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QuEChERS- -

(ML 0 TR A BRI B, WL b Mt 2 A TRSEABISEL, 2L 430000)

W OE: BM @ QuEChERS-ﬁE%%ﬁ@F&-%Fa‘éﬁﬁi%ﬁ;‘r)%i%‘iﬂu%{t&%EP 16 il B ST R 28 24 R AGr
FiFk. FE FERE 1% (VV)FIR-C RS, AL 75T, $RIGKZ Cy 50 mg. N-N 3L 2, — i (primary
secondary amine, PSA) 100 mg., MgSO, 150 mg i§+fk, >R Thermo Acclaim RSLC 120 Cjg (2.1 mmx100 mm,
2.2 um)FATAYES, W% IE B 122 KO Wil 4348 (multiple reaction monitoring, MRM)#RE T HEATINE, FMRiE
o BER 16 PR MR AELMEVER 1~100 ng/mL Mk AT, HIOCREL r*7E 0.991~0.999 Z [, Jy ik wtfi
10 pglkg, 16 Fivk Rz Fi 2 F 2 ICRAE 76.5%~109.3%22 0], FIXAREERZE N 0.77%~2.41%. & %k
PRVERTR . ARRIORAT . SLBIRE | YR RS FORS % B4 6 2 AR B IR BEK, ke 7 Al bt Pl B B R 2%
2RI PRI AR B AV, W] SRy Al R SR B | B R ARSI ik SR

K#iA): QUEChERS; &S0 AH-F IR BTk Atlont; MR BUMR 25259

Rapid determination of glucocorticoids in cosmetics by QuEChERS-ultra
performance liquid chromatography tandem mass spectrometry

FAN Xiao-Long, WU Wan-Qin, HUANG Kun, ZHU Xiao-Ling, WANG Hui-Xia"

(Hubei Provincial Institute for Food Supervision and Test, Hubei Provincial Engineering and Technology Research Center
for Food Quality and Safety Test Office, Wuhan 430000, China)

ABSTRACT: Objective To establish a method for the rapid determination of 16 glucocorticoids in cosmetics by
QuEChERS-ultra performance liquid chromatography tandem mass spectrometry. Methods Samples were extracted
by 1% (V/V) formic acid and acetonitrile and added with NaCl for salting out. The extract was purified by C;5 50 mg,
primary secondary amine (PSA) 100 mg and MgSO, 150 mg, and Thermo Acclaim RSLC 120 C;g (2.1 mmx100 mm,
2.2 um) was used for separation. Electrospray positive ion multiple reaction monitoring (MRM) mode was used to
determine the content and the external standard method was used for quantitative analysis. Results The linear range
of 16 glucocorticoids was 1-100 ng/mL, and the correlation coefficient r* was 0.991-0.999. The recovery rates of 16
glucocorticoids were between 76.5% and 109.3%, the relative standard deviations (RSDs) was 0.77%—2.41%.
Conclusion This method is simple, effective, sensitive, accurate and precise, and meets the requirements of
multi-residue detection technology. It solves the problem that the detection and extraction process of glucocorticoids
in cosmetics is too complicated, which can provide more convenient and faster detection method support for

cosmetics detection.
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Wifi o 28 U PO & R A AR T KO3 e, IR T
HEPIRIE, 1 RERAFE M RIRT, fhelb i i i %4
R AT DG W £, SR ikt S AR R i R
FIERG I Ry ot B He B R & BB R,
B AR BT — 2 SR, B TR . 2h
REWi B A, AEAEY A AR o B SR
TR, W HAMRRRERE . Pk . Pide . PriksefE P,
FREBAT (lkdh 2 ARBTE ) (2015 40P KB kel
AR A 76/768/EECHAGE 1 ML W i ML E 5 3 3R 91 B I 2
43, (R R X R AT B T R . SE TP RSV,
—EERIEAE PRI AR R A S R A IR, DA S F25 .
THPEEATIE EOL T B X R, X Bk
(AR B EE RSN, AN R IRARE . R AT L. RIEELE
SRS R, g Al HoRE R TR S 2 Pk
WE 438, AU B PR BUR I W& RE ), i H A F
TR BRI 5 ) 35 F0 B A (e

