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Chlorpromazine (CPZ) is abused in animal husbandry and can be extensively metabolized in humans and ani-
mals. However, the actual monitoring mainly focuses on the parent compound but lacks attention to its me-
tabolites. A method was developed and validated firstly for identification and determination of CPZ and its four
major metabolites in animal-derived foods using ultrahigh-performance liquid chromatography coupled with
quadrupole-Orbitrap mass spectrometry in combination with QUEChERS preparation method. Satisfactory re-

coveries of analytes spiked in fish and pork samples ranged from 72 to 117 %, and limits of quantification were
2.0 and 1.0 pg kg ! for fish and pork samples respectively. Moreover, through the hydrolysis experiments of CPZ,
its hydrolysates, such as CPZ-sulfoxide, CPZ-N-oxide and CPZ-sulfoxide-N-oxide, were identified as potential risk
compounds. The developed method has been successfully applied to the determination of CPZ and its metabolites
in actual commercial samples, as well as to the screening of other CPZ-related risk compounds.

1. Introduction

Chlorpromazine (CPZ), [3-(2-chloro-10H-phenothiazin-10-yl) pro-
pyll dimethylamine hydrochloride, is a dimethylamine derivative of
phenothiazine compound and a central dopamine receptor blocker that
acts on the central nervous system (Lopez-Munoz, Alamo, Cuenca, Shen,
Clervoy & Rubio, 2005). It is widely used as antipsychotic drug for
treating schizophrenia and mental disorders. CPZ is also a veterinary
medicine used for sedation, anesthesia, analgesia and other therapeutic
purposes. However, it is sometimes used illegally in animal husbandry
and fishery to promote animal growth and reduce mortality during
transportation (Hong, Kwon, Kang, Jang, Kim & Han, 2022; Zhu, Li,
Zhou, Li & Guo, 2019). The abuse of CPZ could cause accumulation in
animals and environment, which endangers human health through the
food chain and causes diseases such as hepatomegaly, dyskinesia, he-
matological disorders, and hypotensive effects (Palakollu, Karpoormath,
Wang, Tang & Liu, 2020). Both China and Japan have stipulated that
CPZ should not be detectable in animal-derived foods, and the European

Union even prohibits the application of CPZ in food-producing animals.

CPZ is highly fat soluble, widely distributed throughout the body,
and is extensively metabolized in humans and animals (Gocke, 1996).
Twenty to seventy percent of CPZ is excreted by the kidneys as metab-
olites. Some metabolites were detectable up to 18 months after drug
discontinuation (Dollery & Burley, 1991). The major metabolites of CPZ
include 7-hydroxychlorpromazine (7-HOCPZ), chlorpromazine sulf-
oxide (CPZSO), desmethyl chlorpromazine (DMCPZ), promazine (PZ),
etc., as shown in Fig. S1. Besides, Jiménez, Munoz, Sanchez, Pardo &
Vega (2016) studied the fate of CPZ in river water, and 16 degradation
products of CPZ were detected. These degradation products maintaining
the structure of promazine are mainly resulted by the oxidation of amine
and sulfur groups, and the dechlorination and hydroxylation of benzene
ring. When CPZ has been completely degraded, some degradation
products can still be detected. Previous studies have revealed that the
residue period of its metabolites or degradation products with higher
toxicity is longer than the parent drug (Jiménez et al., 2016; Palumbo
etal., 2016). At the present time, however, the actual monitoring mainly
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focuses on the parent compound CPZ and lacks attention to its
metabolites.

The current researches mainly focus on the methodological study of
parent drug CPZ, such as electrochemical sensors (Palakollu et al., 2020;
Sakthivel, Kubendhiran & Chen, 2019), gas chromatography-mass
spectrometry (GC-MS) (Zhang et al., 2014), high performance liquid
chromatography (HPLC) (Yamini & Faraji, 2014) and HPLC tandem
triple quadrupole mass spectrometry (HPLC-QqQ-MS) (Cheng, Shen,
Zhang, Zhang & Zhang, 2015; Zhang, Wu, Jin, Ye, Huang & Liu, 2017),
and in vivo/in vitro metabolism investigation of the drug-treated rat
(Nishimura, Okamura, Kimachi & Haginaka, 2019; Boehme & Strobel,
1998). There have been only a few reports about the methodological
study of its metabolites so far. Nishimura et al. (2019) used HPLC for the
determination of CPZ and its metabolites (DMCPZ and CPZSO) in rat
plasma. Beloti, Miranda & Queiroz (2019) used HPLC-MS/MS for the
determination of CPZ and its metabolites (7-HOCPZ and DMCPZ) in
human plasma.

