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[(HWE] B W50 0UAURT R PRER AE K B/ — BRI 1 45 & &% 18 25 11 G2(ABCG2) 2 35 i 188 PR 2 HE ik 1 52 1)
Fik 48 HUHEvE SD K BRBE ML 4>y 1 % 41 BERY 20 R IR H B 20 (4.7 mg- kg™ ) R AB L L AR R 20 (2 260.6.1 1303,
565.2 mg-kg'), M2 8 Flo LA AR W TR 0 RO B I ) 4% v DR R I AEASE A L 82 21 do B8 R TAHIN 259 T 90, 1 ¥R/d, F74k 14 d.
5521 RALFE K B, ar i) afn pR 2 0 3 R R 1t JULIEF | 1 R 3R 045 48 A, DAAE B AR s B3 72 ( Western blot) #l K BN ABCG2 45
M 235, SR 98 % 2 ik 3R A B 4 X 52 1 (Real-time PCR)#/ ABCG2 mRNA ik, S 2 20 b ik 4 M/ ABCG2 25 & ik
FENL, SR 5 IEW A H BB il AR IR L LT | il /R 3R A& T im (P<0.01) 5 5 BB 40 Lo A, I b AL 4% 57 4 20 A
I 2 K BRI DR R 7K T 35 4 25 [ AR (P<0.011) , DU b AL H A 57 ek 20 1 T8 DR R W 4t T 13 (P<0.05, P<0.01) , 7 15 I [ 40 i JUL I Jd =&
Fh i (P<0.01) , A5 e 41 1 PR 3% 20 W B IR (P<0.05) , DU b LA 5 o 415 2 V50 B e 201 I PR TR LU 3K 25 5 o4 14 28 L o Western
blot 45 IR, 5 1E % 41 i A4 ABCG2 2 AR IA W R (P<0.05) s S AT 20 oA, 0 b Jurh AR &40 ABCG2 iR 1%
PRI B FH 55 (P<0.05, P<0.01) , DY &b L i 55 s 4 B R IR 1) e 20 FF g {1 2% 53 o e 1% 28 . Real-time PCR 43 H7 7R, 5 1E
WAL BT 4] ABCG2 mRNA £ ik 2 F G123 X SH AL g, Wb 3L K5 i 41 ABCG2 mRNA %Kik 8 T &
(P<0.05). A ER, ABCG2E I EZNM THTE, 5IEF A LK, ML ABCC2 R KA Z R TRG I 2# 7 L ; 5
RUZH LB, PO JU45 R 4 ABCG2 25 1 235 W 2 FH 55 (P<0.05) o £538 « DU L T 8k 35 AR 0K 1 IR 19 i i A R DR R , G P R o
VU b U H AT 5 5 D A S iy B PR R AR Y () g ] ORAre 5 S e, AL T 8 5 iM% 1 ABCG2 R 3A (i # 1 18 PR R R It A G .
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Simiaowan Up-regulates Intestinal ABCG2 Expression to Promote Intestinal Uric Acid

Excretion in Hyperuricemia Rats
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[ Abstract] Objective: To observe the effect of Simiaowan on the intestinal ATP-binding cassette
superfamily G (White) member 2 (ABCG2) expression and the intestinal uric acid excretion in hyperuricemia
rats. Method: A total of 48 SD male rats were randomized into the normal, model, benzbromarone
(4.7 mg-kg') , and high- , medium- , low-dose Simiaowan groups (2 260.6, 1 130.3, 565.2 mg-kg",

