Zhejiangsheng Shuichanpin Jiagong Chanye
Chuangxin Tuandui Lunwenji (Yi)

A IAKEmin I =k
81135 A B8 SCHE (—)

RSZ £4% XER Dk BlESR

6 hia A x B xB

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



Zhejiangsheng Shuichanpin Jiagong Chanye
Chuangxin Tuandui Lunwenji (Yi)

ALK minTr=dk
B A BA i 3CAE ()

WAL £ HER Sk$) 8lE%R

</ ZHEJIANG GONGSHANG UNIVERSITY PRESS




B HERS B (CIP) #i 47

W VLA 7K 7 o =l Boer B BAE SCEE. 1/ iR
4. —HoM . WYL TR R ARFE, 2012.12
ISBN 978-7-81140-666-5

L. ©#f 0. O~ M. O™ L — 5
IV. ©S98-53

rp AR AS B o CIP i A% 5 (2012) 55 305459 5

T mmI = el FH AR E(—)

WAL 4

HEHRE ERY A/MF

mERI JE

HEiEIT Firi

REMSH E &

HA&ZIT Wi LR K2 ) okt

(M T2 LK 198 5  #EE 4 AL 310012)
(E-mail : zjgsupress@163. com)

(M 4k . http://www. zjgsupress, com)
45 :0571 — 88904980,88831806 (4% A)

I 0 P SC A PR T

AN AT B ER 55 A5 R 2 ]

787mm X 1092mm 1/16

10. 25

250 F

20124F 12 HE 1 Rt 2012 4 12 H 55 1 WER kI
ISBN 978-7-81140-666-5

32.00 JG

HE

Ep

Al 4t & 3 H3
S HERMES

AR BMEgR  HEXEE HRAKR
WL T o AR MR I LS 0571 - 88804227



#

KT S S 2 AR S A AT ANELR TS8R o 3 LAIE 1 & X AV A 155 0 4t B £y
WAL . T EAER AN EEA A (D 1 0 BAE I & REA 75 » Ao BT Sk i oK ™ £
A PE AT A T i B A o TR A S TR R A K 7 A AR A A BT AR G 3l
B )R o R AT R AL L2 R O R B TR A B AR . AT R
b Bl 28 5 & AT B R K il AR 7 R S T AR SR, K
B A AL

P M KA L el R HAR G e N ™ bz —  EE RAE P A+ |
(LA o e K O T el T R R BRI L R A B R R T S A R 1R
1R A U A A AR 2 A W L S 2 A AR T VAR AR i A — Rl IR AE
2| B A G A .

SR AT ATA R B AR TR K= o Tl A 1R MR R B 5 % ik B KA L AT
FAAEAR 22 AN » F2 TR BUAE L R T S 8055 I 55 3545 1) 3 B B0 7= i i 20
(AR R A V& TG Bn HE A R A 2 L™ i BB SRR 55 T THT IR 2

I TEWTLAE & VE BON BTGV T Wi 7048 BHUT T 2009 AR 36 v BSL 8T V48 /K7™ di i
T B HT ATBA . 1 A R S WA K i A A 5 ol B 5 K 5 i R
WS » B — K I AR IR Sk BRT R B AL 5 A A 8 5% 2 — (A i BRACK 7 i )
ST ok 22 4% ] B AR BT 5 42 8 #7708 K™ dioin TR R B B AR RIBTRE )

A SCHE BB B AR 5L, TR P A AR T B A LM O T I8 2 4F 19 5o
ISR » P9 238 T80 i /K 7™ it D35 0 K ot Jo ek 2 4 S R A A BK ™ B R S T R K
FER AR IT K o A B SCAE A TR BB A Bl 3 K 7 R TR T T ) Bk R, S 3R
Wil 28 B W 15 22 B A R STk ) B .

