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Determination of 10 kinds of nitroimidazole substances in herbal tea by ultra
performance liquid chromatography-tandem mass spectrometry
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(1. Guangdong Food Quality Supervision and I nspection Sation, Guangzhou 511442, China; 2. Guangdong Food Industry
Institutelimited Company, Guangzhou 511442, China; 3. Guangdong Provincial Food Industry Public Laboratory,
Guangzhou 511442, China)

ABSTRACT: Objective To establish a method for the determination of nitroimidazole compounds in herbal tea by
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The sample was
extracted by ultrasound with 50% methanol aqueous solution and separated using a T3 (2.1 mm x 100 mm, 1.6 pm)
chromatographic column. A method was established for the determination of the content of 10 kinds of components,
including  dimetridazole, = 1-methyl-5-nitro-2-hydroxymethylimidazole,  ipronidazole, = metronidazole-OH,
Ipronidazole-hydroxy, 5-chloro-1-methyl-4-nitroimid-azole, ronidazole, tindazole, ornidazole, and metronidazole,
using UPLC-MS/MS. Results The average recovery rates of 10 kinds of components detected by UPLC-MS/MS
ranged from 64.9%-118.0%, with precision ranging from 2.0%-13.0%. Within a certain concentration range, the
linear relationship was greater than 0.99. The detection limit was 0.025-0.125 mg/kg, and the limits of quantification
were 0.050—0.500 mg/kg. Conclusion This method is easy to operate, has high accuracy, and good stability, and can

be used for quantitative analysis of 10 kinds of nitroimidazole components in herbal tea.

SBIE(EE: VHRE), TN, FENFR TIN5 L e . E-mail: 110836722@qq.com

*Corresponding author: XU Pei-Qin, Senior Engineer, Guangdong Food Industry Institutelimited Company, No.303 Jinxin Avenue, Nancun
Town, Panyu District, Guangzhou 511442, China. E-mail: 110836722@qq.com



55 14 3]

VEORED, 25 B RSO - A I T E s R 10 Pl RE K2y 85

KEY WORDS: herbal tea; ultra performance liquid chromatography-tandem mass spectrometry; nitroimidazole

substances

il

0 3|

WA Ry D s A& 0 B R G AR W o SC Ak T 22—,
IRAT TR, R NRIEZ . ISR AR
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I, 1 FEM TR RIEAST, WEA B S
R T HE I SROR, BRI LR EI AR, B
FE AR VEUR 25 | Ik 2 K 258, Rl A
PRI | Xt T A I AR A v 2 A O
DK s 24 U B A R Al e 1 BT RO R 1 — Rl b R Ak S
Yo, ARBA | WAL R L, BRI T, |
Tl I 12000 pe/gl'" o I B EAE A R RO B
TREESFEKBIR, FTREXTE 23 (@A s, a4
(R

LKA S e — K AT 5 S DK PR S5 44 1
e, BAPUR ., Prlsm . PORER . bURiESEEN, £
HALFE Bl K Mk (dimetridazole, DMZ), 5§ [N g M
(ipronidazole, 5-NZ), & ' fi§ Bk # (5-chloro-1-methyl-4-
nitroimid-azole, CMNZ), % fii Bk (ronidazole, RNZ), i
g (tindazole, TNZ), A fiff Mk (ornidazole, ONZ), HI fig mk
(metronidazole, MNZ)!'6™171 11 24 24 Wy ol i L, 2 4 B AT B
W . B0 . BORARVE RG2S ik
WA, AR 2 L AR L v A AR 0,
XF AT B A e s i o B AR S DR LB A B )
U A P AS LA AW B, TEEA, RNZ, TNZ 248 11l
FwEzy, I MNZ RVEEy A, (RS A&
a R B E R, e T i A PR A i 2 iR
G 24 i M B SRR R AT B E: BIS 201714 CHRORL
A5 B ARG iy b SIS 18 Fifb &9 1 I E YA BIS
201713 (PR, AS KA DG bt by 2 It 2 el 45 59 Fil
AP E ) AT B FRARE R B S B R K Y)
il FE DRI S 25 (0 5 o I HL G Tl JE DR S 25 5 (1 IF Y
Ol FEAEES . A FE WSS, T
Xof U 2 e DK 285 245 ) B4 P 9 A X e 120300

b, AR 3 7 18 R AR R 0 1 - R 10 BT 5 12 X
Z5F 7 RIS FEK R H 25 ) (DMZ . 5-NZ. CMNZ., RNZ.
TNZ . ONZ. MNZ)J 3 Bl A9 [ — F iR ok e
(1-methyl-5-nitro-2-hydroxymethylimidazole, HMMNI), #%
& H 7 Mk (metronidazole-OH, MNZOH) . ¥ 5k 5 4 fiid g

