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Quantification of Anticougulants in Equine Feed Using Liquid
Chromatography-Tandem Mass Spectrometry

GAO Zhao,ZHANG Yi-nong
(China Antidoping Agency ,General Adiministrtion of Sport of China ,Beijing 100029, China)

Abstract; A fast screening and simultaneous determination method of four Coumarin-type
and one indandione anticoagulants in equine feed was established using LC-MS/MS coupled
with solid phase extraction. The fragmentation pathways were studied according to the
characteristic fragment ions under electrospray ionization. Due to the weak acidity of the
drugs, samples were first infiltrated and deproteinized with methanol, then enriched by sol-
id-phase extraction (SPE) using a MCX cartridge after extracted with 0. 02 mol/L NaOH.
Detection was performed on a mass spectrometer by negative electrospray ionization (ESI)
in multiple reaction monitoring (MRM) mode in five different time segment except for cou-
marin with positive mode to achieve simultaneously quantitative analysis of five anticoagu-
lants. The limits of detection are 10 ng/g for dicoumarin and warfarin, 4 ng/g for acenocou-
marin and coumarin, 15 ng/g for penidione. Limits of quantitation are as low as 10—40

ng/g and the intra-day and inter-day relative standard deviations (RSD) are less than
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8.63%and 10. 20% , respectively.
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(Interna- ; : Waters ;
tional Equestrian Federation, FEI) Milli-Q . Millipore R
b, (dicoumarin) (I1S) .
, ; (aceno-
coumarin) . (phenidione)
(warfarin) | (coumarin) ;
0. 07 , , 1g/L
mg/kg"!, ,
, o . . ( )
, ; N ( )
- (LC-MS/MS) S ; ( ) Baker ;
HPLC-MS/MS . MCX (150 mg): Waters
[5] 3 )
. HPLC-MS/MS 1.2.1 : Zorbax SB
s Cis (2.1 mm X100 mm X 3.5 um); 30
, C; 2.5 mL/min; A.10 mmol/L
o 3 B. ;
320 C; 12 L/min; 2.794
1 X10° Paj :3 500 V(+)/3 000V
1.1 (—); .0~2 min.20% B,2~10
Agilent 6410LC-MS/MS (1200binary ~ min,20~28%B,10~10. 01 min,28% ~90%B;
,6410/2k-A ). 10. 01~15 min,90%B;Post run:6 min;
Agilent ; : Sigma 10 L, 5 MRM
; : Scientific Industry 1.
1 MRM 5

Table 1 The optimized conditions of MRM detection for five anticoagulants

/ / / / / /

(m/z) (m/2) eV (m/=2) eV /V /ms
221.1 193.1 25 164.9 30 160 1 (—)/200
147.1 91.0 24 102.9 15 95 3 (+)/200
335.1 161.1 16 117.0 40 80 5 (—)/200
307.1 161.1 10 250.1 15 130 2 (—)/200
352.0 265.1 25 295.1 15 150 2 (—)/200

(IS) 287.0 171.0 30 140 4 (—)/200
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1.2.2 (1.00+0.02) g Oasis MCX (150 mg/6 mL)
50 mL , 100 ( 6 mL .6 mL ) )
pL 1 pg/L R 1 h 1 mL .5 mL
4.0 mL ) 2 min 20 min, , ., 5mL 15%
9 000 r/min (—4°C ) 10 min, ,20 mm Hg 3 min, 5 mL
50 mL , V( ) = V( )=5:1 o
16 mL 0. 02 mol/mL NaOH , 50 C s 400 uL V
5 min , 2 ( )V H)=1:1 o
10 L pH 4, 5
2 min 4 000 r/min 5 min, 1,
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Fig. 1 The extracted ion chromatography of all drugs at the level of lower limit of quantification
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, (V( )y V()=
1:1), (V( )V H)=1:1)
(V( Yy V(e H)=1:1) ,
2.2
[7-11] i
) 012] D
i A'ATRERTN
., VI )
V( )=4:1
, 2% V( )+ V(
)+ V( )=51:4:1
(
),
0. 02 mol/LNaOH
5 ,
Qasis MAX , 2% ,
,  HCIO, pH ,
Oasis MCX Qasis HLB
R HLB
;s MCX V(
)+ V( )=5:1 .5
s MCX
R 1.2.2 o
2.3
2.3.1 6
(1.0040.02) g 50 mL

s 100 uL 1 mg/L

b ’

10,20,40,100, 200,
500 ng/g; ,
20,40.,80,200,500,800 ng/g;
40.80,200,400,800,1 000 ng/g

o 1h 1.2.2

2,

10 (S/N=10)

, 20
(S/N=20)
’ 15 ng/gv
40 ng/g;
4 ng/g, 10 ng/g;
10 ng/g., 20 ng/g; b

1,

2 5 ,

Table 2 Linear range, correlation coefficient of

calibration curves and LOQ of five drugs

/
/

) (ng/g)

y=7.952 7x+0.100 9 0.995 1 40
y=3.915 1240.002 2 0.996 8 10
y=0.719 02+0.008 9 0.998 7 20
y=06.543 0x+0.650 3 0.996 4 10

y=2.509 8x+0.167 9 0.9957 20

2.3.2 ,
CoL 3
, 5 :
QC ,
(1.00£0.02) g, ’ 1.2.2
.50 C : 400 uL V(
)V )=1:1
: ( 5
),
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) 3, 5 3 5
N 3 s Table 3 The relative recoveries of
. five drugs in feed (n=5)
5 /(ng/g) /%
. , 60 60.349.9
, 4, 300 62.8+6.7
2.4 900 77.1£5.0
_ 15 91.247.8
° 80 74.3%5.3
2~6,
200 75.7£6.9
m/= 161. 1 30 62.5+12.4
. 40 eV 100 73.245.1
CO m/z 117. 0 . 500 72.344.4
2 , CcO 15 76.446.9
m/z 193. 1 m/z 164.9 , 80 78.7+5.7
35 eV m/z 145.0 200 86.516.2
, 40 eV 30 78.3£6.4
m/z 117.0 , CsH, 100 09.2:5.7
CO . 500 76.9+8.2
4 5
Table 4 Inter-day and intra-day assay accuracy
and precision data for five drugs
/(ng/g) /(ng/g) (n=5)/% (n=5)/% (n=5)/%
60 64.4+2.2 7.31 2. 60 3.42
300 305.347.5 1.79 2.49 3.11
900 912.9450.1 1.33 5.56 7.85
15 16.3+1.3 8.59 8.63 8.92
80 82.5+6.5 3.12 8. 11 8.23
200 193.0+10. 2 —3.50 5.08 6. 04
30 27.5+1.1 —8.33 3.51 4,13
100 107.9+2.6 7.90 2.57 8.75
500 485.8417.3 —4. 84 3.47 4.91
15 15.74+1.3 4.59 7.09 9.12
80 84.6+3.1 5.75 3.93 5.33
200 191.0+12.2 —4.50 6.12 8.92
30 32.842.0 9.33 6.22 10. 20
100 95.1+8.4 —5.15 8. 41 9.24
500 487.14+22.8 —2.64 4.67 6.58
m/z 250. 1 o
, y CO  CO,
25 eV m/z 161.1 , m/z 91.0 102.9

40 eV m/z 117.0
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Fig.2 Possible fragmentation pathway of dicoumarin
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Fig. 4 Possible fragmentation pathway of warfarin
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Fig. 6 Possible fragmentation pathway

of acenocoumarin
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Fig.3 Possible fragmentation pathway of phenidione
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Fig.5 Possible fragmentation pathway of counarin
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