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Determination of 10 kinds of uric acid-lowering drugs in foods by ultra
performance liquid chromatography-tandem
mass spectrometry

SU Yu-You, LIU Jia-Ling, WEI Huan, WANG Jing, QIN Wen-Xia,
ZENG Ling-Yang, LAN Yuan-Yuan®

(Guangxi-Asean Food I nspection Center/Technology Innovation Center of Natural Fragrances and Flavors, Sate
Administration for Market Regulation, Nanning 530000, China)

ABSTRACT: Objective To establish a quantitative analysis method for determining illegally added uric
acid-lowering substances in food by ultra performance liquid chromatography-tandem mass spectrometry. Methods
The sample was extracted with methanol and 5% methanol solution as the extraction solvent, and extracted by
ultrasound, and then separated on a C;3 column with a gradient elution of 0.1% form acid aqueous solution and

methanol as the mobile phase. The detection was performed using multiple reaction monitoring (MRM) mode of
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mass spectrometry, and quantification was done by external standard method. Results In the solvent curve such

as allopurinol, colchicine, topiroxostat, lesinurad and tranilast all showed linear correlation coefficients of r>0.999 in

the range of 20400 ng/mL, while risperidone, fenofibrate, febuxostat, probenecid and benzbromarone showed linear

correlation coefficients of r>0.999 in the range of 2-40 ng/mL. The recovery rates ranged from 81.62% to 109.61%

within 3 levels in 5 kinds of matrices such as tablets (compressed candy tablets), liquid beverage, powdered beverage,

pollen and effervescent tablet and the relative standard deviations (RSDs) were 1.0% to 8.6% (n=6). Conclusion This

method has high accuracy, good precision, high reproducibility and good applicability between instruments, and can

meet the needs of qualitative and analysis of allopurinol and other 10 kinds of uric acid-lowering compounds in food.

KEY WORDS: uric acid-lowering drugs; hyperuricemia; gout; ultra performance liquid chromatography-tandem

mass spectrometry; illegal addition
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Table 1 Qualitative and quantitative ion-pairing and mass spectrometry analysis parameters for 10 kinds of uric acid-lowering drugs

bz feamafc mEFRX BEFREA) FETFRM M) KRRV fifERRR/eV R B HHE/min
1 S| e ESI+ 137.1 54.0, 110.0% 25 19,20 4.68
2 5 1 ESI+ 411.4 163.0, 191.0% 25 40, 18 8.11
3 FoKAlT ESI+ 400.4 358.0%, 382.1 23 20,23 9.45
4 JEi# DR ESI+ 361.8 234.0, 139.0% 30 15,28 12.73
5 A7 w) b ESI+ 317.3 217.0%,72.8 42 28,32 12.03
6 Nt &F ESI+ 286.3 202.0, 243.8* 37 15,10 10.95
7 FEVG 7 b ESI+ 249.2 220.9%, 203.6 32 23,20 9.11
8 ESUERT S ESI- 423.0 251.0%, 407.0 35 34,38 13.16
9 PR ESI- 404.0 178.9%,359.9 12 17,12 11.10
10 iy Je F R ESI- 326.3 265.8*, 143.6 42 22,18 11.39
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Fig.2 MRM mass spectrums of 10 kinds of uric acid-lowering compounds
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F2 10 MIEREE LU EYRILMERTSE, BXEK. RERFESR
Table 2 Linear regression equations, correlation coefficients, limits of detection and limits of quantitation of 10 kinds of uric
acid-lowering compounds

et/ AN 2R [T )2y AR RE(T) LML/ (ng/mL) i i/(mg/kg)  EHEBR/(mg/kg)
] W e Y=4588.14X+13355.0 0.9998 20~400 0.20 1.0
I 5 T Y=537110X+91536.4 0.9993 2~40 0.02 0.1
RN Y=30218X+8110.19 0.9995 20~400 0.20 1.0
A DR Y=26120.8X+8970.73 0.9993 2~40 0.02 0.1
A7 w) b Y=94698.4X+498280 0.9991 2~40 0.02 0.1
g Y=47824X-8811.17 0.9996 2~40 0.02 0.1
kA7 w Al Y=94698.4X+498280 0.9991 20~400 0.20 1.0
IR Y=2150.53X-5396.65 0.9994 2~40 0.02 0.1
T IEAR R Y=6135.88X+17532.8 0.9992 20~400 0.20 1.0
i Je w14y Y=7268.54X+16653.8 0.9994 20~400 0.20 1.0
#3 EWELKLERN=6)
Table 3 Results of recovery esperiment (N=6)
[a=L/ kN e 9 Jnbr/pg SEHI A /g S TR % RSDs/%

