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Mechanisms of Arctium lappa root polysaccharides in ameliorating
chronic hyperuricemia and renal injury in mice
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Abstract : This study aimed to investigate the therapeutic effects of Arctium lappa root polysaccharides ( ALRP) on chronic
hyperuricemia (HUA) mice induced by adenine combined with a high-purine diet and to explore the underlying molecular
mechanisms. A HUA mouse model was established using this induction approach,and 60 SPF-grade male ICR mice were ran-
domly divided into a normal control group,a model group,a positive control group (febuxostat) ,a low-dose ALRP group,and
a high-dose ALRP group, with intragastric administration for 28 consecutive days. Body weight and renal index were meas-
ured ,and serum and urinary levels of uric acid (UA) and creatinine ( Cr) ,along with uric acid clearance rate (UACR) and
the uric acid-to-creatinine ratio (U/C) ,were determined. Oxidative stress markers and inflammatory cytokine levels were as-
sessed in renal tissue homogenates , and histopathological changes in kidney tissue were observed by HE staining. Gut microbi-
ota structural changes were analyzed by metagenomic sequencing, and fecal bile acid content was measured by targeted
metabolomics. The results showed that, compared with the model group,mice in both ALRP dose groups exhibited significantly

increased body weight and significantly reduced renal index ;serum UA and Cr levels were significantly decreased, UACR was
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significantly elevated ,and urinary U/C ratio was significantly increased (P <0.05 or P <0.01) ;renal oxidative stress and

inflammatory cytokine levels were significantly reduced (P <0.05 or P <0. 01 ) ; histopathological scores of kidney tissue

were significantly improved , with alleviated renal tubular damage and interstitial inflammation (P <0.05 or P <0.01) ; gut

microbiota a-diversity was increased ,B-diversity was significantly altered,the abundance of beneficial bacteria was elevated,

and that of harmful bacteria was decreased ;and fecal secondary bile acid content was significantly increased (P <0.05 or P

<0.01). In conclusion, ALRP exert significant renoprotective effects in chronic HUA mice,and the underlying mechanisms

may be related to the reduction of serum uric acid levels, improvement of renal oxidative stress and inflammatory status , modu-

lation of gut microbiota composition,and promotion of bile acid metabolism.

Key words : Arctium lappa root polysaccharides ;chronic hyperuricemia;renal protection;gut microbiota;bile acid metabolism

Bt IARA: T 7 A ek s R AR B A g P Ak,
15 PRER IMLAE ( hyperuricemia, HUA ) K FAE R ERTE
FIN 224 ETHES It R BAERIRHE, 7Erb
HUA 1SR R E M I8 13.3% , B 4k i L%
e LA s I 22 e B o D e A
3t HUA J&— 7 PR pAy IEE e R0 35 L5 30
HLRAS . BARI N AL E R IERIREIRAE T BT
1LY PR ( serum uric acid , SUA ) 4 il iak 22 51 B AR HE
W SR Z I SUA K FEREFAE (BT
420 wmol/L, L T 360 wmol/L) 2 B
PRIZ (uric acid, UA ) BRI KU 515 R K AE
A8 B A S AR G o L7 S A a2
BAE KA K& R ST fa e R D R AR AR S A TE
B AT, RIS & AR RS RAE S, 52U /N
R, B2 R B R,

H AT, I RIGIT HUA () —Ze 25 %) =2 a5 i
UA & R B REE R A A & A ( febuxostat, FEB) L A&
fEiE UA HEMEA RIR SR 45100 A X B 25 M7 K
WD AR o R Bl ™ B RIVE . B, il
WM T RE S | 4™ B B N 25 G AE, FEB A7 AE T
FE R M FE T KUK 177 248 90 5 g DU 5L A B 114 1
EET PG, A 2RI 1 R AR A O o A
4 e RCH EIE /NS PR A3, © R B iR HUA
J B AR5 R ST FA

