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RIER', £, W, REZ, 34", %',
W', XA, FRAE!, ERENE, SR AR ™

1 AR R R 2 R B, AR A R M T % AR BE I 145, 3501225 2. WRVLAE BN 1 P 0 DX JE i A X T A R S5 ol
3.t R R AR 4. R T AL HOR B

(fZ] B FTRRTHET S ARME (HUA) MEREEGTRERAIE ., Fik 6032 A F AL
10 RAE A EFAF AR, L4502 T 508 B RARBEA S 16+ R FH 20 Ik A Bk 5 47 i &g 4 2 HUA
M %R BAESRIELE S AR . BRI G A FAFHAIE S KT SRR R A A YR, EERRIEL S
A A, RARSHAZTRERAEY, F 5 mEER DK HERBFTL, EE R 650 2D LS
ABER . AR T, AIVEERA. HARA. ARER+AARA, A0, RRTAAI. 11 g (kg-d) JA
T HREE, A EEAAT8 mg/ (kg-d) FFERERER, ZAWNAA3 g (kgd) REAFHIAFA =K
EFRARERER, AN EH+HZAEARMAL T8 mg (kg-d) FN"EEEA 3o (kgd) REHFRAIHA=ZRZTA L E
B"AEF, EFM, ﬁ&ﬁuwth(@d)iﬁﬁﬁéﬂ,ﬁﬁ-%ﬁﬂkoﬁT%%ﬁi%%m&&%
A, WEFHEI, LA D RKAELGTROR ML ITEAE, &8 ) AR )EIEERY, SRR
T, BEEMG TR, MARERPLR., TRAE, MHARPIRFAN (ADA). F"2% 2/ (XOD)
HF, ZHBRRFLELSEHIZEG G2 (ABCG2)., MHMEEEIRI (GLUT9) A XA mRNA £k, R LHE
weLrkE, AN EIEER S R RBRAKTF. BEANMASFE, BERAIN/MARA L, JIMFEE. £
@mm@ WA B, MEERRCRAE, DNHALF ADAZXOD4AF . GLUTY % & % mRNA &4 FF
% (P<0.05); MEAAERESELET (OTU) 4B, MARANHANFE, IHEE. REANHFAEFE,
%L&%&TWAQ,*%ﬁ%?MEQ%Q&MWAﬁiE%%%(%mﬂﬁoEﬁﬁﬁ%ﬁ,%N?ﬁ\
HAWM, R LZE+HEEAREDRIEIEFERS . RRBEKTF, BEANNANSFE, E#EERRLHESE, D
M 4a 20 ADA Z XOD 4% . GLUT9 % & % mRNA & X 254K, MEAAOTURK R . AR NN FE., Ml
BERTRAE ., DAL P ABCC2E G A mRNA A R EF 3 (P<0.05); #ARMBERAI/AFRA A
Mtk RRTANAARA R, REAMFABFERLEISG, SDHARE. LEHRAE. MERABFFELESE
M(%mﬁﬁoﬁﬁm LA, BARM., AEEA M RBRKF . SAFA FE, DHALR P ADA ZXOD
. GLUT9 mRNA &k A&, BEA NS FE, SUHFRAFE . ABCG2 mRNA £iX 2 F A8, A RA W
4}12}’ GLUT9£\':‘J7§1V51‘1/J, SARAE. ANEH+ZARADREEIEERSAREREG, DRBEELERTRS
THEAK; HNZEADZMARAOTUHKE . BAFEN. MEEER TR AN FE ,d%ﬁm¢mmmﬁ
B FABIK, MEAREARLRAE. AEMAFE, CLUIYE G .2 2573 (P<0.05), &t RBRTHEFH
it g (HUA) MR IR 2 E °T 48 5ﬁﬂ§%gmi@(%ﬁ*”>5&%@(£*m*”)%$ﬁﬁaﬁ
R Fh Ok, TERWAR; BAKmE N ADA Z XOD & ik . BV Wid kBt Ak ; EiRM bR RBR & #iE 1k
ABCG2 kik . T GLUTO &k, 1Rt E KB HEM = @ B X408 %,
[KBEA] BAmbE; MERAE; REBEAHA; BERAIE; BT