[ AR 1,2,10 0.9319, 1.8792, 9.7330 93.19, 93.96, 97.33 6.8,3.4,3.0

ol 1,2,10 0.9080, 1.9101, 9.9301 90.80, 95.51, 99.30 4.0,5.0,1.9

Sl W e ARk 1,2,10 0.9009, 1.8528, 9.8212 90.09, 92.64, 98.21 6.1,44,19

i) 1,2,10 0.8478, 1.7591, 9.5047 84.70, 87.95, 95.05 5.6,2.6,2.8

gl 1,2,10 0.8296, 1.7326, 9.1834 82.96, 86.63, 91.83 72,49, 1.6

[T AR 0.1,0.2,1.0 0.1082, 0.2006, 0.9552 108.20, 100.32, 95.52 1.9,2.4,3.3

s R 0.1,0.2,1.0 0.0886, 0.1761, 0.8887 88.55, 88.05, 88.87 3.8,6.3,2.1

I 55 1 AR 0.1,0.2, 1.0 0.0989, 0.2085, 0.9980 98.87, 104.25, 99.80 4.4,33,4.0

il 0.1,0.2,1.0 0.0983, 0.1894, 0.9339 98.34, 94.68, 93.39 74,42, 4.4

il 0.1,0.2,1.0 0.0971, 0.1955,0.9113 97.12,97.76, 91.13 3.5,2.7,2.7

i APk 1,2,10 1.0630, 2.1453, 10.6317 106.30, 107.27, 106.32 33,2.1,2.4

s 1,2,10 0.9908, 2.0152, 10.6210 99.07, 100.76, 106.21 4.6,7.3,2.7

AR A AR 1,2,10 1.0505, 2.0030, 9.9450 105.05, 101.65, 99.45 53,3.5,43

18 1,2,10 1.0682,2.1397, 10.0937 106.82, 106.99, 100.94 27,2.1,45

! 1,2,10 1.0788, 2.1753, 10.0350 107.88, 108.77, 100.35 27,1.5,2.0

[Eifzx7es] 0.1,0.2, 1.0 0.1073, 0.2095, 0.9663 107.38, 104.75, 96.63 1.7,2.9,1.8

s 0.1,0.2, 1.0 0.1037, 0.2014, 0.9492 103.75, 100.72, 94.92 4.4,53,2.5

A DR WARIREL 0.1,0.2, 1.0 0.0984, 0.2032, 1.0475 98.42, 101.62, 104.75 72,4.1,2.7

1k 0.1,0.2,1.0 0.0960, 0.1996, 0.9518 96.01, 99.77, 95.18 6.1,6.0,4.0

J 0.1,0.2,1.0 0.1087, 0.2121, 1.0395 108.73, 106.07, 103.95 13,3.4,22

[ A PR 0.1,0.2, 1.0 0.1047, 0.2028, 0.9745 104.70, 101.40, 97.45 2.2,5.6,1.3

bl 3oy 0.1,0.2,1.0 0.1004, 0.2008, 0.9624 100.47, 100.38, 96.42 3.7,5.7,2.7

A7 v b ARk 0.1,0.2, 1.0 0.0977, 0.2078, 1.0518 97.70, 103.88, 105.18 5.5,4.9,2.4

ek 0.1,0.2,1.0 0.0962, 0.1923, 0.9472 96.16, 96.17, 94.72 3.6,2.5,2.6

J 0.1,0.2, 1.0 1.0787, 0.2120, 0.9673 107.87, 106.00, 96.70 1.9,3.7,2.5

i ARk 0.1,0.2, 1.0 0.1057, 0.1958, 0.9567 105.67, 97.88, 95.67 3.6,2.6,3.3

s R 0.1,0.2,1.0 0.08780, 0.1867, 0.8996 87.98, 93.38, 89.96 8.1,5.5,3.2

N AT AR 0.1,0.2, 1.0 0.0937, 0.2140, 1.0287 93.72, 107.02, 102.87 1.5,3.3,5.7

