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Development of liquid chromatography mass spectroscopy for determination of purine s and

uric acid in Thai vegetables

Narira Rukdee, Piyanuch Rojsanga and Chutima Phechkrajang

Abstract
Accumulation of purines and uric acid in bone joints are causative of gout disease. Gout patients
should avoid high purines and uric acid containing foods. Thai vegetables are widely consumed but
information of purines and uric acid in such vegetables is limited. Objective of this research is
developing a liquid chromatography mass spectroscopy method for determination of purines and uric
acid in Thai vegetables. In our study, a successive liquid chromatography mass spectroscopy method
was developed and validated according to a standard guideline, USFDA. An electrospray ionization
triple-quadrupole liquid chromatography mass spectroscopy was utilized. Three purines, adenosine
guanosine, xanthine, and uric acid were well determined by using caffeine as internal standard. Then,
the method was used to determine purines and uric acid in sixteen Thai vegetables. The
determination results showed that most vegetable samples contained low level of purines and uric
acid. These results implied that Thai vegetables were suitable to consume by patients who have to

control purines and uric acid such as gout patients.

Key words: Gout disease, Purines, Uric acid
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MIRAWIITIATIZA LC-MS/MS  (3897nMIW1 mobile phase  fwwnzanlagldszuy  high-
performance liquid chromatography ﬁ@iaﬁu UV detector (HPLC-UV) q(ﬂ‘ff’]ﬂwui’] mobile phase
PRINTOUENENTRITH 4 ThauazNIALIN l@fasiumanuas 10 mM ammonium acetate, pH 2.5
WAL WA (97 da 3 damenlasUSunas) eamIa 0.3 Naraasdewd lasldaaanit

Chromolith C18 @5723a&151 284 W luluas Naﬂ’liLLﬂﬂLLET@]\‘](;IIGE‘]JIW?&I'II@LLﬂi&lﬁ’]%d']{l

mAbs

Overlay chromatograms of uric acid and purine compounds

HPLC Condition

LC System: Shimadzu model LC-10AD

100- Column: Chromolith C18, 4.6 x 100 mm

Flow rate:0.50 mL/min

Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;
97:3 (vlv)

Injection volume:  20uL

UV detector: 284 nm IJ
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0 5 10 min

\83n32UL mobile phase 911 HPLC-UV anlflunswamszuy LC-MS/MS wiia

ion-trap W‘]_I’J'Wﬁﬁ'rgty’lmiumumﬂ 390/fouanmsld ammonium acetate aiu 0.2%
. - v a o . @ A

formic acid 3ua1 pH Inéf89ny ammonium acetate pH 2.5 wWhnanglunmswamfan

wRsNUAmNzRUNaLanlassa e Tuaazsialile daughter ions &19UN 1 wazd1aUN 2



lagtSunauwad daughter ions §19UN 1 AzlTFWIUAIMILUIINL wae daughter ions §1@UN

2 liNeamadudurfiouaszns wamswawnudn liaansarn  daughter ions §19UN 2

hypoxanthine 6 3960 hypoxanthine 28NANNIANTN

2UU LC-MS/MS %@ ion-trap LC-MS/MS T#a ion-trap 813190019297@ daughter

. o o A
jons A1QUN 1

acid VLGT@TGE‘]J

o o A A a A A . . . .
LRZRIAUYN 2 WadNIIw 3 TWaAa adenosine, guanosine, xanthine LR uric

- Uric acid
% 167>>124

T (i

3 Xanthine
g w 151>>108

Adenosine
I 268>>136
]

) 360 330

:
Tima i)

P Guanosine
: : 284>>152

ol Dextromethrophan
wl 272>>215

o e wasiasae | 1800

wdlilaMInTIIEaUANAINAa4U8IITIATIZR (method validation) WuindAIY

i (precision) maﬁ%ﬁmm:ﬁgmﬁummpu ehimanznumamdsunm v

Lﬂ%a\‘]ﬁamﬂ LC-MS/MS i@ ion-trap 1w LC-MS/MS triple quadrupoles LLazLﬂﬁlﬂu internal

standard 31N dextromethorphan il caffeine Lﬁaamnimaa%’wlnﬁl,ﬁsdﬁ'una;wmiﬁﬁnm

NINNT1 dextromethorphan 8N VBILAIBINANNZENAD

32UU LC-MS: UPLCL 30 AD with Shimadzu 8030 Mass spectrophotometer

lonization source : Electrospray ionization (ESI)

Nebulizing gas flow : 3.0 L/min

Drying gas flow :12.0 L/min



Column: Ascentis® Express C18 (10 cm X 2.1 mm, 2.7 ym) with guard column

Ascentis® Express C18 (0.5 cm X 2.1 mm, 2.7 um)
Mobile phase: (A)= 0.2% formic acid in deionized water
(B) = 0.1% formic acid in methanol

Gradient program:

Time Y%A %B
(min)

0.50 98 2
1.50 98 2
3.10 10 90
4.00 10 90
5.50 98 2
8.50 98 2

Column temperature: 40°C
Mobile phase flow rate: 0.2 mL/min

WRIITWN LT I UNTHANNIALAS transition ions VBIRIITNANEILEAIAIAITIIAIUE

Substances Precursor ions Transition ions Collision :/n)ergy CE
Uric acid 166.90 124.00 19.2
69.00 19.0
Xanthine 151.00 107.90 9.0
79.90 255
Adenosine 267.95 135.95 -14.7
118.98 -43.1
Guanosine 284.00 152.10 -12.1
135.00 -32.1
Caffeine 195.10 138.05 -18.2
110.05 -22.1

3.2 mimnaaummgﬂﬁawaﬁ% LC-MS/MS

Y ad A o X @ @
ﬂ’]i@]i’l‘ﬂﬁBUﬂ’N&IQﬂ@ad“ﬂad’]ﬁ LC-MS/MS NN@IW U ‘mesgmmmammaa US FDA
lagyinsans linearity, accuracy, precision, recovery, specificity, matrix effect LLaz stability W&
= a o &
nmsansuaai
a { o & o o ' a { o &
1. Specificity FUUMTIATIEZANNAIM IR A NUT N EIURSLdRzTRANGINT LAY

16anualasulannINNLaas WUINENITLASLTRANAT retention time @19N% LAZLARE
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retention time ﬁ]:@li’aﬁ]’mmW’]zmSﬂ@la\‘lﬂ’lim’muvl&mmiamﬁ]a‘ﬂu &Iuﬂuvl,@]fﬂ’mﬂ’]i

737970 fragmentation ion UBIRNITUARZTAA L@NLIAWALINWAL parent ion

Sagmenttt

200] ;‘.?:?m n VB8 00 124 000 1G4 11
o J|\ Uric acid 166.90>124.00
40034017 h\ m"
5 J| \l Uric acid 166.90>69.00
Bt T th VO BT
e |¥ Xanthine 151.00>107.90
0.003 Jol
x1,0000 '] 151005791 B 5 (1
20043811
e ||| Xanthine 151.00>79.90
1.00%
LI _
e PoT 0 TR
400512692 f
. Caffeine 195.10>138.05 |
|
I\
X100,000) | T 10110050 RBZ 11
149,752 I
1 Caffeine 195.10>110.05 I
|
I\
8 e ] = = E TS
AT 80T ||
“ Guanosine 284.00>152.10
11
{x100,000) JIL Z64.00>195.000)@3 1]
180,370
120] |||‘ Guanosine 284.00>135.00
|
[ ;“L
. AaEssRaaaE: T EOTTART TS 3
vood ]l Adenosine 267.95>135.95
§ I\
sz A -,
] Il Adenosine 267.95>118.98
|
v D e

Linearity LL&@NI‘HEU correlation coefficient (r) WUINNIATINIONLAFTIING 4 Tiha Heraw

& £ 1 €d' o U
WWuLauas9e Q‘Lummﬁvm gansula

Substance Equations r
Uric acid Y = 0.0031x + 0.3348 0.9878
Xanthine Y =0.0032x - 0.1038 0.9974
Adenosine Y =0.8471x + 37.18 0.9974
Guanosine Y = 0.302x + 1.4408 0.9991




3. Recovery 289mMIla3gua188e14 agﬂwﬁw 88.3-115.6%

Substance Equation Recovery (%)
Uric acid Y = 0.8828X + 0.0004 88.3
Xanthine Y = 1.1561X + 5E-05 115.6

Adenosine Y = 0.8968X - 0.0358 89.7

Guanosine Y = 0.8769X - 0.0055 87.7

Matrix effect

Substance Equation Matrix Effect Percent matrix effect
Uric acid Y =1.3821X - 0.1471 lon Enhancement 38.2
Xanthine Y = 1.0832X - 0.0683 lon Enhancement 8.3
Adenosine Y =1.6825X + 27.266 | lon Enhancement 58.2
Guanosine Y = 1.5646X + 5.4401 | lon Enhancement 56.5

5. Accuracy Lz precision (repeatability)
Accuracy LR precision U84 uric acid
Uric acid % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. #1 #2 #3 (n=3) (n=3)

(ng/mL)
100 103.6 84.6 83.4 90.5 12.5
200 99.8 95.8 89.5 95.1 5.4
500 100.7 97.5 102.7 100.3 2.6
2000 107.0 98.9 106.6 104.2 44




Accuracy L precision 983 xanthine

Xanthine % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. #1 #2 #3 (n=3) (n=3)
(ng/mL)
100 106.1 101.7 102.3 103.4 23
200 109.0 100.9 102.6 104.2 4.1
500 107.3 112.0 109.3 109.5 2.1
2000 101.6 111.0 105.9 106.2 4.4
Accuracy LRz precision U8y adenosine
Adenosine % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. #1 #2 #3 (n=3) (n=3)
(ng/mL)
10 116.2 113.1 81.0 103.4 18.9
50 106.1 89.4 92.3 95.9 9.3
300 100.5 104.7 104.6 103.3 23
1000 91.9 99.5 100.5 97.3 48
Accuracy Lz precision U8y guanosine
Guanosine % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. #1 #2 #3 (n=3) (n=3)
(ng/mL)
10 108.2 83.1 114.7 102.0 16.4
50 94.4 93.5 96.6 94.8 1.7
300 93.5 104.8 97.4 98.6 5.9
1000 85.5 112.5 99.0 99.0 13.6




Intermediate precision

Intermediate precision U84 uric acid

Uric acid % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. day 1 day 2 day 3 (n=3) (n=3)
(ng/mL)
100 97.1 99.3 103.6 100.0 3.3
200 104.6 99.9 99.8 101.4 2.7
500 101.9 97.4 100.7 100.0 23
2000 99.6 98.0 107.0 101.5 47
Intermediate precision U84 xanthine
Xanthine % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. day 1 day 2 day 3 (n=3) (n=3)
(ng/mL)
100 83.5 82.7 102.3 89.5 124
200 90.5 88.7 102.6 93.9 8.1
500 107.8 101.5 109.3 106.2 3.9
2000 95.0 97.8 105.9 99.6 5.7
Intermediate precision U84 adenosine
Adenosine % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. day 1 day 2 day 3 (n=3) (n=3)
(ng/mL)
10 98.2 91.7 113.1 101.0 10.8
50 103.9 109.9 89.4 101.1 10.4
300 100.7 113.9 104.7 107.1 7.3
1000 93.4 91.9 99.5 94.9 43




Intermediate precision U84 guanosine

Guanosine % Recovery | % Recovery | % Recovery Average % RSD
Nominal conc. day 1 day 2 day 3 (n=3) (n=3)
(ng/mL)
10 95.2 86.3 83.1 88.2 71
50 105.9 101.8 93.5 100.4 6.3
300 102.3 103.6 104.8 103.6 1.2
1000 103.1 103.4 112.5 106.3 5.0

INNAMSANEN method validation 2893% LC-MSMS finamdwieldlums
YSnmueasIRITuLas  uric acid  I%@28E9RNWLINAITWITIRLAB TN qa§1uLﬂmsﬁﬁ
HaNTL b6 LLa:mm'mL?T;J“ﬁm"hq@ﬁmmm‘?@ﬂ%mmﬂﬁ (LLOQ) @8 100 ng/mL &1L
uric acid L8z xanthine Wz 10 ng/mL #1130 adenosine Laz guanosine %Gﬂmmﬁu"iu
@Tdﬂa'nLﬂuq@ﬁﬁmmwgﬂ@?adLLa:mmLLajuﬂﬂaQIuLﬂmGVTﬁmaw%’uvlﬁ ﬁa@hmmgﬂﬁad
Tonulugdues % Recovery aflutis 80-120% uaz anwwindmonulugilues
%RSD aIHaIATzRATNElL 1 1 (Repeatability) WazwadlATzETIvENesTY
(Intermediate precision) a%ilummeﬁﬁﬂaw%'uvlﬁﬁa Taiifin 20%

6. Stability 3IMNMIANBIANNUAIAINLIT adenosine Uz guanosine NANUAIAIANI
uric acid LLaz xanthine I@l&l‘ﬁ adenosine LLAZ guanosine ﬂdﬁ’sﬁqmﬁgﬁﬁadaﬂ’mﬁaﬂ
72 Gl mummmﬁ’maammzmﬂmmgmﬁy'a 2 FRATINT ANUAITIVOITNS
vamaslu matrix 289618879 7 -20°C WuneNuETITuAaudrsafillumanaiay
2 ok lwwmsz uric acid uaz xanthine lifasasadlaswuin anutuduanad
1NN 10% el 24 %L'ﬂmﬁaézaﬁavﬁﬁqmﬁgﬁﬁm WONINNEUSINU T S1IRDS

nilugdvasaazansnaspuuazlumiazanoved matix 283ty Ansaanoda

ANNI1 10% ﬁqmvx{]ﬁ -20°C  AIUUNILATLNRIIOZAILNIAIFIUDBY uric acid Uaz
. =< 3 a % ¥ A 1
xanthine 96a9La3uNua2lTIUTA  (freshly prepared) &IUEIITAZAIDNIAITINYDS
. . = v o 6
adenosine W&z guanosine &N TaLESENLalTNelU 2 FUaA
3.3 mimﬂ%mmﬁﬁmmzﬂmg‘%ﬂluﬁﬂﬁuﬁm

MIATIFAULTIIUENTAIIUNNT  uric acid  ludredernudazaiia  azlinaiioy
USunarunmwesmsnasguiiedsalasmadumanasgusdludoinarini g
(matrix match calibration) 1589910 matrix effect VaIRNUARZTRALANGNIAW Lapdaagg
AnusdazriiaMihaniedsunnassananass wldfmaiainnniud 3 Surigiu

HNTINY MINBNURNALTIBNWINAUIEY ng/g V8IR8879 PnUSINNaTIanuias

v v
o

SSED

[

N9152AU LLOQ 223189 %31 “WUasnI LLOQ” AnfvinnInsiadnnei i uisoii

16 THe 960 b



@288719[N Tomunsannw FoAngenans
1. ﬁl",] Hnenn Yardlong bean Vigna unguiculate subsp. Sesquipedalis
2. UedNN Cucumber Cucumis sativus Linn.
3. WNM@IN Chinese cabbage Brassica pekinensis
4, fﬁdaﬂ Bean Sprouts Vigna radiate (L.)
5. ﬁﬂﬁd%u Morning glory Lpomcea aquatic Forsk. Var. reptan
6. ﬁlﬁwﬂ Winged bean Psophocarpus tetragonolobus
7. Anwnuth Melientha suavis Melientha suavis Pierre
8. WNNZLa® Water minosa Neptunia oleracea Lour.
9. HAANIZO White Popinac, Lead Tree | Leucaena leucocephala (Lam.)de Wit
10. vad Acacia pennata Acacia Insuavis Lace
11. ¢1&4 vy Gourd Coccinia grandis (L.) Voigt
12. luthun Asiatic Pennywort, Tiger Centella asiatica Urban

Herbal
13. ﬁﬂﬂﬁd(“ﬂ’l’;) Malabar Nightshade, Basella alba Linn.
Vinespinach

14. {WNW8 (ﬁﬂﬁﬁu Yellow Velvet Leaf, Limnocharis flava Buch.