o

EQWE : [FH 5K ARFEIE S (81973891 5 16152 = 258 Bl &) 2021 4F Il 7 3% S RF I H
(E B2 AR [2022)65 ) s At TUAE (e bt 5 B 2 QR R (2019-CX -40)
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I IRIRIMAE (hyperuricemia, HUA) J&—7#Ffifh
THUAR R A8 28 0L T B AR B o I AE R
IR IR TR, TR M ERS IR . SRR
BHRATA O . AR BAET IR SY 2 S5 R HR
HUA B H VIR A, ZHEEIEHERK, KK
KTiafe, BRAEMIRITE, MR R EA Y £
WERY i KT TR T R B 9 Bl R S e i I
RIS RS T, HAEME . ARk, Wk
TRIRBRKE ) EAEA BFFE R, 18 8 e
fEHUA kAR RS R EE A A, LI
Mol ' L A ) PR AR HE I, LA AR PN R R A A K
MR #E HUA i & AR 7 CAFRIES:, |
2 LR MR A 5 T R R IR R C R ) 1 ARESE
SREE i AT X HUA JL R Y 86 TIE B 1 7 R 2 )8 A 7Y
/N BB TR N a8 PRI AR 52, PR 9T AT
R DRI AT BEAE FHBLI, S Hoilk PR iz F B Ik i
AW FE e pm i b R 2 R B e B L Ak (fe
FEALS . FJTCM IACUC2020098) .

1 HR5RH*
1.1 Zhdh B Ak

SPF 2% I KM /N EL 60 H, 2 A, K&
(22£2) ¢, W ¥ 73k e SE 5 s W) A PR TTAE A
A, SIS A P VE R UE S . SCXK (U7) 2018-
0006, ZEFE A HE B 24 K27 3l 2 g6 v O AR I ]
F%, LR ShYEHFTIES . SYXK () 2019-
0007, fFEAMR: MAEHE, AmUoK, Eik
(25+2) °C, AHXT IR 40%~70%, YGRS E I 12 W
12 he I RE oM IRDR A . S . IHERER . A
M A R ARG (AL 15%
4% . 0.3%. 10%. 10%. 60.7%), W TILIn3E0H
REYBEGARA T,

1.2 £&%44

AT AR HIRE . BiRE. M= IR
ZEIU. MR BEE . SRR WK, B, AR
el h10:5:5:4:3:5:5:7:3:2, HRIEMN
A R E E A, g adrh Ry R
LTRSS, AR o, W&
AR IR 1 g/l KT 25, R KRR 2
BAf, BT 4 CUKGEIRAT R . UOE IR R 4
I R B1K3 71 (100 g/, 315 : € 10881059 . H2026116,
1 Sigma bR A w ) s IREGIIAERIEEM]
FEBRIR PSR EE 2 A O 8 K T kR v, e
O AR5 5 3k f R E e T B 258 4% 3 - 4 LR

G, A BRER KB H A RIR B, RRIKK
B SRABREWRIE S 0. 10, 0.13 g/ml T4 °C
UKW BEAE s L Sk hr e ¥ (0.25 gki, it
5 2181200221, ARBTG5 A R AR,
WERIE KEZE R (40mg/F, 5. 191201, fRE
ERAMZABRAF ) ; HIEEEE R (0.5 mg/F,
it 20200701, TG A BRA ) 5 AUE;
FFREFLAF B =B W A (0.5 o/, Hib 5.
202004117, W B2 A FRA T
1.3 EZZXA5E

JREGIA & (5. 20200711, BEatenikd
TRERFFERT) s NI EG (ADA) . HEIERS 4
AL (XOD) ELISA 17 & (4t . 210316, 210320,
TLIRBG RS A FRA ] ) 5 3SR RIPA 240K .
PR D 590 B ORI . BCA B v B 3k
Ma (H5. 18G26C02, 17B21C83, 17E10A92,
18G24C46, RIUH-EAY TRARAR); —#
FRIR T 25 A Akt i G2 (ABCG2) . #i%bitiz
&9 (GLUT9) ZwpEdiik (5. 10035211,
00121594, I =JEAEYHEARARAF); s H
SREbE (100 mlAfl, L5 : 970-00026-00, T
FiR A A R A BR A ) 5 Trizol XA & (L5
332336AX, At IESEAYRHEARAF); %
SR A& WUR WY 200 B 25 7k RT-qPCRAK A |
T R AR E T PCR B & (S, 1
N7E602G2. 017E2210DA . 7ES60E1, [ 5t i ME#E
YR BRA T 5 R b R )
(4165 220512E01-02, FRNALIE =30 A= Y BB A
FRAFD

YSRGS (ZH-PTHY, ZEUFAEEYIRS
WRARAH); 4 AR (ELX800 %Y, E[H
Bio-Tek 28 7] ) ; MK AL (TDZ4A-WSHY, 1R
WAL A BRA ) 5 K = B0 bl (64 REY,
%[E BECKMAN/ZAH]); PCRYH{Y (PE9600 Y, 3£
FPEAW); @Enl sl P (HiSeq 2500 24, &[]
Mumina 23 7)) ;3 AALLIMNEOE MG 24 (Odyssey
R, 2 E LICOR A Al ) 5 A 15 - ot i ¢ FH Y
(TRACE 1310%!, ZE[E Thermo A H]) .
1.4 #HHERET

