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Determination of nitrofuran metabolites residues in Cipangopaludina
cahayensis by ultra high performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of the four metabolites of
furazolidone, furaltadone, furantoin and furacilin in Cipangopaludina cahayensis by ultra high performance liquid
chromatography—tandem mass spectrometry(UPLC-MS/MS). Methods The sample was washed and purified with
50% methanol water, and then derived. After pH was adjusted with dipotassium hydrogen phosphate solution, the
sample was extracted by ethyl acetate, concentrated by nitrogen blowing, mixed with ammonium acetate and
acetonitrile at a constant volume, and hexane was lipid removed. The lower liquid was absorbed through the

membrane to be measured, and four nitrofuran metabolites in Cipangopaludina cahayensis were determined
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simultaneously in the positive ion mode by the multi-reaction monitoring mode. Results

Under optimized

instrument operating conditions, four kinds of nitrofuran metabolites had good linear relationship in the range of

1.0-10 ng/mL, the correlation coefficients were 0.9994-0.9998, the limits of detection were 1.07x1072-7.02x10 ng/g.

The average recovery rates were 92.0%-104.0%. Relative standard deviations within and between batches were less

than 10%, and the relative standard deviations of determination results were 0.7%-4.7%(n=6). Conclusion The

method has good precision, accuracy, and reproducibility, and it is suitable for thedetermination of four metabolites

of furazolidone, furaltadone, furantoin and furacilin in Cipangopaludina cahayensis at the same time.

KEY WORDS: ultra-high performance liquid chromatography tandem mass spectrometry; Cipangopaludina

cahayensis; nitrofuran metabolic residues
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A& [ FH 12 [Cipangopalndina Cathayensis(Heude)]{4&
FREVIZ . i, & BAA 3% 1] (phylum mollusca), I8 /2 40
(gastropoda), Hi fif W 4X (prosobranchia), # & & H
(mesogastropoda), M 12 F| (viviparidae), H )=
(Cipangopahudina Hannibal)t, J2&3& [ % /K 12 b 4 k0
AR, H i B E AR . K. REH
W B, —AE ] A =R g R, B WA
H. FIR. BKEDR, G ERME . KA. g, K
JHSFP . IR T A2y, A . S0E . 1RSI, F
HIIE . B LN UKD [, A 5 R 3R
FEHOR H 255055, FWIS 5 AFMESRIR . AR BHE . ik
W BIEIUE . KR . HEEH. WERSEH
T 285 T AR B FE A T 3R A R, sl 2 5 b
Bt SR SRR R AT, & IR B AR T %
Bl (2019 d M GETH4ESE ) SR 2018 A3 iR K 182k
FAE R E R 9.5 JIMEl), fidy btk AT L AR 2
R . BRI, rh AR lR A2 Y 5T a4 W N 2N A H H
g,

TS FE Wk M 2 2 ) — R T IS BU A R, LA Pk e e
IR Nt =E 7S S PR Uity N & LN 2B~ U )

Wonos R 22 KRR A 1 B AT B O AR KA, LT AR IR,

Wz AT K g, FEELRYT B ORBH EEGDT IR
RIS % g U7 i 35 ok 288 D5 78 20 7 e piy L A Qa8
HHEARESE, WA BURE . SO0RmEE T A
Wy 3-% FE-2-HEMs S FE R (3-amino-2-oxazolidinone, AOZ), 5-
FH 3 i o -3 - 24, J -2- T W 3¢ FE: il (5-morpholino-methyl-3-
amino-2- oxazolidinone, AMOZ), 1- & % -2- N Wt Ik
(1-aminohydantoin, AHD), % J&/Ik(semicarbazid, SEM).

