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A iR BRI ERL R D b i m P 2 MR R

TEE OBREZ OME® LS

BRAZ %

RASEVEEE UHehnkait

W B

AW FE AR ER: FE WORE AT B2 B 3% (liquid chromatography-tandem mass spectrometry, LC/MS/
MS) - DAIE/E B85 8 1 (positive/negative mode).Z % 5 7 Jf {E | (multiple reaction monitoring,
MRM) {52 = [F] B Ag HI{ A 55 HH Estriol ~ Estradiol » Estrone ~ Ethinyl estradiol » Diethylstilbestrol
Pregnanediol * Progesterone & Estradiol benzoate 8FeIfff 15 (Estrogens)fk 532 gl F5% © .2 @it
&R Waters UPLC BEH C18 (1.7 pm, AIf%2.1 mm x 100 mm)  BEIFE R EEE /KA Z S HE T
FEVEUE 5 Td 0.3 mL/min 5 AHFFE ST A ST STEME B R B /Rl - FIFE 105 NEESTER AT » 13

AR AR R HIE0.005-1.0 pg/mL - AZEHE ghfRAR I O R AR B B 50,9953 DAL » RIS RIERE Z

RN ZE L AL P T = R - [BIECRS T

A85.2-115.0% » FHEHMEHE (R 2215/ N A 8.8% -

RASE | RABETER B E RS - MM - (bR

|

Al

FEERFAGESD - bHEME RIS AR
A EGERHVE B ZE s — o AL A DIRE K AL
FAtEsk#E % - Fra R 2 EHEE 2L B8
ZIMAALRE Ay Ze 2 At R = 2 HE =
FirBAvE o L i s R it 2 — 2Ry
Ed + MR AT DA e R B A ) S e R (o
FARUR - (BRI S SR AL - A
BEAETE ~ BE TS R o R & AR OR Y
BIfER"? ; e R A A AR (B SRR
FRIEZBAEY - BREHBEEGRALESRZL
%> » [REstradiol » Ethinyl estradiol 52 Estrone?!|
BITEREEZASE TS A B EE
S0 B | TR Y 0 HAMIMES R R B R
B AR bR -

A B3R P WROAH i A R IR R R B = K
WA AT S g AH b - BRLRER 47 ME B R UV i

I £ 280 nm 7F i B (5 (0 R Vs R
WIEE R - (H5 5 &R R LR H© - ER
LC/MS/MS RI K IR FE U o T B ~ R ATTE
TR R BERUE B2 FRTT o R (R
BB T RS R L2 RRHAT « AR FEHR
REE BT £ B 3 48+ 288 S ] R A A LRE o
estriol * estradiol * estrone * ethinyl estradiol »
diethylstilbestrol * pregnanediol * progesterone 5
estradiol benzoate 8TH M2 (Estrogens)i 732
Tl G DOERTRT e Esiae 2 HAY -

MEIERTE
— ~ BRERR

FAT02EE1 212 H 1 - HAS R4 Rl
ot e X2 R LI E M - FHRHEEMM S &3
5o Hogm AR 8 I ~ B Ry 111 RORAR
R R5 1 - FhEt240F
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=
Estriol » estradiol » ethinyl estradiol »
estrone * diethylstilbestrol * pregnanediol »
progesterone Zestradiol benzoate ¥f iR FIZ#E T,
EEEEBEUSP - FER K LS50 FROE E A
R+ B E I Merck /A F] -
= =4
EI ~ JEFFE0.22 mm » 25 mm > Nylon °
KB TitanA Al) ~ WAHEATE FE(ACQUITY

UPLC BEH C18 > 2.1 x 100 mm * 1.7 pm * 3
B Waters/3 ) e
P - {&eEREx TR

WOAH AT R MR E E A (liquid
chromatograph/tandem mass spectrometer * LC/
MS/MS) : TEAHE TR Fs(ACQUITY UPLC
system ,Waters, USA) - = E& S HIUM =8 5
(TQD, Waters, USA) » Bt F-IF%E % (electron
spray ionization, ESI) - [A]#f&EMass Lynx®
HHE B RA o MK ELERE(MIlli-Q Waters
Purification System, Millipore Ltd., USA) °
I~ BERAR B

¥ e Hlestriol » Estradiol » Ethinyl
diethylstilbestrol »
pregnanediol * progesterone 52 estradiol benzoate
HIRARERS mg - FEWEREE - DR AR
EARZES0mL > {FREERE - IFFER4C - i
FRF - BGEEARAE R - DI EREE220.005-
1.0 pg/mL » HE{EIEHEE -

estradiol » Estrone »

