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WOE: B R F R - R RO €3 - 5 3K T3 1 (isotope dilution-ultra performance liquid
chromatography-tandem mass spectrometry, ID-UPLC-MS/MS YKl &5 7 fiy 5 S 750 23 3] By 28 (Ol ] | 23 1) 00 52 )
Mo, iR FEMACIEIRIR, WEEBS, RRETHEN 1 mL PEEE, EOUSI. T 0.1%H iR
KV W (A)FH R 2 (B Y VA Sl AH A T80 BE WM, 7 Fi M0 25 1 B8 B RN 22 oy M S R SR A 8 %, Al H
by, R AEINELE 5 min WSER T BARE GV OMERR . ZE RS2 IR 2 H oA . 3 RS R R AE
0.5~100.0 pg/kg {EHEINLRMECR BAF, r* KT 0.996. MM, 226 A0 52060 i )5 K R 43510k 0.052, 0.023
F10.048 pg/kg, ERIRHIHA 0.173. 0.077 F1 0.160 pg/kg. 7E 1. 5 F1 50 pg/kg WHUKEF, 3 M HREE Y
44 [ AR TE 96.62%~103.11%, AEHIETE 1.36%~3.87%2 ], L5 iZIr il bek . M . RaE
I, AT AR RE B PR . R R SRR A
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Quantification of 3 kinds of steroid hormones in eggs by isotope dilution-ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the quantification of 3 kinds of typical steroid hormones
(estrone, progesterone and testosterone) in poultry products by isotope dilution-ultra performance liquid
chromatography-tandem mass spectrometry (ID-UPLC-MS/MS). Methods The sample was extracted by
acetonitrile, eluted by methanol, blown by nitrogen to dry, redissolved with 1 mL methanol, and tested on the
machine. Gradient elution was performed with 0.1% formic acid aqueous solution (A) and methanol (B) as mobile
phases, ion pairs were collected by electrospray positive ionization mode, and quantitative and qualitative ions were
determined by multiple reaction monitoring mode. Results The established method completed the quantitative
analysis of target compounds (estrone, progesterone and testosterone) within 5 min. The 3 kinds of steroid hormones

had good linear relationships in the range of 0.5-100.0 pg/kg with the correlation coefficients r* more than 0.996. The
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limits of detection for estrone, progesterone and testosterone were 0.052, 0.023 and 0.048 pg/kg, respectively, and the

limits of quantification were 0.173, 0.077 and 0.160 pg/kg, respectively. At the addition levels of 1, 10 and 50 pg/kg,

the average recoveries of the 3 kinds of steroid hormones were 96.62%—103.11%, and the precision was between

1.36% and 3.87%. Conclusion The method is simple, rapid with high recovery rates and good stability, which can

effectively determine the content of estrone, progesterone and testosterone in poultry products.

KEY WORDS: isotope dilution method; ultra performance liquid chromatography-tandem mass spectrometry;

poultry products; steroid hormone; matrix effect
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2 [ B9 R R 655 AR 4 2 (steroid hormones, SHs)/&
—REER A DR IE DR G, B MmN E . M
MR R R AN S E R E A AR A L
RFINTLA R 2 For X, FESS5kER .,
REGEEEIRY . HER ALK KR, X IR
PR R 47 A R0 A R )32 R Aol 2B 7 e, Sk B4
dEA T B R LR H AP, e (estrone, E1).
Zf1filil (progesterone, P)F152 i (testosterone, T)43 1) & ML U
FIME R . B AR R o AR S — i o VR B
£, B 5RWEL Y A5 E SR SRR R E
Sk RO SR N MR R T, T A
PR R G KRR AR . e h B 7 R SR
& o SR E Bl b 2 [ R R A A AR A S AN ] R A
AR AR, BEE S EEE AR, X AR (g
FRE AL E, HE SRR . AREIE . A4 M [ R
PR,