X 4 BALG W E e E, ME LI 5 o
R0 E R K SRR A A I R, K2 SRR
B 783 5 /4-1-2006 K7 it P i Bk e S AT 5%
I AE A - R T EL ) U IEAK h k
WAL G M . A HE I T AR, B R S %

T TCIEAG I A 5 FH AR R A TS SRk i, R
4 MBI SMRERA I, H7ERBGL RS, 28]k
ZIRIZ KR ZRY T, 2T M 35 FE ST RS FE 0k
AR RIS S BG Hh,  F AL BRI A A TE K AR AT A 2 Rl
XPRESHEAT RV, JERES 2 R A, AR
KA FEAMK T b, U0 Oye ZE R H 3 i A AL PR IR AL
T LU R AR AR B 45 5 77 4 Kulikovskiil 142 Hi 5 1)
VTIPS TR 2 TR IACARE R 1T LA S50 A B2 ST A
IS L A, Radovnikovie ZEUI7EHEIT 2009~2010 4E
TR 22 NBE O AN TR B v il Bk g 2 A 1 5 B
I3 AT RN B DAL AR G TN, AT A FRAE P FR AT
L. W, CRREFESD . 2Rl AR A A I K 7
i FL 4€ A 2k (malachite green, MG) Fl [& & fL 48 A 2§
(leucomalachite green, LMG)9%5E &/}, 5 H LR e A
CIBIREGEMESR, WESRETMA 0.1%HF BREEXS
MG #il LMG W& Fbssd, $#2m FHLRBUE . (HR T
(G FE B e I A TR R L 1 R 22 DXL R R MR P AR 4
i P g 288 35 40 108 e 6 A R 0

A5 8 o A A By e, SR R A -
ER IR T2 FRD B0 22 A ] FH 8 R e e i L e e
T MR 22 R R IR PG AR 4 i Bk mi 28 A (9 Jr ik o Al
SEEBI TR TAE SR BB S 2 ik

2 MRS

2.1 RFISNEE

oM. Wi, ZBRCHE . IECkE(tBig s, 5E Merck
AT, CRRER(ETED, =99.0%) . HER((IE, 99.0%)( I
WL T AT, R ik, FEER KRB (R )
AR 2-MHEE R (99%, 1L AR T M0 Ak 27 e 1y A R 2>
Ay, WA AR (%Y, 98%, biEAE TOMKAE LRl A R
D) MilliQ ABZ/K (FEE B 7L Millipore 23 F]); FE N
(polyether sulfone, PES)JEH®(0.22 um, LSS ibRlF
et A R A,

5 mmol/L ZIREVEIRMECH]: HERAFRIK 0.375 g 418
B, FMBAKEBIFESRZ 1L, 1500 pL 99%Hk & H iR,
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A Z) 5 min,

CREAN N 52 VR BL ] : 5 mmol/L ZFREL A2,
I 9: L(VV)IR G, Bes .

FRUEPI T WRIRG VU AR . R | IR 22 DR L kR
P (415 = 99.0%, Dr.Ehrenstorfer 22 H]); PARYIET: WEmGPH
PRAFRYI(SEM-"C-Ny) . IR0l N R ) (AOZ-Dy) .
IR X AR (AHD-"C3) . W & B AR 1 (AMOZ-Ds ) (4l
B =99.0%, fHE Witega A Hl).

Triple Quad TM 5500 Y& AH {7135 53 35 DU 92 BT 33 A (i
Aglient 1290 j# OB EREAX, BC ESI &7, % AB
Sciex 23 ]); NEVAP24 KB AMAL(3EE Organomation 72y
Fl); XS105DU B H A5 K- (T 5z —KF, Hil
Mettler Toledo 2% 7l); KS-250EI 75 I i v A (7 e Mg RE R}
A B A BN B ); DMT-2500 245 e i IR A AL (WL K
WAL ERA BRZA F]); 3-30KS i B D HL(FERE Sigma 2\ F);
SW22 1H il /K TA- 4R % i (18 B ARSI ) ); MIS3 LA TR i g
RAYLEERE KA 2AF]).

B[R] AR B ST
22 FWHE
221 HeuiE

(D)ilFE

B AR ] R AT 84y, VISR KT 0.5 cmx0.5 emx
0.5 em /N, 513K, &ML

QFF SR

FT (RAEB 783 S H-1-2006 7K il H il FE e i
AR YR B BRI RO R - HR IR RS ) U el iy
B AT AL B AR B OS] IR b AR B AR AR S 2.00 g F
50 mL FARHE S RS .08 B, A 5 mL 50%H Bk
W, MLEHERIESIL 2500 /min, WIEVRY 5 min )5, LA
8000 r/min FETHECy 5 min, FARCSRIFTE /MO T2,