respectively) , with 8 rats in each group. Potassium oxonate and hypoxanthine was employed to induce
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hyperuricemia in rats (21 days). On the 8" day, administration began (once a day for 14 days). Rats were killed
on the 21" day, and serum uric acid, serum creatinine, blood urea nitrogen, and intestinal uric acid were
detected. The protein expression of ABCG2 in the small intestine was detected by Western blot. The ABCG2
protein expression and localization in intestinal tissues were determined by immunohistochemistry. The ABCG2
mRNA expression in small intestine was measured by quantitative real-time PCR. Result: The levels of serum
uric acid, serum creatinine, and blood urea nitrogen in the model group were higher than those in the normal
group (P<0.01). Low level of serum uric acid in the three Simiaowan groups and benzbromarone group (P<
0.01) , high level of intestinal uric acid in medium-dose and low-dose Simiaowan groups (P<0.05, P<0.01),
high level of serum creatinine in benzbromarone group (P<0.01), and low level of blood urea nitrogen in low-
dose Simiaowan group (P<0.05) were observed as compared with those in the model group. Serum uric acid
showed insignificant difference between the low-dose Simiaowan group and benzbromarone group. The
expression of ABCG2 protein in the model group was lower than that in the normal group (P<0.05). The
expression of ABCG?2 protein in the medium-dose and low-dose Simiaowan groups (P<0.05, P<0.01), the high-
dose Simiaowan group, and benzbromarone group increased as compared with that in the model group. ABCG2
mRNA expression was insignificantly different between the model group and the normal group, while the
expression in the medium-dose and low-dose Simiaowan groups was higher than that in the model group (P<
0.05). ABCG2 protein was mainly distributed in intestinal villi, and ABCG2 protein expression demonstrated no
significant difference between the model group and the normal group. The ABCG2 protein expression in the three
Simiaowan groups increased as compared with that in the model group (P<0.05). Conclusion: Simiaowan can
significantly reduce the serum uric acid level in hyperuricemia rats. Particularly, the low-dose Simiaowan shows
similar efficacy to benzbromarone in lowering uric acid and protects renal function. The mechanism is the
likelihood that it up-regulates intestinal ABCG2 expression to promote intestinal excretion of uric acid.

[ Keywords] Simiaowan; hyperuricemia; intestinal uric acid; ATP-binding cassette superfamily G
(White) member 2 (ABCG2)

PRI MUAE (HUA) J2 48 (R N IERS AR 2500, i DAk 5w, 5 i IR R IUAE 25 DDA G, i 1l

PR R K V- i 22 Tt & (B % >420 pmol-LY, % M >
360 wmol- L) iy — A& UL AC PR 906 o Il IR 2 vk
BB ASAUAT JE B PR R AR A5 & R XL AR AR T
FUA 0] S BUR AR PR TR PE B AE .  R IR I E 7R
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PR R A2 1R HE i (%) By 25 S A7 2 AL IR 2t 4 R 1R
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A HUA ™ B 5 241,

& 4 B JUE DR R DR R HE it 2 H T IA T e IR R I
fE (9 BB o RV SR | TN i AT S 24 1 a4 ol
B JIE URAT 1 H1 GLUTO 235 , 20 bR 2 5 I, 3k )
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5B IE ABCG2 ik , {2 #F PR R HE e pd i 2
T HE L IH i ABCG2 3K 3A i 3 iy 18 bR 1R HE 1Mt 1%
FSEWEIE . ASWFIE T #E W58 DU &b JU X 735 R R i e
KRR B R 2 /Ns ABCG2 & 1l mRNA
FEIB M FE M, i — 25 BT DU 4 AL R A PR R A AL
1 ##
1.1 ¥ 3h ¥ SPF 4% 5~6 J& & 1 ¥ SD K
48 H R B 140~160 g, W8 3K 107 38 52 2 560 sh 9 2
A R T B R 2 R AR B ) S g vhoe [V AT R
5 SYXK (971)2020-0009] . K B4 3%, A it
B RARK . EIRYERF 26 °C 1B E 50%., ABFFE L -
T B 24 K 2 3 ) A R A0 B B 2 e o (A8 B G
5 PZSHUTCM191122001) .
1.2 255 550 25 07 50 iy 0 A oLl R
RGBT AR WS T R 2, it
S0 % o 200201, 191201, 191101, 191202, # &
2020 4F i € A A B 3R 2 ) DU b I ) A% v
HY b 9 v R 24 R A B Ot A B BE W i BRECEE R
(125 g) . B 41 (250 g) . &% B0 12 (250 g) .4 &
(125 g) o W2 PR IR G PR, MK BT,
B SO 29 5 0 24 T TR BT I 2. TR
G2WAW R R AR R S T IBRER
261.62 g, HEUUH Hy 34.88%(W/W ) , B4 .
RIROER(HEE KBS, it S
H20040348) , % % iR 81 | Yx i W 0y ( 3 [E Sigma 24
AL 54 5 H9733 .156124) , 5 i ks (IR DI T i
KA R A R AL S 20082602) , TRIzol it
7 (€ [ Invitrogen 23 7] , 1t 5 15596018) , ABCG2
PATE PR (3€ E Cell Signaling Technology 23 & , it
5 42078S ) , T i -3 R It Ui (GAPDH) B o [
Pt & ( 2% [# Proteintech 23 # , it 5 60004-1-Ig) ,
DyLight 800 LI = 4t /)y B e 2 2R 2 11 (1g) G %06 —
B 5 42 16 W 8 (HRP) B 30 1L 25 Hi /b U/ —
o AR A SR E R BOL & R B E W)
(20x) & WU Z R (EDTA) pH 9.0 s % 41 1k
(IHC) $o & % & 7 ( 32 F Immunoway A &, fit 5 43
% 2 RS23910 . RS0011 ., RS0024 . YS0004 . YS0001 .
K1622) , 58 &% 52 i 9l 28 1 2 4 il 4 =X 5 7 (Real-
time PCR) i {i i ( 3% [&] Thermo Scientific 23 & , it 5
4368577), B AR & (AP & EwHEAS
RN )L it 5 PV-8000) ,NC A5 ( 32 [# Millipore 23 7 ,
#it 5 HATF00010) .
1.3 {U#% ADVIA2400 B! 4 [ 3f A4 Ak 43 by A0 (18
[ 75 ] 723 7] ), TDL-5000CR &I ¥4 7% 85 0 L (i

