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FEE: UL BRI (B-CD) RV G sokt, e T B-AWIRS Gak i G 90Kk ( B-CD@AUNPs ), i TEM,
FTIR. UV-Vis FIZOGERNE T f-CD@AuNPs W45 FOG2ERHE, 5T B-CD@AuNPs X2 F+] B (RB) 1
TENMER . PEEE (ZRER . MERE. SR ) X f-CD@AuNPs-RB K RTOGHIRE NG, W T Eksr:, &R
R B-CD@AuNPs-RB ZEOGHREN FH TRAM MR . 45 R3RW, 0~7.5 ng/g 22T B-CD@AuNPs-RB 550
RS R RAFIIRIESR R, RIS RE (RY) K 0.992, #ilIFRH 0.047 pg/g. 53451 f-CD@AuUNPs-RB T
R — BRI SEHR , f-CD@AUNPs-RB [5OEIKAE R 5 0~15 pe/g AUTEIER 2 RIFIZEMESCR (R*>0.99), Kl
FRATM 0.15 1 0.37 pe/e. ¥ S-CD@AUNPs-RB ZEOGHRE T IR K R e, MR BICR
95.00%~104.67%, FHXERIEM 22 <4.7%.
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Fluorescent probe based on f-CD@AUNPs-RB for detection of
sex hormones in cosmetics
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(1. School of Chemistry and Materials Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China; 2. Jiangsu
Snow Leopard Daily Chemical Co., Ltd., Wuxi 214406, Jiangsu, China )

Abstract: Gold nanoparticles coated with S-CD(B-CD@AuNPs) were synthesized from f-cyclodextrin
(f-CD) and chlorauric acid, and characterized by TEM, FTIR, UV-Vis and fluorescence spectra for
structural and optical property analysis. A fluorescence probe (5-CD@AuNPs-RB) with high selectivity and
sensitivity was then constructed for sex hormone detection based on the quenching of Rhodamine B (RB)
fluorescence by S-CD@AuNPs and the fluorescence recovery of f-CD@AuNPs-RB with sex hormone
(progesterone, estradiol, testosterone). The results showed that the correlation between fluorescence
recovery rate of f-CD@AuNPs-RB and progesterone in the range of 0~7.5 pg/g was linear with the linear
correlation coefficient (R%) of 0.992 and the detection limit to 0.047 ug/g. Meanwhile, it was also found that
there was a good linear correlation between fluorescence recovery rate of f~-CD@AuNPs-RB and estradiol
or testosterone from 0 to 15 pg/g with R*>0.99 and the detection limit of 0.15 and 0.37 pg/g,
respectively. Furthermore, when the f-CD@AuNPs-RB fluorescence probe was used for the determination
of sex hormone content in skin care toner, the recovery rate of sex hormone was 95.00%~104.67% and
relative standard deviation was<<4.7%.
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Fig.2 TEM image of f-CD@AuNPs (a) and FTIR spectra of
S-CD@AuUNPs and S-CD (b)
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Fig. 3 Reaction mechanism analysis between progesterone
and f-CD@AuNPs-RB
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Fig. 4 Effect of pH on fluorescence recovery rate of
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Fig. 5 Effect of f-CD@AuUNPs concentration on its fluorescence
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Fig. 6 Detection of sex hormones with f-CD@AuNPs-RB fluorescent probe
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Table 1 Determination of sex hormones in toners
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intensity of f-CD@AuNPs-RB fluorescent probe

b IR ERS e RSD(=3)%
(ng/g) (ng/g)
1.2 1.14 95.00 42
2 i 2.4 2.42 100.80 1.8
3.6 3.67 101.94 2.7
3.0 2.89 96.33 3.7
i 6.0 6.14 102.33 1.2
9.0 8.77 97.44 1.8
3.0 3.14 104.67 2.6
ST 6.0 5.89 98.17 1.5
9.0 9.17 101.89 4.7

. RSD MAHXHRE 2% .

3 %Fit

i
(37

K —H Kk #6145 T f-CD@AuNPs, FiKH:
5 RB 456 H TR E (220, M —f . 52 )
5 B-CD@AuUNPs-RB ¢ 1K
BRZEMEECR, WET B-CD@AuNPs-RB %
HHE, HTFB eI EESE. ¥
mm@mmmRB%%%ﬁmF%W%%m¢%T
RS, HME W IECR A 95.00%~104.67%, 1
ﬁ%@ﬁ%(MD)@H%,ﬁ%%%%?%%#
i HE PR I e SR T RE Y . A S AE AR 2l
A A R o R T BB A AR IR R I R R i i
A fttodt, Akl i PR A DA R T —

BETMME S =

M

S 3k

(1

(2]

B3]

(4]

(3]

(el

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

NOPPE H, LE BIZEC B, VERHEYDEN K, et al. Novel analytical
methods for the determination of steroid hormones in edible
matrices[J]. Analytica Chimica Acta, 2008, 611(1): 1-16.

DISH A, NAYAK M K, KUMARI P, et al. Functional nanomaterials
based opto-electrochemical sensors for the detection of gonadal
steroid hormones[J]. TRAC-Trends in Analytical Chemistry, 2022:
116571.