Among these methods, HPLC-QqQ-MS has attracted much attention
due to the advantages of high capability, strong resolution and detection
sensitivity for different compounds of similar structure, and has been
applied to the routine monitoring of boarder inspections and monitoring
programs as the golden standard to date. However, its detection scope is
commonly limited to known targets with official standard substances
(Beloti et al., 2019). Compared with QgQ mass spectrometry, high res-
olution mass spectrometry (HRMS) has the advantages of high mass
resolution, high mass accuracy and rich fragmentation information,
which is helpful for accurate characterization and structure derivation.
Target and non-target compounds can be identified in full scan mode,
and structure can be deduced from plentiful fragment ions in secondary
scan mode. Therefore, HRMS has been widely applied in high-
throughput detection, suspect screening and unknown identification
(Lopez-Ruiz, Romero-Gonzalez & Garrido Frenich, 2019). Additionally,
several studies have demonstrated that the HRMS instruments can
achieve similar sensitivity to QqQ due to technical improvements
(Cavaliere et al., 2019; Anumol, Lehotay, Stevens & Zweigenbaum,
2017). The use of Orbitrap technology allows the determination and
identification of a wide range of analytes at low levels of concentration
in a precise manner since enough resolution and accuracy can be ach-
ieved. To our knowledge, only Cheng, Wang & Zhang (2018) reported a
method for determination of CPZ and one of its metabolites, 7-HOCPZ,
in pork by UHPLC-HRMS with sample preparation just by acetonitrile
extraction, but no positive samples were analyzed in commercial pork
samples.

The aim of this present study was the development of a convenient,
efficient and highly accurate analytical method for the simultaneous
determination of parent drug CPZ, and its metabolites CPZSO, 7-HOCPZ,
DMCPZ and PZ, in animal-derived foods by ultrahigh-performance
liquid chromatography coupled with quadrupole-Orbitrap mass spec-
trometry (UHPLC-Q-Orbitrap MS), as well as QUEChERS based sample
preparation. In this work, the stability of CPZ was investigated, and
structural characteristics of the hydrolysates of CPZ were analyzed by
UHPLC-Q-Orbitrap MS. In order to obtain reliable results, various
experimental parameters, such as instrument conditions, extraction
solvents and sorbents, were compared and optimized. Moreover, this
proposed method was validated on investigation of matrix effect (ME),
linearity, limit of quantification (LOQ), specificity, trueness and preci-
sion. Finally, the determination of CPZ and its metabolites was realized
in different animal-derived food samples. In addition, other trans-
formation products of CPZ, such as hydrolysates, were screened in the
real samples.

2. Methods and materials
2.1. Chemicals and reagents

CPZ hydrochloride (purity of 98.0 %) was purchased from D-Chem
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(Petah Tikva, Israel). 7-HOCPZ hydrochloride, CPZSO and CPZ-N-oxide
(NOCPZ) were purchased from Toronto Research Chemicals (North
York, ON, Canada). DMCPZ was purchased from Sigma-Aldrich
(Darmstadt, Germany). PZ hydrochloride (purity of 99.9 %) was pur-
chased from Bide Pharmatech Ltd. (Shanghai, China). The internal
standard CPZ-D6 hydrochloride was purchased from ANPEL Laboratory
Technologies (Shanghai, China). Potassium dihydrogen phosphate,
disodium hydrogen phosphate, sodium chloride (NaCl), sodium hy-
droxide (NaOH), HPLC-grade formic acid and ammonium formate were
purchased from Aladdin Biochemical Technology Co., Ltd. (Shanghai
China). Potassium chloride (KCl) was purchased from Shanghai Macklin
Biochemical Co., Ltd. (Shanghai China). Hydrochloric acid (HCl) was
purchased from Yonghua Chemical Co., Ltd. (Suzhou, China). Acetoni-
trile, n-hexane and methanol, HPLC-MS grade, were obtained from
Sigma-Aldrich (Darmstadt, Germany). Millipore Milli-Q plus ultrapure
water system (Milford, MA, USA) was used for ultrapure water purifi-
cation. QUEChERS Extract Pouch, QUEChERS dSPE EMR-Lipid and Final
Drying Pouches-MgSO4 Only were purchased from Agilent Technologies
(USA). Dispersive sorbent of octadecylsilane (C18) was purchased from
Tianjin Bonna-Agela Technologies (Tianjin, China).

2.2. Preparation of standards

Stock standard solutions of CPZ, 7-HOCPZ, CPZSO, DMCPZ, PZ and
CPZ-D6 were prepared at 100 mg L™! by respectively dissolving the
analytes in methanol. The stock solutions in brown glass bottles were
stored at 4 °C and had a validity period of three months to ensure sta-
bility of analytes. Individual standard working solutions were prepared
at 10 mg L' by appropriate dilution of the stock standard solutions
using acetonitrile and kept at 4 °C in brown glass bottles for a week.
Isotope internal standard calibration solutions in the range of 0.2-200
pg L~! for CPZ and its metabolites (CPZ-D6 at 5 pg L™') were prepared
by serial dilution of standard working solutions with acetonitrile and
used on the same day. In the hydrolysis experiment, the phosphate
buffer saline (PBS) solution was prepared using 1.8 mM potassium
dihydrogen phosphate, 10 mM disodium hydrogen phosphate, 137 mM
sodium chloride and 2.7 mM potassium chloride. The pH of the solutions
was adjusted using 0.1 M NaOH or 0.1 M HCl and measured with a
FiveEasy Plus pH meter (Mettler Toledo Instruments Co. Ltd., Shanghai,
China).

