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Determination of various androgens and progesterones in fish meat by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 10 male hormones and progesterone in fish
tissue by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Samples
were extracted by ammonium acetate, then extracted with acetic acid and acetonitrile, and after the water absorbed by
anhydrous sodium sulfate, the samples were purified by QUEChERS. After separation by C,g column, UPLC-MS/MS
was selected for quantitative analysis by electrospray ESI positive ion mode multi-reaction monitoring mode. Results
The linear range of the experiment was from 0.4 pug/kg to 8.0 pg/kg, the correlation coefficients were above 0.99, the
average detection limits of 10 hormones were 0.0100-0.200 pg/kg, the recovery rates of the method were between
77.3% and 114.4%, and the relative standard deviations were between 0.9% and 10.3%. Conclusion This method is
simple, rapid and accurate, and has low detection limit and high recovery rate, which is suitable for the detection of

androgens and progesterones in aquatic products.
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RIRFFEPEAER 19 A L~V T S R R P
KEH A ELINRE, AR MHE R HBL, XA
MARGA ELAER, Fnbxrashyy . PR, i
BB S IATHE Y, RROLHEOR YR 1 A BRI AR K
SR HEVE RO AT S | e A S R A
IR I HAA AR R, rTRES oA e A 1]
BT RO LIRS 2503, i m iR bR, k3Ife
PSR . SRS . TR R S A A
AEAE ES, A B R 3 A S P S S, R
RIS PR SR, A e R R &
GRS 2 PR BUER, JRERT AR REIRE, ZHGRTEE

il

TEMER R AR FSLAE b0, LRI 30, SRR,

AIRESR AR B SRS TR, AT A KGR, h
AL HES P R IHEOR SR, R AR — A, AR R
P B AGRGER T, SKT AT AR T A
BIPMR FEA R P . ZRRP AR, ZRA
WA, XA ISR L S e s B A
BRER, HLERLA BN TR Rl RO O R AP, R aE
PEYIEEE AN, KIRA S S BRER I T
e, MHLAMRSEEL . K& S W RS smEs, i
B Al 4, OCR IR A8 L G SR A AR 5
Prfe A= KR, 3¢ B b 24 5 B A 3R (Food And Drug
Administration, FDA) K/ 2 EZ AW BRTHILE TIiZ256 18
BRSSP o FREALINSR 1 X S Ik £ b
FIZ A B R SR B N MR A AR S i A ), Al
NS 250 SR S FRAERTTAS 1k FH A BERR 5 22 |
OS2I | A A KRB AR IR

HET, E RN SR 0 A WK e
1 (enzyme linked immunosorbent assay, ELISA)., A4 i%
% (gas chromatography, GC) . & A & % ¥ (liquid
chromatography, LC) . K #H 4 3% - 5t 3% B¢ FH ¥ (gas
chromatography-mass spectrography, GC/MS) ., JFH ik -5
& Bk F ¥ (liquid chromatography coupled with mass
spectrometry, LC-MS) . =20 AH €8 33% - 5B B B 3% 1k (ultra
performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) . & € 3% - H3 B3 3% v (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)., X,
A 8 1% - 58 I 3 % ¥k (gas  chromatography-tandem mass
spectrometry, GC-MS/MS)FIAH 3%/ ba /R 43 2 HLAE
J5t % 75 (gas chromatography/furnace/isotope ratio mass
spectrometry, GC/C/IRMS)Z 17 Hirh | WM (38 - Fh B SR

TR Z ISR N 12 vk . sl Al
FE 2%, SCHRARE AR DN T e oK 240 U A B, A i Ak
PO AR SR, LR M, H R AT AL A B A, X
25 FARAD A DR o M . AR A R A R IR . AF
FEXHE i A4 B R B S A T Ak, S R R R
TR | VEREMERY UPLC-MS/MS B, DHAAG R i L Bk
IO A (AN, SRy 7K™ il e R PR S8 R R 2 B R e ke P
PEACPE | DR TS E MR E B R

2 HHSHE

2.1 RFISNEE

M. MRS, MERFRGAR), LR
R, =99.0%, FiEBTH T AR R A R D, TG
KRN (A Hr e, T MAk2=i50 ), EoKk (IR 4k,
25%~28%, igBIHL T LB B A IR AR, H R
AL 97%, PEERISE(hE)EFA R A H ] JERE(0.22 pm,
fn, RIS R B A PR F); QUEChERS L
(100 mg PSA, 40 mg Cys, I ZRETCIRHEL B (A PR
Al); ALK, 0.22 um IENRCHE JE IR .

