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Establishment of an Analysis Method and Screening Database for Illegal Addition of 40 Sex Hormones in
Cosmetics Based on UPLC-Q-TOF-MS"

CHENG Qiaoyuan', SHI Shi?, ZHOU Minghao!, WU Yuanyang!(J.Zhejiang Institute for Food and Drug Control,
Hangzhou 310052, China; 2. Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To establish an analysis method and screening database based on UPLC-Q-TOF-MS" for illegal
addition of 40 sex hormones in cosmetics. METHODS The gradient elution was carried out on Agilent SB-Cis column
(2.1 mmx50 mm, 1.8 pm), 0.1% formic acid water and acetonitrile were used as mobile phase in positive ion mode, water and
acetonitrile were used as mobile phase in negative ion mode, the flow rate was 0.2 mL-min~!, the column temperature was 35 °C.
MS detection was carried out by electrospray ionization(ESI)mass spectrometer in Scan MS and Targeted MS/MS mode. The
accurate mass, retention time and MS/MS mass spectrum of 40 sex hormones were imported into PCDL software to establish a
rapid screening database. RESULTS The established method and database was used to screen 100 batches of cosmetics, and
one batch of hair-growing product was detected with a small amount of progesterone. CONCLUSION The established analysis
method and screening database including 40 sex hormones is fast, sensitive and accurate, which is suitable for high-throughput
screening and accurate qualitative analysis of sex hormones adulterants in cosmetics.

KEYWORDS: cosmetics; illegal addition; sex hormones; UPLC-Q-TOF-MS"; screening database
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HPLC s 1R B I RIFD GG EIE 1, 532k 2 2%
FF T . GC-MS FEAERT 2 il T A4k
bR, HTALEREE SR, RS PE LC-MS 1Tk &
PRV RE 7 T AT R, 255 A IR PR R 25
VEAER, AP I AT ) BT (TOF) 2 A #it
L3 BLTE B 50335 (Orbitrap) 24, PR HC 58 R 1) 7 PR BE
1, IR A K A ) I 4 S5 U A 3] 1 —
FE N o ASBIF9E R TR o RAOBORH €33 - AT A ] J5
57 (UPLC-Q-TOF-MS™) & 37 40 Fi PRI 1 KG
Frid g, PRERE . HAE T AR FE
AR R, JTXT 100 Fik ket i 34 7 A A T
1 UE5RG
1.1 U

Agilent 1290 =R AHETE{L; Agilent 6550
Q-TOF "RATHE ] it 54X (£ [ Agilent 24 H]),
MassHunter Workstation  Software  Qualitative
Analysis Version B.07.00, PCDL Manager B.08.00;

Elmasonic P300H &7 I 15 PE A (TR EIR /R A F) 5
Genpure uv/uf 2K LS FEFEER CIH/RBHE A
F]); XPE 205 4307 K- R A /)
1.2 ikzy

