)
%53 3% 7](7652H, Fisher, Fair Lawn, NJ, USA),
o] A

4 u]—hv’—ﬂl 7](Universal 320, Andreas Hettich GmbH &
Co., KG, Germany) 22| 3. pH meter (Fisher AR-50,
Fair Lawn, NJ, USA)E A3t

2.3. A|guh
A& 100 mgS centrifuge tubeol &+ ¢ 0.3
mL F7V8 FFF 10 mLE F718ke] BAatsn
7000 rpmol|A] 20 & AR F dlF WEFFHTF F)
S 02 pm ZEE oFHste] AlFAo 7 &9t e
FEAEOE ALY FFEAES 47 10 mgS &

=

Sa Aol o ehgS HUbste AP & FFHF 10
mLol &3l3ke] EF8(1000 pg/mL)S A 233 th.
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3t Al A 137 vlEIA| 59 AP 20 tEte] A&
o} Fdd A Aok A er EA5a Altet
AT HFALS FE2EALS 2, 10, 20, 20081 =2 3]4
5 9 235 nmoll A B4 s fFRAAEES] A
ESHAe FFSA= 4 ZZ 1YW (Empower 2,
Waters, USA)S ©]&3}o] S/N ratio2 33 102 =
S o HiEEe AE AL AFIAR
=
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Fig. 1. The effects of eluent acidity on the separation: 1. p-
phenylenediamine; 2. p-aminophenol; 3. toluene-2,5-
diamine; 4. 2,6-diaminopyridine; 5. m-phenylenedi—
amine; 6. p-methylaminophenol; 7. m-amiophenol; 8.
2,4-diaminophenoxyethanol HCI; 9. N,N'-bis(2-hydro-
xyethyl)-p-phenylenediamine sulfate; 10. o-phenylene-
diamine.
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Fig. 2. The chromatogram and spectra of 24 oxidative hair dyes by UPLC: 1. p-phenylenediamine; 2. p-aminophenol; 3. toluene-
2,5-diamine sulfate; 4. 2,6-diaminopyridine; 5. m-phenylenediamine; 6. p-methylaminopheonol; 7. m-aminophenol; 8.2,4-
diaminophenoxyethanol hydrochloride; 9. N,N’-bis(2-hydroxyethyl)-p-phenylenediamine sulfate; 10. o-phenylenediamine;
11. o-aminophenol; 12. o-chloro-p-phenylenediamine; 13. resorcinol; 14. 2-methylresorcinol; 15. 2-nitro-p-phenylenediamine;
16. 4,4’-diaminodiphenylamine; 17. p-amino-o-cresol; 18. p-nitro-o-phenylenediamine; 19. p-nitro-m-phenylenediamine sulfate;
20. picramic acid; 21. 2-amino-4-nitrophenol; 22. 2-amino-5-nitrophenol; 23. 2-methyl-5-hydroxyethylaminophenol; 24.
o-naphthol. Analysis conditions: Acquity UPLC HSS T3 column (Waters, USA); mobile phase: 0.02 mM ammonium
phosphate buffer at pH 5.2 with acetonitile gradient; column temperature: 30 °C; flow rate: 0.35 mL/min; injection
volume: 1 pL; UV detector wavelength; 235 nm.
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Table 2. The recovery rate of spiked standard solution by UPLC