SEMEMI(1.0 mg/mL, 3E[E Cerilliant 2 7)); ek i
(ZEFF 99.34%, & [E DrEhrenstorfer 23 w)); 52 i (4l B
99.28%, fH[E DrEhrenstorfer 2\ #]); HS2ER(4IEE 97.9%,
1 DrEhrenstorfer 2% #]); 220 (2l & 99.56%, 1l
DrEhrenstorfer 723 wl); H #5242 [ (46 B 99.21%, £& [
DrEhrenstorfer A ®] ); %R i B ( 4l ¥ 98.0%, 7 =
DrEhrenstorfer 723 A); 17a- ¥ FEZ2 [ (4l & 99.4%, &
DrEhrenstorfer 23 wl); £ H 22 [ (465 98.89%, fii[H
DrEhrenstorfer A wl); ZFRAMZEI(ZERE 95.28%, fE[E
DrEhrenstorfer 2y wl); %2 fil -13C,[(100+0.5)pg/mL, 3 [
Cerilliant 23 7)]; 1 S2ER-D3[4 [ (99.0£0.2)%, {#[E Witega
ANl EAZEEN-D3(LEEE 94.4%; ¥EIE First A wl); ¥Rz
fili-D3(100 pg/mL, Jt5 Bepure 4\ 7]); FH 2 2 M2 1
-D3(4lfE 99.4%, dta Bepure A H]); Z2Hd-DI(LESE 99.0%,
JnZ K C.DN AF]); HikHEl-13C,(4iFE 98.0%, 7L First
NGB

Agilent 1290 = RORAH (5L, BT FEMESE (ESDE
FI5H AB Sciex Triple Quad TM 5500 iYL (3EE AB
Sciex 2~ fl); OA-SYS KB AR AN (3£ [E Organomation 23 Fl);
BSA2202S-CW i F R F-[FE 2 FI B =AU AL ) A R
3Hl]; AS 30600BDT A 75 it 1 VAN (R i ARS8 U (U 2%
HBRATE); MTV-100 B Z4EHER TR G (LB BT
FRZAF); 3-30ks i 3 25O AIL(HEE Sigma 23 H]).
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22 ELWHE
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(Di#:

Buta AT ELATRS, YVIA KT 0.5 emx0.5 cmx0.5 cm
Mg, FEAr SN, .

(2)BE i 1R 7K S L B

VERRFRER AT 3% (0 AR b 2.00 g T 50 mL HIUGE 35 BB 1A
IRBLOAT R, ERIINA 100 pg/L IR AR TAE R 20 uL
WA HEIR G 50 s, A 8 mL ZBREZZE (0.2 mol/L, FHIK
LERVATT R pH AR 5.2), FZEHERIES 1Y 2500 r/min,
RIERY 5 min J&, FIRFE 30 min, A 10 mL 1% &
SONEV W, 5.0 g TKBLRREN, WER S 1 min, D
8000 r/min ¥ ELL 5 min, WE HERT A — TR
50 mL HI5E 25 R T4 B0 R FIARTRA E BTN 10 mL
1% 8- IEERL, TRHEIRA 1 min, LA 8000 r/min %% 3 &
0 5 min, G 2 WARBCH HLA, FRdik.

(€)} e

—IRPE4TE% QUEChERS b A _F RSO F,
BE IR HESE, BRI AE 1 min, BL 8000 r/min %5 .0
5 min, WA GYHER, T 40 CHRIFEAREET .
HEFIIIA 1.0 mL 10%Z 5 -/K BRI sk, iR iedR v
BT B Y1 (2 e iR IR A1 2000 r/min, IRHERY 1 min),
0.22 um JERL E AR B AR, AR
222 BEEH

(O

a3k BEH Cjg {035HE(3.0 mmx100 mm, 1.7 pum); Hizh
A A A 0.2%FRRI/KIFH, B R H#iE: 040 mL/min;
FEJ: 35 °C; #bkRERE: 2 ul; BREEVRIFLTEILEE 1,

Fz1 REBEBERRIER

Table 1 Gradient elution programs of mobile phase

At 8] /min i #/(mL/min) A% B/%

0 0.4 95 5
1.00 0.4 95 5
2.00 0.4 60 40
4.00 0.4 10 90
8.00 0.4 10 90
8.10 0.4 95 5
12.0 0.4 95 5

Q)T A

B BB R A ERTEE
WA= 22 O W (multiple reaction monitoring, MRM);
B HLE: 5.5 kV; B FHRE: 550 °C; AR AUEN:
35.0 psi; REFESETT: 9 psi; FEAbARE JI: 55.0 psi; HiBhM
EEE ST 55.0 psio LAF-EEESF 19 LR B B ) R0 =F B e 1k,
DIWETRIFE & . e Xt B Xy, HEfL A R Sl
B SHULE 2.