84) Tummy-wood
15. WNWAD (ﬁﬂvl,w') Vietnamese Coriander Polygonum odoratum
16. Nzilailne Thai Eggplant, Yellow Solanum xanthocarpum Schrad. &

berried nightshade

WendI.




syUUSumEIIuuae uric acid Tunile Fa8nTNARINRIENNN 100 N3N laasaITaaa bl

USHWAIIUUAE uric acid (RadnTuda 100 NTW)
ABENIEN
Uric acid Xanthine Adenosine | Guanosine
full"JEIﬂEJ’]’J 0.1-0.2 3.4-4.9 1.1-1.2 0.4-0.6
LAININ laiwy Taiwy 0.1 0.1
HNAAT17 laiwy < LLOQ 0.2-0.7 0.1-0.2
fh9en laiwy < LLOQ 0.8-2.7 0.4-0.9
niaan 0.2-0.5 laiwy 3.3-5.0 0.2
Ty <LLOQ
0.2 1.4-2.9 0.2-0.4
anrIwn 0.6-1.3 < LLOQ -0.2 1.1-2.6 0.8-1.8
HNNZLAA laiwy Taiwy
0.4-0.7 1.3-1.5
POANIZDW 0.2-0.5 < LLOQ -0.1 0.1-0.3 1.6-6.2
T laiwy
0.0-0.8 0.1-0.2 1.8-3.5
FNR laiwy lainy-0.1
0.9-4.7 0.6-1.5
luiiun laiwy Taiwy
1.2-2.1 0.2-0.3
NNURI(T7) 7.8-10.1 ldwy-<LLOQ | 0.6-1.2 0.2-0.4
NNWE (RNNNHABY) 7.8-10.1 laiwy-0.2 1.2-2.0 0.6-0.7
HAWWY (WD L) lainu-< LLOQ <LLOQ 0.1 0.1-0.2
Vedianig 0.0-0.1 laiwy < LLOQ 0.4-0.5

e o a9

HAIINANTIAFU RN e zinsnaesadudssnnamsinsud lagd
mmiﬁﬁﬁﬁuga W fIemINTUSIN s RN IS ety 400 Sadn3uda 100
n3U 8MNSRERYIULINNANY BnefsamsnEUSINMRITI 100 - 400 Hadnsusa 100
n5Y)  uAzEIMNINRRSUA  mansivemsnivSinminiutesniwsawiiy 100
fadnJudia 100 nu
4 maheanwidelulsyszlosd
4.1 VL@T’?%"ELmﬂ:ﬁﬂ’%mmmsﬁ’s’%uua:m@g’%ﬂluﬁnﬁuﬁmﬁﬁmmgﬂﬁaa uiudn uazfinnulige
4.2 nudSinaiRaTulaznIagin Tudniuwhuienlnefisusulsznm $1umw 16 wiia %uﬂuﬁagaﬁ

et liuns wazlsunssin i ik alyaLne ber
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1saLfe (Gout disease)

1 a

& 6 & P 1a P a =2 .
Laididulsaflidada fangainmifinsaginlanudnlugiuas monosodium
urate ui lazanfiitabalutanszgn wiafaiaseu gnazgnliifanisaniay the v
@ a A o « ° o ' a a 12 a . .
LAIVBITD wInHanTTasH eI uIn a:mlvxgﬂswm:@ﬂw@ﬂﬂm n3ag3n (uric acid)

[ a a s a A & A ' 3 P
LﬂuwaNa@lﬁlummumimmiua%maomswaamamahswmm (3‘].]71 1)

é@ &\> ﬁI\> ft\>

Rlbose 5-phosphate Rlbose 5-phosphate Rlbose 5-phosphate Rlbose 5-phosphate
AMP IMP XMP GMP
H,0 H,0 H,0 H,0
nucleotidase nucleotidase nucleotidase nucleotidase
Pi Pi Pi Pi
. adenosine deaminase
Adenosine /—\ Inosine Xanthosine Guanosine
(ADA) i .
i Pi
H,0 NH,* purine nucleotide purine nucleotide
phosphorylase (PNP) “— phosphorylase (PNP) —>
ribose-1-phosphate ribose-1-phosphate ribose-1-phosphate
Hypoxanthine —» Xanthine Guanine
0O, + HZO H,0, NH4Jr H,0
Xanthineoxidase H20,
0, +H,0
Ur|c acid

gﬂ‘ﬁ 1 MNIFIINTA g%ﬂmﬂﬁﬁu

PINHANVRAUNFVIVUIRNNTNA LURT UV INITY ﬁﬁawalﬁﬁ%mmmmnmg%ﬂ
g ° v a . . (% ' o . . [% o v a
g40% Az liian1z hyperuricemia laaanInaaszay hyperuricemia a4ldazvilsina

v & . a A ) A L = & o & . a & o 14
INNIVDILNDTUALALI LN LLazluingL?ﬂqﬂuquﬂluﬂﬁlgﬂaqﬂLﬂuLﬂf]sﬁTu@Lsaiﬂ



N1IT hyperuricemia Wmﬂﬁdmiﬁi:ﬁum@ﬁﬂlugﬂmad serum urate 41NN 0.45

a oA

mmollL w38 7.0 mg/idL lugme wsz 0.36 mmolL wia 6.0 mg/L lugwds fAdnnaz

v U

hyperuricemia Nnauatzluiiiain1svaslsafd udnnaz hyperuricemia (uiladuidnsdeny
vasmufaliaiidg szauvesnagin uasRiuiiduasasdusainssinnaginluiemalu

o o o 5

Hheimd wazdiinnaz hyperuricemia azfiszauginitauunfstadiiuddny
a = A ' v €A . o 6 a a o 0 v
fnmsinwnwui lsasianusunusaannuialnduasszuudugluiemadas

! . A o & v 1A vy ) P
uszuui lauazaaaiian szuunavhausasle Wudu wazwuhiidihomdiwinannd

a Aa A o 1
LNEJ"IYJGlﬁlﬁﬂﬂ’]ﬂ’ﬁ‘lli]\'l%ﬂﬂ@mﬂ@%’ﬂ'ﬂ

]
%

wananit aﬁmiﬁﬂmﬁszq’jwm’aﬂnﬂnmmil;’ﬁumsu'%lnﬂmmsﬁﬁﬁﬁ'umﬂ LI

148737 NMIINZLR NMIANLAANATAN BIalInnNNRALNAVaILRaaLNILN Lﬂuml,mﬁﬂﬁﬁ
o a & 46
MIFNNIALINUNTU
3%3Lmﬂzﬁﬂ%mmﬁﬁmm:ﬂmgﬁﬂ
= n:l' = a Aa A a o 1 a 1 a ' n?
iwmumiﬂﬂmmmﬂumimﬂimmmsmm:m@giﬂIumaaﬂwamummwo giiaadia i
7 o = . . .

Kaneko Lazatse (2009) vinn13w1Iunmk adenosine, guanosine, hypoxanthine LLag

xanthine Tudmatnidszinnialasanuaanazed inaidudayadmivdthomdlulinadglu

ITaNATITAN MAe high-performance liquid chromatography (HPLC) lfa3einsiaiasia

a

UV anwuenanan 260 nm ISnasuiiziia size exclusion mquqmgwﬁ 35°C uazld 150 mM
sodium phosphate buffer, pH 2.5 1% mobile phase

Kim wazame (2009)° ¥n3a3aiad3unms uric acid 1udaaen9 human umbilical vein
endothelial cells, plasma LR urine 3%@53%3Lﬂswzﬁﬁ1%ﬁa LC-MS/MS %@ triple-quadrupole
LA electrospray ionization

Zhang LLRzAtwk (20‘I2)9 Mmyaaladinam hypoxanthine, xanthine W& uric acid
lua20819 urine lae33 electrochemical s2UU 3 %QVLWW’I lagld reference electrode g
saturated calomel, counter electrode (J#a1a platinum a8z working electrode ﬁﬁ'@um%ﬂ‘mi
fo poly(l-arginine)/grapheme composite film modified electrode

Wang (2011)" ¥inm3e 7127058104 hypoxanthine, xanthine uaz uric acid 1
urine 1a83T electrochemical Svuy 3 %ﬁvLW‘WW 1aeld reference electrode @a saturated
calomel, counter electrode LJWUNY platinum L8z working electrode ﬁﬁ’@um%ﬂmjﬁa poly
(pyrocatechol violet)/functionalized multi-walled carbon nanotubes composite film modified
electrode

i 1M o v a R { . . .
Revin W&z John (2012)  vinn13a3297@U301 @ Inosine 13 hypoxanthine W&z uric acid

luﬁaaﬁ'w human blood W% urine I@m%% electrochemical 3xuUU 3 °ﬁ’3v|,‘1/\|‘17\h Imﬂff reference



electrode fia Ag/AgCl, counter electrode 1uaae platinum LLaz working electrode ﬁﬁ'@um“ﬁu
lnaifia 3-amino-5-mercapto-1,2,4-triazole modified glassy carbon electrode

Wang L8z Tong (2010)12 HN139397aU3010 xanthine, hypoxanthine a2 uric acid
lu@28819 human serum lag3% electrochemical 52Uy 3 %QVLWWW laeld reference electrode
fa saturated calomel, counter electrode LELA platinum a8z working electrode ﬁﬁ’@um‘ﬁu
lnaifie poly(bromocresol purple) modified glassy carbon electrode

Yang lazathe (2012)13 YN T1UIu1™ adenine, guanine, hypoxanthine, xanthine
waz uric acid lwita¥ 33amedeneidildae high-performance liquid chromatography
(HPLC) iaSasamaiarfia UV anusnanan 254 nm ldnaausiafia reversed-phase C18

]
Aaa

AMUANYRNUN 25°C uazlt potassium phosphate buffer, pH 4.0 \Z% mobile phase
mafiansienziuuviaialasanlannluuasidalasiuas (LC-MS)
2 ad a A o o ed
Lecms  uismislannlannivaawmnandumauenvaiasnanlunaauinuim
d183n1aty (stationary phase) NiilupaiudiuazknwIgniafonuil (mobile phase) Miiu
aaanadn ldmeluatnsdaiitas mIdgnagluaInauazuonaananiulasaiduainm
wanalumsTeuduszniasudazsianuigmais  ssrfielesunuipmedislda  nude

[

gINdanIw1a  (polarity) AsEALIPMARs  azieReufiHIuaanIIIINABRNETININEINIL
Awipmeiilddaaniaminlamwindwanigmets  asudazsiiafignuanaananazgn
wWasnlinasdulessunuSiiaidanda (Interface) 5:nIN9LAT89 LC WaLlAIdNTIIANIN
(Mass spectrometer, mass detector, MS) &1iudazzfialujllesauszgninduiadatlizg
(miz) meluiaTas MS
o s t:l'n: L% o A a 1 .
81130 Mass detector ﬂ%ﬂ&li‘ﬁﬂﬁ]i}ﬂ%&l%ﬂﬂﬂ%%@@% quadrupole mass analyzer, ion-

. . 14 A A P
trap mass analyzer, time-of-flight mass analyzer wanltlumsanenfiil 2 siieda quadrupole

LA ion-trap

Quadupole 1 qﬂﬂizﬂauﬁwum (rod) 4 uris Am3lAlndnszuaass (DC) uae

o v a a Io g J tﬁ 13 et
nszugsay  (RF)  wnld  msdenzduiavesdesunsiimzarladnierinlalasnsdsu
v o v a Aa ] 1 1 A ] & A ] =

nszua AN lMnanzan ‘n’fl%mwwzaaaummamﬂs:gml@m%mLmuumzmuaaﬂmm

ion detector laaudaauduglimusaiiweananle



+(U+V cos ot)

lon detector

X

lons from ”’

ionization unit Collision

-(U+V cos

;Jﬂﬁ 2 Single quadrupole mass analyzer

Ms1 (Qil) Ms2 (Q3)
(scan precursor ion) (scan product ion)
: l (a)
ionization m/z $ f ' *
Em Sy
a8 <>
N
2N
El, ESI, MALDI

m/z detection

Eﬂﬁ 3 triple-quadrupoles mass analyzer




lon trap mass filter Usznaudls 3 BLanlniade ring electrode 1 Tuuaz endcap
Aaa o Y A X U J
electrodes 2 3% SmslwendlninElfisdnInge vliAaduawalwiiunely wuy 3

2

16 luns18an mass w38 molecular weight fidasnmsvinlalasmsdsuamu Wi lfinunzaun
o v, Ao a A A ' [ A ' @
Yinlst ion mass NAaINMINNITLARAUNALNS stable Nelulay lisuiy electrodes #3anan7 b