FIRI, B R JoR e AR T B T A S i) ik
WORE R TR 0 SR i - T v VORI AR 3 - T
PRI SR RN AR (T ) R, e
2, SHEORE- L TR B E BT A R . SRR A (-
Tk DR HAG B e ) R AR AR e, BRI 2 AT
PE T, H RO - B A A B bR
e S, LAGSIE RS RFE v, (LS miAb B %
K EZHOZ VR A A B bR S i, T AR 2 Bk
PERE F RIS A B G PRI, PG IS i 2RI
AR AT @ i B RS e fh s B el 2 [l i 22 SRk 1
FE, X TIAR T SLAE SR W], LB AR AL U g ik
FI R LU ERERY, BTLIERRGAE Y . P b e
WEY) . QUEChERS(quick, easy. cheap, effective, rugged.
safety WERIh“Pl . &5 . BRI, AR, g . Za M2
Fike BUEELSRC SRR | B2 P 3 s| 7T
RN, ARy TR 16 Rk T R 22
B BA RO R OB 0 15 - FR I BT S A 1, R QuEChERS
FIAEFR A T AR, ARTALSEIRRTAL PR, 2 SEae
L E DR el iy alllE et s Ay NG NG P07 al R &

1 MR5ERE

1.1 SKIedHt
1.1.1 AR de5 KA
PRUED BT R H FE K #8(100122-201707) . N IR A%

SR A (100119-201504) . A& R & fk AT 49 #24 (100013
-201408). FEEERT] AIHA(100123-201204), KA (510006
-201301), Fi&JE ¥ (100828-201603)., M4 T7E 45 1% (100146
-201504) . #hi 22 7 ¥ (100333-201102) . BE /R ik B
100012-201407 . S AL AT FI#4(100152-201707) , FEfth K A2
(100118-201204) , ¥ J& ¥ T (100153-201405) (4l ff 35 A1
T 99%, &2 5K B 5T BE ); iR A3 1l
(G156548) . HiLZEKHMN(G133411). A 46 FA(832758) (4l
FEANAE T 98%, %[ Dr.Ehrenstorfer 23 )); iz fl &
FEFN(D1-11-7) (41BN 98.5%, FE CATO A Hl),

IE . WRR(tRk2l, £F Fisher AH]); IECHE.
SACEN . TOKBRIREE (S Fral, E 254 B b2 R A TR A
Al); W Crs N-PI 3 Z — ¥ (primary secondary amine,
PSA)(CR AL IR AT,

1.1.2 Hekik

bt SRR AL FR KR L FLUE . B FE R 4 Fhe,
AFAEVURE 5 FORRIALRT K, B H 8 hkre i
1.13 BELHEE

Triple Quad 4500 # =5 R AH €435 - 5 B B 3% 43 (35
[E SCIEX /3 ]); ME2002E . XS204 By K - [#F 4 1) -4
M Z UG (EED)A R ], Allegra X-15R B0 HL(EE
D55 PEREEA BR N F]); Talboys MM EIR & #v (B 16 203%
SR B A PR A D o
1.2 XWFFE
1.2.1 ARBEEREG B &

PRUEREES W : AT TIRE BEAREL 16 FhbE Bz B R br i
fh 10.0 mg HF 10 mL i, AAWBEERIFEA R
R, N T W N 1 mg/mL FRAEGE £, 4 °CIRAF

REIRUER RN 40 A B L 16 bl j BTist
FRUERESSME 100 pL, BT 100 mL &M, P AR
B2, TSR N 1 pg/mL fY 16 FINR B bR
W, T 4°Cl#fE.

