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W E: BE 2 s RO A 3 - B TR 78 (ultra performance  liquid  chromatography-tandem mass
spectrometry, UPLC-MS/MS)iMESG T 17-p-M —F5(17-p-estradiol, E2)5REA AN Es, %k JEITEERZ -
A HIE 1T 7 SRR R IR R 5 25.0 mL HEHREL, A 2.0 g SULEERRAE, 1 25.0 mL /KIEERRE FAER
11 ENVI-Carb #t, i 5.0 mL HIEEUE, —S(H b (T3, V:BEia 223 bt —4% Mk, LI #E-0.50 mmol/L
AL TR EIH, 28 ACQUITY UPLC BEH Cjg (50 mmx2.1 mm, 1.7 pm) (iAo i)a, fEHRmss 718 12 R
W4t (multiple reaction monitoring, MRM)#RZ A THN . 4558 B2 FIZRMETERA 0.01~100.00 png/L, HHCREL
17>0.999, KRB 7 ngkg, EFRA 20 ngke, WHIKFHR 0.02. 0.05 Fl 0.10 pgkg HEAIF-3 EIE
101.1%~106.7%, H NS N 5.1%~7.3% (n=6), HIEPRIHIEN 10.0% I S H I EEXT 5 RS IFRE S 2EA T AE,
FRARERRIIR T B2, S50 2O HA RBUE R . BRERTPGE IR A & TR B2 SRR RS
KRR S RORA - R TR 17-8-E R AT

Determination of 17-f-estradiol in pork liver by ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 17-f-estradiol (E2) residues in pork liver
by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The pork liver
sample was hydrolyzed by S-glucosidase/aryl sulfatase and extracted with 25.0 mL methanol, and 2.0 g zinc chloride
was added to remove the grease, after diluted with 25.0 mL aqueous solution, the sample solution was passed through
an ENVI-Carb column and eluted with 5.0 mL methanol, after eluted with dichloromethane: Methanol (7:3, V:V), the
sample was further purified by an amino column with methanol-0.50 mmol/L ammonium fluoride as the mobile
phase, and the assay was conducted in an electrospray negative ion multiple reaction monitoring (MRM) mode after

separation on an ACQUITY UPLC BEH Cyg (50 mmx2.1 mm, 1.7 pm) column. Results The linear range of E2 was
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from 0.01 to 100.00 ug/L, with the correlation coefficient #>0.999, the limit of detection was 7 ng/kg, and the limit

of quantitation was 20 ng/kg, the average recoveries at the addition levels of 0.02, 0.05, and 0.10 pg/kg were

101.1%—-106.7%, and the intra-day precision was 5.1%—7.3% (n=6), and the intra-day precision was 10.0%. Five pork

liver samples were determined by the established method, and E2 was detected in all samples. Conclusion This

method is sensitive, simple and rapid, and suitable for the determination of E2 residues in pork liver.
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17-B-M —FE(17-B-estradiol, E2)J&—Fh) I H#1E T4
Pk b g TR PE M, A AR PN IR S KRR AR . B2
FLA 3R FLRE AR S VR T, R DU ks AR K
KRR m S AL, WHHTEEIKFE R, 1
4, B2 REHG N5 X R iU, i TR A
AR AN B2 RS IR TR, RIS s A
A e, AT LU P R AR, B2 A2 P i R
G, FEORZ . W . AR SR B D RERE R,
ARSI R AT, M SRR, R E2 ST LU &
PSP T R A T 400 R 1 2 R 0L, IRt sl
o E2 A W HAT R

