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F A8 B A R B R R 2 AL it fh o Z MR SR

REZ RTE REEZ MER ERS

RASEVEEE UHehnkait

W B

AW TR AR FE AT SR I %% (liquid chromatography-tandem mass spectrometry, LC/MS/
MS) - DAIE/E B85 8 % (positive/negative mode).Z % 5 7 [ {& | (multiple reaction monitoring,
MRM) {52 =[] B Ag HI{ LA 55 R Estriol ~ Estradiol » Estrone ~ Ethinyl estradiol » Diethylstilbestrol
Pregnanediol * Progesterone & Estradiol benzoate 8Fe Ifff i3 (Estrogens)ik 532 gl F5% © .2 @it
&k By Waters UPLC BEH C18 (1.7 um, Af%2.1 mm x 100 mm) ; BEEFH R LT /KA ZIEE T
FEVEYE 5 Td 0.3 mL/min 5 AHFFE ST A ST SFEMEBR R B /Rl - FIFE 1053 ST R AT » 13
ﬁ%ﬁZﬁ@ﬁ@%wwlo%ML$ HE R AR AR M A B R B B 5509953 DA | o FRIIANRIERE 2
FRUE LA 22 T AL T = E S - [BIER T R85.2-115.0% » FHEHRHER 7232/MiR8.8% -

RASE | RABET R E RS - MM - (bR

I 5 5280 nm 7F $ B (5 (0 HE Vs R
FITES: R - (A SRR R L3R A - B
PEERHMCGED - (LR E RS AR LC/MS/MS PR I BE P 7 Tk~ T

A EGERATH B E il — © T LAEALHITRE R TR R BRUE B2 FRETT o R (R
RthBRB % - g sy < B R 2L - B EE TSR L ZRRHAT AR FEHR
ZiMA Lt L 2 ERER R w2 2 EE  HETT A RERE - L Rt B RN
FrRaE o AbFE SRt = B —(E 25 Y estriol ~ estradiol ~ estrone * ethinyl estradiol
SERE > MEEER AT DU A A O S A R diethylstilbestrol * pregnanediol * progesterone 5
MR - BRI S HERGR AL - HA estradiol benzoate 8TEIEH R (Estrogens) /3 Z
BEATE ~ BE R R R A RO HY Tl 5 - DOERTR T HnEsiae 2 HAY -
BIER"? ;s MR BER A BEE A R ALK

|

Al

s =+
T A RN E R % MRS A
% > [Estradiol » Ethinyl estradiol & Estrone?%!| — ~ BB R
PR (LR RR B 10245 15 12 B » b T 4

SEEENE ) TR BRI ST g mn o e n L w15 B

RO EfEL - o EEAR RS BRI R
A E B 0% FH VROAE g AT R T R 0 B R TERI RS HEEapk

ARG AT S AL IR 2 MR UV i,
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Estriol » estradiol » ethinyl estradiol »
estrone * diethylstilbestrol * pregnanediol »
progesterone 2 estradiol benzoate ¥R FIZ#E T,
I E EBIUSP - I K ZI5H8 A AHTE A
R+ B E I Merck /A F] -

=-#8
ERI ~ JEFFE0.22 mm » 25 mm > Nylon °
EETitan/A 7)) ~ WHE R EEACQUITY

UPLC BEH C18 > 2.1 x 100 mm * 1.7 pm * 3
B Waters/\ &) ©

\ fEERE 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]# & Mass Lynx"
HHE Z BEINRA - MK BELEEE(MIlli-Q Waters
Purification System, Millipore Ltd., USA) °
I~ BERAR B

Fs e lestriol ~ Estradiol » Ethinyl
diethylstilbestrol »
pregnanediol * progesterone K estradiol benzoate
HIRFERS mg - FEHEREE - DR AR
EARZES0mL > (FREERE - IFFER4C - i
FRF - BGEEARAE R - DI ERFEE220.005-
1.0 pg/mL » HE{EIEHEER -

estradiol » Estrone »