60 H KM /)N FUE PRI SR 7 K5, Fi R HLE S
TSP MIEF A 10 H | S84 50 Ko k5B B
WAL, 5 1~21 K. IEWATHMEIE, Ah
TREE; TEREZE R B S T I 5 57 s o B A
I R S UE AR TR 1 IR AE S 15~21 SRR FH IR B IR
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15300 mg/ (kg-d) +%EBEIRH 250 mg/ (kg d) #H
HE— A E HUA IR 12 BAIE R TR 4G A5/ BRUBEAY 1Y
T AT B LS B 3% 59 5E 500 ml/min A
JRRIE /N BRI HIR HEE 8 F R A JHC o PR, A 7L
R BAE A ALy T P . xRS RS /N B R R
IRV IA BN TE 4 IR BRF- B 2 4% Je LA B, Hs 3
JEL R PR R T A b vE IR S =1143) WHIE
TR 50 H/NERSSREAR R T  Shy B e b U
SR AT XA TR /N BRI T8 R RE A RE IR, FE AR IR
i A vERI LR b, SRSk [14] M5k, R
KAfthrE2 e (kged) WATMIRKEARTER 1. 5¢/ (kg-d)
PAERREBRHEE 7R, S INEBRN R E #
FEZEL .

1.5 %54@AFH

MRS IIE , b T dERe R i R BRAR A
BRIE® 414h, HASA/NRELLTHMFER, ¥
RS2 T R IR RO SR, JFICE 250 mg/(kg-d)
SAETREI+300 mg/ (kg+d) RETHESTEE Bl
JRII 50 FUARE L /N BROR FH Bl ML 2205 4 A
M. T BIREREAL . SR AL I 2
WA, BH10H,

Yo N5 sl T vl R E S AR RO S B A
R, IEWA . BRAALL19. 11 ml/ (kged) 4
PRI KIS, W THLI19. 11 g/ (kgd) JAXT
HURTEE . WINERELH L 78 me/ (kg-d) S ME R
BWHEE, MAEALI3 o (kg-d) WA FL
FFO = BRTR TR A TRB R T, 0 R+ 25 2E PR 2L DA
78 mg/ (kg-d) WIMEEEL K 3 of (kg-d) WIEFFE FL
FROR =G R R IR ERE S (HIFE1h) . 25YES
S ETFAA 1R, WE8h, ELETH21 K, N T
YRR RRUE 0 = MR BRRES , BRIE® 414h, HAK4A
NI 25 TR R, S94kS 45 T i g i i iRD R
WEFE, IFTZWHEE 1 hil 7250 mg/ (kg-d) AR
FREH+300 mg/ (kg-d) WRIEMEMSEE .

1.6 MEIGAFER T ik

1.6.1 MEiEfERy  THS G HIE R
BA/NRKAFM . RS, B6 . KRN, &
M, TR IR PR Y KRR (IEH 1
g5 IR 24y BEE3 A RN 45y . R
(QE® 1. 820, SRR 3. B4R 4
r) . B GER 14y, TG 20 . BEEM3
gr. MR 45y IRENERL (GER 145, SR
B2y BREA3S . BEMA 45 R O
S5y, R 25 B35, ERAN),

1.6.2 kB ARFAR RRTHERGKHE
J 3% SR WA BRI G , HE EShCR I, WA
BLET, T4 CUKFAHRE 4 hJ5 3000 t/min 4 “CES
O (B02ER6.5 em) 20 min, MM, —20 °C
TRAFE o R IR I A 03X 390 o A i i 75 v PR R 7K
e, A S BRI R

1.6.3 MiB HAELEME GBS KIKTHL
WG H W RICHE . FEIE & /N RS 4~6 KL
290.5¢, 1716S rRNATY . ZDNA#EL, PCRY"
Haalifl, . BiomMarker Technologies Corporation X 4fi
A A IR AR i R AT A0 B yRINA 5 IR (74 v 3 1 00
28 PR VRS R, 8 Tlumina HiSeq 2500 -5
PEATAAT, T8 R A0 8 Dz s R e
WAL, RAS )5 Sl G & B P hR %, ik
S MbR 2 R E Sy 25500 (OTU) 2, dEifi ik
TR BRI Z R T .