K fE AT A Ak

i 220 FELEBMN 50 mL B0ES, A
100 pg/L IRAWFR TAEERE 50 uL W4 50 s, FHMA
5 mL 0.2 mol/L LRV A 0.15 mL 0.05 mol/L 2-fif§ &7 H
WEVEWE, ATEPR Y 50 s i, B TFEIEABIRG & 37 °CikE
R 16 ho

(HIEBUFE

BB KRR AR HIE =W, WA 5 mL
1.0 mol/L MR A 50, 3/ 1.0 mol/L By E AN
W pH E 74, A 4 mL ZMRZEE, WIEIRY 50 s,
8000 r/min #£3 B0 5 min, B EJZERFERHE 10 mL BEES
B A4 mL ZRROBRER FRERAE, A B
WT 40 KB AEWIET . HEFINA 1.0 mL & 5 %R e
T ISR B (H 245 e TR A4 1500 r/min, A HENR
50s), i 0.22 um JEMHE, FF.

ETRNES
222 MELMH
(&S &M
R Cg (REHE(3.0 mmx100 mm, 1.7 pm); HNAH:
Al 5 mmol/L ZPREFAW, B B ViE: 0.40 mL/min;
FEVR: 40 °C; #ERERE: 2 uL; BREEVENFRF L 1,
F1 BERRERF
Table 1 Gradient elution procedure
Fisf 1] /min i H/(mL/min) A% B/%
0 0.4 70 30
2.00 0.4 5 95
3.50 0.4 5 95
3.51 0.4 70 30
5.00 0.4 70 30
Q)i A

BRI, B BT B
M7= 25 W Wil (multiple reaction monitoring, MRM);
MBI E: 5.5 kv, BEFIRIRE: 550 °C; KA AEN:
35.0 psi; RS SEST: 9 psi; FALAYE S0 55.0 psi; HEIN
IERIE J1: 55.0 psic DAF-BEES T A4 B4 s 100 0 3 B L ek,
DIETIRUE o @ tEsFxt . i s Xt AL H R Sl
HRERSHULE 2,

223 AFEIAFBL

[ia) B £ [P AR 5 P A SR IV B2 R 1,00, 2,00, 4.00,
5.00, 10.0 pg/L HREFETkmCIE#I(AHD, AOZ, SEM,
AMOZYFRUE TAFW, FM8 2.2.1 BESLACTE T VLI, Liks
YT AE VT VR B A R AR R, Al ARV ) 1 A A R,
HIVEARIE T AR LR
224 AeiFE KRR

MZe 2.2.1 H(1)(Q2) A BLAY H AR R FH 2 BH A &
(FE A ARAR B B0 7T 2 AT A BRI 100 pl ¥k
BEA 10, 30, 100 pg/L fSSEkm L ¥1(AHD . AOZ, SEM,
AMOZ)FRHMEMIF(0.50 . 1.50, 5.00 pg/kg W KF), 4 °C
I, 5 2.2.1 th@)@) B FREE N IEIE, AT
WSE 6 Y, FEITERT PR, R 2 A R

3 HEREHR

3.1 SPIERRESREENLEN

BEBE XA, 7 2.00 ¢ PAER TR, —
M2 50%H AL T, IATETR B0 )5 725 RIS,
T3 —EHAEBE U AL T . 35S T 45 8 Y Y A vk e AR
(AHD., AOZ. SEM., AMOZ)Fr#fEWi, 4 °CA G R I5 K
RN AE AL, ZRWEIR A B I S AN WO pH 2P,
IMAZ R R I, AR [ FH ISR S R VR VR I, A 2R
CBEJE FIEWOR M HAESRIR . WO IR MORIA R IR E
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7 BRI, B ARSI NIR AN i
75— 4L AR (5 IR i 22 A D5 VR DR PRIEA T i 2
ik, HARME SNSRI REIE R g JHr sl Rl e 5 o
e FRACH R 6 A ¢, 22 fi STkl i Hh A 5 R A
A KR YRS EYI R, B 20, IR
S B A [ BT A A5 i v AR ) BT W i I R RCR,, I
EL B VR A v B o, o A B AR R KU, A
9 45U R B e A [ PR T X AR A A A 549 24
JERAT A AR o AT RE X e A R T il ki A
IR BEI . BRI A Fr it — P
32 ERMESTSHEEEULH S

