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WA 0.1%(VIV) B R GV WO I s AHE RS BEVEBE, 28 Phenomenex Kinetex Cig (100 mmx2.1mm, 2.6 pm)
. RFHEBIE IR, 1E 3B FHRAE BAKEPEFH (information dependent acquisition, IDAYR #1743
e, AMRIE T E R R 39 PR B ERLE 1~100 pg/L IRETEHINE LR RIF, MR r KT
0.998, Jrikk RN 2 ngke, RN 5 pekge X H AP 3 A BIAR ECRLEE, FER
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Rapid screening of 39 kinds of glucocorticoids in Ctenopharyngodon idellus
using ultra performance liquid chromatography coupled with high
resolution time-of-flight mass spectrometry
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ABSTRACT: Objective To establish a rapid method for screening and confirming 39 glucocorticoid residues in
Ctenopharyngodon idellus by ultra performance liquid chromatography-quadrupole time-of-flight mass spectrometry.
Methods The sample was extracted by acetonitrile vortex after adding saturated sodium chloride solution, and the
extract was purified by acidic alumina column, then gradient elution was performed using gradient with 0.1% (V/V)
formic acid aqueous solution and 0.1% (V/V) formic acid acetonitrile solution as mobile phase, and separated by
Phenomenex Kinetex Cig column (100 mmx2.1 mm, 2.6 um). Electrospray ion source, positive ion scanning and
information dependent acquisition (IDA) mode were used for analysis, and external standard method was used for

quantitative analysis. Results The linear relationship between 39 glucocorticoids was good in the range of 1-100 g/L,
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and the correlation coefficient r was greater than 0.998. The detection limit was 2 g/kg and the quantitative limit was

5 g/kg. Three levels of standard addition and recovery tests were carried out on grass carp, with recovery rates of

67.7%—-126.5% and relative standard deviations of 4.52%—14.80%. Conclusion

This method is simple and

sensitive, and is suitable for the analysis of the glucocorticoid in Ctenopharyngodon idellus

KEY WORDS: high resolution time-of-flight mass spectrometry; Ctenopharyngodon idellus; glucocorticoid; rapid

screening
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Wil B 5 i & (glucocorticoids, GCs)H&—2 {§§ IR &,
N FR R TR, RRS IR RS . Je i A A R
AR, R EAG T 58 I Ga e i) S 2 AR, IR
BT R AT R R R e e vE R, ELBE B
Ji R Re B IR R A ER, R S A K g A KT
FAEH, TR R A, BT [ R K R
R85 L R BB B 3 AR BE AT ng/L KR
H A ke Z %A Bz B 3 B R AT S A A S B BN 19
F G MECIETE, (A4 BF 58 % U1 L RE A6 L xt fa 2 HoAT 0N
TP, kIR E S E . RRE%, HxiE . B Wk
T R R B B KR B R AT T, GB/T
31650-2019 Bt i v 24 24 5 v ok B ) B
FRENLE . BF B SR 30  A fth K b T L SE KA
KRB PR, (FWAT X 7K ™ S OB R B 0 e KBk B
PR 5t 47 B 8 B B E

F FDRR R 5T 3 3% A T 10k o R = B DR AF R
SR FEL M, (BB KK s b BRI ) AR > Ak
T = DUAR AT W B A AR TR BRI IS, XFF B Le
AT B B A3 BB TE RE T 3055, S0 (VR PR MR 45 R, B
3 2t 52 DO A 491 4 R R BR A, T I OE S B i A
GiAe U2 AR SR, AT RS | R L B 0 A v
S PERTRE DL R B R Rl S TR R
2 S5 A 3408 W A 5k B A B U S B R, TR S
AW BRSO Tk R R R I RE, W SEBK R G Y S
3 5 O A R UE )

AW FEE S LA TR PR T, B G 5 B K T
(information dependent acquisition, IDA)E R 2L K 39 Rl
B JSUCER 15 43 B O, SR R AORORE T BRI
A7 B 18] J5 i 325 47 e 0 7 2 R AR I, DA 3D 6 K B R R
B Ui A A uE A RS H T L,