1.6.4 AABE L G Fn 2 R m i # sk
" LB, TRAE  CRCRIEM/NEETIK L
TimiEsseE, Ui nmiEr AR, 4inKR
s, PRI TG, SRR IEUKE N, 1
£ YRR, 3000 r/min 4°CES 0> 5 min (5502
6.5cm), B ERWEW (RIBIEWEDEW) ., T-20 CH
FEE o B0 1 ml BB MEVEM T 1. 5 ml 5.0
A 0.05 ml 50% Bt 2, A 0.2 ml N bR i)
(2- IR 25 me/L, HIFERUT L8 ), #HE30 s,
Y72 10 min, #7510 min (PKZKE), 10 000 r/min
(BO¥1R6 em) 4 °CELL 15 min, —20 ‘CHFE 30 min,
LG O T v o5 1T L W/ KGR FE R i 9 R G
(GC-MS) LR ZmR . TR &,

1.6.5 #&nl D masf ADA. XOD4 & Tk E
P ARBU N, A K e, AR T
J5 % A-80 “CHKFITRAF & . TERA /N ZI EP
BN O RBU A= BEER K, (RIE F ML AT,
il £ 1 10% B9 2) 33, 3000 r/min, 4°CE5.0> 10 min
(B0 6 em), BTG WRAEATIGE . J7A% i IR
T G UL A THRAE

1.6.6 &6 % J& P 3k kA ) /s iy 48 22 9 ABCG2,
GLUT9 %& & & & 2R 2 U I BCA 8 1k B2 i
AT S U B T . SR BCA VAN & R VR .
Be il 10% 43 B, 5% W e, W4a e 70 V H &
BIREEIEA B 110 VAE ,  HLjk 2 R
W) EE I T . 200 mA TEH S 90 min, JH &
5% WARA- W3R TBST =R EHA12 h, TBST LS min,
3. WE —PLABCG2. GLUT9 (1 : 1000) FIN
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ZGAPDH (1:5000), 4 CIFEE®R, F2RER
%5 20 min, TBST PS5 min, 37, fIA LT
/N IG ZH0 (1:10000), 37 ‘CHEFH 2 h, TBST
VEME S min, 3. Hp Bk A= RO B
2 min, Odyssey XEFOGMALRGEAMIL . Image
J vl 8. O BRI 2E 2%k K EEAE, LA GAPDH N Z
X RT3
1.6.7 RT-qPCR#@] s #5 48 22 F ABCG2. GLUT9
mRNA & iA 2040 RNA $2CR H Trizol . &
BRELIRZH DNA, fiIlA gDNAZEilBRH] (5%) 2.0 l,
gDNA M%7 1.0 wl, RNA 150 ng, JCH JCHE/K b
Z 10 pl, B2, 42 CIN 2 min. ARG SFE #55 &
VLA B gEAT S5 5, RT-qPCR L BEAK 2 M 20 pl,
£ 7 SYBR Green ZEGHEE (2x) 10 pl, EUFT I
(10 pmol/L) 0.4 pl, FH#HFZ4(10 pmol/L) 0.4 pl,
cDNA A7 1.0 ul, JCH JCHE/K #h 220 pl. §44
A0 94 °C FZASVES min, 1 1EFF; 95 °CA5PE3 s,
60 C iR KL 30 s, 40 J5¥ . 51 FF &K1,
PO AR A v WA ) TR A BRAA Wl AT & T 56
WE. RT-qPCRZ5 5 278, IAIRHE R .
F1 ABCG2. GLUT9 J GAPDH & [H (1514751
Table 1  Primer sequences for ABCG2, GLUT9,

and GAPDH genes
T
BEH 51 B 7 5
’ ’ B
ABCG2 [Lii#51% 5'-CCTCACCTTACTGGCTTCCG-3' 112 bp

5

TG4 5'-ATCCGCAGGGTTGTTGTAGG-3

GLUTY9 L¥i#514%) 5'-GACAAGATCCCATACATCACCCT-3" 111 bp

514 5'-GCCACCAATGAGGAGAGGTC-3'

GAPDH E¥#51# 5'-ACAGGGTGGTGGACCTCATG-3' 189 bp
5

TG4 5'-GGGTCTGGGATGGAAACTGG-3'
. ABCG2, — MM HE A& ZENG2; GLUTY, %
S NS

1.7 %it¥F*

K HI SPSS 23. 0 Ge i A i AT Budls o b . H i
WRIF A IES A, UBEbrfEE (5xs) %
TN, T 2EFTHT A A LR R = T 25500, 4
() 9 9 LA OR FH LSD-¢ YR A 36 o T 22 AR SF IR A
Kruskal-Wallis B fIkz %, DL P<0.05 HZESHGIT
R
2 #R

2.1 B R—KEN ., MEEERS ., R
K g
EFHHA/NRKMERIE, SRR, Bt

i, RERA, TR, SIEFAE, Sl
AN B AEVR S . TR, MG S EE, i
ARH9E, BOEIODLFELEREENR, SRS N
MR SRR R, AT, AL, il
WERE+ 25 AE PR AL KA Y, W& Sh3m, R KT
B, KRB, PRBRIAE Tkt , S0 s g 45 0 14
fEA WA ks . F2R, SIEFA L, Ha%k
/NGB TEERR Sy . M RFRKF I BT (P<
0.05); SRIRIZL LA, B o WG st 20 JAL e U e AR 43
Gb, HARA )T P NG AR AR o L il PR R K-
I B (P<0.05); SN Tditbi, 24
DRIZE . MRS | O M i A TR )N BROMG R I A
SN BT, SRR AL B EE A i PR R K P IR
THE (P<<0.05),
2 HUAUNFUBREEGRSY | R L

