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Determination of nitroimidazoles and their metabolites residues in foodstuffs
of animal origin by ultra performance liquid chromatography-tandem
mass spectrometry
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(Shaanxi Institute for Food and Drug Control, Xi’an 710065, China)

ABSTRACT: Objective To establish a method for the determination of nitroimidazoles and their metabolites in
animal foods by ultra performance liquid chromatography-tandem mass spectrometry. Methods The samples were
extracted with trichloroacetic acid solution, cleaned with MCX column, and then reconstituted with 5% methanol
aqueous solution (V/V). The samples were determination by mass spectrometry with electrospray ion source in the
positive mode, monitored by the multiple reaction monitoring (MRM) mode, and then quantified by the matrix
matching of internal standard calibration. Results The linear relationship of nitroimidazole and its metabolites was
good in the range of 0.25-50 ng/mL, the correlation coefficient was greater than 0.9915, and the standard recovery
was 73.5%-120.4%. The RSD ranged from 2.4% to 13.4% and the quantitative limit was 0.1 to 0.5 pg/kg.
Conclusion This method is simple and sensitive, and can be applied to qualitative and quantitative analysis of
nitroimidazoles and their metabolites residues in foodstuffs of animal origin.
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S Y, FEARE PR P RpRE | g w5
T mae | A | ORAE KR SR, LA A A S [ R 2 K e B
b oA A AR, A BBCFC E g ol S 0 43 g AN [ Y il
SERKWRRZG ) R HAPUREE . T REfE
PR AR AL . TR, W T RS RS
LR B . BRI DA Y I R S o H R
A i i 15 RIAE T, S 25 38 U 245 1, fa
ST AR FRECT 2002 AEESEI%Z P C
FIE GB 31650-2019 (& in LA E AR E B h B2
Rk A R ) I RA A, I Y o A P i s A3
TIRIT, ARLES Y B A PR, A ke 2 2h
WIHERTA & s W) b AR (LT, HAARAS o i BRI A
T B A P L2 2 A e PR Y, DL R e
B, LR FEWRL 2 d I, WAL RE R 5RE, 1
d JEAE R I B LA . BRI, i R R 2 2 i AR
T R 4532 G T

BAT, i 2 DR e 21 2 ) 5% B A ik 32 B I
N 2e RN [ NCEN T SR S e SN 0§ €1 RN 27 N
TRORA €0 3 - FR ER R 3i U7137), ER S B 7 A A PR P
BRI, — O T o Rt PR i A <OMH (7% -
I T T AT AL, SIS AR AR AR, WROAE 3
RAGPERAR AR, AR O35 - BRI, A g |
RBPEEAFOLS . YT & A SRR R 2 Y Bk B A
0 P T A 3T B 2 AT WO AR B4 A 12 o3 BN Al 12 |
QuEChERS ¥k ik . EIAHAEBUNMESAL ST o R AHZE
BUAAEAFTER ANEAE R . IR G R AF B, 3B
AL R E A RO AT, B AATE B ERER L A
A SF B, QUEChERS J&— 7 32 28I TR 25 5% B 0 AT i)
HUAL B AR, Jr ke . PR, {H 47 28 4k Bk (graphitized
carbon, GBC)XT %45 2K I A4 filf JL DK M 251k & W) FF A K UF,
N-1N 3 2 — i (N-propylethylenediamine, PSA)X} H: 145 W
BEAE T 170 R P [ 28 B/ IV e A 2 i sl 4 P £ v i
P52, R B TH, i SRR 24 ) RE A% S B Y
FOKME, IFFERRMER SRR AS & A B TR IERE, |
I, SR BH B BAHZEBUNME T & 4R L ik, dAb)EFE
mn T, TN, ARITIER @IS A b, IR
TH VR B, A58 #3717 o AAOBOAH 833 - £ IR 5T 5 1k
(ultra performance liquid phase - tandem mass spectrometry,
UPLC-MS/MS)IER A . AR Wiky, ke | 35 sh ik
PEED i A L DRk 25 ) R ARG I R 512, TRl AE 1
PRI AL Ty 12 AT - 5T 1% 2 A, O Je 5 J5 DG I P B
THBR T A RIS B R B0 52 e, B DR S SR i ek, LA
R AL R 25 ) KRR B A R At T AT SERYHOR

XHE
2 HNSHE

21 UESEHF

UPLCI-Class/Xevo TQ B = R AH i - 52 B iR 4%
(3 E Waters 23 ] ); Hitachi I = 38 250 HLCH 4 H LA #];
IKA VORTEX GENIUS3 iRjEiRA#%. T 25 HRAREEE
IKA 2 #l); Mili Q # 4li /K #l (3 [E Milipore 2 #);
MGS-2200 AL (H 4 EYELA /A F]); XPE205 %1 H, F K-
(#i1: Mettler Toledo A F))o

