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7 OE: BRSO S R S R MUAE R R R U AR OSBRI E L . iR ISR O B E I
(TFMC) E U F 3 3 RORBAHGHE R, W R 1 5 RVR AT URAT1 A5 M3E4T 0 TX4%. K 40 R SD K
BRBEHL D AN IR AL, BERIAL, TFMC 4 (1.0 g/kg) RIZEIRDEEA (6.25 mg/kg). KM EMRIARIBIRRE ig IRIES INZ T
FRE P 3 2% v I IO e PR R L FEAR Y . 2R 2 KR ig 4425 16 5, MK R mpE (Glw. SHEE (TC).
ZRBEH (TG mi% BElg S A MH[ERE (HDL-C). iK% B g & A [ B (LDL-C). JRER (UAD. WIEF (CRED. JREZ (BUN)
K TIARR-PA YW IR GET, L 52 & PCR (gRT-PCR) & ill'S IFH R AN K-6 (IL-6). JHIREIRIE
HF-a (TNF-o). JREZEEBIES TR0 Huf%idfk 1 (URATD AW T2k 1 (OAT1) mRNA fjRik. £5R TFMC F %
R4 3585 5 URATL ST 808, IR SRR TEMC mh st & I8 ML I /8 R R ML AR 55 B 10 R B0 i 4y . 24
W16 JE e, SXIEA R, A KR IMES Glu. TC. TG. LDL-C. UA. CRE. BUN /KF# 5375, HDL-C /K
TEFZEK (P<0.05. 0.01). SHMALLE, TFMC ARBRAZFERDEH Glu. TC. TG, LDL-C. UA. CRE. BUN /K
YIEE T, HDL-C /KTEZHAE (P<0.05. 0.01). HE Jetogi i LEIR, SHRAE, BAMAKRRE /NS LR R4
i B IR, B NE T LB R A Y . TRMC 565 B /NE b R MG 2 i i, BER D0 8 M iR il . 2R IR By
ARG R BETREEHENT, BN WA a8, Bl AR NS, BRI . qQRT-PCR 53R oR, 5
MR LA, BERIZH KRB 2HZY IL-6. TNF-0. URAT1 mRNA Fik/KFIJEET S, OAT1 mRNA FIAKFRERIK (P<0.05).
SR F, TEMC 4K VB4 2R TL-6. TNF-o. URAT1 mRNA £k /K B3E K, OAT1I mRNA FikKFEETE (P<0.05.
0.01). £5if  TFMC 4035 i I L w5 R I8 I AH 5% B 94 7T B 5 HL 717 IL-6. TNF-a.. URAT1. OAT1 mRNA %545 3¢, URATI
ARG IR IER A, S F R M Y Se a6 45 5 B — 2 AR, St —B4R0) TEMC 2503 i IR IAE 3 v JR IR I AE A
RERIBEILLER, NESS FHLHIRA R SE.
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Protective effect of Mori Cortex on kidney in rats with hyperlipidemia and
hyperuricemia based on molecular docking technique

DANG Yuan-xia, LIANG Dan-ling, ZHOU Xin-xin, QIN Yang, GAO Ying, LI Wei-min
School of Chinese Materia Medica, Guangzhou University of Chinese Medicine, Guangzhou 511400, China

Abstract: Objective To investigate the mechanism of total flavonoids of Mori Cortex (TFMC) in improving hyperlipidemia and
hyperuricemia related nephropathy. Methods The molecular structure of URATI protein and structure of Mori Cortex total
flavonoids extract were docked by selecting the effective components of total flavonoids extract of Mori Cortex and related genes of
uric acid. Forty SD rats were randomly divided into four groups: normal group, model group, TFMC group (1.0 g/kg) and
benzbromarone group (6.25 mg/kg). The hyperlipidemia and hyperuricemia model was established by feeding with high fat diet plus
adenine and ethylamine butanol. After 16 weeks, the levels of blood glucose and blood lipids in serum, uric acid (UA), creatinine

(CRE), and urea nitrogen (BUN) of rats in each group were compared. The renal pathological changes were observed by hematoxylin

