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Study on Lowering Uric Acid Effect and Component Analysis of Drug
Food Homologous Compound Based on Zebrafish Model
JIN Lingtai', ZHANG Ming>"", FANG Shuangqi’, XU Qiang’

(1.Ion Medical Center of the First Affiliated Hospital of University of Science and Technology of China
(Hefei Ion Medical Center), Hefei 230088, China;
2.Anhui Zhongsen Biotech Co., Ltd., Tongcheng 231400, China)

Abstract: Objective: In order to explore the uric acid-lowering activity and mechanism of four traditional Chinese
medicines, celery seed, dandelion, chicory and corn silk, and analysis of the main functional components with uric acid-
lowering effect in these four kinds of traditional Chinese medicine compound extracts. Methods: Hyperuricemia model in
zebrafish was induced by potassium oxazinate and sodium xanthine, then they were randomly divided into control group,
model group, allopurinol group (136 pg/mL) and compound extract low, medium, high doses group (250, 500 and
1000 pg/mL), with 30 rats in each group. After continuous intervention for 24 h, the fluorescence level of uric acid and the

gene expression levels of hypoxanthine phosphoribosyltransferasel (HPRT!), glucose transporter9 (GLUTY), and organic
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anion transporter (OATI) in zebrafish were measured. Using liquid chromatography-series high resolution mass

spectrometer as the main method, and acetonitrile formate water as the mobile phase, gradient elution, ESI ion source

positive and negative ion scanning mode, and then combined with software database search and related literature for

component identification. Results: Compared with the model group, the low, medium and high dose groups of the

compound extract could reduce the blood uric acid level of the hyperuric acid zebrafish model (P<0.01), and could

effectively up-regulate the relative expression of HPRTI and OATI and down-regulate the relative expression of GLUTY in

the hyperuric acid zebrafish (P<0.05). At the same time, 22 active ingredients including flavonoids and their glycosides,

organic acids, coumarins, and terpenes were initially screened and identified, all of which are effective substances in the

compound extract with a uric acid-lowering mechanism. Conclusion: The compound extract may play a multifaceted role in

lowering uric acid by up-regulating the gene expression of HPRTI, OATI, and down-regulating the gene expression of

GLUTY in the model group of zebrafish. The chemical components screened and identified can provide a reference for the

next step of screening the target.
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15 PRI ITURT 2 HH AR P NEERe A ZE Ll PR R HE
NS5 [HCAY, LLMLPR IR KT8 R 3= 2B A1 i
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RGO MU L MBS, B2 B 5. HAT
I R FH L B RIR 245 AVR Th % . JEAR m il 91 e
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1.1 MRS

TFESEAF . B E . AT KT 90 A 2
FRAPEIR A BRAF BPAER AB M RIE S WH
WU R A= R A B W), 5258 s 1V AT ik
B SYXK (371)2022-0004, BE St R FRTE 28 °C K
OKJF: BT 200 mg 7EER; H 5% 450~550 pS/cm;
pH5~8.5) 1, (#2455 5 d(5 dpf) BBt [ T4
T B 5 T 22 1 5 I 5 PN PRI DI o

ARFRET LB T A AR O A BR S
) HENERSANELR | LA, FIEE SEE Sigma 2
s R I E 2546 Amplex Red Uric JRR i
FlEr FEERCHIREM: (P EDAAFRZSF]; RNA-Quick
Purification Kit 7 RNA P 2 B F] &
YiShan Biotech 2\ #]; FastKing cDNA 25 —#%& ik
Flgr FARARH L)/ RAF],

Heraeus Frescol7 mndiASRE. Lol FE[E Thermo
Fisher 2 &) ; T100 %38 PCR P "#4{% . CFX Connect
POGER PCR Y #Hnlz BIO-RAD 24\ H]; Multiskan
FC £ I i W #5 1X . ACQUITY UPLC HSS T3 4%
(2.1 mx100 mm, 1.8 pm) {4 3% 4+ . Q Exactive Orbi-
trap 15 S PRSI X . U3000 #E = A g A 4
ShibkEss T EFSEER CIHIRBH 2 H] .