Table 2 Comparison of spleen deficiency syndrome scores .

blood uric acid among the groups (x+s)

215 RAEC WUBIERR 35 MR/ pmol - L
I 10 6.222+0. 441 98. 083+6. 030
R 2 10 17.111+1. 453" 247.883+12. 763"
S W72 10 9.667+1.000” " 152.933+17.327" "
5 AR A AL 10 11.444+1.509" " ) 216. 467+13. 113" ¢
S P A 10 17.222+1.202" ¢ 176. 683+9. 3117 >
BIEEEE+E AR B AL 100 13.222+1. 5637 ) ¢ 148, 333+7. 212" ™

Weoa) SIEWALILE, P<0.05; b) SEAYHE, P<
0.05; ¢) HWMT4HE, P<0.05,

2.2 B4R EAR 16s RNAM F 4R

2.2.1 BMDRMAEBHOTUREINER £
38, HIEWALE, BRI JRERE | )i
M+ 25 AE T2/ N E TR OTU 2K H &8> (P<
0.05); SBIAVALLEE, 252591 W/ B s iE E
BEOTURCH W& T (P<<0.05); S T4l
A, BRI B I B AE OTU 2 H i b (P<
0.05), zaATRIZH . ol N P+ 25 A AT 20 /0N B 3 TR
FEOTU S H 25 802 # L (P>0.05).
2.2.2 A R iR E BEAL 1K F A A 2 A e 2
FE e WS Won, JEEEER AT R A
JERAXT AR AL (JEERETRAUAT TR ) 2 PPN I 108 TR Y
REMETREmR. £4R, SEFALK, AL
BUNSERELE | SR + 25 A TR AL FOURT B 1D AR R
i, HBERIZ | RTINS RE D T T AR X
BETb g, RIRUZE | G N 2 JELRE B Y AUR R T
FHE (P<<0.05); SEARIAEE, &2 T W
HAAT BT AR W e, JERERA AR 2
FEAR, 2 A R AL R BE B 11 ABURF B T TELRR AR (P<
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R3 AAV/NEIBIERRE OTU R4S
Table 3  Cluster analysis results of Operational Taxonomic

Units in the intestinal microbiota of the groups (%, %+s)

2H 5 R 0TU
EH 4 10 1096. 200+95. 205
FEAIZH 10 386. 500+100. 194"
AT 10 1018. 200+133. 382"
S| WP 10 781. 000205, 628~ »
i A A 10 990. 800+108. 957"
IR P+ i A TR 2H 10 912. 375+163. 260° *’

H: OTU, #fER2E8IT,

a) HIEFALLHE, P<0.05; b) SHAMA K, P<0.05;
c) ST R, P<0.05,
0.05). ST A L, ol R L AT TR 1A X
FREEREAR, #iEd . BT+ a5 A T RE A ]
AHXS B RS (P<<0.05).
2.2.3 B R A BRI B KT A A 2B R AT
FE g Gt e AR AL R 25 S LS
WoR, FUFFE . RIEFIUATE . BT . i
W BERRAEIE S A S ], HEDH NG
720 SRR [R) 25 S AETE ST L (P<<0.05).
EK5on, HIEwWAH R, BERAIIRE. REEFR
AT e 4= B 2 B AR, RIBATHE . daE
J& . kW FE R EE (P<0.05); KT
AT E B T, BRI e = R 2
ik (P<<0.05); Ol NP 2H ZLAT o ) = BE R, o2

FAEEFEE TS (P<0.05); 254 HHIFTH
J& . KRB IR E T & (P<0.05); i
B+ 25 A A ZLAT R S £ BT (P<0.05). 5
U e, AT AR RS . KRR HE
JERET R, AHUFEE . CEREE . kR
F R F AL (P<0.05); 50 E 2 FLAT S |
RIEEFUFF B F TS, aAwE. ks
FREEREAL (P<0.05); tiAmAILITHE . KK
FUFTHEEFERES, WHAEE . WIREE
FHEWFERM (P<0.05); BIMEE+35 4 WA ST
WE . RIEFRPIAT S 5 B E TS, AT
J& . wEMEE . IR E R ERL (P<
0.05). SN T A, BIEEEA . 54w Fl
FFOA B RN, RT3 T, i
Pl va B A A B 0 S T, MR+ 25 AR R A L
FRR R A (P<<0.05).
2.3 BRUNRZMHEERRPLRE., TRASILEKE
Fomn, SIEWHLE, HASH/NRIHIERE
R o mAte . TRERFEM (P<0.05);
SR Ry, T AR BIIEE g
EHA/NRIGEREVER O TR BT, TR
T, SR T R & TS (P<0.05); S
WA g, A B m+ 35 A4 WA/ R
VR TR A RS, B R & T
TR & REL (P<0.05).