SN
o TR 1 @:QQ

20124 8 A 30 H



H %

Simultaneous Determination of Albendazole and Its Metabolites in Fish Muscle Tis-
sue by Stable Isotope Dilution Ultra-performance Liquid Chromatography Tandem
MIASS SPECLFOMIELIY =« cec s sresessunersanntntinsiuetes it tes i tessi et et as s e et e s see e

Investigation of Enzymatic Hydrolysis Condition on the Properties of Protein Hy-
drolysate from Fish Muscle (Collichthys Niveatus) and Evaluation of Its Func-
tional Properties

Isolation and Characterization of Pepsin-soluble Collagen from the Skin of Peru
Squid (Dosidicus Gigas)

Towards Al'" -induced Manganese-containing Superoxide Dismutase Inactivation and
Conformational Changes: Integrating Study with Docking Simulations «-----------

Inhibitory Effect of Phthalic Acid on Tyrosinase: The Mixed-type Inhibition and
Docking SImuIations «-«««eeceeurserruiitiiiitiiun i e e

i tt (Gadous macrocephaius) B /K fif 25 [ W% A& 1 % K BUE 3% 1 42 1 e 35 10 32 56

Y F R B X D A A A0 TR Bh 9 S SRR AP B v voe e vee e e e e

VR N CIE i 80 R RN B I 2 R R R TR TP PROPPP PR

WA €505 0 2 5 1 46 JUL A o S D482 2 20 9 B Lo

HHAR S YT 5 T B AL B A A BE ] £ v vvvemvemremrermer e snt et tee e e e e

37 FEL 357 760 VR 00700 (0 B B840 BB A T T vee vvv e von smemon emi e et e e sae e enne v

R 11 8 0 6 A O BB T 2 DA B IL A0 LSRR AM AT oo

A7 1) 45 42 5 MR B AL P2 I B T AR AL L FE T v oo vve oo meemneeemre s eee e

4 01 F ACE 4906 775 e JIK B B 8 1) 25 L Bl «vvvvvvvevemvrnonesenseesessee e s e

B R T i R o] A AR IS T B B BT e v vvvvem e es seemes et eet e crese e ne s aea e

001

- 013

- 029

042

053
064
070



% 001

Simultaneous Determination of Albendazole and Its

Metabolites in Fish Muscle Tissue by Stable Isotope

Dilution Ultra-performance Liquid Chromatography
Tandem Mass Spectrometry

Xiaojun Zhang'’* Hanxiang Xu' Hong Zhang”** Yuanming Guo'
Zhiyuan Dai® Xuechang Chen'

Albendazole ([ 5-(propylthio)-1H-benzimidazol-2yl |carbamic acid methyl ester) is a
potent broad-spectrum benzimidazole anthelmintic agent widely used against intestinal
helminth infections in mammals™'. The albendazole(ABZ) , after oral treatment, is readily
absorbed from the gut and converted into its metabolites, albendazole sulfoxide (ABZSO) ,
albendazole sulfone (ABZSO,) and albendazole 2-aminosulfone (ABZ-2-NH,S0,). Figure
1 gives structures of ABZ and its metabolites. Toxicological studies in both farm and
laboratory animals have shown ABZ and its active metabolite ABZSO to be teratogenic-*.
ABZ, sometimes used in aquaculture, and the residues of ABZ and its metabolites in fish
products may pose health risks to consumers. Because of the differences of lipophilicity
and pK, values among ABZ and its metabolites, the determination of benzimidazole
multiresidues in biological matrices is a challenge. Therefore, appropriate analytical
methodology is demanded and must provide enough sensitivity and the ability to confirm
the identity of ABZ and its metabolites in fish muscle tissue.

Many analytical methods for the determination of ABZ and its metabolite residues in
biological matrices are described in the scientific literature. Most of them rely on
immunoassay-"’ . high-performance liquid chromatography ( HPLC) with UV‘", HPLC
with fluorescence detection® *' and high-performance liquid chromatography tandem mass

spectrometry (HPLC-MS/MS)"" * Although HPLC is a well-established technique, it
shows relative lower sensitivity and specificity compared to the HPLC-MS/MS method.

[Resume] 1. Zhejiang Province Key Lab of Mariculture &. Enhancement, Zhejiang Marine Fisheries
Research Institute. Zhoushan. China. 2. School of Food Science and Biotechnology. Zhejiang Gongshang
University, Hangzhou, China. * Corresponding author., * % Also corresponding author.

[Fund Project] Zhejiang Aquatic Products Processing Industry Innovative Team(2011R09031-15),

[Journal Issued on] Analytical and Bioanalytical Chemistry,Vol.401,No. 2,2011.
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Figure 1 Chemical structures of ABZ, ABZSO, ABZSO, and ABZ-2NH,-S0,

The LC-MS/MS method significantly enhances the sensitivity and specificity''*, but the
chromatographic run times are relatively long time''*’ for high-throughput analyses, and
sometimes cannot provide satisfied reproducibility. The reproducibility of quantitative LLC-
MS/MS method usually improves when incorporated with isotopically labelled internal
standard. To the best of our knowledge, due to the lack of proper isotopically labeled
internal standard, no methods have been described to use isotope dilution for the analysis
of ABZ with LC-MS/MS.

