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Abstract
Cysteamine has been used in cosmetics as an antioxidant, a hair straightening agent, and a hair waving agent.
However, recent studies indicate that cysteamine can act as an allergen to hairdressers. The objective of this study
was to develop and validate a simple and effective reversed-phase high-performance liquid chromatography (RPHPLC) method for the measurement of cysteamine and its dimer, cystamine. Sodium 1-heptanesulfonate (NaHpSO) was used as an ion-pairing agent to improve chromatographic performance. Separation was performed on a
Gemini C18 column (250 mm × 4.6 mm, 5 µm particle size) using a mobile phase composed of 85:15 (v/v) 4 mM
NaHpSO in 0.1% phosphoric acid:acetonitrile. UV absorbance was monitored at 215 nm. The RP-HPLC method
developed in this study was validated for specificity, linearity, limit of detection, limit of quantitation, precision,
accuracy, and recovery. Cysteamine and cystamine were chromatographically resolved from other reducing agents
such as thioglycolic acid and cysteine. Extraction using water and chloroform resulted in the recovery for cysteamine and cystamine ranging from 100.2-102.7% and 90.6-98.7%, respectively. This validated RP-HPLC
method would be useful for quality control and monitoring of cysteamine and cystamine in cosmetics.
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INTRODUCTION

in cells throughout the body (4).
Cysteamine hydrochloride is also used in cosmetics as
an antioxidant, a hair straightening agent, and a hair waving agent. It functions as a reducing agent at concentrations between 5% and 12% in permanent-wave solutions
(5). However, recent studies in Europe and Japan reported
that cysteamine can act as an allergen to hairdressers (68). Therefore, cysteamine needs to be evaluated for its
potential as an allergen due to its presence in hair waving
and dyeing agents (8).
Cysteamine has been analyzed by several analytical
techniques, including high-performance liquid chromatography (HPLC) with electrochemical detection (9), fluorescence detection (10,11) and ultraviolet-absorbance detection
(12), capillary electrophoresis (13), and gas chromatography with flame photometric detection (14,15). However,
most of these methods were developed for the analysis of
biological fluid samples with complicated sample pretreatments, such as derivatization, and no studies have evaluated cysteamine in cosmetics.

Cysteamine is an aminothiol compound (HS-CH2-CH2NH2) endogenously formed by degradation of coenzyme
A and it can be converted to the neurotransmitter hypotaurine by cysteamine dioxygenase (1). Cysteamine has been
used as a therapeutic agent for the treatment of cystinosis,
cystic fibrosis, neurodegenerative disorders such as Huntington’s disease and Parkinson’s disease, and nonalcoholic fatty liver disease (2,3). In 1994, cysteamine was
first approved as a drug product for the treatment of cystinosis, which is characterized by accumulation of cystine
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The purpose of this study was to develop a simple and
effective analytical method for the quantitation of cysteamine using reversed-phase high-performance liquid
chromatography (RP-HPLC). As cysteamine can be readily oxidized to the disulfide form cystamine (NH2-CH2CH2-S-S-CH2-CH2-NH2), a RP-HPLC method for simultaneous determination of cysteamine and cystamine was
developed and validated. The method was then used to
analyze cysteamine and cystamine in hair cosmetics.