: X a o o A o ! P ' A
AMILANIE Ion ‘Vl(ﬂmﬂ’ﬁfﬂzgﬂﬁlU%SaQﬂ trap vL'Jﬂ’]FJELu ﬂa%ﬂﬂzgﬂﬂﬂaﬂqﬂﬂ ion detector

Ring electrode

End-cap End-cap

- lon source

detector

Ring electrode

517 4 lon-trap mass analyzer

(%

v { v { Ig Q a { =\ Y
magaﬁvlm'mm%aa LC-MS/MS §%an8UsznnPuny mode NNSIANLANLRANAIT

Full scan analysis iagaﬁvlﬁﬁmflu Total ion current plot (TIC) anwmuenIW TIC 3z
afuiUNTINWIe chromatogram 71l&a1nie3ad HPLC-UV Tae chromatogram TIC azwaaq
521319 intensity (W% y) uaztIa (Wnw x) lagaly full scan analysis inazgnimualvvi
M3 scan '5aauluﬁaouaa@iaﬂs:q“ﬁwﬁlwﬁawﬁwﬁu m/z 100-m/z 500 chromatogram 7
ﬂS’mgLL@iazﬁgm’amLﬂuwmwmaau’aamamﬂﬁaauﬁ"aaﬂu’lﬁnmLamﬁu Befldaelamivas
Tumsuenasfiduaawinie  wiedeeuiflunadladmisfiauls @hmamamnqms@iam%ﬂ

n13 scan

Selected ion monitoring (SIM) NN SIM NABATZWIN intensity (LNH y) LAZLIAN

v

(WN% X) LEWABLAIINAUATINIR A ULALURINIBIANZINANITNIAYDID 08 UNABINTIUATIEA
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L8 1 128 @Guuﬂiqwq/ﬂ@a']"ﬂﬁlzLLthﬂvL@\T]ﬂTuLL@]ﬂim‘ﬂNaaau‘ﬂ&l&nﬁtﬂqﬂuuﬂ$uﬂq

retention time LALINUA WEINITALENAMINLANGI bo

Selected reaction monitoring (SRM) %380 multiple reaction monitoring (MRM) 1T
mode ﬁlﬁ/mnaauma“uadaaau‘ﬁlLmﬂaaﬂm (fragment ion, transition ion ) mﬂaaauﬁg\iﬁu
(parent ion) daladInits SRM 9z@unsaLENANULANGNI8IENINANIanSa parent ion
wiiwldiiiasan fragment ion fiuansenunaniugusiufisnizuedooundazafia mode
SRM anaunngfiaifisudfiaidonfiinainuiazas fragment ion fidan 3efiselomivnlu

a & 1a
mMIaNRlINI
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#1sANLazIs AN
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FFaNAuNTIBULNdN 6 §1uAe
4.1 mwadiuazgunaal
4.2 miﬁ'@uuﬁﬂmwﬁwa%muaﬂ‘idﬂmﬂmﬂﬁﬂLﬁamﬂ%mmﬁﬁuua:m@%l‘%n
4.3 mawawizandalasnlanniuuamalanuaisia ion-trap iNamUTmMAIIwLAZNIALIN

4.4 minawItaadalasunlanAunssilalasiuaisiia  triple-quadrupole  NaWIUTINMRITULAE

nNIAYIN
U
4.5 miaTarautatuguanuls lauasidd (method validation)
4.6 mi@mﬁﬁmezﬁﬂ‘%mmﬁﬁuua:m@gjl‘%ﬂsl,uﬁaarjnﬁnﬁuﬁm
- o me
NuUaBaTaILGREINNaIda b
4.1 13403 Lﬂ%aaﬁauazqﬂﬂsfﬁ

4.1.1 819403

Name Grade Source/Supplier
Acetonitrile HPLC Burdick and Jackson Korea
Ammonium hydroxide Analytical Sigma-Aldrich, USA
Ammonium acetate Analytical Sigma-Aldrich, USA
Adenosine Analytical Sigma-Aldrich, USA
Caffeine Analytical Sigma-Aldrich, USA
Deionized water Sterile water for injection V&V Bangkok, Co. Ltd., Thailand
Dextrometrophan HBr Analytical Sigma-Aldrich, USA
Formic acid Analytical Sigma-Aldrich, Germany
Guanosine Analytical Sigma-Aldrich, Slovakia
Hypoxanthine Analytical Sigma-Aldrich, China
Methanol HPLC Burdick and Jackson Korea
Uric acid Analytical Sigma-Aldrich, Hungary
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Name

Source/Supplier

Analytical balance

Shimadzu, Japan

High performance liquid chromatography (LC-10AD)

Shimadzu, Japan

HPLC column (Chromolith® C18, 4.6x100 mm)

Merck, Germany

HPLC column (Symmetry®C18, 4.6%x150 mm, 5um)

Sigma-Aldrich, USA

(Ascentis® Express C18, 2.1x100 mm, i.d. 2.7 ym) HPLC guard

column

Sigma-Aldrich, USA

LCQ Fleet

Thermo

Mass spectrometry (LC-MS 8030)

Shimadzu, Japan

Micropipette

Trefflab, Germany

Nylon membrane filter (47 mm, 0.2 ym)

Filtrex, Thailand

Nylon syringe filter (13 mm, 0.22 pym)

National scientific, USA

Sorvall RC5 plus super speed centrifuge

N.Y.R. Co.,, Ltd., USA

Ultra high performance liquid chromatography (LC-30AD)

Shimadzu, Japan

Ultrasonic bath

D.S.C. group, Thailand

Vortex mixer (VTX-3000L)

Uzusio, Japan

4.2 ninawdTlawasnasinuanialasuilans NN aniUsumiaTuiaznIa 3N

isaeiiodtlamaswosuuaaialasunlansil (HPLC) 7ildde Shimadzu % LC-10AD dlaniy

LAIDINTINIATRA UV 34 SPD-10A FMINAIWIADILATIEA LA AN HINAT A ITRALRZ AN NI UY DI

MazanedunIgniluautsznauly mobile phase #nuafiawad mobile phase buffer waz pH 9

: dl' = o q o =2
WANNZEN ANANNENIAAUYBILATIATIAIALEGN 284nm ARBANTANEN

4.2.1 ﬂ']iL@l%U&lﬁ’]iﬂ:ﬂ’]EISJ'WI?E']%@'J’]&IL°1T&I°fl"1fl> 100 pg/mL

m‘sazmﬂmmgﬁumwlfﬁwﬁu 100 pg/mL 283 adenine, guanosine, xanthine, hypoxanthine

WAz uric acid 1A3HNLENAKIABNITIANINIAITZIROLNIONGRY 8zA186I 10 mM ammonium hydroxide

v v £Z dl v
IWlaanudutundasniy

4.2.2 N334 10 mM ammonium acetate buffer
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10 mM ammonium acetate buffer 1@38ula8N1ITIHS ammonium acetate 770.8 mg azaneln

deionized water 1000 mL U3u pH NaaIMIaIe glacial acetic acid
4.2.3 MINAWITUATER

MINAUITIATILANE column w#l@ chromolith C18 (4.6 x 100 mm) W&z mobile phase 7k
vJuaiunanaad 10 mM ammonium acetate buffer Llas@n®13e1WINg pH 4.5 WAz 2.5 Lazdvinazans
a a = ' . v o o a A edR A
dun3dlasdnssening acetonitrile WAz methanol AMNLTNTUVBIAINAzAEBUNIENANINAD 3-40%

TagilSunay

ada

4.3 mawawisandalasnlanniuussalanuaisia ion-trap iNamUTmMAIwLAZNTALIN

wasilanlEluns@insnda ion-trap mass spectrometry 34 Thermo LCQ Fleet 3xUL ionization WUL
° o a A [ A A o a ' P
electrospray  vinmIdsuiasaslauasnasnunlslunsuanulaimunzausnsursudazsianlsle

MSANE LN LR ENTUARLTRALANAI LA transition ions NL&DYS
4.3.1 MINAWIITIATITR

mswawizlwdosduldldan1nz mobile phase MnanzaudMIUAT HPLC-UV Tugrsusnan
U5uld uazdsuanazvasiaias mass analyzer I@]Uiﬂﬁa’lsmmgnuu@iaz‘ﬁﬁmﬁmmL?T;Jiu 1000 pg/mL
AIRDURNNIL ionization ﬁL%NWzﬁuﬁua’liLL@iazﬁﬁ@ﬁa positive ionization LA negative ionization
Wil Elumsuanuas (collision induced dissociation, CID) ¥imsdinunlugig 20-45 eV Lialile
transition ions fl§RyTEENI%EY 2 ions dwmiUsIuAazTiia transition ion 7 1 lFlumImilSunm

transition ion 7 2 lElumsbugusievaszns mwniinasadaiad mass analyzer Aa3aa U

Spray voltage 5.00 kV
Capillary temperature 350 °C
Capillary voltage 260V
Tube lens 70.0V

dauleiUaun mobile phase 370 10 mM ammonium acetate buffer 41w 0.2% formic acid in

deionized water lABa® background 1834 mass analyzer MITERNEIIEaATNT R8I mobile phase

%

0.3 mL/min LLaz32UY gradient A9%h



12

Time % solvent A (0.2% formic acid in DI water) % solvent B (0.1% formic in methanol)
0.00 98.0 2.0
8.00 98.0 2.0
8.10 10.0 90.0
13.00 10.0 90.0
13.10 98.0 2.0
15.00 98.0 2.0

44 mnawItanialasinlanniunasdalasiwadaiia triple-quadrupole NaMIUTINRITULAS

nIngIN
U
4.4.1 M3@383d 10 mM ammonium hydroxide

10 mM ammonium hydroxide W3sulasn9i38919 25% ammonium hydroxide 31431 14 mL
e deionized water USUUSuasl#du 100 mL 22lé ammonium hydroxide a3 TNE® 1 M 138779

f158zaeian 100 L¥inee deionized water 2216 ammonium hydroxide AMULTUTH 10 mM
442 ﬂ’]iL@l‘%UNﬁ”liazﬂ”lEI&J’WI?E’]%@’J’]&IL°1T&I°f|'u 100 pg/mL

msazmymmgmﬂ’a’miwﬂu 100 pg/mL v83 adenine, guanosine, xanthine LLRs uric acid
m’%mmwﬂﬁuhslms“i?amsmmgmamagﬂﬁaa 8zaNU@8 10 mM ammonium hydroxide 1% ldaaw

CZ2R 2

CNTUNABINNT
4.4.3 E1IRTANYNIATTIUNEN

miazmymmgmwamzwm adenosine LR guanosine UARZENTUANUTNTY 10 pg/mL
L@]‘%wimmiﬂmmmia:mUmmgmmﬂmﬁuﬁu 100 pg/mL 284 adenine, guanosine atiNdaz 5.0 mL
1& volumetric flask 2@ 50 mL 138314638 10 mM ammonium hydroxide UATULSNIAT &%
RIIATAILNIATTIUNRNIZNINY xanthine Uaz uric acid UARZENINAMNTNTH 20 pg/mL w3sulasnsd
Lﬂ@lmsazmﬂmmg'mmwrimm 100 pg/mL Va4 adenine, guanosine 881498 10.0 mL & volumetric

flask Y410 50 mL 1399719628 10 mM ammonium hydroxide auAIULINGT

4.4.4 MAGILNFINZABN03 N TU ATRDY 10 ug/mL
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g3uasgIunely (intemnal standard) Nl5Ae caffeine Le3pulagnsTIaNINNAIFIN caffeine

AZANHLAZLIB21968 10 mM ammonium hydroxide 3 1@ANMTNTY 10 pg/mL
4.4.5 MINAWITIATITHA

w3aeda  LCMSMS  Aldluminaw3iaiezvias  Ultrahigh  performance  liquid
chromatography (UPLC) g’u LC-30AD Nexera (Shimadzu, Japan) ﬁqﬂﬂ‘itﬁﬂizﬂauﬁ’m CBM-20A

controller, LC-30AD binary pump, DGU-20A 5R degasser, SIL 30-AC autosampler L8z column oven

1 g: U ® v
1 CTO-30A MsusnaINInuald column Ascentis Express  C18 (2.1 x 100 mm, 2.7um) uazld

(%
a

® A 4
guard column Ascentis Express C18-guard column (2.1 x 5 mm, 2.7um) AIDTWANAVDY column 1
40°C aaaamIlTu MInenanIkEszuy gradient 1T mobile phase 2 uiada mobile phase A (0.2%
formic acid in deionized water) L8z mobile phase B (0.1% formic acid in methanol) 8ATINNT MAAVRS

mobile phase 1w 0.2 mL/min 11722849 gradient loiassaludl

Time (min) % Mobile phase A % Mobile phase B
0.50 98.0 2.0
1.50 98.0 2.0
3.10 10.0 90.0
4.00 10.0 90.0
5.50 98.0 2.0
8.50 98.0 2.0

LABIATINIARTAD triple quadrupole mass spectrometer g’u LCMS-8030 (Shimadzu, Japan)
J2UU ionization WULU electrospray miﬂ%'um%adﬁalfmiazmmlaamsmmgﬁummlﬁwﬁu 1000
pg/mL laoaSounonudazsia ENIIALUY full scan WA multiple reaction monitoring (MRM) 15y
wasaulwnsuanulaialild transition ions Niafiusadneas 2 ions FRTUUARZAT transition ions
o A a A . . A 9o A A o A A &
m%uﬂﬂumimﬂimm an transition ion %%Gl“ﬁLWBU%UWH%WU@Gﬁ’]? UUVUBILATDIAIATNRNNIS

da'luit

Nebulizing gas N, flow 3.0 L/min
Drying gas N, flow 12.0 L/min
Temperature 350°C

Heat block temperature 500°C
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2

MIANNAUTIMITANdATIRINVBINUNLANATEY  transition  ion  GaNWNlANAUDIRNT

41933T1UNN olu (peak area ratio)

4.5 miaTagautatugwanult lauasidd (method validation)

miIaTaRauiNaiiniwawlElauaddd (method validation) azldwananlnailiudracing blank

A A ' o A A A o 15 & A . . A =
asnniinonwi WneslngiiSinunsegind1 inulinaIgiunie guideline fillumsdinmn
. . . .. . 16 $
method validation faintusiuad The united States Food and Drug Administration (USFDA) G
WNAaasnuugsininaIsaTIagaufe linearity, recovery, accuracy, precision, matrix effect, stability