A AR (EIEE : 98%; L5 : DST190503-318).
WiR(EERE . 98%; b5 : DST190605-055). FFt
M (26 . 98%; L5 : DST190601-180). S2f(4l
F . 98%; L5 DST190115-125), £ H S04k
BE. 98%; b5 : DST190602-184), H S (4l
98%; b5 : DST190225-107), HEAKHER(Z1E : 98%;
it : DST190603-169). ZF EARE(LERE : 98%:;
fit*5: DST190603-052). PR SEHR (2R : 98%;
5 DST190602-152), CLERZAER(ZIE . 98%; 41t
5 DST191112-175). RNFRW(LEREE: 98%; it
7. DST190415-127), MfE—PE(LHREE: 98%; it :
DST190604-153) . Mff — W (4L . 98%; #Ht5 .
DST190601-155), 17a-ZBRFEME —BEZIE . 98%;
5. DST190604-303). MEMHEH(ZEEE: 98%; it
7 : DST190604-156) . CAAMERR(ZHE : 98%; it
DST180411-251), CAeMEM 2L : 98%; it :
DST190502-151)3 W4 F i #R 7 JE 45 A= 4 42 AR A FR
N B (SR 99.7%; it 174947). 21-
FRILWRE (AERE . 99.8%; 5. G687081). M
Wi —E(ZEE . 99.3%; L5 G158946), AR
P 99.5%; 5. G165939), Mk (4l -
99.1%; #t5: G174851). Mliia 26 22 B (Ll .
97.7%; L5 : G728710)., NBRE B (LEJE : 98.6%:;
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fit5: G755138). IERME EE(LERE: 99.3%; it
Z: 50903)3 H % E Dr. Ehrenstorfer GmbH A
Al REBMALE: 97%; #%5: 5-MGG-47-1), H
TSGR . 98%; it : 4-ARP-62-1). BRI
DA A2 (265 . 98%; #ib5: 26-GHZ-54-1),
itk 1% G b 2 B (46 . 97%; #t5 . 17-SSR-74-1)
Mg FhnEK TRC AW]; WERAEEEE . 99.7%;
5. 1431743-AS) . Bl S MER (265 : 99.6%;
5. 0644030-AS). 17-a-MfE (AL 98.6%;
5. 2002998-A8) . WURMERY(LEFE . 96.6%; it
51 0850961-AS)#I [ S [E CFW Labs Al %
FH 2R (26 . 98%; HIb'5: 371039). B LR
(4liJF: 98%; It : BAOSB-RA). LM b (4l FE
99%; b5 : 368155). JE/RMEMA(LLE : 99%; it
F: 310482) . BRMEREIAGEEGERL . 97%; 5
ATP6J-BF) ., 75 HIERR (LB . 98%; Hit*5: 413088).
ME—=PE-D2(ZERE : 98.9%; Hit5: M-415¥ [ -
TS SR R I A FRA A

LE(Eakal, By n]), O, PR@
T, Sigma ZHE), N-TN3EZ W5 (PSA)
(Agela Technologies /v Fl, Hit*5: D19-00015), +
I\ Jort F B 5 ik U P BfE 55 (Cis)(Agela Technologies
ANl #S. BD0006-CP1004), Jo/KBRFREE (FE2y
AR A BRA 7))o 4li7K i Genpure uv/uf
afiKALHI 5. 100 #EFREA T AP . Bt
WA, #E. EIL. EA . BEDS
T NS &5 AL,

2 RFEEH#R
2.1 WAHEE RIS A

KM Agilent SB-Cs {4354 (2.1 mmx50 mm,
1.8 um), IEEFART, LI 0.1%F RKIER(A)-
ZNEBY N ENAH, BB EEVEM(0~7 min, 40%B;
7~11 min, 40%—90%B ; 11~14min, 90%B ;
14~14.1 min, 90%—40%B; 14.1~17 min, 40%B);
TR, UKA)-ZHEB) RS, #55E
YE B (0~6 min, 40%—80%B; 6~9 min, 80%B;
9~9.1 min, 80%—40%B; 9.1~12 min, 40%B); Vi
0.2 mL-min~!, #: 35 °C. 30 MR ERLETE
T NI TR E ILE 1, 10 FpdEEEAE
BB T s T 3B T i E LA 2.

BFUE: SRADSUBEST 257K Dual AJS ESI, H:
rHOEIACER BRI R ARG MET | HRBERSERR Sk . )2 IR HE
FER ) ESIHAMLARYIR A BSIBTH, HEEER
R PR ESIHEE T4 5 25 (%7 35 psi;

Chin J Mod Appl Pharm, 2022 March, Vol.39 No.5 -615-




THEAIRE 200 'C, T 14 Lmin™'; $§S
TR 350 C, #5011 L-min~'; SRR K Scan
MS & Targeted MS/MS: —Z ik 45 VEEl m/z
100~1 000; —ZBig4AH7EH m/z 50~1 000; flf#
W CID, #lfA#fE 10, 20, 40eV; FETHR TS
LB 7 121.0509, 922.009 8 m/z; T T T
ZHET: 1129856, 1033.988 1 m/z,