Mg a3 R, R X o M AR O T,
Wi ST 45 LA T, IR BTN FEVRR (0 BRI
TR 73 AT R, A R SR ON 20 Tk i RABOE | RS L
DA K A 38 3 R ), AN SR S s 1) 5 ¥ e ST A
e TAR RN, TR A TR L2 ARRY), R AR 20 F) 5
Wiy, W DR RS R A MERRPE . 4 B0 5L kg A9 B A b

R 22 S o7 Wa ) e 3 P LT 1

KR EE . SRS RE, AR NE , AT
SRR 2 REEIUEFIIE O B As vk, HaEfRi{E H.AE
BRET IR, B A h R
33 Z£MHiE. ZMTEESKHTR

FH 0.5 ng/g EEUERE T, THOE 4 R AG(EME L,
IR SIN=3 THERG R . ZRpE RE . LRMEVE . MRS
S5 HBR I 3, fFE 3 A%, 7E 1.0 ~ 10.0 ng/mL Ay
JEEEIA, MERECH 0.9994~0.9998, L5 & R IT,
3.4 INAREYFNE R E i IE

TE 25 BRI A KRR ERE B R AT R, s E
0.5. 1.5, 5.0 ng/g 3 MHERE, BISGAIGEE R ILE 4. H
4 mH, BCRN 92.0% ~ 104.0%, %75k HA B R
HERRBE, REMEWEERIEISR o 4 i 38wk mg A 4 I 2 5
FRIFNTHRAER 2E R 0.7% ~ 4.7%(n=6), LH1IZ 7 B0k
LT R R TR .

®2 4 MEHERBCHIEERTIRRIES R

Table 2 Mass spectrometry parameters of four nitrofuran metabolites and their internal standard substances

EW FE B TS (mV2) EEE TN (m2) HefLHL RV Tl e /e V

236.1/133.9 17

AOZ 236.1/133.9 50
236.1/103.9 27
AOZ-D, 240.1/134.0 240.1/134.0 50 20
335.2/291.1 15

AMOZ 335.2/291.1 40
335.2/262.2 23
AMOZ-D; 340.4/296.2 340.4/296.2 50 17
249.2/134.1 15

AHD 249.2/134.1 60
249.2/104.1 23
AHD-"C; 252.3/134.0 252.3/134.0 40 15
209.2/166.2 15

SEM 209.2/166.2 40
209.2/192.1 17
SEM-*C-PN, 212.1/168.0 212.1/168.0 40 17

R34 MEERBRHYEESRE. KR BXRABRELR

Table 3 Linear equations, linear ranges, correlation coefficient and detection limits of the four nitrofuran metabolites