2.3. Sample preparation

The edible parts (muscle) of animal-derived food samples were
bought from the local market in Nanjing (China). They were homoge-
nized using a kitchen blender and stored at —18 °C. Five grams of muscle
tissue (fish, pork, beef or mutton) were weighed into a 50 mL centrifuge
tube. One hundred microliter of internal standard solution CPZ-D6 at
500 pg L~ was mixed with samples. The mixture was vortexed for 1 min
and then stood for 30 min. CPZ and its metabolites were extracted with
10 mL acetonitrile (pre-saturated by n-hexane), and shaken for 30 s,
followed by extraction using an ultrasonic bath for 10 min. After the
addition of a QUEChERS Extract Pouch containing 1.5 g anhydrous so-
dium acetate and 6 g anhydrous magnesium sulfate, the tube was
vigorously shaken for 1 min, and centrifuged at 17,846 xg (8,000 rpm) at
4 °C for 5 min. Subsequently, the supernatant (5 mL) was transferred
into a 15 mL centrifuge tube of QUEChERS dSPE EMR-Lipid for cleaning
(EMR-Lipid was activated by adding 5 mL pure water and vortexed for
30 s), and vortexed for 30 s again and centrifuged for 5 min at 17,846 xg
(8,000 rpm) at 4 °C. Next, the cleaned supernatant was transferred into
another 50 mL centrifuge tube, and 3.5 g of anhydrous magnesium
sulfate was added. The tube was vigorously shaken for 1 min to avoid
salt agglomeration, and centrifuged for 5 min at 17,846 xg (8,000 rpm)
at 4 °C. Finally, the supernatant was filtered through 0.22 pm organic
phase membrane filters for UHPLC-Q-Orbitrap MS analysis.

In the hydrolysis experiment, CPZ and CPZSO solutions with a
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concentration of 1 mg L™! were respectively prepared in brown glass
bottles with pH 4.0, 7.0, and 9.0 PBS solutions, 20 mL of which was
stored at 25 °C for 0, 1, 5, 8, 14, 21 and 35 days and 5 mL of which was
stored at 50 °C for 5 days. The solutions were analyzed using UHPLC-Q-
Orbitrap MS.

2.4. Instrument conditions

In this study, HPLC-MS/MS analyses were performed by an Ultimate
3000 UHPLC system (Thermo Fisher Scientific, San Jose, CA, USA)
coupled with Q-Exactive quadrupole-Orbitrap mass spectrometer
(Thermo Fisher Scientific, Bremen, Germany).

The analytes were separated with an Eclipse Plus C18 column (100
mm x 2.1 mm, 1.8 pm, Agilent, USA) at a column temperature of 40 °C.
The mobile phase consisted of eluent A (0.1 % v/v formic acid and 10
mmol L~ ammonium formate in water) and eluent B (acetonitrile), with
the following gradient elution: initial 90 % A, 2-10 min 90 %-10 % A,
10-11 min 10 % A, 11-12 min 10 %-90 % A, 12-13 min 90 % A. The
constant flow rate of mobile phase was 0.3 mL min !, and injection
volume was 2 pL.

Optimized mass spectrometer settings were as follows: electrospray
ion source (ESI) operating in positive ionization; sheath gas (N2, > 99
%), 40 arbitrary units (arb); auxiliary gas (N, > 99 %), 10 arbitrary
units (arb); spray voltage, 3.5 kV for positive ESI; capillary temperature,
320 °C; vaporizer temperature, 350 °C; S-lens voltage, 60 %; scanning
method, full MS/dd-MS? (resolution 70,000/17,500); scan range, m/z
50-750; normalized collision energy (NCE), 20/40/70; loop count, 10;
MSX count, 1; dynamic exclusion time, 5 s. The maximum injection time
and automatic gain value (AGC target) were selected at default values of
100 ms and 3e® for full MS and 50 ms and 1e® for dd-MS?, respectively.
Inclusion list, m/z 319.1030, 335.0979, 305.0874, 285.1420 and
325.1406 for CPZ, CPZSO/7-HOCPZ, DMCPZ, PZ and CPZ-D6,
respectively.

2.5. Validation procedure

The proposed protocol was validated in terms of ME, linearity, LOQ,
specificity, trueness and precision according to SANTE guidelines by
European Union (European Union, 2021). ME is often used to assess the
degree of ion suppression or enhancement and is calculated using
equation as follows: ME (%) = (slope of matrix-matched calibration
curve/slope of solvent calibration curve — 1) x 100. The eight con-
centration levels of calibration curve ranged from 0.2 to 200 pg L™1. The
method linearity was evaluated using the LOQ as the lowest point of the
calibration curve. LOQ is defined as the minimum spiking level of an
analyte in matrix samples that provides satisfactory recovery and
repeatability while satisfying a signal-to-noise ratio (S/N) of over 10.
The specificity of the proposed method was demonstrated by comparing
chromatograms of the 5 batches of blank fish and 5 batches of blank pork
samples with sample spiked with CPZ, its metabolites and the internal
standard CPZ-D6. The method trueness was validated in quintuplicate
by spiking blank fish samples at 2, 5 and 10 pg kg_1 and blank pork
samples at 1, 5 and 10 pg kg~! to determine recoveries (n = 5). Intra-
and inter-day precisions were evaluated in quintuplicate by measuring
the relative standard deviations (RSDs) of recoveries for spiked fish and
pork samples, respectively, on the same day and three consecutive days.

