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Simultaneous determination of nine female-steroid hormones
in brown sugar by UPLC-MS/MS
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FEE L TaAE b O fh ki F oA & 20k A0 & 3%
PRAEEMNE S &, HREKERE. A THRAR. 2
HLB B A48 % B % 4L, R A ACQUITY UPLC HSS T3
GRS B VA L2 mmol/L TR 4 KIERAEDN AT
ARRATHE B, 2 A ECKEBETREAHFHRXT
VA % B ) BE X (MRM) 42 4 4 0, Sh 47 3% 2 247
HREN IS EMBYRERELCEHANEZKER
F X AERRAHRFT 0994 HRA 0.2~1.0 pg/kg, =
K FEH 92.2% ~113.2% A0 T A7 A £ 4 1.6 ~6.8%,
Tkt MRV REES LB B FGEDN,

KFH MR FARME B — KT MRS
Abstract; A ultra-high performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) method was estab-
lished for the determination of female-steroid hormones in brown
sugar. Brown sugar samples were dissolved in water, and extrac-
ted by acetonitrile, then cleaned-up using an HLB column. The
analytes were separated on a ACQUITY UPLC HSS T3 column
with acetonitrile-water ( containing 2 mmol/L. ammonium
acetate) as mobile phase by gradient elution. The mass spectrom-

eter was detected in multiple reaction monitoring mode ( MRM)
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using positive-ion and negative-ion electrospray ionizations(ESD ,
respectively. The quantitative analysis was carried out by external
standard method. The results showed that the calibration curves
had good linearity for 9 female-steroid hormones in the tested
concentration ranges, with correlation coefficients of more than
0.99. The average recoveries at three spiked levels were 92.2 % ~
113.2% , and the precisions expressed as relative standard devia-
tions (RSDs) were 1.6 % ~6.8%. The limits of detection (LOD)
were 0.2~1.0 pg/kg. The method proved to be accurate, rapid,
sensitive with repeatability and suitable for rapid detection of fe-
male hormone in brown sugar.

Keywords: brown sugar; ultra-high performance liquid chroma-
tography-tandem mass spectrometry ( UPLC-MS/MS); estro-

gen; progestin
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BRI RS .

I AF S R R R A5 B P AR A Y
JeE L IF & R D ik R R R . H AT
rhBCER BR BRI E O I E A S AOR A 3% vk (HPLO) |
MRS — B R RS v (GC-MS) IV AH 8, 1% — £ B R %
2:(LC-MS/MS) ,GC-MS 5 HPLC 43 & — it 75 TLA7 4= kb
B RRAECHEB M E B s R RS —
AR ERH GC-MS 3B &, LC-MS/MS & H i
PR R A FE B T7 vk A O B GAR M s AT Ml bR SR
LC-MS/MS ¥, i GB/T 21981—2008, SN/T 1980—
2007 \SN/T 25332010, % W XF 5 Ky 3 49 1k 6 b B A il
v o T LA B BEBE T O 43 BT 4 50 A GBI 5 A diRGE L A
PEEE T FHE R A S L SR ST R LC-MS/MS #
U b ) O L R 2K W RS AL 2T B IR
% HLB FEAHZEBUH: 4k . HPLC-MS/MS £  , #ft — [ 5@
EPRH 0.1 pg/kg. =M AT M R L0 RE S o
M B . 28 QUEChERs J7 i ¥ ik, F§ HPLC-MS/MS 3
T, o — AR R 0.7 pg/ke. 33X B AGN T ik A9 A ST
HEHHESRLEEE TIENTFRIEMS - AR L
S A A - AN O NI SN
Tl AT LA T SR B T & H TR A 22 i K Bk
B ok (EEOBE R A A M ARG N O k. TBEAE R
— R IR T B R AR R U AR
AR+ T30 2 Sl 5 U O 1 A 3R T A A OG0

A3 55 40 6T 10 P AT AR AR NI 9 R E MR R
WFFERT G AT HE 4 Tl S0 3R OME TR L 006 O 19 O — 152 L
D 5 RN A IR R R 2 LR 2 T R SH 2
i | 8 1 i 2 L ) o ST [ EAS 3X 9 A R Y
T AN AR TN T BE T SRR R
DA ZR  IEXT SZBRAE o AT RGN, DA g B 2 4 ik
7 RO B R 1 PE M 4R S %

1 MRS 05k
1.1 ##5iKH

WEER (99.5 %) . C 4 M B (99.5%0) (M — % (96.6 %) |
M = W2 (98.8 %) (A2 (99.2%) L FF Z2 i (99.0 %) (T R 54
HbZE R (99.6 %6 il iR F M 2 iR (99.0%0) L I R HH % 20 i
(99.0%) : # E Dr. Ehrenstorfer A7) ;

HifiE , ZJf : HPLC %% . 3% [ Merck 237l

O R . HPLC 2%, 3% B Thermo Fisher 2 H] .

