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[(WZE] BK: WA KMl EKRE (SHR) Bish ik M 33 bk o R B L3 kOB & 24840, iF— 2 R ADR5E o5 SR AF %
SHR A 5 i 48 ¢ ¥ P 7~ e 38 Sz B A% Al i ¥ Ak 2 (-1 (MCP-1) /& fb IH 7 32 4K -2 (CCR-2) i@ B iy 2w . J5 3% : SHR 40 H Bl
Sy NAETIA ETRE AL (10 mg-kg ™) FEE R AFAL b L8 F B4 (25,50,100 mg-kg™') , 53 sk 7] & i 8 H Mk Wistar-Kyoto
(WKY) KA IER AL, T 8 FJS , 4 JH W44 41K BUBCER NS B, 5 AR -t 41 (HE) Y (0 00 42 31 8 ik L B 3 3h ik
FIE ESIIKIE %, S 4 (THC) FE 1 H0 052 B3 ¥ (Western blot) &6l g 323 ik MCP-1, CCR-2 By 4R 1 kK1, SE I 2801
5 PCR(Real-time PCR) #:0 Jfg = 3 ik MCP-1,CCR-2 mRNA [31k, SR 5IF W41 Lo , BT 241 4 08 40 M 0] B 4% &2, Wi 45
JE B 2T WKY 4 i J& (P <0.01) , fg £ 3h ik # MCP-1,CCR-2 4K (4 fl mRNA 3k B T & (P <0.01) ; SEE R A, 2R 98
U ) LA B SR T 0 4 A M A S PN B G A e AT Ak A R T W G R R S R AR (P < 0.01) R TIR
F Bt B R R R 2 W E S kP MCP-1,CCR-2 A Il mRNA Fik/K B EHEM(P <0.01) . &id: HAMERILIEKR
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[ Abstract ] Objective: To observe the morphological changes of carotid artery, thoracic aorta and superior
mesenteric artery in spontaneously hypertensive rats (SHR), in order to further study the effect of Mangiferin on
the expressions of inflammatory factors and monocyte chemoattract protein-1 (MCP-1) /c-chemokine receptor type

2 (CCR-2) pathway in SHR. Method: Forty spontaneously hypertensive rats were randomly divided into model
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group, benazepril group (10 mg-kg '+d™') and low, medium and high-dose mangiferin groups (25, 50,
100 mg-kg d").

pressure was observed every two weeks after eight weeks of administration. Morphology of carotid artery, thoracic

Eight male WKY rats of the same age were selected as normal control group. Systolic blood

aorta and superior mesenteric artery was observed by hematoxylin-eosin ( HE) staining. Immunohistochemical assay
(IHC) and Western blot were used to detect MCP-1 and CCR-2 protein expressions in thoracic aorta. MCP-1 and
CCR-2 mRNA expression levels in thoracic aorta were detected by Real-time quantitative fluorescence PCR ( Real-
time PCR). Result; Compared with the normal group, the inflammatory cells in the model group increased
significantly, the systolic blood pressure was significantly higher than that in the WKY group (P <0.01), and
MCP-1, CCR-2 protein and mRNA expressions in thoracic aorta were increased obviously (P <0.01). Compared
with model group, in high-dose benazepril and mangiferin groups, inflammatory cells were decreased significantly,
endothelial margin and fibrous tissue infiltration were improved significantly, and systolic blood pressure was
decreased significantly (P <0.01). MCP-1, CCR-2 protein and mRNA expression in thoracic aorta of benazepril
and mangiferin groups decreased significantly (P <0.01). Conclusion: There are inflammation damages in carotid

artery, thoracic aorta and superior mesenteric artery of spontaneously hypertensive rats. Mangiferin has an anti-

inflammatory effect by possibly inhibiting the expressions of MCP-1/CCR-2 pathway in SHR vessels.