2.6. Data analysis

The following softwares were used: Xcalibur™ 3.1, Compound
Discoverer 3.1 and Mass Frontier 7.0 (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The raw data were acquired and processed using
Xcalibur™ 3.1 software. The quantification was performed with the
peak area corresponding to precursor ions ([M+H]") of the analytes
obtained in full MS scan mode. The identification criteria for CPZ and its
metabolites were the accurate mass error of the precursor within £+ 5
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ppm and the presence of at least three abundant product ions with
retention time (tg) within + 0.1 min. Identification parameters for the
analytes are presented in Table 1. Compound Discoverer 3.1 software
was used to select all characteristic peaks of hydrolysis products and
analyze its elemental composition through preparation procedures. The
Compound Discoverer 3.1 was run following “Workflow Templates
\MetlD w Stats Expected and Unknown w Background Removal”
(Fig. S2). Mass Frontier 7.0 software was used to assist in the derivation
of the structures and mass spectrometry fragmentation mechanisms of
putative hydrolysis products.

3. Results and discussion
3.1. Optimization of instrument conditions

Chromatographic conditions, such as chromatographic column,
mobile phase composition, eluent gradient, and injection volume were
studied comprehensively to obtain the optimal chromatographic reten-
tion, separation and peak shape for the analytes of interest. In this study,
a standard mixed solution containing target analytes (prepared with
acetonitrile) at 10 pg L' was used to optimize the chromatographic
conditions. Considering that the column may have an essential effect on
chromatographic performance, two commercial columns, Thermo Sci-
entific Hypersil GOLD (2.1 x 100 mm, 3 pm) and Agilent Eclipse Plus
C18 (100 mm x 2.1 mm, 1.8 pm) columns, were compared, as shown in
Fig. S3. The comparative experiment measuring the peak shape, tg and
sensitivity indicated that the superior performance was achieved on the
Agilent Eclipse Plus C18 column with the mobile phase consisted of
eluent A (0.1 % v/v formic acid and 10 mmol L1 ammonium formate in
water) and eluent B (acetonitrile). A gradient elution as follows was then
adopted to acquire the optimal chromatographic separation within a
reasonable run time: initial 90 % A, 2-10 min 90 %-10 % A, 10-11 min
10 % A, 11-12 min 10 %-90 % A, 12-13 min 90 % A. In the experiment,
it was found that there was a problem with the peak front, which is
speculated to be caused by the difference between sample solvent and
initial mobile phase. In order to solve the problem of the peak defor-
mation, the injection volume was reduced, which was set to 2, 3 and 5 pL
respectively, thereby eliminating the influence of initial difference be-
tween the sample solvent and the mobile phase. As shown in Fig. 1, the
improved peak shape was obtained when the injection volume was 2 pL,
and the peak response met the sensitivity requirements.

In dd-MS2 mode, the precursor ions of top N signals at a time point
were fragmented (Zhang et al., 2020). In this work, the value of N is
calculated by multiplying the loop count by the MSX count (N = 10). To
ensure that mass spectrum was collected, the dd-MS? analysis was per-
formed using the mass inclusion list and expected tg of the target ana-
lytes (Jia, Shi, Chu, Chang, Chen & Zhang, 2018). The precursor ions of
the top 10 signals including those in the inclusion list were sent to the
collision cell for fragmentation via the C-trap. Abundant fragments are
needed for structure derivation based on the mass spectrum. Generally,
mass spectrometry uses a collision energy for fragmentation. In order to
obtain the optimal MS/MS spectrum that contained abundant fragment
ions, the different NCE values were tested. Fig. S4 shows the mass
spectra of CPZSO with NCE in the range of 20-70. According to the
fragmentation of CPZSO, three collision energy levels (low, medium and
high) were selected. Finally, a three-step NCE fragmentation (20, 40 and
70) of the precursor ion was carried out in the dd-MS? mode. The
optimization of mass spectrometry conditions will facilitate the subse-
quent structure derivation of the hydrolysates and metabolites of CPZ.