2.2 BAEEE ST

221 XMRSEBHES  BCER 40 R E T
R B, RS RRAE , B EC I A2 1.0 mg-mL!
HI ARG S TR, —18 CUKA T IRAE R . K%
W MR A5 bR A 2 T VRIS B R A, H s T A
20.0 pg-mL~" TR A X RS, —18 CUKFE IR
fE, MERRTECGE , P 20 505 i

222 AEVE IR 40 R E TR A 0 R A
W, 4% “2.17 TR WO @R A F, FEIEf
BT R, fE— R e R,
AL EAE B . BAIRE . WSS IE S,
- ) o Ao Rt 5 PR ff R S A B s ]
{8 ; ZJ57E Targeted MS/MS A== Xof 4 A %) AR i,
PEAT T RTRE T, [FIR SR ARG E CID
WEERECT , REEBE(CE) N 10, 20, 40 eV 2%
WRBETFIGE, RS Ew R, 25
4 0.05~1.5 mg-kg™',

223 BEFEd S i85 MassHunter 248G
fdi FH % PCDL #0445 40 Rz 3t BRSO & R
ST CAS 5. fRBEEFE] . RIS RSN A
R EHR R, W 1,

x10¢ | Ccpd 1: #ﬁn‘ﬂmbolong: 8+7ESI EIC(271.1693, 293.1512) $3#i Frag=380.0V Z-Na2so4-st.d

i

%106 | Cpd 2: #FENandrolone: +ES3I ‘IEZIC(275.2006, 297.1825) {34 Frag=380.0 V Z-Na2so4-st.d

|\ 355
0_ . N

x106 | Cpd 3: iﬂ@BoldeﬂoneﬁES; ‘{ESIC(287.2006, 309.1825) 13 Frag=380.0 V Z-Na2so4-st.d

[13.55
&

0 y -

x10¢ | Cpd 4: M4 —Ef4-Androstene-3,17-dione: +ESI EIC5(27887.2006,309. 1825) HA4# Frag=380.0 V Z-Na2so4-st.d

355 || 4.95

x10¢ | Cpd 5: Sfftrans-Testosterone: +ESI E£C§%89.2162, 311.1982) H## Frag=380.0 V Z-Na2so4-st.d
;

x106 | Cpd 6: 52 17-epi-Testosterone: +ESI EIC(289.2162, 311.1982) 13 Frag=380.0'V Z-Nel2so4-st.d

4.95

0. 4.87 |\ 5966.50
%105 | Cpd 7: #Ei# ft.Stanolone/5alpha-Androstan-17beta-ol-3-one: +ESI EIC(291.2319, 313.2138) $54{i Frag=380.0 V Z-Na2so4-st.d
6.93
24
04

x106 | Cpd 8: '%J:Eﬁﬁém./z&%rfnostmne: +ESI EIC(301.1798,323.1618) $#i Frag=380.0 V Z-Na2so4-st.d

x10° | Cpd 9: Z4( H %/ 1-Dehydro-1 7Alpha-Methyltestosterone: +ESI EIC(301.2162, 323.1982) 11 Frag=380.0 V Z-Na2so4-st.d

x10° | Cpd 10: i 4§ 17-Methyltestosterone: +ESI EIC(303.2319, 325.2138) ¥4# Frag=380.0 V Z-Na2so4-st.d
6.26

x105 | Cpd 11: & H:Mestanolone: +ESI EIC(305.2475, 327.2295) $34# Frag=380.0 V Z-Na2so4-st.d
9.10

f
fl
9.88

-

x105 | Cpd 12: iﬁiﬁjﬁOXS.udml%ng:g +ESI EIC(307.2268, 329.2087) F# Frag=380.0 V Z-Na2so4-st.d

I 4.06

04 ) §
051 152 253354455556 657 758 859 95101051111.51212.51313.51414.51515.516 16.5
t/min
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x106 | Cpd 13: F B iNorgestrel:+ESI EIC(313.2162, 335.1982) 333 Frag=380.0 Z:NaZsod-st.d

