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Determination of 2 kinds of cephalosporins residues in sea cucumber by
ultra performance liquid chromatography-tandem mass spectrometry

WANG Shi-Yong"

(Fuzhou Ocean and Fishery Technology Center, Fuzhou 350007, China)

ABSTRACT: Objective To establish a analytical method for the determination of ceftriaxone and cefotaxime in sea
cucumber by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
samples were extracted with phosphate buffer solution and purified by HLB solid-phase extraction column. Gradient
elution was performed using 0.1% formic acid and methanol as mobile phases. Ceftriaxone and cefotaxime were
qualitatively and quantitatively determined in positive ion detection mode and multiple reaction monitoring mode of
electrospray ion source, and quantified by matrix matching external standard method. Results This method
completed the analysis of ceftriaxone and cefotaxime within 6 min. The linearity was good over the range of 5—
200 ng/mL, and the correlation coefficient r* was greater than 0.995. The recoveries of the 2 kinds of cephalosporins
at the 5, 10, 25 pg/kg levels were 78.1%-95.3%, and the relative standard deviation was 3.05%—7.27% (n=6). The
limit of detection was 2 pg/kg and the limit of quantitation was 5 pg/kg. Conclusion This method is rapid, accurate
and sensitive, and is suitable for the determination of ceftriaxone and cefotaxime residues in sea cucumber.
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RarAn g, AR RN, IS, JRAT S E00 IR R S0
FAEW R, KRl Sk R R S 5 SR I K
WYy, R RGA T WARBRA, T 255, &
MU FEIIAGE, LA LA A R v L DT

H A, X3k 250 200K DU 32 22 A A 05
PR Bt kU0 O - A R B I,
FUREXT R & AU e B US04
FEal, X8 S b Sk A 2B AE AR B AR I A g 452,
o5 1) S ) st 30 2 S 76 il A7 A0 Sk 60 19 i A 4G 0 9% B A 4R
iH, §3NBESEARGES . BRI, MRS
SRR, AT — PR PR RR R 22 ph I R L
DUTERE [, A AL R G AAE S, JROHT €033 - 3 R S35 92 )
O 5 VA 5 T Sk 70 A A Sk AR Ml 0 B R R O 0, RO
AU FAREERES Pl APUE RIS, Ik s
HURHR AL — A7 0 T A T AR UL AR

1 MR5ERE

1.1 UE5RF

XevoTM TQ-S micro # = S0 AH €03 - 3 B = FE PU 2%
AL (35 [E Waters 23 7] ); IKA T18 basic 20215138 HL(12E
[ IKA 2\ #]); ANPEL-EFAA-DC24-RT BV WA (| #2233
SRR B A BRA FD); 1550 452 20 ML R IR A
SERAY R IT R A BRAA FD); Y3002 LR iE T E
Bl A BRAFD); KQ-500E 75 I I e i (L 1 LR 75 A
A BRAT]); ASE-12 [AHZEIURE B R E AR R R
HBRA o

Sk 76 Hl A B (2 FE = 83.9%) . 3k i1 8E 5 A (2 E =
99.5%)(KHBT/RISEHABRA F)), W N[ Eikal, Fe8k
K RBHE (h EDA BRI F]D, FHRR(AEEE 98%, dbnt | 2 akt
HATBRA T, BElR 4N . WESTILE . ZBREE(al, 7
G B BRA R, —Zuk(HBHFR=18 MQ-cm, 4 [F

¥k 58 Millipore 23 H)); CNW HLB [# 4045 BUH (200 mg/6 mL,
RSB A AT FR 2 FD; 0.22 wm K RIEBECRHE
ST SR LA B Wl )
1.2 XWHE
1.2.1 AR R ELH

S 7t il B2 A0 Sk 6 09 i B VA A A VR 0 A A A R B
12.34 mg (K5 2 0.01 mg) sk AL HAR N 10.57 mg (i
% 0.01 me)LImEEls 0% 10 mL WS, 2GR
BT E 20 1000 mg/L ARifER £, FER8 B ARUES
18 °CIRTE, %M.

S 6 il s 0 Sk A 0 5 TR S b v P R A RS T
0.1 mL Sk hiaFsk e bRt &, H ZIERMBEE
10 mL 2R, ECHlsUm SR N 10 me/L IR-AHRifE
PRI, R EARESR 18 °CIRAF, & .