3.2. Stability and hydrolysis conversion of chlorpromazine

When the standard solution of CPZ was tested, some of its metabo-
lites were detected in the HPLC-MS spectrum. Fig. S5 shows the
extracted ion chromatograms and corresponding peak areas of CPZ and
its metabolites in CPZ solution prepared with acetonitrile at 10 pg L2,
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Table 1
Identification parameters for CPZ and its metabolites.
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Compound Retention time Elemental composition Observed (m/z) Theoretical (m/z) Error (ppm) Fragment ions
(tr, min) (m/2)
CPZ 7.81 Cy7H19CIN,S 319.1036 319.1030 1.9 246.0135, 86.0970, 58.0660
7-HOCPZ 7.00 C17H;19CIN,0OS 335.0982 335.0979 0.9 262.0099, 86.0969, 58.0660
CPZSO 6.23 C17H;4CIN,0S 335.0984 335.0979 1.5 231.9986, 86.0969, 58.0660
DMCPZ 7.69 Cy6H;17CIN,S 305.0877 305.0874 1.0 246.0140, 214.0424, 72.0815
Pz 7.27 C17H20N,S 285.1424 285.1420 1.4 212.0535, 86.0970, 58.0660
CPZ-D6 7.81 Cy7H;13D6CINSS 325.1410 325.1406 1.2 214.0418, 92.1346, 64.1036
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Fig. 1. Comparison of the effect of different injection volumes (2, 3, 5 pL) on the peak shape of the target compounds. Note: a: CPZSO; b: 7-HOCPZ; c: PZ; d: DMCPZ;

e: CPZ. The concentration of each compound was 10 pg L.

Among them, CPZSO accounted for 2.13 % of the CPZ peak area. It may
come from impurities in the standard solution of CPZ or degradation
during storage. Previous studies have shown that CPZ is easily degraded
under light conditions and even completely degraded exposed to sun-
light in less of 4 h at room temperature, but it is relatively stable in
darkness (Jiménez et al., 2016; Trautwein & Kiimmerer, 2012). There
have been few studies on the effect of different conditions, such as pH
and temperature, on the degradation of CPZ. Therefore, this work
investigated the stability and hydrolysis conversion of CPZ at different
pH and temperatures in darkness. The pH and temperature conditions
set in this study referred to the NY/T1860.9-2016 (The Agricultural
Industry Standard of China, 2016).

The degradation of CPZ was investigated at different pH (4.0, 7.0,
9.0) and different temperatures (25 °C, 50 °C) using UHPLC-Q-Orbitrap
MS. As a result, only a slight decrease in CPZ concentration (10 %) was
observed within 35 days at 25 °C (Fig. 2a), indicating that CPZ has high
stability under normal temperature conditions. Moreover, the effect of
pH on the degradation of CPZ at room temperature was almost negli-
gible. In comparison, as shown in Fig. 2b, the degradation rate of CPZ in
PH 4.0 solution was 16.4 % after 5 days in a 50 °C water bath, while the
conversion was 99.9 % in both pH 7.0 and 9.0 solutions. The hydrolysis
products of CPZ in acidic solution were similar to those under other
conditions, except that the signal response was weak. Therefore, the
hydrolysis products of CPZ in pH 7.0 and pH 9.0 solutions at 50 °C were
analyzed and the structures were derived for retrospective tracing of
these products as potential risk components.

The molecular formulas of three main hydrolysis products were
recorded having m/z values of 335.0990 (M335-1, tg = 6.25), 335.0967
(M335-2, tg = 7.89), and 351.0940 (M351, tg = 6.43), through an
analysis by Compound Discoverer software. Their extracted ion chro-
matograms are shown in Fig. S6. The accurate mass of protonated

molecular ions of the parent CPZ (M) is 319.1039. For the accurate
masses of hydrolysis products, M+16 or M+32 were observed, sug-
gesting the occurrence of oxidation. The main transformation pathways
of CPZ reported in the literature are the oxygenation reactions at carbon,
sulfur, and nitrogen atoms (Trautwein et al., 2012). The characteristic
fragment ions of CPZ and its hydrolysis products were interpreted for
their structural elucidation according to the secondary mass spectra. The
mass spectra and fragmentation pathways of CPZ and its hydrolysis
products are shown in Fig. S7, and the corresponding identification
parameters are listed in Table S1. A similar fragmentation pathway was
achieved for CPZ and its hydrolysis products because of the similar
structures of these compounds. There were common fragment ions such
as m/z 246.0139 (C13HoCINS™), m/z 233.0060 (C;2HgCINS ™), m/z
86.0964 (CsH1oN™T) and m/z 58.0651 (C3HgN™). In the mass spectra of
M335-2 and M351, there was a common fragment ion of m/z 102.0913,
which is m/z 86.0964 (CsH;oN™) plus 16 (O). Thus, it was speculated
that M335-2 and M351 resulted from oxidation of the nitrogen atom
from N-oxidation processes. M335-1 (CPZSO) and M335-2 (NOCPZ)
were identified using reference standards. Based on accurate mass data
and mass spectrometry fragmentation, the possible structure of M351 is
sulfoxide-N-oxide form of CPZ (CPZ-sulfoxide-N-oxide).