RAPRUE LA 43 51 W BUR A b 1 v ] v i ==,
FRVE S AHH B B = B2 0.5, 1.0, 5.0, 10.0, 20.0,
50.0. 100.0 ng/mL BYFRMAE TAEW
122 HSara

HERAFREUAFE 1.00 g B F 50 mL R4 SR} 8500 45
B, OMA 2 mL K, E 2 min, BEIIA 5 g EALEN, HEH
WA 5 mL 1% (VV)RER-Z M, o iRsl, Hms I
2 min, DA 4000 r/min B.0> 5 min, Jc8E AR T 54
—A~50 mL &0 Bk TR RIS A S mL 1% 9 iR -
i, ER LR, e LEER. LEwSm
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A 5 mL ZJERFIIE C e R (B FE R bl s R Z Ik 2P
B, R4, LL 4000 r/min B0 5 min, WONEEBR
2mL & T 15 mL RAGEELE.OE T, A Cis 50 mg.
PSA 100 mg Fl1Je/K MgSO4 150 mg, iRHEIRS) 1 min, LA
4000 r/min #.0> 5 min, W EWEH, 4 0.22 pm HILUE R
UE, WO EALINE
123 &igfpt

{6, 3% #E: Thermo Acclaim RSLC 120 Cig (2.1 mmx
100 mm, 2.2 um), A3 : 35 °C; FEFEARFR: 5 ul, WahAH A
WG, TishH B N 0.1%F /KW, Wik 0.3 mL/min. B EE
VWL, VERRIT L 1,

®1 BEXBRERF

Table 1 Program of the gradient elution

1.2.4 Jidiht

ESI B 18, IE® T3, 2 &N
(multiple reaction monitoring, MRM); & F J& H JE :
5500 V; B TR 550 °C; AR 35 psi; MIFAC
50 psi; Y AIEAT: 50 psic 16 R FUES B 2.

2 HERE5HH

21 FHEM

211 Fditteyit
FEVEPENE R TR A RE B I R IR, A I EAE ESI-

A BS54 W0 A B 21, A BRI Sk, R MR

1E ESI A 4E[M-H]". [M+CH;COO] F[M+HCOO] 71 &

F, 1€ BSR4 (M + H] [ 1E 8+ 7 BT,

Frim s G A R e H R g N LAM+HCOO] B &, & A

ffE)/min - WH#AmL/min) - HSIHE A% HEHE B/% R LM+ CH,COO] 3, #5705 % #5245 T 1A [M-H]
0 0.3 25 75 KR, SRR IR R TR B R e A M H]
4 0.3 25 75 2% o I AAS IR E B = F A HARP b
10 0.3 70 30 (29 100 ng/mL), S FHEFAER SR HHGH R TR
3 03 - 30 e, IR, SRJE X T TS A,

VRS 50 BE BRI 2 N R B o RHIE 12 7, JF ks
B 03 » b S 3 6 5 590 0 B 5 o, P
16 03 25 73 MR, i DA 22 ony W AsE A 744
R2 16 HMHRRESH
Table 2 MS detection conditions of 16 glucocorticoids
liasgy L FET BBV 3N Y
th 22 74 g 395.1 357.1%,225.1 75 18/27
kel 361.3 343.1%, 147.1 60 15/30
ER AN/ 363.1 309.1%, 121.1 100 26/30
Hikele 3753 357.1%,161.0 70 15/30
A At A A 393.2 355.2%,237.3 60 13/16
L FEKAR 393.3 237.3%,147.1 50 26/33
KA 411.1 253.1%,335.1 75 23/17
[l 4353 213.1%,225.1 70 35/36
LA 437.1 361.1%, 340.9 100 28/24
R ALV 405.1 327.1%,309.1 100 24/24
T T 220 P PO 423.1, 239.1%, 343.1 100 35/32
PR AT A 403.1 163.1%, 343.1 100 35/28
BERRIK S ws 401.1 295.1%, 147.1 70 22/35
PR KA 521.1 503.1*,319.1 60 16/25
it 1% b, ZE KA 435.1 309.1%,337.1 70 21/18
LRy p s 455.1 227.1%,121.1 100 38/63