[ Key words ]

mangiferin; spontaneously hypertensive rats; related blood vessels; morphology; monocyte

chemoattract protein-1 (MCP-1) / c-chemokine receptor type 2 (CCR-2) pathway
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A TR BRI D % 7 R RS R
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BN T2 —, Hol A fE 0 R 48 e fk I T % k-2
(CCR-2) 5E Wi 9, MCP-1/CCR-2 48 iF i 42 & 5 I J K
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FL R, 25 10K 045 7 T 48 9 B0 SRl e b, 2
BT R B B AT A R R T
KAIRZGY, 3 A T %7 SHR L 45 A5 45 4 (4 30 % 25
2, B TR TR G W B B RIE . T — A
BR8P SRR 56 25 ROHL I, oA S2 i L 2% 1 5 1l
JE K BU(SHR) Ji 3= 30 bk . #5130 ik 3 & B8 1 3 ik
BFFE %, 1 B SHR I 3 35 Bk 55 3 ik

- 40 -

R E B bk AR AE AP L 38 2 WL 1 SR A X SHR
1) N1 s QN 77y L e )1 40 2 e i R
S MCP-1/CCR-2 38 & (520 , Ry 4 J5 TiBs LA K6 97
e I 595 114 U AR R e B R o

1 #a

L1 3 HEPE 10 I Z A/ SHR KR 40 2 A
HEbE 10 J& i if E IF % Wistar-Kyoto ( WKY ) K i 8
R, At st i A2 525 sh P SoR A FRA AR I, &
UL SCXK(52)2016-0011, 47 3% T P4 P R 25 K
P S L TR S SR AT ST Y BE 2y
REFFP IR 5T 2 BOK

L2 25 el 2R (Wl AR A
PR, 4B 98% it 5 170402 ) s AR5 ) ( L8
ME25E B AT A BR 2\ 45 160906 ) 5 B it MCP-1
(S Abcam 22 7] 415 Ab25124) ; G4t CCR-2 (3£
[# TInvitrogen 7\ @], fit 5 PA5-23037 ) ; trizol ( 3£ [H
Ambion A ], 585 15596026 ) ; YBR Green PCR i 5]
£ (£ H KAPA Biosystems 2\ &) , 525 KM4101) ; i
i F & ( H A Takara /A A, 52 %5 639505 ) ;
DNase [ ( 2 Fermentas 7\ &), 18 5 AM2295);
DEPC 4b# 7K, 75 R Z -t 41 (HE) 4 {8 i , MCP-1,
CCR-2 e 20 Ak il 70 &, DAB e 4 A58 &, 1
o —ht (R B AW ARG R A A, H55
%l &  PABI180005, PAB180015, PABI180016,
PAB160022,PAB180021,PAB150011) ,
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ZGEA R A s DFC295 A IMS B 4 0 1 R 48 (1
DUERTRRL A W) AR AT BR A R ) 3 ZH-HX-Z BRI Bl
TC A i 7 53 AT R G (R BOE AR A AR R A
PR H] ) s MK3 BB AR (1 i 3R #h A= R A IR A
A]) s HH-W600 71 % & 15 i K v 8% (b [ 4 8 ) ;
XW-80A R L it fig 1R 5 A% (b1 77 1 U U A% ) 5
Nanodrop 2000 # 4 fif i 43 ¢ 6 B 31 ( 3¢ [ Thermo
/N7 ) ; mini protean3cell &Y Hi Jk {X, T100-Thermal
Cycler Bl PCR 4%, Real-time System %l 5L b 7¢ 5% & 1
PCR {¢,DYC-31D %I 7K ¥ 3 3k i% 4% , Universal Hood
1T 7Y BE i i 18 & 48 (36 [/ Bio-Rad A #] ) 5 Tanon-
5200 B4 A Bk 7 %65 Br i, VE-186 #% ¥ ik
R EHEREEAEMRHARAA)

