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Abstract

[ Objectives | The paper was to establish an ultra high performance liquid chromatography-quadrupole/linear ion trap complex mass

spectrometry for the determination of 10 kinds of a,-receptor agonists in animal derived food. [ Methods] The samples were extracted with so-

dium carbonate buffer solution and ethyl acetate, and analyzed by mass spectrometry after solid phase extraction and high performance liquid

chromatography separation. [ Results] Ten kinds of a,-receptor agonists showed a good linear relationship in the range of 1 —100 wg/mL, with

the average recovery of over 69% and the relative standard deviation less than 8.32% . The detection limit of 10 kinds of «,-receptor agonists

was up to 1 pg/kg. [ Conclusions] The method has good selectivity and strong anti-interference ability, and can meet the requirements of 10

kinds of a,-receptor agonists residues in animal derived food.

Key words Animal derived food; a,-receptor agonist; Solid-phase extraction; Ultra-high performance liquid phase-triple quadrupole/linear

ion trap composite mass spectrometry

1 Introduction
Alpha-2 receptor agonists have many effects on humans, and some
of these drugs have specific affinity for a,-receptors and can be used

1 .
: ]; some q,-receplor agonists are spe-

to treat human hypertension
cific to shock, analgesia, anti-anxiety, anti-sympathia and mild re-
spiratory depression'’ ; some are used to enhance animal growth and

3 .
7. some can be used to treat diseases

improve ketone body tissue
such as increased skeletal muscle tone, myospasm and myotonia
caused by brain and spinal cord injury, cerebral hemorrhage, en-
cephalitis and multiple sclerosis'®’; others are neurostimulants,
which can excite the feeding center and cause hunger, thus making
the animal gain weight and promoting food intake"'. a,-receptor
agonists have been used as a new type of drugs that can promote
growth and increase lean meat rate. The use of such drugs is also
gradually attracting attention, and there is a trend of illegal use in
the feed industry. The previous research on such drugs is more re-
flected in the field of medicine, and there are relatively few research
reports in the field of animal food. The lack of detection standards
for this type of drug in animal derived foods is likely to constitute a
blind spot in food safety monitoring'®’. Hence, it is of great signifi-
cance to study the detection methods of ,-receptor agonist drugs in
the field of food.

Liquid chromatography-tandem mass spectrometry (LC/MS)7 =
and high performance liquid chromatography ( HPLC)™ are the
major existing methods for the detection of «,-receptor agonists.
LC/MS has been widely used in drug residue detection because of
its better anti-interference ability and higher sensitivity than

HPLC. In this test, ultra high performance liquid chromatography-
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triple quadrupole/composite linear ion trap mass spectrometry was
adopted. This method established a rapid quantitative method for
the determination of 10 kinds of «,-receptor agonists residues in
animal derived foods by combining the advantages of conventional
tandem quadrupole and time-of-flight mass spectrometry, and pre-
setting multiple reaction monitoring (MRM) , information depend-
ent acquisition (IDA) and enhanced product ion (EPI) advanced
collection mode, which can more efficiently remove matrix inter-
ference and exclude false positives. The method has been gradual-
ly applied to various fields with good application effects, and can
be applied to the detection of a,-receptor agonists residues in ani-

mal derived foods.

2 Materials and methods
2.1 Materials
2.1.1

mel; sodium bicarbonate ( analytically pure), Kermel; formic

Reagents. Sodium carbonate ( analytically pure), Ker-

acid ( chromatographically pure ), Merck ( USA); acetonitrile
( chromatographically pure), Merck (USA); methanol (analyti-
cally pure), Kermel; ammonia ( analytically pure), Kermel;
ethyl acetate ( chromatographically pure), Merck (USA); MCX
(mixed cation exchange column) solid phase extraction column,
60 mg/3 ml, Waters (USA).

2.1.2
composite linear ion trap mass spectrometer, AB SCIEX (USA) ;
LC-30AD high performance liquid chromatograph, Shimadzu (Ja-

pan) ; ultrapure water machine, Sartorius ( Germany); E-916

Instruments and equipments. 4500 Triple quadrupole/

parallel evaporator, Buchi ( Switzerland) ; solid phase extraction
device, Agilent (USA).