&—  BAEENTRENAENEE

Time (min) FIL"LVES:S 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 I SR
Seft iR s EEEIRHEL ¢ BR
20 mLAEMEH - IIAFEELS mL - DIEEH I
RE30578# - FHLIFEEE A E20 mL » £80.22
umyERESEE - BRI R -
+ BT SRR E R R
(AR AT
[EHEHE © ACQUITY UPLC BEH C18 »
2.1 x100 mm * 1.7 pm
BENE © AR EBET K - BRBE LS
BEIFER R —
JENTEREIRE © 35°C
Fi 0.3 mL/min
EAE 5uL
() ER B R R B TR R B AR e E
HIIE/ &)
EAIEERE  3.98kV
BRI - 150°C
VAR ¢ 350°C
BRI © 28 & (EH](multiple reaction
monitoring, MRM)

J\ ~ {Z#£R#5 (Standard curve) Z S41F
HI 8 e I v 2 R AT B - O P [ Ry
0.005-1.0 pg/mL » HETLC/MS/MSZHHT » DL
FEETEENR R E - AR g R -
- Rl R EERE
Fiifife B HUBG IR AT HEVATRASS uL @ (TS
RO T BRI E R AT - AR R T S0

£ EEANZAHMTRERATIEE"

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

1T » SRR R M 5 W e - YRR T R
S5 7 I JE (2 TTRET S0 T (2 =) O 2
WA Y ER RS R S E 4 &
(ng/g) -

B 22 I (gf) = C X

C ¢ EE e g 45 R (M 5 2 Y FEE (mg/

mL)
V g R EA L BEEmL)
M : EURES TR B 2 B (o)

+ ~ ANEIEES

IFLEARBE A1 g 3 BN A ME SR IR ]
THEVRTR o B RS 50.005-0.5 pg/g @ MG
B AZ VI ER © DALC /MS/MSHETT 43
M7 FIRGETTZ2HRE - DU AT S S s
BT 0B R0 58 2 TR R R R E RS - 43 e
REE AR L g G B & SR H R 2 [

+— ~ EEXE(matrix effect)

EENESELEE NR201ERRTTE
@ SR YA AR T R

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

()22 | BB 2 A% S 02 B & A% (matrix
matched calibration curve, MCC) : H{ZZ
FLIRZE IR S I S0 SR 1R S e i Hofy
FIRE 550.005-0.5 pg/mL

CEEEREAELKXWMT - BEWE=
(MCCZHHHFE—-SCCZAF)/SCCZHIHE x
100%

+=  EEMRZ A

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

% o PALC/MS/MSFIT o DAREREIERI R & BiEF-RHE
= 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 N
Estradiol benzoate 38 6 ESI
377.1 135.0" 26

a. ERHET
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RSV ST

EiEEEH <~ HUE(S/N ratio) KF2 101E B 7E
(limit of quantification, LOQ) °

TR R EET R

E IR

HEMEFREE2 - S (L2 BENR
Fiim o SERAE B L & Y2 B R e S E—
R FE L R - W= S R R A
ST LB Ry € E BT (quantitative ion) » X

— + LC/MS/MS &i@E gt

KRR H FIACQUITY UPLC BEH C18
(ID. 2.1 mm x 100 mm, 1.7 pm)EH7EH: - A7
RIS EIHEHA R ZBE /K - BEEBR LG -
HETTHRE WP (gradient) » BRIFANER— » JiE Ky
0.3 mL/min - A]fA87 58 N SE AT o [l — Ty
estriol »
diethylstilbestrol * pregnanediol * progesterone
Jeestradiol benzoate 8fEHMEBIZRAL 73 » IRFE0.2
ppm - M IE/ &l RE L ENEER - AT

1S M TR BTl - 8T MBI SR 3 & Z BEBE T
ﬁﬁﬂb%ﬂ’]b‘“}#qﬂ PER THRREZ THET
HORMRMIE BT - DLEHERE SR A Bl 7%
Ry EHET - ARG EIANI T B 2 A
i A 5 B I i AT i By 7 ST T O S O
VAR

= ERERERG
AHITFE 7 {58 F 2R T R R DA = B U A

FMRM)ERTFAT » S5 — (B Q1)
R T RAE T ERIORIR(Q2)ME A A

estradiol  ethinyl estradiol * estrone *

5 ks B BT (confirming ion) S iz FETHEAE

(F)-

=

=N

= - {Z#Ah#& (Standard curve)fER

S e U 5 3R B 7 R G AR HE A R EE 0. 005 -
1.0 pg/mL A S R iR 3 - HE FRER

() EETE0.9953 L _F (=) -

BWE G
PALC/MS/MSHETT E & » Bl fr#)SL[E]