The quantitative analysis of CPZ, CPZSO and NOCPZ in CPZ solution
prepared with pH 7.0 and pH 9.0 solutions at 50 °C showed that the
concentrations were 0.6-0.7, 55.9-89.8, and 31.3-55.8 ug L respec-
tively. The peak areas of CPZ-sulfoxide-N-oxide were 1.5 x 10%-1.9 x
108, which were more than 70 times that of CPZ. Toxic effects of CPZ and
its degradation products have been compared preliminarily. Jiménez
et al. (2016) studied the degradation of CPZ in river water and predicted
the possible toxicity of the identified degradation products by TEST
software (Toxicity Estimation Software Tool). The prediction results
suggested that NOCPZ, CPZSO and CPZ-sulfoxide-N-oxide were all more
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Fig. 2. The stability of CPZ (a, b) and CPZSO (c, d) at different pH (4.0, 7.0, 9.0) and different temperatures (25 °C, 50 °C). Note: a, c: Individual CPZ and CPZSO
solutions with a concentration of 1 mg L~! was stored at 25 °C for 0, 1, 5, 8, 14, 21 and 35 days; b, d: CPZ and CPZSO solutions with a concentration of 1 mg L~ ! was

stored at 25 °C and 50 °C for 5 days.

toxic than the parent drug CPZ. Arimi, Dillert, Drager & Bahnemann
(2019) further indicated that CPZSO is highly stable product of the
photocatalytic conversion and the main metabolite of CPZ. Therefore,
the stability of CPZSO was investigated under different pH and tem-
perature conditions. The results are shown in Fig. 2, and CPZSO is more
stable than CPZ at different pH and temperatures.

The purchased standard substance of NOCPZ is not pure enough for
the accurate quantitative determination, while the official standard
substance of CPZ-sulfoxide-N-oxide is commercially unavailable.
Therefore, this present proposal was mainly established for determina-
tion of CPZ and four major metabolites (CPZSO, 7-HOCPZ, DMCPZ and
PZ). Meanwhile, based on the proposed method, the raw data can be
retrospectively analyzed due to the excellent characteristics of HRMS,
and NOCPZ and CPZ-sulfoxide-N-oxide can be screened, and then
analyzed qualitatively and semi-quantitatively in real samples as
possible risk compounds.

3.3. Optimization of extraction procedure

The classical QUEChERS operation is that analytes of interest are
extracted with acetonitrile with or without buffering. The analytes are
partitioned in acetonitrile and aqueous fractions by salting out, and then
the extract is cleaned up by dispersion sorbent (Perestrelo et al., 2019).
The QuUEChERS method is originally suitable for samples such as fruit,

vegetables and other samples with high water content. In recent years,
the coverage range has been expanded by optimizing procedure, and it is
widely applied to some vegetables of troublesome matrices (Shen et al.,
2011), aquatic products (Cao et al., 2013), meats (Wei et al., 2015), etc.

The extraction efficiency of some hydrophobic veterinary drugs
using acetonitrile or acidified acetonitrile is poor due to the presence of
large amount of lipids in animal-derived foods. It has been reported that
the use of acetonitrile saturated with n-hexane can effectively improve
the extraction efficiency of hydrophobic drug residues because it could
penetrate through the adipose matrices better (Cao et al., 2013).
Therefore, this work investigated the recoveries of analytes when the
extraction solvents were acetonitrile and acetonitrile saturated with n-
hexane, respectively, to obtain the higher extraction efficiency. CPZ and
its metabolites were extracted from fish and pork samples at a spiked
level of 10 pg kg~ ! with acetonitrile and acetonitrile saturated with n-
hexane, respectively. As shown in Fig. 3a and Fig. 3b, the recoveries of
target compounds were in the range of 52 %-79 % when using aceto-
nitrile saturated with n-hexane, which were higher than that when using
acetonitrile (31 %-78 %). Thus, acetonitrile saturated with n-hexane
was selected as the extraction solvent throughout this study. The reason
for the seemingly low recoveries is that the extract was subsequently
cleaned by EMR-Lipid prior to analysis in order to protect the chro-
matographic column and apparatus. This cleaning procedure resulted in
low calculated recoveries of target compounds, mainly due to the
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Fig. 3. The recoveries of CPZ and its metabolites during the extraction procedure (a, b) and cleanup procedure (c), respectively. Note: The sample matrices were fish
(a) and pork (b) samples, respectively, and the extraction solvent was acetonitrile saturated with n-hexane (A) and acetonitrile (B). c: C18 and EMR-Lipid as

the sorbents.

variation in volume of extracts. However, the use of internal standard
method for quantitation would make up this impact.

