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Determination of Uric Acid in Dried Blood Spot Using Liquid
Chromatography-Tandem Mass Spectrometry
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Abstract: Uric acid (UA) is a metabolite of purine compounds and an essential compo-
nent of urine. The UA level of blood is an important clinical indicator to assist with the
diagnosis of gout, kidney stones, kidney failure and other diseases. The methods of
determining the UA level in serum samples include conventional enzymatic assays and
recently reported methods, such as high performance liquid chromatography (HPLC),
gas chromatography-mass spectrometry (GC/MS), isotope dilution mass spectrometry

(IDMS) and high performance liquid chromatography-tandem mass spectrometry
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(HPLC-MS/MS). Among these methods, HPLC-MS/MS stands out for clinical diag-
nostic applications due to its advantages of broad sample compatibility, excellent speci-
ficity and sensitivity, rapidity of analysis. The broad sample compatibility allows
HPLC-MS/MS to work with a variety of sample forms including normal whole blood,
serum samples and dried blood spot (DBS). DBS is a form of sampling where blood
samples are blotted and dried on filter paper. It can be easily prepared and shipped to a
remote clinical laboratory for analyzing. The easy-to-use feature facilitates field applica-
tions of DBS sampling which can significantly extend the scope of clinical diagnosis,
such as chronic disease monitoring and health checkup. Thus, it is meaningful to com-
bine HPLC-MS/MS with DBS in determination of important clinical diagnostic markers
such as UA. In this study, a high-throughput method to measure UA in DBS by liquid
chromatography-tandem mass spectrometry (LC-MS/MS) was established and valida-
ted. The DBS sample processing includes adding 0. 2 mol/L trisChydroxymethyl)amin-
omethane ( Tris) solution as extraction solvent which contains internal standard
UA-1,3-¥N,, followed by adding acetonitrile with 0. 1% formic acid (FA) and 0. 05%
trifluoroacetic acid (TFA) as protein precipitant. This procedure was carried out in a
96-well plate on an automated liquid handling platform to facilitate high-throughput
analysis. The processed sample was separated on a CN column with 95% water with
0.1% formic acid and 5% acetonitrile with 0. 1% formic acid (A : B, V/V). Quantita-
tion was implemented using multiple reaction monitoring (MRM) mode. The results
show that the linear range of UA in DBS samples are 7. 8-1 000 pmol/L (R*=0.999),
limit of detection is 3.1 pmol/L (S/N=3), the limit of quantitation is 12.5 pmol/L
(S/N=10), average recovery is 95%-101%, the intra-day relative standard deviation
(RSD) is 4. 2%-12%, the inter-day RSD is 5. 3%-14%. DBS sample stability was con-
firmed by the RSD of results in different cases for sample. The RSD is less than 15%
within 30 days at —20 "C, 7 days at room temperature and 37 ‘C. The DBS samples are
stable after 5 freeze-thaw cycles with the RSD less than 10%. The analytical method
was compared with a conventional biochemistry assay using blood samples from 204
individuals, each blood sample has two forms: anti-coagulated whole blood for making
DBS samples for LC-MS/MS analysis and serum for biochemistry assay. An excellent
correlation (R*=0. 946) of the two methods is observed.

Key words: liquid chromatography-tandem mass spectrometry (LC-MS/MS); dried
blood spot (DBS); automated liquid handling platform; uric acid

PRER Curic acid, UA)J& AR AR
REATY, TEEZEEHES . MK UA KFE
G RIZWR R B4 A ME RN ERHRRZ
—. BFFRREIU, W PR R IAE A R % A
W RIS 1 0L e s A S0 iE 79 XU B
FZ— AR PR BR i I /T RE 3G .0 4 LB s
R N 05 9 s o PRI A R S A ) I
W& UA ZKA] Ay e 6 052 95 19 7 By 12 B 23R
T PR R .

HAl, UAMKN FEEHEERER
GEEDY SRR AR % (HPLOM ™ ()
FE S RS B B (GC/MSIY B A
- BB BE SR 5 (HPLC-MS/MS) U181 2L % [ 41
EWBFILE DM &, IR R A/
SR, T R R AR R B AGE T E AR
i HPLC SR Z A Y R Z W K, R
2;GC/MSBE—ERE LR TRE®HR
B ERER T BT ED, LCMS/


http://www.fineprint.cn

252

B R HI9E

MSERAHEGENE, R EF. R8E
o A B RS R, B R AT AL B S R R
RFEMNBERK BAATRIEFSIANREZRS FH
Kol AT . mEE AL B 31k
B b AR N O B R 18 A R 22, IR AT DL
THEALE, & TERE,

F I &5 (dried blood spot, DBS) =2 ¥ Hi &
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1 SLBHH
1.1 {USEFnsra