WES HEA: 2018-07-25

EeWH: HRXEAREEESTPIA (81373775

TEBEN: %biE, WEmaRE, EENFPLETI. Tel: 13726748662 E-mail: 13726748662@139.com

HREEE LR, #U%, WMEAESN, FENEPGHATRETFR. Tel: (020)39358290 E-mail: 13925023915@139.com



* 1176 * Chinese Traditional and Herbal Drugs 28 503 28 53§ 201943 A

Ti4

eosin staining. The expressions of interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a)), uric acid anion exchange transporter 1
(URAT1) and organic anion transporter 1 (OAT1) were detected by qRT-PCR. Results The main component of moracin of total
flavonoids of Mori Cortex was the high target of the genes related to uric acid, suggesting that the moracin might be the main active
component in the improvement of hyperlipidemia and hyperuricemia related nephropathy. After 16 weeks of drug intervention, the
serum levels of Glu, TC, TG, LDL-C, UA, CRE and BUN in the model group were significantly higher than those in the normal group,
and the level of HDL-C in the model group was significantly higher than that in the normal group (P < 0.05, 0.01). Compared with the
model group, the above biochemical indexes in the TFMC group and the benzbromarone group were significantly decreased and
HDL-C was significantly increased (P < 0.05, 0.01). The results of HE staining showed that the epithelial cells of renal tubules in the
model group were swollen and necrotized, and the protein tubules could be seen in the renal tubules. In the TFMC group, some renal
tubular epithelial cells were slightly swollen, and no inflammatory cells infiltrated around them. The structures of renal cortex and
medullary were clear, and no hyperplasia or atrophy in glomerular were found, no tubular type and inflammatory cell infiltration in
renal interstitial tissue of rats in benzbrommarone group were observed. The results of QRT-PCR showed that, compared with the
normal group, the content of IL-6, TNF-0, and URAT1 mRNA was significantly increased, the content of OAT1 mRNA was
significantly decreased in the model group; The content of above indicators was decreased and OAT1 was increased after drug
intervention, (P < 0.05, 0.01). Conclusion The improvement of hyperlipidemia and hyperuricemia associated nephropathy may be
related to the regulation of IL-6, TNF-a, URAT1, and OAT1 mRNA. Mori Cortex has obvious influence on the key factor of
hyperlipidemia and hyperuricemia with URAT1 as its potential target, and the results of molecular virtual docking and animal

experiments are similar. It provides a theoretical basis for further study on the improvement of hyperlipidemia and hyperuricemia

related nephropathy and provides a reference for the further molecular mechanism.
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Cortex, TFMC) H ML RS S A7 JE B i . AR 24 3
WIF 702 B 5 1 B rh B 5 B0 B R 2 Ry 3 A B L
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W, FELEIEAN b, AHFFER A Maestro 11.0 B4
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1.1 B4

HEME SD KRR 40 H, SPF %%, A& (190+
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SCXK (¥) 2013-0002. 3T GRS
0 SPF HBWSEEe =, VFAlES SYXK ()
2012-0125.
1.2 &5

BX51 A2 EHE (HA Olympus AF]);
1-15k AR B O ML (& Sigma A#F]); BMIJ-A HY
WELH LA IA VR G CH NI AR A R A
H]); RT-2100C &Y H Bhlhni (8 E a0 2e 82
WHRAIRAT); CFX96TM M St it 5E B R4 il
AN (QRT-PCR) 1% (EE{ASRAFD.
1.3 #HR5RA

TFMC, KRtk AR, HidbE s Rt A
VIR AR A PR A F HE AR AR A 1 R i S T
SRR FARAM BTN EA R ET
AP NSEFHEYIZE Morus alba L. BT 15AR
By Bhifamt ety R RS, ks
20160512); H%iFE (Glu). TC. TG. K% EHRE
HJHMEREE (LDL-C). HDL-C 7l& ( Ligsmkd
MZNA TR A D5 UALLEF (CRE) . JRZEZA (BUN)
WA R R AE Y TRERT T AT ) B R 4iis
MAEIRAR (G E P KW AR A F]D; & RNA Trizol
RGN & W E . TIEAAE (HA
Takara A #)); KR AN ZFE-6 (IL-6). MRIR
BB F-0 (TNF-0). URAT1. HHLHE T#5544k 1
(OAT1) 1 GAPDH W51 EAT 1T, HAETAEY
T (R A RA R E .
1.4 AR