TE: B X
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2,12 GiEAeyE

16 OB Bz J57 38 3R v A At KA 1 b 2K 0 Ry [R] 43 57
R, BRFEFAMF, EFERRFE TR, hIEX
i A At R 5 388 1 359 HH B0, R I oA T R B 3 1 (i
OB — & fE O 3% A b 4> JF, Waters Hss T3 Cig
(2.1 mmx100 mm, 1.8 um)#! Thermo Acclaim RSLC 120
Cis (2.1 mmx100 mm, 2.2 pum)2 >R A % I3 AH 30T 1
I EWHEA RN AEER, HILAMREERTX 2 )7
EFEREXT 16 FiOWE R TR 7 B ROR . SRR, 72T
— AN AR RN, TR T RE R, A At K b R JE K P AE
Waters Hss T3 Cg 140 25 B T J0 75 95 2 5 1t O 7 oK
M 7E Thermo Acclaim RSLC 120 C,q [ IHE A 245 419
Ay E R, R 28 € 4 Thermo Acclaim RSLC 120 Cig
OISR, 16 Pl B R BB FiE WA 1.
2,13 RIERE LG

FEAARBUR S A 2 mL 7K, A B T80 41 5 20
F K, $#27% QuEChERS H HE#H B E , 2 I &
QuEChERS ik s H R IOA ], & il A 1 IS
LR 2R . BAMER, IRERHHC
JiE B 1% B (R ) I & 16 1 A 312 BT 48 o 42 B R
UTU81 Sy 7 W e — 25 1 i A [ BB X B o 8 2% 1 42
BORIEW, AR EET 0.1%FIR-2 . 0.5%H -
M V%P R-ZHE 2% FR-2 05 . 5%FIR-2 06 . 0.1%
LIE-Z I %L BR-Z N . S%LBR-ZIEXT 16 FhigE
BRI, Z5RNE 2 Fin, SHIRHZIEAEG 3%

3.6e6
3.4e6
3.2e6
3.0e6
2.8e6
2.6e6
2.4e6
2.2e6
2.0e6
1.8e6
1.6e6
1.4¢6
1.2e6
1.0e6
8.0e5
6.0e5
4.0e5
2.0e5

0.0

W, 548 B

3

As

B 0 1 TS B A 25 K, A S B 28 A 8 L A9 FR R v T
W g, 4 AR AR B B ) TR R DR e, HLTE
1% H - IE&MET 16 Fh i & [l ik 2 3 4 #6 72
60%~70%Z 1], Zif 16 PR M, FiFEHE 1%H
R - 2 A R R B 7
2,14 HALA ek

B — AL TG PSA . Cig. NH, MB35, Jok
MgSO0, . NaCl . 7 #1k B% (graphitized carbon black, GCB),
NaCl {2 i $2& B 0 9 15 00 0 DK A0 5% B 2045 ALAE
JE7K MgSO, 7E AL 1) 1 72 o vl R B2 4% 1 7K 435 PSA FlI
Cis REIEBRVF 2 EE M4y, 0ok B B 5 3L 2230 1 AR 1D
M2 . FRAr AR, BAE A NH, MR R T LR
LA IRAR R I, — BT TR 258, GCB
HTub LR, B HERAfEATSE
FrUABEA EAHH GCB. bl b FE BT E 4%, IRt A bt
FEHEPE PSA . Ci5. JoIK MgSO,1E b 0 8400 42 .
HAEREERBEAIA PSA B Cig 2 HI#EITHLE, LI 16
Fhi R M R H8 45, 25 R BAS A PSA 803 Cy5 16 F
T TR SR R IR B R, S5 T AN R A AR AR
Ko ®IFEFE PSA. Cy MIE/K MgSO, RIIMA, %
LT EMNZEMALRE. P16 R - R 1w,
SERME 3, A Cog MM 3 5 AR B 0T TP 4
AN, T R v, (AR SR I R REAIL, R
i 7€ PSA:C,5:MgS0,4=50 mg:100 mg:150 mg, 16 FHig &
ECRAE 80%~100%2Z [f] .