R4 FA/DNRIE R R

Table 4 Comparison of the composition of the intestinal microbiota at the phylum level among the groups (%, x+s)
41 AL FFIET] JERETA] JEBEBE AT
4l 10 74. 454+6. 194 18. 443=1. 863 0. 249+0. 033
FEAIZH 10 36. 245+6. 159" 35. 610+3. 472" 0.997+0. 155"
S AT A 10 67.351+4. 878" 27.417+1. 700" 0. 409+0. 409
S| e 10 53.498+0. 677" " ¢ 26.229+2. 619" 0. 490+0. 052"
i A P A 10 72. 892+2. 056" 14. 196=2. 804" 0. 195+0. 042"
S+ 25 A TR 2H 10 60. 450+1. 477" " 21.028+2. 425" < 0. 348+0. 044
T oa) HSIEFALK, P<0.05; b) SHRANE, P<0.05; ¢ SHATULE, P<0.05,
x5 SUUNRIGIE R ACT A
Table 5 Comparison of the composition of the intestinal microbiota at the genus level among the groups (%, x+s)
415 LAk FUAF TR REEFNFTE R AU ) S AN R ek IE
EH 4l 10 12. 563=1. 033 9.949+1. 507 2.360+0. 737 0. 037+0. 024 0. 020+0. 016
R 10 0. 481+0. 188" 0.7710. 382" 21.383+7.395" 24, 411#5. 729" 12. 745+7. 165
S WU 2H 10 23.610£3.9192 Y 13. 0900. 972" 0.758+0.213” " 0. 230+0. 208" 0. 187+0. 085"
SN ZH 10 7.393+1. 1647 "9 13, 546+2. 794" 5. 847+2. 008" 0. 888+0. 495" ) 0. 1560, 122"
i A2 T 2H 10 7.470£0.357 "9 15.552+1. 166 1.591+0. 197 0. 118+0. 046" 0. 0030. 001"
S35 A TR 4 10 18.143+3. 1129 "9 13,5331, 032" 0.776+0. 138" 0. 258+0. 023" 0. 115+0. 115"

e oa) SIEWHIHE, P<0.05; b) SHEEL A, P<0.05; ¢) SHXTULE, P<0.05,
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F6 KU/NEIEMERCIR . TR & LK
Table 6 Comparison of the acetic acid and butyric acid

contents in the intestinal lavage fluid among the groups

(pg/ml, 7+s)
4151 Bk IR TR
IEE A 10 2.059+0. 465 1. 923+0. 106
AL 10 11.685+1.483”  0.199+0. 024"
AT Al 10 5.588+1.534”" 1.566=0.093" "
i A A 10 5.501=1. 115V 0.825+0. 082" "
S 2 10 13.579+1.312” ¢ 0.520+0. 063" "

BIMEELSAE TR 10 7.605+0. 789V " 1.306+0. 1787 "
VE:oa) SIEWAE, P<0.05; b) SEBALE, P<
0.05; ¢) HENATHILE, P<0.05,
2.4 ZBuFo g ADA, XODA=#m 4 R
TR, HIEFHHAILE, HAKHXOD &RV
BT E, BRI ARl RN BN B
ZUh ADA Fi B TR (P<<0.05); SR LL
B, BB /NHH LT ADA K XOD ¥ i
TFE (P<0.05); HmMMTHLE, tAERHH.
SEEELH /N BN 2 2 ADA K XOD & 1 I 2 7t
m (P<<0.05), FIREREE+zE A B4/ 4 4L
ADA&XODﬁiiﬁﬂﬁéﬁﬁ*‘“ﬁ (P>0.05),

£7 KAUNRNHALIH ADA . XOD & AL
Table 7 Comparison of the ADA and XOD contents in the

small intestine tissues of the groups  (U/L, x+s)

215 FRUEk ADA XOD
IEHA 10 37.023%3. 698 458.133+7. 344
PRI 10 98.140+4. 1227 813. 867+23. 245"
IR T 4 10 39.374+7. 535" 569.267+44. 7627
AR 10 64.056+4. 122V < 698. 400+23. 444" > ©
S| N 2] 10 60.530+4. 122V < 657. 600+25. 339" > ©

PR35/ E AL 10 41, 137+5. 758 588. 000+49. 880"