&—  BAEENTRENAENEE

Time (min) FIL"LVESS A%)  B(%)
0.0— 4.0 0.3 5030 50— 70
40— 5.0 0.3 3010 70— 90
50— 7.0 0.3 10— 10 90— 90
70175 0.3 1050 90— 50
7.5 8.0 0.3 5050 50— 50

7N MR SRS

Seitta iR A MR ¢ BR
20 mLAERAH - IIAFEELS mL - DUEE I
R&3057 5 » FHLIFEEEAE20 mL @ ££0.22
umEREEE - BRI ERR -
+ ~ RN RS LS

(RN

@& © ACQUITY UPLC BEH C18 °

2.1 x100 mm * 1.7 pm

BB - AT B EBET /K s BB

BB E asR—
JEHT AR  35°C

FiE : 0.3 mL/min

EAE 5uL
C AR E R R (B R R R R A 1L - H
HITE/ & BET)

EAEERE : 3.98kV

BT © 150°C

IBBEEBURE © 350°C

BRI © 28 & (EH](multiple reaction
monitoring, MRM)

J\ ~ {Z#£R# (Standard curve) Z SU1F
HI 8 e I v 2 R AT B - O P [ Ry
0.005-1.0 pg/mL » HEFTLC/MS/MSFHHT » DL
FEEENR R E - AR g R R -
- Rl R EERE
Fiifife B B IE R AT HEVATRASS uL - (TS
RO T BB E R AT - IR R T 40

£ BEAH BT RESABHE

FHES 50 TAHE AT I E R R
Relative intensity PR E
(% of base peak) Tolerance range (%)
>50% + 20%
> 20 to 50% + 25%
> 10 to 20% + 30%
=10% + 50%
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FI R AR AT A B B R AT B At BHEGR

M+ e A B R B VA IR P 15 U8 e - Vi R TR P
% ¥ I FEAE AR B B 75 AT (R =)V B
AR AT EAKRGmEF SRR G E
(ng/g) -

B R 2 I (glg) —C X

C = FHAEE e 0 oK (I8 M 3R 2 R P (mg/

mL)
V SR E A B (mL)
M @ B trishe 2 EE(g)

+ ~ ANEIEES

INFLEARBE A1 g 3 BN A ME SR IR
THEVRTR o B RS 50.005-0.5 pg/g @ MR
AR AZ VR IER - DALC /MS/MSHETT 43
M7 FIRGETTZ2HREE - DU AT S S s
BT 0B R 58 2 TR R R R E RS - 43 e
REME AR L g G B & SR H R 2 [

+— ~ EEXE(matrix effect)

EEWESHLEE NR201ERRTTE
@ SR YA AR T R

(—)fEEHE i 7 b s (standard calibration curve,
SCC) : MEMHFREARELIHHIREER
0.005-0.5 pg/mL °

()22 B BB 2 R IS D 2 i E AR (matrix
matched calibration curve, MCC) : H{ZZH
FLIRZE DU S I S0 SR 1R S e o Hofy
FEIRIE 550.005-0.5 pg/mL

CEEEREAELXWMT - BEWE=
(MCCZHHHFE—SCCZAF)/SCCZRIHE x
100%

+=  EEMRZ A

IR 2 AR ZE E R e - FETEREE - N
N EREATR - (RFTRE TLZ 5 R B e Tl

% o PALC/MS/MSIHT o DAREREIERI R & BiE 7R
= BEREEZONEY
Precursor ion Product ion Cone Voltage Collision energy .
Compounds (m/2) (m/z) ) V) Polarity
287.0 145.0 42
Estriol 26 ——— ESI
287.0 170.9* 36
271.1 145.0 44
Estradiol 78 ———  ESI
271.1 271.1° 22
269.1 145.0" 42
Estrone 66 ——— ESI
269.1 158.9 40
295.0 144.8 48
Ethinyl Estradiol - 68 —— ESI
295.0 295.0° 28
266.9 237.0° 34
Diethylstilbestrol 52 —— ESI
266.9 250.9 32
) 285.1 175.0 28 .
Pregnanediol - 30 ——— ESI
285.1 189.0 34
315.0 108.9" 44 .
Progesterone 40 ————  ESI
315.0 122.9 28
2
) 377.1 104.9 .
Estradiol benzoate 38 6 ESI
377.1 135.0" 26

a. ERHET
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B EHZ FUAE(S/N ratio) KA 101F b 7 B[R
(limit of quantification, LOQ) °