L2 UEE5EeE

=T Y AT BT RS A : Qurap 6500 B, 5% [ ABSCIEX
NI

# O sk 3% [ Ultimate 3000 %I, 3% Thermo
Fisher 27 ;

3% F: . ACQUITY UPLC HSS T3 #, 100 mm X

# B/%.UPLC-MS/MS EIRNELHES 9 FlEiEsE

2.1 mm,1.8 pm, 3 E Waters 28 ;
AR - Milli-Q AL, vk B % B2 ] 5
FLAZUERRE :0.22 pom, KT HE I S 00 15045 A BR A # 5
RIEIR A% : YALBOYS B, |1 223 Bl {25 A TR

NG

&l

B B 0 Ml: Avanti JXN 30 H, Beckman
Coulter /7] ;

HLB [##HZEBUA: : 60 mg,3 mL, 3% [E Waters 23 7 5

HL 7R : ME204 AU, g i) — 4B ) 2 (8 A BRA W 5

RAWAL : N-EVAP 116 #, |- ifg 22 3% B} F AL 28 A FR
NI
1.3 Hik
1.3.1 AH DGV W A TE

(1) 2 mmol/L Z B2 %% 7w Be il : MR FREL 0.154 0 g
SR B BAURE M IFERZE 1 L,

(2) ARV WREC )« 2 W L PP 2 G TR AR b 2 I | I
R WY 2 27 R L G R PR M2 T L O 0 M B T 2 NG S e O B
2L BCHI LR BE S 1 000 me/ L [ hr HEAK A5 U ME — 1 | Mk
SEE MR R ERE R B E R EA
JE L BC AR BE Ry 1000 me/L AR HEAE 25K . MR 5 2]
5096 & I — 7K ¥ TR R AR 7] J3E 0 T & s o AR VR
B HEAE I TE — 18 "C KA IR AF . TR br vl LA W AE
4 CMUARAT
1.3.2 FEREIALIE  PRERZIMERE R 29 2.0 g, F 50 mL H
FERLEPIMA 8 mL K, IR & 0 H 7 AR n A
8 mL ZJiE . ijiE 5 min, INA 1 g Jo/K G ER & . i d PR 4%
WHEPEYS 1 min, P4 4 500 r/min .0 5 min, %% 5 mL &
T 15 mL @08 o, FIAWALTE 45 ‘CRESHET .
AR RCR 5% 0 B BE— K IR W 5 mL, IR e IR A1 5 @
it HLB B A2 BN (2 3 mL B EEH 3 mL KBS L)
PRFFIEH L 1 mL/min, S8 5 H] 3 mL B AR ke /M .
Rk e W R T 3 min, B 4 mL B EEVE L W gk
VEMCMAE 45 "CR AR ZE . A 1 mL %) 4 i 3 48 V& it
BREY WA 0.22 pm LALUE IR 8 DR B AL RE
1.3.3 BE SOk e &S AR A ACQUITY
UPLC HSS T3(100 mmX 2.1 mm, 1.8 um); FEIH A N
I B A B4 2 mmol/ L 202 B K I W e I B B Ny
0.0~1.0 min, B A+ 70%,2.0~4.0 min, B 41 70% ~
5%.,4.0~7.0 min, B {84 5%.7.0~7.1 min, B
5%~70%,7.1~10.0 min, B 4 70% . #i& 35 C;ikkE
i 2 pLs i 0.3 mL/min,
L34 Bl RAH IS & F IR, IE 78 F R
5 22 Sy B IR 5 HELIE 25 H [ 5 500V (ESTH) .4 500 V
(EST—) 5 B F IR BE 300 °C ;A AF K JE S 2.76 X 10° Pa;
filf 48 < 7 2 A (Medium) 5 35 {6 8% 7 3.79 X107 Pa;
WBYVRE ) 3.44X10° Pas A HLJE 10.0 V3 filf 18 % H 11

97



98

R4&5# 7 SAFETY &. INSPECTION

HUE 10.0 V, £ 1N IO HMRLEY W EN . ER-E T
X RIS

®1 IMUAUHRESE

Table 1 Parameters of MS/MS for nine coumpouds
BT FET  EFERE/ RiEAER/
oG W) 2 Fr

(m/2) (m/z) \% eV
109.0* 60 26

22T 315.1
97.0 60 24
123.0* 60 32

27 i 345.2
97.0 60 31
A 309.1° 60 20

FE AR SA L 22 405.0
345.1 60 19
\ 327.1° 60 18

FEAR 3R 220 387.1
285.2 60 24
325.1" 60 18

FE AR T 220 385.1
267.1 60 26
183.0* — 160 —48

iy A 271.0
145.0 — 160 —50
171.0* — 160 —48

WHE = 287.0
143.0 — 160 —63
143.0* — 160 —65

WE TR 269.0
145.0 — 160 —48
237.0* — 160 —37

i fE 267.1
251.1 — 160 —32

oo ERET.