435 (Arctium lappa L. ) F )& THBHEEE, T
2o A T E R A Ve IX B ARG T BRIR
I AR R | IR e SRR B 19 o T 244, HOAR
FRPR " A S5 AR B R SR BLAT B HORUAR
BEZ SR A AR AR 2 A SR R
BRI B A W R R IR PR P
Fe G 5 VR 5 3G PV 2R 38 AR Z % (Arctium lappa
root polysaccharides, ALRP) 1 A 4 28 AR %) = B K %
PEIE PR 53, ANMUEA RAF 05T A T o i 1 s 1
FH IR REAE S 2 A= TR 15 g B oA 251, 7 AR

PR B A o R A AT . Jia S BB
WS KB, 435 Z e s W R DY FLBEEOE
/ISR JHEJUE R O S AR B S 0 o i SR S
235 Z M 3 A0 ) S5 EBOR TR Desulfovibrio 1 /E K
T EEA T Muribaculum , FE10_E 8 78 'S %5 1
FEHMZE MRS, G308 =2 Z 0 WiE 55 5
B, DA T SEL VBT Pz 05 44 75 25 1) S i 2 B P 2 6, 3X —
RIETR | 55 220 ] Al 2% 3 L i 3 - B 0 9
ARG 06 (R T

AR, “ -5 BRIG B9 32 H 8 HUA (L]
R TR, FREV, HERHS S T
W2y 1/3 UA B IESME S AL R 5 R i 38 T
TR S IR A B IR 5, 80N B R AL, 251773
TSR ARAE SV, JINEE B R AG  SET 2R
SRV T T TR R I S T, AR R A AL-
RP 0 g3l &3 8 98 « 7 18 v B - AR 19 28 B AR
BB ARG EREE , NI R H5 R UA SO IR
PYER . SR, HATET ALRP X HUA Y B4R
RO B RS L - R AR B R g
PERSZIOUEYE . %5 T b, ASHI 5T U 37 AR A B
AR I 18 P HUA /N RS R 5 PEA
ALRP FFAK SUA Ko eh 3% B JUE s BRI I 2658 . It
SERN L ARG 38 Ak I R A i) 2 2 2 7 R T
LRI, MAR T B i 3 B 1 45 A8 R 7 ThT # 7n AL-
RP (3% HUA MOV ZERLE, SR 20 25 B2 IR TR S &
PEALRL2 P
1 Mel5H%
1.1 #HRENE
1.1.1 #H#5aH

A3 IR ARG [ AR far f6 Tt 25 6 T 37, S
R Arctium lappa L. W) T1EAR .

60 - SPF Mtk ICR /NERL,6 ~ 8 JE , A 25
+2 o, W A 4EE R L LI S E ARG BRA R (i)
AEPEYERIE S SCXK ( 52)2021-0011) . fFfg /B
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Fr TR BRI Sy S8 vh oL bR BRI Sh ) B
HEE 23 £2 °C  MXREE 55% +10% ,12 h/12 h &
B, AR B OK . AT RTAT Shi 52 5 A
47 AR S ST R 8 R RO Sl A B B2 Y RH AR
FE (eI 5 :24052202)