LWae lower limit of quantitation (LLOQ)

4.5.1 Accuracy Lz precision

]
=

I%ﬁaashamuquqmmw (quality control sample) 71 4 3=AUANNLTNTH Aa 100-2000
ng/mL §%3U uric acid Waz xanthine wazlug29A NN 10-1000 ng/mL §1%3U adenosine
LA guanosine lunsfnm accuracy LAZ precision nMIlased quality control sample (QCS)

a

o &
N3

1. 1@384 stock standard solution ANLTNTH 100 pg/mL I@Uﬂ’li“ﬁ'{la’lwﬁ@lig’m uric
acid, xanthine, adenosine LAz guanosine lﬁﬁﬁwmﬁngﬂﬁaq azansuazlIudSunateiy azany
wazUSuUSNNaT6a28 10 mM ammonium hydroxide 1% la@anuiudis 100 pg/mL

2. 138319 stock standard solution AaLENEwH 100 pg/mL T ldanududusas uric
acid W&z xanthine 1w 20 pg/mL &% adenosine LAz guanosine WWaanadu 10 Mg/mL Al
10 mM ammonium hydroxide

3. L@3uY caffeine AMATNTH 10 ug/mL LialFiilu internal standard lasn1359813
4103374 caffeine 8zANBUAZIIDNIGIE 10 MM ammonium hydroxide W laaauidntu 10
pg/mL

4. I8t blank (Wanealna) Uszanm 20 n3u shandulwaziduadiy 10 mm

ammonium hydroxide 200 3887 tJuwia1 5 w1l

'
a % '

5. 79 @18879 blank (Wananlng) Nuszidea & centrifuge tube $1WI% 5 waaa lag
Weaz WRaaRINPHNLYINAL 10. 5676 N3N ( WINKNEIENS blank 1 NTW + ¥1AT%N 10 mM
ammonium hydroxide 10 A88877)

6. 11 centrifuge tube UANZWADA WUANEITANIG AIATTN
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Sample | Concentrations | Concentrations mL of uric mL of mL of mL of
of uric acid of adenosine acid + adenosine + | caffeine, 10 mM
and xanthine and guanosine xanthine 20 guanosine 10 | 10 yg/mL | HN,OH
(ng/mL) (ng/mL) pg/mL pg/mL

QCS 0 0 0 - - 1.00 9.00

QCS 1 100 10 2.00 2.00 1.00 5.00

QCSs 2 200 50 0.50 0.60 1.00 7.90

QCS 3 500 300 0.20 0.10 1.00 8.70

QCSs 4 2000 1000 0.10 0.02 1.00 8.88

nanua 3 11w 1 % usdwiedn accuracy Iugﬂmad % recovery Lz ANNLAWEIVDINTT

AT (repeatability) lu31189% RSD UoINaILATIZH

% Recovery = (found conc /nominal conc) x 100

% RSD = (SD/Average) x 100

\NUSINNTEBNTY © % Recovery = 85-115% (‘ﬁﬁ;@ LLOQ = 80-120%)

% RSD < 15% (1130 LLOQ < 20%)

4.5.2 Recovery WLz matrix effect

1.

= s 1
NIILAILUAIDETN blank

AneTeu@0e19 blank ¥msnndasnananlnaluTuanuaiTaaaagne 20 n3u 1dw

10 mM ammonium hydroxide a4l 200 mL JulAazidaadioiaTasuananaInis snaladnen

Juazlduaudian centrifuge NANNLSY 10,000 saudewfl uwian 10 el wenaula

(sample filtrate) 8anan

2. L@38d stock standard solution ANNLTNTH 100 pg/mL I@Uﬂﬂif&ﬁ?iwﬁmigﬂu uric

acid, xanthine, adenosine a2 guanosine lﬁﬁﬁmﬁﬂgﬂﬁaa azanuazdIuUSunaIany azang

uazdSuUSuNasaa8 10 mM ammonium hydroxide 1 l@aatdut®h 100 ug/mL 138319 stock

standard solution ANLTNTH 100 pg/mL I ladanuitudunas uric acid waz xanthine Liw 20

ug/mL &% adenosine WA guanosine

hydroxide

waanadu 10 pg/mL @28 10 mM ammonium




16

3. L@I%ﬂllﬁ’]iﬂtﬂ’]El“llﬂx‘iﬁ'ﬁ&l’]@liﬂ’]%ﬂ’]&ll% (internal standard) Immrﬁ'&msmmgm

caffeine 8raNBLALLIBAN19IG8 10 mM ammonium hydroxide 1A laaNNL T 10 pg/mL

4. L@IPUENIAZADNIAITINTIN IUTIIANTNTU 10-1000 ng/mL §1%3U adenosine
L8z guanosine Was 100-2000 ng/mL #%3U uric acid Uag xanthine lASNFUE1TA G]L“fﬁ

ANUATNAIT1ININ

mﬁamiwﬁmumimmgmimLﬁaﬁnm Recovery Lz matrix effect

Solution mL of uric acid + | mL of adenosine + | mL of caffeine 10 mL of 10 mM
number xanthine 20 guanosine 10 pg/mL NH,OH
pg/mL pg/mL

1 - - 1.00 9.00
2 2.00 2.00 1.00 5.00
3 1.50 1.50 1.00 6.00
4 1.00 1.00 1.00 7.00
5 0.75 0.80 1.00 7.45
6 0.50 0.60 1.00 7.90
7 0.40 0.40 1.00 8.20
8 0.30 0.20 1.00 8.50
9 0.20 0.10 1.00 8.70
10 0.10 0.02 1.0 8.88

nananIazananInualidnnulasls vortex mixer 10 3w 10 lUnsads1u nylon membrane

2110 0.2 um fandaEe3os LC-MS/MS

5. MIGTUUEIALAPAIATIINTIN IUT19ANNTNTU 10-1000 ng/mL §1%3U
adenosine LR guanosine Lz 100-2000 ng/mL &MU uric acid a2 xanthine WazldI8E19

blank W&WBE] 1ANRUEIIAN YPEINA DN UANAN TN
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a Aa o ' A = .
ﬂ’]iW]iUNﬁqiﬂqﬂjﬁs’]uijw‘ﬂN filtrate V83910814 blank tWafN=N Recovery W8 matrix effect

Solution | mL of uric acid | mL of adenosine | mL of mL of mL of 10 mM
number | + xanthine 20 + guanosine 10 | caffeine 10 filtrate NH,OH
pg/mL Mg/mL pg/mL

1 - - 1.00 10.00 9.00
2 2.00 2.00 1.00 10.00 5.00
3 1.50 1.50 1.00 10.00 6.00
4 1.00 1.00 1.00 10.00 7.00
5 0.75 0.80 1.00 10.00 7.45
6 0.50 0.60 1.00 10.00 7.90
7 0.40 0.40 1.00 10.00 8.20
8 0.30 0.20 1.00 10.00 8.50
9 0.20 0.10 1.00 10.00 8.70
10 0.10 0.02 1.00 10.00 8.88

6. MILAIVUAIDI LAV IRTALNIAIFINTIN 1UT29 AWLTREU 10-1000 ng/mL
&MU adenosine LAz guanosine L8z 100-2000 ng/mL & %IV uric acid W8z xanthine (1"5/

fRIUNIAN® recovery VBINILAIHNAIDEN)

79028819 blank (Wanawlng) dszanm 20 n3w shandulezdeany 10 mM
ammonium hydroxide 200 Aa8aas LIua1 5 w17l 9INUTS blank sample (Waviaulnaj) Nl
azldu@ & centrifuge tube $11% 10 “aaa lasudas wasadiwdnwinnu 10. 5676 n3u

(INRRNA8819 blank 1 NN + %19BN 10 mM ammonium hydroxide 10 JaaaA3)
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Solution mL of uric acid + | mL of adenosine + mL of mL of 10
number xanthine 20 guanosine 10 uyg/mL | caffeine(internal mM NH,OH
Mg/mL standard) 10 ug/mL

1 - - 1.000 9.000
2 2.000 2.000 1.000 5.000
3 1.500 1.500 1.000 6.000
4 1.000 1.000 1.000 7.000
5 0.750 0.800 1.000 7.450
6 0.500 0.600 1.000 7.900
7 0.400 0.400 1.000 8.200
8 0.300 0.200 1.000 8.500
9 0.200 0.100 1.000 8.700
10 0.100 0.020 1.000 8.880

RTazaenInaa LU centrifuge 1AN3L57 10,000 saudaw A uan 10 wifl 1

fulalunsadsinu nylon membrane 141a 0.2 pm AaudaliniaIad LC-MS

7. M3AnEN recovery vilaams plot NIWIEWING EITNNAIFIUTIN TLAN filtrate

PaIfagniblank a9l (WK x)  uaz @29819 blank NiTusziBun waLANEITNIAIFINE U

na 1w 40y centrifuge #213157 10,000 Joudaw A Wuwaan 10 WA iaulaninsad

1% membrane WA 0.2 pmAawinlUIaTzA WAK y) MwmannsEuasilasdt least

square regression Wa111F1 slope AW ITHAT recovery % INMNFNNTT

Recovery (%) = slope*100

8. MIANEN matrix effect ¥inlay M3 plot N9MWITWING FITNIAITINTIN (N X)

L8z §1INAITINTIN L@ filtrate DaI@IDENIblank 8l (N y) Srwrmsunisguasslas

37 least square regression TEepale slope NNAIWITH matrix effect (ion suppression %38 ion

enhancement) INNRUNIT

Matrix effect (%) = (1-slope) x 100
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nIyana:
N slope ®a8NI1 1 %38 matrix effect 1 uuan wUai1d ion suppression

#1 slope ¥1NNI1 1 38 matrix effect LIJuay wlaind ion enhancement

4.5.3 Linearity L8z lower limit of quantitation (LLOQ)

L@%'U;Jé"gasmﬁLaumiazmﬂmmgwmw NIt 3luda 6 YaINNIAN® recovery uaz
matrix effect #f1 peak area VadudazaIluaratng blank (ma@rﬁ 1) aUBANAN peak area
madmil,l,@iawﬁﬂluﬁaa@ﬁ' 2-10 mﬂﬂ?uﬁﬁuﬁmm area ratio V848NN internal standard W&?
il plot ATWTErIsANNTNTUIEIRNT (WA X ) WAZ area ratio (WA y) lag plot WENNA

fSRIuRIIUGacTha
NN NNTLANTL
linearity: @1 r = 0.99 wazAnfasunaInaitn i liiAn 15 % anoasas mnﬁu’g@ LLOQ
fin LLOQ : mmLiwﬁm‘ﬁq@ﬁﬁml,ﬁmmmaawa%mmwﬂlajlﬁu 20%
4.5.4 Stability

TuuITpAinITANBIANNAIMITEIRININTIIULAZENIAI0E adsa Ui

1. ANuAIITaIN It INaIIuad N 3 szauanaududufa d nans g
G s 1 nl' a s U v o 1 L4 1 &
laia3sumimadniduamnauasil sszauanudutu ildutlilugusuds

a o = a 1 ' W a 6
QM%QQJ -20°C YINMIANBHIANNAIAT 3 IDUMTAZANY LAKZIOURIIN® 1 FUA W

D-

a

2. mwmé’waamsmmgmﬂqmugu -ZOOC

v

3. mwmé’waamsmmgmﬁqm‘ﬂgﬁ%aa
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a 6 1a a A a s 1 o & ¥
4.6 ﬂ’ﬁ(ﬂi'ﬁ"ﬂ’)Lﬂi']z‘ﬂ‘]_]i&l’]mwjiuLLﬂzﬂiﬂgiﬂlu@]’JaEJ’NNﬂ‘W‘H:‘]J']‘H:

MIATIVNATZAYTUMETAITUURE uric acid ludradennudazoiia azltmafisudSanu
ﬁ'umwlmaamimmg'mﬁm’%yﬂ@ﬂmnaumsmmgmmluﬁaaﬂwoﬁnfue] (matrix match calibration)
1flag9n matrix effect pa9Rnudszafiauandstu lagsaindnudssafiafihanedsuniuesans
933 % 3 lTAI8ENIINTINGN 3 Iur g Ink MINERRaITIBNUluY ng/g

PBIAIBENI WINUTVIUNATIINLRBLNIITEAU LLOQ 92318971%731 “WUB8NI1 LLOQ” WNNYiNn13a3a

v o
[ (4

AR INUWITORANIFY 16 Tiia asdalUh

@288719[N Tomunsannw FoAngenans
1. ﬁl",] Hnenn Yardlong bean Vigna unguiculate subsp. Sesquipedalis
2. UedNN Cucumber Cucumis sativus Linn.
3. WNM@N Chinese cabbage Brassica pekinensis
4, fﬁdaﬂ Bean Sprouts Vigna radiate (L.)
5. ﬁﬂﬁd%u Morning glory Lpomcea aquatic Forsk. Var. reptan
6. ﬁlﬁwﬂ Winged bean Psophocarpus tetragonolobus
7. Anwnuth Melientha suavis Melientha suavis Pierre
8. WNNZLa® Water minosa Neptunia oleracea Lour.
9. HAANIZO White Popinac, Lead Tree | Leucaena leucocephala (Lam.)de Wit
10. 1oy Acacia pennata Acacia Insuavis Lace
11. ¢1&4 vy Gourd Coccinia grandis (L.) Voigt
12. lujaun Asiatic Pennywort, Tiger | Centella asiatica Urban
Herbal
13. ﬁﬂﬂﬁd(“ﬂ’l’;) Malabar Nightshade, Basella alba Linn.
Vinespinach
14. {WNWY (ﬁﬂﬁﬁu Yellow Velvet Leaf, Limnocharis flava Buch.
84) Tummy-wood
15. WNWAD (ﬁﬂvl,w') Vietnamese Coriander Polygonum odoratum
16. uzi@aldne Thai Eggplant, Yellow Solanum xanthocarpum Schrad. &
berried nightshade Wendl.
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uNN 5
Nan1sIvguazanilsy
5.1 MINAWIT lewaswWasuuaadalasin lan AN anUSu AT wLAZNIa g3