FEREAETER
— + LC/MS/MS &i@E gt

A2 H FIACQUITY UPLC BEH C18
(ILD. 2.1 mm x 100 mm, 1.7 pm)f@HEHE: - Fr
RIS EIHEHA R ZBE /K s BEEBR LG -
HETTHRE WP (gradient) » BRIFANER— » JiE Ky
0.3 mL/min - A fA87 88 M SE AT o [l — Ty
estriol » estradiol * ethinyl estradiol * estrone »
diethylstilbestrol * pregnanediol * progesterone
Jeestradiol benzoate 8fEMEEIZRAL 73 » IRFE0.2
ppm * I IE/ BT EREZ EEER - Fr
1S HEBE T TG BTl - 8T MBI SR % e Z BEBE T
FriE I - BB R TR R IEZ TR
HORMRMIE VBT - DLEHERE SR Bl 7%
Ry EHET - ARSI FERT B 2
i A R I S Rl i AT i By 7 SO T O S T O
AR
= HREEERMG

ARSI 7 R SR E R DA = B U
FRMRM)AETT AT > JefR e —(E VT Q1)E
BFERET o PO B UMRAR(Q2):E A ER
AT - EATREETE A o HE=R
PR (Q3)E T E B THETT (M - R DS

=M~ BEXNE RIS

HEMLFRE2E - SR E (2 EBENR
Fi o WAME R L&Y < E R N E RS —
bz o F - RS RNER E L &
ST CHE Ry € E BT (quantitative ion) » X
5 Ry 7E 1 BT~ (confirming ion) 5 (LRl FEAE &=
(FE)e

= - {Z#EA84% (Standard curve)fE R

ST e 3 B IR A I ME IR E0.005 -
1.0 pg/mL g8l 2 BEERER A2 - HE (REL
() EETE0.9953 L _F (=) -

F BREEZ A

PALC/MS/MSHETTIE & » Bloyfr iy L [El
e H 2 EE TV (co-eluting matrix compound)
B MYNERE T LIBE - "6
I8 PN B 5 EN G - T R B R (matrix
effect) o Ryt (G EXUE - 73 pll BE I U]
i (standard curve) 7 35 UL AL A & #% (matrix
matched calibrationcurves) » W FLEF HAF R -

BB e R AL A R E TR -5.45-6.23% (£

gy o
WEHE) = 2o x 100
A SEERE R AR B R A -
B : BRI R R B AR

A~ ANNESE SR

Estrogen standard calibration curve r matrix mat;lllf\jiecalibration ? Matr?;)l;:ffect
Estriol y=15.18x +23.12 0.9964 y=14.85x-32.81 0.9992 -2.19
Estradiol y =696.38x + 329.75 0.9996 y=633.79x +551.14 0.9995 -5.45
Estrone y =276.42x + 80.64 0.9986 y=264.87x-178.92 0.9975 -4.18
Ethinyl estradiol y =239.05x +280.47 0.9992 y=215.50x +328.91 0.9996 -1.28
Diethylstilbestrol ~ y =270.96x + 196.98 0.9953  y=269.44x - 147.46 0.9996 -0.77
Pregnanediol y=0.24x+1.17 0.9970 y=0.25x+0.68 0.9995 6.23
Progesterone y=81.26x + 67.18 0.9994 y=281.86x+51.35 0.9997 0.74
Estradiol benzoate y=17.50x - 1.12 0.9997 y=16.83x + 18.35 0.9974 -3.86
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RSV ST

TN BTEMEAER Z E BAEIRATEHER

A~ SMERERAL Y Z AR NNELL

Compound LOQ (mg/mL)
Estriol 0.1
Estradiol 0.1
Estrone 0.1
Ethinyl estradiol 0.1
Diethylstilbestrol 0.1
Pregnanediol 1.0
Progesterone 0.1

58 'z 22 HFLIE 43 B s 0 8 e I
FIRAAEHENR - =R 53 5147 520.005-0.5
ng/g AT Z R NEIR (R ) » EEER
(recovery)/THA85.2-115.0% 2 [t » % FARE,
(CV)IT120.2-8.8 %.Z[H » BERFIBAZEZ 31775
EEARFZEINERGEER) -

7N~ EEMIR FHE
At B 7 vk Z E BMRIR 73 B Ryestriol »

estradiol » ethinyl estradiol * estrone
diethylstilbestrol » progesterone K estradiol
benzoate £50.1 ppm ; pregnanediol’551.0 ppm (5§

7N) °
T mEERERR ST

R IL 2 TEERR T S i
ko KR HEEREMEREIL 2400 Hrhdg
A By 81 B S By 111 B R B B By
SER(E =) - A F 2B #8535l Estradiol
K¢ Estradiol benzoatefi%.73  fa HEstradiol &
HEFFF IR T 9k Z A il 53 HiEstradiol
benzoate # T %55 X f# 2E f E T TTEBURHE -