223 AFfEIAFBA

[v1) 8 60 R [T 1 S SR B v A3 SIS AR B2 Dy 0.400
0.800. 1.60, 4.00., 8.00 pg/L HYZEMERR . MM — . S2FE .
FHE2ER . 220 . HOR 2R . BRIATR . 17a- R BEZ2ER . LR
F 2 | 2 R A M 2 R v T AR, 6 2.2.1 AR S Ab BT
TR, DARRAE T AR5 5 W B A A, bR TR
M 17 A R A b, VERRE T AR 4
224 AofFE R

M2k 2.2.1 Ab B 538 B A BERE b 43 50 i
80, 160 uL ¥ K 10 pug/L LAK 80 uL ¥ /¥4 100 pg/L 1
MM W . SEER ., FHSERR . AR, FHRZEMEN . 17a-385E4
AR UEZ W (0.40. 0.80. 4.00pg/kg HWREEAKF), VN 20,
40, 100 pL ¥R BEH 100 pg/L BISERERR . BRIFED . Z B2 H b
ZETR . TR A A TRARAES (1.00, 2.00, 5.00 pg/kg V¥
IK), HIE 2.2 FESVAR IR ERINE, SEATINGE 6 ¥k, It
SR LR A R RN EA

3 HBR5SH

3.1 PRz

DURRAE 25 o it 0 s 0 T BN AR AR, $0] 2.2.3 Ab
(10 OV TR A VR 0 R B R R AR R, R o £k
T 1 6 B0 05y AR FOAE G R (L3R 3), 7 0.4~8.0 pg/kg ¥k
PESE N Lt K R RAT, KRR r HKF 0.99,
32 KR

PLAs (B A RE AN SRR, B 6 AN TATIR IR, M
W, SEER . FRSEER. ZEER . FRERZRER . 17a- L BRI
CAEWR A B MR IR B2 0.400 pg/kg, FEHERR ., ke . 2
PR H b 22 | 2 FR S M 2R BH VRS IR FE R 1.00 pg/kg, $%
HEE AR AT A By i 4l AR A T U BRI 5, SPATRE
A =6, M HE AR A K B TSR R, MRS GB/T
274172017 (AR AL A R iEdGrg ) 1)
K B vk, SR A M B p Al i e B, BRI %0
R BE R 4 T A i N2 FURE A (0 I 2 15 5 1R A T EL R,
E REAE AT SRR ) de /NP MR, TR T2 5 M L 2 2: 1
5% 3: 1, ARUCRHIKE:H FRAT A MDL=(3xC)/(IN), SERERR |
M W SETR . FFSEWA . 2R, FORZEER . HUATE . 17a-
PRI . 2R P b2 . 2 TR S M 2 TG HE PR3 o
0.0168, 0.033, 0.020, 0.041, 0.031, 0.057, 0.066, 0.037,
0.090. 0.106 pg/kg.
33 EWREFIEEE

FHZS A0 R S 0 ST A I S SR
ZE 1 PR (1 7a- 52 B A EAT 0.400.0.800.4.00 pg/kg,
Yo SE TR B R | 2R F b2 | 2 TR b ZE A EA T 1,00,
2.00. 5.00 pg/kg 3 /K FASMEEES, B/KFHL 6 4
ATRE, 2 2.2.1 "R IR AR S AL, fHBAE (i H I
TN SE o HAFEY BUCR A PR 22 25 SR L8 4. ks
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[BISCRTE 77.3%~114.4% 2 8], FHRHRHED 22 5 KA 10.3%,
T I X5 245 8% B ARSI 1y 12 R
3.4  IRREEmET

XF 2019 45 7 A 1 HZE 30 HMAMATER 01HY
10 A K= S FE Sy, S5t 50 0y, EEih it fififa
TR A A ST K P SRR, IR T i Ab B
ARG, BIAAG H 10 P .
4 it it
4.1 MRURBEKREE

ARG R ZIEVE WA G, QUEChERS ¥k T
TREE . BHESCIRY, F 2SR N EREGH], REA AR
HARY), I35 P & RUUKE, M 302 B 4 5L R
RV . QUEChERS ¥bfeEfesk . HaRAG I 12 R, AL
¥ QuEChERS #4774 100 mg PSA, 40 mg C,5. PSA
AERBREETT P BRI T, T Cis BRI BRAR

EE. MBI KR, FEFREUS, A JCKEL
FRAM, R BRIEIBOE H K5 o
42 AREMLE

IR S8R FH AR ok AT a1, AR ELAMREE, N
PRIE RO AR, DI RE A R O VERR, TR A
PN A4 e 150 £H 43 B g T AR A AR SHE R FEA T, RO
TE—ERREE LIS T A E S AR L BT R AR 22 .
P 3 TR R B AR S TR A e — i T Al A, (Rt 2
IRAVE RPN 4y 5 AR R e E e E, ERRRELY
AR AN E g R . RIS BRI A ROERR T 1
FEREL I ShAH ARSI 2% 22 S DR 2R 5]
4.3 EFRMN