FrofE b o: ZE ST i M (secnidazole, SNZ)(CAS:
3366-95-8). HfiliMk(metronidazole, MNZ)(CAS: 443-48-1).
SEPNTYME (ipronidazole, IPZ)(CAS: 14885-29-1)., ZEA bk
(5-nitrobenzimidazole, NBI)(CAS: 94-52-0), 2-#%&-1-F 3t
-5- fil Bk ®E -Ds(2-hydroxy-1-methyl-5-nitroimidazol-Ds,
HMMNI-D3)(CAS: 1015855-78-3) , 2-J% 3~ 1-H JE-5- il Ik e
(HMMNI)(CAS: 936-05-0)(ffi[El WITEGA A H]); Frfigmk
(tinidazole, TNZ)(CAS: 19387-91-8) . BT B (ornidazole,
ONZ)(CAS: 16773-42-5) . & fil kM (ronidazole, RNZ)(CAS:
7681-76-7) . ¥ Jt W 7§ M -D,(metronidazole-hydroxy-D,,
MNZOH-D,)(CAS: 4812-40-2)(#%[F Dr. Ehrenstorfer /A H]);
#£ 5L 5 TN fif Bk -Ds(ipronidazole-hydroxy, IPZOH-D;)(CAS:
1156508-86-9) . F# Zt H fif M (metronidazole-OH,
MNZOH)(CAS: 4812-40-2) , 23 5 P fifi Mk (ipronidazole-OH,
IPZOH)(CAS: 35175-14-5) . %% J& Wk M (ternidazole,
TerNDZ)(CAS: 1077-93-6)(3E [ Sigma 2y #l); —F Ak
(dimetridazole, DMZ)(CAS: 551-92-8) . 4- filf K& Bk mk
(4-nitroimidazole, 4-HMZ)(CAS: 3034-38-6)(F & & it 24/
K EWFIERE) o ARESH AR =97.3%; HRR(LC-MS &),
F B (i ah) (8 E CNW AR, =& 2R, B,
KERF B 7); Oasis MCX [ AHAEBUIME (60 mg ., 3 mL,
[ waters 24 F]), (HARTRKAH 3 mL HEE, 5 mL 0.1%3h
TR WIT AL, Ak i Mili-Q #alik RS HI15 .
22 ZEWHE
221 AFEEREAF

ST AR FREL 13 Pl SEmRk e 24 1 B LA b v
an A 3 R NARARE S, B SNV AR, BUHIAL 100 pg/mL Y
FRUERE TR, 4 *CUKFHRAT

37 g L3 0 i e DK el 288 245 49y B LA B ) s A A 4
T, FHH RS, BOHIAL 0.1 pe/mL IRAPRERRIT,
4 °CUKFAL-TT

430 B8 B T R DR e S 2 (N AR At A TR, R B
TRRRE, LA 0.1 pg/mLIRA AR I, 4 *CURFETR-T -

B Ja 23 1 R O R O R S BT = M S 0.25~
50 ng/mL [ RN G FRE TAEWR, IREFRE TA/ER T AR
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SE¥N 2.5 ng/mL, Ik LA,
222 Hauhl&

FRBGREE 5 g 0.01 g), BT 50 mL 4B L
B, HEFINA 25 uL 3 FRA AR EE, A 10 mL
10% =4 ZFRIEW, 12000 r/min 2J3¢ 2 min, & Tk
FIRE15 min, B, 12000 r/min 5.0 10 min, FIHRE
TH—BOEN, BRIE 10 mL =48 2RI E & i —
LR, A1 2 IRBOR, gl K 3BORE 2 2 m
MCX FHE FEAHAEBUNE |, AR 5% F BR-FF i 5 mL
I S mL IR SE AR AEBONE, B S mL 20K - F B (5%) 15 i
VEIR AR . VR T 40 cCAB R A RIET,
1 mL 5% F /K V8 TR7A i 5% 75, 12000 t/min B5.0> 15 min J5,
VB EALIAE

AR PR AR ) & A m (W A . FLAE A RE D),
B =R ZRIRBURET 4 °CokHih, E 30 min, J7E
4 °C'F 5000 r/min £5.0> 10 min, EFRIEF. #FHRBOK L
SANGIR, 4RSI 10 mL 1E C e A BUBLIE o
223 BELEMH

(O &

1A BEH Cig(100 mmx2.1 mm, 1.7 pm); A1&:
35°C; Wii: 0.25 mL/min; JishAH: A WHEE, B R 1 %H R
VW BB BEMFRIT: 0~2.5 min, 5% A; 2.5~7.0 min, 30% A;
7.0~10.0 min, 65% A; 10.0~10.1 min, 85% A; 10.1~12.0 min,

85% A; 12.0~12.1 min, 5% A; J5 V- 3 min; #6 82 fLEI
R AR, HERER: S pl.