e 0.1,0.2, 1.0 0.1030, 0.1958, 0.9397 102.9, 97.89, 93.98 5.0,4.7,2.3

il 0.1,0.2, 1.0 0.0943, 0.1901, 0.9208 94.27,95.05, 92.08 35,17, 1.4
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=38
et/ AN B9 Jbr i /ug SRS /g S IR % RSDs/%
I A TRORE 1,2,10 1.0241, 2.0683, 10.2500 102.42, 103.42, 102.50 4.5,6.9,3.5
L R 1,2,10 0.8162, 1.7554, 9.2320 81.62, 87.72, 92.32 2.5,5.0,2.6
FEVG F) b RARTCR 1,2,10 0.9753,2.1107, 9.7633 97.53, 105.53, 97.63 4.0,6.2,3.0
PiZ 1,2,10 1.0263,2.0179, 10.6225 102.63, 100.89, 106.23 27,47,15
J 1,2,10 0.9252, 1.9607, 9.2517 92.52,98.03, 92.52 1.4,25,22
I AR 0.1,0.2,1.0 0.1058, 0.2139, 0.9715 105.82,106.97, 97.15 29,22,3.1
W 0.1,0.2,1.0 0.0949, 0.2096, 0.9345 94.87, 104.83, 93.45 79,6.6,3.3
IRILIh AR 0.1,0.2,1.0 0.1005, 0.2089, 0.9868 100.50, 104.44, 98.68 45,3537
ey 0.1,0.2,1.0 0.0991, 0.1968, 1.0243 99.11, 98.40, 102.43 2.6,3.9,6.5
F 5 0.1,0.2,1.0 0.1064, 0.2114, 1.0392 106.44, 105.68, 103.92 2.4,22,3.7
[ A TRORE 1,2,10 1.0961, 2.1303, 9.3783 109.61, 106.52, 93.78 3.5,1.0,2.2
s 1,2,10 0.9087, 1.9994, 10.2680 90.87, 99.97, 102.68 5.2,5.8,8.6
IR WARTREL 1,2,10 0.9473, 2.1273, 9.9850 94.73, 106.37, 99.85 3.6,4.2,3.1
1 1,2,10 0.9566, 1.9465, 9.3142 95.66, 97.32, 93.14 2.4,6.9,2.6
J 1,2,10 0.9177, 1.8703, 9.1783 91.77, 93.52, 91.78 18,12,1.4
R AR 1,2,10 1.0431, 2.1267, 10.7700 104.32, 106.33, 107.7 23,3.1,1.4
R 1,2,10 0.9050, 1.8082, 8.5680 90.50, 90.41, 85.86 3.7,5.8,4.3
i DEAEIER AR 1,2, 10 0.9327, 2.0147, 10.3950 93.27, 100.73, 103.95 2.4,2.6,2.0
Vi 1,2,10 1.0227,1.9891, 9.2788 102.27, 99.45, 92.79 2.8,73,1.4
J Al 1,2, 10 0.9108, 1.8433, 9.0883 91.08, 92.17, 90.88 2.3,1.0,0.6

e MG BRIE N 2 (relative standard deviations, RSDs).

243 MHEE

PL 3 KR BARMER (A AU R 2., 6., 10 ng/mL;
B UMk M 20, 60, 100 ng/mL)F 3 7K - i M AT v
W (FEHE . 20, 60, 100 ng/mL)7EH] Rl 448 F it 4:
BEEIFE 6 IR, HRUE 4 FiR.

3 4 AT, 10 FRBEFRIRZSILG 1% RSDs JEHE A
0.5%~3.4%, 10 Fhib-&H1H RSDs H/NTF 5%, Ui B AR
Frki 10 FhREIR RIS &Y BORS B B A, BRI AR
T5 B T ARG I 2 SR oA o] S, B .