This paper describes an ultra-performance liquid chromatography tandem mass
spectrometry ( UPLC-MS/MS) method for determination of ABZ and its metabolites in
fish muscle tissue using stable isotope-labeled internal standards. The isotope-labeled
internal standards were used to correct the matrix effect and variations associated with
analysis, and ultra-performance liquid chrpmatography (UPLC) techniques offer efficient
chromatographic separation with reduced run times and improved sensitivity. The
developed methodology gave good sensitivity, recoveries and reproducibility. It provides a
suitable method for the determination and confirmation of ABZ and its metabolite residues

in fish muscle tissue and can be used for residue control programs.

2 Experiment

2.1 Chemicals and Reagents

Liquid chromatography (L.C)-grade methanol and acetonitrile was purchased from
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Merk KGaA ( Darmstadt, Germany); LC-grade ethyl acetate and formic acid were
purchased from Sigma-Aldrich ( Seelze, Germany). ABZ, ABZSO. ABZSO,, ABZ-2-
NH., SO, , deuterated albendzole (D;-ABZ), deuterated albendazole sulfone (D;-ABZSO)
and deuterated albendazole sulfone (D;-ABZSO,) was obtained from Adlershof GmbH
(Berlin, Germany; purity=>98%). De-ionised water was used throughout the study.

2. 2 Preparation of Standard Solutions

Individual stock standard solutions (100 pg ml.™ ') were prepared by dissolving 5. 0 mg of
compound in 50 mL of methanol. Stock internal standard solutions (100 pg mL™') were
prepared in a similar way. Mixed working standard solutions (100 and 10 ng mL."") were
prepared by the dilution of the proper stock solution with methanol. Stock standard
solutions were stored at —20°C and were stable for 6 months. Working standard solutions

were stored at 4°C and were stable for at least 1 month.
2.3 Sample Preparation

The 2.00 += 0. 02 g thawed and homogenized sample was weighted into a 50-mL

polypropylene tube and then spiked with 100 pl. 100 ng mL™" internal standard working
solution. After the addition of 100 pl. 10 M sodium hydroxide and 15 mL ethyl acetate,
the tube was mixed on a vortex mixer for about 5 min. The sample was then centrifuged
for 5 min at 6,000 rpm, and the supernatant was transferred to a 100 ml pear-shaped
flask. An additional 15ml ethyl acetate was added to the sample tube, mixed and
centrifuged as above. The resulting supernantant was combined and evaporated to dryness
using a rotary evaporator (40°C, 0.1 mbar). The residue was then dissolved in 2mL
methanol-water solution (40 : 60, v/v) and ultrasonicated for 1 min. The solution was
transferred to a 15-mL tube; 2.0 ml n-hexane was added and vortexed for 2 min, then

centrifuged for 5 min at 6000 rpm. The 1. 0 mL lower aqueous layer was filtered through a
0. 22 pm PTFE filter and transferred to a glass vial for UPLC-MS/MS injection.

2. 4 Instrumentation

Chromatographic separation was performed on an ACQUITY ultra-performance L.C
system (Waters. Milford, MA, USA) equipped with cooling autosampler and column
oven. The following UPLC columns were investigated for separations: BEH C,; 2.1 X50
mm, 1.7 pm particle size; BEH Cy 2. 1X50 mm, 1.7 um particle size ; CSH Cy4 2. 1X50
mm, 1.7 pm particle size (Waters, Milford, MA, USA). The column temperature was
maintained at 40 °C. The mobile phase was composed of methanol (A) and aqueous formic
acid 0. 2% (wv/v) (B) using a gradient elution as follows: 0~2 min, 10%~90% A; 2~3
min, 90% Aj; 3~4 min. return to initial conditions to equilibrate the column. The flow

1

rate was kept at 0. 3 mL min '. The temperature in the autosampler was set at 10°C and

the sample volume injected was set at 10 pL.
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A  Quattro Premier XE™ Micromass® triple-quadrupole mass spectrometer
(Manchester, UK) equipped with an electrospray ionization (ESI) source was used for
ABZ and its metabolites detection. MS/MS detection was performed in the positive mode.
The optimal MS parameters were as follows: Source temperature 120°C, desolvation
temperature 380 °C, capillary voltage 3.5 kV, cone gas flow 50 L h™', desolvation gas
flow 600 L. h™'. Nitrogen (99.9% purity) and argon (99.9999% purity) were used as
cone and collision gases, respectively. Individual cone and collision energy voltages, as

well as multiple reaction monitoring mass transitions are summarized in Table 1.