2R AL RS ), PTHWS000ML 24 15 I H P s (8
I RE 28 5286 % 45 ) L F-114 1Y i 5% 28 R AL E (B +
Buchi 23 ] ) ; DZF-6210 % B{ %5 4 4 (i —1H R}
FALEE ), ViiA 7 & Real-time PCR {X ( 25 [E ABI 2%
Al ), Odyssey I 21 b 2¢ 5t 48 & 4 (36 [ Licor 28
F) ), DM2500 A i G 55 9 G4 B R 48 (12 [H Lecia 28
F) ) ; SpectraMax MSE Y fif§ #5 {¥ ( 5% [ Molecular
Devices 2\ # ) , trans-blot SD Cell I 2 %% Y Mini
Trans-Blo %Y i, 7k %% X # | Mini-Protean %! 3 5 Hi, K
4 ( 5% [# Bio-Rad /A 7] ) , HY-BM 1150 %I 41 #8411 ( 4>
EE AR FEARAR),
2 FHiE
2.1 Sl GERTT S 42 48 HfEME SD KRR
T NP IR S R AL 4 Ok IE R A BRI AL R TR I
4 (4.7 mg-kg") PUAbHLE e AR 41 (2 260.6.
1130.3.565.2 mg-kg'), 4 8 H . [ iFE 4 441, LU
SR R B0 (100 mg-kg', B T 5 ) BE A Uk B I g
(500 mg-kg"  FEH )ERL, B H 1K, iELL21 d, 2l
HUABLRL, 55 8 R THHNV 25 W E B 10, B K 1R,
FREE 14 d, I H A AR A 7 S R B I
2.2 FEACRAERK ISR T 7RG E 2N,
DR I B 11 % £E I A 1.5 mL, A% 00 1fi R 188 LA ) bip A
AUER M. SEHEE 21 R4 2455 2 h Rk DA HR AE B
I R S o BE 1.5 mL, K 90 i R B2 L o L L ol R
FT A K BLAL SE R 25 £ 24 ho 26 21 K LS ke
P W JBR e %2 5 A8 K B, 90 JF M6, T /N b B U0 i
K 2520 em 19 W Bt . W VPR A CEE 2 % SCER Oy
RN YU S 4L SR e A g B it A B 1 TR
T, T BEEUCH I A AE BEER K 10 mL e fiz 38 P B
WS p R VR B WA S A DU B G DR R K F . )R
W JT 3B/ P B3 ) L g 2R R e B 7 20 203 B8, /N i 41
210y B BR A B T A N 4% £ B B R (A7 7 ) 4k
LioRUIl I
2.3 AR H A Bl i (Western blot) £ K B /N
HELABCG2HE IR IL 4R U 21 218 1 H L
I UL B AT . SR A BCA 0 B vk B
B il 10% 43 25 B, 5% e 46 e , Ve 4 e 70 VIE I, &
TIE I HE A B IE ok 110 VB JE , L 3k R 2F i
I BE T i . 200 mA TH 3 % B 90 min. % 5%
JB Mg 4= % (% TBST % i B 2 h, TBST Pt 5 min,
3. WEH Pt ABCG2(JH & 5% BG4 43 TBST 4%
1:1 000 i B ) fl N 2 GAPDH (FH & 5% Wi ig 4 W5 i
TBST# 1:5 000 i B¢ ) , 4 CFHF L, 52 RE IR
. 35 .
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B & 20 min, TBST £ % 5 min, 3 . il A 5% B
A4-95 TBST i B 09 — 4t th Fht/h Bl I1gG(1:1J7)
37 °CH£HE 2 h, TBST ¥ 5 min, 3K . ECL B3 X
M 2 min, Odyssey X & 3 Ot AR & 48 3 #5 i 1% .
Image J 44 I 22 454 K BE A, L GAPDH R N 2 %
8 1% ABCG2/GAPDH1H.

