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Determination of Theophylline Residues in Racehorse Serum and Urine by Liquid-mass-isotope Internal
Standard Method

SONG Xiaoxia®®, BAI Yuting®®, XIUREN Gaowa™®, MAO Wei**°, SIQIN Tana*‘, LI Peifeng®, CAO Jinshan®*"
(Inner Mongolia Agricultural University, a.Equine Anti-doping Laboratory, b.College of Veterinary Medicine, c.Key Laboratory
of Clinical Diagnosis and Treatment Technology in Animal Disease, Ministry Agriculture and Rural Affairs, P. R. China,
d.College of Science, Hohhot 010018, China)

ABSTRACT: OBJECTIVE To establish a method for the determination of theophylline residues in racehorse serum and urine
by liquid-mass-isotope internal standard method. METHODS The strong cation exchange solid phase extraction was used to
extract theophylline combined 6D-theophylline as internal standard. The Poroshell 120 SB-Cis(2.1 mmx50 mm, 2.7 um) was
chosen, with 0.1% formic acid(containing 5 mmol-L™' ammonium formate)-0.1% formic acid acetonitrile by gradient elution.
The flow rate was 0.4 mL-min~'. Electrospray source(ESI) ion source was used. Multi-reaction positive mode was used and ion
pair of 181.1>124.1, 96.0 m/z and 187.1>126.9, 99.0 m/z were used for qualitative of theophylline and internal standard
respectively. RESULTS  Waters Oasis PRIME MCX 3CC/60 mg solid phase extraction column was optimal. The
concentrations of serum and urine ranged 1.00-100.00 ng'mL"" and 2.50-100.00 ng-mL~" had a good linear relationship with the
peak area(r? were 0.999 9 and 0.999 6, respectively). The detection limits were 0.30, 0.75 ng-mL~', and the quantitative limits
were 1.00, 2.50 ng'-mL"!. The relative recoveries were 98.93%-114.49% and 94.85%-116.25%, respectively. The intra-batch
precision RSD was<3.81%, and the inter-batch precision RSD was <15.53%. The serum matrix had a strong inhibitory effect
on theophylline, and the inhibition effect of urine was weak. CONCLUSION The method was proved to be simple, rapid,
accurate and sensitive, and can be applied to the determination of theophylline residue in horse race doping control samples.
KEYWORDS: theophylline; LC-MS/MS; doping; serum; urine
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Fig. 1 Structures of theophylline and 6D-theophylline
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R1 XRPNFHE T, BREEURMERE
Tab. 1 Ion pair, fragment voltage and collision energy of
theophylline and internal standard

oty BT R T Eéiffv ﬁf]?;iv fﬁf}ﬁ?ﬂ

A0 181.1>124.1  181.1>124.1 110 18 3
181.1> 96.0 25 3

6D-Z5H8  187.1>126.9  187.1>126.9 110 20 3
187.1>99.0 26 3

2.2 B
221 ZEBE S bR R A TR RS PRI
BROGT R 10.00 mg, R 5 it HUE i T IR, (v
JE4 1.00 mgmL VR WA, —20 CCURFHIRAE
FHHESAR KBS R B E 10.00 pg-mL-" A ASH8%
HEEDIAWL, 4 *CUKFRIRAT A

6D-ZE BT IR S S MR C ] RS 5 ARHL 6D-Z5 0
XTHE L 10.00 mg, K% R OUE B AR, (VR
4 1.00 mgmL" fERBRI, —20 °CUKFITRAF. H
AR R EE AR B 22 500.00 ng-mL~" 4k AR
AT, 4 CCURFAPAAE %

A% TR . WERMES UM IR 11.76 mL &
250 mL &), HEBETKEFEZZE, B
222 IbRiEAERYHIA 7RSS EHIE RO TP mA
AT BRI, BB EERR BRI 100.00 ng-mL!
(A LT (PR IBOVE R, LAV B LA LR RS, SR
BHELRC A 7 =X
223 JREERES SIS 7RSS HER R (I E 3R
) O A BRORT R S, B R AR R
100 ng-mL~" 9 0 35 Jo (M 5 B8RV, S
P 2 BT L T 1 VR ) i B Sy AT JB 4 R B2 1 i
W, PAHBEC ., RIS E SE N 2.5, 10,
50 ng'mL™", LGS SN 1, 10,
50 ng-mL',
2.3 AEYIFE SRR

5 25 BUML TG FE i 1.00 mL Hl 6D-ZS G0 B S i
W 40.0 uL, JIA 200 puL 10% =R ZMRBiEN, H
B 10 min. Z.0(12 000 r-min~!, 15 min), FH I
TH VR (PRVBURE i 75 T 0, BB V8 W 1.00 mL Jiit 6D-
ZETH R S VR 40.0 pl), AN 4% R IR W
1.5 mL(FRFENN 2.0 mL)JRA], ## & 10 min, AL
AHZE B IVE (Oasis PRIME MCX 3CC/60 mg), i i
H 3~4 s [H) BT T RERAE . R LA 2% H R
(% 100 mmol' L™ HIR%%)2 mL. 10% H EE/K 7K
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Fig. 2 Effect of solid phase extraction column type on
recovery
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Fig. 3 Effect of methanol concentration on the recovery
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W3 2,

F2 ERESHEARBLER(T+s, n=3)

Tab. 2 Results of accuracy and precision test( X 5, n=3)

e BHEWIE/ Sk ok UMK DR
ng-mL"! ng-mL! % % B %
1.00 1.14+0.03  114.49 3.30 6.26
Mg 10.00 9.89+0.19  98.93 3.23 3.84
50.00  49.66+0.84  99.33 3.81 8.19
2.50 2.90£0.00  116.25 2.97 15.53
PR#W 10.00 9.49+0.01 94.85 1.72 9.85
50.00  48.77+0.07  97.53 0.24 5.26
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BN R SR R AT R 2 B ML, B IR RS bR kR
i 9 ERORH IV I FBE A% Bl kot B Sl v i L g, D
RIASHHRT BRI . TR - SR ER Rl Ry
JO RTINS 35 S5 AR 4 B AL, 4 Xt [l Sy 3k
JBH AR 55 Sl BRSO H AL, 6 s Ry 3
JB I IR 5 5 4 ot R S VAR EO (B 25 SRR,
I 355 11 PRV B I [T AT 23 1) 3k IR St 0 A 1) SE AR 22
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FRIBUE & rh B R R AR X A 22 HOARRR U, Al
HE>65% . 1Z 7 A HT AL B H T ESI-MS/MS #E 704
B, LY 5 PR S5 A TR R FE 1 0 o 2 35 8
S v i 7 A o 3R TR e % el A 4 o
9, LTSNV Ik 82.45%, PRIBGRE M
gL 3,

Fz3 RBMEWE. B EREERRN
Tab. 3 Extraction recovery, absolute recovery and matrix
effects

Fefh WeEEmgmL SREREISCR/ % 4a%F MR /% TN/ Y%

1.00 98.12 32.81 33.44
1L % 10.00 98.05 29.15 29.73
50.00 97.50 34.19 35.07

2.50 77.67 70.41 78.67

R 10.00 80.01 61.54 76.91
50.00 65.38 53.91 82.45
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