FRERIEL . BRI 20% BRAKALAB W) 20%-
&7 60%, HIJARAEZSEwAY LN, Bl
TR ) AR 2R S S IR B AR A
2 Ik
2.1 FHILExAIENREER

i Yong ZEUSUET ST AL 7775 Discovery
Studio 2.5 () CDOCKER # b3k # 37 [#) URATI,
IR B B A A A DAL S . ARSEI T
BitHEW R Meastro 11.0 M4 EE . M
pubchem (https://pubchem.ncbi.nlm.nih.gov/compound/
5281671, ID: 5281671) $KHUSEH I =4k 5> 145
¥, Pl LigPre B8 H MMFFs 373317 5> F
MG ARAL - URAT1 & H &5 #4948 ] OPLS_2005 B 0.3
nm AT AE & i /MEALEE . {8 Meastro 1) receptor
grid generation D REAE BGIE M 4% . B¢ Glide
AT RS HERE L (glide extra-precision) HIZFME

X%
22 A, BRERIEREAD

SD KRRIGEN HEMEFE 15, 2 AREEK 12 h,
CTRRIE, HRHEHCM, @2 ik, TC. TG 1
NI FR bR o FRE KRR, FRHE Sl i i
Fabr MR 40 HEME SD K RBENL> A 4 4,
R 10 H, Rl IR BARYAL, TFMC 4. 7
TR BEA . R SRR RRIEIRIN ig JRIEPSFI 20T
W ) 77321 4% HLP & HUA KRB 345 8 J5 5,
KERZEEAEEK 120, LEREE, BRIERUM, 5%
F MRS, YRR S EAH B gt 2 R, B
NIERE R o o R ZH S5 AR R 2H KRR, g 0.5% B FrAr fise
T G, TFMC HRER R S B4 43 1 ig TFMC
MZRIRG M. H 1R, LA 16 A R (h
FE[ 2580 ) 2015 4R LG E2H A T 70, il R A=
i, DIAEFE (60 kg) Frak iR IR &%
FIE 59 TEMC 1.0 glkg, HIR D[ 6.25 mg/kg,
Xof R ZH FIAS R ZH 5 185 10 mL/kg
2.3 HARESENRQN

T4525 16 JARS, BEAT 1R & 0 i & SE i
(OGTT). T RRELREUML, T pH R4, F MkE
TEREATIE, J3 1 HIRET A& RS 204 60, 90,
120 min 2% .

KERARIRG A AREEK 120, LMEEFHKE
M%) 5mL, 7 &G, (R7T-80 CUKFEH, Rkt
MiEH Glu. TC. TG. LDL-C. HDL-C. UA.
CRE. BUN /K°F, 7B REUE R, FREUE IERT &5
Wk, HERKRE IS oA E 2 B AR AT
R, AR U B ECE IEA 2 RNA, 5 B
BN TAARER-AFLL (HE) Jetaff .