Agilent 1290-6495 ¥ AH €431 £ BX B354
Bravo B8l KA #ME V&, fEL T B4 : K E
Agilent /A7) 75 5 s B354 : Luna CN (100 mm X
2 mmX 3 pm), 3 E Phenomenex A & J* i ;
Hitachi7180 2 H 31 & 6 {X: H 7 Hitachi 2+ 7
e S BT R V- 48 B Sartorius 24 B 7F
3 mm¥TfL#F L AT L £ H Ted Pella /3 7 F=
it s AR 47K AX - 78 E EDM Millipore 23 A 7= fit 5
96 FLIBBHRFLR .8 BIRFLIRK :  H Axygen 2
A= 596 £ PCR #F#E4R : 35 E Bio-Rad 2 H)

s Whatman 903 CF12 JE4%. 3% E GE v H]

n Sn
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UA bRl dh 25 >=98% , Lg% g A A"
i UA BB ALK M AR UA-1,3-"N, . g ff >
98% , & CIL A &)™ & Tris HCL i {k . £ H
Sigma-Aldrich 24 8™ & ; Z g, 7 B2 : ¥ 20 BT ik
K, LGEE N FE MR R, WP
Scharlau 2> &) 7™ fh s i BE 4= MU & B I35 46 &
BT A RERRM.
L2 #RfERERER

Fi 40. 0 mmol/L NaOH ¥ ¥ 7 f# , Bt
25.0 mmol/L UA &% . A 0.2 mol/L Tris &
MW R, B H 5.0 mmol/L UA-1,3-¥N,
WAREETR, I 4028 . B A AR B A 0.2 mol/L
Tris F R # B H 100. 0 pmol/L WHs TAE W,
ok, WEH RS NIRRT
—80 CLR7E, ff FI B W %1 A 75 ¥k BE A9 A v
VW .
1.3 ZW&H
1.3.1 @& H4 @i%dE. CN #4100 mm X
2 mm X3 pm) , Fi ¥ BC AT 74 ik UK 4 s T Sl AH
CLIVHBEM KEBEROINHFRNZIFEER
(95 5,V/V) , % E B, W& 0. 3 mL/min; #F
FERRL 1.0 pLs#EIR 25 °C,
1.3.2 JRiE%&H RARHFEFRERT
AR s 22 e g s AR =5 TR AR 150 °C
Vi 16 L/ min; B3R 350 °CL,## 11 L/min;
EBHBEHIE 3 000 VBB E 500 VB
b RS AR R 43 A D 150 A 100V, UA
M UA-1, - "N S F B F &5 38 m/=
169.0 1 m/z 171. 1, 3@ 3 — 26 — R R L
2, A E UA BRIEE F X 40 3 R m/=
169.0>>141.1 F1 m/z 169.0>126. 1, H.- 1 m/=z
169.0>141.1 A E B & T X, A1 UA A 45
UA-1,3-"N. I E BB F X m/z 171.1>
143.0, UA fl UA-1,3-"N, TERLERES
BITR 1.
1.4 DBS # fB) &l & R AT 4 12

K 20.0 pLHiBE 2 M FIEHKR L 2R
T 2h/E, T80 CRE, 7, AL
W2 A& ER 3.0 mm /) DBS # & F
96 FLIE FL H . S A 40.0 pL 100 pmol/L
UA-1, 3-°N, 45 TAE, Z IR T K5 min, R
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#1 UAMUAL3-"N, RERESH
Table 1 Mass parameters of UA and UA-1,3-N,

L&Y R B I 6] BT RfgwE Tl 15 BB i3 as
Compound tr/min Transition (m/z) Fragmentor voltage/V Collision energy/eV Polarity
UA 1.105 169.0>141.1 380 15 iE
UA 1. 105 169.0>126.1 380 20 iE
UA-1,3-1*N, 1. 105 171.1>>143. 0 380 15 iE

JEMA 400 pL PR CFEBRSE R 0. 1% F
B2 .0. 5% =M LMW ZIEW W) - ¥R % 5 min,
PA3 500 r/min® 0> 10 min, W HL 70. 0 pL b
W2 96 fL PCR ##e4R ), #47 LC-MS/MS 43
o BEARTEIR SRR, BRITILSN . KR PR
1 Bravo HZJWIERIET & E#TT.

2 #RE5itie

2.1 HEEWIE

2.1.1 FRdfEMIZR hdERE R I DBS & &
UA i, R R 5 00 i 25 i 2% vl il 42
B9 M husE e, 2 BIE A B EE 9 UA
Rl EAWEE N 0.0.7.8,15. 6,31, 3,62. 5,
125,250,500 1 1 000 pmol/L, $RJ5H MK 1.4
Tk & DBS, AT ET AL, K REEE
W 6 W, LAFNBR A R L8k & 1l UA Al
UA-1,3-"N, i EER v, LB MK UA
P i W BE ) = (pmol/L) 5 4 3l A o i1 2%, 42
HR /z,~nTE 1. FREY, UA KNSR
5 UA JRINWEETE 7. 8~1 000 pmol/L ¥ B i
MR R R, REFT - y=0.001 36x+
0.000 25,28 PR £ B %0 R* =0. 999, A&
FUAWESEE KN 90~420 pmol/LM,

1.6
y=0.00136x+0.00025

R?=0.999

1.2

0.8

0.4

FRER B BRI T AR Lb (L
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1 UA EEHR W45 i 2
Fig.1 Standard curve of UA quantitation

