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(HWZE] HAY PR (mangiferin, MA) X 1088 51 B B &M & I K B ( spontaneously
hypertensive rats,SHRs ) ' [H] ST 2F 4ETUAR 2 00 B AT BERHILAN . ik 24 H SHRs $ZBEHL AL Bt
YL R BRLE R RO + (RGR R R (S5 mg/kg) ZRIUROBE + @ Rl 22 R H (15 mg/ke) 4
SEHR R T T R AR ALK B, B S B R 2 A ot R A B L IR =R (TG) | B IR [
(TC) |l ES N iR ( non-esterified fatty acid , NEFA ) F1'E 20 21 H-iill =18 3% 5 , Masson Y€ J5 2 5 i ¥4
5] BT 2F AETUAR YRR B, Real-time PCR A6 B 2H 23 BA.4% 40 i ¥4 16 25, 11 -1 ( monocyte chemoattractant protein-
1,MCP-1) .CD68 .a- - AILAL 3l 85 ( a-smooth muscle actin, a-SMA ) | IV 5 ¢ J 25 F «-IV 5 [ collagen
alpha<4 ( IV ) chain, coldad ] 54k =K [HF--B ( transforming growth factor-beta, TGF-B) | £ % i s 3 G 4y 1
H7]-1 ( plasminogen activator inhibitor-1,PAI-1) | R i BE£T 74 B IR I00E W) ( urokinase plasminogen activator,
uPA) mRNA ({3555 , S AR I JIE uPA (PAT-1 I RIOKF-. SRk 5X5 A LLHL, SRAEA SHRs
B[R] BT LT AE DA R B G I (P <0.01) , T2 3R 1 (15 mg/kg) B ISR R MES R 1) SHRs ¥ ] BT
IR AETIRL (P < 0. 05) o 2415 JIEH b =18 & 5 35 224k B 2H 21 MCP-1,CD68 | a-SMA | coldad |
TGF-B mRNA WA W AL, (HE2RH (15 me/kg) B0 7 308 5 D2 £ uPA/PAT-T mRNA FUAE 9%
(P <0.05) , [A] I REAIG 2 R4 5 S PAT-1 R U 3RGA/K- T, &5 P2 R IFRE NG = SR T2 SHRs
B U] S 27 AE DTN, HOALT R B 5 45 B 4121 PAL-1 (uPA A5G,

[R$EWR ] PR B PR 4ETURR ; uPA/PAT-1
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Mangiferin alleviates fructose-induced renal interstitial fibrosis in spontaneously
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[ Abstract | Objective To explore the effect of mangiferin on the renal interstitial fibrosis induced by
high fructose in spontaneously hypertensive rats ( SHRs). Methods  Twenty-four SHRs were randomly
divided into 4 groups; control group, fructose group, fructose + mangiferin (5 mg/kg) and fructose +
mangiferin (15 mg/kg) groups. After 7-week feeding, the rats were sacrificed, and blood samples were

collected for determination of plasma concentrations of glucose, total cholesterol, triglyceride and non-esterified
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fatty acid. The triglyceride level in the kidneys was determined histologically and enzymatically. The renal
interstitial fibrosis was observed by Masson staining. The mRNA expression levels of monocyte chemoattractant
protein-1 ( MCP-1), CD68, «-smooth muscle actin ( a-SMA ), collagen alpha4 (IV) chain (coldad),
( PAI-1 ) and urokinase

plasminogen activator (uPA) in the kidney were detected by real-time PCR, and the protein expression levels of

transforming growth factor-beta ( TGF-B ), plasminogen activator inhibitor-1

uPA and PAI-1 were examined by immunohistochemistry. Results Compared to the control group, the renal
interstitial fibrosis was increased in the fructose group (P < 0. 01), and mangiferin (15 mg/kg) could
significantly reduce the fibrosis induced by fructose (P < 0. 05). There was no marked change in renal
triglyceride among the 4 groups, and the mRNA expressions of MCP-1, CD68, a-SMA, col4a4, and TGF-B in
the kidneys also had no change. Mangiferin (15 mg/kg) apparently reversed the fructose-induced uPA/PAI-1
mRNA ratio reduction, and decreased the over-expression of PAI-1 protein induced by fructose. Conclusion