5 A i = o =4k ok
2.4 qRT-PCR # KR B2HZ IL-6. TNF-a.
URAT1. OAT1 mRNA F£i%

H Trizol $2HUE JEH LR RNA, 48
FERETHIN e Rk B e 4l , Wi 5% cDNA. BT 5l
¥15» %8 GAPDH: L 5°-TGATTCTACCCACGG-
CAAGT-3", Fif 5-AGCATCACCCCATTTGAT-
GT-3’, Hy =K E N 92 bp; IL-6: L 5-AA-
GCCAGAGTCATTCAGAGCAATACTG-3’, Fijf 5°-
GATGAGTTGGATGGTCTTGGTCCTTAG-3*, H ¥~
WK BN 167 bps TNF-a: LiF 5-TC-
CAGAACTCCAGGCGGTGTC-3’, Fiif 5°-GTTCA-
GTAGACAGAAGAGCGTGGTG-3’, HA =4k
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£ 86 bp; URAT1: _-Jif 5>-GCTGCTGCCTGAGA-
CCAAGAAC-3’, Fiif 5-GCCGCCTGCTATGTCAT-
GTGTC-3", Hy M=K E N 97 bp; OAT1: Lijf
5’-GGCATCTGCATCCTGGTGAATGG-3", Tiif 5°-
GCCTGTCTGCCGAATCACTGTG-3", H:A 174y
KN 156 bp. MNAKZR N cDNA2 uL, b Fif5]
Y% 1 uL, SYBR® Premix ExTaqll (Tli RNaseH
Plus) 12.5 pL, JC RNase 7K 8.5 pL; XM Z4FHN
95 CAEM: 30, 95 CAMESs, 54.5 CiBKk 30
s, 72 CHEA 1 min, HFAT 39 RIGH, &5 72 C.
10 min 28 1528 o SR P 27850t H A 3 R 3R AT A
Xf 8 BT .
2.5 GitESHh

M. SPSS 20.0 HAFxF&5 RidtAT odfr, Bl
I LA X £5 Fon. AR ELBCRHRIRETT %50
A58 (One-Way ANOVA). #1755, H LSD-t
test ¥5; A ZAFF, H Bunnett’s T3 test %o

a

RER

— X i B h

3 #R
3.1 FFIEEER

MHEFT 85 R 40 1 7, Docking Score. XP
Gscore Al Glide Emodel 7 433¥% Bt 5= 2 %)
URAT1 I T oRIR B . 5% 9F 3R-URATI
WS RE 1 PR, F R R AR s e Ak
537l FI URATD L) GLU114 F1 THRS12 18R T
SGESINER, HGERE ARG8T B 2 4
Pi-Pi JLHEtE . JRIR [ 5 URAT1 X458 (B 1D
KUY, R GBI A RS ASN216 AR A A,
4, HPRIIR PHE3SS K Pi-Pi JL5E.

®1 RFEVRRIMES URATI 3G S
Table 1 Docking results of morusin and benzbromarone
bound to URAT1

figi&/N3F  Docking Score  XP Gscore  Glide Emodel
¥R —5.845 —5.845 —69.576
RV E —-4.756 —4.761 -51.841

|~

E1 H¥FEH. KRIES URATI FEEMHORM S ELEEH 2D (a) F13D (b o) RXE

Fig. 1 2D (a) and 3D (b, c¢) binding modes of morusin and benzbromarone bound to URAT1

3.2 % HLP # HUA XR—ARIE RN
XTI KRB GG, IR . MR R
IR R R R R R, BN, SR
I, FEMEERE, YOKENM, HREMmN. $9
KRR B KNS, KR .
3.3 X HLP # HUA X 'E s 589520
xR, SR KREIREE K (P<
0.05), #&/~ HLP 3 HUA KRARRIH B “ KA'E”,
RIS AEAR K, SINAEBERE, 8545 5 26 B 3 Bt
A VLR KR I B RS2 B . SR AAR
BRI BB N e LR 2.
3.4 Xf HLP # HUA KR & Mi&EFRAS N
xR b, BRI KR E + Glu. TC.

% 2 TFMC %f HLP 3 HUA AR BHEHNF MW
(X xs5,n=10)
Table 2 Effect of TFMC on kidney hypertrophy index of

rats with hyperlipidemia and hyperuricemia (X *s, n = 10)

21 5 (g kg™ [=iE{E
X HE — 3.3440.31
T — 4.4440.63"
TFMC 1.0 3.81+0.35
ARV 0.006 25 3.68+0.20%