A af
AHIE e 2 37 DAORH g 7 5 Bk B Rl i (LC/
MS/MS)[FIFF 73 BT LR o o 8 TR I 33 38 .2 70 A
Jitk o IYEMER HIMERGR - TR o [\l
W ke BB ML (R - AT FER AP I B
T o AWtFe AR E e e BB kil

Recovery

Spiked conc. CcvV
Componds gy 00 o0
5 93.0 247
Estriol 50 92.6 0.94
100 88.3 0.61
5 85.7 1.71
Estradiol 25 94.5 1.26
50 93.2 0.20
5 84.8 4.03
Estrone 25 88.2 1.94
50 88.5 0.79
5 115.0 1.28
Ethinyl Estradiol 25 97.8 2.69
50 94.6 1.28
5 84.8 4.04
Diethylstilbestrol 25 88.1 0.50
50 92.2 0.71
50 105.4 4.12
Pregnanediol 100 106.7 7.96
500 85.2 6.22
5 94.0 8.84
Progesterone 25 101.0 2.52
50 100.4 1.64
5 92.4 3.03
Estradiol benzoate 25 100.1 1.03
50 113.7 1.16
a.n=3

AEH  EEERE < + 10 AR FalEIAAR
TR FEI AR BB NE - Al R IR T
B o HAR MR 712 =02 AIE (R 8 (correlation
coefficient, r')E54F0.995 L F - T 58 SUFE 2
HEER » FiPregnanediol £56.23%%b » HAR7fE
BRI PLI A BA B R e - R R P T
ZEERR T EwEE ik - B AR102
R BRI A R i e R 24k - Hrhig A
an8fF - B M 1 R R B RIS - AS 52
#8555 H Estradiol 52 Estradiol benzoatefi¥,
Tr([E ) -
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LE- &1

O R N W R OO N XV

L 2N nz A
B = - E Mt 8iEMA R 2 1aEaiER

T HHEstradiol & R i A 75 Pl R8Ok 2
0 S9ig HiEstradiol benzoate i % v 2F 7]
A EM 0 ORI EERETITBURH -
FrlE T EE LB EE - Al E A 7L ] T
EIERAEOITT M E M s b - #EFE o LR R 8
A _EHIR EE -

ZENR

1. BRER - MR - 2005 - IRIZMEMIE M
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30(2): 121-123 -
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CATEEE AR - 2005  BEYIEstrogens By

IR 53 (2 BEAL ME i B ME 2 Estradiol
Estroner * Ethinyl estradiolfE#4h) » 94.04.21
B 2T 550940306865 57 /A 75 -

C ATER AR - 1991 « ALHESL & 1SR

(Estradiol  Ethinyl estradiol & Estrone),Z %%
FFREHE - 80.08.07 HEEET 5963940

] A
ﬁ/i}l:l °

. RE/NE S EEERE  BEEE - EHE - R

I 2 2012 o S RURAE EES AR E T
T RO b S R SR EEY) - ATl
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HIE B - REIREBEE © (LB - 39(8):
832-837
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L BES - HRE - EmIIT > BRE > Bl

ERSE - 2011 = OB AT & B B R R
R 2R - RimZEMIT e - 2
:97-106 °
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Determination of Estrogens in Cosmetics by Liquid
Chromatography-Tandem Mass Spectrometry

SHIN-HAO CHEN, SHOU-CHIEH HUANG, YU-PEN CHEN,
LIH-CHING CHIUEH AND DANIEL YANG-CHIH SHIH

Division of Research and Analysis, FDA

ABSTRACT

A method for the analysis of 8 estrogens in cosmetics by liquid chromatography-tandem mass
spectrometry (LC/MS/MS) with electro spray ionization was developed. Data acquisition under MS/MS
for each estrogen was achieved by applying multiple reaction monitoring (MRM). Estriol ~ estradiol
ethinyl estradiol ~ estrone * diethylstilbestrol * progesterone and estradiol benzoate were extracted from
cosmetics with methanol, and analyzed by LC/MS/MS with electrospray ionization.The LC separation
was conducted on an Waters ACQUITY BEH C18 (I.D. 2.1 mm x 100 mm, 1.7 pm) column with gradient
elution of water and acetonitrile as the mobile phase. The concentration range of standards were 0.005-
1.0 pg/mL with an r* value greater than 0.9953. The average recoveries of the 8 estrogen spiked in instant
creams ranged from 85.2-115.0% and the relative coefficients of variation of all estrogens were below
8.8%.

Key words: LC/MS/MS, estrogen, cosmetics