K 76 i A% A0 Sk A6 i TR A AR E AR VR MR RS T
1 mL Sk ph A ISk ALE A5 TR A bR it IR, FH 2 W R
2 10 mL AR, BeHl s E Y 1 mg/L IR A A5
TAEW, BHBE,
122 HSara

(HFEH

FREUEES 2 g A2 0.01 )T 50 mL .08, Ui
JIA 10 mL 0.15 mol/L BEfR — S (pH=7.0)R B, 3K
1 min, A HEH 20 min, FR& A 1 mL ZFR5EF 1 mL
BREALMTEE, 1RA], 1£ 6000 r/min 250> 10 min, B F I
R

(2)¥r L

HLB FARZEBARAR R 5 mL FEE . 5 mL 7Ki%1k, B
AR G FARRE U, S mL KRR, 485 S mL
FH LA, USSR BRI, 40 °CRMKEL T i 1 mL 0.1%F
PRSI WS, o/ IRBEIRAI, 6000 r/min B5.0> 5 min, F3
WAt 0.22 pm VEREE, AR €S- 5 DRSSO E
1.2.3 Al &k B E A0

(DWBAR i 451

ACQUITY UPLC HSS T3 (100 mmx2.1 mm, 1.8 pm);
WEIAT Az 0.1%H BR/K IS #E, B AH: HES; 3iek: 0.35 mL/min;
HERERR: 5 pl; AR 30 °C, BEEEVRDE A1 3R 1.

®1 REERERRIERF

Table 1 Mobile phase gradient elution procedure

HsF /8] /min A% B/%
0.0 95 5
1.0 95 5
3.8 10 90
4.8 10 90
6.0 95 5
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B YR HLBE5E B B (electronic spray ion, ESI+); &
MEHRIE: 2.4 kV; BFEIEE: 150 °C; A < iH:
800 L/h; VAR EE: 500 °C; HEFLAFA: 50 L/h; —%¢
REREA: G SR AR b 0 Sk AL 5 il 8 % . HfEALHL
Hi(cone)., filff#iE = (collision energy, CE) L3E 2,

F2 kAL AEER RIS ]
Table 2 Mass spectrometric parameters of ceftriaxone
and cefotaxime

A o BEE T FETF  HfLRE O REERE
e hms (m/2) ) % Y%
396.0° 45 11
Sk A b 5552
324.1 45 15
396.9 20 10
Sk AU fi5 456.3
324.9 20 15

o ONEEE T

2 HERS5HH

2.1 FEEHMHK

V5 S 7 T A A S AL fl5 (AR VA (500 /L) 53 il ik
FE, £ ESI(OZ&M T T Tk, fEIEE FREAT il T4
4, #E BB 181, o8 T1EREE
T, 4T BRI BE R RRE R AR, SRR R,
VR . TR/ 2 S FE A RIE e e
W, MRS 7 R AR e, Sk Al A A Sk A
W S T S A AL SR I3 2.
22 BERHMRK
22,1 &igAegikE

LR Y— A B, WA aEEE
B Cig M1 T3 2 A, AWFST LN T Waters BEH Cig #E
(100 mmx2.1 mm, 3.5 pm)Ffl ACQUITY UPLC HSS T3
(100 mmx2.1 mm, 1.8 pum) 2 o it S5 AT, Skome
e 2 FhETEAE By BRI AT, SKAMIAATE Cig kT
THPRBMHEIS, SESCRAM T3 H (WE 1),
WEAFGERERE T3 FEUEATA0HT, Sk A0l B A Sk TR0 s A o
VTR 22 5 S 0 W e P (DL 20),
222 AEhtaeyikdE

AWFEALE T 5 mmol/L ZFE4E/K-Z. . 5 mmol/L Z,
i i 7K - R L 0.1% FH R /K V5 T - FH B 0.1% H R /K- I 55
4 T SR T Sk 6 AR 0 Sk F0LE 5 A AT SR (5 M . 245
FAZIEVE A HUA R I, 2 Sk 655 2 9 iy i 1o (5 35966
T A SRy A AL AR ESF ) i g AR, Sk A6 p A 174 i B AR T
52.4%, SkIOVENG B RAEAR T 36.6%, S A2 ESI(+)HE

HORE, s HA B T e s 1k, R
0.1% R /K5 W - BT 0 R SRR IR, AR ) €35 0 o
PG, 55 B R, P B IS ] R 33 0 AR A R G
IR 0.1% HH R /K V- B A S A
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Fig.l Chromatograms of multiple reaction monitoring of a standard
solution of ceftriaxone and cefotaxime on C;s column
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Fig.2 Chromatograms of multiple reaction monitoring of a standard
solution of ceftriaxone and cefotaxime on T3 column

2.3 EIRCIBEHMIL
2.3.1 REBUEFIMAL

R M 2 STk A T P, Skl P A R B U
GG . 0. 1%BERR NG . CIEIKER . NG/ L 5% v
TR ER Eh 28w S, 208 32 T AR AR R
fh, AAGE TSR, AR S AR T 20 -
7K(8:2, V:V) . ZJi5-0.15 mol/L Bk — E NS Ak (8:2, V:V)
1 0.15 mol/L BEfR — A NG i MR BUBCR, 2]
PRSI 100 pL FR ik 100 pg/L AR A AR
TAEW, @ SRk B A R AR, SR A,
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K 0.15 mol/L R — SUHNZE shis A A HR BRI, Sk
AR Sk A 7 B 3 R T 70%, TSR 340 2 Fhde
BUm B, Sk il b i BHBCRARF 60%(ILE 3), B4 %
GB/T 27404—2008 { 5256 % o A5 AL £ i FRAL A )
HIBESR, PIHA S PE#E 0.15 mol/L BE#R — S N2 P
YERAREUR

100 " ZHEKE2, V)

% % ZI-0.15 moVLBHE ~ SHNIRHL(S2, V)
B 0.15 mol/LBF# — S BN .