2.2 Methods

2.2.1 Sample pretreatment. The samples were commercially

available chicken and pork; 2 g samples were loaded into a centri-
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fuge tube, then added with 5 mL of 1 mol/L sodium bicarbonate
solution —1 mol/L sodium bicarbonate solution (9 +1) by sha-
king, and added with 10 mL of ethyl acetate to fully shake and ex-
tract for 5 min. After centrifuged at 8 000 r/min for 5 min, the
supernatant was transferred to a parallel evaporation bottle, and
the lower solution was extracted again with 10 mL of ethyl acetate.
Two exiracts were merged and dried by parallel steaming at 55 °C ,
and 4.0 mL of formic acid-acetonitrile was added to dissolve the
residue for later purification.

2.2.2  Sample purification. The MCX solid phase extraction col-
umn was successively activated with 3 mL of methanol and 3 mL of
water. The extracting solution was passed through the activated
solid phase extraction column and completely discarded, and the
column was eluted with 3 mL of water and 3 mL of methanol. Af-
terwards, the solid phase extraction column was drained under air
and eluted with 3 mL of 5% ammonia/methanol water. The eluent
was collected in a glass test tube and blow-dried with nitrogen at
55 °C. The residue was dissolved in 1 mL of 0.2% formic acid-
acetonitrile solution (8 +2), filtered, and tested.

2.2.3 Chromatographic condition. Column; HILIC Plus, 2.1 mm x
100 mm, 3.5 pwm; mobile phase A: 0.1% formic acid water, mo-
bile phase B: acetonitrile; flow rate; 0.4 mL/min; column tem-
perature: 35 °C ; injection volume: 10 pL. The elution gradient is

shown in Table 1.

Table 1 Mobile phase gradient elution

Time // min A/ % B//%
0 90 10
3.00 90 10
4.00 70 30
4.50 70 30
5.00 10 90
6.00 10 90
6.10 90 10
6.50 90 10

2.2.4 MS conditions. Electrospray ionization ( ESI), positive
ion scanning; scanning mode: multiple reaction monitoring-infor-
mation-dependent acquisition-enhanced product ion ( RM-IDA-
EPI). The characteristic ions are shown in Table 2. Curtain gas
(CUR), 25 psi; ion source gas 1 (GS1), 55 psi; ion source gas
2 (GS2), 55 psi; ion spray voltage (IS), 5500 V; collision gas
(CAD), high; temperature (TEM), 550 °C; IDA conditional
trigger threshold: 5 000 cps. The mass parameters of 10 kinds of
o, -receptor agonists are shown in Table 2.

2.2.5 Formulation of standard curve. The blank sample matrix
was selected for simultaneous pre-treatment, and the blank sample
extract was used as the solvent to prepare the standard working lig-
uid with the concentrations of 0.5, 1.0, 2.0, 5.0, 10.0, 20.0,
50.0, 100.0 wg/L, respectively. The standard curve of the corre-

sponding matrix was plotted.

3 Results and analysis
3.1 Optimization of sample extraction Since ethyl acetate is
used as the extraction solvent for most a,-receptor agonists, sodium

Table 2 Mass parameters of 10 kinds of «,-receptor agonists

Compound . Mother .Daughter Cone Collision
ion //m/z ion //m/z voltage // V energy // eV

Guanabenz 231.0 172.0 75 30
85.0 25
Prazosin 384.0 384.0 130 30
Brimonidine 292.4 212.3 100 40
170.2 50
Clonidine 230.0 213.0 90 35
160.2 42
Xylazine 221.2 90.2 80 25
164.3 35
Terazosin 388.0 290.2 80 35
247.2 40
Tizanidine 254.1 4.1 90 35
210.2 40
Rilmenidine 181.1 95.1 50 20
67.1 30
Medetomidine 201.0 94.9 80 45
68.2 45
Cyproheptadine 288.1 191.1 110 40
96.2 35

carbonate buffer and ethyl acetate were selected for liquid-liquid
stratification in this test, and a,-receptor agonists in samples were
extracted by ethyl acetate. The experimental results showed that
the method could effectively extract a,-receptor agonists from ani-
mal derived food, with a recovery rate of over 69% .