HxtiRA Lt "P<0.05; SR ELE: *P<0.05

P < 0.05 vs control group; *P < 0.05 vs model group
TG. LDL-C. UA. CRE. BUN /KF¥ & &
(P<<0.05. 0.01), HDL-C /K& (P<0.01). 5
B, TFMC A FEICR RUIMEH Glu. TC.
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TG+ LDL-C. UA. CRE. BUN 7K°F- (P<0.05.0.01),
JH# HDL-C /K7 (P<<0.05). W% 3.
3.5 % HLP 3 HUA X OGTT B9
xR, B4 KR EIMNE K ig Glu
J& 206090+ 120 min I LK) 55 35 T (P<<0.05)
A, TFMC Z4H7E 60 90 min I B
B¥ (P<0.05). W#% 4.
3.6 X HLP # HUA X BIFELARSHR
S T WE, SHRA i, B KRS
NEPIR, ATEAEN, BNE ERA IR,
' 1) o3 98 4 200 BRI £ ) ol £ A o S AR R 20 Lh A
TFMC 41K BVE B 4 5 /INE b R 20 i 3 1
M, AR DA, TR W2 PR, ek

SERIIEMT AR OB R O, B R s . RIR
LR RERE R Rl S5 FTEMT, B NERR L AR
B, B /NRBY L R WIRSE, BEER WIE)E,
BN L R A DL . AR RIRBE, B I R R
WAERL, BB AR A R . LA 4.
3.7 X} HLP # HUA KFR'54H4E IL-6. TNF-a.
URAT1. OAT1 mRNA FiZHIENT

Ext Ak, HHEHRKREHH IL-6.
TNF-a. URAT1 mRNA ®iAE#E L] (P<0.05.
0.01), OAT1 RIAEZETH (P<0.05). SHHAH
EL#, TFMC ZHAIRIR D20 KRB ZH 20 1L-6.
TNF-0. GLUT9 mRNA £i%3¥) ~ i (P<0.05.0.01),
OAT1 ik il (P<<0.05). W 5.

# 3 TFMC % HLP 3 HUA KR ILE SRS (X s, n=10)
Table 3 Effects of TFMC on serum indexes of rats with hyperlipidemia and hyperuricemia (X *s, n = 10)

2H %) HE/N(gkg™) Glu/(mmol-L™) TC/(mmol-L™") TG/(mmol-L ™) LDL-C/(mmol-L™1)
xif R - 5.8240.59 1.85+0.41 0.59+0.07 0.5340.09

it - 8.28+0.28" 2.69+0.79" 0.96+0.08"™ 0.81+0.06"
TFMC 1.0 6.82+0.56" 2.0740.52% 0.7240.07* 0.46+0.11*
R 0.006 25 6.09+0.67* 1.95+0.58* 0.6140.05% 0.5040.09%

2H 5] HE/(g kg™ HDL-C/(mmol-L™')  UA/(umol-L™')  CRE/(umol-L") BUN/(mmol-L™")

if - 1.56+0.52 95.56+0.98 34.5641.05 5.87+1.20

it - 0.65+0.48" 130.90+0.72°  39.22+0.90 9.1040.63"
TFMC 1.0 1.26+1.09* 118.46+0.93%  35.0940.82% 6.74+0.83%
IR E 0.006 25 1.49+0.86" 107.90+0.82%  34.68+1.06* 6.08+0.47*

xRt "P<0.05

*p<0.01; SERAHE: “P<0.05 #*#P<0.01, T

"P<0.05 "P<0.01 vs control group; P <0.05 *P <0.01 vs model group, same as below

%4 TFMC %} HLP 3 HUA X5 OGTT B9800 (X L5, n=10)
Table 4 Effect of TFMC on OGTT in hyperlipidemia and hyperuricemia rats (X *s, n = 10)

I HE/ (mmol- L")

Al R g ke e 20 min 60 min 90 min 120 min
if — 4244032 6.50+0.29 5.5240.50 521+1.28 4.46+0.35
it — 5.08+0.34" 8.34+1.05" 9.68+0.39" 7.154+0.75" 5.87+0.59"
TFMC 1.0 4.73+0.33" 7.054+1.26 6.6510.39% 5.9540.85% 5.3040.54
R 0.00625  4.55+0.30* 6.53+1.22% 5.88+0.83% 5.754+0.28* 4.74+0.73"