Mangiferin can alleviate renal interstitial fibrosis induced by high fructose in the SHRs, which may be related to

modulation of renal PAI-1 and uPA.
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B BT AR 1S KPR 52 1, R IR = B IR Y
AT H A4, G A s SRR R g SRR ORI AT
BRI TV Z AR E P I b, B Ikg e
THAERY M P RE 2 S BURI 28 S IR W AT 1 I 2
— IR AT R B A A 8 R Y R
1o PR (mangiferin, MA ) J2 BUA ALk R 2 51 7 16 &
Yy, BA AL AR AR R B AT M A A
IRECRY S SRR . O R, 1 R AR 5 4 ) 4R
A IOV ER IR S o7 A MR A TR 2R 55 A R BRURRE PR 2
B SR M [ P e R K B AE O L LS
AL , T SR ) A e I R Bl VB BB S
FEA —E R Y o AR P S X
R OBE IR A kPR R I R B (spontaneously
hypertensive rats, SHRs) 47T G Y7, B H G 5 (4]
BT AL r P A T SR AT RE RO AR FHBIL

1 #MRE5FE

1.1 ##

SPF Mk SHRs 24 H A& (250 +20) g, W A
B | ST I KT U7 B NN I B 1 S E7 N U By N 2
sy iR AROK RS SR KT, 2 A R
Ko ARSI G BRI SRR e B 0], 25 G
E AR S SR AS EE A S E o AR SEE BT 254
TORH I A Sigma 2w RMEW B _FiEEAEY TRARR
7y ] s Masson = 8 4 0 35050 G W 2w o & A IR A
AP I S AR [ ) s AR A B
I RHRAEYHOR A A S FR ELISA I i) &

H HAZR 5t Morinaga 23w ; 2141 50 RNA $2 0G50 4
c¢DNA Jz #% 5 i ) & . M-MLV fff . ANTP mix, RNase
Inhibitor %) [ ' [E K % TaKaRa /A &) ; SYBR Premix,
PCR 5|90 T R 5 A A W) A BR S B 5 uPA (PAT-T —
Pl B DL A ) TR BR 2 A 5 A 2H Ak i)
£ (SP-9000) My B At st p A2 M LE I H AR A IR A F]
1.2 Fik

121 Shissd Jrdi a2l SPF 2% SHRs 24 H,
WENPERIR 1A & LA 4B 0 1 03 k)
HRE JRBEZH CRBE + IR 2R (5 mg/kg) AR
B+ R R (1S mg/kg) 41,520 6 Ho X R4
BT IERIREYOK, RHEHL T 10% (1 RHK 2 413
ST PRUETR, BRI SR K R FEE R, R 3 Rl R
KRBT R, 6 7 JARLIESN Y, RAE MK RAET
=20 C,JUB MEFRE , BRI B AL 4% 2 R HIE PBS
W E 85 LA OCT a3 3], HARH LU TIRA,
BEJEH 7 2 - 80 “CUKAHIRAF LA AR AL DA
12,2 il AABAs I e G abd B 5 43 ) 4G DU afi
I MWE B R H =

1.2.3  BEMALUE RS NEE N T WSS R
UK LT AL TR , 5K FH Masson = {0,322 0 A6 I B 20 27 i
JRETHE ) BARERE , #1200 v I B AT Y A F AR
TR, Bk U] BELIE R 40 AASTR] DX, 0 JH: B
() DXl A AR S i BT 2 20 S AR, O3 )
JEI R IR AT AE TR [RIh T HEBR AR T TR R (]
LT 4EAL s, LB IR 0K R D) R ATl £0-0 Jefa
AT IS AR
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1.2.4  BENEIRIREUR TG A& 4R HRARSCR =
B AT FRE100 mg 411, A 2 mL SR
OIS A 4 CURFEIR, B H 3 000 +/min £
O 15 ming, BE T, e B0 &30 B 45 0 G I A
TG &8, 45 R DL mg/g IR,

1.2.5 Real-time PCR il 5K 334 Z i &
YL BT, TRIzol FEICH JIE S RNA, SR AR % 52 4E
Yoy w] M-MLV s 5 s 0] & G i cDNA i 56
E{H 4 CFX 96 Real-time PCR 1 fi%& 4 %) SYBR®
Premix Ex Tag™ [iRXF] &, K0 MCP-1 ,CD68 ,a-SMA |
coldad TGF-B PAI-1 .uPA () mRNA /K5, 5|4 1751 i
W1, LA B-actin HNZIEH, H HWFEEH 5 B-actin
R 6 75 DR LB 257 H I BE TR AN ik 3t