T ADA, BRIEFWLEN; XOD, TEIEM AL,

a) HIEWAILE, P<0.05; b) SHBILLE, P<0.05;
o) S TALE, P<0.05.
2.5 BRI P ABCG2, GLUT9 % & &
ik PbER

F8R, HSIEWHILE, BAIH ., 5B .
ST 2H /N BN 2L ABCG2 B 1 3RA IT  F
R, GLUT9 & I RAM B IS (P<0.05); S5
I EL, 425 /NN A 4P ABCG2 8 H
RikTHE, GLUT9OH I RE T (P<0.05); 5
T A AL, fa A /N BN A 2L GLUTY iR
HEETHE (P<0.05), B /N /NG 42
T ABCG2 2 1 RIB AL (P<<0.05), GLUT9 &1
FikThE (P<0.05). #SAU/NR/NMAAZIH ABCG2 .,

GLUTO 25 I H Uk E WLIET 1,

RS HUU/NE/NHALUT ABCG2 . GLUT9 H IAHR ik
e
Table 8 Comparison of the relative expression of ABCG2 and
GLUT9 proteins in the small intestine tissues of the groups
(/GAPDH, #xs)

2H 5 AL ABCG2 GLUT9
EH 4 10 0.856=0.017 0. 132+0. 056
HEAIZH 10 0.251x0. 017 1. 182+0. 374"
AT 10 0.757+0.079" 0. 276+0. 090"
fint A2 R AH 10 0.63620. 1257 0.614+0. 030"~
S| 10 0.491£0.013V " < 0. 803+0. 016"

ISR L5 AR 10 0.753+0. 081 0. 389+0. 155"

H: ABCG2, =EMRMTES G & E® M G2; GLUTY, i)
Witk 9,

a) SIEWA LI, P<0.05; b) SHE4 L, P<0.05;
o) ST HLE, P<0.05,

ABCG2I-——-— p— |

e ———
A B C D E F
H: A, IER4l; B, BN C, WATY; D, s
A E, BIEREA; F, SIS E AL ABCG2, =BEMMRT
iE&IEE M G2; CLUTY, FiRMEE A9,
B #S4UNRUNMAALIT ABCG2, GLUTY &3k
Figure 1 Expression of ABCG2 and GLUT9 proteins in the

small intestine tissues of the groups

2.6 AR AL F ABCG2, GLUT9 mRNA
F &N
KR, HIEHHAE, BRAH/NMIHHN
HABCG2 mRNA A0 B TR, Jmrdl . 0
P+ 25 42 41 ABCG2 mRNA 63k 0H B b, AR |
£®9 HAUN/NMNAHA LT ABCG2, GLUT9 mRNA
iSRS SINER
Table 9 Comparison of the relative expression of ABCG2 and

GLUT9 mRNA in the small intestine tissues of the groups
(/GAPDH, x+s)

21 53 ik ABCG2 GLUT9
EH A 10 1.077+0. 046 1.015+0. 141
R 10 0.586+0.095"  2.525+0.223"
Iri AT 4L 10 2.491+0.421° " 1.255+0. 179"
A Al 10 1.273+0.074” 9 1. 666+0. 093" ©
IR A 10 1.237+0.143” ¢ 1.871+0. 158" " ¢

I 3% A T 4 10 2.082+0.391% " 1.404+0. 385" »