P, fE HASRISEE, XA b AR R & oK iE
T T AR AL T S MR AT Bk, FE S
A, NRPBER S WA XS, Fe, b5k
AR, 5 30 480k, FRE SR RIS R IR,
Hrh g RE R KL i, SR Z RN 2 KA
FW e AU PREEA EARR AL G BoR, WS AT
P E P EZE N RN 70%, KR A RERER
23.5kgo R IHVAE A e 205 ARG I 85 7 i v 28 R P 2
ITINEE

£ B IR B R R ARSI A S AR L R
TR LRI SR L - FR IO R v RSB - S i 1,
SAHETE R T 59 PE . s b EN T, BAR
W, RS, Bk ER R A NIz,
S v 110 SR 5 T 98 e S T A AR A R B ) 1
HLHR, FiEfAR S aEsARNE G, P8 TR
BeAR B REN 1 VRO R S AR i R N TR
i, (BASAH ST AT AT A AL N, W AH AR L,
FERTAL BRERVE AR b o g BT 1OL [R], H ve ROR A
- ER I B vk HLA e R R N MR

(vl 2R R O T 1 e — T LA 40 S0 P B 61 o
JEBIEAE 15, R ME——F TR AR RS Y€
BRI v o DRIHCAS BT e ) (07 2 - A € - i v
XS PIEATRIN . 3k 3 FhRERRTE R & bR T
JREAAER), HHBIWIFON AN L A A U5FE A &)™
i PSS B RO R I R L, XGRS b, R,
BT HAMES PR RS R MR 24k, o PRIETR
TR A R A MERR P SRR T, AT AN S AS I S 7 i
PR | 2 SR P ()5 2R AR v SBCHROR (1 - A 1B S
&9 (isotope dilution-ultra performance liquid chromatography
-tandem mass spectrometry, ID-UPLC-MS/MS), A& i it
AP T AR A IR T B

1 MR5RE

L1 [ 5RF

Waters Xevo TQ-S — T PUMAT B (& [ LS
#]); TKA Vortex2 I iEHR % 7 (TR E TKA A F]); s s O
HL(H A< ASONE /A l); MS200 Z & 1R eI S (BU M Bk A
PR H]); DSY-NIZKVA E WAL (b A 2R R & SR A FRA
F]); AP135W B T RF-(0.1 mg, HARHAR); XS105 BT
K-, AL104 H 7 RF(0.1 mg, i1 Mettler Toledo 2A]);
{43+ Agilent Poroshell EC-Cg (100 mmx3.0 mm, 2.7 pm),
Agilent HLB C,g (100 mmx3.0 mm, 2.7 um)(3E [# Agilent /A
#]); Waters Oasis WAX [EIAHZEHUAE(SEE Waters A H));
WelchromPrefilter XX 4T S =Nl 8% . JE I 66 41 LUk i
T UE AR RS A W)

BRI MERR(ZEEE 99.3%) . SERR(ZEEE 99.6%) . Z2H
(4l 99.2%, 7H[E Dr. Ehrenstorfer 23F]); [N E WM. 2
FH-D3(Zli 98.0%, testosterone-16,16,17-D3), ZMH-DO(4lifE
96.8%, progesterone-2,2,4,6,6,17,21,21,21-D9), fEEH-D4(4E
98.4%, estrone-2,2,4,6,6,17,21,21,21-D4)(J "l CATO 23 7]); H
B, I, IECkE(taiel, £ Sigma AH]).

SEOG Y T XS AR L I B A R .