1.2 SEWHE
1.2.1 EEBWREE  gedrif b E 25, 146
R . HEFFRBUT AT 10 g, A
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YL 8 g, BN S g, BoKIW 5 g, MimE)aad 40 B, Hodr
FESEHF B RE S SR P 0.5 mol/L 1 ik 92 49 25 I e &
1 h BRAE, B 73k 5 HiAth =Fh 25 MR A), #c g
1:12(245 84 : B B 09 LB I AL LE 0.04%
LTHE R, P77 pHS.0~5.5, 60 °C % 4 h, W HE BEHE
WAt g, WEH SR, 60 °C 25 TSR Iy By
2o
1.2.2 EIr{REBUYIRERIEIETE SPLTERSR
1.2.2.1 BEE @i K 2 e B 2 (MTC) Bl
FEVEEL 180 & 5 dpf B A% AB S REE D fa, 5 A
6 FLA R, AEFLALEE 30 B BRXTRERAIS), AR 504
FEITIREU 125, 250, 500, 1000, 2000 pg/mL ¥
BEKIEW, £eid 28 °C AbHH 24 h J5, MELIC sk
BE T AR BT 3%
1.2.2.2 BEOfayE Sl M52 S5kl
1 Zhang S5 By 57 53 37 B T A i PR IR (HUA) 51
A ¥, i FH A R RR A7 250 pmol/L A 75 NEE 4 4 £
10 pmol/L Ab¥H 5 dpf B Ey4f, 28 °C FH 24 h, iF5F
G ST BT £ e PRIRASHRY . AT LS SO f5 I BT
F 6 FLt b, BEFL 30 B, KA TAK. .
(250, 500 & 1000 pg/mL) ¥ & J7 2B K0,
VB X RB L AR, IE R U X R B Tt 45 5
SRR R AT K, [RIBS A 51 REE R4 Pt i 345 T A7 S A ok
8, SR =17, B8 Xiong 2508 #f i BEMEZG 1]
WERS B 25 2545 2N 136 pg/mL.
1.2.2.3 flFgdr  PRIRZOGIE M E: 28 °C A3
1 d J&, PRI AGEG, 14FH 2 DIRemEn AR 4L
B, ST BE S AR PN PRIEZE S GAE

ME HPRTI. OATI. GLUTY H:PI AR Fe ik
FIFH RNA PR 3 42 B 77 G X 25 2H B I £ 52 B
RNA, 824011 WLOGS-00 8T HM e 2 RNA R FI
4, H 2.0 pg BELAOFE S RNA, # cDNA 25—
A R & U0 B HERAE, Al 20.0 pl ¢cDNA, i# i
q-PCR ¥:90 -actin, HPRTI. GLUT9 F1 OATI 3:[A
Wik M p-actin VR ILH FIR W NS R
HPRTI . OATI. GLUTY #: [ 11) RNA AHX R ik & .
SIYPIIE B ILE 1.

x1 59FIIER

Primer sequence information

N 5195551

Table 1

. Forward 5 - TCGAGCAGGAGATGGGAACC-3’
Practin Reverse 5-CTCGTGGATACCGCAAGATTC-3’
PRT] Forward 5-CACGCTAACAGGAAAGAACG-3’
Reverse 5-GGTGTCCTCTTCACCAGCAA-3’
ours Forward 5-GGACGATATCCTGCCAGCTC-3’
Reverse 5. CGTCCTGTAAGGCCAGATCC-3’
Forward 5-AGATCGAACGCAGCATCACA-3’
GLUTY

Reverse 5’-GCGTCATATTTCGGTTCCAGC-3’

1.2.3 I iEEa s085r50r
1.2.3.1 #HXMER AR BURES 200 mg, B F
15 mL Z.0% M, ITA 10 mL 50% FESKIERK (v:v,

7K FHE%=50:50), iR HEYRY% 5 min J5, &7 30 min,
14000 r/min #5.0> 5 min, BCEIEWRGET 0.22 um 4 FLUE
JIEE, 7 UPLC-MS/MS 43Hril A2

1.2.3.2 WA (%A ACQUITY UPLC HSS
T3 £:(2.1 mx100 mm, 1.8 pm); F:E: 35 °C; FEFE A
FH: 10 pL; Fii#E: 0.3 mL/min; FsIAH: A(0.1% H 2
7K)s B(ZE), BREE R L3R 2,