MINaUIIT lamweswasuudnialasunlans® (High-performance liquid chromatography,
HPLC) fediameWtSanas #93%  (adenosine, guanosine) uwawufiu (xanthine) laluuzufin
(hypoxanthine) uazNIALIN (gﬂﬁ 1) 1¥aaduil Chromolith C18 Waza32370&13NNEIGIL UV detector
ﬁmwmmﬁu 284 w1 lULuAT mobile phase lFa1uHaavad 10 mM ammonium acetate buffer, pH
4.510.1 uaz acetonitrile lagtsuansainuad acetonitrile 1w 5% uaz 40% sanaiwlasdsnnas 11

AT IAa 0.5 VaAAAIAaWIT T2UUMITLa 98T UL UY isocratic

ST T T

T

Uric acid Xanthine Hypoxanthine
NH, o
N XN N
{ ] P /T
HO, HO N NH,
0 :o: \
H H
OH H ont
Adenosine Guanosine

gﬂ'ﬁ 1 Ta3983 19209079 g’%mmzmiﬁﬁuﬁﬁﬂmiﬁﬂm
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nM3lF3zun mobile phase Gana1 WUIIEIINNEARIA retention time lduansdrsnuannlu

LANZOATIEIUTBY acetonitrile (gﬂ‘ﬁ 2A-2J) k&®a331 pH wad mobile phase maaz"l,ajmmmma:mmn

drgnavlidnslunaduil deanviinaidfou pH w84 mobile phase daailu pH 2.520.1 uazldana
iuTwag acetonitrile 11l 5% AaTFIWIANUITNNIGT ITUUNNITEA9EN I WULL isocratic WUIIRITUE

s [ v e &/ n' g . . ' . { ' d o
azengnivlimoluneani@uuuaziFuiien retention time uanen9iu (3UN 3A-3F) udiliatihzulasanla

o

uwnINInaaaNFauiuiuiInuIINuenvasudazasse lausauenniuladin (U 3F) 3avh

MIUAsusiaasdivinasansdun3dlu mobile phase a1 acetonitrle 1% methanol lagldainu

2R 2

[ ' a ' a ' . . ' a £
LINTW 5% E]@ITWET'J%I@Uﬂilﬂ(ﬂ‘iWﬂL@]ﬂJWU'ﬂ retention time °11aaa'lsu,@lammmmmuazgﬂmmhLm

a o v A Aad ' a a L3 [ 1al P = a '
JUNTIUNUUNIILLNNAVI LA ﬂi(ﬂ%l‘iﬂ LR VL‘EII?JLL‘IT%Y]% EJ\‘JLLEJT]TI%VL&I@ 31]7] 4) AR INVDI

(
I Q 1 |a 1 1 J {
methanol 1% 3% damaulasUSunaTwuInmILenUaILAaz R TAUH (3UN 5)

mAbs
304 (2A) Uric acid HPLC condition
o LC system: Shimadzu model LC-10AD
20- Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
v
104 Mobile phase : 10 mM ammonium
acetate buffer pH, 4.5 :
acetonitrile 95:5 (%v/v)
g \f
Injection volume: 20uL

n 1 ? min
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(2B) Uric acid

.‘é min

40D+

(2C) Adenosine

5 min

HPLC condition

LC system: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase : 10 mM ammonium acetate

buffer pH, 4.5 : acetonitrile

60:40 (%V/v)

Injection volume: 20uL

HPLC condition

LC system: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase : 10 mM ammonium

acetate buffer pH, 4.5 :

acetonitrile 95:5 (%v/v)

Injection volume: 20uL

23
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10+

5.

(2D) Adenosine

24

(2E) Guanosine

4min

HPLC condition

LC system: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase : 10 mM ammonium acetate

buffer pH, 4.5 : acetonitrile

60:40 (%v/v)

Injection volume: 20uL

HPLC condition

LC system: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase : 10 mM ammonium

acetate buffer pH, 4.5 :

acetonitrile 95:5 (%v/v)

Injection volume: 20uL

24



mAabs
(2F) Guanosine
o &
24
2 I
1 E
0 2l ———
0 min
mAbs
(2G) Xanthine
200-
100+
i N 4

min

HPLC condition

LC system: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase : 10 mM ammonium

acetate buffer pH, 4.5 :

acetonitrile 60:40 (%v/v)

Injection volume: 20uL

HPLC condition

LC system: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase : 10 mM ammonium

acetate buffer pH, 4.5 :

acetonitrile 95:5 (%v/v)

Injection volume: 20uL

25



(2H) Xanthine HPLC condition
100- LC system: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
¥ Mobile phase : 10 mM ammonium
acetate buffer pH, 4.5 :
acetonitrile 60:40 (%v/v)
0 }
Injection volume: 20uL
0 2 i min
mAbs
(21) Hypoxanthine HPLC condition
1
8 '; LC system: Shimadzu model LC-10AD
J Column: Chromolith C18, 4.6 x 100 mm
4 ' _
i Flow rate: 0.50 mL/min
’ Mobile phase : 10 mM ammonium
2 l
J\ acetate buffer pH, 4.5 :
A N
i — acetonitrile 95:5 (%V/v)
\ /
]

0 2 ' 4 min Injection volume: 20uL



27

mAbs
(2J) Fypoxanthine HPLC condition
6+ LC system: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
4+ .
Flow rate: 0.50 mL/min
Mobile phase : 10 mM ammonium
24
acetate buffer pH, 4.5 :
- s
0 ' acetonitrile 60:40 (%v/v)
V
0 3 s min Injection volume: 20uL

gﬂﬁ 2 (A-J) Chromatograms mammg‘%mmzm‘iﬁﬁﬂu mobile phase 10 mM ammonium acetate, pH 4.5

WRs acetonitrile, 95:5 LAy 60:40 é'@l‘iﬂd’mi@mﬂ%mm

mibs
F
604  3A: Chromatogram of uric acid
HPLC Conditions
LC System: Shimadzu model LC-10AD
404 . .
Column: Chromolith C18, 4.6 x 100 mm
<— uric acid
Flow rate: 0.50 mL/min _I
Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : acetonitrile; |I
20+ I
95:5 (viv) !
|
Injection volume: 20uL
UV detector: 284 nm -'/I
0 : e
w

0o é 4 mi|_1



mAbs
'
304 38: Chromatogram of adenosine
HPLC Condition
LC System: Shimadzu model LC-10AD
20+ Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
<— adenosine """J
Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : acetonitrile;
104
95:5 (v/v)
Injection volume: 20uL
UV detector: 284 nm
1]
-
1} 2| .nll min
mibs
Y
3C: Chromatogram of guanosine
HPLC Conditions
100
LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
R0 Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : acetonitrile;

<— guanosine

95:5 (viv)
Injection volume: 20uL
UV detector: 284 nm

28
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mibs
ry
60 - . .
3D: Chromatogram of xanthine
HPLC Conditions
LC System: Shimadzu model LC-10AD
404  Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
Mobile phase: 10 mM i tate buff H25: tonitrile;
obile phase mM ammonium acetate buffer, pl acetonitrile; < xanthine
20
95:5 (viv)
Injection volume: 20uL
UV detector: 284 nm
0 -
1] é .i Mt
mhAbs
.
3E: Chromatogram of hypoxanthine
HPLC Condition
100+
LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
<— hypoxanthine _I
507  Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : acetonitrile;
95:5 (v/v)
Injection volume: 20uL
UV detector: 284 nm
1]
-
0 2I .!II min
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mAbs
3F: Overlay chromatograms of uric acid and purine compounds =
HPLC Condition
100 LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min i
'} Xanthine

Mobile phase: 10 mM ammonium acetate buffer, -'pi-l 2.5 :facet J

50 L

95:5 (viv) 20
Hypoxanthine Guanosine
Injection volume: 20uL
Adenosine
UV detector: A3dcnacid \'l,
l]_ ____________________ — e i
-
0 2 4 & min
317 3 (A-F) Chromatograms maaﬂm%ﬁmmzmiﬁﬁﬂu mobile phase ammonium
acetate pH 2.5 W&z acetonitrile, 95:5 aasNdIWlALLSNAT
mAbz
Y
4A: Chromatogram of uric acid
HPLC Condition
100+

LC System: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

504 Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : metflanol;

95:5 (VIv) <— uric acid
Injection volume: 20uL
UV detector: 284 nm
0
0 2 4



mAbz
30+ 4B: Chromatogram of adenosine 2
HPLC Condition
LC System: Shimadzu model LC-10AD
204 Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol; <— adenosine
10- 95:5 (V/v)
Injection volume: 20uL
UV detector: 284 nm
a
-
a 2 4 & min
mhAbs
-
4C: Chromatogram of guanosine
HPLC Condition
100+
LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min “J
04 Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol; <— guanosine
95:5 (v/v)
Injection volume: 20uL
UV detector: 284 nm
0 q"*/-lf
-
1} 2 4 6 min
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mibz

100+

504

4D: Chromatogram of xanthine

HPLC Condition

LC System: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;
95:5 (v/v)

Injection volume: 20uL

UV detector: 284 nm

<— xanthine

|

mAbs

min

100+

50+

4E: Chromatogram of Hypoxanthine

HPLC Condition

LC System: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm

Flow rate: 0.50 mL/min

Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;

95:5 (vIv)

Injection volume: 20uL

UV detector: 284 nm

<— hypoxanthine

32



mAbs
4F: Overlay chromatograms of uric acid and purine compounds
HPLC Condition
. f Xanthine
1004 LC System: Shimadzu model LC-10AD /
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol; .
! Guanosine
50- |
95:5 (v/v) |
Hypoxanthine —np! Adenosine
Injection volume: 20uL
UV detector: 284 nm Uric acid >
- - .—h.,ﬂﬂ._r — -
0 2 4

3171 4 (A-F) Chromatograms mammg‘%mm:miﬁ’ﬁﬂu mobile phase ammonium acetate pH

2.5 W&z methanol, 95:5 daT&IRLALUSNAT

mhhbs

604 5A: Chromatogram of uric acid

HPLC Condition

LC System: Shimadzu model LC-10AD
404 Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min

Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;

<— uric acid

20
97:3 (vIv)
Injection volume: 20uL
UV detector: 284 nm
1]
-
0 2 4 min
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mAbs
e
30+ 5B: Chromatogram of adenosine
HPLC Condition
LC System: Shimadzu model LC-10AD
20 )
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min _____,‘
Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;
104 <— adenosine
97:3 (viv)
Injection volume: 20uL
0 UV detector: 284 nm ill
-
0 2 H min
mhAbs
F
5C: Chromatogram of guanosine
HPLC Condition
100
LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min “J
504 Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;
<— guanosine
1] <y
-
1] 5 10 min
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mAbs
5D: Chromatogram of xanthine -
HPLC Condition
100 o
LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
50 Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol; <— xanthine ""'"‘
97:3 (viv)
Injection volume: 20uL
UV detector: 284 nm
1] 2
-
1] 2 4 [ min
mihs
r
5E: Chromatogram of hypoxanthine
HPLC Condition
100
LC System: Shimadzu model LC-10AD
Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min
rO] Mobile phase: 10 mM ammonium acetate buffer, pH 2.5 : methanol;
<— hypoxanthine
97:3 (viv)
Injection volume: 20uL
UV detector: 284 nm
1] ="
0 2 4 min
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mabs

5F: Overlay chromatograms of uric acid and purine compounds
HPLC Condition

100 LC System: Shimadzu model LC-10AD

Column: Chromolith C18, 4.6 x 100 mm
Flow rate: 0.50 mL/min

Mobile phase: 10 mM ammonium acetat} buffer, pH 2.5 : methanol; H

Adenosine L]
501 Hyp8%ahiiivg —" <4—Xanthine

<4— Guanosine
Injection volume: 20uL

. > -
UV detector: U"C 24 :I ||
I

0 5 10 min

3171 5 (A-F) Chromatograms maaﬂmgﬁ‘imm:m‘sﬁﬁﬂu mobile phase ammonium acetate pH

2.5 W&z methanol, 97:3 aaaInlaulSunas

ada

5.2 MminawItanialasanlanAussaidalasiuassiia ion-trap Lﬁamﬂ%mmﬁﬁ'ml@:ﬂmﬁﬂ
5.2.1 N3 fragmentation ions

@ Aada ¢ A a A A A v & o a & A A
miwmm’amLmﬂ:mwamﬂimmwamuazﬂmgsﬂluwﬂwumuumsmﬁm 5 1Uan
¥N3ANE Aa uric acid, xanthine, hypoxanthine, adenosine, guanosine Tagls dextromethorphan
\Ju internal standard MsWAWATIAZALA8 LT LC-MS/MS ion-trap WU BIINNTARIRNANIENNT
o 4 o = ) o A ) . A
NARRINANNZRNNILIALUIN M hypoxanthine '@ Lila431n hypoxanthine LﬂquLaqamuWLaﬂwma
Imaqa 135 miﬂ’@uuﬁ%’ime:ﬁmdLLiﬂvL@i”m%mJmm:awmmigm hypoxanthine @MULTNTY% 100
pg/mL i lUnaasanam fragmentation ion WuInd fragmentation ion (transition ion) m/z = 92 ueLile
ﬁfmﬁmaaﬂummaVLﬂI@sjmsm%smmimmg’]ﬂumammnTmTu 0.1-50 pg/mL Wala3aunIwW
§13319331% (standard curve) WU hypoxanthine TW&mn m peak area drannuazlianygioly
o A ' & A & ' o o < A o v @ A o =2 A
amLaualumm@Lma:mamamdmﬂwwuatytyﬂm LL&Jﬂiz‘Yl\‘i‘Ylit(ﬂ‘Llﬂ’J’]NL“U&I“II%ENEE@YW]’]TY]??IHH’]Q@

50 pg/mL FURAGINANIANRBININ T2ULVRILATINTIVIAN LTI mass analyzer Tfia ion-trap
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%&mmnmﬁ@ﬁaaﬂmmnﬂaé’uﬁ%‘%as:uuﬁﬂ%ImmI@mﬁW ﬁ]zLﬁﬂvl,ﬁaj ions chamber YHWAA LAI39
1A@ fragmentation LRZAIIAIA fragmentation ions ﬁﬁﬁt’mﬁfﬂ (m/z) m&l‘ﬁ'lﬁaﬂvﬁ hypoxanthine parent
ion (m/z 135) W& transition ion (m/z 92) ﬁma@iauﬁwﬁaULﬁaagiauﬁuﬁuaﬁsﬁuﬂ el ions
chamber 819LAANNITUAL ions “7'1'1,1:;]% adduct 5‘%6] MlAaTIany ions miz 135 uaz 92 lawasuaz
Ysinafiamanyliasinawe %aﬁ@ﬁﬂﬁdndﬁawuﬁuaﬂiﬁue]ﬁmﬁaﬁa uric acid, xanthine, adenosine,
guanosine WAz dextromethorphan saud lianninnsdiuas hypoxanthine %aﬁmaimaqaﬁaﬂﬁq@lu