0.63
14 |
N N
x10° | Cpd 15: A Z Clostebol-+ESIEIC(323.1772,325.1750,345.1592,347.1569) 17 Frag=380.0V Z-Na2sod-st.d
6.89
2.5 4
0- )y -

106 | Cpd 16: %32 ZHiNomegestrol-+ESIEIC(329.2111,351.1931) F5# Frag=380.0V Z-Na2so4-st.d
5.96
1 :';\

Cpd 17: 2133 #{AHi21-Hydroxyprogesterone:+ESIEIC(331.2268,353.2087) 194 Frag=380.0V Z-Na2so4-st.d
5.16

0.5 | |
| 5.95

%106 | Cpd 18: PIRRi# J19-Nortestosterone17-propionate:+ESIEIC(331.2268,353.2087) 34 Frag=380.0V Z-Na2§ci4-75§.d

10. 11.07

0 1098 11130 ||

%106 |Cpd 19: ﬁEF'%EiﬁljlgoxymesteroneﬁESIEIC(S37.2173,359.1993) 1t Frag=380.0V Z-Na2so4-st.
4 .97

oo
SN

a

11 |
1.78

x106 Cpd 20: BEFR XU MEES Dienestrol Diacetate:+ESIEIC(351.1591,373.1410) 393 Frag=380.0V Z_Na2504_ftjd43

0- -
x10¢ |Cpd21: % H i Dromostanolone propionate:+ESIEIC(361.2737,383.2557) 434 Frag=380.0V Z-Na2so4-st.d

13.06
5

0-
x105 | Cpd 22: FEPR G Z /i Chlorotestosterone Acetate:+ESI EIC(365.1878,367.1857,387.1697,389.1676) 713 Frag=380.0V Z-Na2so4-st.d
11.59

5.01
2.5

x10* | Cpd 23: Br#EREFR X AEQuinestrol:+ESI EIC(365.2475,387.2295) 14 Frag=380.0V Z-Na2so4-st.d
21 [

x104 | Cpd 24: JB/RME@ENilestriol:+ESI EIC(381.2424,403.2244) $3#§ Frag=380.0V Z-Na2sod-st.d 1074
X

251 |

0 . L ,

X106 Cpd 25: 2’5 #{ABiMedroxyprogesterone Acetate:+ESI EIC(387.2530,409.2349) 1 $ Fraf3801.(())V6Z-NaZSO4-st.d
.65

1 I
I

0 —
<106 Cpd 26: EE#ESE - Z fiMelengestrol acetate:+ESI EIC(397.2373,419.2193) 3 Frag=380.0V Z-II\I(?265§4-st.d

]
|
I

%105 |Cpd27: BEFR A Hb A2 EH Chlormadinone Acetate:+ESI EIC(405.1827,407.1808,427.1647,429.1627) H##i Frag=380.0V Z-Na2so4-st.d
10.43

x10° Cpd 28: Z R B34 1 Nandrolone phenylpropionate:+ESI EIC(407.2581,408.2615,429.2400,430.2434) 4% Frag=3801.gV7%-Na2504—st.d

5 \
0- -
x10° Cpd 29: EEFRERTR S H1Z2fF Cyproterone acetate:+ESI EIC(417.1827,419.1808,439.1647,44 1]. } )621 g) 34 Frag=380.0V Z-Na2so4-st.d

14 110
b

w
Y

).
0.

o)

x10°
51 |

0 J ‘~,

05 115 225 335 445555 6 65 775 885 9 95101051111.51212.51313.514 1451515.516 16.5

t/min
E1 30MEHEFRRE FREES FHERX)

Fig. 1 Extraction ion chromatogram of 30 sex hormones(positive ion mode)