Table 1 Analyte and internal standard transition ions and associated mass spectrometric parameters

Precursor ion | Product ions Cone voltage Collision
Analyte Internal standard
(m/z) (m/z) V) energy (eV)
234.1° 20
ABZ 266.0 3 40 D,-ABZ
191.0 30
240.1* 15
BZSO 282.0 30 D;-ABZSO
bz 222. 1 20 ’
6.0 *
ABZS0, 298.0 baE. £ 40 5 D,-ABZSO,
159.0 20
33.1° 25
ABZ-2NH,-S0, 240.0 . 1 30 ’ D,-ABZS0),
198. 1 20
D,-ABZ 269.0 234.1" 40 20
D.-ABZSO 285.0 243.1°* 40 15
D;-ABZS0O, 301.0 266.1 " 40 20

" Multiple reaction monitoring ions used for quantifications.
2.5 Calculations

Data acquisition was acquired and processed using Massl.ynx V4. 1 and Quanlynx software.
Calibrators were used for the construction of a standard curve by plotting the response (y=area
analyte/area internal standard) against the corresponding concentrations. The concentrations of
ABZ and its metabolites in fish muscle tissue were calculated by linear regression. The use of

internal standard was automatically calculated.

2.6 Method Validation

2.6.1 Specificity

The specificity of the method was determined by analysis blank fish muscle samples
from different sources to evaluate possible endogenous interferences. The sample
preparation and chromatographic condition were optimized to guarantee that no
interferences incurred at the retention times of the tested compounds.

2.6.2 Linearity

The linearity of standard calibratin curve was studied by the analysis of standard



solutions at six concentrations (0.1, 0.5, 1.0, 5.0, 10.0, and 20.0 ng g '). To each

" internal standard working solution was added. Linear

sample 100 pL. 100 ng mL~
calibration curve was obtained by least-squares linear regression procedures.

2.6.3 Precision and Accuracy

Accuracy was expressed as recovery, calculated by the measured concentration/the
fortified level X 100%. It was measured using a six determinations at three concentrations
(0.2, 1.0 and 5.0 ng g '), and the standard deviation was calculated. Precision of the
method was assessed by determining intra-and-inter-day relative standard deviation
(RSD). Both recoveries and RSD of the method were tested with spiked fish muscle
samples at three different concentrations. Intra-day RSD were determined by replicate
analyses (n=6) performed on the same day. Inter-day RSD were determined by replicate

analyses on six different days.

3 Results and Discussion

3. 1 Optimization of method

3. 1.1 Selection of Extraction Solvent

The selection of an appropriate extraction solvent is an important aspect for the
sample preparation. Due to considerable variation in lipophilicity and pKa among ABZ and
its metabolites, a study of extraction behavior was conducted to identify an optimal solvent
for extracting target analytes from f{ish muscle tissue. Three solvents methanol,
acetonitrile and ethyl acetate were tested with spiked samples(1. 0 ng g ') in a side-by-side
comparison. Furthermore, mean recoveries (n = 5) were calculated for individual
analytes. Individual analyte recoveries were averaged for each solvent extraction and
charted in Figure 2. Results indicate that ethyl acetate has the higher extraction efficiency
for the four analytes. Thus, ethyl acetate was selected as the extraction solvent for the
sample preparation.