®1 IHWEEE PCRAXEESIMFTI

JEI FIFAI(5'—3")
i :5'-CAACTGGTATTGTGCTGGACTCTG-3’

a-SMA
Fif:5'-GCTCAGCAGTAGTCACGAAGGAAT-3'
) Fi##:5'-ACGGTCAGGTCATCACTATCG-3’
Bractin T :5'-GGCATAGAGGTCTTTACGGATG-3’
D68 Fi%:5'-TGGGGCTCTTGGAAACTACACA-3’
N :5'-CCTTGGTTTTGTTCGGGTTCA-3’
coldad 7 :5'-ACCACCAGGAGAGAAAGGAGACA-3'
T :5'-GAGCCATTGTAGCCGTCCATAC-3’
MCP1 3% :5'-CGGTTCTCCCTTCTACTTCCTG-3’
Fif:5'-GCTCGCCTCAGCCTTTTATTG-3'
PALIL Fi#:5-GAACGCCCTCTATTTCAACGG-3’
TiF:5-AGTTCCAGGATGTCGTACTCGTG-3'
T6F-p Fi%:5'-GATCAGTCCCAAACGTCGAGG-3’
T :5-CAGGTGTTGAGCCCTTTCCAG-3’
WPA F3i#:5'-GCTTCGGACAAGAGAGTGCCA-3’

Fi#:5'-GCCATAGTAGTGAGGCTGCTTGC-3’

1.2.6 fyEdift fMEB AU A (3 pm)
124 Wt i 40 AR & (SP-9000 ) 156 W] 5 i 47 e f4
Bk ) R BEAL AR 40 ASHLEF , TH5 BH M I D ) B B
JEHFEE(IOD) I T G250 1 o
1.3 it s ot

i ] StatView BTG53 07, BT A B LA

xxs o, Z UL 8] SR T 22 904, I LU R
S-N-K #a % .

2 R

2.1 Rt SHRs 4 2 fo fo & L3576 H v

A 2R BRUSE B0 I s, S50 5 I 45T i L B R T
MR 5 R TR 22 5 WA T HR AR
FEERE R BACTXRA, SRR ERARKEEH
=ERISE , Hf % TG B & @ TR (P <0.01) , [fi %
TC NEFA £ 5t B (2 5 T4 R4 (P <0.05) , P14
XA ALFE PRI A P A, L3R 2,
2.2 BREMALHBEFEL

38 o Masson = {0,123 i 7 "B HIE £ 4k 0 FRURE L IR
1o X 25 20 VB IO A D % £ BH 1 TR AR A9 L A T e i 2
AT AR R SR (2. 83 0. 63) % B i 5 X
HAZH(0.35+0.11)% (P <0.01) ,MA &5=41(1.84 +
0.24) IR TARMEL (P <0.05) , {HAT & TR RRAL (P <
0.05) , i MA IG5 40 (2. 38 0. 44) %  HUR A
B o P27 MA BEREAIR SR 5 |2 1) B R B 2 4 TR
FEEE, H 5/ EAOC, MA &l (15 mg/kg) MCERUR
e

A xFPB 4B R4 C. MA{&#H Z48;D.MA S 724
1 EHABAMEMEXRRALFEETNH
(Masson = &3 x400)

&2 TEREX SHR £EF M A& LIEFRIIRI (n=6, 2 +5)

13 SEEGHINE  SEEARINE LGy AHHREA HEa (51, 5 s QR 174 K 1 - A N 1% TC NEFA
(mmHg) (mmHg) (g) [/ (H-d)] [¢/(H-d)] (g) (mg/dL)  (mg/dL)  (mg/dL)  (mEg/L)
YPHRZ 185.20 +13.10 194.20 +4.20 317.00 +21.00 0 23.53£2.13 2.10£0.12 79.2+2.9 47.0£2.5 76.5+2.1 1.1320.04
B 174.38 £6.60 182.10 +12.60 310.63 £18.00 11.27 £0.49* 13.33 £1.00* 1.92£0.26 75.54.7 87.3%6.8" 79.6+5.6° 1.57 20.06"
MA G520 181.33 £9.50 195.50 +16.40 310.50 £19.00 10.56 £0.45 12.91£0.35 1.90+0.18 76.0+4.0 77.0+6.7 75.0+5.2 1.49 +0.05
MA EifiH 189.50 £11.20 194.67 +9.12 301.83 £19.30 9.85+0.37 13.10+0.25 1.77+0.19 75.0+3.8 76.0+3.2 76.0+5.1 1.48+0.03

a:P<0.05,b:P<0.01, 5} 2014
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2.3 KABREHH =B E 2 BEAE T