- pagict BELR TFMC AR [

4 TFMC 5f HLP 3 HUA B BHAASBEERIFNE (X200, HE)
Fig. 4 Effect of TFMC on renal histomorphology in hyperlipidemia and hyperuricemia rats (x 200, HE)
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£ 5 TFMC % HLP 3 HUA K5S448 IL-6. TNF-a. URAT1. OAT1 mRNA FiZHISM (X £, n=10)
Table 5 Effect of TFMC on expression of IL-6, TNF-0, URAT1, OAT1 mRNA in kidney of rats with hyperlipidemia and

hyperuricemia (X £s, n =10)

i o mRNA AHX Rk &
ZH 5 FE /(g kg™
IL-6 TNF-a URATI OATI1

i R — 0.52+0.05 0.38+0.09 0.14+0.08 0.63+0.11

R — 0.76+0.06* 1.34+0.30" 0.52+0.17" 0.3840.07*
TFMC 1.0 0.66+0.02% 0.40+0.08% 0.21+0.04* 0.49+0.12*

Y T [ 0.006 25 0.59+0.01% 0.39+0.09* 0.15+0.02%# 0.524+0.14*
4 it BEfR T UA [HEMR2, TEMC % HLP 3 HUA KR

HLP Jf HUA J2 IR & WM, s PRI LA I
UA FEF . RRERNEN, AR UA 5T
B AT P PR ER ER s iR, BRI R R N,
) ST FH ' /N N H IR R R URR, 5] JEE B e 0 1)
RS

URAT1 2 IE R & LI HUA i RGE T 18
g, A FERERRE AN B, SRS E A O
(£ 90%) UA RIEMILI, URATI &1{¢ UA HEtt
Z9E RIS s, TRV T PR E URAT1 AR %
JEEAD, PR e B ot R 25 . AR S i R 1
SR, ¥ TFMC FEZ R 5 R RRIR B 5
A5 URAT1 AT TXEAT 7y, S5RERFER
o, Bor HT fE & TFMC F1 23 HLP 3 HUA
FHOC B 1 TR 5y, I HFEE XS URATI
PAMHIE T ARIR T B . MRG0 X Eegs R, it
— g A R N SEBRER T FLRE UA HLI

ARSI R A SRR S ig MRIER I T
B[ 71515 S HUA 3 HLP ARG RO, 5 e 2H
i, AEAYZH K RRIpE . Mg & i UA B 8T,
HE Jtb s B AR ™ E ., TFMC REFRK R RLM
B I i UA /K°F, HE Geti R 5 E 28 2
PR, DA R I A B B SORE AR
IR FOKE AL, KL TFMC A R i
URAT1.IL-6 fl TNF-a {383k, L1 OAT1 MIFRIE.
NEN UA NERARURY), 2 2/3 &4 IRkt s
e, UA 2 B URRTE B /N T A5 A, 513
RAEIMN, EREHE, 58 IL-6. TNF-a & &
Pt E R B ANE R AT E 2 Fh UA Friz &2 A,
IXUE UA BI85 1A (1) 355 [R5
&L, BEMESm T UA HEi-F 1 . URAT1 212 UA
WZGHIVE R AR 5, OAT1 A WL B T35k,
i BE R SLC22A6, A7AE T il /N (1) B i e,

B R R AT BE S LA E UA HFitl K PR 2 A
THRK.

HATFE UA 259 204 2 2K, — 2401 UA
TR EEARERSE, (HE50EEE . AREAR
RN oK fedt UA Hill, fnoeis i
S, (B IEE EIEEAN RN, X F RIR Eh 4G b
P& J A AR T BCR R BRI SRR A %
UA MU 2 E PR XU A F A h 24500 Fi6 97 HUA
B R L AT T R R AR S, 45
IR TEDFEAR, FBD T RHEEOR, FEHT
IR TEMC & Ry & 8 B i PEm Fe i At |,
LK AR A S, I TFMC ZE R R [, fg
FRRR AR UA 58, FFRECGE B I 4O S -
NI PR 253 4 1 BB FEAT, 7K T IR FH 2 ik
PEo IR, HUA 51 g4 QU DA 5C B p LR 224 14
RS T, AhdE—PH5. X TFMC F Al
J g B UA LA it — 2P ik 7T

SE
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