7,8

13
12

11| 14

h(

15
N

1.0 40 50 6.0

7.0

80 9.0 10.0 11.0 12.0 13.0 140 15.0

ffE]/min

e 1 BRI T RS 20 M Pie; 3: IRJEMATE; 41 SALTTIAL; 50 HIRJETE; 6: FRMBoKAR; 70 HUZEAKHA; 8: HUKHA; 9: #hZEA&1E; 10:
TAARAR: 1 LBRRRZ AL AT AR, 12: BERRIKJERS; 13: BRIR AT AUMN; 14: BERRHLZERM 15 IRTEATE; 16: IRMT SR

B 1
Fig.1

16 Bl Bz iR A i

Total ion chromatogram of 16 glucocorticoids
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2.2 EFRMBITEN

FE TR S ph 3 R SR IR AR HAR b &) 5
HArb AW S B s, 7efl & miss IRy LC-MS &t
AT, FETURON R AR RN A, TR
MRl ASI 25 R A VR B2 o AP  BE BTN, 43T ] 8 25 I BT
FRUERR (A IR EE A 1. 5. 10, 20, 50, 100 ng/mL)
A K RE R Jo f e B AR SRR o it 2 o AR B B b ot ith 2k 5 %
FUAR 28 00 2R AR DA 3 R o0 2 A A
0.8~1.2 SN, WIFHH LSO AN B, SCORE R L3R 3.
AIHIERSR 16 PR IIA —E MEEFRON #2m, {0 MR 25
S5 HRE I AT o i HERR T, DRI S SR P 790 1
RIS
23 FAFWIE
23.1 M. BdRfg R

Fie 1.2.1 WG ILECH] 6 AN/KOP M ANVR SR IERR, 1
TERE WIS SR TS ST 3 TR . LA B ARG S e 2
BRI AR . BT VR B (X, ng/mL) A HE AL R%:
il TAERIZR, JrikTe 1~100 ng/mL Z61E RAT, HICRErh
0.991~0.999 Z [, LUE RS F(EMEH S/N=3 i i ik 1
FR (limit of detection, LOD), S/N = 10 & i& #& R (limit of

quantitation), 16 8z IR HHBR R 2.2~3.3 pg/ke, EREFRY
910 pglkg, FikRABEERE, WEWET R, BRI 3.
232 EIRERFIEEE

PAZS FLBE SRR il EA TR (10 pg/kg) « H (50 pg/kg) .
(100 pg/kg)3 7KK, $ 1A ab B 05 i Kol i 444
AT IR LG, BN AKEIE 6 WK, 45 NFE 4, 455
FH, KMBEHEWERR 76.5%~109.3%2 18], HIX iR
W 72 (relative standard deviation, RSD)} 0.77%~2.41%,
Ul BIZ 7 i LA B ) v 3 RS 25
2.4 LFRHEESENE

KA ST B i S 09 e, S H E AR 20 bk
AN Te) B4 Pt R i AR A7 4 T A 7 2 0 A o AT 45 SR (R
FLIRZERL 1 HEOAS I & A Sk AT 1AL 15.6 ng/kg, H
FEIETU 1 HEURAG I 5 A L FE KA 63.4 pg/kg, HAK
TRURE S S5 ARG B R T R, 26 BH A A 2B 7 kol it
RO BRI o Ry B TEAS Jy i O RS, X B Aot it B
i >R FHAE IO 1 AR 5 1 B AT 06 0E, A5 BH PR RE 5t 1 S Ak
ATEIPAME N 16.9 ng/kg, HLZERME R 61.1 pg/kg, AU
2 Bl I A SR AR R BT, S IIAR )y ik AT LA
YA 00 oL it v OB R T R AR

®3 16 MUAYHEYIFIE, LMUER. HXRKC). RERMEERKERYN

Table 3 Linear regression equations, linear ranges, correlation coefficients (r*), LODs and LOQs and matrix effect of 16 glucocorticoids