2 HRL R
2.1 BiLEHEMRL

73 0 TC ) BT ¥R B2 Dy 200 e/ L B9 i R B9 AR
HEVA W, R P T 5 L 45 ok M O X R AT B3 A% 1R AR AL .
W L ME =L ME ) | M T SR T S KA B R T
ZE L FE 2 TR R SR M 2 T S R PR b 2 L S R R R 2
T e ) I 8 4 A 2 X B Bt A 8 B A A
HpEFE T REERA T M 2 X787, 308
Ab X R B 7 X Y 25 7 1 R (DP) L filf 15 B8 (CED | Al 48 =
H LR (CXP) JREE %A A HLUE (EP) . 254 ff A & T3
W R A S A A B B 7 IR R B (CTEMD ., 6ilf 1 &
(Collision gas, CAD) . 75 X JE J1 (Curtain gas, CUR) .,
FARE S (GSD) VRGN TR S (GS2) TS 1 P 25
JE (Ton spray voltage, I1S), k45 % TEM & 300 C,
CXP 2}y 10 V,EP K 10 V, 7 B T IS y—4 500 V, IE
B IS 2 5 500 V,CUR i 2.76 X 10° Pa, GS1 K
3.79X10° Pa,GS2 2 3.44 X 10° Pa,CAD i Medium, f£
AR AT 29 FioMEMEBCR 19 MRM EHnE 1 R .
2.2 BIEEHERL

T Bl R 1 AR S W T | A B R R R R AR

BE211H | 200945 8 | &RS5HH

Wi, LC-MS/MS 3 # Hh 1E 88 150 20 5o B R 188
WK B 5 15 R e vhE ok AR E B A AR E
BUE B AR VR B B Ay B AL G . T 9 MR
FasmE BEFXME LTI’ AR EAEET
K+ ZNE 0.1 H B K+ 2 5.2 mmol/L Z R4 +
SR K+ B EE 0.1 % B R /K + H EE .2 mmol/L Z Rk +
AR S T sl AR B, 9 b B AR Ak A W S 1 0 A e 0 i R K
BRI, S5 EVIEH 2 mmol/L ZME+ ZIBEN
VB AR T . O BhBCER (Y R A L TR R B B X FR . BB
T ®E N 0.2,0.3,0.4 mL/min B} 89 @ 3% &, & 3
0.4 mL/min W} 0ETE i AR B0 (0 2 48 6 ) i HOR SR
F 0.3 mL/min £ F (9 & 8B, Bk A& R 5 ok
0.3 mL/min F#E,

2.3 HRELERKL

2.3.1 REEMMERE SERHBETNITEESA
LLAR A INAR G 25 52 A /)3 500 % B AR R 0 3R ORCR i
B g5 5 AR L (] 20 3= BUSCR B80T AR A AE W] B 1Y
BETRAY . S0 =R W7k e K R 208 . T
FAAS TR A B 2B BRI O i M 193 TR0 3 8+ 140 %0 . Bt
= R AT 60 00, b 4 T [ o SR AR AL TR O Ak 4
AT AT . B TR B0 5000 & I — K I i
1 Ry 4 O B TS0 AS [ 5T it 4 3R 5 B R RO . g
BB A3 A 0.1,1.0,5.0 g i Na, CO, , Na, SO, ,
NaCl, B iE# 7% 1 min.4 500 r/min 20> 5 min, ] _EHFH
WsE . 45 FWIE ] 1.0,5.0 g Na, SO, B 1] g 2 &4 5
i .

2.3.2  [EAZERFMHRA SR 2R 2 R
GHBZEFRD XA R SHE Histb b9 — g
B ok TR T 90 03 40 B T % 038 K R ey 1R, &
B RO AT AL P AR JC R B A B R T SPE J5 ik R
LIREIEAT AL . BRI E T R OR A HLB 3 Cus [ A0 2 L
FEAT A R S T A M R . 5 Cos SAHZE BUAE AH
o, HLB [ AH % BOAE B B AF i e @ M fn iz iy pH 2
FAME s Ho A2 2 o AT R T 30 % 5 e R R B AR MR
U R A 30 B He e F HLB A7k, e K HE L
OB, S iF HLB [ AR 25 B X 9 Al 3= b [l i 52
£ 5 mL K H A 100 ng #03R b5 6% 25 0 W, B4 IR
5Y 4 B 3 AR AR AE A AR AR LR RS 1 mL, &5t
FAE R TR IR VE R IR AR T S — K&
BRI mL, E@mWE 9 FEER S &, 45 /R HLB £
XF 9 FEE A IR 98.8% ~101.3% . 7E RIS
10 pg/kg WI8EREL 1.3.2 (Y )7 1 HEAT AT AL 38 K F HL
9 PR M BIRCE Y 92.220~113.2%,