MATERIALS AND METHODS
Materials. Cysteamine hydrochloride (CAS No. 15657-0), cystamine dihydrochloride (CAS No. 56-17-7), and
L-cysteine were obtained from Sigma-Aldrich (St. Louis,
MO, USA). Acetonitrile (HPLC grade) was obtained from
Fisher Scientific (Fair Lawn, NJ, USA). Sodium 1-heptanesulfonate (NaHpSO) and calcium thioglycolate trihydrate were purchased from TCI (Tokyo, Japan). All other
chemicals were of analytical grade or the best grade available. Two commercial cosmetics and creams were purchased from a local store in Korea.
Preparation of standard solutions. Each stock solution of cysteamine or cystamine was prepared at a concentration of 5 mg/mL in deionized water. Working standard
solutions were prepared by diluting of the stock solutions
with deionized water to a concentration range of 2-500 µg/
mL for cysteamine and 5-500 µg/mL for cystamine. Every
working standard solution was immediately prepared and
analyzed.
HPLC analysis. All HPLC experiments were performed on a Dionex HPLC system (Dionex, Sunnyvale,
CA, USA) equipped with an auto-sampler, pump, column
compartment, and 4-channel multi UV-Vis detector. Data
were collected and analyzed using Chromeleon 6.8 software (Dionex). Separation was performed using an isocratic elution program on a Gemini C18 column (4.6 mm i.d. ×
250 mm, 5 µm particle size; Phenomenex, Torrance, CA,
USA) with a guard column (3.0 mm i.d. × 40 mm; Phenomenex). The mobile phase consisted of 85:15 (v/v)
aqueous 4.0 mM NaHpSO in 0.1% phosphoric acid: acetonitrile. The injection volume was 20 µL and the flow
rate was 1.0 mL/min. The column temperature was maintained at 25oC and the detection wavelength was set at
215 nm.
Validation of HPLC methods. The validation procedure was conducted in according with ICH guidelines
(16). The selectivity of the method was assessed by analyzing mixtures of cysteamine-cystamine, cysteaminethioglycolic acid, or cysteamine-cysteine. Linearity was
determined by plotting peak area of standards versus con-

centrations of standard and performing least-squares linear regression across the ranges of 2 to 500 µg/mL for
cysteamine and 5 to 500 µg/mL for cystamine. Curve fit
was determined by the coefficient of determination (r2).
The limit of detection (LOD) and the limit of quantitation
(LOQ) were calculated according to the following formulas: LOD = 3.3 (s/m) and LOQ = 10 (s/m). Where s represents the standard deviation of the blank measurements
(n = 7) as the minimum detectable level and m represents
the slope of the calibration curve. The precision and accuracy of the method were determined by analyzing five replicates for intra-day and three replicates for inter-day
analyses. Precision and accuracy were determined using
quality control (QC) samples containing cysteamine (2,
15, 150, and 500 µg/mL) and cystamine (5, 15, 150, and
500 µg/mL). Recovery was evaluated by comparing the
peak areas of each 100 µg/mL cysteamine and cystamine
spiked into blank cream prior to extraction to the peak
areas of 100 µg/mL cysteamine and cystamine spiked into
blank cream post-extraction (17,18).
Analysis of cosmetics. Approximately 1.0 g of the
commercial product was weighed into a volumetric flask
and then dissolved in 100 mL of deionized water. The solution was transferred to a separatory funnel and the aqueous
phase from the funnel was collected after rinsing twice with
20 mL of chloroform. The collected aqueous phase was
centrifuged at 3,000 rpm for 10 min. The clear supernatant
was passed through a 0.45 µm PTFE membrane filter and
injected onto the HPLC system for quantitative determination of cysteamine and cystamine in cosmetics.

RESULTS
Analytical method development. Cysteamine and
cystamine are hydrophilic molecules that contain amine
functional groups, which presented a challenge with regard
to retention on a C18 column with a mobile phase composed of aqueous 0.1% phosphoric acid and acetonitrile.
As shown in Fig. 1A, cysteamine and cystamine had
retention times of 2.4 min and 2.1 min, respectively, when
separated using a mobile phase composed of 15% acetonitrile and 85% aqueous 0.1% phosphoric acid. Therefore,
we used NaHpSO as an ion-pairing agent to improve
retention based on the cations present in cysteamine and
cystamine. Using a mobile phase composition of 85:15
aqueous 4.0 mM NaHpSO with 0.1% phosphoric acid :
acetonitrile, cysteamine and cystamine eluted at 6.4 min
and 15.9 min, respectively, as shown in Fig. 1B. Cysteamine and cystamine in samples were identified by retention
time comparison to prepared authentic standards, as shown
in Fig. 1C and 1D. To optimize separation of cysteamine
and cystamine, mobile phases containing 0, 3.5, 4.0, 4.5,
and 5.0 mM NaHpSO were evaluated. Use of 3.5 mM
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Table 1. Linear regression, LOD, and LOQ of the validated RPHPLC method for determination of cysteamine and cystamine
Parameters