3. 1.2 Selection of Internal Standard

For a proper internal standard, it should be structurally or chemically similar to the
analyte, and should also have similar retention to the analyte, be well resolved from the
analyte and other peaks, and mimic the analyte in any sample preparation steps. For the
analysis of ABZ and its metabolites, butylmercaptobenzimidazole, estazolam''’,
phenacetin"'* '™ and dehydroandrographolide’’™ were used as internal standards.
However, these substances did not perform well, behaving with the low recovery and
imperfect accurateness. In this research, deuterated substances were chosen as the internal
standard for the essay because of the likeness of structure, retention and ionization to the
analyte. D;-ABZ. D;-ABZSO and D;-ABZS0O, were used as the internal standards of ABZ,
ABZSO and ABZSQO,, respectively. Because of the lack of isotopically labeled internal
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Figure 2 Recoveries for extraction of ABZ and its metabolites from fish muscle

tissue using methanol, acetonitrile, and ethyl acetate

standard, D;-ABZ, D;-ABZSO and D,-ABZSO, were tested to quantify ABZ-2-NH, SO,.
Results showed that D;-ABZSQO, that gave the best recovery and low RSD in quantitative
analysis could be used as a suitable internal standard of ABZ-2-NH,S0O,.

3. 1.3 Optimization of UPLC-MS/MS Conditions

The electrospray ionization interface parameters need to be optimized for maximum
abundance of the molecular ions of the compounds. Acquisition parameters were
determined by direct infusion into the mass spectrometer of a 1. 0 pg mL ™' solution of each
one of the analytes and internal standard (IS) at a flow rate of 10 yLL min~'. ESI probe
temperature was set at the minimum acceptable value (120°C) and capillary voltage was
kept at 3.5 kV. Mass spectrum of the analytes and the obtained IS in ESI-positive ion
mode and under the optimum conditions of mass spectrometric presented in Figure 3. The
fragmentation pathways of ABZ and its Metabolites have been studied in previous

publications"'' '*

. while the isotope-labeled IS were not covered in these studies. For
deuterated ABZ and deuterated ABZSQ), , the fragment ion at m/z 234 and 266 was formed
by loss of a deuterated neutral methanol from [M + H]" ion. Similarly, they have the
same fragment ions with ABZ and ABZSO, respectively (Figure 3-B and 3-D). While for
deuterated ABZSO, the fragment ion at m/z 243 was different to the fragment ion of
ABZSO (m/z 240) (Figure 3-E and 3-F). Results indicate that the isotopic fragment ion
was formed by loss of -CH, CH, CH; from [M +H]" ion., which was the same loss for
ABZSO.
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Figure 3 MS/MS fragmentation spectra of analytes and the IS: (A) ABZ; (B) D,-ABZ; (C) ABSO, ;
(D) D;-ABSO,; (E) ABSO; (F) D;-ABSO; (G) ABZ-2NH,-SO0,
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Chromatographic conditions were optimized to obtain shorter run time and best peak
shape. During the method development, it was found that the component of final
dissolving solution influenced the peak shape of ABZ-2NH,-SO, significantly. The
analytes dissolved in methanol-H, O (40 : 60, v/v) containing 0. 2% formic acid produced
good peak shape and sensitivity. To select a proper column, BEH C;3, BEH C;, CSH Cy,
were compared for the separation., The result was summarized briefly below: ABZSO and
ABZSO, give the same retention time on BEH C; column; ABZ-2NH,-SO, was not well
separated and performed as a double-humped peak on CSH C;4 column. BEH C; column
with a gradient elution gave the best separation for the analytes, and selected as the proper
column for Chromatographic separation. After optimization of the gradient profile, the
four compounds in the mixture were well-separated from one another within 4 min. Figure
4 shows a typical separation of a standard mixture of ABZ and its metabolites with BEH

C,s column. The analysis time was faster than the existing method"'™.

3.2 Method Validation

3.2.1 Speci ficity

Matrix effects are commonly encountered in LC electrospray mass spectrometry
analysis of target compounds in complex sample matrices. To check the specificity of the
method, interference {rom endogenous compounds around the retention times of the
analytes was investigated by analysis of three different blank samples(grass carp, tilapia
and eel). Result shows that no interferences were observed at the retention times of
analytes.

3.2.2 Linearity and Sensitivity

For the construction of the calibration curves, the areas of the analyte and the internal
standard were calculated, and their ratio was used as the response variable. A calibration
curve is constructed by linear curve fitting using the least squares linear regression
calculation. Six points are used for the calibration curve of the standard solutions at
concentrations of 0. 1, 0.5, 1.0, 5.0, 10.0, and 20. 0 ng g ' with the internal standard at

a concentration of 10.0 ng g '.

The linearity was good for all analytes in the whole range
of tested concentrations (0. 1~20 ng g '), as proved by the correlation coefficients (%)
ranging between 0. 9985 and 0. 9992 for all curves (Table 2).