Cpd 30: © #4224 170-Caproyloxyprogesterone:+ESI EIC(429.2999,430.3033,451.2819,452.2853) 14 Frag=380.102V4Z3-Na2504-st.d
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Cpd 1: 305 HE B Dienestrol:-ESIEIC(265.1234,311.1289,325.1445) 354 Frag=380.0V F-RJ-ST.d
331

i
]
H

2 T £
el
0l 3.00 |
x105 [ Cpd 2: CMsHERIDicthylstilbestrol:-ESI EIC(267.1391,313.1445,327.1602) $1#% Frag=380.0V F-RJ-ST.d
2 1 E
N 297 1 421
x10° | Cpd 3: HEMIEIEstronc:-ESI EIC(269.1547,315.1602,329.1758) £31 Frag-380.0V F-RI-ST.d
) 3.04
N 242 303
x10° | Cpd 4: B e Hexoestrol-EST EIC(269.1547315.1602,329.1758) F1## Frag=380.0V F-RI-ST.d
3.39

x10°

1.0
0.51

x10°

1.5
1.04
0.5

x10°

x10°

1.01
0.51

x10*

& 2

3.04 |

Cpd 6: 17-a-M —E%170-estradiol:-ESI EIC(271 1704,317.1758,331.1915) 4 Frag=380.0V F-RJ-ST.d
2.41

Cpd 7: M =R¥Estriol:-ESI EIC(287.1653,333.1707,347.1864) 3% Frag=380.0V F-RJ-ST.d
0.95

1.36 1.85

Cpd 8: H =R%-D2Estriol-2,4-D2:-ESI EIC(289.1778,335.1833,349.1990) 354 Frag=380.0V F-RI-ST.d
0.95

Cpd 9: 17a-Z i3 HE —WEthynyl estradiol:-ESI EIC(295.1704,341.1758,355.1915) 7 Frag=380.0V F-RJ-ST.d

Cpd 10: JERME —B%17-beta-Estradiol 1 7-valerate:-ESI EIC(355.2279,401.2333,415.2490) 31 Frag=380.0V F-RJ-ST.d
7.34
i

i 7.66

55 6 65 7 75 8 85 9 95 10 105 11 11.5

t/min

05 1 15 2 25 3 35 4 45 5

10 FrERM R R E FREGE THEX)

Fig. 2 Extraction ion chromatogram of 10 sex hormones(negative ion mode)

2.3 FEEIE
231 HHKEIER AT A UK K
HURE S 0.5 gCRE 3] 0.001 g), BT 50 mL UK

LIHEBHBEOE T, KA 10mL 205, RE
P& 1 min, fFE0rad5), AR 20 min,
FEA), 220.22 pm JERERLNE, HUUEWRARI

IS ;E?L(’ﬁlﬁ%ﬂéﬁﬂﬂ FREUEE 0.5 g(Ri i 2]

0.001 g), ¥ 50 mL RNUHLMmEEE OB, K
WINA 10 mL 2%, #WHENRY 1 min, 585708
5], #A AL EE 20 min, A EEI, A 6g7G
7K MgSOy4, HHEIRFE, WiEHR 1 min, & FUkK
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W PREIR, LA 5 000 rmin~! B0 5 min, FEHL L
W 2 mL 214 25 mg PSA Fl125 mg Cis B .08,
WHEIRA 1 min, LA 10 000 rrmin~! .0 3 min, &%
RV, 282 0.22 pm SRR I8, BQEWREAI .

232 MPER W RO, R “2.17
T s S IS S5, SRR BT, 15 EIRE &
A £ 1 R A

233 Fio MRS -ReE, N9
JERE K 24+ MassHunter Workstations Software
Qualitative Analysis Version B.07.00 # /4] “Findby
IRE 5 B R E B bk T

Formula-Options”
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Rl AOMUBEARECAS T, 2T, AL TE. BTHUFX. REMEARFERET

Tab. 1 CAS number, molecular formula, precise molecular weight, ionization mode, retention time and fragment ion of 40
sex hormones
o . e BT e N
it CASH  IFRX m st Fmin T

IR 2T 76-43-7 CyoHpFO; 337.2173 ESI+  1.97 131.084 8, 181.101 1,223.146 7,241.157 6, 281.188 2, 299.198 9, 317.209 9

