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Metabolomic research on hyperuricemia in rats using UPLC-MS/MS
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(1. Department of Gastrointestinal Surgery, the Affiliated Hospital of Qingdao University, Qingdao 266005; 2. Department of Medicine,
Qingdao University, Qingdao 266003 ; 3. Weihai Central Hospital, Weihai 264400, China)

Abstract: Objective To investigate the comprehensive serum metabolic profiles of hyperuricemia( HUA) rats and
to identify potential biomarkers of hyperuricemia by liquid chromatography-tandem mass spectrometry. Methods
Hyperuricemia rat model was established by consistent intragastric administration of adenine and potassium
oxazinate for 3 weeks, rats were fed with 10% yeast extract at the same time. The metabolomics method based on
ultra-high performance liquid chromatography-mass spectrometry ( UPLC-MS/MS) , principal component analysis
(PCA) and partial least squares discriminant analysis ( PLS-DA) were used to find the difference of serum meta-
bolic profiles between hyperuricemia model and control groups. Results Comparing with control rats, 14 potential
biomarkers were identified in hyperuricemia rats, including uric acid, hypoxanthine, allantoin, creatinine,
hippuric acid, kynurenine, tryptophan, indoxyl sulfate, p-cresol sulphate, taurine, palmitic acid, stearic acid, ly-
so-phosphatidylcholine(LPC) (17 : 0) and LPC(18 : 0). The results showed that hyperuricemia affected purine

metabolism, amino acid metabolism, bile acid metabolism, fatty acid metabolism and gut microbiota metabolism in
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rats. Conclusions

Fourteen different serum metabolites of hyperuricemia model rats were examined, which were

helpful to explain the metabolic profiles changes caused by hyperuricemia, and to facilitate early screening, diagno-

sis and treatment of hyperuricemia.
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v ) PLBHURE R4 R DL R S i B A T TR B
Z TR 2ET R

AW 5T AU R B RO AR 3% - B3 vk
(UPLC-MS/MS) il e bR 2 1L K B i 75 1K 5 4
A8 Ak, 38 1 32 55373 B ( principal component anal-
ysis, PCA) i 5 /N = 3f€ 72 #1151 53 A1 ( partial least
squares discriminant analysis, PLS-DA) F- 4RI 7E 1Y
APbRAE YD, I il AR R e PR R IMLAE R AR A Y
PR A, e PR IBR IMLAE 7 30112 B K i o 4 1t
B

1 #REFE

1.1 ##
Lol 500 a0 & A 22 (40 BE 98% , #R A%

20 g/ BEREE (FLARS 500 g) 14 R R AR (4l
98% , Mtk 5 g/if) ( BHFIERMH AW A BRA ) H
BE ZHE AR (@Aigal Merck 2AH]) o KRS HEE
By (FINS) | FAr R-6 (IL-6) \ M R SE H 1«
( TNF-ou ) FHECIE A S AL ( XOD) Elisa 177 &5 (7175
WA R A BR S A ) 5 R 5e 4% 2 AU B A Sk
e[ oA (P E) BT R AE ]

1.1.2 SZEREhY). 20 H 8 JHIA SPF 4% Wistar Mk
KRB PR (280+20) g [ 35 19 UL sl W0 A7 FR 22 D
B HEAIES . SCXK (£)20140007 ] .

1.2 FHik

1.2.1 sl fb e . ARIZKFL(HUA, n=10)

FHAEH R 0. 1 mg/kg FIAERA 1.5 mg/kg
PR iEHE S 3 8, Rl b 109% BEREE Y
kL, 25 A IRAL(CON, n=10) 4TS5 & brifi
WK R, B H AT 1 mL/100 g (KR 0. 9%
FACTNEWHE E o I BLES 21 RALFE LA i H
1L, A 3 000 r/min #0210 min, BT ¥4 VR I T
-80 CUkFT,

1.2.2  IM3E A A48 b B RE I . 103 PR IR (aric acid,
UA) = H i (triglycerides, TG) & AH [ B ( total
cholesterol, TC) I %% B Jif £ 11 IH [&] B (low desity
lipoprotein-cholesteral , LDL-c) | /& % Ji g &5 11 L
[ (high density lipoprotein-cholesteral, HDL-c) JRZ&
A (blood urea nitrogen, BUN) F1JJL & ( creatinine,
Cr) /K- LA 4 A 3 4 46 73 BT AL (Hitachi 7600A ,
Japan) il 25 & Il ¥ ( fasting plasma glucose,
FPG) LA BEA HEAT A, 1] Elisa 32050 &5 A6 00
FINS IL-6 Fil TNF-o J XOD, J§ & % L i 5 44
(HOMA-IR ) i@ i A5 FPGXFINS/22. 5 1157,

1.2.3 U2 70T g5 R A ACQUITY
UPLC BEH C18 column (100 mmX2.1 mm, 1.7 pm,
Waters, UK) #4715 708, GG HEAE IRy 50 °C Ui
B 0.4 mL/min, Hrt A FESIAAZKA 0. 1% 1R, B
TBHARCA FHBERT 0. 1% H 2, K] 0~2 min, 100% it
A A;2 ~ 11 min, 0~ 100% i sh 40 B; 11 ~ 13 min,
100%7i 814 B;13~ 15 min, 0~ 100% i shAH A #1473k
Jit, BAEAR ERARCR 10 ul,

JRE 4% 1 < R i 23 B H R T Xevo G2-XS
QTOF (Waters, UK) 73| A7 IE 51 B T HE0REE
T B 15 0 A8 P R RN LR 400 R 3 kY A
40 V., TR TR T A0 AR A TR B AL R TR o ) o
1 kVAT40 vV, RKH MSE A PEAT centroid HiHfi R
£ —HHMIEHE A 50~ 1 200 Da, £ 4 i 6] Ky
0.2 s, X T A bR T IE 20 31 40 eV W RE & AT
PR SRAE BT AT AR (5 L 9 IR] 5 0. 2 s,
L3 SHitEST