FRTE stk it B2 FR A0 Wl 3 34k sh e
L XSEAAGR ., A SCHERIREE, 4R B2 S RUKE R
(68.53+7.51) ng/kg!'", X E2 S RALT 160 ng/ke!™, F
W E2 BYE K R(178.11+36.92) ng/LU2, A4 E2 1)
FrRART 48 /L AR X E 6 AT 300 4%
A A SR LA AR Y B2 S T TG, 90% 1
BARR B2 BYEEERIET 248.9 ng/kg. 90%XSAIFES E2
WAL T 39.3 ng/kg. 90%4- Wikt E2 MM EE(RT
39.6 ng/kg!", BXLLEIRILI B2 18 S 41 LU B KA
1%, HEFGICEE D B2 sRE SR EAR e, BT e &
YR AL HiAER B MIMNRGEE Y, &R EE RIS
H— R S S IR B, AR LR BB R a1
R 1B TR H SEPRE SR 7E 0.35~9.35 g, (LA
FEIH TN 2.5% o SRITET X R HERE b B2 A Wa DB 4
b, XAT g S TR SR SR A 2%, MG i P

AZZOUZ R PSR (i - BB 1 6 0o J 35 I
FRE B2 BEATRGIN, A RN 2.6 ng/kg, %07k AR REUE
e, (HTF B R AORTA o AL R AR
T FL IS 55 L - HR IR R P TG I T s IR S R ) E2,
ot FR M 300 ng/kg, Joiki & A AR Sh FP R 5 B2 1 M =5
SR A PHEE R S T LA R L SN, DA T4 A ) R A
JEE ) B TS O) AR R A 0D 2o A AT A v S T B
UL PR A 4 v B2 0 85 58 GRS, o R AT 3 2 g/kg!™),
SR, TS 06 R B SR il >R R A2 1 U 8 e, BRI
5, PRI 150 ng/kg, ANREM AT 2, 5T & IR

TSI FF S T R Ak i R LA Y G S S I R A P A
PO e, AT LR R A AR A B,
FEENT R PR i e v SR B e DA P R S8R €35 - RO 5
& (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)#iill gy, HahPittadihp B2
8 M I 22 PP S R AR S8

1 MR5ERZE

1.1 MR5RF

17-p-ME “EE(LEE R TET 98.5%). 17-p-H —HE-1C,
(B2-"Cy) (Ll R T4 T 98.0%, %[ Dr. Ehrenstorfer 23 H));
IR, WA, Wil 205, &P (ks . ENVI-Carb
(500 mg, 6 mL)[EAHALH/IME(SE R Sigma-Aldrich 22 H]); =
IKE CRENGI T al, 2 AR R A |, S0
Orat, B RBFHCABRA R, p-H A B 05 B R

Rl L Roche 24 F); 4 FEAE(500 mg, 6 mL, 3E[E Agilent
YNCIDE
1.2 UFE5E%

ACQUITY™ UPLC #B& #iiH 4% 1L . ACQUITY
UPLC BEH C g {43%45(50 mmx2.1 mm, 1.7 um)(3% E Waters
Z3l); Sciex QTRAP®-6500 = T PUAR AT 2 B SR (35 1
SCIEX 7y #]); Milli-Q # 4K AL(3€E Millipore 2\ A]);
N-EVAPTM-116 % W X ( 3¢ E Organomation 2% & );
Vortex-Genies 2 TR ENRE T #+(32[E Scientific Industries 23 )3
Mettler Toledo XPE 105 HL T RF(43EE(E: 0.01 mg, i1
Frll-FCRI Z4E17).

1.3 SKWHE
1.3.1  ARAEER 8% %

E2 ARERS 41 mg/mL): MERRFRIL E2 10.0 mgCks
% 0.0001 o) H BV, 55 % 10 mL FREEY, I
BEZIEE, Bkl SRR E N 1.0 mg/mL (H) B2 bruififas
o -20 °CLLN#EIRAE, A50H 6 .