1.2 WA

1.2.1 AR o i)
FRERE A SR E SR IAECH] 100 mg/kg (AR | 42
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Vi 7T 2 s VA 2 YA, R AR BBUAH g JB ok 1 A 40 OO
F 0.01 mg), FHHEREHH DS A TR, WIERS,
NI ERERCHELERT 4 °CMAE, A%
14F,

I E R iC & SR ERIEALH 10 mg/kg MM
fiil-D4, Z2i-D9 FE2H-D3 [ ZbRic &, BRI
AH N B0 BRI RS0 E) 0.01 mg), FFH@IGEH PELER
TR, WIRIES, RaWRREBEROHELE
BT 4°CTHRIE, A 14,

[ ZEhRic TAEM: 10 pg/kg BOMERR |, 22 A0S 7]
S Z R iChnE TAEA G R E R IRECH], PR O R
-D4., ZHf-D9 FISE-D3 bR &R % g R B, R
R 10 pgke, FBMEMIRSEET 4 CF A, A3
B3 M~H.

122 Houara# ik

FERE it RN AR AR 8 VRO VKA v B S T R
o, TERREEIREE (20+2) °CR1F T 3 VA, I TEIR 515 7
fifi FH o ERAAREL 2.00 g(REAAE] 0.01 @)W ESITF 15 mL &
NS

FREL 2.00 g B E 15 mL BZHEE.0EH, FMA
6 mL M 5538 w1 [ R AR TAFEWK . W45E 3 min, #7H
100W 20 min JE2JJ5, 7E 4 °C 12000 r/min £5F ¥ 7B O
5min, K FIEWRER RS — 15 mL B0, H EiRS TR
ARBORANSE S, IR LB 78 B3P imA
I mLIEC%E, WERA) 1 min ¥ & 10 min, 12000 r/min 4 °C
ZAE R REL 5 min FECT J2EH, 54k,

A3 BIHL 5 mL B9 P EEA 5 mL /K IE 4k Oasis WAX [l
FEBUINVEE, T AR5 FE A BURE AR RE S PR U, TR TR
P EL 1 /s A 3 mL ZKHI 3 mL 20%H Bt/
K, FHELZSZEH/ME 5~10 min J&, 6 mL A B4 TV,
FR R ICEES] 10 mL Z.OEH, F 45 °CF K&
TARAWRERT, BREHEEAE 1.0 mL, #EZE, o
0.22 um M ZEFERZERE, 5 DAL,

123 BBELEH

WA 035 25 F: %4 Agilent Poroshell EC Cig
(50 mmx2.1 mm, 2.7 pm); KMEE N 0.1%F EEK(A), H
HUAH M R E(B), WM 0.25 mL/min; #EAEARIN 5 ul.
WARGEBR AN 1 P .

SR 5544 Waters Xevo TQ-S = H PUARAFTFIEIL, B
TFUE: HLIBE55 IE B T (electrospray ionization, ESI' B, £
J2 7 Wil (multiple reaction monitoring, MRM)#2; BT
WL HL R R 3500 V; B FIRIR R 500 °C; LAY R
35 psi; HBNE IR 20 psi; AL SN 25 psi; B FIE
B 150 ms,

1.2.4 JEIEehRF
AW T 3 FhE FHUE B H AR YR S 52, 8

B (S Ea02 2 Frs. BU 1, 5 F1 10 pg/kg MIAREIR K
Hiad M, B 3 AT, TEESEICR

®1 REGERRERF

Table 1 Liquid chromatography elution procedures

i 5] /min i /(mL/min) A% B/%
0 0.25 50.0 50.0
2.00 0.25 25.0 75.0
6.00 0.25 05.0 95.0
11.00 0.25 05.0 95.0
11.10 0.25 50.0 50.0
12.00 0.25 50.0 50.0