2 FHik

2.1 sh¥srd kesngy 40 210 JE# SHR BEHL 2
B RS R A e R R R R, D
Hh8 HIEHR WKY KR M2 FHdl, % 4 5B
e AR i 200K MRS DU 9 228 SOk i il R
2 RO ) S 0 65 SR K A SR AR P L R
3 9 25,50, 100 mg - kg™ - d 7T, TR A 2
10 mg-kg™'=d™", H & A sh ¥ X & ¥ &%
10 mL-kg ™ "-d ™" 4524 8 J J5 37 B 45- 24, UM i 2% 12
12 h,

2.2 IEDE R ICATIN K B I Y %
2 25 R BRI 1 R T SRS R R JE RO A
B 8 JE A5, W s R R BUE T 37 CHAE AR
WS ~ 15 min, 55 Ff R BURFF 2 8, 98 5 76 HOE
ARFS B, 4 Bk 3 Wk, O H41H

2.3 HUML R E MRS M 10% K A R
3 mL-kg " TR G RR IS 37 BIVERCHE 9Bh bk L g
Bk g Sk, Wk, B Sk el 2 £,
—F M FE 3k sk g R LS BKA 4% 2%
PR b ] 2, 80 B B 3= 3l bk A7 WAL B S A7 L
T 80 CHill,

2.4 HE 3 052 K B8 8l bk i 3 3 Bk i & IR
B IIE A AR A U R HE & ER
IF ) U B %5, O i R S 2 BR O 2H 4Lk AT I
KCGEME AR )R R K% i, HE B FE DG B
200 A5 HL Y T WL 4% O BRSO

2.5 e A Ae I i 3 sh ikt MCP-1,CCR-2 #H
Ik AP E TN 10% HY B [ 5 W [
FE 48 ho VU BiK E] RN R VT, i E R
8t i 20 Ak [ 5 20 SR R A7 g £, 0 DG KAk
JEAES 15 min,3% H,0, F1{8 & B F 10 min, 435

il

M ARGTK B MCP-1, CCR-2 H s BEHT M4 (1:200) ,
4 Cidw ., W —4c(1:200),% i%25 min, /] DAB
B, BARRYEE 3 min, 1% R LB LB W],
PER IS B R, A6 B B 200 £5 L EF R 2R AT W &%, A
Lecia Applaction Stiue 1% 4381 & G 347 537 o

2.6 FEPIRPEENIE L (Western blot) 6l g 3 5 ik
o MCP-1,CCR-2 AW KRB AW K U 3= 3) Bk
MCP-1,CCR-2 #& [y ik, BGE K R 3 30 ik
T, #4520 mg L ZUM A ZRW 150 ~ 250 wL 1 Lk
(VIS Y A (DN S F k7 2
)4 CF N 12 000 x g 8.0 2] 3 5 7 1 #f
ai 15 min, W 3G W, il % SDS-PAGE i, 5 L #%
20 wg I BAER HBUK AR, 4 CE R, A imA
—%{ MCP-1(1:2 000),CCR-2(1:500),GAPDH
(1:1000) 4 °CiF#%. PBS-T P 3 ¥, 437K 5 min,
PLHRP R0 40 (1: 1 J7)4 CHERF &K, ECL fk
FRECHETRO,RFEERER YR, RAEH
Tanon Gis 3K #4753 #7 o

2.7 Real-time PCR % 1 5 & 3h ik MCP-1, CCR-2
mRNA ik B K BRI 3 3l ik, trizol ¥4
PRI A B RNA 2 B 50) & d WY 43 [ 2 #5243
e S R ZRATF 37 °C 30 min, IS MM LR 1 L
JEE 65 °C ,iFiE] 10 min, J2 5% 5 42 °C 60 min,70 C
15 min; 16 °C & il cDNA, PCR 5| ¥ 5| W % 1,
PCR ¥ 34 )z ¥ 245 95 °C 3 min,95 C 5 5,56 C
10 5,72 °C 25 s, & 39 Mg ,65 € 55,95 C
50 s, AR 3 YR BEASIN RH 27 R
P AT 5017

x1 5I¥MF5
Table 1 Primer sequence
Gk JPH(5'-3") K /bp
MCP1 I3 AATGGGTCCAGAAGTAC 130
N TCAGATTTATGGGTCAA
CCR-2 3% CTGCTGCGTTAATCCTAT 193
i TTACAACCCAACTGAGAC
GAPDH i CAAGTTCAACGGCACAG 138