Shy W R 2 24 OB A D B, AT ARG I T
HHIE I BR FFR bR, 45 9% & B0 K BV 020 P 1 H i = g
FrE IR PO SR AT AR AR . X By
(10.25 +3.42) mg/g 4140, R4 K (9. 98 +2.76)
mg/g A, T RAT R AN (10,56 4. 10) mg/g 4
1MLl O Jefa i — D o R K BB IR IR 8 s
PG BT IS, v R 1 = 7 (15 mg/kg) XK
U SN R 5T B Tesg e (11 2) o
2.4 KAVEFREAR X AR 6 R KL

3 S S s PCR RGN, 38411 & B4 2K B
5 WEAH B (A2 R PRl MCP-1,CD68 mRNA | i £F 2 fk,
A TGF-BI . coldad mRNA DL -~ WLLEIE H o-
SMA mRNA {33k K- T 8 25 570 &4l K BUE
JIFE DRI 2T 175 i J5L 05 ) (uPA ) mRNA (1% 338 7KF- 1%
A, Hh A TR RS R
A 2T V5 Tl DTG 4 410 1 79 ( PAT-1) mRNA i 35 3%
1=, ffi15 uPA/PAI-1 B N (P <0.05), 2= 314
R (15 mg/kg) T ] R R HH 5 1) PAT-1 mRNA 3%
Ik, uPA/PAL-L (1 B A3 3] T [R5 (P <0. 05,
#£3).
2.5 KAFRE uPA PAI-1 & & 89 Rk L

SR FH G 05 A AR 1 7 9 A 00 5 21 K B i 4 21

AJ

uPA [PAT-1 F) 2R FIRIKKF A0 X n 38 g B
PEZ IR, N 3 s, 3 R uPA B Rk K7 oW
WA MR PAL-1 (%) 3% 35 W BH 58 /& X B 4
(P<0.01), H MA (15 mg/kg) T i, PAI-1 i3 ik
IR T

3 it

1o L S A0 T g ML P EE R AEZ — o
AR BJE 2 L s 384 8, SO g L A5 5 1) 2 2 A
Z—, T R R RE W] g o B OB 4 5 AR Y &
AR AR 25 T SHRs 7 8 19 i R IR R, 5 %
AP A, ROBE 2 — e A B I S A Ak (i B LA
W) FE BRI B IR AE AL, Masson QA Z5 R R,
RO R BV T o Je S 2 A URR ] 2, MA. 3 790 4 (15
mg/kg) BEW] I 0% i SR WE S S 9 SHRs W 18] ST 7 400

11

W HE T 52 2000405 R  RAE | ML 6 AT AR
PESNE , A SR 5 25 22 TS R 2038k, LT A 240
Jasz 45, it BRI DURRAIRUR e e it . S
UEW, 7E5 S E 5 R BRUR 1A R A 3 AL L s el
REZ TR (] 2T 4EAL I I 3R o A S B Al T SHRs
— A AR bR, o RO 4L ¢ TG TC B 2 & T
YR (P <0.05) , ;X 5A R DU A S50 45 R 4

B

AR 4R ;B RAEH;C.MA S/ &4
E2 FHBAMSNERRERALRERITRARER (Wi 0 x400)

£3 EREXNZABLMENEAREBRALNBXERRENZM(n=6, xxs)

A3 MCP-1 CD68 TGF-8 «-SMA uPA PAT-I uPA/PAT-1

oyt 0.99+0.14  1.20£0.27  1.18x0.20  0.83+0.19  0.97+0.40  1.25+0.13  1.08£0.25  1.20+0.19

T 1.06+0.18  1.10£0.23  0.99£0.12  0.82+0.10  0.89+0.24  1.150.14  1.38%0.27  0.86 +0. 16
MA(15 mg/kg) 1.49+0.53* 1.04+0.24  1.130.19  0.93+0.09  1.08+0.26  1.28+0.11  1.16+0.16  1.14+0.22"

a:P<0.05,b:P<0.01, 52} B 20 k4%
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Xif B4

uPA

PAI-1

B | MA 557

B3 fEANRNKREMEASR uPA PAI1 IEBREKTE  (S-P x400)