The sensitivity was evaluated by determining the limits of detection LOD and limit of
quantitation (LOQ). According to the FDA guide on Analytical Procedures and Methods

[21]

Validation'*"” . LOQ was defined as the lowest concentration that could be determined with
80% ~120% accuracy and not higher than 20% precision value, and the analyte response
should be at least 5 times compared to blank response. The LLOD was defined as the
concentration with a signal-to-noise ratio (S/N) of 3. The background noise estimate was
based on the peak-to-peak baseline near the analyte peak. In this research, the peak height-to-

averaged background noise ratio was measured by MassLynx V4.1 automatically. The method
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Figure 4 Multiple reaction monitoring chromatogram from a standard mixture of ABZ,

ABZSO, ABZSO,, ABZ-2NH,-SO, , and internal standards

LOD were found to be 0.1 ~0.2 ng g ', with the S/N of ABZ, ABZSO, ABZSO,,
ABZNH, SO, at LOQ were 25. 0, 20. 8, 23. 8, 16. 2 respectively. The accuracy and precision

also met the requriment mentioned above. The method LLOD and LOQ values are

summarized in Table 2.
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Table 2 Linear range, correlation coefficient, and limits of detection and quantification

Anal Linear regression Correlation Liner range LOD LOQ
REigLe equation coefficient, r* (ng mL.™") (ngg ") (ngg ")
ABZ y=0.4320x+0. 0021 0.9991 0.1—20 0.03 0.1

ABZSO y=0.4071x+0.0179 0. 9985 0.1—20 0.03 0.1

ABZSO, y=0.6303x+0. 0234 0.9992 0.1-—20 0.03 0.1

ABZ-2NH,
SO y=1.1744x+0. 0172 0. 9988 0. 1—20 0. 05 0.2

3. 2.3 Precision and Accuracy

To improve the accuracy and precision of LC-MS/MS quantitative method, stable

isotope-labeled IS was used to compensate the analyte losses during sample preparation and

the ion suppression. Recovery was measured using six determinations at concentration of

0.2, 1.0 and 5.0 ng g ', and then the mean recovery and standard deviation were

calculated at per concentration. Intra-day RSD were determined by replicate analyses (n=

6) performed on the same day; inter-day RSDs were determined by replicate analyses on

six different days. The mean recoveries, intra-day and inter-day RSD of the method are

shown in Table 3. Mean recoveries ranged between 97.2% and 113.7% with intra-and

inter-day RSD values less than 6. 38% , demonstrating the good accuracy and precision of

the method.

Table 3 Results of recovery test and precision of the method from spiked fish muscle samples

Analyt Added Mean recovery Inter-day RSD Intra-day RSD
na
FE (ng g") (%, n=6) (%, n=6) (%, n=6)
0.2 105. 3 3. 52 4.25
ABZ 1.0 95. 3 2.63 3.07
5.0 99. 6 3.18 3. 66
0.2 108. 2 4. 77 4. 21
ABZSO 1.0 109. 4 5. 14 3.93
5.0 103. 3 4.52 3.38
0.2 104. 2 4. 33 4.91
ABZSO, 1.0 97.2 4,21 4. 14
5.0 106. 4 3.79 2.59
0.2 105. 1 6. 38 4. 38
ARSI 1.0 113.7 4.56 5.03
SO, . . . .
5.0 103. 8 5.42 3. 64
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3. 3 Real Samples Analysis

The method was applied to 60 grass carp, tilapia and eel tissue samples collected from
local markets (Zhoushan, China). All samples were processed according to the method
described. The samples were analyzed, and an eel sample was confirmed positive. The
concentration of the positive sample was 0. 86 ng g ' ( ABZ) , 0.34 ng g ' (ABZSO) and
0.27 ng g '(ABZSO,).

4 Conclusions

This paper describes a rapid, specific, and sensitive UPLC-MS/MS method for
simultaneous determination of ABZ, ABZSO., ABZSO, and ABZ-2-NH, SO, in fish muscle
tissue using stable isotope-labeled internal standards. The isotope-labeled internal
standards were used to correct the matrix effect and variations associated with the
analysis. UPLC technique offers efficient chromatography with reduced run time (4.0
min) and improved sensitivity. This method is suitable for the determination and
confirmation of ABZ and its metabolite residues in fish muscle tissue and can be used for

residue control programs.
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