(ipronidazole-hydroxy, MSDS)#EATll & /i, F&
W2R ARSI 2 25 M 5T, RIS 1T S B A i A
HEATIRE, T ILARIL TR M2 W G 00, O B v i K
WAL I R B A T B bR RS2

1 RS RF*®

11 UFE5EE

7R R 25 VR A 0 T - R IR T A (TG R S 25 B TR
ACQUITY UPLC®BEH C5#1:(50 mmx2.1 mm, 1.7 pm),
ACQUITY UPLC®BEH C 3 #1(100 mmx2.1 mm, 1.7 um).
CORTECS® UPLC®T3 #(100 mmx2.1 mm, 1.6 pm)(3EH
WATERS 2\ wl); XS205Du 7304t K[ -6 R 2 (L)
i BR2S vl ] KQ-500DE ## 75 i v VA (B2 LL T 8 5 AU AR AT PR
23 H]); IKA MS 3 basic iR iER A # (FEE IKA 24 F); 0.22 pm
T HLAEE I (R B 91 3L R BHE A BR /A F]); kinetex®Cg
#(100 mm=2.1 mm, 2.6 pm)(3E [E Phenomenex 2 ).

1.2 MR5RF

s (03540, 26[E Honeywell 23#]); FFER ({4,
i E R AR B R A F); DMZ FRifi fh (CAS 5
551-92-8, Z{i[ =99.0%). MNZ #rifES(CAS 5 443-48-1,
4l i =99.0%)(# E Dr.Ehenstorfer A &)); 5-NZ #riE il (CAS
5 14885-29-1, 4liF=99.0%), MNZOH FrifE i (CAS 5
4812-40-2, #iifF =99.0%, Jt5t TMstandard 23 /); HMMNI
bR &b (CAS 5@ 936-05-0) . MSDS #x #f & (CAS 5-:
35175-14-5), CMNZ Frift/iti(CAS 5 4897-25-0), RNZ #%
#E 5 (CAS 5 : 7681-76-7) . TNZ #5 #E & (CAS 5 :
19387-91-8) . ONZ FrifEfh (CAS 5 16773-42-5)(4i ¥ =
99.0%, Jbit BePure A ).

13 WA
1.3.1  ARfEAE &R b 4 &

A3 A FREE SEAR T BE S, T B AR R, TR AR
e 100 pg/mL () DMZ . HMMNI, 5-NZ. MNZOH,
MSDS, CMNZ, RNZ, TNZ, ONZ, MNZ Rt &8, FIr
5 FRUERG 5 T —18°CR A RAT o
1.3.2 BRAAE TR ARG &

A3HFRI 100 pL AR AR (1.3 DA ESEA 2 10 mL
Zehkrh, HFRRE N 1.0 pg/mL I F 4°CHR IR IRAT
1.3.3 ARk TRz egH &

FREC—E AR G hrdEh B LAER W (1.3.2), fimH
FE R IO TR L B LA T RN B VR A bR AW
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#:0.5. 1.0, 2.0, 5.0, 10.0, 20.0. 50.0, 100.0 ng/mL, P{
FE B .
1.3.4 XAER G H &

WOARERTTRFES), MERRFRIL 1 gORiAfi 2 0.0001 @), T
50 mL Z¥ AR, IAGE B KSR B 5K 1:1 SRR
TRA), 7 20 min, B HEEE, AR RKEBRERE
ZIEELR, FEAIE, 4t 022 um BELAYLIIERLLIE, Bek®x
TR, AREH P K AR B R M N, & AR
135 Za%k
BRAIIEARES L, H8 1.3.4 PRERE, 153312 (ISCRA W

=G SR P BUR 69 ) &

BU1 g BHPEIRFET 50 mL 25 B0, 0 AGE 5t Ik s
W, 20 min, BURBEIEEIR, AR EKEREREZ]
LR, FEAIE, Zad 022 pm ALA ML E, & .
1.3.7 AXE AL