2 BBEEUEBOR SIAH LB
Table 2 Proportion of mobile phase eluted by gradient

sf ] i34 (mL/min) MEAA(%) MHAHB(%)
0~5 0.3 3~5 97~95
5~8 0.3 5-8 95~92
8~20 0.3 8~15 92~85
20~30 0.3 15~16 85~84
30~45 0.3 16~40 84~60
45~70 0.3 40~3 60~97

1.2.3.3 % &1fF >R Q Exactive Orbitrap /=43
BT HE AT BT PR SR AR, K AL Full MS-
ddMS2, 1E &Rt B T4, iy
m/z 100~1200, MS1 43 FERUEE A 70000, MS2 533
SRS 17500, BSFURH R 3.2 kV, BANE ST
FRAEIREE R 320 °C, SHBASUIMFIEEE R 350 °C, 4
S FEE A 40 L/min, #BI S FE# 15 L/min, AGC
Target W& N 1e6, TopN BEE K 5, fill & MS2 314
F%) fill T8 HE R FH I h =X 24 Hi < NCE, 1 8 24 30,
40, 50,
1.2.3.4 2202 % >R JH Compound discover
3.2 A TIELR Raw JBURER ARG B, Pk
JGER VUL | 41 =X Az [R)457 28 4541 DL e A% Jo B i
2] E S 5 ppm LA . Al H BATMAN-TCM .,
GeneCards., 1 24 Z 4t 24 #2508 2 5 0 i F &
(TCMSP)Ea ZEDEA TARE IS 2 o B2, S0 bR
WER BTt 25<5 ppm. £54 [RIAL 2R 434 A mzVault
best match EHEZEDCHETS53>70 53
1.3 IR

SRR SPSS 26.0 4387, GiiT A FLs B
K {E R 22 (mean+SE ) /8, P<0.05 FTAH 2
SEAGAE
2 HBRESHh
2.1 EHEEYIMED &R KIHZRE

BES 10 125, 250, 500, 1000 pg/mL 15 J7 4
B T2 T mR A B, S L B, SRS 4 R BT A
ViR AT A AEERIER, BRI 525 X R
ZHAHRL B 35 IR 2S5 i 24 45 25 Mk 15 51 2000 pg/mL
AP BE T TalR 27, AR A, K, 35E8E 250,
500, 1000 pg/mL & J7 $EHU /KA E R SZH AR
AR TR R A A T A PR R S o
2.2 S7IREWINT HUA D & P& RERE M ITN

WL 71 (A REE PR TR DAL AN 22 3 FioR, BRI 2H v Bt
Tt 1 PRIRDE AR LI A 14984, 5 1E 4 X%F REZH AH L B
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T, IR DAY T B fn HUA B, i
Sb, AT, SRBIZHAH L, OBk, . &
HPEZH TP A RIS CIE A — ERRE R R R, Horss
R FE S T P U 20 vh B S A0 AR PN Y PR IR D CAB AN 24
h 5385, BAETULHAHLL R % T 64.06%(P<0.01), &
JrHEBUIAT T HUA B 0  BE PR IR SCR 3 . [A)
IO T P20 5 B2 0 s 2H AR L, RIS G
TERFE 2557 (P>0.05), Uil I7 $E BRI IR IR D154
AEAE IS B FHPE 25 9 0 R X 7K Y- o SCHRAIR A, )73
KFLTEADE F RN AT AR RR R IR IR IR 1)
R0 ARSI AN ARSI, A2 7 SR RS R AIR
PRIRBE Lt A4 N PRIRIK -5 e 52 B RY, Sl
WL E R PR IR R I AT — 2 B B RS R, i
VP2 RIAAD 25 ALBEVEAR, 36 Py 2245, T EL
R IR IIZLRENS IR B A #2523, S ARSI 4%
R—.
®3 RO (n=3)
Table 3 Evaluation of the effect of compound extract on
lowering uric acid (n=3)

2115 WP (ug/mL) PRI NAE (mean+SE )
IEHF XTI - 3816+156™"
RN IR 2 - 14984+807

| A et 136 51554171
ik 250 10958+884"

CE L] LE 500 8485+788""
(= 1000 53854998

T SRR RAZH LA, #*P<0.01, **¥P<0.001 .