B L 5 T 382-45-6  CioHp03  301.1798 ESI+ 235 91,0541, 121.064 5, 135.079 1, 161.095 6, 225.126 2, 257.152 3, 283.168 7

e 10161-33-8 CisH»O, 271.1693 ESI+  2.87 67.0527,107.047 8, 121.064 4, 133.064 2, 189.126 2, 199.110 8, 227.142 0,
253.157 7

AHETR 53-39-4 CioH3003  307.226 8 ESI+  3.31 81.069 0, 95.084 5, 121.100 1, 149.131 5, 229.192 9, 253.193 5, 271.203 2,
289.213 6

Wik 434-22-0  CigHpO, 2752006 ESI+  3.42 83.048 1, 109.063 7, 145.100 4, 163.110 2, 185.131 8, 199.147 1, 239.177 5,
257.188 2

TS 846-48-0  CioHp0, 2872006 ESI+  3.45 121.064 4, 135.116 0, 147.080 0, 173.095 6, 187.109 5, 213.128 5, 269.189 3

=21 58-22-0 CioH0,  289.2162 ESI+  4.49 97.063 8, 109.063 6, 123.079 5, 161.131 2, 161.131 2, 189.161 5, 213.162 6,
253.1927, 2712027

A ST 72-63-9 CyHys0, 3012162 ESI+ 479 950847, 121.063 8, 149.1315, 173.094 7, 283.203 0

21-FE LR 64-85-7 CyH30; 331.2268 ESI+  5.15 97.064 1, 109.064 1, 123.079 7, 159.116 3, 295.205 8

2 52 481-30-1  CpoHxO, 289.2162 ESI+  5.56 97.064 1, 109.064 0, 123.079 7, 145.100 8, 175.147 3,213.162 4, 253.193 6,
271.204 2

4% — R 63-05-8 CioHpO, 2872006 ESI+  5.76 97.064 1, 109.063 9, 123.079 5, 159.116 3, 173.131 4, 211.146 8, 229.157 8,
269.189 0

Wi 2T 58691-88-6 CyHysOs 329.2111 ESI+ 595 83,0482, 111.079 9, 173.096 3, 253.159 0, 269.189 8, 293.190 5, 311.200 5

FH 2 58-18-4 CyH300, 303.2319 ESI+  6.25 97.064 0, 109.063 8, 159.116 2, 177.162 8, 189.162 8,227.178 1, 245.188 4,
267.209 0, 285.2195

AL 1093-58-9  CioHp,ClO, 323.1772 ESI+  6.88 81.069 2, 93.069 4, 131.025 8, 143.026 1, 163.148 2, 175.148 3, 251.179 8,
269.190 6, 305.167 2

Vi394 521-18-6  CyoH30, 291.2319 ESI+  6.99 81.069 5, 99.079 7, 119.085 2, 135.116 7, 145.101 0, 159.117 2, 173.132 9,
201.164 3, 215.180 0, 255.2113, 273.2215

FH et 6533-00-2 CyHpO, 313.2162 ESI+  8.51 83.0484, 109.064 4, 133.101 0, 159.117 3, 185.132 7, 245.190 2, 295.206 1

EJi(7y)2 521-11-9  CyH30, 3052475 ESI+  9.08 81.0692, 99.079 8, 121.1012, 135.116 8, 159.116 8, 173.133 3, 213.164 1,
229.1959, 2292267, 269.2267, 287.2376

B R R PTG 20 427-51-0  CyqHaClO4 417.1827 ESI+  10.18 133.100 3, 147.115 8, 219.057 4, 263.140 7, 279.172 6, 321.183 2, 357.159 4

it i S b 2 ) 302-22-7  Cy3HpClO4 405.182 7 ESI+ 1042 81.069 2, 133.1007, 249.1624, 267.173 1, 309.183 4, 345.1599