HEY e RS LAV /(ng/mL) F: i Bi/(< 107 ng/g)
AOZ Y=0.20587X-0.00624 0.9998 1.0~10.0 1.07
AMOZ ¥=0.20122X-0.00918 0.9995 1.0~10.0 1.28
AHD Y=0.24231X+0.01316 0.9994 1.0~10.0 7.02
SEM Y=0.28868X+0.07719 0.9995 1.0~10.0 1.14
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SEM-"C (1) SEM(1) SEM(2)
(212.1/168.0) (209.2/166.2) (209.2/192.1)
15000 3.06 3.06
3.06 -
i@ 10000 i 20000 ‘ @ 20000
= e =
E 5000 E 10000 [ E 10000
0 Eanasansesans, 0 P ey 0
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
it i) /min f5fE]/min [ [8]/min
AOZ-D(1) AOZ(1) AOZ(2)
(240.1/134.0) (236.1/133.9) (236.1/103.9)
2.95 2.97
1.5¢5 3e5 2.0e5
@ " e L 15e5
P 1.0e5 P e 5 & e
5004 E s E 105
8 H 5.0e4 8
0.0e0 = 0e0 B B
20 25 3.0 35 40 20 25 3.0 35 40 0.0e0 20 25 3.0 35 40
i ] /min H[E]/min [l /min
AHD-"C, AHD(1) AHD(2)
(252.3/134.0) (249.2/134.1) (249.2/104.1)
7000 |
6000 | 291 15000 291 10000 291
5000 = 8000
E 4000 [ % 10000 g 6000
= 3000 [ = =
2000 | 5000 4000
100(()) i 2000 :
20 25 3.0 35 40 0 20 25 30 35 40 0 20 25 3.0 35 40
5} 8] /min FsJ 6] /min 5} 8] /min
AMOZ-D5 AMOZ(1) AMOZ(2)
(340.4/296.2) (335.2/291.1) (335.2/262.2)
8e4 2.46
1.0e5 | 240 2.0¢5
- 1.5¢5 w4
:Ij;l 5.0e4 | g 1.0e5 :‘é‘ ded
: 5.0e4 2¢4
0.0e0 0.0e0 y v . y y T * " T
1.5 20 25 30 35 1.5 20 25 30 35 0e0 1.5 20 25 30 35
HJE]/min A} ] /min it [t /min
L 4 B REmk g £ QI (4 N Ss 22 Sy s D) 6,335 )
Fig.1 Multiple reaction monitoring chromatograms of innternal and external standard substances of four nitrofuran metabolites
R4 MARESREEESLINER
Table 4 Results of spike recovery and precision experiments
(azg?] IR BE /(ng/g) & V- 3{H/ (ng/g) I /% A AR HE A 22/ %
0.5 0.52 104.0 2.9
AOZ 1.5 1.50 100.0 0.7
5.0 5.03 100.6 1.0
0.5 0.502 100.4 4.0
AMOZ 1.5 1.50 100.0 0.8
5.0 5.00 100.0 1.0
0.5 0.473 94.6 3.6
SEM 1.5 1.38 92.0 2.1
5.0 4.90 98.0 1.0
0.5 0.516 103.2 1.2
AHD 1.5 1.49 99.3 4.7
5.0 5.01 100.2 1.4
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3.5 SERREEmAVIEN
XSG By R AR 1 PR A A DN, 4 b R mk i Qs
SR ZE A

4 g5

AT I T MU To ki IR (Rl EB 783 544
-1-2006 7K 77 & HR G B vk g 2 AR R B R I WA
0 - HR IR T 0 DU A I e A 5 P A P Y SRk G
PR X LA T I A S5 5, AR AT AR B, EE ST
T R 1 SO €03 - B IR 1 ) 0 v A [ P g
IR MR ] | R R L ok 2 DR RO PR 4 i Sk g
AR aR R R T

S P R B, SER R AR A, IR MLIE Ve
T4, BT 50 mL HLEUHE 55 RN IAELOA, VEETITE
JBRRE JIANGE, WORH R Sk B w1 Y A I TR 4 AT e
T30 SEM I ASHERG 04 5] 5, kIR PEARTE Sh iR N Sk
HACH RN (145 A IR, A SR — B LR
AR B A 2 Wk R W PR AR AR A A, SRR R M
B[RRI 2 1R P NSO AN 7/ B (EP o B A7y et BAT]
A SEM 5 4%, WHRXI0HE Sl 4 . #F AT A BT B
LRl e syl S s AR e L 7 o b Bl i )
S AR B SE 2 SR Sh W BE A P b v AT g
Bt OB E MR ERE A U RENR N Ay, AndRae KA TR
ST S WU A GO —Fhn 43 0 52 R BRI R R
SEM 7Ky FFBILATY, ¥nT e SEM HE S A
SRR HY A ), DA R ARG 5 SR AR . BRI,
FFIR XIS S — i SR B IR S A IR AR U IR IR A LD 50
BHUE T, BERANEYE SEM V5 L5 | AR IR 2

TEDLAC IS B AL AR S5 R4 I T s S 96 0
4 R R LR 1.0 ~ 10 ng/mL AL Bl £k e
BRI, MXEREH 0.9994 ~ 0.9998, #HBE N 1.07x102~
7.02x107 ng/g. A2 25 5 B BR e R 22 0 0.7%~4.7%
(N=6), MFREISEE ST 92.0% ~ 104.0%, b P FHE] A XS FR
HEMZEYNF 10%. ZIEHE . A5, & HBRAL, s
FORE %5 AR G AR B A BT EEsK, RElil 2 rh A B FH A A A e fef
FRBE LUK IR 2 25 1) A D W s R, AR ST 11 S e %t
AR B R ISR A TR S

SE 3
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