JEUR J5 % K R ] Progenesis QI (version 2.2)



A WO T - TS T PR MUAE A S 5 A 2 2 339

(Waters, UK ) JXCPF HEA T UG AG I | 06 X6} 55 L S 03— 1k,
HE— LB TR metaX FRPEHEAT ¢ K36 A8 A
BT (fold change analysis) | 3 14343 #71 (PCA ) F1
fis B0 /N — 3¢ ¥ A 5] 53 B (PLS-DA) o A F 58 % M
PLS-DA ERIFTHIAS B4 VIP E, 254 A8 &y
B iids 22 57 A5 48 (fold-change ) Fil g-value {BL R i i 22
SR . T SE 1) VIP =1;2) fold-change =1. 2
54 <0. 8333;3) g-value<0. 05, = ZF B EGH 257
BT, BT AYYBHR T KEGG (http://www. kegg.
ip/) F1 HMDB (http://www.hmdb. ca/ ) #4724 Brbr
AR 1) S A AT o I — AR AR B
F SPSS 22. 0 AT BAEGE o0 b, THEBORILL
BPRa bR 2E (s ) Fom  ALIE] USRI ¢ K56

2 Z#R
2.1 IMmEF—#BIEHR
5%} B 46 A5 b, HUA 44 UA ,BUN, Cr. FPG,

FINS \HOMA-IR TG ,TC ,LDL-c . XOD, IL-6 FITNF-«

HH @37 (P<0.01) ,HDL-c [&{%(P<0.01) (£ 1),
ot R i LA AR AR K R )
2.2 MFERGEFETE

HUA 41K B 0 BRA R R 22 S5 A 400 B 45
(fold change /NT%5T0.833 3 ik T4 T 1.2 H ¢
value fH/NTF 0. 05 FsSARE ML, A S iE )
(1), PRIREUE B 7T PCA 53 E (B
2) ,HUA A5 XRS5 IR, &1 3 A IE 1 3 15
X HUA 41 5% FRZH MY PLS-DA 1543 &1, Wi 2H [a] A5
B 00 3 B a3 $7R HUA 2H 55500 BRAH i 35 4t
B 2E5 ., RSN H I T TS RO | B 4 %
Y PR, 0 v PRI e K BRI b 14 R e AR )
PR (2% 2) P IRR | €0 SR S A R 1) L7 —
TSR (E 4) P A BE AR

3 e

JRIR S N ARG A 1) f5e 2877 ), IR BRI A
T T I A v P IR 14 TS, T 2 R S A il

*1 SRENERBEESHRBAEEXERLE
Table 1 Serum biochemical data of HUA group and CON group(x+s, n=20)

group UA/(umol/L)  BUN/(mmol/L)  Cr/(umol/L)  FPG/(mmol/L)  FINS/(mU/L) HOMA-IR TG/ (mmol/L)
CON 145. 6£6. 37 13.68+1. 47 64. 81+8.52 5.15+0.74 10. 38+0. 62 1.52+0. 11 0.89+0. 16
HUA 199.5+12.8" 6.19+0.67" 109.65+10.6 " 7.17+0. 64" 14.18+0.65* 2.23+0.16" 1.67+0.11°
group TC/ ( mmol/L) LDL-¢/( mmol/L) HDL-¢/ ( mmol/L) XOD/(U/L) IL-6/(ng/L) TNF-a/ (ng/dl)
CON 1.57+0. 26 0.86+0. 12 1.14+0.23 8.61+0.43 10. 02+0. 63 24.42+1.16
HUA 2.34+0.27" 1.46+0.11° 0.97+0.08 * 13.70+0.57* 17.80£1.00 " 36.98+0.92"

“P<0. 05 compared with CON.
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Fig 1 Volcanic map in positive ion( A) and in negative ion(B) scan modes of rats in CON group and HUA group
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from CON group and HUA group
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Table 2 Serum metabolomic profile of HUA rats
method tR/(/min) m/z formula metabolite fold change related pathway
ESI+ 3.47 137. 0452 CsH,N,O hypoxanthine 0.59" purine metabolism
0.96 141. 0400 C,HgN,O4 allantoin 1.46" purine metabolism
0.59 114. 0658 C4H;N;0 creatinine 2.46" arginine and proline metabolism
7.12 302. 3048 CgH30, stearic acid 2.82° fatty acid metabolism
6.61 274.2738 C¢H5,0, palmitic acid 1.55° fatty acid metabolism
0. 60 125.0139 C,H;NO5S taurine 1.33* bile acid metabolism
5.41 231. 0747 CioH 3N, 04 kynurenine 1.32° tryptophan metabolism
3.81 227.0791 C,;H;,N,0, tryptophan 0.78* tryptophan metabolism
ESI- 0. 63 167.0196 CsHyN,O4 uric acid 1.64" purine metabolism
4.20 178. 0495 CyHgNO, hippuric acid 2.70 " phenylalanine metabolism
3.96 212. 0008 CgH,NO,S indoxyl sulfate 4.31°" tryptophan metabolism
4. 68 187. 0056 C,Hg0,S p-cresol sulfate 5.61" microbial metabolism
9.59 522. 3549 CysHsyNO, P lysoPC(18 : 0) 0.48* glycerolphospholipid metabolism
9.15 509. 3496 C,sHs,NO, P lysoPC(17 : 0) 0.45* glycerolphospholipid metabolism

* g-value<0. 05 compared with CON.
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