T CCAGTAGACTCCACGACAT

2.8 itk SEEREEIOR A SPSS 17.0 Hiit

A, 4 ) 5 2 5 25 43 1 One-way ANOVA J%

LSD #:36 , eiR L x =5 F/n, P <0.05 W E R

HAZIT¥E L,

3 #£R

301 X RBRUH IR BAR, 54
<41 -
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e A58 241K BN FR B 35 T (P < 0. 01) 5 b5
41 e, HOAR LA LI FE 6 W) A8 0k 5 425 2 LU
RO H A, HETIR ) LA A 5 0 4 4K
IR B E WA (P <0.01) ;4525 5 AR , 5 50 41 He

®2 TEREMNEHSHR KHEMFM (2 £5,n=8)

A, RIS AR 2 R v R v 7 A R R e B
E(P<0.05,P <0.01) 425 8 Ji i, 5 108 41 1
B, AR A 20 5 A AR e R a2 R R R
PR R (P <0.05,P <0.01), WL 2,

Table 2 Effect of mangiferin on systolic blood pressure of SHR in each group(x +s,n =8) mmHg
e Hil ik /mg-kg ™! AT 422 AR 45255 JH R 4525 8 AR

el - 170.21 £20. 04 174.92 £12.13 178.75 £10.67 171.62 £8.83

iR - 206.21 +20.38" 207.67 +17.17" 201.56 +11.23" 202.29 +6.41"

E SIS ] 10 202.79 +15.98 168.38 +21.59% 179.38 +14.47% 175.96 +14.19%

A 25 209.50 £8.06 205.04 £24.42 194.12 £6.86 189.33 £10. 02
50 195.75 +16.49 199.33 +14.85 196.33 +11.64 193.13 £8.98%
100 189.63 £9.06 191.33 £14.27% 188.25 +5.40% 189.54 £6.50%

A AAREY P <0.01; GHIMA D P <0.05,” P <0.01(£ 4 [); 1 mmHg=0. 133 kPa,

3.2 RORM SIS OR B SR 5E A
oA AR 2H 27 2 L 2T 28, TN B i R, v JiE
JE, R AL 22 5 5 R B A L A, RIS M) 2 A 2R
e 70 i S AE A0 B U, N BT TS SR
TR 2 JAE A A 2, N Bt LK , T4 B2 200 M
ARGV 15 R R A 2 2T 4R 4 S L, RGE AR
A R AR, N Bl G BT 4R s 2 SR X RE
A —EMUGEEM . WWE 1,

3.3 MWREMESIOEEFRRE SR E4L
BTN R AN 2, 2T AE L SUIE K B 2, o iR 3
JE 5 ST A HU R, R R 2 9 A 240 e P S 2D, Y
BON GRS AR VR BN R A 4R 2, R
TR L RAE ML 2, N B T 4 F- 1, T4 B2 2 M A
R RIBETE v R AT o R e 2H 2T A 2H 2R 2L, S8 A0 L
ARMEGE , N B GBI R R R R N
GBI, JOAE A G AL A W G . WA 2.
3.4 XREBARKESKESEREE 55 H
YL BT 2T A 2 UL K, N Bz i G oRL R, o I
REJE, S AN 2 s SRR L A, RIR ) 4 R E
20 I A > 2T Ak 20 SUR RO R, 2 R IROR i
YEHLUL K, RAE AR 2, N Bl S MBS , o it
A B ol A T 2 R R ) R 4 2R A U R
Wi SR, S8 20 M A i o, 9 B D R BT T R
e 70 R 2 N B0 S BT, JROE A N 0 A A T
. W3,

3.5 XK BUMEFE Bk MCP-1,CCR-2 3 1V BUr
WOLEE M m 5 1A O, A 4] R MCP-1,
CCR2 HHFB R B FTE (P <0.01); HHR 4

.42 .