1.1.2 XA BEAE

FEB( 4% >98% , it :S25189, F g IR M- /E )
BHEABRA T ) 5 BRIER (dit45- . A8626, 3 [ Sigma-
Aldrich 23 #]) ; BEREE (165 LP0021 , 5 [ Oxoid 24
#]) ; UA HLEF ( creatinine, Cr) | IfLJK ZE & (blood urea
nitrogen, BUN ) M & i 7 & (it 5. 20240812,
20240815 20240818 , B 5t /= 4 TARRDFTE AT )  #8
ALY AL ( superoxide dismutase, SOD) | 2% Bt H
BKid AL ¥ B ( glutathione peroxidase, GSH-Px) | 4%
I H K ( glutathione, GSH ) | N - % ( malondialde-
hyde , MDA ) il 5 1055 & (4145120240901 20240902
20240905 20240910 , B 5UH A=) TRDFFEFT) 5 b
JREIRFEIE T ( tumor necrosis factor-a, TNF-a0) | A4
% -6 (interleukin-6,1L-6) IL-18  F R 40 i a1k 25 -
1 (monocyte chemoattractant protein-1, MCP-1) Al
7 & (4t 5. AK17655, ERO1TV2V3688 . A110H30345 .
Z5KBHNNO744 , 5B Hi i A I BHE 24 7)) 5 Soil
DNA Kit (#t5 . OD1241105, %[ Omega Bio-tek 7%
Al s OIS T I L NE R (4175 : 245670002144
2300088930113 ,2546770069342 , 3% [#] Thermo Fisher
Scientific A F]) .

UltiMate 3000 UHPLC-Q Exactive HF-X 543 ¥
{T@i}ﬁﬂ%ﬁﬁﬁ(( £ [E Thermo Fisher Scientific NGIDRIE
lumina MiSeq I 5>~ 5 ( 32 [E Tlumina 2\ 7)) ; Spec-
traMax M5 Z IR ( 32 [E Molecular Devices 23
) ;Sorvall ST 8R V2 ¥R B .0>HL ( 3 [E Thermo Fisher
Scientific 23] ) ; Eclipse Ci-L Y627 W85 ( H A Ni-
kon A H]) o
1.2 EWHE
1.2.1 454 S 4004 &

ST A 5 A Ry R O e A /K SR T 12 )
HLZHE, FRAT 258 R MBI AR = | 20k
WL 1:20 (g/mL) MILAZEIEK 80 °C IR 2 K,
B2 h, BIFSEIBOR, WUE RS, A 4 KRR
KBRS (4 C) o B OWETIRE, ZIE A4
Sevage Bt & F BT (HF 2> T4 3 500 Da) JRUR
T, 73R B @ 2R ALRP, ALRP 1 13 R
4.85% ., R Bp-H W2 v W 45 R o BB S i

89.42% = 1.25% ;7% T Wi 5 WA v I e A H B i 2R
I, ALRP Y E Y4 F 0 1.24 x 10° Da,
A BB I JEE R LG R R A BT RO 2 FL b
=18.6:2.4:0.8:0.5, KW ALRP Al g F 2 & —Fh
LSRR R B SR 2 R R 2
1.2.2 4R R AH

N EIRSE 1A E KN R R E L 5
2H(n=12) ; IE & X} 18 ( control, Con) ZH . # 5Y ( mod-
el,Mod) 4 . FEB FHPE XS HE4L (10 mg/kg) . ALRP %
# 4 2H (low-dose ALRP, ALRP-L; 100 mg/kg) LA K
ALRP &7 5 4 (high-dose ALRP, ALRP-H ;200 mg/
kg) . BE Con 4145 73l 1Rl kLN, Hik 45 41/
BT 10% BEREE 1) e W mDR I SR IR H B
I H P B R R YR AR (100 mg/kg) , i 223 5 4
JE LIRSS P HUA BERL SUA 7K S48 1E % 1R 4]
FE=50% (P <0.01) MR By, s [a],
H R4 7259 T, FEB 41 ALRP-L 41 % AL-
RP-H #4153 5IE B 45 7 HH 0 7 i ) 25 s (R T
ZEIIK) , Con 41N Mod 27 H 45 T SR BUZR IR K
B R /N BRI, M i A o R A 25 25 AR R (10
mL/kg) . ALRP I AR HE = % SCRIRGE 3 22
R s miaE
1.2.3 HARELLE