®2 FREERHMEER

Table 2 Specifications of different membranes

EA MY L& /um HAE/mm R I 3
JeJE 66 el 0.22 13 L
WU T Je 0.22 13 Welch

GHP RN 0.22 13 Waters

2 HERE5HH

2.1 {UEREHMRK
2.1.1 LA

AW BT TS W B AH (0.1% F R K - HY B
0.1%H BRK-ZIEF 0.1%H BR B K- L) A4 T (il iy
M T 0 o 5 SR A 1 7R, 0.1% H R 7K - B BV A 3 sl A
SRR AR RE D ek, HOA AN 0.1% H R K I
AT, HEE L ZTE BT R A € e R K | Rk i T O
i 2 (WEER A Z2 B 25 S A0 R ) o [FIA, 0.1% FH BR R K3 T
0.1% H FR KXt B AR I BEL e 1422, UL AB R 9145
BEBET 0.1% 9 IRk - B BEAE S MR . 2 i R0 2 R ) 35 3h
o VEMRRT L2 1.
212 &AL

HERY & FXREFBUT R 3 iR, AR5 HE
TR . ZE R S s S R AT T Ak BRI AR IE
R E, SRR, EESTEAT, 3 5545
G4 H AR E M MHH] I, s F s, A
IR e IE B AT . I AR e s+,
W T E X, £ MRM BT, #E—0ufb T 55
H, JE (declustering potential, DP)Fflf{# At (collision energy,
CE), {515 3 % B bRy fryma iy (B 25958 5, WETR R0 45 125 BE i,
W 1.
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P SRS A S2 0 B (1 b A
Fig.1 Comparison of response values of mass spectrometry of T under different mobile phase conditions
*3 BERSWYMEL RS MRM BFHER [ b
Table 3 MRM ion pair information for analytes and their L_J2#
internal standards 5000000 |- I =2
" " h
oty HETm) FEF(M2) DP/V  CE/V
4000000 -
WHETi 269.1 145.0%/143.1 140 50 < -
217 315.2 97.1%/109.2 103 35 g; 3000000 -
Sl 289.08 96.95%/108.9 121 18 2000000 -
S2{ii-D3 292.21 109.17/97.14* 52 22 |
1000000 (-
ZAfid-D9 324.29 113.21/100.14* 40 20
HERR-D4 276.25 227.18/195.19%* 32 14 0 %
TE: * A ETER T & A 1
PO
W)

2.2 RIS EMAL
22,1 RIEMHHAL

(DB

AFFEARE. L. FEELIE(50:50=V:V)., T
FEFFEE . 0.1% P RR ZJEF 0.1% LR Z ISV MR BUA R, 18
2.0 g WIEFES A 10 mL _EIRRBGARIEE H A&
Yo RIS LA [R) 4 B H U 1) 23 0 T ARl A
Po WA 2 FR, ZHE1EA G  P3R BUECR I 2 5 T
HABRIBGR, AT e k0 [mLSCRERIG,  FRERERUE 3
R AR %, HDR R A R 2, A ) R 2 A
T, BERBGHCRILT . R 2SR E A RBR ST
FEE, G TR S B R A T, AR 5T R
B AU

Q)P E AL

FEHE SR B G, ARWFSE LR T AS [ 4 BUR Boxt B
Frd G I H AR AR, X 1 UARBUI 2 ARBUSCR R T
XLt o G5 AANE 3 s, 2 URARITUS MERR . 2R SR R 6
TR 1 RIRBUR B 1.23, 1.08 F1 1.37 f%. ik
SR FH 2 YR BRI AGHIN 5 7= it v M . 2 T S

Fig.2

Fig.3

K2 AR IRERIBGR S IOR e (n=3)
Comparison of extraction efficiencies with different
extractants (n=3)

[ |Hema
e
Lt

/¢ 2K

REBKE
B3 ARRERIBR B SRR LA (n=3)

Comparison of extraction efficiencies with different
extraction times (n=3)
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PRICEAFRACST R, P IE COBERRIR, $RBURHA T
Gy, DI T KRR RN BRI AN,
PR ISR, ASBF G ARSI AT PRI AV R I8 RIS 7 3
117 Ak