2.3.3  FEFRZON  UPLC-MS/MS J& 25 5% 82 46 0 4 H
RS 7 32 o HL B I W] RE A 7 R B A0 3 AR I 4
AUER . A BETE T L00E 9 A ME M R 0 3k T
N o &5 5 3 W O Fl Ak A 0 1) 35 T N 8 A 80 26 ~120 %
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Figure 1 Chromatograms of nine hormones in MRM mode

A M AN T R AR 8 R P R A M W R AT AR AL S R B O AR AR A L 2 R R DT AR L AR O b

AT . WA — & RV N R RIFRRIE SRR M KR
2.4 FHEFRWIE =099, L1 3 {55 M LU 2 B AR AL 9 B9 A R 10 %
241 SMESRMREERR  FHl—RPIREEIRER  EM L E AR E IR R LK 2.
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Table 2 Linear ranges, linear equations, correlation coefficients(R ) ,limits of detection(L.ODs) and limits of
quantification (LOQs) of the nine hormones (n=56)

e LAELH/ — KR LOD/  E &R LOQ/

(ng * mL™ 1) (pg - kg™ H (pg+ kg™ b
W 2.0~100.0  y= 8.6X10*x—1.2X10* 0.998 1.0 3.0
O 4 HE Ty 2.0~100.0 y=2.8X10°2x—6.8X 10" 0.999 1.0 3.0
iy 2.0~100.0 y=1.6X10"2+9.7X10° 0.996 1.0 3.0
W = 2.0~100.0 y=1.3X10*2+6.8X10° 0.995 1.0 3.0
2 1.0~500.0 y=1.2X10°x+5.1X10* 0.999 0.2 0.6
A 2 ] 1.0~50.0 y=1.8X10°x+6.2X10" 0.999 0.2 0.6
Tl 12 St 2 T 1.0~50.0 y=9.6X10"x+4.3X 10" 0.999 0.2 0.6
fith P22 F b, 22 i) 1.0~50.0 y=1.1X10°2+5.2X10* 0.998 0.2 0.6
itk P FH 2 27 il 1.0~50.0 y=2.1X10°x+1.2X10* 0.998 0.2 0.6
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B 10 %5 5 R 3L 3 AN J5 ik vk B2 K 7 X 28 (5 £0 AR AT IR
T e S, B A TR KOS AT B 6 UK, 4 JRAS O ik
HEAT A o T 508 249 [0 5% R b o R 25 . AN 3% 3 TR,
4 FhME E T Iy 92.2% ~113.2% ,5 Rl 2 & -
e E g 93.5 %6 ~105.6 %6 A X bR R 22 3 <<10 % . 1%
5 1% 1 TR A0 238 R K v i 25 149 L A A A % o A RO
R R AT LK

R3 OOFMEMMAR DY ER BN IRERE

Table 3 Spiked recoveries and relative standard
deviations (RSDs) of nine hormones (n=56)
EWAFE B/ (ug- ke EIE/% RSD/%
3.0 98.3 4.5
A T 6.0 97.8 3.2
30.0 99.7 4.2
3.0 113.2 5.8
C 4 M T 6.0 108.6 4.1
30.0 103.2 2.6
3.0 101.5 5.1
I 6.0 99.4 4.5
30.0 98.0 6.0
3.0 101.5 5.1
IHE = 6.0 99.4 4.5
30.0 92.2 6.0
0.6 100.3 3.2
22 1 1.2 96.2 5.4
6.0 95.4 3.3
0.6 105.1 1.9
22 1.2 102.3 3.4
6.0 99.3 5.6
0.6 98.2 2.5
i T2 50t % ) 1.2 93.5 6.5
6.0 102.3 3.7
0.6 105.6 6.8
it iR P 3t 272 T 1.2 103.2 5.4
6.0 97.8 3.8
0.6 102.3 5.8
it TR PR % 2 T 1.2 96.6 5.5
6.0 98.3 1.6

2.5 ERHERKENER

SR AR 56 BT 57 /Y O 3 6 R4 R T B 38 4L b
RE S AT RN . O MR R YR .
3 &k

AR H @ 7 T UPLC-MS/MS [6] I i 5 2005 o 4 Fh
WV R R 5 Fh 2 R O TR PR, R G R
M5 S A 7 2 R U L R I ROR R A
P (RT3 BB K2 1R 21005 Aol o R e R (H R
B ABE ST 2 R 45 N e AF 5T S Al ik —
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