RS ARk Ts 1% (100 mm*2.1 mm, 1.6 um);
Fud ok 0.3 mL/min; FEIAHA A N 0.1%HERK, B HEE A
TN 40°C; HHRERN 1.0 pL, BREEVEIRSSIE L 1.,

1.3.6

1545
2 HEREHR
2.1 FHk
2.1.1 ARk

SRR 0.1%H ERK-2 015 . 0.1%H iR /K - H B
5 mmol/L B REE R (& 0.1%F lR)-Z 5. 2 mmol/L &
R R B IR TR (5 0.1% F BR)- 21 .2 mmol/L H R B V3 T (75
0.1%H #R)-F BE 5 Pl 3l AH 5 AN 7] it 31 A0 X 490 ot 1) 52
W, XFEELA L S R sh iR &R, 10 FhmgIEpkmsib 54
TE 0.1% H R /K - H B sl AH v i i B2 A8 F 0.1% FH iR 7K -2
S AN 1 ER) o FEMAERT, PRAREEL 1 [R] i i
RALS PR S (E . B RNZ AW N A Arrd s 4k, HoAthik
B 0 A e R SR ) S B ) S g, LA HMMINT ) i L
W WS K . 2575 08, AR EE 0.1% oK -H BEAE i
L

FT1 HERBREY

Table 1 Gradient elution conditions

s (] /min T A/% T BIAH B/%
B st Bl imiss s IR Ry 2 o5 % o
AR R = T o= VR oY i i = K el E A S iy 0.20 90 0
=7 A S e f .
BT SEUE R ILE 2.
HEHAERR 1.00 30 70
1.4 HIEALE 3.50 10 90
% FH MassLynx 5 ( WATERS A ) SFHFSE il 4.80 10 90
WK A 2IS ) JB A 2 B (0 1 - E B B 1 0 T il R A 4.81 90 10
FIALER, R WPS Office FAR A THE TR F2: il 6.00 90 10
R2 10HMUESYNEMS T, EEBEFN. EREEMIERSE
Table 2 Qualitative ion pairs, quantitative ion pairs, declustering potential and collision energy of 10 kinds of compounds
FFs aEwy PREABHE /min - PR F X (V) BT (MYV2) HELHL /Y RERERE S /V
142.1 81.0 25 22
1 DMZ 2.21
142.1 96.1* 25 15
158.0 55.0% 20 10
2 HMMNI 1.87
158.0 140.0 20 18
169.5 108.5 20 25
3 5-NZ 2.74
169.5 123.5% 20 15
188.0 123.0 22 15
4 MNZOH 1.45
188.0 126.0%* 22 15
186.0 168.0%* 30 15
5 MSDS 2.60
186.0 126.0 30 10
161.9 115.8% 30 15
6 CMNZ 2.38
161.9 144.8 30 15
201.0 140.0* 18 26
7 RNZ 2.12
201.0 55.0 18 13
248.2 121.1%* 25 22
8 TNZ 2.34
248.2 128.0 25 15
220.0 81.9 18 26
9 ONZ 2.58
220.0 127.8* 18 13
172.0 82.0 22 21
10 MNZ 2.04
172.0 128.0* 22 15
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Fig.1
2,12 &Gigkeyik
AWFRFZEE T AR EATEFE X R FERIEAA A 3 B,
HFEE T VAF 4 A iigFE: Kinetex®Cig #1:(100 mmx2.1 mm,
2.6 um); ACQUITY UPLC®BEH C;5#1:(50 mmx2.1 mm,
1.7 um); ACQUITY UPLC®BEH C 3 #(100 mmx2.1 mm, 1.7 pm);
CORTECS® UPLC®T; #:(100 mmx2.1 mm, 1.6 um),
YT T LA L 4 FhvEEA XL G RS S O, TS

a
x 100 - 5;3:%%7 F5: MRM of 2 channels, ES+
% 5% 161,57 1391'15912&?
2 L
0 1 1 1 1 1 1 1 1 1
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
A5 88 s} [6] /min F5: MRM of 2 channels, ES+
100 - 5-NZ 169.5>109.1
& X 1.052¢+005
o
E‘
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
{4 B isF ] /min
b F5: MRM of 2 channels, ES+
100, o
s 4
= 50+
0 1 1 1 1 1 leﬁ - o
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
PREA R[] /min
F5: MRM of 2 channels, ES+
R _ SNZ 169.5>109.1
E 3%% 7.994¢+004
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il
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Response of different mobile phase systems to various compounds

FER 50 nm B ETERE, G YR OR R R RS, kg
{83 ka1 A, JCHHE MNZOH., HMMNI, HoAR B it a) 7
1 min N, AFFAEER. ST KEEA 100 nm # C g kL,
A 249 a b Al A, HXH 4B HMMNI L& P R EAE, i
NAEAG, X 5-NZ WS FAE A, A TH. B2Mc
o Ty AR AL S A AT 5 B . AR FR T KEAE R 43
Mot .