. ABCG2, =WAMRM 4G &% s EH G2; GLUTY, ik
W&z k9,

a) SIEWA L, P<0.05; b) SHEAHE, P<0.05;
o) SRR TALLE:, P<0.05.
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TR AT TR AL . I REEE A L )+ 15 AR AL GLUTY
mRNA Fk B BT (P<<0.05); SHEIRI4H HoAs,
B ZIH/NR/NH A S ABCG2 mRNA FiA T,
GLUT9 mRNA %35 F & (P<0.05); Sy T4
Pb#s, B WA . ) B 2 /N BN i A
ABCG2 mRNA £ IAFEAL, GLUT9 mRNA Rk T
(P<<0.05), JIMEEE+g: 2B AL/ Ma 4400 ABCG2
GLUT9., mRNA ik 2 5 L4112 L (P>0.05).
3 itig
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isfl, FRAIEM. R KT R TRATTI BA 28 2 4RI R 5K
Bemgs il ey, AR B ARG
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M, BRI, ME MG ML M B
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ERE AN N 2 VN T T - D B =3 i 7810
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Effects of Tongfengning (EXT) onIntestinal Flora and Intestinal Uric Acid Metabolism in Model Mice of Hyperuri-
cemia of Spleen Deficiency with Exuberance of Dampness Syndrome
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ABSTRACT Objective To explore the possible mechanisms of Tongfengning (J# X7, TFN) in treating hyperuricemia
(HUA) of spleen deficiency with exuberance of dampness syndrome. Methods Ten of 60 mice were randomly selected,
and were fed with regular diet as the control group, while the remaining 50 mice were fed with high-fat and high-sugar diet
combined with excessive exercise and potassium oxonate-allopurinol suspension to establish an HUA animal model of syn-
drome of spleen deficiency with exuberance of dampness. After the successful modeling, in order to better observe the
effects of TFN on the intestinal microbiota of the model mice, a mixed antibiotic suspension was administered by gavage to
induce further dysbiosis of the intestinal microbiota in the model mice. Fifty sucessfully modeled mice were randomly divided
into model group, TFN group, allopurinol group, probiotics group, and an allopurinol + probiotics group, 10 in each
group. The TFN group was administered TFN liquid at a dosage of 19. 11 g/(kg+d) by gavage. The allopurinol group was
administered allopurinol suspension at a dosage of 78 mg/(kg-d) by gavage. The probiotics group was administered live
combined Bifidobacterium and Lactobacillus tablets suspension at a dosage of 3 g/(kg+d) by gavage. The allopurinol + pro-
biotics group was administered allopurinol at a dosage of 78 mg/(kg+d) and live combined Bifidobacterium and Lactobacil-
lus tablets suspension at a dosage of 3 g/(kg+d) by gavage. The control group and model group were administered normal
saline at a dosage of 19. 11 ml/(kg*d) by gavage. The interventions were continued for 21 days. In order to maintain a stable
high blood uric acid state, all groups but the control group continued modeling while receiving drug intervention. The changes
in spleen deficiency syndrome scores, blood uric acid levels, microbial community structure, acetic acid and butyric acid
content in intestinal lavage fluid , adenosine deaminase ( ADA ) and xanthine oxidase (XOD) content in small intestine
tissue , as well as ATP-binding cassette transporter G2 (ABCG2) , glucose transporter 9 ( GLUT9) protein and mRNA
expression in the small intestine tissue were compared among the groups of mice. Results Compared with the control
group, the model group showed increased spleen deficiency syndrome scores, blood uric acid levels, relative abundance of
phylum Firmicutes, Firmicutes/Bacteroidetes ratio, abundance of Bacteroides genus, Klebsiella genus, and Enterococcus
genus, acetic acid content in intestinal lavage fluid, ADA and XOD content in small intestine tissue, as well as GLUT9 pro-
tein and mRNA expression (P<0. 05). The number of operational taxonomic units (OTUs) of intestinal microbiota, relative
abundance of Bacteroidetes phylum , abundance of Lactobacillus genus and uncultured Bacteroides genus, butyric acid
content in intestinal lavage fluid, and ABCG2 protein and mRNA expression in small intestine tissue were significantly
decreased (P<<0.05). Compared with the model group, in the group treated with TFN, probiotics, and allopurinol + probi-
otics, the spleen deficiency syndrome score, blood uric acid level, relative abundance of Firmicutes, acetic acid content in
intestinal lavage fluid, ADA and XOD content in small intestine tissue, GLUT9 protein and mRNA expression significantly
decreased. The number of gut microbiota OTUs, relative abundance of proteobacteria, butyric acid content in intestinal
lavage fluid, ABCG2 protein and mRNA expression in small intestine tissue significantly increased (P-<<0.05). In the
probiotics group, the ratio of Firmicutes to Bacteroidetes decreased. In the TFN group, the abundance of Lactobacillus and
uncultured Bacteroidetes significantly increased, while the abundance of Parabacteroides, Klebsiella, and Enterococcus
significantly decreased (P <<0.05). Compared with the TFN group , allopurinol group and the probiotics group showed
elevated blood uric acid levels, abundance of Bacteroidetes, ADA and XOD levels in intestinal tissue, and GLUT9 mRNA
expression. The relative abundance of Firmicutes, abundance of lactobacilli, and ABCG2 mRNA expression significantly
decreased. The probiotics group showed elevated GLUT9 protein expression in intestinal tissue. The probiotics group and
the allopurinol plus probiotics group showed significantly higher scores for spleen deficiency syndrome in mice, and lower
levels of butyric acid in mouse intestinal lavage fluid. The allopurinol group showed decreased numbers of OTUs in mouse
intestinal flora, decreased abundance of proteobacteria, and butyric acid levels in intestinal lavage fluid. The allopurinol
group also showed decreased ABCG2 protein expression in intestinal tissue, increased acetic acid levels in intestinal lavage
fluid, increased abundance of Klebsiella, and significantly elevated GLUT9 protein expression (P<<0.05). Conclusions
The treatment of HUA with TFN may be associated with the regulation of intestinal probiotics (such as lactobacilli) and
pathogenic bacteria (such as Klebsiella) , as well as the production of bacterial metabolites such as acetic acid and butyric
acid. It may also involve reducing the expression of ADA and XOD in the intestines, decreasing intestinal uric acid produc-
tion, upregulating the expression of intestinal epithelial urate transporter ABCG2, downregulating GLUT9 expression, and
promoting intestinal uric acid excretion. These factors are related to the syndrome of spleen deficiency with exuberance of
dampness.
Keywords hyperuricemia; intestinal microbiota; uric acid metabolism; syndrome of spleen deficiency with exuberance of
dampness; Tongfengning (iR T)
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