QBTG4

BB HLE% 8 T (electron spray ionization, ESI)JA,
IEE PR IR 150 °C; it 2 500 Wil (multiple
reaction monitoring, MRM)#E=X; BRI 500 °C; W
FHE: 3.2 kv, BAFIAIRE: 500 °C; filf#E<: WX 0.15
mbar, IS 1000 L/hr, 4L %E: 50 L/hr, 13
T FEDRIRAS 24 ) R LA M A BT S 503 1.

3 HER5HH

3.1 omEHRKE
3.1 &R

il 25k DR e 288 245 4y T FLAC I P 2 — el P R i A A
YIGR 2), WIS S0 B . RS FIRESLE =, BT
FILE T /NBRLIERL . FEEe 1Y 3 A ST Ak
AICHE T Hypersil GOLD aQ(2.0 mm=100 mm, 1.9 pm).

Waters ACQUITY UPLC BEH Cig(2.1 mmx100 mm, 1.7 pm)
F1 Agilent ZORBAX SB Ci4(2.1 mmx100 mm, 1.8 pm)f5>

BROR, R, FERIZEEGGAAET, 13 FnyIEpkme
7 BEH Co #: BB IEETE fit, 7 H BB iigk
R4 B R A AR (A 1)

®1 HERERGYRARGFINRIESH

Table 1 MS Parameters of nitroimidazoles and their metabolites

sty BB T(m/2) TEFm2)/ (kR /eV) HEFL L /V [R5 & P {582 B} [ /min
SNZ 186.1 58.0(18), 115.1(18) 23 MNZOH-D, 0.83
4-HMZ 114.0 68.0%(13), 84.0(15) 28 MNZOH-D, 1.57
MNZOH 188.1 126.0%(18), 144.0(13) 23 MNZOH-D, 229
HMMNI 158.1 140.0%(13), 55.0(18) 23 HMMNI-D; 3.05
MNZ 172.1 128.0*(13), 82.0(23) 25 MNZOH-D, 3.19
DMZ 142.0 96.0%(15), 81.0(20) 28 MNZOH-D, 3.89
RNZ 201.1 140.0*(13), 55.0(20) 18 HMMNI-D; 4.21
TerNDZ 186.1 82.0%(25), 128.0(18) 23 MNZOH-D, 4.62
NBI 164.0 91.0%(38), 118.0(18) 30 MNZOH-D, 5.00
TNZ 248.1 121.0%(18), 128.0(20) 30 IPZOH-D; 5.70
IPZOH 186.1 168.0%(15), 122.0(20) 23 IPZOH-D; 6.23
ONZ 220.1 82.0%(18), 93.0(18) 25 IPZOH-D; 6.40
1PZ 170.1 109.1%(23), 123.0(25) 33 IPZOH-D; 7.49
MNZOH-D, 190.1 128.0*(18) 23 2.30
HMMNI-D; 161.0 143.0* (13) 23 3.00
IPZOH-D; 189.1 125.0%(20) 25 6.21

TE R ERE T
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Fig.l1 Total ion chromatogram of nitroimidazoles and their
metabolites

AFFE LT 0.1%F IRk - BE5 5 0.5 mmol/L £ 1R
BRI (F 0.1% F R)- FR 1 2 -3 sh AR 2= %) B Ak & 90 4
BSOS BN, MR R P IIA RS,
W RIARGE, FERAK . L5 A, AMF5CRA BEH Cg 4
TERE, & 0.1% M R -HH BEAE i s AH 43 B R U 4 43, G
HFRb A P REE T Hh S5 1
3.1.2 JRiELAHA

X i i e 25 245 49y K AR A T — R 03 4 4
FEMESY B I (BB ), AL B o R . HEfLA
BFURIRLE . MOV . O A . LA
GRS SR AR TR T TR R AR AR 1 B T
Vg, WEEFEER. TI/MIEFEr et e EE 7. i
G HEfLE R . Rl . SRR FILE 1, &
B TP RO AT A I EC/657 454 A B 5 1 %
25 R A TR IR A2 . 4 MR B A ER (B
F 1AL, FHEF R 2 AN, f B
1 ASRBIN )