2 MH5EREE

21 UESEHF
XS500R 4 e RO €33 - DUAR AT A 7 st 18] R 6 AR
(ZEE SCIEX AT]); J-26XP 72 SR B D ALCEE

Beckman A ]); CP225D HLF K- (f8[E Sartorius 2 H);
Turbo Vap® LV 4 H shife 45 (X (Hit it Biotage 24 ]); Milli-Q
4li KA (3£ 1E Millipore 22 )

38 bl B JBUICR RV M (100 mg/L) 42 74 Jis (41 FE
99%, REFI/RERARAR);, . W, LR(EIE
afi, 7EE Merck 22 H]); SALEN(GTEE, 255 B a0
HBRAFD; BRIEEALERAE(100 mg/6 mL, 3EE Suplco 2
H); SEE K N Ak,

ARSI BT FH A0 S 2 N AR O .

22 LWHE
22,1 AFEERELH

YERFRIULG 22 75 JE AR 10 mg, HHFEEZ 2 10 mL,
Ll T R R 100 mg/L AR IR AV o 43 BIFE IR 38 F
W B BT R R fE A A VR S 22 P e R TR AR 500 L,
FAHEEEA 2 50 mL, BCllplmakE R 1 mg/L MRS
WA . IRPRIEE RS B T-20 *CUKFRIRIE
2.2.2 A S AT 4k 3

TR FRIBUS B 0IRRE 2 gORS 3 0.01 )BT 50 mL
BHRREOE R, A S mL A NaCl R, Wi 30 s )5,
A 15 mL ZJi&, W€ 1 min, 5000 t/min 250> 10 min, &
W R PE A LA, MR IR, FRIETEA 10 mL ZEE
BERB—K, LHBRSBmERMASE, AIFRMw. A
5 mL ZJEMBEmM A A, SRBORA 45 CARKT,
HZIEEAZ 2 mL, 1 0.22 um ¥, 5 LML,

223 AR &k -wIAAT K AT I R A1

(DA TGS

Phenomenex Kinetex Cig #(100 mmx2.1 mm, 2.6 pm);
FEWR R 30 °C; #EAERA S pL; JE K 0.4 mL/min; JBHAH:
AR 0% BRKER, B & 0.1%F RN, HEETETRE
FF: 0~1 min, 3%B; 1~2 min, 3%B~15%B; 2~19 min,
15%B~60%B; 19~19.10 min, 60%B~95%B; 19.10~22 min,
95%B, 22~22.10 min, 95%B~3%B; 22.10~25 min, 3%B.

QBTG4

W55 (Twin Spray)H B, 1E 8 TR (ESTHH), BT
PR N 550 °C, WEFEHLE 5500 V, EFEHIE 65 v, Fib
KEASR)ES: 440 kPa, SAT(AS)ES: 280 kPa, HfiHh
FALR (R A)440 kPa,

¥ TOF_MS_IDA_TOF MS/MS & &3H#i#i=; TOF
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MS HFERE(m/2)2 100~1000, TOF MS/MS JEE(mz)H
50~1000; fitl & —ZAARE R T 50 cps; IDA fil % 10
AT ETH,; miEGER: 35 eVv; MiEHEY BRI N

+15 eV, TOF MS ik Irf iyik&%, TOF MS/MS
St RIS AT MS/MS Eie a4, v L) RIFE Shni
R TRIR, 39 P B B R ik SRR L3k 1.