100 - HMMNI
c\o 4414.}85] F3: MRM of 2 channels, ES+
= 317 158>140
@ 6.397¢+004
.21 50

=

=

0.02 .29 0.61 1.30

0 1 1 1 1 1
0.20 0.60 1.00 140 1.80 220 2.60
{%E{j BﬂLIEﬂ/mm F3: MRM of 2 channels, ES+

=100 HMMN 158>55
N 280811 3.879+004
w 25.71
3 50}

= .00 0.27 043 0.62)

04
222233252 573 284
N/

0 1 ! 1 1 1 I 1
0.20 060 1.00 140 1.80 220 2.60
LR EA 15} 8] /min
F3: MRM of 2 channels, ES+
100 N 43t1esond
2904.48
29.05

0.23 3,0-50
02331050038 0.77 100 1,26 145

O W 1 1 1 1 1
0.20 0.60 1.00 1.40 1.80 220 2.60
T, .

,{% lﬂ HTIEJ/I’]’]IH F3: MRM of 2 channels, ES+
sloor i son2erond
#m 18.60
= 50 196 1922
53 109 135 158 219 2.88

0 1 1 1 1 1 1 1
0.20 0.60 1.00 1.40 1.80 220 2.60
P ER B5F ] /min

#¥: a N Kinetex®C 3 £; b iy ACQUITY UPLC®BEH C s #f; ¢ 4 CORTECS® UPLC®T3 #f,
E2 KRR SIS B s

Fig.2 Separation of various compounds by different chromatographic columns
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0 | ! | | | | |
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1¥: a N Kinetex®C 5 #1:; b 2y ACQUITY UPLC®BEH C 5 #; ¢ ¥ CORTECS® UPLC®T3 #F
F28k)  ARREREHX S EYIN o B iE

Fig.2 Separation of various compounds by different chromatographic columns

213 RIEURGLF

FEBAVERES R, IMAMREE N 0.25 me/kg AITR A ARiE
W, WX A RERBOR: HEE, K 2. FEEK
(V:V, 1:1), FEEK(V:V, 4 D)5HRBGICR 52, 4558 0
£ 3. ANAHFRBORO 45 ) 5 i $2 BUSCR T i 22 51, H2
®3 FREEBEUEX & L& HHRR ISR

Table 3 Extraction effects of different extracts on various compounds

VLB AR O B, SR IO L B3 i, MNZOH (i
ANEAR LLUH EE O SR I R, HMMNI, MNZOH . MNZ [
PLHEEK(VV, 4:1) 838 BURRS, MNZOH
WERVEETE, FELETR TN o 255 8, DL EEHK(V:V, 1:0)

W Y A 5

A FEBCH o

e _ GLIS0 _
P K 2N FEEH/K (V:V=1:1) K (V:V=4:1)

DMZ 105 108 109 110 111
HMMNI 102 102 102 102 102
5-NZ 104 104 107 104 105
MNZOH 99 94 86 102 99
MSDS 101 92 99 98 99
CMNZ 95 94 96 101 102
RNZ 95 94 95 89 93
TNZ 9 90 97 92 92
ONZ 94 95 94 93 94
MNZ 102 101 95 102 100
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2.1.4 A FEubiE) ey
TEFIERESE R, AR EE 0.25 mg/kg YIRS ARME
TR, BT R [FIAE AR E]: 10, 20, 30, 40 min, XJ42
BUSCRIREN . 455005 4 PoR. S5RER, a4
BUCR BN 2, 2 R TAERCR AR ECR, kst
ST 20 min.
®4 TEBAEREX LAY IR0