(DBEBEA I Ak

ASBIFSE R I AR AL L A T4k, HE# 6 mL g F e
HEEZNE(80:20, V:V) . L. ZIE/KHEEH(80:20, V:V) ., TN
W 0.1% £ TR 2 1 A I3t 790 % B OB R4 AL SOCR: © 25
WP 4 Fros, e H EEAE A e B0 B e A R e, i
W TR AR R K, 5 At A T S SR AR RO, DRy A L S
FNZRMR & A e, IR, 5 5 W R R I
TB 143 0] U A K A B R4S & BT 53 85
2 [ AR R A PN SR, e BL AR N 22 L R 25 1) T
XPATHRE . BIECKRRIRG, HRERIR IR s, W
PEABFFE R 6 mL Y EEE R e 57

R
—i
A
3000000 [
2000000 F
1S
=
&
1000000
e (

N N &
& & s
% B2 o
@‘v \g@
& 1}@ VRIS

P4 ASTRI SR 7R 3 BOSCR LA (n=3)
Fig.4 Comparison of extraction efficiencies with different elution
solvents (N=3)

QR AL

AT T K. 20%FEES 5% MG X HE s
ZR ISR o WRVERI IR B TR R E P 2 K440,
A At 57 A 3 JB T 9 2K T R R X B 2 R )
e FRDEA TR 720, B 5 SER R, AKERA 20%
TR TR A AT, BIESR T KR 20% X B AR
AT
223 EREeRGF

3 i BT H AR S SRR 6. Z5HREEH, R
[RIUE XS H AR 35 1L R AN[R], Waters GHP 38X H A4
FIWR R CRIRAR, EIRUERS S5 s s R 22, K
(TR e i = VA NS i A R £ TR 1O L [ 4 9.0

5 ug/kg WERR . 2R AT 2T B SRR S, 510 128.7%.
138.3%M1 137.4%. Mk, ANWFIEH0E W0E e B usIElE ke
mi_EHLRTA SR

[
17
3000000 |- | B
2500000 |
2000000 |- ——| Bl
1=
1= 1500000 |-
o
1000000 |
500000 |-
0
7k 20%HIEE 5%Z. i
WBEFIA

5 SRR e R SR USCR AL (n=3)
Fig.5 Comparison of extraction efficiencies with
different eluants (n=3)

[0
L1z
140 | I =
120 |- _I_
100
S n
i
% 60 -
a0t
20 -
Welch Lk Waters
TBIERAY

6 AIRuEBRBUSCR AL (n=3)
Fig.6 Comparison of extraction efficiencies with different filter
membranes (N=3)

2.3 EFEMMN

AWFSE R FIARAE RN L X 3 i F bR 4 0 5 R s ok
115588, SEBRUN A R FE & R 25 B AR HoAtb o5 1 &
M. He RN (matrix effects, ME)YETE 85%~115%:2 [ AL
INIZIE A AR TR 21,

FERIMAIE CRERRIG A BU T, MERR . 2 i 0 52 ] 2
PHH S S SRR RN, 2 P O A R e g S T
FH B U (0 BT LR & 24 A 1 mL IE B bem, HERRRy i
REAR, RO 25 (1 SE ARV EC 1) 5 g/ R |
2R 0 S ] P ST B e . B AL 050 R 87% . 112%F1 99%. &
7 Ay 2T R SE TR (TR ) )7 R SR A 1 R O R 1 i
B, HE A Z T A T LB AN B
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100 r A

FH WA A

°\° RTVIA 25 UM

o
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g

HE

g

0.63 U
AN _ _

100 -

BN L /%

AN

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00
H{ I 8] /min

:

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00
H i 7] /min

P 7 2 (A )RS (B)LE FH SRR b e R o 1) €35 ]
Fig.7 Chromatograms of P (A) and T (B) in methanol and sample matrix liquid