WANG Y F (FEJTA), LIU Z B (X1liik), XIONG Z Q (FERE¥K), et al
Monitoring on thirteen kinds of sexual hormones illegally added in
skin care cosmetics by QuUEChERS-UPLC-MS/MSJJ]. China Licensed
Pharmacist ({1 [E & B Z5H%), 2017, 14(3): 37-45.

HU B (5 ), LT L X (Z=ifEE), LIU H (XI4T), et al. Research progress
on detection of sex hormones in cosmetics[J]. China Surfactant
Detergent & Cosmetics (H Jfb22Tll), 2020, 50(9): 629-637.
WANG S (EH, LI Q (ZEB), WU X T (@XIE81), et al. HPLC
determination of 5 sexual hormones in cosmetic[J]. Physical Testing
and Chemical Analysis (Part B:Chemical Analysis) (F{b#G5: b2
4, 2014, 50(3): 333-337.

WANG L F ((EFEJY), LI Q (Z53), JIANG P H (Zif), er al.
Simultaneous determination of five sexual hormones in cosmetics by
high performance liquid chromatography[J]. Fine Chemicals (541t
T0), 2008, 25(5): 479-482.

LIU H L (X|#t5), DU T F (F:4:X), GUO H H (FBMILLL), et al.
High-efficiency liquid chromatography to determine 8 hormones in
whitening plaque cosmetics at the same time[J]. Adhesion (K44%),
2019, 40(6): 139-142.

YUE L ({&4%), L1 X J (ZEE#). Simultaneous determination of five
banned sex hormones in cosmetics with UPLC-MS/MSJJ]. China
Surfactant Detergent & Cosmetics (H b= T0lk), 2017, 48(8):
476-4380.

HU B (# 1), LI L X (ZEMiE), LIU H (XI4L), et al. Simultaneous
determination of 35 sex hormones in cosmetics by ultra-performance
liquid chromatography-tandem mass spectrometry[J]. Journal of
Instrumental Analysis (ZH7i244R), 2020, 39(8): 986-992.

WU W Q (5R4E#¥), SHEN C Y (IL#IH), YANG Y L (#E#k),
et al. Determination of sex hormones in liquid cosmetics by gas
chromatography-mass spectrometry[J]. Occupational and Environmental
Medicine (P55 510 BE A7), 2004, 21(4): 307-309.

LIU G Y, HUANG X D, ZHENG S N, et al. Novel triadimenol
detection assay based on fluorescence resonance energy transfer
between gold nanoparticles and cadmium telluride quantum dots[J].
Dyes and Pigments, 2018, 149(1): 229-235.

WU J S, WANG H, YANG H, et al. A novel arginine bioprobe based
on up-conversion fluorescence resonance energy transfer[J]. Analytica
Chimica Acta, 2019, 1079: 200-206.

DUAN L, DU X Y, ZHAO H J, et al. Sensitive and selective sensing
system of metallothioneins based on carbon quantum dots and gold
nanoparticles[J]. Analytica Chimica Acta, 2020, 1125:177-186.
MARIAR A, ALCARAZ C, REY M, et al. Cyclodextrin polymers as
passive sampling materials for lipophilic marine toxins in
prorocentrum lima cultures and a dinophysis sacculus bloom in the
NW mediterranean sea[J]. Chemosphere, 2021, 285:1-8.

AMMAR S S, MOUHAMAD K, IBRAHIM T, et al. Cyclodextrin
diethyldithiocarbamate copper Il inclusion complexes: A promising
chemotherapeutic delivery system against chemoresistant triple negative
breast cancer cell lines[J]. Pharmaceutics, 2021, 13(1): 84-95.
THIENPONT L M, DE BRABANDERD V I, STOCKL D, et al. Use
of cyclodextrins for prepurification of progesterone and testosterone
from human serum prior to determination with isotope dilution gas
chromatography/mass spectrometry[J]. Analytical Chemistry, 1994,
66 (22): 4116-4119.

ZHAO Y, HUANG Y C, ZHU H, et al. Three-in-one: Sensing,
self-assembly, and cascade catalysis of cyclodextrin modified gold
nanoparticles[J]. Journal of the American Chemical Society, 2016,
138 (51): 16645-16654.

ZHANG N, LIU Y Y, TONG L L, et al. A novel assembly of Au
NPs-4-CDs-FL for the fluorescent probing of cholesterol and its
application in blood serum[J].The Analyst, 2008, 133(9): 1176-1181.
BONENFANT D, NIQUETTE P, MIMEAULT M, ef al. UV-Vis and
FTIR spectroscopic analyses of inclusion complexes of nonylphenol
and nonylphenol ethoxylate with S-cyclodextrin[J]. Water Research,
2009, 43 (14): 3575-3581.

HAISS W, THANH N T K, AVEYARD J, et al. Determination of
size and concentration of gold nanoparticles from UV-Vis spectra[J].
Analytical Chemistry, 2007, 79 (11): 4215-4221.