e H 2 ZE TV (co-eluting matrix compound)
GBI MONERE BT LB - wT8E
m_lﬂzﬂﬂﬁﬂjéiﬁﬁﬂauﬂ’ﬁﬁ i R 1B U (matrix

effect) o Ryl i BB XE - 70 Bl BLIEIRHE

it

#%(standard curve) 5 %5 VL i g & #7 (matrix
matched calibrationcurves) » if FL# H ALK -
BB e R AL A R E TR -5.45-6.23% (F

rg)
B E%) =
A HEERE

A X

B

* 100
Z AR

BRI -

RN s AR R ER R AR AR

AT - EATREETE A o RS =R

R (Q3 R FRIET BT S 1 (T + R LA 5% » AINEIEA SR

=M~ RENEZ BB

Estrogen standard calibration curve r matrix mat;l;:;iecalibration ? 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=1269.44x - 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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K Estradiol benzoatefit 7 ° f# H Estradiol &
R A8 F 92 E i 558 HEstradiol
benzoate & E % 35 [FUA A B ETITHURE -

A af
KT e 2 37 DAOAH g 7 5 Bk B Rl i (LC/
MS/MS)[FIFF 73 B (LR o o 8 T I i3 38 .2 70 A
T3k - Al YEREE HIMEEIR - B TR - (|l
W ke BB ML (R - AT FER AP I g
T o AWt7e AR E e 2 se BBkl
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BASEYISER A
FN  BREMRRZ EEMRETEFER FA ~ BHERIEEAL T ZIRNEILL
Compound LOQ (mg/mL) Commond Spiked conc. Rec;;very cv
Estriol 0.1 ponds meke) 0 %)
Estradiol 0.1 5 93.0 247
Estrone 01 Estriol 50 926 094
Ethinyl estradiol 0.1 100 383 0.61
Diethylstilbestrol 0.1 5 357 171
Pregnanediol 10 Estradiol 25 94.5 1.26
Progesterone 0.1 50 932 0.20
5 84.8 4.03
WE e[RRI s My Bstone 2 882 194
FIREEAETR - HIRE 73 5171/20.005-0.5 >0 88.5 0.79
ng/g * RS ZIIEIBCR(FRA) - HEgeR > o1
(recovery)fl\ﬁ’\85 2-115.0%.2 F5 » # FAZE Ethinyl Estradiol 25 97.8 2.69
(CV)IT140.2-8.8 %2 [+ BERFTBIEE S 54717 0 AT
BT L BRI - > S8 A0
Diethylstilbestrol 25 88.1 0.50
N~ EERRZ FHE 50 922 071
b B 2 R IR 53 B Byestriol - 0 A A
estradiol » ethinyl estradiol » estrone » Pregnanediol 100 106.7 7.96
. X . 500 85.2 6.22
diethylstilbestrol » progesterone K estradiol
benzoate £50.1 ppm ; pregnanediol’551.0 ppm (55 > o0 55
L Progesterone 25 101.0 2.52
7N 50 1004 164
£+ EALE R R s 24 o
L e T A
B R A RS 240F - Hrhg — - .
At R 81 BRI ZE i R 11 R AR AR 7 B B oy
SPECE ") - R IR BRI Estradiol oo wesemene e |

TR FEI AR BB NE - Al R IR T
B o HAR MR 712 =02 AIE (R 8 (correlation
coefficient, r')E54F0.995 0 F - T 58 W€ 2
HZHR - BRPregnanediol £56.23%%1 » HER7HE
i P 32 A LR I R B L B RAE - A PR T
ZIEERR T EwEE ke - B ATR102
A R A R i e R 24 F - HrhiEg A
an 8 B M 1 R R B RIS - AS 52
{Fi5 8 93 B & H Estradiol 5 Estradiol benzoatef%
Tr(E ) -
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WA .éi AART
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T HHEstradiol & R i A 75 Pl R8Ok 2 &
0 S5k HiEstradiol benzoate® i % v 2F 7]
A EM ORI EERETITEURH -
FrlE i EE LB EE - Al E A 7L ] T
FIEMAEOTEEE L fE%E b bR
A _E R EE -
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. TR AR 2 2005  BEYIEstrogens By

IR 53 (2 BEAL ME i B ME L Estradiol
Estroner * Ethinyl estradiolfE#4h) » 94.04.21
WEHETE094030686557 /275 -

C ATER AT - 1991 - ALKESL & 1SR

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

] A
ﬁ&m °
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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