R 39 MEERBUMERIERM

Table 1 MS parameters of 39 glucocorticoid

b &£ CAS & Vi it iloiese e i i /e Vv

1 ket 53-03-2 Cy1H305 359.185 34
2 TR e e 83-43-2 CH300s 375217 13
3 K 426-13-1 CyHFO, 377212 22
4 sl A 378-44-9 CyHyoFO;s 393.207 15
5 YA UN AL 125-10-0 Ca3Hy505 401.196 22
6 LIRS /N AL 50-04-4 C13H3005 403.212 30
7 AL AT A T R e 50-03-3 Cy3H3,05 405.227 22
8 flE @A 4399-39-0 C5,H,9C10; 409.178 14
9 AN 2135-17-3 CyHF,05 411.198 24
10 FR LTk e b T T 2 i 53-36-1 Cy4H3,05 417.227 13
11 SR I s 2 g 3801-06-7 Ca4H3,FO;s 419.223 20
12 AR A i R R 514-36-3 Ca3H3 FO, 423218 35
13 A7 2 4 51333-22-3 C,5H3,06 431.243 17
14 AL ] AL T IR 13609-67-1 CasH3405 433.258 38
15 2z fi 76-25-5 Cy4H;3 FO, 435218 19
16 ELRSE TN 1524-88-5 Ca4H33F O, 437.233 42
17 Hb I AT 14484-47-0 CasH3 NOg 442222 50
18 AL ] A SRR R 57524-89-7 CaeHs06 447.274 42
19 LY S 3093-35-4 C4H;3,CIFOs5 455.200 20
20 AR N TR R 25122-46-7 C,5H3,CIFOs 467.200 24
21 i 22 A% A R T 3870-07-3 CaH33FO, 477.228 28
22 fEE R T AR TR 25122-57-0 CyH3,CIFOs 479.200 20
23 ke R 73771-04-7 Cy7H3605 489.248 44
24 IR U PR B 33564-31-7 CyH3,F,0; 495219 22
25 TVGHE 51022-69-6 CysHisFO; 503.244 17
26 i il A A L R 5593-20-4 CasH3,FO, 505.26 23
27 s E AR BN R i 5534-09-8 CasH37Cl0; 521.230 25
28 TR RAL N R IR 80474-14-2 CysH;,F3058 501.192 13
29 it 22 VG I XU R B 67-78-7 C,sH;, FOy 479.208 20
30 RJE e 50-24-8 C,Hy;05 361.201 34
31 Hb ZEKA 50-02-2 Cy,H,9FOs 393.207 14
32 AR /N A T AL 52-21-1 C23H3005 403.212 35
33 Hh FEAK A SRR R 1177-87-3 Ca4H3 FO, 435218 18
34 A Al A A T R T 2152-44-5 Cy7H;37FO4 477.265 15
35 A L A A PR T 987-24-6 Cy4H;3,FO, 435218 19
36 LA 105102-22-5 C1:HxsCl1L,0, 427.144 25
37 FER LN A 356-12-7 Cy6H3,F,0; 495219 42
38 B SR AL R i 66734-13-2 CysH37ClO; 521.230 25
39 il 22 vy e 124-94-7 CyH,7FO, 395.186 25
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3 HZRED

3.1 RREHIRK

TEIE & TR UM gy 7R, 0 5 vk B
100 pg/L (1 39 Fioh e Bl R IR A bn s W kA T — 2044
AT, G R TR IE B TR 39 Bl B B R
Fy o o7 % e T B g AR, O HL 39 Rl e TR 7E IE
AR AR A [MAHT+RE B 1 7ERE B 7 B A I 3
{EL(50 cps)if, AXA%2x A Bhfih Ak — BT d4t, [A)ms45 3 &)
BT ORGS0 RO SRS i AR R, BIE AR
433 (information dependent acquisition, IDAYER, . %45
FUAT DS B U HERE [ AR 7520 A 0 1) — 2 R — 0 1 b
Wi B B, 254 SCIEX OS B4 T 39 Rl iz ik
R A BRI, XA SS 5 B P i — G B
KA. — B RN R F DL R i A IR
P S 1] 45075 S5 S B DLk O A A I

HI T R BOOR R A 20y, HAE G Fror A
FEMBENHARL, ULE 1, %% T Waters CORTECS® Cg £
(100 mmx3.0 mm, 2.7 pm), Agilent Poroshell EC-Cg(100 mmx
2.1 mm, 2.7 um). Phenomenex Kinetex C;g #£(100 mmx
2.1 mm, 2.6 um)3 FhEFEHERDBERER; FHE T K-2
i« K-FTEE L 0.1%(VIV) R K P -0.1%(VIV) H B HE
0.1%(VIV) R ZK T -0 1%(VIN) LGV 4 Fhi SRR 7
BRCRAYRE . 45 B, SR Phenomenex Kinetex C g 41,
PL0.1%H BR/K VA R-0.1% F IR LBV W R T sl A A 5465 2
VRMEA, 39 Flvlfl iz STl R iy o o (A T X 45, T 4RA5 HE
B AT R 7315
3.2 REEUERHRMIL