2.4 Real-time PCR £ Ul K & /M 15 41 41 ABCG2
mRNA F ik 5441 5 RNA 42 B ] TRIzol ¥ .
£ B % [ 41 DNA, il A gDNA Eraser Buffer (5x )
2.0 uL, gDNA Erase 1.0 uL,RNA 150 ng, JC 4% i i
i dH,0 M % 10 uL, 1R %) ,42 °C)Z I 2 min, AR5 2
e s ) U W B R AT RO SR A b — 2D Y R TR
10 pL, PrimeScript RT Enzyme Mix [ 1.0 pL, RT
Primer Mix 1.0 pL, PrimeScript Buffer 2(5%)4.0 uL,
RNase Free dH,0 4.0 pL, % %], 37 °CJZ [ 15 min,
85 °CIRL N 5 s SIHIMBEIT S A Bt A T A T
() B AR A SE N . ABCG2 L5149 5'-T
CATCAGCTCAGATGGATTG-3', T iif 51 ¥ 5-GGC
AAGAACCTCATAGGTAG-3', K Bt K FF 333 bp;
GAPDH 754 5-CCCATTCTTCCACCTTTGAT-
3, F 51 ¥ 5-CAACTGAGGGCCTCTCTCTT-3',
A Bt K B 200 bp. Real-time PCR JZ W 1& & &
20 uL, f3 % SYBR Green Premix (2x) 10 uL, I i
514 (10 pmol-L")0.4 uL, T U754 (10 pmol-L")
0.4 uL, cDNA #% #z 1.0 pL, J¢ #% % fifi dH,0 fh &
20 pL, ¥ 84 & 440 94 °C i 25 ¥ 5 min, 1 18 3 ;
95 °CA5 % 3 s, 60 °Cil K /4EfH 30 5,40 fif FF . Real-
time PCR 45 3 F 2231450, LUAH S 2 o

2.5 BRI R BN A4 ABCG2 1 3R
IKFEN, A SR R N D) N 4 wm JE A
LY Fr o YI A 60 °C FHEKE 1 h, — H R il K
fb o PBS ¥ 5 minx3 ¥% , | TRIS-EDTA of pH 9.0
Pl R E 55 3 min, B 8% 3 20 min, PBS

F1 WA HUAKXRMRER . FERR.SINEEKFRZI (F+£s,n=8)

PR 5 minx3 K, 76 1 1 ] 3%H,0,- HY 75 W BEL I8
VR P it 4 Ak 9 B 95 PE 10 min, PBS PE & 5 minx
3K LI 5% 1L 2 i i B % I 30 min. % N —
Pt ABCG2(1:100) , & i & 60 min, PBS ¥k i%
5 minx3 K, % B0 W E P A/ B2 v B B AR
HRP (1: 1 000) , % i ¥ % 30 min. PBS ¥k i
5 minx3 ¥ ,DAB . {4 , Z R ¥ & 2 € 3 min J5 % 1k
WA, FARKREY B EOEER K, ZH K&,
HPE R BB A . Lecia i 85 2¢ SEHA IR R 48 T R4
K%, 45 2000 BE HLIE B S A4~ BN 3 & 09 9L 5T 41
% . Image Pro Plus 6.0 53 47 it 2% 41 £k 4 0 25 5L 4y
Br, I 7 BA P 0L R 53 W ' BB 14 0 BH 1 2% 3K T AR
(Area) .