R ETE BT LA 2 DBS f UA gk,
2.1.2 BHRSEER RO ETEN
B UA, AR 5E LA UA 80E R AL R W AR
UA-1, 3-"N, PF flf #& i fR (LOD) # & & R
(LOQ). 7 $i #& & I 4 & I A [ ¥ & /Y
UA-1L3" N, , B E#H B 1.4 ¥ r il &
DBS Ml HALEH S RAE 1.4 9 5al EA BT
WO B FOR BN A9 40. 0 L YRR AR
40.0 L 0.2 mol/L Tris ¥ . A4k 58 i
JE ¥ 1.3 Wk . 4R, DBS B
HUAKHERA 3.1 pumol/L(S/N=3), & &
B3 12,5 mol/L(S/N=10), 7EVkJES Bl
3.1,12.5.,200 pmol/L B}, UA-1,3-"*N, f§ MRM
Km T 2,

2.1.3 WHEESEE RS, HNA
) ¥ BE 19 UUA F il 2= 489k BE 20 1) 4 41 (50. 0
pmol/L) (H (300 ymol/L) .75 (700 pmol/L),
B 1.4 07 ek tT DBS KR 55 Fal ab B,
R L3 kSR, FABEELSR
H, IR R EZNE 10 k. HEE®R
JESLIG & B IKOP R B S E 5 R, BXR
HEWE 5 K. A EESELR DS HRE
B 45 SR BO- B ME, BB H KRR UA K0 E , B
B 5 Ky UA IE R B1ME, 33 F 15 UA
N AE A3 | e, oA, B & UA K
M g 52 UA BEBE A UA BH. &
BIMKFAE R TR 5 RS2 5 P 9 3B [ i & oy
95%6~101% . G5RFH], ZITERIRE T L S5
W R, AR RN T 2,

2.1.4 FMEM DBS R SENFRET
i B o] 2 A R AR M < B 3 Y pL B A IL  S IR
[F) ¥ B Ay b E G 2 28 Wk JE 4 0 A IR (50. 0
pmol/L) . H (300 ymol/L) ., & (700 pmol/L),
I L A7 45 DBS, 8 3 PPk EAE MY
Sr3mIF a3, BHA SR P R K
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<102 x103 <104
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e a 1.105 min b 1.105 min sko© 1.105 min
z6 220 24
2 Z 2 3r
24 2 I
£ E 1.0f E 2r
2 1
oL 0.0F 0
T T T T T T T T T T T T T T T
02 06 1.0 14 18 02 06 10 14 18 02 06 10 14 18
t/min t/min t/min
2 REA3.1(a),12.5(b)#0 200 pmol/L(c¢) Bt ,UA-1,3-*N, #J MRM
Fig.2 MRM chromatograms of UA-1,3-"N, with 3.1 (a), 12.5 (b) and 200 pmol/L (c)
F2 UVARWFERNRBEEMEYRE
Table 2 Precision and recovery of UA measurement
W
PRER G I ¥ Precision - 14 PR IR A 000 46 3
Spiked UA level/ Average UA level/ Average
(pmol/L) HHA H (pmol/L) recovery/ %
Intra-day RSD/ % Inter-day RSD/ %
25 3.4 8.7 27349 —
50.0 12 14 5146 101+12
300 6.3 5.3 285+18 9546
700 4,2 5.9 683429 98+4

SHIMMAHERT 37 C.E M|, —20 CHE  LKF B y=0.909x+3.345, KM X RZH
T FEMS 1.2.3.4,5,7,10,15,20,30 K R’=0. 946, i AA LG FESEEELER
BEATRE BRI IR . S5 R R, AE—20°C W UA BHRH R,
T 30 K RSD 2 5. 0% ~9. 0%, ¥ i
EME RIS LE 37 CRZERAET ML T RN 600
F A 25 SR B RSD /hF 159,

DBS # i [ 52 U Bl 2 1 « 3 B3R 7 B X

3=0.909x+3.345
500( R?=0.946

=
po
BES A, AT R A S S, BT = 4001
—20 CHCE 22 h, BWTFHE 2 h I — ik A 3000
TG, ELEHEAT 5 K. BRFRU AR P OB E =
BER R B VR B RSD 431 % 5.9%.9.2%. 3 207
2. 0%, BRENRE HERLAT, = 100 . . . .
2.2 AR R o)

R4 204 DMYUEERMAL AL 1. 4 WOk

3 LC-MS/MS £l DBS H UA 554 4 %
%)% DBS, LC-MS/MS # I 4 #7 UA. [ 6}, -

i 3% Bt UA R R BE B (n=204)

R AL GG PR32 W7 o o 9 Hitachi 7180 4 Fig.3 Comparison of UA concentrations

B g 'ﬁ( Kl 204 A il % it iﬁ B o Ry in the DBS samples determined by LC-MS/MS and
UA, P f'g é;’ﬁ £ 'fJC ke U {lj%g ':F' UA % E ﬂ‘] in the plasma samples by conventional
x(p.mol/L) UL ARSI - UARE N biochemistry assay (rn=204)

yCumol/L) , 2l i £, 7n T 3. B E U5 th
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