E2-13Cy FRUERE 45 (1 mg/mL): HEFHFREL E2-13C,
10.0 mg(HE 1 2 0.0001 g) I R %, #5522 10 mL i
S, IR 2R, EOHSOT YR R 1.0 mg/mL 11
E2-13C, b Uk 47 . -20 °CLL T BOGIRAE, AR 6 4~ .
132 ASara

WEIERE SR B BR S, VIR NER, P AL RS &
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o AT RS HFRBOE A 5.0 g (£0.05 g)F 50 mL &
D H, JA 50 pug/L B E2-C, AFRHE TR 50.0 uL, 1%
BEIRA) . A LBR- L ERANZE R (pH=5.2) 10.0 mL F B4
BRSO FERT R TENS 100.0 pL, ¢ 1 min, 7E 37 °C {3
P 12 ho BUBJERUE EEIR, A 25.0 mL HEE, AR
30 min, 4 °C 10000 r/min .0 10 min, FiEWE AL, fin
7K 25.0 mL, IBAURFINA 2.0 g SAkEE, BG4 °C.
10000 t/min £5.0> 10 min, 5EA_EIFBAEAHREGR

PRI LA 2 mL/min 3 B85 ENVI-Carb [ A0 AEHUk:
[ FTKCH 6.0 mL — & H e (7:3, V:V), 6.0 mL H
FEF0 6.0 mL ZKiE4L], BIA 5.0 mL H IRk, FEE/IMEHh
To 4.0 mL & H ki FEEEW(7:3, V:V)BER ENVI-Carb
JNEE, PRI — A8 i A (AT 6.0 mL & H
St R WL(7:3, V) IEAR 1L, MR R, ASRT,
F 1.0 mL VB KEEM(1:0, VS, il
133 &4t

3%k ACQUITY UPLC BEH Cjg fAi541:(50 mmx
2.1 mm, 1.7 um); WHahH: A: HEE, B: 0.5 mmol/L JRAbEL;
Wk: 0.3 mL/min; #1R: 40 °C; #EFEE: 10 pL; BREEVERR
T RIS N 20% A, ££4F 0.5 min, 0.5 min PIZME
FHE % 30% A, | min WRPEFHR 2 40% A, | min Wk
FHE 100% A, £+ 2 min, [0S LG, 6
2 min, ZFFFFIRIEFE
1.3.4 JRits&tt

[ R RSN o/ S 7 1= /i SR S | T 03
M= £ ) Wil (multiple response monitoring, MRM);
W HLER: -4500 V; JBVAEFIIEE: 600 °C; B 1: 45 psi;
IR 2: 55 psi; AUATAR: 25 psi; LS Ny RS T:
Medium. HABSENFE 1.

#1 E2RE2-CRIESH
Table 1 Mass spectrometry parameters of E2 and E2-"°C;

&Y BT FET O EERE/NV O RifERER eV
145.2% -50
E2 271.2 182.9 -120 50
E2-1C, 274.2 145.2 -120 -50

1 *%E B T (the quantitative ion),

1.3.5 “itoar

ARSI BUEEEE R Analyst Software {41
MultiQuant 3.0.2([H SCIEX 2\ R)#FATANE, Sii|-4r il
FH GraphPad Prism 8.0.2(3¢ [El GraphPad /A w))i#F4T4b 38 ,

2 HR55%

2.1 REVERIERE
E2 7E 3 TR T i DA g, B2 iR R 0.10 pg/L
B, B AR i sh A B (51 L (signal to noise, S/N)EL 2B 5

1.2 4% o FEBGFERE b He A T /KA 7K L 0.1%%0K L 0.05 mmol/L
FALE . 0.10 mmol/L F AL . 0.50 mmol/L F A% .
2.00 mmol/L FE AL 5.00 mmol/L S k&R KIEH SIN,
ZEIANP 1 TR R BhAR A H EE-0.50 mmol/L FALeRRT, Fr
HESR I S/N TR, N 119.6, R BRI h R Sk
FRifERh S/N B4 TR, BRILEERE F E-0.50 mmol/L ik K
ABEFE T SHH

150 -

100 | {

(G 3e

50 §

N N S
Q° D N v 5
P I g
AFIZREIG S A
BT 8 BRI SRS T B A5 L (n=3)
Fig.1 Signal to noise under 8 kinds of different flow phases (n=3)