3.4. Selection of modified QUEChERS sorbents

There are large amounts of proteins and lipids as well as other matrix
substances in animal-derived foods. These substances could be co-
extracted, interfering with the detection and reducing the service life
of the instrument accessories. The use of acetonitrile to extract the
analytes in QuUEChERS procedure reduced the extraction of protein.
Lipid removal is the focus of preparation in veterinary drug determi-
nation. Traditionally, a large amount of n-hexane is used to remove
lipids, but it is highly toxic and harmful to human health and environ-
ment. For QUEChERS operation, primary secondary amine (PSA), C18
and graphitized carbon black (GCB) are common sorbents for removal of
sample matrix co-extracts (Alvarez-Ruiz, Picé, Sadutto & Campo, 2021;
Perestrelo et al., 2019). Among them, C18 is mainly used to remove non-
polar compounds and has an effective ability to eliminate lipids. Pre-
vious studies have shown that C18 provided the optimal recovery for
CPZ (Reichert, Souza & Martins, 2019). The functional mechanisms of
EMR-Lipid are mainly size exclusion and hydrophobic interactions. Only
straight unbranched hydrocarbon chains (lipids) are selectively carried
into the EMR-Lipid material pores by size exclusion according to mo-
lecular size and shape, and then trapped by hydrophobic interaction and
hydrogen bonding, which are removed through centrifugation (Zhao,
Lucas, Long, Richter & Stevens, 2018; Anumol et al., 2017). In recent
years, it has been widely used in the preparation process of fatty foods
(Han, Matarrita, Sapozhnikova & Lehotay, 2016). To achieve a satis-
factory recovery of CPZ and its metabolites and increase the removal
effect for lipid, C18 and EMR-Lipid were compared as the sorbents.

The pork extract before sample cleanup was collected and then
prepared into a 5 pg L™} CPZ and its metabolites solution. Among them,
2 mL of the extract containing target compounds was added to C18 (400
mg) and 5 mL was added to EMR-Lipid (1 g) for cleanup to compare the
recoveries of CPZ, 7-HOCPZ, CPZSO, DMCPZ and PZ. EMR-Lipid was
first activated by adding 5 mL pure water before use. As shown in
Fig. 3¢, the recoveries of target compounds after using EMR-Lipid sor-
bent were in the range of 75 %-89 %, while the recoveries using C18
were only 44 %-76 %. Anumol et al. (2017) found that EMR-Lipid had
improved recovery results vs C18 for nine less polar tranquilizers. Luo
et al. (2019, 2020) compared the specific fragment ion (m/z 184) of
phosphatidylcholine and sphingomyelin in eggs in the total ion chro-
matogram after C18 and EMR-Lipid treatment, and the comparison of
the peak area of two lipids showed that the degreasing effect of EMR-

Lipid was more advantageous than that of C18. Therefore, compared
with C18, EMR-Lipid is more suitable sorbent for removing lipids and
obtaining satisfactory recovery.

3.5. Method validation

The proposed protocol was validated according to SANTE guidelines
by European Union (European Union, 2021). The following parameters
were determined: ME, linearity, LOQ, specificity, trueness and precision.

For the analysis of food samples, the detection signal is generally
suppressed or enhanced due to the complex matrix, which has a detri-
mental impact on the sensitivity, trueness and precision of a
chromatography-tandem mass spectrometry method. In this study, the
ME of fish and pork were evaluated and calculated by analyzing the
calibration curves of different concentrations of CPZ, 7-HOCPZ, CPZSO,
DMCPZ and PZ (0.2, 0.5, 1, 5, 10, 50, 100 and 200 pg L™Y) in solvent and
blank matrix extract. As shown in Table 2, the MEs in fish and pork were
0.9 %-20 % and —8% to 15 %, respectively. It is generally considered
that signal enhancement or suppression is acceptable if ME is above —20
% or below 20 % (Xu et al., 2021; Xian et al., 2019). In addition, this
present work also used an internal isotope standard to correct for the
influence of ME. Therefore, the solvent calibration curves were used for
quantification of the target analytes.

The isotope internal standard method is a very great strategy for
compensating for the recovery of analytes. In this study, the addition of
anhydrous sodium sulfate in the cleanup step of the sample preparation
led to uncertainty in the final volume of sample extract, which affected
the quantitative results. When the solvent calibration curve was used for
CPZSO quantification, the results met the recovery requirements. Thus,
the isotope internal standard calibration curves were used for quantifi-
cation of CPZ, 7-HOCPZ, DMCPZ and PZ, except for CPZSO. The line-
arity was evaluated by different calibration curves at eight
concentrations levels from 0.2 to 200 pg L1(0.2,0.5,1, 5, 10, 50, 100
and 200 pg L) for CPZ and its metabolites with the isotopic internal
standard CPZ-D6 at 5 pg L™1. The correlation coefficients (R?) of the
calibration curves exceeded 0.999, indicating that the detection
requirement of the instrument was met in this concentration range. The
method linearity used LOQ as the lowest point of calibration curve, and
the results showed that the linear range of the method was 2-400 pg
kg~! and 1-400 pg kg~! in fish and pork, respectively. The linear
equations and R? are listed in Table 52, and satisfactory linearity with R
over 0.999 was achieved for all target analytes.