HRT 57-83-0 CyiH300, 3152314 ESI+ 10.62 97.064 0, 109.063 8, 123.079 8, 239.178 5, 255.210 1, 279.210 4, 297.220 9

LR HARTR 71-58-9 CyH3404  387.2529 ESI+ 10.64 97.063 8, 123.079 7, 175.148 2, 267.210 2, 285.221 0, 309.221 1, 327.231 4

T R 5 & 2 2919-66-6  CysH3O4  397.2373 ESI+  10.69 97.064 0, 119.084 7, 145.100 7, 187.111 6, 221.132 2, 237.162 9, 261.163 1,
279.173 7, 2952042, 337.2152

Je IR i 39791-20-3 CysH3,03  381.2424 ESI+  10.73 57.0692, 102.126 9, 107.9659, 195.124 1, 251.0449, 313.1842

T TR L5 I P 84-19-5 CoyHpO4 351159 1 ESI+ 1142 107.048 7,121.064 5,158.072 2,173.095 9,237.090 5,267.137 5,279.100 9,
309.147 8

it % S8 S T 855-19-6  CHyClO; 365.187 8 ESI+  11.58 131.0252,143.0250,175.147 8,213.161 1,251.178 6,269.188 4,287.154 4,
305.164 4, 323.1758

R T 7207-92-3  CyH303; 331.2268 ESI+ 11.73 57,0325, 109.063 6, 145.100 3, 163.110 4, 239.178 1, 257.188 6, 275.199 2

CL R 2 630-56-8  Cy7HsoOs 429.2999 ESI+ 12.42 71.085 5, 97.064 8, 145.101 4, 175.148 5, 205.159 2, 231.174 8, 271.206 2,
2952054, 313.216 6

SR A 1N T 152-43-2 CypsH30, 3652475 ESI+ 1243 60.043 3, 107.048 8, 133.0650, 159.116 1, 285.898 7, 326.965 6

RN 62-90-8 CyH3403  407.259 1 ESI+  12.72 105.069 9, 109.065 4, 239.1773, 257.1905

2 I 521-12-0  Cy3H3e03  361.2737 ESI+ 13.05 57.0331,145.101 7, 173.132 5, 199.148 9, 215.179 6, 261.042 8, 269.226 2,
2872369, 3232249

I = fE-D2 53866-32-3 CigHyD203 289.1778 ESI- 096 57.9748, 94.9251, 116.9269, 173.094 0, 257.938 8

HE = 50-27-1 CigHy03  287.1653 ESI-  0.99 579753, 100.9317, 135.9712, 152.9916, 171.081 1, 269.1513

HE — 50-28-2 CisHpO, 2711704 ESI- 241 61.9872, 116.928 0, 145.066 8, 158.072 8, 183.081 7, 239.144 6, 253.157 9

170 — % 57-91-0 CisHpO,  271.1704 ESI-  2.62 61.9871, 116.927 9, 145.065 9, 158.073 6, 183.081 7, 239.144 6, 253.160 4

17a-Z B sl — g 57-63-6 CyoH20, 2951704 ESI- 277 929275, 112.9849, 145.0657, 159.0814, 171.081 6, 269.1555

A P53 D 53-16-7 CisH»0,  269.1547 ESI-  3.04 80.9805, 145.0659, 159.8110, 213.127 7, 253.123 7

s T 56-53-1 CigHy0, 267.1391 ESI- 325 93,0344, 130.042 2, 195.082 0, 209.060 7, 222.068 7, 237.092 2, 251.107 7

XA ME T 84-17-3 CisHig0, 2651234 ESI- 331 68.9952, 93.0344, 112.9851, 130.943 8, 170.947 6, 249.092 5

% BEfE iy 84-16-2 CisH»0,  269.1547 ESI-  3.39 80.9803, 119.0500, 134.073 2, 174.968 2

I8 I — 979-32-8  Cp3H3O; 3552279 ESI-  7.34 101.060 8, 145.0655, 238.1359, 253.1602, 296.862 6, 318.844 1
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Fig. 4 Mass spectrum of progesterone in positive sample
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