22 FUFHENMRAL

TE UPLC-MS/MS g, FEJTH 4% B2 ma H bk
Tk & W BV S, e TR0 A 4G T 5k A B B AR AR
— ASBIFGE P TN L AR A AR S 5 1 e
55 Al 3R v R ) 43 H R 7R  ENVI-Carb [ 4H 2 B
FE [ B A S AH W B AT BH B8 7 2e e D g, A SRR A R
IFMIBR IR AR, AT ah Pt &b 50 PR ks
IO SR A2 X RE AR A T AR IR, B2 B 08,
1K(47.5%0.6)%. 1% AT RS2 H TR T & A 8 i IR RR 1,
RS T, BEABEE . IAE KR, XA IERR
1 B A X S i K B I A A, (A L LA A i FL A
ME LA Bl 20 AT B . WP s 24, B s g vl LA
W5 Zn™ S AR B TS, AL, ks %
BRi E . BUIARER RS ML RTINA 2.0 ¢ §4k
BEHEATRRAG . BRIBJG (IR MIB T . A R . Rk
JE, BN 3 4 (72.0£0.3)%.
2.3 MRS

PEBOR A HUAE B, BB BAE SRR H AR
# ENVI-Carb /ME FIRIEARE, ARSI T 3BGR K
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AL ABIELE T 50.0, 25.0 Al 15.0 mL #E 4K} E2
By 4 % T8 i 2, i A 25.0 mL 4l K A 3k
(52.3+1.5)%, & E & T A 150 mL # 4 Kk i 5
(35.6£1.8)%, T I A 50.0 mL #B 4 7K i [\ i # K
(53.12.3)%, ULB RISCRAF B B A HE M, (HJ2 il ke i e
K, IR A B aiAAF N 25.0 mL,
24 HGERGERRIATRRIMAL

K FHE SR TRk YE ENVI-Carb A3 7] LUA %2
BRARDT, FEAREERTALN . ABFSE 43I E T 0.5, 1.0, 2.0,
3.0, 4.0, 5.0, 6.0, 7.0 mL % F Bk ENVI-Carb A1 1)
o o] [T AT /N S5 3003 2 iR, KPR 0.5~7.0 mL
i [EICR AR ZE AR K, PR 0.5~5.0 mL B S/N BE# Mk
W PRBRG i s, BRI — L S/N B W
AR, IR EER R IAFR 5.0 mL.

K2 FREMFERERTHEERFERELL (1=3)
Table 2 Recovery rates and signal to noise ratios with different
washing solution volumes (n=3)

IHRUE A B/mL (HXT E R4S D)/ % SIN£SD
0.5 61.4+4.4 23.6£2.3
1.0 62.343.6 55.9+4.1
2.0 62.142.7 80.5%13.1
3.0 56.2+1.4 111.9£18.2
4.0 52.143.2 208.7+12.5
5.0 57.543.3 253.4422.6
6.0 56.4+4.0 246.2+19.4
7.0 54.7+4.5 240.8+14.8

PRI AR 2 5 M Jr ik LSRR R (W TS
Bz —. VR IARR L 2wt il B AR S 42, VRIS
BT 2 Sl B 22 Il DR . AIFSE FLA T VR AT
492.0.4.0 F16.0 mL i} E2 (I£6%T [BISCR, 43-5128(13.3+3.2)%.