Table 4 Effects of different ultrasound times on the extraction
efficiency of various compounds

oy . El.uﬁcai/% . .
10 min 20 min 30 min 40 min
DMZ 94 101 102 94
HMMNI 119 114 120 120
5-NZ 115 120 119 112
MNZOH 115 111 115 119
MSDS 90 90 90 98
CMNZ 70 68 72 70
RNZ 99 103 99 101
TNZ 77 86 82 85
ONZ 82 81 82 88
MNZ 96 98 94 100

22 FHEFER
221 SMTEE. 4K R

K FH LR VL - SR vk € i o DA S AR fh 2
BUORFECHIE 10 FPSIEKEIIR A AR ifE TAER W, 7EIL1L
M B A T AT A2, AU TR RN P AR AR, o v
(ng/mL) BE AL bR 2, HlbRUERIZE, Ho DMZ . RNZ,ONZ,
MNZ. MSDS(0.5~50.0 ng/mL), HMMNI, CMNZ(2 ~100
ng/mL) LA I A6AP1(1~100 ng/mL) HAT B A7 ALk 1 56
F(r=0.99), 10 FHfiEDKIRE AL S HILL 3 A5 LL(SN) T
AT PR A 0.025~0.125 mg/kg, A 10 5150 L 7 v
SLERR M 0.050~0.250 mg/kg, ZEFA0ZE 5 R,
222 Kk EFHEEE

O3 IFEZS LSRR S P s i 3 VR B AKOF 1R A
WER I, BAUSE K0T 6 Wk, PEAT IR RS 2
(relative standard deviation, RSD)SE5 , 45 10 Ho Al FE bk mk
KAE 3 A EIMACE- FF- 2 3k 64.9%~118.0%, RSD%
H 2.0%~13.0%. Z5FUNFE 6 iR,

RS O10 ARSI SIE. HXER, RHRMEEMR

Table 5 Linear equations, correlation coefficients, detection and quantification limits of 10 kinds of nitroimidazole compounds

] 2 PEVEFE/(ng/mL) EYEWE: HIRFRE Kt BB /(mg/kg) FE i FR/(mg/kg)
DMZ 0.5~50.0 Y=17677.3X+367.664 0.9997 0.025 0.050
HMMNI 2.0~100.0 Y=867.527X-345.439 0.9997 0.125 0.250
5-NZ 1.0~100.0 Y=8012.26X+2568.46 0.9999 0.050 0.100
MNZOH 2.0~100.0 Y=4709.22X-922.578 0.9997 0.050 0.100
MSDS 0.5~50.0 Y=25225.6X+2059.36 0.9992 0.025 0.050
CMNZ 2.0~100.0 Y=1217.7X+57.2243 0.9993 0.050 0.100
RNZ 0.5~50.0 Y=15296.5X+116.064 0.9998 0.025 0.050
TNZ 1.0~100.0 Y=2143.07X-72.6213 0.9998 0.050 0.100
ONZ 0.5<50.0 Y=19078.1X+163.201 0.9999 0.025 0.050
MNZ 0.5~50.0 Y=10737.9X-403.603 0.9999 0.025 0.050
R 6 MART IR K B (n=6)
Table 6 Average recovery rate and precision (n=6)
WN7KF-/(mg/kg)
=27 0.01 0.25 1.00 0.10 0.25 1.00
B EWCR % FEEIRER% S EICE % RSD/% RSD/% RSD/%

DMZ 95.7 95.3 103.0 55 23 3.6

HMMNI 82.0 100.0 111.0 13.0 11.0 3.5

5-NZ 73.3 86.9 113.0 6.8 5.8 6.4

MNZOH 111.0 117.0 118.0 4.6 6.6 6.3

MSDS 87.3 94.8 102.0 2.8 3.9 45

CMNZ 64.9 77.6 88.7 7.4 5.0 3.8

RNZ 86.1 101.0 108.0 3.2 6.0 4.4

TNZ 73.8 91.8 101.0 5.2 3.2 5.0

ONZ 86.0 90.8 100.0 2.0 3.1 2.4

MNZ 77.8 96.9 101.0 3.6 8.3 5.4
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223 AR E