2.3 EFHREBWINBS &R OATI. GLUT9. HPRTI
FIKKFBIF M

2.3.1 RNA #IREERESIMTIUEE  FEmabags
WA, RIS 5 RNA, FHEAM-1T ILYG50 6
TR AE RNA U K ALgy/Asgy HLIE, A260/A280
B ISAE 1.8~2.2 Z[A], 45 5L B HE HAS 2 B a0,
RNA 44, 7 JHF sk q-PCR S50,

232 HE IR IRER G W (HPRTI) . 2RI
(GLUTY9) . HEM (OATD) IR FKIR M FEm 58K
B, b A PRI A AR AN HE TR AR S 3R P9 PR R 7K P
ThEs g E R, HPRT1 2 H Rigl s E I 1 BE AL 52 i
DRI AN — 8L R 32, HPRT AL IR i
FLARIRE B, X2 5SS st R

W& ARSI RO SR . B S PR R HE
M) SR EERR Y, WFIY R B, FEIT R /NG 1) PR IR T W At
B GLUTY9 E#EH AT ZMVEH, EE v [e Lk
URATI WVEHE MR, OATI/OAT3 Z 3R
P 3P 1 TR 1, ELYAE B Tl INE A I SRS A b
s R v B 2R, ST R, OATI M A HLE
T HXURMR A S 5 S T FRIB Gz, R PR IR
P AT HER T TR BASE .

K HBE LR N HPRTI . GLUT9. OATI &R
PR 4 iR S5I1EH X RRALAH L, A2l
FBE LA N HPRTI . OATI FEF kKM 735
T RE(P<0.01), GLUTY 3k [ 2238 /K S 8.3 T+
(P<0.01), f#i f§ 250, 500, 1000 ng/mL & J7 $Z B
AbER 24 h 5, SR EE, BE SR HPRTI .
OATI FEHF KK EIE L EEF, GLUT9 FKikiK
SR BEkaS, Bl SR A B fa A
WY HPRTI FEFEFRIAKF- 3 BT 29 64%(P<
0.05), OATI B B3 i 231%(P<0.01),

2/ S G SR PR U ] e PRI BRAAR N
TENERS S AUBR SN0, 2 BT SRR PR U X A 4
ARBEFETE HEA TR, F5 0 vl ge sl )% HPRT1
AR A PR BR A Bl. Wang S527 o T K201 Ay [
PRERIG MR Sy BEAT IR 108, 2 90 6 A A0TE I i s i
03, Pt RIS HE A R B, 38X 728 PR R /)N BRI A9
iy R S A F IR A 2200 P 2k AR Sy 58
BEXT G ST HUA AR, BIFST 35 T X 652944 Py PR IR 5
HEIYFE, 50 R A ] RE R FER I IR AE L . fE
HEPRIBHEM A VEF, 38 P AR T 2 e e . s
OAT3 FENFE3k; Wy P fiF 58 & 30, 76/ BT AE A,
T ATLA] AR GLUT9 BIFRE . ASZIG gt Rk
BH, 42 Jy $ B AT G o i HUA BE - £ 44 Py 1
GLUT9, |9 HPRTI 1 OATI 3[R 2 ik /K -k %
fIX HUA BES AR P9 I PR e 5, H AR JE PR HE
TSR T BRI AE B o
24 EHREBYIRS S

Sk THRSEE A PRI 0 R TR RS, AR
P 1.2.37 0 F 77, (5B UPLC-MS/MS £iARX 42
TrHEHUI AT 43T, FLIE B AR U Rl ik Il an
K1, E 2 s ARPE“1.2.3.47 5Bt 2 TR
b2 al gy, PEAT T AT BRI AT, e 24 e

4 FERALHS BED fi RNA AHXT AR

Table 4 Relative expression of zebrafish RNA after sample treatment

25 e (pg/mL) HPRTIAAX 3k f (mean+SE) OATIHEX ik i (mean+SE ) GLUT9F* 3%k i (mean+SE )
IE# X IRZ - 1.89+0.09 2.67+0.11" 0.646+0.05"
RIS REZH - 1.00£0.07 1.00£0.06 1.00+0.02
SIS P 136 1.90+0.13" 1.72+0.08"™ 0.468+0.11
A REUMIG 2 250 1.24+0.12° 2.31+0.30" 0.897+0.07""
AR 2 500.00 1.44+0.16° 2.81+0.36" 0.785+0.06"""
=ReE iy fpil e 1000.00 1.64+0.17° 3.31+0.33™ 0.681+0.05"""