3.2 RENERHMKL
K SRR E(LeP (6) IR R (pKa H) L

2, \N&ALEY) LgPEH pKa (HF] LI i, fEEEkmEib &
PRk PRy, FERRIEIREE T R o) i sy IE L o A

W R = A O BRVE AR M IRBUAR, ZET & 1% =5
LR, S%=F2LM. 10%=5 L. 20% =4 RIERIE

R EEBOA R PSR, SREH, 10% AL 20%
S CTRUITEE FSCR R, HIRSCRIGEES R 70%L) |,
T LT 10% = A L IRAE A

ZE[EFIAE B NSRS, AT DS A R0 B AR 1 5
i F5 R0 2 o 5 AR 45 i SRR Ak B W R 1 R 88 (pKa fH)
AL 10% = EHOMREW T, FhEYREsGas T
EIIER MY, RIEASCHE T HLB(G0 mg. 3 mL)Al
MCX(60 mg. 3 mL)2 Fl AL/, 255 3B, MCX /)
FEREAS S 47 i (7 B BH s A &9, I 5 mL 5% 0K -H Rk
AT, M BARME A TR T Ok, T 4% 0 55 bk IR R A
FEF b, HAbaORer, RS . iR A HLB /MEdbE,
PR | S v i e A5 [ ISR IR I . R, 3 MCX /M
XIRE S AT A
3.3 ERMMNITE

FE TR0 S A i B T e A S Ll SR IO 21 4 X
W E AR 5T AR50, A5 R FH A X i [0 (95 2% B i ot
BN, FESUN Matrix Effect(%)=B/Ax100, A: TE4l% ]
AR LA R NAE, B: A5 A IR A AR R & H AR
e AP N o DA PR S Sl ), e e B o P i T
BN 142%, ARG 120%, 735 R ATy 5L
N 110% A AT, i SR s A R 4 3h s 1k & v
LA SIS AN, R MR R A PR A PR 3 5 R SRR
h 85%F1 93%, FENE A FIE 2 vh SL RN Ky 113% 2547, #%F
T M Sh P U5 P A R S SR AN, A RS
BUONE o AR 5 3 ST P A5 e IR s 215 24 49 e AR 1) ik
JRN K 88%~140%, A% SCR AL BT UC L A AR 25 I 8 S B
FEdh, Hnl 75 —E R T M TSN BRI
34 FEFER
3.4.1 &KMEE

FHZE AP W e BT Wk B 0.25~50 ng/mLy([F]
PENREIN 0.5 pg/kg) i) FRINE A ILTAR R, %0
223 MM, DATEIEIRIEZE 2 K LA i
HWR R . BARME S YGRS BRI TR AR Y LL (R
AR HIFE T TAEMZk . 45K, #£ 0.25~50 ng/mL i
Bl HARE A IR AR S M RAT, MR R $039=0.9915,
342 EEMR

FE 45 SRR b v I AT VR 32 1) il Sk s B FLAR i
YIRAPRUEE T, T IE 6 0%, LAE M H SIN= 10 4 & fil
JLemss By AR B BR(LOQ), Hirp HMMNI #1 IPZOH
0.2 pg/kg, MNZOH 1 SNZ 0.5 pg/kg, Y34b 9 Rl Ik pims 24
25 0.1 pg/kg.
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Table 2 Molecular structure, calculated LgP and pKa values of nitroimidazoles and their metabolites

(lazy] i1 LgP {i pKa {i
o OH
SNZ 1\ ! 0.33+0.30 14.50+0.35
N+
7
S
N
oo M\
4-HMZ SN ~0.08+0.33 9.21+0.50
TR
o H
. (\OH
MNZOH /\N+ N OH —0.8120.37 14.5240.34
S /
\
o (|:H3
|
HMMNI CHg -0.310.25 13.3120.25
N
o K\OH
MNZ /N+ N CH, ~0.01%0.03 14.44+0.34
o/ \
N
/ N
DMZ N h)\ ~0.11£0.36 2.81+0.25
|| o
o H
NH,
o ?43 \o
RNZ PR % —0.45+0.40 12.990.50
L
L
OH
0
TerNDZ | 0.10£0.26 14.50+0.34
//N N CH,
L
N
NBI 9.39£0.30

H
N
o)
< Q|| 1.64+0.23
_— N
N No
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& e tio] LgP {H pKa {H
O ——CHj,
0=|SI
TNZ i 20.27+0.33 2.30+0.34
N N
// CHj
(o)
. {
OH
o ( CHj
IPZOH \N ! 0.39+0.31 13.2240.34
&7\\§_/ CH,
N
OH
(o] ,/Ixcn
ONZ | 0.68+0.34 13.2940.35
N N CHs,
Nr
A\
N
3’ TH3 CH,
PZ N N 1.19+0.25 2.55+0.25
O/ \& CH
3
N