3.2 Optimization of chromatographic conditions In this test,
Agilent SB-Aq (100 mm x 2.1 mm, 2.1 um) column, HILIC
Plus (2.1 mm x 100 mm, 3.5 um) column, SB-Aq (2.1 mm X
50 mm, 2.7 wm) column were attempted. By comparing the mass
spectra, it was found that most compounds from SB-Aq (100 mm x
2.1 mm, 2.1 pm) and SB-Aq (2.1 mm x50 mm, 2.7 pm) col-
umns had double peaks or double peak tips, with high baseline
noise, which reduced the sensitivity. The mass spectrum obtained
from HILIC Plus (2.1 mm x 100 mm, 3.5 pwm) chromatographic
column had sharper peak, with lower baseline noise, which im-
proved the sensitivity. Therefore, HILIC Plus (2.1 mm x 100 mm,
3.5 wm) chromatographic column was selected in this test. The
chromatographic diagram of each target object is shown in Fig. 1.
3.3 Choice of internal standard method and external stand-
ard method
and external standard method. D,-clonidine, *H,-medetomidine

In this test, we compared internal standard method

and Dg-xylazine were selected in internal standard method. Con-
sidering the quantitative results, the recoveries obtained by inter-
nal standard method and external standard method were basically
the same. Taking chicken as an example, the recoveries obtained
by internal standard method and external standard method are
shown in Table 3. Considering the qualitative results, the MRM-
IDA-EPI collection mode was selected in this test, which could
collect all secondary fragment information of the target compound
and establish the information spectrum database of the target com-
pound. This technology further compared all the daughter ion in-
formation, conducted qualitative analysis through IDA collection
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Fig.1 MRM chromatogram of 10 kinds of o, -receptor agonists

mode, and performed quantitative analysis through MRM collec-
tion mode. On the basis of MRM, the secondary daughter ions of
positive samples were analyzed and confirmed, and the quantita-
tive and qualitative data were obtained simultaneously after one

sample injection, to search and confirm the spectral database and

Xylazine; d. Clonidine; e.

Intensity Il x 10

-10 1 1 1 1 1 1 J

Time Il min

Guanabenz; f. Tizanidine; g. Cyproheptadine; h. Brimonidine; i. Prazosin;

rule out false positive results. Compared with MRM mode, it had
stronger selectivity and improved qualitative ability. Compared to
the internal standard method, the external standard method is
more economical and practical,, and ensures the qualitative accura-
cy as well as the quantitative accuracy.

Table 3 Comparison of recoveries of ten kinds of «,-receptor agonists in chicken by internal standard method and external standard method

Compound Additive Internal standard External standard Additive Internal standard External standard
amount 1// wg/kg method // % method // % amount 2 // wg/kg method // % method // %
Guanabenz 1 86.62 109.32 10 86.13 83.14
Prazosin 1 81.87 102. 60 10 82.40 109. 67
Brimonidine 1 94.40 95.82 10 95.64 98.43
Clonidine 1 99.23 91.58 10 108.27 102. 85
Xylazine 1 73.15 100. 71 10 70.24 104. 84
Terazosin 1 105.77 84.54 10 108.13 101. 14
Tizanidine 1 98.53 105.06 10 98.78 102.36
Rilmenidine 1 99.12 86.59 10 104.49 97.75
Medetomidine 1 102.54 102.38 10 74.51 107. 16
Cyproheptadine 1 86.62 109.32 10 86.65 89.55

3.4 Selection of solid phase extraction column In this test,
three kinds of solid phase extraction columns (Waters MCX solid
phase extraction column 60 mg/3 mL, Waters MCX solid phase
extraction column 200 mg/6 mL and Agilent PCX solid phase ex-
traction column 60 mg/3 mL) were selected to compare the recov-
eries of chicken and pork with additive amounts of 1 and 10 pg/kg.