(69.64.1)%F1(66.3+£2.6)%, VEMERIAT A 4.0 mL i Il %
[ TNER: b N Y L RN AN N e e S R R TS L ik
4.0 mL —S B LT3, V)ROSR -
25 ZMHiE. KHRSEER

He ] B2 e 4051 0.01,0.02,0.05.,0.10, 0.20,
1.00. 5.00, 10.00. 50.00. 100.00 pg/L, Wi E2-"C, itk
R 0.50 pe/L M RINESRIER R . 4 UPLC-MS/MS
WISE, DL E2 (95 H e UL B2-1C, AL A
AEFR(Y), E2 F STV B MR AR AR (X, pg/L), 2l AR,
WAL E &, 45FEH E2 7F 0.01~100.00 pg/L JLEIN, £
TR ¥=0.84924X+0.00686, LLYEAIREEL 2>0.999, JF
A RAE I REBR ARG B OR, 43 BA A ARG AR b
FOIARRHE R RN E BT SIN=10 =3 KnbrK
¥, 2WE, HiEREERHN 20 ng/kg, KHBRA 7 ng/kg.
S5IA WM E2 588 mA 77k GB/T 21981—2008
CHIEE & AP IR 258 AN 5 vk TR % - 5%/ IR
P ) ML, IR T 50 4%, & TR B2 R B
AR
26 EIRERSHEEE

5 ¥ B HERR SR I R4y, ik RS S E DL H Y
F AN H ARG BETFA . 20 A 0.02, 0.05 #1010 pg/kg
TARAKE T AT IARSE S, Al 6 AFATFES,, SFHHIxT
330 106.7% ., 101.1%F0 102.3%, H PRER5EE4
BH 5.1%. 6.7%F 7.3%. TENMFRAKF- 0.05 pg/kg B i1
HEL 5 dIMARIEISESS, H RIRE R R 10.0%. B ik H
A R RS % . IR 0.02 pg/kg HIMEAIRE
S AR R T R LI 2.
2.7  SERREESRAS

K AT BT ST A i, XFALITT S O35 JFRE dfh 1E
TAREI . 5 Oy FRER HR IR T B2, 4 D336 RS B2
WREEIR B E b, KR A 20.03~39.96 ng/kg, E2 M H:
AR E2-1Cs i @ISR ILIE 2c. FWIA Ty vk al Fl T IPRE
wi e E2 5 B 1 M A B D

2100 - 341 27121452 P 100 0 345 271.26>(}45.2 c100- 341 271251452
80 2000 80 %0 3600

o 60 o 60 60

? 40 LZ%‘ 40 jﬂéf‘ 40
20 20 20
O 1 1 i 0 1 1 1 J O 1 ]
320 330 340 350  3.60 320 330 340 350 360 320 330 340 350  3.60

B8 B[] /min {188 i [ /min £ B8 B[] /min

T a AANFRR D 0.02 pg/kg BIPRIME S BEE AL b 2 FAERT G, o g SiBRog IFR: i (g 4]
B2 E2 Ml E2-PC, ik
Fig.2 Chromatograms of E2 and E2-C;



9004 B 2 4 AR I 27 4 ERVE:
100 341 274.2>1452 100 347 2742>1452 100 341 274.2>1452
g0 L E2°C, 4.5¢5 g0 E2°C, 55 ol B2 2.7e5
E 60 @ 60 E 60
=40 4: 40 = 40
20 NW 20
0 1 1 | J 1 1 J 0 | 1 1 ]
320 330 340 3.50  3.60 320 330 340 350 360 320 330 340 350 3.60
R 8B 1R]/min B8 1 ) /min £ BB [A]/min

TE: a AFRAEE N 0.02 pg/kg BIFRHESH (5K b s AR E G ¢ N SEPRig IR b @ik
Bl 2(52) E2 Ml E2-PC; @il
Fig.2 Chromatograms of E2 and E2-"*C;

3 #it5itie

A FE B XERE TR A 5 B A A X — i, Ak
WARZEAE Al Ir i . AR ‘IW?E?&&%EEE‘E??&W%H

HENT TR P B2 AR R

BR B RS IN Y UPLC-MS/MS J5 1 .

5 HABTT VAL, AT A AT AL BRI (R B BTRONAR, T

it A7 A BRI AT A R0 A9 0 B A FORS 25 B2,

ot BR AJ ik

7 ng/kg, TR FRE S P E2 50 PRI A R 1 BT A
I RS O HA S P R ah o B2 SR EASIIERAE THOR
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