AU (matrix effect, ME)7E IR €438 85 156 B3 b
FE RIS, SR WA A R E R . ME

. - o, SRR AR

FIFEA XN ME/%= (m
fHTE 0%~20%0F, U B AELE S5 FE AN ; 4 ME {HAE
20%~50%F0, Ul BIAAAE P SESE AN ; 24 ME {H>50%K,
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Table 7 ME of 10 kinds of nitroimidazole compounds in

herbal tea

wEY ME/%
DMZ —6.4
HMMNI 12.2
5-NZ -7.6
MNZOH 21.2
MSDS 7.1
CMNZ -32.1
RNZ 10.4
TNZ 2.7
ONZ -3.0
MNZ 10.6

224 I

TEBIPERE S A 1.00 mg/kg 119 10 Rl SLmk ms e IR
ARSI, VRO E — D R AT B R IR, e
FALG YT g, 450 SR 8. Ak 8 AT AL, 1k
AW R LE 81%~112%22 18], 368 1.00 mg/kg (1)
FACEUITER I 20T, 25— DT NBONERE

F8 ORER 10 MR R SMMNTRE M

Table 8 Stability of 10 nitroimidazole compounds in herbal tea

ey SEEY A%
DMZ 101
HMMNI 101
5-NZ 102
MNZOH 112
MSDS 99
CMNZ 81
RNZ 99
TNZ 99
ONZ 98
MNZ 101

2.2.5 FETIRAFSRAE M

AT PRI T FNE A, AR TS
R 91 HLKBURRE AT I E 0 UE . S5 R R,
5-NZ4 #t¥k, & H7E 0.052~0.158 mg/kg 2], HAeLEY
FRKIH .

3 4 i

AW T UPLC-MS/MS U5 A5 10 Pl KLk
W) S B AT, X R AT A T RS A
5o 10 FPR§ BRI AL G WTE — 2 MR BV N A R T2t
TR E R 0.050~0.250 mg/ke, %5 IEIIA RIS . HER
PERF . REHER AR, AEE PSRRI & Y A
B AR AR P, HAT — 7 R

SE Mk

(1] ARSERL T ZRERAC T B ITE (D). 70 )M BEZY KA, 2015.
WU ML. Study on the efficacy of Guangdong herbal tea formula [D].
Guangzhou: Guangzhou University of Chinese Medicine, 2015.

[2] ABFEME, BIELR, SR, ) AR RO AL AT s itk 0]
AN, 2021, (12): 81-85.

ZOU YT, ZHAO XJ, WU JQ. Research progress on efficacy and safety of
cantonese Herbal Tea [J]. Farm Prod Process, 2021, (12): 81-85.

[3] . HP2intat R b 2 POk i 1 s P IR R D A (D).
Kb: IR K2, 2014
LI B. Construction of a qualitative and quantitative chromatographic
quality control method of herbal tea [D]. Changsha: Hunan Normal
University, 2014.

[4] $SL . BB P AL 2 AT O INL b AR,
2022-12-26(2).

HU LB. Need to be vigilant about illegal drug addition in food [N]. Chin
Qual Daily, 2022.

[5] HEAESL, EARI. BOSIRLIRMIEZy oM R AL BRI ).
4T, 2020, 20: 24-27.

XIA HS, XIA ZY. Illegal addition of Western medicine to herbal tea
Guangzhou: Adhere to zero tolerance and iron fist rectification [J]. Chin
Food Saf Magaz, 2020, 20: 24-27.

(6] BAR, XUFIWH, (LG, 25, 8w SO (- B I B I

A3 BRI PR 2 0], R 22 A TSI AR, 2021,
12(10): 3965-3969.
LIANG SD, LIU LL, WU GY, et al. Determination of 3 kinds of illegally
added antipyretic and analgesic drugs in herbal tea by ultra performance
liquid chromatography-tandem mass spectrometry [J]. J Food Saf Qual,
2021, 12(10): 3965-3969.

(7] F77, SR, XIkIZE, %6, QUECKERS-HF AR (0 - HR R T
PRI E A PR AN 12 Ak Zi[a]. A, 2015, 33(10):
1026-1031.

SONG NN, ZHANG KM, LIU XH, et al. Determination of tewlve

chemical drugs illegally added in herbal tea by ultra performance liquid



55 14 3]

VEORED, 25 B RSO - A 5B T E S R 10 P RE RS 91

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

chromatography-tandem mass spectrometry coupled with modified
QuEChERS [J]. Chin J Chromatogr, 2015, 33(10): 1026-1031.

IRZR, EHER, (15, & RGN RS- R IE ms T 8
RIS P00]. A B, 2023, 49(6): 62-67.