k&Y Bl = 5 LPETER/(ng/mL)  HEERECH  KHR/(ugkg) ERR/ (ug/kg) FEFRAON
ith 22 P e Y=4823.96X+4.05¢" 1~100 0.9990 2.6 10.0 0.84
ket Y=25404.12X+2.09¢° 1~100 0.9987 2.7 10.0 0.94
AL AT AL Y=3495.80X+3.04¢" 1~100 0.9990 3.3 10.0 0.87
ke e Y=24819.05X+1.98¢5 1~100 0.9931 2.8 10.0 1.23
[RE(LP SN Y=1.19¢5X+1.90¢6 1~100 0.9993 2.4 10.0 0.79
R SN Y=19813.85X+3.43¢5 1~100 0.9910 2.7 10.0 0.82
KA Y=+7374.14X+1.47¢5 1~100 0.9978 3.0 10.0 0.86
i e Al Y=7874.14X+1.74¢5 1~100 0.9959 2.5 10.0 0.97
ERESE TN Y=6537.35X+3.11e4 1~100 0.9996 2.6 10.0 0.94
BEIR AP IIFY  Y=10316.04X+7.07e4 1~100 0.9994 2.4 10.0 0.84
T R T Y=6214.52X+4.68¢c4 1~100 0.9973 2.6 10.0 0.77
PR 7 (1A Y=21108.12X+9.49¢4 1~100 0.9991 2.8 10.0 0.86
EERRIK e Y=18010.67X+1.43¢5 1~100 0.9981 2.9 10.0 0.89
A TR A KA Y=18759.73X+1.77¢5 1~100 0.9944 22 10.0 0.91
Tt T b KA Y=11933.28X+1.62¢5 1~100 0.9983 2.7 10.0 0.86
VERIip S Y=1926.94X+1.45¢4 1~100 0.9985 23 10.0 1.11




92 R i g Rl R B12%
x4 S EAHETP 16 FEEMMAREWER KR ERE (h=6)
Table 4 Recovery and precision of 16 glucocorticoids in cosmetic blank samples(n=6)
SRR % RSD/%
&)
1% h [ {[i8 LE [
th %2 vy e 89.6 96.8 97.5 0.98 1.23 0.89
e e 86.7 94.6 91.3 2.06 1.12 0.77
SALAT AL 84.3 97.6 96.5 1.06 1.02 0.97
ke e 81.3 96.2 105.3 1.12 2.41 0.88
A AR 86.8 98.1 94.5 131 1.61 1.01
HZEKRAL 98.2 97.6 93.2 1.41 1.32 0.97
FAH 93.6 96.7 102.3 0.98 1.16 1.11
M2zt 87.6 97.1 96.8 121 2.41 0.99
AL 88.9 94.4 94.8 1.04 1.25 0.89
Jiti iR AL AT A 89.1 88.6 88.3 0.98 0.86 0.98
i PR SRS T A 101.3 89.6 88.6 0.77 2.13 0.99
it PR AT A 109.3 87.6 84.6 1.21 1.94 0.78
BERRIR e M 76.5 79.6 78.9 2.01 1.63 0.89
N R i A 79.4 91.3 79.5 1.61 1.38 0.98
T T i KA 80.1 92.3 78.6 1.69 1.43 0.98
LAY 85.6 95.1 89.1 2.03 1.64 0.85
3 & [2] RIEAE. Wi B2 00 & 38 FH A BT (0], 16 R A 3R 25 2%,

ABFFEE ST T QuEChERS-B /&5 450 W AH 0,33 - 55 1B it
T R N Aot b PO R B R R . SEATIRIR
B B AT bR AR L, 1% 7 ¥k RE S ERIRI I 2 M 2 2K 2 )
BRE, oAb TETAL B vk, RE S R RS, R -
61 08 B 00 7 ol BRI, IR EF LA T, EfEa
TRFLIE RS LI R, 4640 T A FRER BRI ], T 2
TR A . F HZ 7k E mRITE 10 pe/kg, L1
Al b R R SRR R AR RIS I B i ik, Bk S P
Bl U R A 76.5%~109.3% 2 [a] , A1 X ¢ #E fw 22
0.77%~2.41%, ERVEIAE, W2 Z RS P R B Al .
AT IE B E TR, LR L R DR A4
G 2R BRI AR ER, sl el i ks AL
P& AL T AT AL PR 4 07 2 Jr 3 ok I X R A a1 Akt i v
BOEAYH W, FIAF AR T E AR R

EEPES
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