\ A o = Y X =2 & X, 2 A P o aa
ﬂQuﬁﬁiﬂﬂﬁﬂﬂiﬂﬂH’I IR hypoxanthlne 2aNINNIANBIAIIUNDU I@ﬁﬁ?ﬂﬁ]ﬂwﬁqiﬂﬁlzv\l@“%’nﬁ

AR LA LasaT LC-MS NInua 4 aila fa uric acid, xanthine, adenosine W&Y guanosine

TumsdansilSnoslfsansmsningiuild peak 289 parent ion VasFsAaNuAld
peak 183 parent ion U8Y internal standard (peak area ratio) wazld fragmentation ions 1 IUQ
(transition ion) Lﬁaﬁuﬁuﬁﬁmaams IINNINA[DINRT fragmentation ions I@lﬂi’ﬁ’ﬁ’]iu’]@lig’mu@iazmﬁ@
luanuidudu 10 pMg/mL WU fragmentation ions %38 transition ions ‘?Jadmil,wiawﬁ@ﬁmmﬂﬂum‘i’mﬁ

1

N3199 1. UEAY parent ions UAZ transition ions YasRIIuLAzNIALINNLE UM AN

"3 Parent ions (m/z) Transition ions (m/z)
Uric acid 167 124
Xanthine 151 108

Adenosine 268 136
Guanosine 284 152




MIUANAIA (fragmentation) va3anIusnzafiaiialitle transition ions luana iudazui 6-9

O
NH m/z = 167 [M-H ]
O:< ‘ /K
N
N
H H

Uric acid: 167>>124

0]

o_"

H 4 -
N:f miz = 124 [M-H]
‘ NH

Ir=
Ir=
(@)

gﬂ‘ﬁ 6. Fragmentation 284 uric acid 6 transition ion, m/z 124

Xanthine: 151>>108

HN \
)\ ‘ > miz = 151 [M-H'T
o N

Iz

o} —‘ -
e N + -
HN 2 ‘ \> m/z = 108 [M-H]
N
H

Ellﬁ 7. Fragmentation 184 xanthine 16 transition ion, m/z 108
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Adenosine: 268>>136 NH,
</N ‘ \ N
HO N N) miz = 268 [M+H']"
O
H H

</Nf“
/z =136 [M+H]
HO N = miz [M+H ]

31]“7] 8. Fragmentation 183 adenosine 16 transition ion, m/z 136

Guanosine: 284>>152 0
N
NH ot
</ ‘ miz = 284 [M+H']
=
HO N N NH,
)
H
OH OH +
0
N
/ NH
< ‘ miz = 152 [M+2H'T’
P
HO \ N NH,
[VaVaVava)
0
H H
OH OH

Ellﬁ 9. Fragmentation 183 guanosine 6 transition ion, m/z 152
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INMINARBINDIN uric acid uaz xanthine Tiany N mlu negative mode a6 udliaygrmiaswsald
a’m’linm%ﬁ@lvlﬁl,amﬁalf positive mode lummzﬁ adenosine guanosine LR dextromethorphan ot
Ec%'fyry’lmalu positive mode @TaifmzuumﬁLmﬁzﬁuazm’;ﬁﬂ%ﬂ%ﬁa positive mode WAz negative
mode lasficaudnanzuduanis 7 wifiasszuunmiasaiads negative mode &9 uric acid uas
xanthine 9288nIUTI986INEN2 wasaNEMaz switch liasradalu posive mode LianIaia

adenosine guanosine W&z Dextromethrophan Naananlugae 7-13 w1l

M3 bFuluseuy negative LRz positive mode WUINI&Ed modes e (sensitivity)
. o A . A A . ' A & v A
ANINUAB positive mode umm"l’mm'lﬂs:mm 10-100 " luﬂ’]‘i’JLﬂi’]zﬂ@’m‘izUU LC-MS n
asuneluunn 4 8139 G]Q:in,l,mﬂaanmlwﬁmam 5-12.5 #19 @ retention time, transition ions LAY

W é’wmﬁlﬁumﬂmnm IFNTUARSTRALTAINIATIN 2

A9 2. m;ﬂwaﬂ"] retention time, transition ions, WRINUN LT WA TUANVBIRNTUARZ TR

(collision induced dissociation,cid)

&3 Retention time (min) Transition cid (eV)
Uric acid 5.07 167>>124 33
Xanthine 6.39 151>>108 30
Adenosine 7.89 268>>136 28
Guanosine 10.78 284>>152 22
Dextromethorphan 12.37 272>>215 40

RNNIANEN  method validation tilasduvasi® LC-MS/MS ion-trap NANIANEIWLTN

MW ALABTU98ENILTUANN LA (precision) Vl,aja%ﬂumm%ﬁyam%’uvlﬁ w3 BIRaN AT

53 msnawitanialasinlanniunasdalasuadsiia triple-quadrupole  LNaUSINI AR LA

nyagIN
U

MINATERENIRIIULAE uric acid laeldIzuy LC-MS/MS triple quadrupole fingasluuni 4
qe o e LA 2
WU AR NGTU §10N30ATIIFOU transition ions VaIENIUARzTRATINNIFITNNAIZ IR
(internal standard: caffeine) lalasfidnatalasanlaunsuasuaaslugd 10 uazwaanunlilunsuan

UIALAY transition ions VAIFNINANBILRAIAIANTIIN 3



2.00(x10,000) 166.90>124.00(-)@4 (1
122,181
bt jk Uric acid 166.90>124.00
iy (x1,000) 166.90>69.00(-)@4 (1
4.0044,917
2.004
E j\ Uric acid 166.90>69.00
0.00- ——
e 3‘.:,',3%?“’ 151.00>107.90(-}@5 (1
2.00
1.00 Xanthine 151.00>107.90
<AL (x1,000) 151.00>79.90(-1@5 (1
3,003,811
2.00+
1.004 Xanthine 151.00>79.90
3
S(xwu.oom 195.10>138.05(+)@2 (1
400512632
2004 Caffeine 195.10>138.05
2 (x100,000) 195.10>110.05(+)@2 (1)
149,752
1.00H
Caffeine 195.10>110.05
8;33 (x100,000) 284.00-152.10(+)@3 (1
867,807
[\ Guanosine 284.00>152.10
OO 00000) 284.00>135.00()@3 (1
180,370
1.00
Guanosine 284.00>135.00
0' T T T T T T T T
. 1 2 3 4 5 ] 7 8
_|(x1,000,000) 267 65> 135 65(x)@1 (1
1.00- \ Adenosine 267.95>135.95
0.
’(‘-saulg.augm 267 95118 65()@1 (1
bl Adenosine 267.95>118.98

g‘ﬂﬁ 10. 1a5311aUATY transition ions WBIRIIU uric acid uae caffeine (internal standard)
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AN319N 3. WAIINWN LT LNITLANNIBLAS transition ions WAIENINANLN

Substances Precursor ions Transition ions Collision ((i/n)ergy CE
Uric acid 166.90 124.00 19.2
69.00 19.0
Xanthine 151.00 107.90 9.0
79.90 25.5
Adenosine 267.95 135.95 -14.7
118.98 -43.1
Guanosine 284.00 152.10 -12.1
135.00 -32.1
Caffeine 195.10 138.05 -18.2
110.05 -22.1

5.4 MIaTagaUiNadngwauld leuaddd (method validation)

NAN1IANEN method validation Jad¢ia e
5.4.1 Specificity

=) { Qs J o Q/ 1 = IQJ v
TLUUM AT A NN TBTA NN T NN UFITUARZTRANADINNT  ILLRWIGANHNE
TasunlaunTuNLaas WUTRITLARTRANAN retention time @19N% WAZLARS retention time a2
o Ao , & ‘A a A A e e o i .
aIARNzETAGaIM TNl sdwdetn Huduldannniasiada fragmentation ion

223N TUARETRA LENIANALINWAL parent ion
5.4.2 Linearity

M3ANE linearity ¥lagmsiasunasgiuuiduaslualagny blank fidusziBoausa
wauliidnnu  lasdenudutusessnsanasgin 101000 ng/mL & WIU  adenosine uaw
guanosine Az 100-2000 ng/mL &% uric acid Was xanthine WNWIUWABWANNITINILAZEN
§18819339 plot NTWIZWINNAT peak area ratio (LM% Y) AUANMULTNTH (WNH X) G160

o o ad . [ o &
FUMITUFAIANNFNNUTIA8AT least square regression lanandsa U



1. Uric acid
Uric acid
7 -
6 -
o3
84
© 3 _
g
<5 | y =0.0031x +0.3348
r=0.9878
1 _
O '4 T T T T 1
0 500 1000 1500 2000 2500
Concentration (ng/mL)
Eﬂﬁ 11. Linearity 083 uric acid
2. Xanthine
Xanthine
7 -
6 -
5 -
.0
B4
§ 3 - y =0.0032x - 0.1038
< r=0.9974
2 -
1 _
0 = T T T T 1
0 500 1000 1500 2000 2500
Concentration (ng/mL)

Eﬂﬁ 12. Linearity 184 Xanthine
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3. Adenosine
Adenosine
1000 -
800 -
o
& 600 -
©
5 400 y =0.8471x + 37.18

r=0.9974
200
0 T T T T 1
0 200 400 600 800 1000 1200
Concentration (ng/mL)
Eﬂﬁ 13. Linearity a3 Adenosine
4. Guanosine
Guanosine
350 -+
300 -
o 250 A
© 200 -
® 150 -
< 100 y =0.302x + 1.4408
r=0.9991
50
0 T T T 1
0 200 400 600 800 1000 1200

Concentration (ng/mL)

E‘Uﬁ 14. Linearity 84 Guanosine
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79N 4. §7UWA Linearity L&@ISNNIIUAZAN r YaIN3IW linearity vadansudazuiia

Substance Equations r
Uric acid Y = 0.0031x + 0.3348 0.9878
Xanthine Y = 0.0032x - 0.1038 0.9974
Adenosine Y = 0.8471x+ 37.18 0.9974
Guanosine Y = 0.302x + 1.4408 0.9991

ada e o

: . £ a - . .-
NANNIANT linearity U83353LAIIEWAN AW TulasnsUsziliuaindn correlation coefficient ()
U 1 =

WUIAN r Ae1dszanos 0.99 wIannnin LLam'jwhmﬁmaﬁ%‘ﬁmwuﬁuﬁuﬁﬁumwuﬁuﬁuaé’lu

W NEaNsL e aIURNING 4 3fafe uric acid, xanthine adenosine WAz guanosine
5.4.3 Recovery L8z matrix effect
MIANBINAVEY matrix (matrix effect)

=2 a a . A a o
AnwnlasmaIoufioy peak area ratios maam‘smmgmm@waﬂu fIRNG
blank (LN Y) A peak area ratios maaaﬁmmgﬁ‘ﬂu 10 mM ammonium hydroxide (LN
X) 161 slope VBIFUMTURAIANUFUNBTNIAIUITAAN matrix effect wansans i

aasia b

1. Xanthine

. 6 Matrix effect graph: Xanthine
e )/
5
(]
g X
58"
S o
g2 %
5 3
® 2
-
3
o 1 - y =1.0832x - 0.0683
0 | | | r=0|.9976 | |
0 1 2 3 4 5 6

Peak area ratio of standard

Eﬂﬁ 15. NANNIANEN matrix effect U4 xanthine



2. Uric acid
T 8 7 Matrix effect graph: Uric acid
4 -
= 7 4
1]
T oz 6
w =
5 E 5 -
Qo o
R4
© ©
o o 3 _
©
o y =1.3821x - 0.1471
T 1 r=0.9941
0 T T T T T
0 1 2 3 4 5 6
Peak area ratio of standard
A = . . .
gﬂ‘ﬂ 16. NANNIANEN matrix effect Va4 uric acid
3. Adenosine
1200 - . .
° Matrix effect graph: Adenosine
4
> 1000 -
°
»
5 *g: 800 -
2 s
t 5. Q -
= £ 600
g §
™ 400 -
] y = 1.5825x + 27.266
o
200 - r=0.9981
0 T T T T T T T 1
0 100 200 300 400 500 600 700

Peak area ratio of standard

E‘Uﬁ 17. Namiﬁm:ﬂ matrix effect U84 adenosine
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4. Guanosine

47

Peak area ratio of std. spiked

sample matrix

400 Matrix effect graph: Guanosine
350 -
300 -
250 -
200 -
150 -
y = 1.5646x + 5.4401
100
r=0.9986
50
o T T T 1
0 50 100 150 200

Peak area ratio of standard

250

P 2 . .
Ell‘ﬂ 18. NANIIAN matrix effect Y84 guanosine

@AN5197 5. #7UNA matrix effect

Substance Equation Matrix Effect Percent matrix effect
Uric acid Y = 1.3821X - 0.1471 lon Enhancement 38.2
Xanthine Y = 1.0832X - 0.0683 lon Enhancement 8.3
Adenosine Y = 1.6825X + 27.266 | lon Enhancement 58.2
Guanosine Y = 1.5646X + 5.4401 lon Enhancement 56.5

NMIANBIWLING matrix effect VIITIATIZRAINIUENTNG 4 THalUANB I NIZYN

Y [ £ . o _ada ea o & X
a1 mnI932970g9%%  (ion enhancement) lumaiiFianziniannauilulglunms

a12905m ®1IN9 4 Thaludnaiaeigg 96099113 compensate matrix effect lagiaTon

calibration curve 1% matrix madﬁnﬁﬁﬂﬁuﬁ] (matrix matched calibration standard)

5.4.4 MIANEN recovery VBINILATHNAIDEN

fnwlasnsl3auifisy peak area ratios vasgINIAIUNLANSIlU §138M0@ blank

(N X) NU peak area ratios VoIENINAIUNLANAIIUA10819 blank NTuazIBoausINENIH

WU N RTBAaRANITNSESEN@I0819939 newiin lUda (unw Y) @0 slope wadENANT

WEAIANNFUNUTUNAIWITUAT recovery 28IMILATHNABENS HaMTANENNGIAS (L%




NANNIANEN recovery (extraction recovery)