24 FEFER
241 SWEE. RERATHEAHRK

Beii— RV BERR L 0 EARIEIR(0.5. 1.0, 5.0, 10.0,
20.0. 80.0. 100.0 ng/kg), FHor NFRYIHEIIBEE R 10 pg/ke,
BAFEREERN 3 W TN RELR, L3 M EGY
55X N ER I EUAELAE X $#1(0.05.0.10., 0.50, 1.00,2.00
8.00. 10.00), ¥ T —FHMFTEIEEFLZ AE Y fickesdl
Pk, MR BB EME LY, it 3 A5 AL
110 ARAFER LK R FAE s R T AT S B, DA
R BRFIE R . 0.30 pg/kg WSIMMREEAIMERR . 0.20 pg/kg
I B SN 5.00 ng/kg AIZAE{EME LT B4 19 5 R
SIN=14.24, S/N=9.97 Fl S/N=648.7, ZEF @ R, WA, Z=HEiFI
S R4S H BR (limits of detection, LODs)43- 124 0.052, 0.023
0.048 pg/kg, & & BR (limits of quantitation, LOQs) 4 7] A
0.173, 0.077. 0.160 pg/kg, FZE 4 A1, 3 Fh EARYIOHERR |
ZEEFEEE)E 0.5~100.0 pg/kg WAL MARSE R P 4350
0.9988.. 0.9967 1 0.9981, ¥R T 0.996, FRHHMERR . 2R A
B ZE R N e M R AT, 7R Hh BR e i PR AR
242 EREfAEEE

AHIFFE B T A% T 1N B M 2 R S
WEEM. 3 PITHE, B EREZNE 3 K. 8%
FH R MR . 2R SRR A RN 5 RRR, 4L A N

B4 AH X b5 7B i 22 (relative standard deviations, RSDs)¥J7E
3.24%AIN, T RS B

x4 IMHBFYHEEER
Table 4 Regression equations of the 3 kinds of targets

oty LRt
i Y=0.464X+0.129
£ Y=1.281X+0.497
S0 Y=0.465X+0.028

FEFAHXSEERE S AN 3 AR /K- 1.5 7150 pg/kg(bn
HEM 2 =W 0.1 F5 . 0.5 fi5. 0.9 fH)MkRHiEs 74, i
B ER T IERE IS, 1A A R A Rl 2 5 RS % (RSDs,
n=7), &R BN, MEEE . Z SR 0 SF 35 i o
96.62%~103.11%, K% JETE 1.36%~3.87%Z 8], XL K%
W 7 B ik A s B R | RS B e
2.5 EBREEmRIQM

Fie B L b T 1 [ 57 2800 T e v 250 R 05 R B T
T R R IE AN R RN S & 7 S AT 400, A2 SR
IN18 FIKS EEAT: i P S ARG I L T, {F A 2 ) S
A2, HAr8 35 0.91~1.57 .3.01~6.32 ng/kg L N, FF
WA E R AR ERUE I 10 pg/kg B RR AR
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®5 BEDERE. ZRMEHIBNESR
Table 5 Results of determination of E1. P and T in eggs

Hiz¥y s ik JFRFE S/ (ng/kg) X8/ (ng/kg) BOEE/ (ng/ke) SR 22 & RSDs/%
1-1 5.01
1 1-2 5.23 5.13
1-3 5.16
2-1 498
El 2 2-2 5.10 5.11 5.16 0.11 2.20
2-3 5.25
3-1 5.33
3 3-2 5.02 5.18
3-3 5.18
1-1 5.54
1 1-2 5.09 5.18
1-3 5.26
2-1 5.18
P 2 22 5.23 5.13 5.17 0.13 2.60
2-3 4.98
3-1 5.03
3 3-2 527 5.20
33 5.31
1-1 4.89
1 1-2 5.02 5.10
1-3 5.19
2-1 5.11
T 2 2-2 5.32 5.14 5.16 0.13 2.55
2-3 4.99
3-1 5.21
3 3-2 5.14 5.23
33 5.35
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[Fil {37 2 o - R A - AR IR ik o R E, %0575
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