SEE A, A /N BRI 1 S RURE A
TTRIRAE,, G RAEHING , SERDHEA 7O E SR I, W B
MR T HESEHFZEA EP & ,4 °C,3 000 r/min &
> 10 min, 73 B 1135 ,-80 CARAFE . B AU E
JE, A= BEER K whse J5 DA 8 4R T, A B T
P AR ISR B RS 5 = W E & (o) /1K
F(g) x 100% , —&Bor BT 10% /R SRR
[, FH T A A s ) — 3000 8 Tl A 3R -
80 CIRAF, [AIIf, Ui/ NRES AL NEY), & T
WA R ,-80 °CURAF T 7y 1 11 A 2 5 [R] 2
P FNZEAE A 4 27 0 #r
1.2.4 3+t

MLVE HPASIN UA (Cr (95 =2, P BR R TE R %
(uric acid clearance rate, UACR) . JRI& " A UA |
Cr & &, 3 F 5 R R/ WL e {E ( UA/Cr, U/C)
B HELE 2140 3% R AS Il MDA | SOD i . GSH-Px 1%
P TNF-a IL-6 .IL-18 F1 MCP-1 {7 &, i A 545
PR AR L i) G sl A Al o A i e A TR
1.2.5 BRI 9RIE F UL

HGER A B ZH ST, F 10% HR R SR 72 24
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h DR SRJ5 R4 MUBE A 32 W1 35 i R B 2 o o
AV VIR JREE 4 pmo SRHT HE Be 355 B i
AW 7 AT R, A BB P WA Nk B
ANE VB TR L 25 A8 AE L4 B /N ER B B AL 7

IE IV I 55 SRR E B B ) TRET e R
%, ARIEIEAMRNE (L 1) AP ES SRR
UTRHE AT REEAY ™

x1 SHFREFTESRE

Table 1 Scoring criteria for renal pathology
WA 1 AN ML A
Score Glomerular injury Tubular injury Interstitial inflammation
04 E 7 Jeseie
143 LGS BTk R AE AN MR 1
25 FR B N 4 A b e A i v SRk
35 BRI Bl R8PS AE
4 43 R MR I A 28 Tz MR AE

1.2.6 JhiE @ A2 8 B ) 5

FIA Soil DNA Kit $2 HUH 7 P9 245 9 4 56 R 41
DNA, # DNA VB R4l A 4619 DNA A H
AR 24 350 bp BB, SR uRiEE i A
INEZ Sk A5 A0 BRA R 0U Jy SCE . SO R A s, Fl
FH Nlumina NovaSeq 6000 - & #E47 PE150 XX it il
¥, R IG BUHE 2 fastp BY UK & )3 51, IF R
Bowtie2 FXT 2 Bi/N FRIE P 4L 91, 3R 4548 s08die
fdi F} MEGAHIT %4 #4722 | Prodigal T 4 i 5
AR TU AR JE I 4E . F) H DIAMOND #1444 3
RIAE LU X 22 NR £ 2 AT ) Fh 3B LU X 2 GO
M KEGG S5 8R EHEAT IR R, 110 o 24,
) A 3 A b5 43 M1 ( principal co-ordinates analysis,
PCoA) Al B Z £, 3R F LEfSe 43 By i 158 241 1]
FEYI R FITIRE 2 10 1) 8 3 25 b B . Wil i e
JF B ATC I B 1 A 0 AR TRy A7 R W) 58 1
1.2.7 A& e fe it 8K 52 5 5 A7

K FRBUN BRZEMEREAR 30 mg, JINA 5 TR 3
PIbR B F S P RO, 28 il s T I 7 B IR e
B0 (14 000 r/min,4 C)J5, B EIE#BGL 0.22 wm
TERE . R H UPLC-MS/MS £ 4 ( ExionLC AD %M
QTRAP 6500 + ) FEATAEI , (23 +E K Waters ACQU-
ITY UPLC HSS T3 C,, (100 mm x 2.1 mm,1. 8
pm) , L 0.01% MR /K W (& 5 mmol/L LTRER)
(TSI A) -2 GRS B) i sh AR k4746 B Tk
JBi:0 ~3 min, 15% B—30% B;3 ~9 min,30% B—
60% B;9 ~ 14 min,60% B—95% B ;14 ~ 15 min,95%
B;15 ~15. 1 min,95% B—15% B;15. 1 ~ 18 min,