WEN JX, CAO YJ, HE JW, et al. Determination of 8 adulterated drugs in
herbal tea by high performance liquid chromatography-tandem mass
spectrometry [J]. China Meas Test, 2023, 49(6): 62—-67.

fr5a e, MR, XAk, 45 8 RRORR % -i i S uE B 4
S DR A AR O P 167 FEEESZS 0], (i, 2022, 40(3):
253-265.

HE JW, WEN JX, LIU YX, et al. Rapid screening and identification of
167 illegally added medicines in herbal tea by ultra performance liquid
chromatography-electrostatie ~ field orbitrap high resolution mass
spectrometry [J]. Chromatography, 2022, 40(3): 253-265.

IV, AT, WRVKIEL, 45 VRO k- HR R ST i vl o i S p AR 2
WA 26 Bhik PR SEAE 25 [0]. A H 252, 2021, 3103):
195-199.

SUN SZ, HE YL, CHEN YEN, et al. Determination of 26 chemical drugs
for the treatment of cough and asthma added illegally in herbal tea by high
performance liquid chromatography-tandem mass spectrometry [J]. Pharm
Today, 2021, 31(3): 195-199.

FERE, I, FTHEN, SF. BOSTIURRNIL T SURRE0].
445, 2021, (30): 87-91.

HUO TT, GAO LY, HE SL, et al. Analysis and research on the special
sampling of herbal tea [J]. Chin Food Saf Magaz, 2021, (30): 87-91.
TR, WOk, B, 4. QuEChERS-H B R0 (0 - HH % 1
WA E HCE S P ARL I NG 6 L2510 b E AR IS,
2017, 27(16): 2287-2294.

ZHANG HF, PENG RF, LUO XY, et al. Determination of six chemical
drugs illegally added in herbal tea by QuEChERS method coupled with
ultra-performance liquid chromatography-tandem mass spectrometry [J].
Chin J Health Lab Technol, 2017, 27(16): 2287-2294.

B, URETE, BlE, AR OO (- R IB BT R I A e
o6 FEREINEAII]. TR, 2020, 39(12): 1461-1466.

HU JZ, HE JW, HUANG SX, et al. Determination of 6 compounds
illegally added in herbal tea by ultra performance liquid chromatography
tandem mass speetrometry [J]. Chin J Anal Lab, 2020, 39(12): 1461-1466.
FRAZiE, B4z, BsT 20 FTREZGYIY HPLC-MS [R) PR il
IL[T). BROL SR, 2022, 38(24): 3356-3364.

CHEN LB, LI DY. Simultaneous rapid determination of 20
anti-inflammatory drugs in herbal tea by HPLC-MS [J]. Occup Health,
2022, 38(24): 3356-3364.

FRfe, BRI, HIRGE. GREDKme R0 25 Y SO 53 B 19 SCik
AIHTI). BUBYLZE, 2016, 13(1): 114-117.

CHEN ZAN, LUO YY, LEI ZB. Literature analysis of patients with liver
damage caused by nitroimidazole antibiotics [J]. Anti Infect Pharm, 2016,
13(1): 114-117.

FAR, Wttt BOERE, S5 IREIKMSE I ROBT S HE IR ()], Aot R,
2020, 61(2): 92-98.

(18]

[19]

[21]

[22]

[24]

[25]

[26]

DU L, YU SJ, YIN ZX, et al. Progress on nitroimidazole drugs [J]. Chem
World, 2020, 61(2): 92-98.

XUTE. 1 R 24 VA S DKk S0 B 25 A T s e R B TARCR (9],
[E 2R EEZY, 2023, 30(7): 130-133.

LIU Y. Application effect of clinical pharmacists in prescription review of
Ni-troimidazole antibiotics [J]. Chin Mod Med, 2023, 30(7): 130-133.
WL, SKIEEH, BRIEHK, 4. HPLC- DAD I ia kb 5 P Sakog
F25W0]. Bk T, 2020, 41(22): 52-56.

LUO CJ, ZHANG XL, CHEN XL, et al. Determination of 5
nitroimidazoles drugs in feed by HPLC-DAD [J]. Feed Ind Magaz, 2020,
41(22): 52-56.

GENTILI A, PERRET D, MARCHESE S. Liquid chromatography-
tandem mass spectrometry for performing confirmatory analysis of
veterinary drugs in animal-food products [J]. Trends Anal Chem, 2005, 24:
730-731.