Cysteamine

Cystamine

Regression equation y = 0.0300x − 0.0216 y = 0.0229x − 0.0882
0.9999
0.9999
r2
LOD (µg/mL)
0.3200
1.6300
LOQ (µg/mL)
0.9700
4.9500

Fig. 1. RP-HPLC analysis of cysteamine and its dimer cystamine. Chromatogram of cysteamine and cystamine obtained
with a mobile phase composed of 85:15 (v/v) 0.1% phosphoric acid:acetonitrile without ion-pairing agent (A) and chromatograms of a mixture of cysteamine and cystamine (B),
cysteamine only (C), and cystamine only (D) obtained with a
mobile phase composed of 85:15 (v/v) 4.0 mM NaHpSO as
ion-pairing agent in 0.1% phosphoric acid:acetonitrile. Peak 1:
cysteamine and peak 2: cystamine.

NaHpSO resulted in a broad cystamine peak. At 4.0 mM
NaHpSO and higher, cysteamine and cystamine were
retained well, and their peaks exhibited good symmetry.
Thus, the optimal concentration of NaHpSO for separation of cysteamine and cystamine was 4.0 mM in 0.1%
phosphoric acid.

Fig. 2. Specificity of RP-HPLC method. Chromatograms of cysteamine mixed with thioglycolic acid (A) and cysteine (B). Peak
1: cysteamine, peak 2: thioglycolic acid, peak 3: cysteine, and
asterisk: dimer of thioglycolic acid (dithiodiglycolic acid).

Method validation. The RP-HPLC method developed
in this study was validated for specificity, linearity, LOD,
LOQ, precision, accuracy, and recovery (Table 1, 2). Specificity of cysteamine was evaluated using solutions containing cysteamine with thioglycolic acid and cysteine.
Thioglycolic acid and cysteine are representative reducing agents commonly used in hair cosmetics. As shown in
Fig. 2, thioglycolic acid (retention time (RT) = 4.9 min)
and cysteine (RT = 4.2 min) were completely resolved

Table 2. Precision and accuracy of the validated RP-HPLC method
Intra-day (n = 5)

Inter-day (n = 3)

Analyte

Concentration
(µg/mL)

Precision (%)

Accuracy (%)

Precision (%)

Accuracy (%)