In general, LOQ of a method is determined as the lowest quantifiable
concentrations of an analyte in matrix samples with signal-to-noise ratio
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Table 2
Recoveries, RSDs, MEs and LOQs obtained for CPZ and its metabolites in fish and pork matrices.
Compound  Fish Pork
Spiked Recoveries Precision (RSDs, %) MEs LOQs (ng Spiked Recoveries Precision (RSDs, %) MEs LOQs (ug
level % - % kg! level % - % kg!
(evek -1 (%) Intra-day Intro-day (%) &) (evek -1 %) Intra-day Intro-day (%) &)
ne e =5  @=3 ne k8 m=5  @=3
CPZ 2 98 17 2 1 2.0 1 109 4 7 3 1.0
5 95 8 11 100 2 9
10 99 15 5 10 107 3 1
CPZSO 2 92 14 10 1 2.0 1 78 10 3 -8 1.0
83 72 8 2
10 76 6 2 10 80 9 6
7-HOCPZ 2 85 15 13 14 2.0 1 105 11 7 0.8 1.0
99 3 10 107 4 0.2
10 100 8 8 10 100 2 6
DMCPZ 2 73 18 2 0.9 2.0 1 83 8 3 -8 1.0
84 10 8 81 7 13
10 82 11 8 10 86 11
PZ 2 103 6 15 20 2.0 1 115 8 3 15 1.0
103 7 14 117 10 6
10 107 8 9 10 117 6 7

Isotope-labelled internal standard was used, except for CPZSO. Spiked level of CPZ-D6 at 10 pg kg~ .

(S/N) of 10. However, the S/N ratios of analytes are infinite due to the
extremely low noise in extracted ion chromatograms of UHPLC-Q-
Orbitrap MS. Therefore, LOQs were defined as the minimum spiked
level for which provided satisfactory recovery and repeatability. As
shown in Table 2, LOQs for CPZ and its metabolites were 2.0 pg kg ™' in
fish samples and 1.0 pg kg™! in pork samples.

The method trueness and precision were validated using recovery
and RSD, respectively. For pesticides and veterinary drugs without
specified MRL, the European Union generally requires that the MRL of
drugs is less than 10 pg kg™'. Therefore, the concentrations for evalu-
ating the recoveries were set to 1, 5, and 10 pg kg~?, just as the pork in
this experiment. However, because the spike level of 1 pg kg™! in fish
samples was below the LOQ and then the recoveries of the target com-
pounds were low and meaningless, 2, 5 and 10 pg kg~ were chosen as
the final spiked levels. Table 2 shows the recoveries of CPZ and its
metabolites in fish and pork matrices, which fell into satisfactory range
(72 %-117 %). The RSDs of CPZ and its metabolites ranged from 0.2 %
to 18 % for the intra- and inter-day precisions. These results indicated
that the developed method was accurate and repeatable. Compared with
the reported methods, the proposed method was applied with more
complex matrices (Nishimura et al., 2019; Beloti et al., 2019) and more
comprehensive metabolites (Cheng et al., 2018), and the most inter-
esting merit is that the raw data of this work was retroactive, and the risk
compounds related to CPZ could be retrospectively analyzed.

3.6. Real samples analysis

The developed method was applied to determine CPZ and its me-
tabolites (CPZSO, 7-HOCPZ, DMCPZ and PZ), and screen NOCPZ and
CPZ-sulfoxide-N-oxide, in 40 animal-derived food samples (including 10
fish, 10 pork, 10 beef and 10 mutton samples). These animal-derived
food samples were collected from markets. Nunez, Lehotay & Geis-
Asteggiante (2015) selected three product ions for characterization to
monitor > 130 veterinary drugs in food animal tissues. Therefore, the
identification criteria for CPZ and its metabolites were set as precursors
with accurate mass errors within + 5 ppm, the presence of at least three
abundant product ions, and tg within + 0.1 min. As a result, CPZ and its
metabolites were detected in only one pork sample, and the extracted
ion chromatograms are shown in Fig. 4. Among them, the residue

contents of CPZ and CPZSO were over LOQs, which were 8.4 + 1.2 and
3.1 £ 0.7 pg kg%, respectively. The residue contents of DMCPZ and PZ
were below LOQs. 7-HOCPZ, NOCPZ and CPZ-sulfoxide-N-oxide were
not detected. The results met the identification criteria in accordance
with SANTE/11312/2021.

4. Conclusions

In this work, a novel method was proposed and validated firstly for
identification and determination of CPZ and its four major metabolites
in animal-derived foods using UHPLC-Q-Orbitrap MS combining
QUuEChERS preparation method. The structures of the hydrolysates of
CPZ were clarified based on HRMS, which were mainly converted into
oxidation products, such as CPZSO, NOCPZ and CPZ-sulfoxide-N-oxide,
which were also screened as the potential risk compounds in fish, pork,
beef and mutton samples. The most interesting merit is that the raw data
of this work was retroactive, and the risk compounds related to CPZ
could be retrospectively analyzed. In conclusion, this developed method
with good linearity, specificity, trueness, precision and sensitivity pos-
sesses great potential for simultaneous determination and screening of
risk compounds related to CPZ in animal-derived foods, suggesting its
promising applicability for analysis of real samples.
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Fig. 4. The extracted ion chromatograms of CPZ and its metabolites in different samples. (a) fish matrix-matched standard solution at 5 pg L’l; (b) blank fish sample;
(c) pork matrix-matched standard solution at 5 pg L% (d) blank pork sample; (e) real positive pork sample.
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