TERTS S treh, vk REUE | O R e B
X RE i B PRV RS, FTAL IR R . FE A Atk
ST BOA B PR R 19 T AR R T LA
K RFIEAEN R RN, LLOIE . LR LR ARG
39 Fiok K JBUR M [l . S5 R R B DL A TR

10000
8000

6000 -

B8 BE/cps

4000

2000 -

B, BT N A A R R, S R S A
5 EISCRAR AT S . BRI O HREGH, 85
B Rz B 2 SRR . LUK-ZBR 2 | 1 Fn S84k s
- TR S TR AT iR e SR BUS SRR, B0 )2 R R A
W, 2R 2052 B e ELARF B AR D, AN R
MR EICRATE . BRI Z G Res T, (HI
NS CIERES 20 2, WOR FAR A S AL e 4
B, FIMA RGBT, RRf AR LR KR E R &
FIBAE, AT —2 1k S5k .
33 iR SEMTEE

25 FI R R A R R Al 2.2.2 Wk BE AR, AR
WEITJE, 4 BIINAGE &R A PRI, M RA)A,
i 0.22 pm BEMEEHE AT o LA R (E A AR BR(Y) . AR Y
R O R AR BR (X, ng/L), ZeiilbrEih g . A5 AR,
39 ROkl 2 B TE 1~100 pg/L 70 Bl N 2R P 06 2 BLAT, A
KRBNIIKT 0.998, R IE 2,
34 KURSE=ER

SR 28 1 56 BV I — 2 Wk R IR A AR HE TS W, TE
223 S TFHATIE, DART 3 A5 10 fiF 50 b At hi
B B R P T A H BR (limit of detection, LOD)FIE i fR
(limit of quantitation, LOQ). 39 Fli# iz il Z 1Y LOD #4371
F 2 pg/kg, LOQ ¥J/NF 5 pg/kg.
35 EWEREREE

TE 2.00 g iRXFEFSBIIATRIKE N 100 pg/l HY
39 Bl R BT R G PR HERS R 100, 200, 400 pL, BN
I 5. 10, 20 pe/ke, HAEAIKFEZNE 6 1K,
HANAR U R IEE R 67.7%~126.5%, RSD N 4.52%~
14.67%(F& 2), FWA 5 EA R LT 00 v oM B FORG 2 % .
3.6 SKBREFEmAVINE

FHAS 7 0 S0 28 v AT 15 0y AR il EA T AG
E AT b 1) [T RORG 25 B A S SR IB UL, Y RAG:
HOE R R

A

7.5 10.0

12.5 15.0 17.5

A /8] /min

B 39 R R B SRTR A PR UE R (10 ng/L)RY$EEGE i K

Fig.1 Total ion current chromatogram of 39 glucocorticoids mixed standard solution (10 pg/L)
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Table 2 Regression equation, correlation coefficient, average recoveries and RSDs of 39 glucocorticoid (n=6)
et I i ke 10 uelke W neke
FE g% RSD/%  IEMEE%  RSD%  [HEER/%  RSD/%

Kemn Y=2.09x10*X+1.36x10°  0.9988 115.4 4.98 101.4 10.03 118.9 9.34
FILIR e i e Y=1.47x10*X-8.09x10*>  0.9999 118.7 9.76 85.4 4.51 93.2 5.21
KT Y=1.61x10*X—4.77x10"  0.9998 114.7 10.06 72.0 13.23 126.5 4.26

fE A Y=1.59x10*X+3.56x10>  0.9998 109.4 8.18 108.9 6.71 112.7 9.96
RN Y=2.77x10*X+7.36x10>  0.9997 71.2 7.27 103.3 10.86 106.7 13.80
A PR R i Y=2.72x10*X-6.41x10*>  0.9998 93.0 10.16 90.0 6.19 73.6 13.69
R ANE N Y=2.15x10*X-4.62x10*>  0.9990 94.3 12.81 70.7 8.10 117.2 11.80
(REP SN Y=1.37x10*X-1.90x10°  0.9995 67.7 11.45 76.2 6.46 117.0 11.79
KA Y=1.34x10*X+6.88x10>  0.9987 72.7 13.85 110.2 10.04 92.1 9.55
IR JEM R BEIREE  Y=2.04x10"X-5.79x10>  0.9999 105.6 10.23 111.7 12.75 91.0 11.05
FRK T T R T Y=2.86x10*X+9.45x10>  0.9997 110.8 12.47 97.6 11.81 108.3 12.68
BRI A s R R Y=2.89x10*X-1.47x10°  0.9999 119.1 9.98 110.8 11.86 107.5 6.40
A7 b 2 7 Y=1.47x10*X+5.16x10>  0.9996 92.1 14.44 88.8 10.29 107.5 10.78
AL RIS T RR R Y=2.56x10*X+7.42x10>  0.9999 96.8 6.76 100.5 8.88 105.3 6.94
i Zz 1 Y=1.82x10*X+3.00x10>  0.9999 117.5 10.67 109.5 8.80 113.2 6.59
AL Y=2.13x10*X+5.31x10>  0.9999 115.1 12.36 99.3 13.86 116.8 11.45