Cysteamine

002
015
150
500

2.33
2.70
0.37
0.26

107.2 ± 0.1
100.6 ± 0.4
101.5 ± 0.6
101.2 ± 1.3

2.71
0.35
0.49
0.68

104.0 ± 0.1
100.2 ± 0.1
101.7 ± 0.8
100.4 ± 3.4

Cystamine

005
015
150
500

4.11
4.79
0.75
0.14

097.6 ± 0.2
102.0 ± 0.7
099.0 ± 1.1
100.0 ± 0.7

3.95
0.93
1.14
0.36

101.8 ± 0.2
100.9 ± 0.1
099.7 ± 1.7
099.9 ± 1.8
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from cysteamine (RT = 6.9 min). Linear regression analysis of cysteamine and cystamine was performed by plotting peak area (y) versus concentration of standard solutions
(x) across the range of 2-500 µg/mL for cysteamine and 5500 µg/mL for cystamine. Calibration curves were constructed using eight points for cysteamine and seven
points for cystamine. The coefficients of determination
(r2) for cysteamine and cystamine were greater than 0.999,
demonstrating excellent linearity across this concentration
range (Table 1). The LOD and LOQ for cysteamine and
cystamine were calculated using the slopes of the calibration curves and the standard deviations of the minimum
detectable levels (n = 7). The LOD values for cysteamine
and cystamine were 0.032 and 1.63 µg/mL, respectively,
and the LOQ values were 0.97 and 4.95 µg/mL for cysteamine and cystamine, respectively. Intra- and inter-day
precision and accuracy were determined by quantifying
standard samples at each concentration across the ranges
of 2-500 µg/mL for cysteamine and 5-500 µg/mL for cystamine against standard curves prepared on each day
(Table 2). The intra-day precision results for cysteamine
and cystamine were 0.26-2.70% and 0.14-4.79%, respectively. The inter-day precision results for cysteamine and
cystamine were 0.35-2.71% and 0.36-3.95%, respectively.
Accuracy was defined as the mean percentage of analyte
recovered in the assay (19). The intra-day accuracies for
cysteamine and cystamine were 100.6-107.2% and 97.6102.0%, respectively. The inter-day accuracies for cys-

Fig. 3. Application of RP-HPLC method for the determination
of cysteamine in commercial products. Chromatograms of a
mixture of cysteamine and cystamine (A), product 1 (B), and
product 2 (C). Peak 1: cysteamine, peak 2: cystamine, *thioglycolic acid, and **cysteine.

teamine and cystamine were 100.2-104.0% and 99.7-101.8%,
respectively. Recovery was assessed by comparing peak
areas of cysteamine and cystamine spiked into blank
cream before and after extraction. Cysteamine and cystamine were successfully analyzed without any chromatographic interference. During the extraction and analysis
process, the samples were stable. The extraction recoveries for cysteamine and cystamine at 100 µg/mL were
100.2-102.7% and 90.6-98.7%, respectively.
Analysis of cosmetic products. Two commercial cosmetic products containing cysteamine were tested to evaluate the validated RP-HPLC method (Fig. 3). The products
were extracted using chloroform and water. On labeling,
one product (#1) contains cysteamine and thioglycolic
acid, and the other product (#2) contains cysteamine and
cysteine as major ingredients. In both products, cysteamine was observed but its dimer impurity cystamine was not
detected. Product #1 and #2 contained 3.6% and 1.7%
cysteamine, respectively.

DISCUSSION
A simple RP-HPLC method for simultaneous determination of cysteamine and its dimer cystamine was successfully developed and validated. The method used a mobile
phase containing NaHpSO as an ion-pairing agent to
improve retention of cysteamine and cystamine. Since
cysteamine and cystamine are cations, anionic NaHpSO
formed an electrically neutral ion-pair with each of these
analytes. These ionic interactions facilitated increased
retention due to charge neutralization and the addition of a
heptyl moiety to each analyte, increasing effective hydrophobicity and aiding better hydrophobic selectivity. Thioglycolic acid and cysteine are the most commonly used
reducing agents in cosmetics. They are often included in
formulations that contain cysteamine. Therefore, resolution of cysteamine from thioglycolic acid and cysteine is
important for any analytical method used to evaluate cysteamine in cosmetic products. In the developed RP-HPLC
method, thioglycolic acid and cysteine were well resolved
from cysteamine and thus it allowed the contents of cysteamine to be successfully measured in the commercial
products.
Although cysteamine is typically more expensive than
other reducing agents such as thioglycolic acid and cysteine, cysteamine has the following advantages as a cosmetic ingredient: 1) reduction can occur at a more neutral
pH and 2) less hair damage occurs compared with conventional reducing agents (20). Cases of cysteamine-induced
allergic contact dermatitis are rare, but some patch test
studies demonstrated positive results (7,8). Among 1,347
hairdressers patch-tested with 0.5% cysteamine, 16 clinically relevant positive reactions (1.2%) were observed from
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1994 to 2004. Recently, allergic contact dermatitis was
assessed in 17 hairdressers in Japan, and 7 of these individuals had allergic reactions to cysteamine (8). Therefore, cysteamine may need to be included in a test series
with hair waving and dyeing agents. The RP-HPLC
method developed in this study has excellent potential for
quality control and monitoring for risk assessments of cysteamine in cosmetics.
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