80 \ N
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Fig.3 Effect of extraction solvents on extraction efficiency (n=5)

232 FEHrA

AU WSS L R 2, AR B R A e S 1A
R PEFEE, 20 bR, B AR B R AT A Bk,
— I EBER G R BETUNME ., AR LT HLB
(200 mg/6 mL). PSD (200 mg/6 mL). MAX (200 mg/6 mL) .
MCX (200 mg/6 mL)4 Fli 3G 2T ZETU N (AL SR,
DA SN PR bR e, R 0L3R 3. RHE SR 3 4521, AR5

R4 REHESH

Table 4 Calibration curve parameters

L&A LEIu R/ (ng/mL) [EVEpE A R ()
LA ERA 5~200 Y=584.02X-4101.7 0.9963
Sk 5~200 Y=869.52X-91.6 0.9999

25 HWUHRFAMEZMR

Fig B ST B B3 25 1 R R A B AR 1, AR 5T R T
Xt 25 1S AT RN A )y 5 SR Sk A il A AN Sk 9
I Jl5 (1R ARG BRI A BRI B €3 05 £ I8 EL (S/N)
(4 3 % I 1 S5 6 Vi 3 A 7 vk I G HH B, IS S5 RS
FEBIF AT, DB (S/NYAG 10 435 X 7 A o 2 1k
JEE A 7 R I A PR S 7 gl A A Sk 6 1 i 40 BT 0k I ARG
HFRY R 2 pg/kg, RN S pg/kg.
2.6 EIERKEZELE

FRERZS (1S RE S (R 25 5 A AP AR ), #2208 1.
2 F1 S eI 3 AR K UEA T N R S 5, 4598
KFHEAT 6 AFESITATICE, Bl B A e 2S
FREE &L H 2 EDCRALE 70%~100%2 6], RSD 4R
10%, UL E I AT, 2Ok lAckasE, Bdsieilek 5.

RS 2 MKAAHGYE TR EE (n=6)
Table 5 Average recoveries and precisions of 2 kinds of
cephalosporins (n=6)

BT IR (ng/kg) FRIEMCER/ %  FHXTRERZE/ %

e N I 5 82.4 7.27
P& HLB (200 mg/6 mL) I AHAL IR HARY) BE Tk
kAL 10 78.1 4.25
%3 4 WEREEEELNE BT B R L (n=5) s 657 305
Table 3 Comparison of average recoveries of 4 kinds of solid
phase extraction columns (n=5) 5 80.4 6.24
) SNV kAL 5 K AUENTS 10 95.3 3.55
[ AR 2 B 26 98
ml#/% RSD/% [E#/% RSD/% 25 82.7 4.12
HLB 85.7 4.23 82.4 3.94
PSD 425 5.04 60.1 4.98 2.7 ERMNAHEER
MAX 39.5 3.15 453 3.87 B Jo RO AE S5 A2 o M P R A AR, TR B A
MCX 412 4.02 52.7 5.06 N0 3ok 7 R Y A RSSO X 0 A 4 SR S R . A

24 FHERZMSEE

Shy ik B B J5 KL I RE I, AR AT 9 R FH B S o )
Dy AR 2, FH S IR ML AR 5. 10, 50,
100, 200 ng/mL MIFRIME TVETR, LAREIN 40 B ¥ BE b B A
B, 0 1 04 TR R A BR 22 il b oA il 2 o Sk At A Sk
FME N 26 P OC R AL () KT 0.995, BsiE L% 4.8
BHAE 5~200 ng/mL AR RN I8 Bl Y, Gtk RIT

5% R FHTC ) 35 J55 DG J v o V5 8 1 1 vk, RBAR G
Hi T B L TR, 5E AT A AR BRI A SR
2.8 EPREEMINE

R TSI . BT R AT b 20 rHift i
ZRESh, HERE 1.2.2 BE SRR B 1.2.3 R (03 - 5 6 T 1
PRI TRG I, FEFRFEIRYT BN 2 0 BHYERE & 43 BIAS
SLAHAS 14 pg/kg F1 16 pg/kg, T kHIBENGI ARG, 1F
W3 6.
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Table 6 Detection results of actual samples of sea cucumber

WA bk OSTOMRERE SRR

Nng/kg) Ang/kg)
Y% 10 14, 16 FH
i 5 A H FKAH
KA 5 ENoER EN oG

AW ST 1 R AR € - OB T D T 2
H S 0 R S FELE s 5k BR B e A O i, AR ER 2% i
AR, WAL A ZIRPFDIRERR 1, 3 HLB [ AHAS I
/NS, DUAE T EE AR A o 20 A BT A
RIBPE R EVEE BER SR, SV SEPRRR I CAERAE T
AREF A A SR

SE Bk
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