The recovery rate of PCX solid phase extraction column was rela-

tively low, while that of two MCX specifications was basically the
same. Considering the economic property, the Waters MCX solid
phase extraction column 60 mg/3 mL was selected in this test. The
recoveries of three solid phase extraction columns are shown in

Table 4.
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Table 4 Comparison of recoveries of three solid phase extraction col-

umns %
Additive amount //10 pg/kg
Compound MCX MCX PCX
60 mg/3 mL 200 mg/6 mL 60 mg/3 mL
Guanabenz 83.14 86.13 78.38
Prazosin 109. 67 82.40 88.06
Brimonidine 98.43 95.64 70.26
Clonidine 102. 85 108.27 81.91
Xylazine 104. 84 90.24 76.74
Terazosin 101. 14 108. 13 87.75
Tizanidine 102. 36 98.78 85.48
Rilmenidine 97.75 104.49 69.77
Medetomidine 107. 16 94.51 72.28
Cyproheptadine 89.55 86.65 75.27

3.5 Standard curve
determined by ultra high performance liquid chromatography-qua-

The mixed standard working liquid was

drupole/linear ion trap complex mass spectrometry. Ten kinds of
o, -receptor agonists showed good linear relationship in the range of
0.5 -100 pg/L. The linear equations and correlation coefficients
are shown in Table 5. As shown in Table 5, the correlation coeffi-
cients of 10 kinds of «,-receptor agonists were all greater than
0.992 in the range of 0.5 - 100 pg/L.

3.6 Precision and recovery
were selected as test objects, and the standard test was carried out

In this test, chicken and pork

according to the conditions determined by the experimental meth-

od. When the additive amount was 0.5 pg/kg, although the sig-
nal-to-noise ratio (S/N) of 10 kinds of ,-receptor agonists was
greater than 3, it was difficult to make qualitative judgment due to
large noise. When the additive amount was 1 pg/kg, the method
could better qualitatively analyze the samples, with good recovery
and stability. The experimental results showed that the recovery of
the method was greater than 69% . Repeatability tests were per-
formed 6 times for each concentration. The results showed that the
relative standard deviation of 10 kinds of «,-receptor agonists in
animal derived foods determined by this method was less than
8.32% , and the test had good accuracy and precision. The recov-
eries and precision of 10 kinds of «,-receptor agonists are dis-

played in Table 6.

Table 5 Regressions and correlation coefficients of 10 kinds of «,-recep-
tor agonists

Compound Linear equation Correlation coefficient
Guanabenz y=25611.075 98 x +3 988.875 23 0.997 73
Prazosin y=1.232 87¢° x +9.056 01¢° 0.992 50
Brimonidine y =3 106. 628 81 x +1 334.869 07 0.998 25
Clonidine y=5615.569 77 x +6 293.075 57 0.996 11
Xylazine y =4.122 49¢* x -5 511.350 00 0.996 70
Terazosin y =4.212 57¢* x +5 446.330 53 0.997 73
Tizanidine y =10 916.210 22 x +2 308.912 19 0.998 30
Rilmenidine y=1.233 18¢° x + 14 277.520 39 0.997 58
Medetomidine  y =6. 656 54e* x +7 378.395 41 0.998 18
Cyproheptadine y =3.073 77¢* x —568.375 33 0.998 64

Table 6 Recoveries and precision of 10 kinds of o, -receptor agonists (n =6, % )

Chicken//1 ng/kg

Chicken /10 wg/kg

Pork //1 pg/kg Pork //10 wg/kg

Compound Average recovery Precision Average recovery Precision Average recovery Precision Average recovery  Precision
Guanabenz 107.40 8.32 69.28 3.55 76.62 6.77 76.13 4.33
Prazosin 87.13 6.67 73.11 4.02 81.87 7.21 81.20 4.02
Brimonidine 98.01 5.01 98.43 1.64 94.40 5.06 95.64 3.19
Clonidine 94.87 4.66 102. 85 5.96 99.23 4.98 98.27 2.61
Xylazine 93.71 6.89 104. 84 2.27 73.15 6.45 70.24 5.44
Terazosin 89.41 7.98 91.14 7.01 95.77 7.21 83.13 6.19
Tizanidine 86.77 7.46 92.36 6.11 98.53 8.06 98.78 5.52
Rilmenidine 92.09 1.96 97.75 2.58 99.12 7.70 104.49 4.26
Medetomidine 82.18 6.78 97.16 4.31 82.54 2.09 74.51 5.17
Cyproheptadine 80.93 4.48 89.55 3.64 62.54 7.01 99.13 4.78