343 EKEFaAEEE

- 0.5 pglkg)o AFREN], ATFIELE 3 DA BT 1=

25 11 ORE il YOI T SORURS 25 S 06, FERE A el 73.5%~120.4%, RSD H 2.4%~13.4%, W3 3, %W
RIS IIAS [R] R BE AR VMR, F5 IR 2.2.3 ik A Tl g, ARy A BT B VT A S5 R, 3 1L e ks 25 8 I
Pl 2 Sy PR e i FE s s 0 2 S i e ) MRML 15 L (ke PG R SR

i

1.2x10°

1.0x10°

8.0x10*

6.0x10*

4.0x10*

2.0x10*

00|

2.5x10*

2.0x10*

1.5x10*
1.0x10*

5.0x10°

00 L

— MNZOH
1 . l . 1 | |
1 2 3 4 5
—SNZ
| . I . | . I . I . I . I . | . |
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

F5f 8] /min

AR H 0.5 pg/kg
P 2 R FY i D 2 T T e 1)
Fig.2 MRM chromatogram of MNZOH, SNZ
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F3 HERMEGYRERFYHOEEXR, FHEEE. BEESEER(N=6)

Table 3 Linear regression results, average recoveries, precision and LOQs of NMZs (n=6)

E&W bR A (ug/kg) -4 T T 2R /% Ok 5 /%) LAk T AR FR AL FE 7R/ (ng/kg)
SNZ 0.5,1.0,2.5 115.4(5.9), 108.1(2.6), 94.2(7.5) Y=1459.82X+768.87 0.9976 05
4-HMZ 0.1,02,0.5 88.4(6.6), 90.6(9.2), 98.7(8.6) ¥=950.071X-120.139 0.9952 0.1
MNZOH 0.5,1.0,2.5 84.5(6.6), 86.3(8.4), 96.5(7.9) Y=1619.91X-1147.7 0.9965 0.5
HMMNI 0.2,0.4,1.0 73.5(10.4), 84.3(7.2), 77.8(8.1) Y=3206.96X+4110.76 0.9959 0.2
MNZ 0.1,0.2,0.5 119.4(6.7), 88.3(3.2), 90.1(5.2) Y=9624.18X+17051.6 0.9952 0.1
DMZ 0.1,02,0.5 78.7(2.6), 88.5(4.2), 92.1(3.7) Y=7157.27X+7019.09 0.9960 0.1
RNZ 0.1,0.2,0.5 108.9(3.6),120.4(2.5), 104.2(4.2) Y=12446.4X+27260.5 0.9976 0.1
TerNDZ 0.1,0.2,0.5 75.7(2.6), 88.5(4.2), 92.1(3.2) Y=4325.99X-6451.02 0.9964 0.1
NBI 0.1,0.2,0.5 88.9(6.1), 80.8(13.4), 105.5(7.9) Y=7974.8X+20608.3 0.9986 0.1
TNZ 0.1,0.2,0.5 103.3(4.6),94.8(2.8),117.6(3.5) Y=1962.77X+5867.11 0.9964 0.1
IPZOH 0.2,0.4,1.0 78.4(6.6), 85.3(9.2), 94.6(8.6) Y=4842.5X+11164.2 0.9988 0.2
ONZ 0.1,0.2,0.5 93.3(4.6),99.8(2.2),110.6(3.9) Y=5678.11X+60119.4 0.9988 0.1
PZ 0.1,0.2,0.5 102.4(5.3), 108.1(4.6), 98.0(5.5) Y=10573.3X+24152.7 0.9997 0.1

3.5 ZPRMEmaoth

NLFATT RN 15 GG PARESL . 15 HERERRESS . 45 it
WERE 10 LY AN 10 AL PIAE S TR, JLAA 1 g
PURE RS FR e, S 2.49 nglkg, 2 13 BEAE LA B
HH FH R R R i, T HER 1.66 ng/kg F10.79 pg/kg,
AL R PBIARA: LS B DR 2 245 R A

4 4

AW IEAAL T UPLC-MS/MS il sl I
st FPR SRR 2 S AR A% BRI vk o RRAR DL 10%
CRBRERIRBUG, ZHEFEMAERMEEE, W
JE BB, SEMTEL, AT REER.
TR AT, & TP I & P L nk e S 25 Y ik
I E

SE MR
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