1. Uric acid

Recovery graph: Uric acid P

y = 0.8828x + 0.3981
r=0.9822

Peak area ratio of recovery samples

0 2 4 6

Peak area ratio of standard spiked sample matrix

31lﬁ 19. WANIANEN extraction recovery U84 uric acid

2. Xanthine

® [ Recovery graph: Xanthine

=y

g 6 7

(]

(]

> 5 -

[

>

S 4 -

e

S 3

i)

5 2 y = 1.1561x + 0.0457

S r=0.9963

x 1 4

©

e

o I T T T T T
0 1 2 3 4 5

Peak area ratio of standard spiked sample matrix

Eﬂﬁ 20. HANNIFN®N extraction recovery U84 xanthine
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3. Adenosine

® 1000 - Recovery graph: Adenosine
o
E 800 -
(2]
ol
S
o 600 -
(%]
2
k]
o 400 -
[
B =0.8968x - 35.802
S 200 - Y
< r=0.9983
©
4
0 T T T T T T 1
0 200 400 600 800 1000

Peak area ratio of standard spiked sample matrix

1200

P =2 . .
31]"/1 21. HANNIANWI extraction recovery Uad adenosine

4. Guanosine

350 -

300 -

250 -

200 -

150 -

100 -

50 -

Peak area ratio of recovery samples

Recovery graph: Guanosine

y = 0.8769x - 5.511
r=0.9977

o -

50 100 150 200 250 300 350

Peak area ratio of standard spiked sample matrix

400

Eﬂﬁ 22. HANNIANB extraction recovery U84y guanosine
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a13197 6. B3LNA recovery (extraction recovery) 789MILAILNGIDELN

Substance Equation Recovery (%)
Uric acid Y = 0.8828X + 0.0004 88.3
Xanthine Y = 1.1561X + 5E-05 115.6

Adenosine Y = 0.8968X - 0.0358 89.7

Guanosine Y = 0.8769X - 0.0055 87.7

HANIAN® recovery TaIMIARAmIIWITAIIATEAMBENY Wuha e 4 sllamanIngn
simananldludiainmgs  luts  87.7-1156%  useshdhazasuaziinaeiondiadnanled

UsrENTAWA MWANTRNARIING 4 THa
5.4.5 Accuracy LLa¥ precision

NANNIANSN accuracy e precision IﬂﬂIﬁﬁﬁaﬂﬂdﬂauquﬂmnﬁw (quality control
sample) 1 4 52AUANVLTNTY fd 100-2000 ng/mL §WTU uric acid WaT xanthine WalATII
AULTNTH 10-1000 ng/mL &1%3U adenosine LAz guanosine luns@nmn accuracy Lz

precision loNaadsa LU
=2 . ™
WARN1IANE Accuracy LR precision (repeatability)

TN 7. URAINANTANEA accuracy LLag precision U84 uric acid

Uric acid % Recovery #1| % Recovery #2 | % Recovery #3 | Average % RSD

Nominal conc. (n=3) (n=3)
(ng/mL)
100 103.6 84.6 83.4 90.5 12.5
200 99.8 95.8 89.5 95.1 54
500 100.7 97.5 102.7 100.3 2.6

2000 107.0 98.9 106.6 104.2 4.4




@390 8. LRAINANNIANS accuracy e precision U84 xanthine

Xanthine % Recovery #1|% Recovery #2|% Recovery #3 Average % RSD
Nominal conc. (n=3) (n=3)
(ng/mL)
100 106.1 101.7 102.3 103.4 23
200 109.0 100.9 102.6 104.2 4.1
500 107.3 112.0 109.3 109.5 21
2000 101.6 111.0 105.9 106.2 44
mi’m‘ﬁ 9. LRAIHANTANT accuracy Lz precision U84 adenosine
Adenosine |% Recovery #1|% Recovery #2|% Recovery #3 Average % RSD
Nominal conc. (n=3) (n=3)
(ng/mL)
10 116.2 113.1 81.0 103.4 18.9
50 106.1 89.4 92.3 95.9 9.3
300 100.5 104.7 104.6 103.3 23
1000 91.9 99.5 100.5 97.3 48
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79N 10. LRASHANTANTA accuracy L precision U84 guanosine

Guanosine |% Recovery #1|% Recovery #2|% Recovery #3 Average % RSD
Nominal conc. (n=3) (n=3)
(ng/mL)
10 108.2 83.1 114.7 102.0 16.4
50 94.4 93.5 96.6 94.8 1.7
300 93.5 104.8 97.4 98.6 5.9
1000 85.5 112.5 99.0 99.0 13.6
NANNIAN® Intermediate precision
@1’13’1\‘1“7% 11. WEAINANIIANEN Intermediate precision U84 uric acid
Uric acid % Recovery | % Recovery % Recovery Average % RSD
day 1 day 2 day 3
Nominal conc. (n=3) (n=3)
(ng/mL)
100 97.1 99.3 103.6 100.0 3.3
200 104.6 99.9 99.8 101.4 2.7
500 101.9 97.4 100.7 100.0 2.3
2000 99.6 98.0 107.0 101.5 47
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TN 12. LFASHANTANE Intermediate precision 284 xanthine

Xanthine % Recovery % Recovery | % Recovery Average % RSD
day 1 day 2 day 3
Nominal conc. (n=3) (n=3)
(ng/mL)
100 83.5 82.7 102.3 89.5 12.4
200 90.5 88.7 102.6 93.9 8.1
500 107.8 101.5 109.3 106.2 3.9
2000 95.0 97.8 105.9 99.6 5.7
mi’]\‘l‘ﬁ' 13. WRAIWANTANTA Intermediate precision Va4 adenosine
Adenosine % Recovery % Recovery | % Recovery Average % RSD
day 1 day 2 day 3
Nominal conc. (n=3) (n=3)
(ng/mL)
10 98.2 91.7 113.1 101.0 10.8
50 103.9 109.9 89.4 101.1 10.4
300 100.7 113.9 104.7 107.1 7.3
1000 93.4 91.9 99.5 94.9 4.3

53



54

ANT19N 14. LFASHANIANE Intermediate precision V&4 guanosine

Guanosine % Recovery % Recovery | % Recovery Average % RSD
day 1 day 2 day 3
Nominal conc. (n=3) (n=3)
(ng/mL)
10 95.2 86.3 83.1 88.2 7.1
50 105.9 101.8 93.5 100.4 6.3
300 102.3 103.6 104.8 103.6 1.2
1000 103.1 103.4 112.5 106.3 5.0
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syddSanasiaTuuas uric acid Tuniiny FadnIudaiinningn 100 N3y leadaasa U

e . USumA2IBLas uric acid (IadnTuda 100 n3w)
A0ENINN
Uric acid Xanthine Adenosine | Guanosine
5".]5]?’1&!']’3 0.1-0.2 3.4-4.9 1.1-1.2 0.4-0.6
WAINN Taiww Taiww 0.1 0.1
HNNNATT2 Taiww <LLOQ 0.2-0.7 0.1-0.2
fhsan Taiww <LLOQ 0.8-2.7 0.4-0.9
i 0.2-0.5 Taiwy 3.3-5.0 0.2
f‘]'/’J“q < LLOQ 0.2 1.4-2.9 0.2-04
iV eatisih 0.6-1.3 < LLOQ -0.2 1.1-2.6 0.8-1.8
NNNZLaa Taiww Taiww 0.4-0.7 1.3-1.5
HaANITNU 0.2-0.5 < LLOQ -0.1 0.1-0.3 1.6-6.2
728 Taiwy 0.0-0.8 0.1-0.2 1.8-3.5
CRER Taiwu Taiwu-0.1 0.9-4.7 0.6-1.5
lutiaun Taiww Taiww 1.2-2.1 0.2-0.3
ANURI(T) 7.8-10.1 ldwu-<LLoQ | 06-1.2 0.2-0.4
HNWTE (KNNN4384) 7.8-10.1 laimy-0.2 1.2-2.0 0.6-0.7
BNLWD ([N bE) laimu-< LLOQ <LLOQ 0.1 0.1-0.2
ERILBIRRY 0.0-0.1 ey <LLOQ 0.4-0.5

3 o Ao a s‘g: s I Aa a ° PN A
NRIIMNENTHALABINNNN TN A TR IR AL B TeLAN 2RI TNNIIUEG I@Iﬂ‘ﬂ 271%1IN

Aa A = Aa a a A o A a_ o Y Ada a
1f3ugs nunsfiamInddSinaiaIwunnniiniainiy 400 Jadniuda 100 n3u 2 MINIAIIL
1nNad ANNERIaAITARLSNIMAIIH 100 - 400 Aadnsusda 100 N3N) LAZEIWIINANITHA

= dAa A A v A | o A a_w v
lﬁN’]ﬂn\‘]a’]ﬁ’]iﬂ&lﬂi“’]quiuuaﬂﬂ:ﬂ%ialfﬂ’]ﬂu 100 daaniuaa 100 NIy

v A v A aa . ) A o £
5.6 UVaaLacUaLRYUDIID LC-MS/MS triple quadripole NWRIWITW

2 [

a . . { o X d a A ) i o A g
3% LC-MS/MS triple quadripole W@ duliNawLSanainTwuas uric acid luinoiiadne g Sdadasd

a ° . .. ' v o a P add o & D2
- mmwmmwzg\‘l (high selectivity) mwmﬂm:uumnmmu@ uv Luaammﬁwwmmmuslﬂnm

ﬁmvmvﬂm"um transition ions 2 @NFUWIZTEIENIUARETAA Law transition ion BhAnilERn

USuNoh  wazdnTianiilTiNanTd niuwsiaradzns  Mlridadunlaind1nia leiiuainandas

U

YAIRITLARZTIHAI



60

o

- dialduedretudazsfiafianuail anauduinvesmsiadninnsldszuy mass detector
wfia iontrap wsndlaSouifisuiudtiensimelwiiadnimslinlwiafiaseg Wi
anwla (sensitivity) 18935 LC-MSIMS azasiunnnit vaeidtnduedilasrialy sensitivity
aasInNS IRt Ifiasniadsinwuilym reproducibility Tesdyanalin

- maessuaiegneie latudan

- 1% column i@wsuguaNa19LaN s lundianzidaaiatnanes 15 e

v A add o L Aae X
POLFOVDIIDNNAN I UURAIN
A A a A A ) A ) & A a a &
- eseslaiinaunaliaisunuIaIed HPLC-UV, LC-MS/MS ion-trap T38719LA389183LAT12% N9
TWHad Lﬁaﬁmﬂuﬁm@iﬁmﬁzﬁmamiaﬁaaai’lﬁidﬁﬁﬂ%ﬁi’mﬁgoﬂ’jﬁ%ﬁu
o A A A o o o @ em ea A
- mMIMhLeYeslaNanuTuTan maﬂ"ﬁauﬂﬁwwmmm@

v o d @ ~ £ o a o ¥ <
- dasldmaeiindszauanuuigntgs Wasnnizifedygrasunmunnmnlsasiadngly



61

angwa

a v Av YV o 5 ada = g: ada dl' a a A a
TulassnisIuilavinnmsnanwdslasinlanineaiue 3 33 L‘wamﬂimmwaimm:m@giﬂlu

%

aduthulng Fneawde AdlawesWesuudadalasuilanifszuuasiaia UV (HPLC-UV) 3%

a

dmialasilanniuvasdalawaIzsia ion-trap waz AanalasunlannAuuasidalawwa3ziia triple
quadrupole HAMIANEIWLINITNUSzRUANNEISIRDIDAMIAlasINlanAuuasdalawaIziia triple
quadrupole 32UUNNT ionization LWUL electrospray FNINATIIAEIIAIIU 3 THAAD adenosine,
guanosine, hypoxanthine L8z uric acid lalaoltans caffeine L‘ﬂumimmgﬂumﬂlu (internal
o A A o o ad . . & o o

standard) vinmsaTaseuNaiuguanultlduedds (method validation) enaLnmMVEY &1HNIU
ATKZNIINNIDIMIURZENENIZOLTM (USFDA) tlasnnifuinmsiunasgunieulduszduisaniu
wdaninnsanfe accuracy, precision, recovery, matrix effect, linearity, lower limit of quantitation

. v 1R (5 1 = ' ' ] & 6 A
uae stability lagld ma&llmyl,ﬂumama blank WRNNIANKINLITAGA G]Lﬂuvlﬂmmﬂmsmmmgﬁuﬂ

[

ot v \ aaA & ° ¥ = Aa A a v o [
U?J%JTUVI,@] LLRANINIDN wmmumminmvlﬂﬁlmmaﬂimmwnmm:ﬂsmgiﬂvl,@mmmqﬂsmm

AtanlalasulannAuussdalaiua3oiia triple quadrupole AWAIWNT WUAZHIWNTAN 17
method  validation LLéh"Lﬂm’Jﬁ]aauﬂ%mmﬁﬁmm:nmg%ﬂluﬁﬂﬁuﬁmvlﬂm‘hmu 16 vhafe
Milngn wasn AnmMewns 29N IEN ﬁ"mu NN Annzae saansziin TreN @R b
thun luhun dndss dnwis @nmuwess) fnuws ((nlH) s Tasinudassiadaunanaaa
3 widlunganwumiuas  wanmIananuidnudazsiaduTinmiaiuuaznIaginuaned i uazdn
“Iiﬁ@l,aU?ﬁ%ﬁ&l’ﬁl’]ﬂ@hdLmﬁdﬁﬁﬂguﬁmﬁﬁmmzﬂi@%l%ﬂﬁLL@ﬂ@iﬁdﬁ%ﬁ’]d mwu@ﬂ@i’mﬁmaﬁmm@m
NNUnaILAN LRI HZIR A ULAINANAAENI A azha"hﬁmmﬁa%’mﬂa;mmmmsﬁmaaﬁﬁuua:ﬂm

Q‘%ﬂlummmﬁa W‘ujﬂﬁnnn"ﬁﬁ@%’@ag’luﬂ@;wmmiﬁﬁﬁa‘%mm:m@ gﬁnﬁaﬂ ;Jﬂamﬁw%ua:gﬁﬁma:

E3Ngaa 150U Inasniwiwbne be



10.

11.

12.