ARSEHR TR L, AR BN AR AN X T
Re i e m LT, UnoRPavEfEf . wAaE, LR
TEFR WG FR 0 IE O Rt T BR AR Ak O A B8R, DL/ 3k
JEURA R X RGN 258 B 7= A

*3

R2 10 MEMEENPHEREATYRRESH
Table 2 Mass spectrum parameters of 10 androgens,
progesterone and their internal standard substances

P i H(mi2) WAL
SFAA o=
’ WET FET WEV ARV
‘ 149.1* 60 26
JE Hfe il 301.0
120.7 60 26
o 97.0% 170 25
T — 287.2
109.1 170 25
96.9% 80 30
SE T 289.3
108.9 80 30
109.1* 130 30
FH 27l 303.5
97.1 130 30
97.1% 160 27
et il 315.4
297.3 160 21
) 123.1% 80 30
R 2 2 i 345.8
97.1 80 30
109.1* 160 35
b5zl 2992
231.2 160 25
y 97.0% 160 32
17a-33 L2 3313
109.2 160 78
. 267.3% 80 20
LT P A ] 385.5
325.6 80 20
. ] 345.2% 120 17
LIRE M 4053
309.3 120 23
H£{-13C, 2024 112.1 100 33
FH 827 -D3 306.4 109.4 130 47
FLZEEI-D3 399.3 3394 50 18
¥4 1-D3 348.5 126.1 80 35
4 22 i 2, 1R
Ab 388.4 267.4 75 25
fi5-D3
Z41i-D9 324.6 100.0 80 20
Wi iH-13C, 301.3 231.3 130 25

AR R T

10 FEEM B EMPHREMNTE . BXREMEHIR

Table 3 Linear equations, correlation coefficients and limits of detection of 10 kinds of androgens and progesterones

sy ey AR FRE K BR/(x 107" pg/kg)
e R Y=1.13013X+4.46819 0.99894 1.68
Tfie s — 1 Y=6.98246X+17.12821 0.99706 0.33
2 Y=5.58744%X+12.36995 0.99704 0.20
FH S Y=0.67816X+0.11547 0.99999 0.41
ZE R Y=2.55885X+1.16272 0.99689 0.31
R 22 R Y=0.04400%-0.03390 0.99867 0.57
AR Y=0.31999X+0.01116 0.99629 0.66
17a- 3232 il Y=0.34006X-0.01554 0.99967 0.37
R W Hb 2 R Y=0.16310X+0.00899 0.99998 0.90
A2 TR Y=0.13867X+0.10787 0.99998 1.06
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W27 i 511 %

F 4 INFREIUFNFE B E LI 5 R (n=6)

Table 4 Standard addition recovery and precision test results(n=6)

el AN /(ng/mL) W5 - 4418/ (ng/mL) [l /% AT AR 22 /%
1.00 1.04 104.1 8.2
R 2.00 1.99 99.4 5.6
5.00 5.05 100.9 2.4
0.400 0.326 81.5 10.3
TEREs — 1) 0.800 0.651 81.3 7.7
4.00 3.09 77.3 6.2
0.400 0.383 95.8 4.1
1 0.800 0.799 99.9 0.9
4.00 3.94 98.5 1.7
0.400 0.367 91.9 2.6
FH =2 ] 0.800 0.743 92.9 4.7
4.00 3.45 86.4 3.1
0.400 0.350 87.6 9.1
2 i 0.800 0.755 94.4 4.8
4.00 3.59 89.9 5.9
0.400 0.429 107.2 5.0
FH ¥ 2 0.800 0.901 112.6 3.4
4.00 4.56 114.0 2.8
1.00 1.13 113.0 2.6
R 2.00 2.26 113.2 33
5.00 5.72 114.4 23
0.400 0.384 95.9 9.5
17a-F4 32 0.800 0.782 97.8 8.3
4.00 432 108.0 7.4
1.00 1.05 104.9 3.3
TR FR Hb 2 ) 2.00 2.08 104.2 3.9
5.00 5.18 103.6 12
1.00 0.968 96.8 1.0
LB A 2T 2.00 1.91 95.4 3.4
5.00 4.79 95.8 2.8

5 & 1

AWFFEES T UPLC-MS/MS i 5E f P b S50 A
M R . SREE . PSRN . ZePR . HORZEER . MR . 17a-
FRELZHT | R TP s 2R A AN 2 B R A L 10 AR T
Peo BERFW, ZOrk HRRAC . BICR S B e . R
B A SR AR AR S, TR R P
Uk L (PN FE R sl [N TR RS PNIE Y i -2 < 5 6 |
BREE T4, @A TMaETh 10 FE e e &
ezl
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