Hb IR AT Y=3.55x10*X-7.34x10>  0.9999 108.3 5.81 118.2 4.94 89.5 9.39
ER NS N AT Y=2.37x10*X-1.20x10*>  0.9995 94.4 8.87 92.9 10.33 98.9 13.33
Ly S Y=3.15x10*X-2.43x10°  0.9999 117.3 5.31 94.5 4.52 102.1 8.99
AAH RN RRER Y=2.15x10*X=5.90x10"  0.9993 91.1 12.81 118.4 6.66 115.9 6.03
i 2% LS PR IR Y=2.72x10*X-6.16x10*  0.9998 102.4 10.27 74.5 8.62 79.2 14.41
i flbA T BRI Y=3.91x10*X-2.51x10°  0.9997 116.4 13.35 83.4 9.60 107.2 12.38
ke R Y=2.81x10*X-2.05x10>  0.9996 108.3 5.49 89.6 12.10 112.0 14.67
LA X PR B Y=2.80x10*X-4.38x10>  0.9995 107.6 9.45 112.7 9.66 106.1 14.34
B PG ARAE Y=2.64x10*X-4.44x10*>  0.9999 109.1 14.64 115.5 13.21 102.6 11.15
it Al KA L PR i Y=2.99x10*X-2.71x10>  0.9998 77.6 14.20 92.0 10.51 84.8 14.00
5 KA XN 2 g Y=2.32x10*X-9.40x10*>  0.9994 82.3 6.93 104.2 6.32 78.0 6.27
k= S UNISTAL Y=2.61x10*X+8.61x10"  0.9994 117.1 11.21 76.7 7.57 70.7 5.43
T2 P s L PR B Y=3.13x10*X-1.49x10°  0.9997 78.0 8.04 74.6 8.01 84.9 9.60
kenk Y=1.69x10*X-2.53x10*>  0.9999 119.8 7.62 75.7 10.85 105.3 5.56

Hb ZEOKA Y=1.59x10*X+3.57x10>  0.9998 71.5 4.81 106.9 14.69 93.5 5.97
AN AT A Y=2.72x10*X-6.41x10>  0.9998 80.7 14.32 104.3 6.66 83.0 7.27
b AN B TR B Y=1.82x10*X+3.00x10>  0.9999 101.3 8.99 111.7 8.17 90.8 11.28
A Al A T PR i Y=2.39x10*X-2.21x10°  0.9999 117.3 12.22 91.4 13.47 101.2 5.02
A Al A i 2 i Y=1.82x10*X+3.00x10>  0.9999 92.0 10.60 99.0 4.52 74.6 9.75
BEEAA Y=1.06x10*X-1.54x10°>  0.9998 94.1 471 84.3 5.20 86.5 6.44
EREY NG A Y=2.80x10*X—4.38x10>  0.9995 86.1 12.16 95.0 9.02 116.9 5.32

B KA BT PR i Y=2.32x10*X-9.40x10*  0.9994 103.7 9.83 105.6 8.54 84.2 4.59
it v e Y=1.10x10*X+4.35x10>  0.9980 75.5 5.90 80.4 5.00 73.6 10.13

4 £ P ) R AR RORH 00 33 - g 40 AT ST T B g A I3 32 kA

LT HITAR BRI, (AR R SLREE, e TR O Y

AR SO IDA REHE N B X B rp 39 Rl e BTfR TR, RIS T 39 FIRE RTHOR B4 2 P A
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