4 Conclusions

In this test, an ultra high performance liquid chromatography-qua-
drupole/linear ion trap complex mass spectrometry was established
to determine 10 kinds of «,-receptor agonists in animal derived
food. This method has the advantages of high sensitivity of conven-
tional tandem quadrupole mass spectrometry and full scanning ac-
curacy and qualitativeness of time-of-flight mass spectrometry. By
conducting standard test on chicken and pork samples, it is found
that the method has good accuracy, high precision and more accu-

rate qualitative ability, with the detection limit up to 1 wg/kg, and

has certain practical application.
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replaced by other measures. However, there are chemical residues
of products and environmental pollution and other problems in
chemical control, so it is necessary to follow the guidelines for
pesticide use and the relevant production technical regulations of
vegetables, select high-efficiency, low-toxicity, low-residue pesti-
cide varieties and use rationally, to reduce pesticide residues in
vegetables.

6.1 Application method of pesticides There are three main
application methods of pesticides: vegetable treatment, seedling
treatment and soil treatment.

6.1. 1

clude mist spray, powder spray and fumigation. Mist spray is a

Vegetable treatment. Vegetable treatment methods in-

method of diluting the pesticide with water to a certain concentra-
tion and spraying it with a sprayer, featured by less pesticide con-
sumption and good efficacy. Powder spray is the application meth-
od of powder pesticide by a duster, suitable for the areas lacking
water. The method is characterized by high efficacy and no con-
sumption of water, but has the disadvantages of large dosage, se-
vere drift loss and serious environment pollution. Fumigation is a
method of controlling diseases and pests by using chemical volatil-
ization, suitable for disease and pest control in greenhouse, seed-
ling bed and soil. The method is featured by high efficacy, fast
action and no water consumption, but has high requirements for
application technique and safety protection.

6.1.2 Seedling treatment. Seedling treatment methods mainly
include soaking, mixing, smothering, spraying, fumigation and so
on. The treatment concentration, time and method mainly depend
on the control object.

6.1.3

spraying, watering, soil poisoning and injection, etc. , which are

Soil treatment. Soil treatment methods mainly include

used for soil disease and pest control in seedbeds, root circumfer-
ence, elc.

6.2 Rational use of pesticides Rational use of pesticides is

sc0@cC

nese).
GONG B, WANG J, DONG WT, et al. Determination of seven kinds of o

agonists residues in Pig urine by ultra high performance liquid chromatog-

(7]

raphy tandem mass spectrometry[ J]. Chinese Journal of Veterinary Drug,
2023, 57(7): 16 =24. (in Chinese).

CHEN DP, WANG XR, YANG L, et al. Determination of five kinds of
a,-Agonists in pork liver by high performance liquid chromatography-tan-
dem mass spectrometry [ J]. Shandong Chemical Industry, 2021, 50
(12): 100 =102. (in Chinese).

WU JP, ZHANG X, GU X, et al. Determination of cyproheptadine hydro-
chloride and clonidine hydrochloride in high-performance liquid chroma-

tography[ J]. China Feed, 2014(13) : 33 =36. (in Chinese).

(8]
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the key to solve the 3R ( resistance, resurgence and residue )
problem in chemical control. Rational use of pesticides mainly in-
cludes rational selection of pesticides, mixing and rotation of pes-
ticides and safe use of pesticides. (i) Rational selection of pesti-
cides. Diseases and pests or individuals at different developmental
stages have varying toxicity reactions to the agent because of their
biological characteristics and living habits, so appropriate pesti-
cide varieties should be selected according to the control objects
and development stages in production. (ii) Mixing and rotation of
pesticides. The combination or rotation of two or more pesticides
can delay the development of disease and pest resistance while
playing the role of quick effect and increasing efficiency. (iii)
Safe use of pesticides. The use of pesticides must be targeted at
different vegetable varieties, and appropriate pesticide types, con-
centrations and periods should be selected rationally. Highly toxic
and high-residue pesticides are strictly prohibited in production,
and the amount of pesticide residues and safety intervals are strict-

ly controlled to avoid human and animal poisoning.
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