15% B, i~ 0.35 mL/min, H:iR 40 °C, #iFEE 5
pLo

iR FH ESI 188 U5, 76 22 B W I ( multi-
ple reaction monitoring, MRM ) #50 N 4715 5 R4
FIF SCIEX OS 4% Jit b B4l 470 A1 43, R
WSS G iRt 2B A& IR 4%t & &, B
THER A2 2453 BT e A I T AR B AR e 3 A5 R
A 5B,
1.3 HIELE

SR BAE R A SPSS 26. 0 R4 E AT S8 i #r,
CESLLIER £ FREE (1 £5) TR, ZULNE R
PR T 2250 M7 (one-way ANOVA) , #5522 551k,
28] B P LR ] LSD K 36 #5225, R
Tamhane's T2 ¥%, LA P <0.05 /R E 5 BA51T
2 BERESW
2.1 ALRP X/NR— AR 155 B9S2 0

A3 3 PR I G e P IR B 15 /I B
57 HUA BERL JF W88 ALRP X/ Bl — 15 100 14 5%
M, ZERER(WE 1) ,5 Con AAHEL, Mod 417N,
ARSI WA B TR (P <0.01) . FEB ALRP-
L Fll ALRP-H 4111/ INERUAR E T B R B 34 3 I T A
RINFIRZH (P <0.05 8, P < 0.01) ,7H] ALRP figfy
AR HUA SRR R E Il . Con 41/ ELE IIE
2131 FREDEHT 5 1M Mod ZH /0N BRUEF AR RR Gk 25 4 K
CEEH, LSRR E TR (P <0.01) , #27 i%
S FECE BE K 5405, 5 Mod ZHAH L, FEB
ALRP-L 1 ALRP-H ZH/]NUE AN 5 ik &,
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Fig. 1 Determination results of body weight and kidney index in mice of each group(; +s,n=12)

.5 Con 4 HEEE, * * P <0.01;5 Mod 4155 ,#P <0.05,"P <0.01, F[Al, Note:Compared with Con group, * * P <0.01 ; Compared with

Mod group,*P <0.05,%P <0.01,the same below.

B RS R B E AR (P <0.05 8 P <0.01), 59

ALRP BERSUAE HUA /NGB A A

2.2 ALRP X121 HUA /MRS ThEE B S0
FREetE HUA RT3 5 S0k 0 38R 9 i S5 07 461 3

B /NERUE L BE B, 5 5 B/ NERIE AL 2T i AL, I AT

HEREIEATIE TR SUA 5 1fi 35 WUEF (serum

creatinine , SCr) JETEHT HUA F2E A2 X B DI Rek &

IAZ.OFE bR, UACR D2 A 2 B IE UA HE I RRE 1)
FHEBES ) G5 ANE 2 TR, 5 Con 4HAH L, Mod
ZH/NFL SUA (SCr 2 E THE (P <0.01), 1l UACR i
EREAR(P <0.01) ; 5 Mod 4 AH ., FEB . ALRP-L /1
ALRP-H 41 SUA .SCr 7K F- 3% i 2 /54K, UACR B %
THE (P <0.05 5, P <0.01) , £ ALRP B8 A %%
Mg M HUA /N B D edii ti .