AR BRI AL TG i, R A% ALK R
Bk TG & B WA B 22 5, RHTMAL-0 S5z g
JRUUBUE L, #5240 K RS & R W1 AR iR, Uil
FRBEIRE BE S [ SHRs (5 H il =R I AE , {H L B0CE
[F1) 50 £F 4t A6 - i 5 0 o8 g DT AR T 5 1R, ) e
MA (15 mg/kg) X' 8] 5t 21 4 ORR 0 el 8 AN S i 1o
SR U g AR

PR AN AR B SO B [ 5 AN A IR BT (R i AT
AR A MCP-1 S Sk 1oy B A%/ 15 W 4 i
FRIE T, B 175 S A% A0 i A R8T B A% 240 i 1 2
Al , BB 20 B A T2 00 . T 2 47 i 1k DX 7 A 4
IR AR (U0 coldad 25) (R HELF AEAL IR o Xt
BEFRATTAGI 1 AH 2 2 P 7 MCP-1,CD-68, {it 47 4 1L
K7 TGF-B1 F1 IV RUK G 1 -1V 5 (coldad) , DL
S ILNLENEE 1 a-SMA mRNA {3635, & 3135 TCH &8
A4k ZE SRR 7 R SRR B VR SR AN RE I RAE , th I
AN AL BT AR LT A R 02 2 1 i A 1 1) 2 38 T 3K
SHRs B #5147, WEW] MA (15 mg/ke) Bl m R IR £ 175
51 SHRs ' [B] G 2T 4 4k I AS & 38 20 %1 MCP-1 ,CD68
FERMEH T AL AL T TCF-B1 LA JAH G I Ji &
HIE-

PRV T V5 I SR TG 1 (uPA) S R BN R
Wb R AN A — S AT DR S A, R 4TV
JETE e 2SN T . TELFVEBER R, P4 A
(L1486 (R RIBEo g e 2 nl /N ik, PAL-L 2

— LAY, IR 22 BRI KR — B3, R
W PE DAY EAE R Arg346-Met347 55 I il R 21 V4 il
JECHE 1 (uPA ) T P o 1) 22 B R R A AS Tt (1 Sy
45 B 1 V), B2 uPA [92R1E . PAL-L XLHE

UV 2T T R I < TR 2 A I Y 95 4 T 6 BT
fifk B /NER AT M A1 3 T, PAL-L A8 ' 2 LN K- sl 3 1k

(¥ T e (8 5 2T 248 2 K S RS /N ER A0 4/ T i £
FHETR I8, DT SCfE B 2 2L 47 4 3 1 D0RR, ECML AR

T B /INER AR AR AL BB RRIR A
P e SR RE 3 P PAL-1 2538 R % 3 P Y
TR HEE MELT 4R AL, T FEAR PAL-L (9235 0 5E
TR PR Mk, FFAE T IS IR AR R
Wi PAL-L KPR T BESGE W RS i f . FeATk
BURBE LA B PAL-T mRNA f87K 800k B2 i, T
TR TR PAT-L KF BT, AR
JEFATRLI T uPA mRNA, BIRA A Z A 22 5241/, H
uPA/PAL-1 4365 W . 22 5, 15 0] B2 AH LG SRBE 21 0]
NI uPA/PAL-L(P <0.05) , M2 R H A R0 e T
RBEPN S 9 uPA/PAL-L [ FRE(P <0.05) o adid
B AL 7N uPA (PAT-D 3R IR K KF, BTk B
uPA [R5 L N R IR AR, 45 21 22 18] AT I 2 22
St 0 PAL-1 (9338 Hr W) BRORE 20 I A iy X 1
(P <0.01) ,MA(15 mg/kg) filt i 5 IR i R 5
(1) PAL-L SRR R (P <0.05) o HZESF it LI 4
SRACHIE, N AT BB 2 1 A LR W R S A 0%, FRAT TR
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FELMG Mg b it — PR . 25 E P, 3
A TR 2 SR 3 e SR TS S SHRs ' (8] 5 £ 48 17T
FRAVE T AT R 2 38 o P84 uPA (PAIL-1 (3838 K K 1E
FH T B PAL-1 Bk,
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