244 LELATERE

AWFFEF ] Waters Xevo TQ-XS FlEHE LCMS-8050
PIFIASIR] Sl R A TRDAS 5 32 1) 1 OB 0335 - — DR AT
IR, AR A g, LB AR ZORBAX
Eclipse Plus Cyg (3.0 mmx150 mm, 1.8 pm), %A )7 %R
TR L ARV Hh 2 VAV« BRI S VAR A A,
TR AL 100000, KENLE S B 7R 1 4 {03 b AOAREIZE AY
AHIE R EITE 0.999 DL E, BHEERESHXTT 10 FhEEIRER LA
PRI TC T, FEPAERE &b i A A w4t & A PR

x4 BEEXIRER@M=6)

Table 4 Results of precision experiment (n=6)

[latE/EA i i & o 1 B/ (ng/mL) SF-X 045 J5 v BE /(ng/mL) RSDs/%
S M e 20, 60, 100 18.662, 69.460, 105.635 3.4,14,1.4
FI K 2,6, 10 1.878, 6.082, 10.297 2.3,0.5,0.5
KAl 20, 60, 100 18.930, 61.418, 103.647 0.5,2.3,1.7
e DURR 2,6,10 2.050, 6.400, 10.785 24,23,1.3
A7 v b 2,6,10 2.048, 5.822, 9.462 2.1,0.6,0.9

AT 2,6,10 1.942, 5.900, 9.682 2.4,1.3,1.0
FEUL w) At 20, 60, 100 18.347, 63.002, 103.173 2.0, 1.6, 0.9
p ST 2,6,10 2.200, 5.872, 9.742 24,12,1.2
PR 20, 60, 100 18.538, 61.652, 103.815 2.1,1.4,1.0
e ml4E 20, 60, 100 19.648, 63.017, 104.765 1.9,0.9,0.8
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Waters Xevo TQ-XS FUAINZE R A 1.9258 g/kg, & H:
LCMS-8050 H RIS R 1.8271 g/kg. Z5HFKE, W
A TR A 2 B (SR8 X6 9 DU 20 43 0 A S AN A e T4, [
— FAPEAE AL ARSI SE I (E S 1.88 g/kg, WEHER 5.4%,
INTF 10%, 8B AR J5 2% 76 TR R0 (SRS ) 38 FF 1k R 4
2.5 EPREERINE

i R 25 SR EFRA IR DIRE Y™ i, 2
BRI S AHZS) . IR ek . Rl R
W BRI g, HoA 1 ALRAER 7 i AR H AR A )
fb, Fitik 1.88 g/kg, AUAMEER BN, EHNTSHEE
BRTIRINERRZNS, ST R ERIRZY N
WITE, TEAAEERATR S FHEH . A4 E W L #)
W S R D, JRERRAOCTIRE, WO EH H Il
HE, 16458 28 B R R BRI AR

3 W55

ABIFEHE S TIEAER . R AR TORCE AU |
WS R OBE 5 B Sl B BT 10 B IR R S 25 ) Y e AL
TR FR I LI V5 o AR L YR R IO ), DA H R Y
IR WA S AR L 58 B T AR, SRR 5% T R
Fi ISR i 5 ) R 14 ) 20107 A €5 e 23 SRR TR R ok 1)
BEoh, HA JURPREIRBRZGIEAERISE 5 PR 9 2 sk
BEFARTC, AR A H I ] 25 1 2 T 2 s o T 2 LA
B HE A BRSO . 2024 AFE S £ b+ SERR I8 5 BIS
202402, HAPABEFEHTIN T MIEEER . RORANGL . AT DURE |
NBAET 4 MY, FFULAL T S0 (8 A il BTk BEAE 3R,
AR R AT SR O A, 08D T i A, 15
TEAMFEAG G Iy 1 A LA b, FTLLSCBUE PR, R, SR
O PR K DR BRI A B W AR 2 E A 5 AR R A (900 20 7 P
ST o TR AR D7 32 1 D00 5 0 it AN DR B P 10 B IR IR
FAYIERRRE W . R . EBUELY, (HAEANXT A
ARIFESR, N — S RRAN I A T bk, LAGER i A
JEVETE LI 577 b, R —LSEMEIR RN SRR A4, W Tk
PRI BT PR A B bl AN AT —E S . 1% R R AT
FEOT TG AR AT g | B SICR 4 R BR 2% U5 T A T
ATV o ABFFEREE ST, T LASR AL SO DRt A0 20 0 A5
i 10 FhFEIRIRAL A, AT RIS B R —E i AR
HOR, A IERARL BN & PR B AR DRI
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