2025 4 12 f & i% Vol.43 No.12
December 2025 Chinese Journal of Chromatography 1287~1299

tibh ik DOI: 10.3724/SP.J.1123.2025.01024

HrmPERASERRHZEmAT GBS B ST RER

AR, HEANET, FHET, FZHT
(1R 2B, TR M 5100065 2. 77 748 25 ik 56 i, 52 25 W R Akl
KRN B S8, T4 J I 510006)

TEE BH Y T 2R R ML R 8 N R A R R R I R T2 A AL T e RN G A R . ARl
B AR VR VR INWE Bz 0T 3R DL s BT A 38 VAR DAL (A ot R T R 4 R T R AE M 2R AL, A TS
)55 PR SE 3 2R5 T AR T A R A R SRR B 0 o TR Oy . AR SCER IR T Ak i v A R B R R R Ak HE
G AT RS s (R I 5k R o G v R A B 1 A R D B AR TR I T B A R 3 B AR IS
il B AR EUR | VTR B VTR R AR RS R A3 ik, DA T R A B [ R A BB I AR A A R A A S A
BT o AR SCGR T AR T At i o B SR A TR I B AR, R AR R s - TS IR M B A
K DA R AL T N 0 1 SR NI DR R I i R R T Al OB TR ) B T R R I R R R
SRR < ARl 5 W SO B R AR B 5 43 BT A

FE 2250658 X ERARIRAD : A

Research progress on the pretreatment and analysis of
prohibited components of glucocorticoids in cosmetics
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Abstract: Analyzing cosmetics is particularly important from a safety perspective owing to their
widespread use in modern society. A wide range of ingredients and substances are restricted and/or
prohibited to ensure that cosmetics are safe, with glucocorticoids among the prohibited substances.
Glucocorticoids are important hormones that regulate the body’s stress response; they are also
widely used as effective anti-inflammatory and immunosuppressive agents in the clinic. However,
long-term topical use can lead to allergic reactions and other human-health effects; consequently,
their inclusion in cosmetics formulations is prohibited. Glucocorticoids are often illegally abused in
cosmetics with the aim of enhancing their anti-allergic and whitening effects. However, analyzing
cosmetics is challenging owing to matrix complexity, structural diversity, and the trace-level (pg/kg)
presence of glucocorticoids. Rapid and efficient sample pretreatment techniques and sensitive
analytical methods are required to address these challenges, which necessitates separating/analyzing
glucocorticoids and optimizing the separation/detection workflow. This review presents research
progress into sample-pretreatment and analytical methods used to analyze and detect glucocorticoids
in cosmetics during the 2010-2024 period. Sample preparation is a critical step when analyzing

cosmetics because complex matrices can seriously interfere with the determination of target analytes;
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hence some separation or enrichment methods often need to be employed when analyzing gluco-
corticoids in cosmetics. These methods mainly include field-assisted extraction methods, such as
ultrasonic-assisted, vortex-assisted, and electric-field-assisted extraction, phase-partitioning
methods, such as liquid-liquid extraction and liquid-liquid microextraction, as well as phase-
adsorption methods, such as solid-phase microextraction and solid-phase, dispersive-solid-phase,
and magnetic-solid-phase extraction. Cosmetics are divided into three categories according to the
matrix: aqueous, emulsion, and cream. Creams and emulsions contain many wax-based and lipid
substances that often need to be separated and enriched by methods that involve binding field
assistance or phase separation, with solid-phase extraction associated with the most (more than
40%) literature reports. Glucocorticoid dissolution is often accelerated by ultrasonic-assisted or vortex-
assisted methods prior to solid-phase extraction or solid-phase microextraction. In addition, methods
used to analyze and detect glucocorticoids in cosmetics mainly included liquid-chromatography,
chromatography-mass spectrometry, and capillary electrophoresis in the 2010-2024 period, as well
as rapid detection methods that are discussed in this review. Statistically, 64% of the reports in this
timeframe use chromatography-mass spectrometry methods, with chromatography-related methods
accounting for 85% of the methods used to analyze and detect glucocorticoids in cosmetics. Methods
for rapidly testing glucocorticoids in cosmetics, including spectroscopy and colorimetry, among
others, are also presented in this review owing to the sheer size of the market for beauty products
and the high demand for on-site testing. With this background in mind, the separation and analysis
of glucocorticoids in cosmetics are anticipated to show developmental trends. Currently, solid-phase
extraction and other pretreatment technologies, along with liquid chromatography- and
chromatography-mass spectrometry-based detection techniques are the main quality-control avenues
for cosmetics. However, on the one hand, glucocorticoid structural diversity and the continuous
discovery and use of new glucocorticoids necessitate the development of new analytical methods.
In particular, integrating high-resolution mass spectrometry, nuclear magnetic resonance spec-
troscopy, and big-data-analysis methods when developing efficient qualitative and quantitative
analytical methods is significantly important from a practical perspective. On the other hand, the
development of rapid, efficient, and universal pretreatment technologies for glucocorticoids is key
to effectively separating and analyzing them in cosmetics and is expected to receive increasing levels
of attention. Furthermore, rapid analysis, especially analytical techniques suitable for rapid on-site
screening, are expected to become focuses for the detection of glucocorticoids in cosmetics in
response to the growing regulatory requirements of the cosmetics market. Integrating sample-
pretreatment and analytical-detection methods, along with the development of visualized, integrated,
and automated rapid-detection technologies, is expected to facilitate rapid on-site sampling and high-
throughput cosmetics testing.
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Fig. 5 Synthesis of prednisone molecular capture monolith and application procedure[

69]



+ 1294 - 1,

i %43 %

F1 BEZEARRPEERMESTHEER

Table 1 Applications of chromatography to the analysis of glucocorticoids in cosmetics

Number of analyte

No. Method species LOQ/(pg/kg) LOD/(pg/kg) Linear range/( ug/L) Ref.
1 LC 6 / 0.78-1.12" 1000-200000 [54]
2 LC 9 2.00 1.00" 50-10000 [71]
3 LC-MS 3 100 / 1.0-100 [44]
4 LC-MS 3 / 2.00-4.00 50-800 [72]
5 LC-MS 4 6 2 2.0-50 [73]
6 LC-MS 13 3.3-9.9 1.00-3.00 1.0-20 [74]
7 LC-MS 16 10 2.20-3.30 1.0-100 [60]
8 LC-MS 41 3.0-7.0 1.00-2.00 1.0-200 [75]
9 LC-MS 42 2.0-10 / 1.0-200 [76]
10 LC-MS 47 / 50.0-400 / [77]
11 LC-MS 48 100 30 2.5-60 [78]
12 LC-MS 50 100-300 0.03-0.10" 6.0-60 [79]
13 LC-MS 83 2.0-76 1.00-23.0 2.0-200 [80]
14 LC-MS 100 100 30 2.5-60 [81]
15 LC-MS 8 170-1120 50-340 200-10000 [82]
16 LC-MS 12 3.0-5.0 1.0-2.0 2.0-500 [64]
17 LC-MS 41 10 / 1.0-100 [83]
18 LC-MS 1 0.03" 0.01" 0.5-500 [84]
19 CE 4 / 12.0-20.0° 40-16000 [85]
20 CE 3 / 900-1200" 5000-400000 [86]
21 CE 6 / 660-860" 2000-500000 [87]
22 CE 3 / 1000-1300" 5000-100000 [88]

* wg/L; /: no data.
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