T SRR A AR, *P<0.05, *#P<0.01, *¥*P<0.001 .
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RT: 0.00-70.00

100 3
95 3
90 3
85 3
80 3
75 3
70 3
65 3
60 3
553
50 3
45 3
40 3
353
30 3
25 4
20 3
15 3

10 3

5 3
0
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r4 45
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U362382 1982 9316 0265 Mgg.19
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F 1 EEEUT RS TIC

Fig.1 TIC diagram of sample in positive ion mode

RT: 0.00-70.00

100 3
95 3
90 1
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60 3
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Fig.2 TIC diagram of samples in negative ion mode

83 Fifb ey, o B ZEVEBCRETE 90 S3 DL ERdfe~: 3PS LR E . SR -7-O- M w4, AL

BT HEE ST IRUNGR 5 Pras . AN, S5 R H) PRISAD ST A EE IR . SR5UR . WINMERR 55, 7 oL 3K M

hEA B S O R L A LR N AR [l S R e NN S L NN TN e SN e P
Jot, FAR BRI o A, A T AR AR M [LEREN

5 OMORITRRBUILA RO SR R

Table 5 Identification information of chemical constituents of compound extracts

NO Tr(min) e s Fa BB AE (m/z) 7218 (m/z) G (m/z)
1 31.583 T CyHy006 609.1456 609.1421 609, 151, 300
2 20.729 e 33 C,sH,,05 285.0399 285.0381 265, 151, 167
3 24.673 ied CyeHa014 565.295 565.210 269,431,271
3 24377 LN 1 -3-0- A SR H C,eHy01 5 581.0501 581.0497 449,187, 153
4 28.72 REREZ CsH,006 285.0399 285.0392 285,133, 151
5 1.722 LT C,6H,,04 301.2741 301.2654 254,266
6 21.41 TFERER-T-O- R AW C,H,0,, 473.4510 433.4539 266,338
7 1.765 REBHA CyHy0,, 447.0932 447.0856 285
8 18.924 1125 C,sH,004 285.0404 285.0409 257,229
9 24.901 TR Cy,H 0, 473.0721 473.0740 473,179,293




0444 5 191 SR, TR OB 25 [RIRAE R IRIRIE P K853 - 415 -
&S
NO T (min) ey o3 ¥ FBAE (m/z) 5 {8 (m/z) Z S (m/z)
10 18.924 SRR C,6H, 0y 353.0872 353.0795 191
11 24.49 WAL C,oH;0, 179.0342 179.0344 179,135
12 29.173 S4RRB CysH,,0,, 515.1190 515.1186 515,353
13 21.701 i 2% C,sH,,0; 130.0348 130.0246 301, 151
14 24.963 IZ 1 -3-0- = b CyH30,5 595.1657 595.1549 449,287, 153
15 25.982 R R E 2 -7-O- R A R C,Hy0y, 447.0927 447.0918 151,133
16 25.622 FrTER R C,oH,004 193.0501 193.0503 193,134
17 30.944 Ml 2% -3-O-F Mt CyHy 0,5 463.0877 463.0871 463, 151
18 25.894 FEERIFTRA C,sH,,0,, 515.1190 515.1179 515,353
19 24.673 SREE C6H,,0, 310.0505 310.0525 253,151
20 34.985 B i C,sH,0y 339.0231 339.0210 176.9,133
21 25.982 W BEE R CyHy0, 409.2450 409.2447 226, 151
22 32.951 LR C,H0, 177.0118 177.0182 177,133, 121

AR BRI R 25 2 A4H o 3, S ep—2450)
A, G T HA Z A . 2 DL AR USRS
BRAM A dReE, BB, S8 P 24 il o R SR 2580 BT )
FLath, sl b 2552 Uy BRI OCHER 3 . ARSI G
LL UPLC-MS/MS -5 R 3Ehill, 45 & 7rge Bl 22 2 sC
ik, X FESRAT . AT . KA, 2 E AR E T
PRI TR S5, KT SR 2E . M 25 . KRR
= SRR LR . B RS R-TIRK
%5y . Feng 2P 53R T RIRAL G WIREAR IR PR 00 1
FEIHPERIVE AL, AR EZE | R B
JEGY BERD i B NEEnS S U ALIA JF i (XOR), JE1T GLUTY.
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