2.6 SGiilErEE SR Prism 8.2.1 B 4b FEACHRE
THat PR x5 RoR , 7 255 H R L R J7 2247
¥i (One-way ANOVA) b %, 41 18] W5 W6 b 4 >k
Tukey ¥ 58 , J7 22 A~ 5% # & F Brown-Forsythe and
Welch ANOVA %8, 2H 8] 9 0 L % K F Dunnet's T3
K5, P<0.05 22 S A 4 it 2# 5 L

3 &R

3.1 X HUA KU bR 82 38 bR IR B 2 g 7K1 1)
MR XERE T d, 500 R AL R AR 4 i R R
FHE(P<0.01) ; SEIALA i, IR S e 4 U 1 AL
& AL IR R K- 22 RS =R ;TS
21 .d, 5 1E 4 L, A A it JR AR | afi ULIEF i PR 3R
RBEFE, ZRARESRITFEX(P<0.01); 58
TUZH L8, DY b AL 4% 50 4 R TR T I 2 Kk R R
1R 7K - 44 5 2 B AR (P<0.01) , DU U AR )4 4H
T8 FR R W 5 T+ 5 (P<0.05, P<0.01) , A& 75 T R 2 ifi L
i . 3% T = (P<0.01) , PO b AR 75 2 41 1 bR A
AR, 25 A W B Gt 2% 2 L (P<0.05) 5 DU b LI
F e 45 ORI D R A i PR R K T A 2% S R St

Table 1 Effect of Simiaowan (SMW ) on serum uric acid, intestinal uric acid and renal function in HUA rats (x£s,n=8)

15 ) it 1M R % /mol- L Jigr 3t R ININGS 1Ml JR 2% A
/mg'kg'] 7d 21d /g /mol-L"! /mmol-L"
EHA 131.0+32.0 83.8+24.0 74.5+12.1 26.5+1.8 6.1+0.4
TR 4] 709.2+227.7% 546.6+196.3> 67.9+11.6 31.9+3.3% 14.4+5.9%
IR AL 4.7 794.2+92.8% 261.1+112.2Y 68.4+4.4 38.242.3% 11.74£2.0
USRI = R 2260.6 892.5+196.3% 290.6+109.5" 72.5+12.4 30.6+3.5 10.742.1
Y b bR 11303 830.4+180.9” 290.5+123.8" 87.9+13.0° 32.3+3.0 10.5£2.0
UK (i B 565.2 887.9+112.3% 210.9+£133.6" 97.8+16.1% 29.443 .4 9.3+1.0”

T 5 IE 4 LA VP<0.05,2P<0.01; 5B 4 i > P<0.05,YP<0.01(F% 2-3 4 [d])

.36.
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3.2 X HUA KRR/Ma4 4 ABCG2 H H IR IL M
M 5IER ALK, BRI ABCG2EH KL R
F T (P<0.05), SHIRIZL A, IO e AR5
2 RE S HE = HUA KB/ 441 ABCG2 2 1 ik K
- (P<0.05,P<0.01), PU b AL &5 57 d 41 SR IR Hy 2
BEAmBE HESTSEIT¥E L., WE 1 .%2,

ABCG2

GAPDH

A B C ]) E F
TE:AIEH 4L BB AL 2 COOR R Eh B4 D. DU A L v ) 4 20
E. DO&5 AL 5 4t 2 5 F. 79 b JUAR ) e 28 (181 2 [7])
1 KR/NAABCG2EBHRIEREK
Fig. 1 Electrophoresis of ABCG2 protein in intestine of rats

F2 M3 HUA KR/ING ABCG2EHARIEKEFIE (x+s,
n=3)

Table 2 Effect of SMW on ABCG2 protein expression levels of

intestine in HUA rats (x+s,n=3)