62

LNE1TD19D9

Perez-Ruiz F, Dalbeth N, Bardin T. A review of uric acid, crystal deposition disease, and gout.
Adv. Ther. (2015), 32: 31-41.

Poelzer C, Hildebrand KA. Gout of the wrist. Journal of the American Society for surgery of the
hand (2004), 4: 256-265.

Fox IH. Metabolic basis for disorders of purine nucleotide degradation. Metabolism (1981), 30:
616-634.

Kim KY, Schumacher HR, Hunsche E, Wertheimer Al, Kong SX. A literature review of the
epidemiology and treatment of acute gout. Clinical Therapeutics (2003), 25: 1593-1617. Clin
Ther.

Zhao J, Liang Q, Luo G, Wang Y, Zuo Y, Jiang M, Yu G, Zhang T. Purine metabolites in gout
and asymptomatic hyperuricemia: Analysis by HPLC-elctrospray tandem mass spectrometry.
Clin Chem. (2005), 51: 1742-1744.

Choi HK, Liu S, Curhan G. Intake of purine-rich foods, protein, and dairy products and
relationship to serum levels of uric acid. Arthitis Rheum. (2005), 52: 283-289.

Kaneko K, Yamanobe T, Fujimori S. Determination of purine contents of alcoholic beverages
using high performance liquid chromatography. Biomed Chromatogr. (2009), 23: 858-864.
Kim KM, Henderson GN, Ouyang X, Frye RF, Sautin YY, Feig DI, Johnson RJ. A sensitive
and specific liquid chromatography-tandem mass spectrometry method for the determination
of intracellular and extracellular. J Chromatogr B. (2009), 877: 2032-2038.

Zhang F, Wang Z, Zhang Y, Zheng Z, Wang C, Du Y, Ye W. Simultaneous electrochemical
determination of uric acid, xanthine and hypoxanthine based on poly(L-arginine)/grapheme
composite film modified electrode. Talanta (2012), 93: 320-325.

Wang Y. Simultaneous determination of uric acid, xanthine and hypoxanthine at poly
(pyrocatechol violet)/functionalized multi-walled carbon nanotubes composite film modified
electrode. Colloid surface B. (2011), 88: 614-621.

Revin SB, John SA. Selective determination of inosine in the presence of uric acid and
hypoxanthine using modified electrode. Anal Biochem. (2012), 421: 278-284.

Wang Y, Tong LL. Electrochemical sensor for simultaneous determination of uric acid,
xanthine and hypoxanthine based on poly (bromocresol purple) modified glassy carbon

electrode. Sensor Actuat B. (2010), 150: 43-49.



13.

14.

15.

16.

63

Yang H, Zhang J, Liu G, Zhang P. Measurment of purines and uric acid simultaneous in meat
with high performance liquid chromatographys. Journal of hygiene research. (2012), 41: 303-
306.

Steinmann D, Ganzera M. Recent advances on HPLC/MS in medicinal plant analysis. J
Pharm Biomed Anal.(2011), 55: 744-757.

Kaneko K, Aoyagi Y, Fukuuchi T, Inazawa K, Yamaoka N. Total purine and purine base
content of common foodstuffs for facilitating nutritional therapy for gout and hyperuricemia.
Biol Pharm Bull. (2014), 37: 709-721.

USFDA Guidance for industry bioanalytical method validation 2013.
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/

guidances/ucm368107.pdf Accessed on February 24, 2015.



NMAaNKIN 1

L= A a P a A o a a A vo
A9 PUNIUNINITANI UK NINTINNANKBWIII LLa&NaﬂvlﬂiiJ

64



=l d' a :; v a :l' o a :i' Yo
LW AINIINNIUNB D NINITNNANABN Hantasy
A til o ad L ad A Qo Aada v et £ g’
1100UN 6 | NAIWIIDTNITRINALRZID eatnranauazis nudayanMIEnaduin
LC/MS & wIumIueunsl | LC/MS dwsunisuwen | wuultuaslaltanuson was
a A a Aa A a A a 6 v
5wasmmzm@giﬂlu aIATULAZNIALAN 133N eevieny  HPLC
A a A Y A v o
NBHEN TuiNwein naanIndszgndliiu
Lc/vs ledald
2 \auh 6 mmaaumwgﬂ@?awm mmij’agaﬂ%mmm 1695 LC-MS lumddaiss
ada {n:l' 5 é’ Aa A a a Aa A a
APATZRNNA W VUL smsmm:m@giﬂlu PBnma i InuaznIagan
FATAUSNIE ®1IWITH | HNABTW 5 aaadns | luaradiaen uazloHa
LLa:m@Q‘%ﬂluﬁﬂﬁuﬂm 1aIAnAINITATIIRAU
5 @089 lagwidiaas mmgnﬁawaﬁﬁﬁmmzﬁ
A &K A
Naz@nwifa  accuracy,
precision, linearity,
selectivity LLaz stability
A d' a 6 A a A v a v
Wani 63 | Ainrzdidiinm @iaeu | nowdeysdsunmen lenan1IasaraunI
LLa:ﬂmg%ﬂGLmTﬂﬁuﬁ'm iﬁ’s’%'uuazﬂmg%ﬂlu gﬂﬁawaﬁ‘%ﬁmﬁzﬁﬂ%mm
5 @18819 ANAUIIK 5 @889 miﬁﬁmm:ﬂmﬁﬂi@ﬁ%
LC-MS/MS triple quadrupoles
LLa:mmﬁa%laﬂ%mmmsﬁa
‘%uuazm@g‘%ﬂ’l,uﬁﬂﬁuﬁm 7
ABENd
A ~ a & a A A o a I a A A
Wwani 64 | Aanzvidiinm @13W5u | nawdayadiinam Vlmagaﬂsmmmswamuaz

LaZNIA g%ﬂ’l,uﬁﬂﬁuﬁm
5 18814
wazilszananatayam
TRITBUAZNTA g%ﬂluﬁﬂ

AW UNIANG

TRITULAZNTA g%ﬂlu

ANABTIUNIRNG

n3a g%ﬂluﬁﬂﬁuﬁmﬁ'mm

UG 16

65



AMARKIN 2 UNAMNNLHLLNT

Pure and Applied Chemistry International Conference 2015 (PACCON2015)

66



67

DEVELOPMENT OF HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY MASS SPECTROMETRY FOR DETERMINATION
OF PURINES AND URIC ACID IN THAI VEGETABLES

Narisa Rukdee', Piyanuch Rojsanga' and Chutima Matayatsuk Phechkrajang'~*
!Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Mahidol University, Bangkok, 10400, Thailand

2Center of Excellence for Innovation in Drug Design and Discovery, Faculty of Pharmacy, Mahidol University,Bangkok,10400,
Thailand

* E-mail for Corresponding Author; E-mail: chutima.mat@mahidol.ac.th, Tel. +66 2644 8695, Fax. +66 2644 8695

Abstract: Purines and uric acid are causative of gout
disease. This study is aimed at developing new and rapid
methods for determining purines and uric acid in Thai
vegetables using a  high-performance liquid
chromatography with UV detector (HPLC-UV) and a
liquid chromatography ion-trap mass spectrophotometry
(LC-MS). For HPLC-UV method, Chromolith C18
column (4.6 x 100 mm) and UV detector setting at 284
nm were used throughout the study. Type and
concentration of organic solvents were evaluated to
obtain an appropriate mobile phase condition.
Accordingly, the optimum separation was achieved from
the mixture of 10 mM ammonium acetate, pH 2.5 and
methanol (97:3, v/v). Using ion-trap LC-MS technique, a
mixture of 0.1% formic acid and acetonitrile with
gradient elution was exploited as mobile phase condition.
Five intended compounds (adenosine, guanosine,
hypoxanthine, xanthine and wuric acid) were well
separated and detected under this condition. Results
obtained from this study would be enormously valuable
to the treatment of gout disease.

1. Introduction

Daily meal is an important factor of health. In
addition, when human is subjected to some diseases,
controlling of foods is necessary to control the
symptoms. For example, gout disease causes from
increasing of uric acid in human body. Elevating of
uric acid causes from wrong metabolism of purines
pathway, exceed synthesized uric acid will deposit in
joints and leading to inflame, red swollen of the joint
and pain [1-2].

Purine is the common name of purine bases,
nucleotides and nucleosides. In human body, purines
can be metabolized to uric acid by using enzyme
xanthine oxidase. Various Thai vegetables, especially
the shoot part, have been reported for high containing
of purines. Such vegetables should be limit consumed
in gout patients. However, there was not official report
of purines and uric acid in Thai vegetables. By these
reasons, this study was conducted to contribute
valuable information for controlling gout symptoms.

There were reports for quantitative determination
methods of purines and wuric acid. Liquid-
chromatography mass spectrophotometry (LC-MS)
was used to quantify purines and uric acid in Japanese
soup, beer, Chinese cabbage, potato and beef [3-6].

High-performance liquid chromatography (HPLC) was
also used to determine purines and uric acid in meat,
alcoholic beverage, vegetarian meat, soy bean, and
mushroom [7-10]. Although HPLC is the basic
instrument in general laboratories, certain and
expensive columns were used in these studies. In this
research, a simple HPLC-UV method was developed
for determination of purines and uric acid by using
C18 column. An ion-trap LC-MS method was also
developed to determine such compounds. The
optimum HPLC-UV and LC-MS methods will be
further validated and used to quantify purines and uric
acid in Thai vegetables.

2. Materials and Methods

A Shimadzu LC-10AD system equipped with UV
detector was employed for chromatographic separation
on a Chromolith C18 column (4.6 x 100 mm). A
mixture of 10 mM ammonium acetate buffer, pH 2.5
and methanol (97:3, v/v) was used as a mobile phase.
The flow rate of mobile phase was 0.5 mL/min. The
UV detector wavelength was set at 284 nm. Standards
purines  (adenosine, guanosine, hypoxanthine,
xanthine), uric acid, dextrometrophan HBr and
ammonium acetate were purchased from Sigma
Chemical, methanol (HPLC grade) was purchased
from Labscan (Thailand). For LC-MS ion-trap system,
a Thermo LCQ Fleet equipped with Symmetry C18
column (4.6 x 150 mm, Spum) was used. A gradient
program was applied consisting of A) 0.2 % formic
acid in deionized water; B) 0.1% formic in methanol
(HPLC grade). The gradient started with a 8 min initial
equilibration with 2% of solvent B , then increased to
90% in 0.1 min, and held for 4.9 min to elute strongly
retained analytes and clean the column. Finally,
solvent B was decreased to 2% within 0.1 min and
held for 1.9 min. Flow rate was set at a constant 300
pL/min for the whole run and 10 pL of sample was
injected. Electrospray ionization (ESI) was utilized,
spray voltage was 5.00kV, capillary temperature was
350.0° C, capillary voltage was 26.00V and tube lens
was set at 70.00V. Dextrometriphan HBr was used as
an internal standard for LC-MS experiment.



3. Results and Discussion

3.1 Development of HPLC-UV method

Chromolith C18 column and UV detector setting at
284 nm were utilized to develop HPLC-UV method
for determination of four purines and uric acid (Figure
1). The starting mobile phase was the mixture of 10
mM ammonium acetate, pH 4.5 and acetonitrile. The
ratio of acetonitrile was varied between 5 and 40 %
(v/v). The separation was performed using isocratic
elution. It was found that the interest compounds were
not completely separated, and the retention times of
five compounds were almost the same in these mobile
phase conditions.
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Figure 1. Chemical structures of purines and uric acid

This might be due to the pH of mobile phase was not
allowed an appropriate separation. The pH of mobile
was further adjusted to 2.5 and concentration of
acetonitrile was 5 % by volume. The resulting
chromatograms were improved, but acceptable
resolutions of all compounds were not achieved yet.
Methanol was then used instead of acetonitrile. The
separation was better but the separation was still not
complete with 5% methanol by volume. Finally,
methanol was reduced to 3% by volume and
acceptable results were achieved in this condition. The
chromatograms obtained from the optimum condition
are illustrated in Figure 2.

3.2 Development of Ion-trap LC-MS method

Mobile phase from HPLC-UV system, 10 mM
ammonium acetate, pH 2.5 and methanol, was
transferred to LC-MS condition. However, MS noise
signal was found to be interfered with ammonium
acetate, therefore deionized water adjusted to pH 2.5
was used instead of ammonium acetate. In addition,
formic acid was added in both mobile solvent to
promote solvent volatilization. The collision induced
dissociation or CID was adjusted to obtain the
dominate transition ions of each compound because
the transition ions will be used for quantitative
determination. Unfortunately, the study failed to find
the major transition ion of hypoxanthine. This may be
due to the fact that molecular weight of hypoxanthine

is too low (MW.135) so it was hard to get the major
transition ion after fragmentation.
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Figure 2. Overlaid chromatograms of uric acid and
purine compounds. Column Chromolith C18, (4.6 x
100 mm); mobile phase, 10 mM ammonium acetate
buffer, pH 2.5 : methanol (97:3, v/v); flow rate, 0.5
mL/min; injection volume, 20 pL; detection, 284 nm.
Peak 1, uric acid; peak 2, hypoxanthine; peak 3,
xanthine; peak 4, adenosine; peak 5, guanosine.

Therefore, only four compounds namely, uric acid,
xanthine, adenosine and guanosine, were investigated
for LC-MS method development. Dextromethorphan
was used as internal standard. For ionization mode, it
was found that uric acid and xanthine might be ionized
in negative ion mode while: adenosine, guanosine and
dextromethorphan were ionized in positive ion mode.
By using the condition described above, five
compounds were eluted between 5.0-12.5 min. The
retention times, transition ions and CID energy are
summarized in Table 1. Chromatograms of transition
ions are shown in Figure 3.

Table 1. The retention times, transition ions and CID
energy

Compounds Retention Transition CID
time (min) (eV)
Uric acid 5.07 167>>124 33
Xanthine 6.39 151>>108 30
Adenosine 7.89 268>>136 28
Guanosine 10.78 284>>152 22
Dextromethorphan 12.37 272>>215 40
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Figure 3. Chromatograms of transition ions.

4, Conclusions

A simple HPLC-UV and ion-trap LC-MS were
successfully developed for the determination of
purines (xanthine, adenosine and guanosine) and uric
acid. The developed methods will be validated for
intend purpose and further applied to quantify purines
and uric acid in Thai vegetables. The information from
the study will contribute to the treatment of gout
disease.
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