ARIAS M, CHEVALLIER OP, GRAHAM SF, et al. Metabolomic reveals
novel biomarkers of illegal 5-nitroimidazole treatment in pigs. Further
evidence of drug toxicity uncovered [J]. Food Chem, 2016, 199: 876-884.
MAHUGO-SANTANA C, SOSA-FERRERA Z, TORRES-PADRON ME,
et al. Analytical methodologies for the determination of nitroimidazole
residues in biological and environmental liquid samples: A review [J].
Anal Chim Acta, 2010, 665(2): 113-122.

PALERMO AM, REYNOSO AS, LOPEZ NM, et al. Teratogenic
evaluation of metronidazole and ornidazole using drosophila melanogaster
as an experimental model [J]. Birth Defects Res A, 2004, 70(4): 157-162.
I RO € - A T A DN I e g R ek 2K 2 1 5 7R
(I, WA, 2022, 28(3): 171-175.

FU Y. Determination of nitroimidazole residues in pig liver by high
performance liquid chromatography-tandem mass spectrometry [J]. Mod
Food, 2022, 28(3): 171-175.

e R 3R R RO 4 45 4 250 45 [EB/OL]. [2019-12-27].
http://www.moa.gov.cn/gk/tzgg 1/gg/202001/t20200106_  6334375.htm
[2024-02-01].

Announcement No. 250 of the Ministry of Agriculture and Rural Affairs of
the People’s Republic China [EB/OL]. [2019-12-27]. http://www.moa.
gov.cn/ gk/tzgg 1/gg/202001/t20200106_ 6334375.htm [2024-02-01].
EIR, A7, SRR, SF R AL S OB (% - R T T R e
DEM TR 4 FIAHHEIRISEZGI5R A D] P EShIAE, 2023, 40(10):
112-116.

WANG YY, LI N, JIA HC, et al. Simultaneous determination of drug
residues of four nitroimidazoles in duck eggs by SPE-HPLC-MS/MS [J].
Chin Animal Health Inspect, 2023, 40(10): 112-116.

ERHAK, FAA, HHETE, 55 FINCRMRE-E mSOs A G- Rk B
RN ENG B P LR 25 ) B HARHII]. b7, 2023, 44(22):
366-372.

QIU XY, WANG DM, LI JK, et al. Detemination of residues of 5
-nitroimidazoles and their metabolites in eggs by isotope dilution-ultra-

high performance liquid chromatography-tandem mass spectrometry [J].



92 B il 2 A iR AR U A 4 515 4%
Food Sci, 2023, 44(22): 366-372. chromatography tandem mass spectrometry [J]. J Fish Res, 2022, 44(1):
[27] A, MELEE, SRR, SF. SRR ROR (- 0 I A A A 60-68.

MGHTR 5 R SERRIEE 25 BK  BED). BUARHIBT B, 2022, 49(16): [30] sk, WA, JREE, S5 S RORAH R - R IR BT R I
3029-3035. i rh 6 FHKIBSZG YR A [T]. STk A4z, 2021, 12(16):
LING L, QU LJ, LIANG SD, et al. Determination of five nitroimidazoles 6371-6376.
residues in chicken and eggs by ultra performance liquid ZHANG YY, WEN JR, SU XX, et al. Simultaneous determination of 6
chromatography-tandem mass speetrometry [J]. Mod Prev Med, 2022, kinds of imidazoles residues in eel by ultra performance liquid
49(16): 3029-3035. chromatography-tandem mass spectrometry [J]. J Food Saf Qual, 2021,

[28] =i, Sy, BSCH, AF. SRR - o IR W e K e 12(16): 6371-6376.
10 FRAE SRR 25 AR R D). IHEAR AR, 2023, 62(10): (A s RirtE Shuesr)
172-177.
XIE YB, YI M, TONG WY, et al. Simultaneous determination of 10
nitroimidazole drugs residues in aquatie products by high-performance ﬂz % ﬁzﬁ f|\
liquid chromatography-tandem mass spectrometry [J]. Hubei Agric Sci,
2023, 62(10): 172-177.
[29] Wik, RH0EL, (EERLL, . RO (o -G R HE E A h VERE), BRI, TR A

R SERRIR S 23R B L T]. kST, 2022, 44(1): 60-68.
TANG SF, QIAN ZZ, WEI SH, et al. Determination of residual

nitroimidazole drugs in aquatic products by high-performance liquid

BREERN.
E-mail: 110836722@qq.com