Average

o . [OAVA LODY LOQ

Oxidative hair dyes rec((;)f,errf/:;te %) (ug/l) (ue/l)
p-phenylenediamine 98.2 1.43 6.7 223
p-aminophenol 96.5 1.76 15.1 50.3
toluene-2,5-diamine sulfate 98.3 1.02 10.1 33.7
2,6-diaminopyridine 99.3 1.11 5.4 18.0
m-phenylenediamine 97.4 1.13 7.7 25.7
p-methylaminophenol 101.5 2.27 20.4 68.0
m-aminophenol 98.6 1.22 6.7 223
2,4-diaminophenoxyethanol HCI 96.2 1.56 8.1 27.0
N,N'-bis(2-hydroxyethyl)-p-phenylenediamine sulfate 96.9 1.55 442 147.3
o-phenylenediamine 97.5 2.15 10.2 34.0
o-aminophenol 99.5 2.31 14.1 47.0
o-chloro-p-phenylenediamine 98.8 1.32 14.0 46.7
resorcinol 96.5 1.55 9.1 30.3
2-methylresorcinol 97.5 1.23 50.4 168.0
2-nitro-p-phenylenediamine 96.9 1.14 20.1 67.0
4,4’-diaminodiphenylamine sulfate 99.5 1.41 19.5 65.0
p-amino-o-cresol 99.8 1.10 20.4 68.0
p-nitro-o-phenylenediamine 97.9 1.33 17.5 583
p-nitro-m-phenylenediamine sulfate 96.7 1.45 16.8 56.0
picramic acid 96.7 1.55 30.6 80.5
2-amino-4-nitrophenol 98.7 1.01 39.8 132.7
2-amino-5-nitrophenol 98.9 2.12 8.8 293
2-methyl-5-hydroxyethylaminophenol 98.7 1.32 15.1 50.3
o-naphthol 40.8 6.60 77.9 259.7

ACoefficient of variation = (standard deviation/mean value) x 100 (n=3).

YLOD; Limit of detection, LOQ; Limit of quantitation
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Table 3. The quality inspections of active components by UPLC

Oxidative hair dye components® Labeled color on
Products R
1 5 3 4 5 6 7 8 packing
<1 Spec.” O O O o d
_ UPLCY o b b range re
- Spec. - O O @) @) O O O Red |
- UPLC D D D D D D D e¢ purpie
Spec. O @) - - - O - -
S-3 UPLC b D D Dark red

31; p-phenylenediamine, 2; p-aminophenol, 3; toluene-2,5-diamine sulfate, 4; m-aminophenol, 5; resorcinol, 6; p-amino-o-cresol, 7; o-naph-

thol, 8; picramic acid

®Oxidative hair dye components marked in specification
9Analytical result of hair dye components by UPLC (D; detected, ND; not detected)

0.04 -~

Lol

10.0

12.0 14.0 16.0 18.0
Minutes (min)

730 27730

3123

Fig. 3. The sample (S-1) chromatogram of oxidative hair dyes
by UPLC: 1. p-aminophenol; 2. resorcinol; 3. p-

amino-o-cresol.

Table 4914 IA1E KQCO| w2 TLCWE 3 UPLC
g vasileh. TLCE o468 FAAAE $5¢
Ak TLCH 5 2@ FAEA 44 8 9E

FA ol 7hsakit.

Table 4. The comparative table of TLC method and UPLC for quality inspection of active components

[ TLC method in accordance with Korean Quasi-drug Codex (KQC)
- The comparison of Ry values and colors of the standard solution and the test solution.
- Pre-treatment: Several steps such as heat, concentration and alkalization to extract active ingredients.

Mix & Heat

- Sample 2 g

- D-H,S0,30 mL

- Sodium sulfate 5 g
- Water 20 mL

Heat & Alkalization Mix and Stand
- Take the lower part of solution - Iso-propanol 1 mL Sample
- Concentration (10 mL) =|-NaHSO; 1 g = solutli)on

- Take 5 mL and
add ammonia solution

- Leave in room temperature
- Take the upper part of solution

- Quality inspection: It is a useful method to identify hair dye components contained in coloring products using a few kinds
of reagents and TLC plates without the necessity of highly expensive analysis equipments. But if several oxidative hair dyes
whose Ry values are similar are contained in very small amounts in the hair products, it is difficult to detect.

[J UPLC method

+ The comparison of RT(retention time) and UV spetra of the standard solution and the test solution.
- Pre-treatment: Relatively simple and take a short time.

Mix in centrifuge tube
- Sample 100 mg

- Hexane 0.3 mL and Water 10 mL

o Centrifuge

- 7000 rpm, 20 min

Filtration
= | - Take the lower part solution | =
- Filtrate (0.2 pm)

Sample
solution

+ Quality inspection: It enables to identify active components contained in very small amounts in a short time as having high separation
efficiency, and is possible to conduct the quantitative test of active ingredients which is difficult to analyze in the case of TLC method.
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