2151 Mk /mg-kg! ABCG2/GAPDH
IEH A 0.650+0.074
2] 0.255+0.048"
IRy RELH 4.7 0.534+0.144
VY b S v 79 k2 2260.6 0.538=0.193
DU b AL R 7Rk 2 1130.3 0.607+0.124>
DU 3 AT 55 4k 40 565.2 0.775+0.060"

3.3 XTHUA KEU/NAAZABCG2 FHH M RILA
U 8 N R A AR G R B MR R
Yl 7 Jo S8 SR, BR X B0 R BT U0 i 41 21 4
o B Y 0 Bk . ABCG2 E8 0 A T4 L, 35
A UL 4% =6 T0 i 54 BH % | i e S 6] 20 i 3 A L A T %
B BB T YRR L R A0 R A0 A JE L
PERESMEREAR, 5 IEE 4 i, B4
ABCG2E AL AN Area Fll [4 & T E#H  (HEF
TG Em . SEAA R, ML e f K
41 ABCG2 % 1 19 Area B & 3 /il (P<0.05, P<
0.01),714 W B34 fin (P<0.05,P<0.01), WLIKH2.%3,
3.4 X HUA KRE/Np4 4 ABCG2 mRNA £k
o 5IER A R A A ORI D B 4 ABCG2
mRNA KX R FREBE HERTRITFEX. 5§
BEAVZ L3, U AL b IR 5 2 ABCG2 mRNA %
K TR (P<0.05) . WL 4.
4 itig

VU &b U] R AR HUA K BRI PR 2, 2035 5 g
AL IR TR B B A5 Yk IR S A 1) HU A K RRUBSE 7R 2 8

B2 Mgt HUAKRBR/NG ABCG2 EARIEM M (Fykdl
16, x100)

Fig. 2 Effect of SMW on ABCG2 protein expression levels of
intestine in HUA rats (IHC, x100)

F3 MR HUAXBR/MGABCG2EAFRIEMHI (F+s5,n=3)
Table 3 Effect of SMW on ABCG2 protein expression levels of

intestine in HUA rats (x+s,n=3)

25 /mzui“ Area(x10%) IA(x10%)
EHH 1.59+0.38 5.65+2.05
A 70 24 0.74+0.17 1.89+0.86
R 4.7 1.00+0.16 2.73+0.45
DO deb A e ) 4k 2 2260.6 1.84£0.37" 7.84+1.84"
DY b S 5 k4 1130.3 2.30+0.42” 8.34+2.07%
VO 4 AR 57 45 20 565.2 2.17+0.54” 7.38+2.65"

R4 MY A HUA KRG ABCG2 mRNA RIXKFHM (¥+s,
n=8)
Table 4 Effect of SMW on level of ABCG2 mRNA expression

levels of intestine in HUA rats (x+s5,n=8)

21 51 il /mg- kg ABCG2
EH A 0.62+0.32
TR 0.4140.15
AR 4.7 0.45+0.19
DU b AL g 1) i 4L 2260.6 0.82+0.29
DU b A ) 4 1130.3 1.01+0.44"
DU b LA 1) 4 565.2 1.05+0.33"

- 37 -
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Yy B s BRI R e i . i
BLG , BR IE 41 R RS, Ay 25 41K BRI AR 2 Wl 3
Fhwr . T HUR 2K 15 I R 20 R IO & 4% 550 4 i bR
1% W T R, T TR R, e R S B DY Wb AL AR
R 5% A, 22 7 G2 2 3, R K
F R DU b AL PR IR B SR A 2 AT i bR iR K -
PEAT IE B o R R D i 4 L A A R 4 W R
B Ui ReE— 20 2 B, T e 5 O BE W DE DR R HE
B U PR IR B0 Aaf 3G AT OG o D b AL AIG AR e PR R
R K TR AL, $ R PO 1 AL o] B 3 A 1A 4 At
PR HE i 3 A% DAy /0 B I PR 2 HE it 1 g7, 35 B AR 4
B AR AE . BRERAEOR AR R B I A R I
WA T A ST o PR R I /)N BRUSE AR 45 55 kD i
B S PR AT K BRUR R (WLEF R R JKF i
FREAL, I HA L) Bom ks T PRI 1M AE /)
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