10 100 5
EE
8 ~80- S =4
) 4 = 8 idig fidia
6] 2 60 # 33
E E E i
< 4 w | 5 40 # - & 2
:_,\1 177) = 4k
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0= lb IQ T 12\ 0= Ib l{b T :2\ 0==—= lb IQ) T \Iz\
& ¢ » & V5 & (& N o3
& S & S & S
¥ ¥ B By »

B2 £/ SUA.SCr B UACR KE (% £5,n=12)
Fig.2 Levels of SUA,SCr and UACR in each group(; +s,n=12)

2.3 ALRP Xt/NBR 'S BiE 20 4R S| K B i3 B ¢ E B F
sEA

A AL 5 R ORE & HUA B 451005 19 56 B AL
el gE R A 3 Fr7~, 5 Con 4HAH E, Mod 4H /N
BB ZH 21 MDA & 3t W 5 (P <0.01) ,SOD Fi
GSH-Px {ifi P i P& (P <0.01) , TNF-a \ IL-6 . IL-
18 & MCP-1 e R FH &R ET & (P <
0.01) , $&75 JR IR £h 45 T T BTG 17 5 J0E =) & 1 R
SES Sl M, 44T ALRP 5, b iR Bl o A8 45
P % . 5 Mod 41 b, ALRP 457 5 2 /N B
B2 MDA 5 i 58 & BR A, B 40 Ab il 0% 1 I 3 [l

FH(P <0.05 B¢ P <0.01) ; [RIAF, B PS5 KT 7K
B RFE(P <0.05 8, P <0.01), 4550, ALRP
A R 3E L 3G 58 BT S Ak B8 7 I 4 i AR E S, A
A% HUA 375500 B 5403
2.4 ALRP Xf/NRER UA.Cr K U/C WIS
PR UA Ko Cr (HEM & B 42 S il 1 5 0k 7Y
e 5 Tne, B VET BT HUA 2592 & HA e HE
WHAE PR AR 7 AR IS AR T 4541/ 24
h PRI H JRBR (urinary uric acid, UUA ) FIJJLEF (urina-
ry creatinine , UCr) HEa, IFHE U/C, SR IE 4
FE 7, 5 Con 40 AH L, Mod 41 /)N BLEY UUA , UCr 7K F
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Fig. 3 Levels of oxidative stress and inflammatory cytokines markers in kidney tissues of each group(; +s,n=12)

I U/C # Con 4B EFEIR(P <0.01), 5 Mod 41
FHLE,FEB 2 ALRP 45 5 it 20 () UUA , UCr 7K-F- i
U/CHIBETE(P<0.05 8 P<0.01), ZEiHE
W1, ALRP BEWS A 2B & 32 450 0 5 /NE D, 38 2o 1
I UA Fi Cr B FRVEHET B FEARAAR T 9 UA f7far
2.5 ALRP X/MNR'BRERIEA A F MM
A F UL R (WLES) , Con /N EVE HIE
SERTEMSEEE B /INERIE AR N, A ot A ) A3 A
BI51 B NVEHES B ST, LR ARIE S IR
1510587 N/ 0 (1 0 72 i R i D £ 2 il O
Mod 41 /)N A 21 2 80 ™ o B R R AR . B
AT LR IE PR NG S 5 B /N B A0 i
Pk 2 AR ML S IRBE T , B ) o I A

PEPE /25 31 R, Mod 21 B /N 45403 K% ) ok 48 9 B
4% Con B ETHE (P <0.01), FEB J2 ALRP
272 B AU A R R B s B NS
ISR R W N 2y E R S~ [ DL e |
B RIS W E IR T Mod 4 (P <0.05 B¢ P
<0.01), Hr ALRP-H 4440 41 2500 3% 5 g W
., ZRFRYW ALRP BRI A MU HUA 51 ME
/NG I B AL A B ] 5 9% S I, 47 I 4H 2
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Fig. 4 Levels of UUA,UCr and U/C in each group(; +s,n=12)
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Table 2« diversity index of gut microbiota in each group(; +s,n=6)
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Fig. 6 Effect of ALRP on community structure and species composition of gut microbiota in hyperuricemic mice
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Fig. 7 Effect of ALRP on gut microbiota function prediction and fecal bile acid metabolism in hyperuricemic mice
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Fig. 8 Correlation analysis of gut microbiota,bile acid metabolism,and key pathophysiological indices.
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