AL ZE YL B BB COBRTRE M 4L D. P R R A AL E R
FR AL F PR R R AL (B 2 ~ 6 [])
1 ERFEXNKBRANKESFEZUHRE(HE, x200)

Fig.1 Effect of mangiferin on morphological changes of carotid

artery in rats( HE, x200)

FRAE, AR % R R v 2R R R i 4L MCP-1
CCR-2 HHFIB R W F MR (P <0.01) , 1% &
TR KA, CCR2 EEH R KE B F (P <
0.01),ifii MCP-1 JH Rk EILW B &, k3,
K45,
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B2 EREMNKBREESNRESFELHI(HE, x200)

Fig.2 Effect of mangiferin on morphological changes of thoracic

aorta in rats( HE, x200)

®3 EREMNKRIESNFK MCP-1, CCR-2 EMEREHM (x5,
n=8)
Table 3 Effect of mangiferin on positive expression of MCP-1 and

CCR-2 in rat thoracic aorta(x +s,n=8)

B3 E=REMARERELIRESZZRHEHRME(HE, x200)

Fig.3 Effect of mangiferin on morphological changes of superior

mesenteric artery in rats( HE, x200)

x4 EREWMKBRBEEZBH MCP-1,CCR2 EERIZEHH
i (x£s,n=8)
Table 4 Effect of mangiferin on expression of MCP-1 and CCR-2

in rat thoracic aorta(x +s,n=8)

21 50 Fl 4 /mg-keg ™! MCP-1 CCR-2
M - 1.00 +0. 54 1.00 +0.07
iR - 1.77 £0.64"  2.80 0. 46"
AT L Fl 10 1.03£0.11%  1.34 +0.18%
e 25 1.49 £0.32 1.97 £0.32%

50 1.14 £0.19%  1.54 +0.49?
100 1.02£0.15%  1.13 20.21%

WS A4 P <0.01; SHBA LY P <0.01 (£S5
) o

3.6 X REMEDK MCP-1,CCR-2 HE KA E
W 525 A R B4 MCP-1, CCR-2 2 A A X
SRR ETE (P <0.01) ; SRIAVA L, R
FZH DL B S A i ) i 4] MCP-1, CCR-2 25 1 #H X
TERETREP <0.01), R HA., P A &H
MCP-1 # FIA X & B0 5 TR (P <0.05) , 7521
TR 2 CCR2 SR LW A, L
F4,K6,

415 #|4/mg-kg~' MCP-1/GAPDH CCR-2/GAPDH
2= H - 1.00 £0. 12 1.00 +0. 20
8] - 5.00£0.05"  2.83 £0.28"
HR L F 10 2.90 £0.26%  1.54 £0.20%
TR 25 4.47 £0.28%  2.72x0.11
50 4.47 £0.36%  2.58£0.20
100 3.95+0.27%  2.25+£0.19%

3.7  SPRE ISk MCP-1,CCR-2 mRNA ik
e 525 14 g, B AL 4 MCP-1, CCR-2
mRNA 8B FEW (P <0.01) ; 5EEAH LA, K
AR Al 4 B v B A oL & ) i 41 MCP-1, CCR-2
mRNA LR FREAR (P <0.01) , {H 72 5 H 1K 5
w4 MCP-1 Riksm LW BBk, WES,
4 itig

e L S T L R O I L S 1 R Il
PG R U TR LR AR A
HE RIS e B, JAE S L TR &R R

.43 .
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CCR2 W W W= WEE W s 42kDa
GaPDH A . 1 ).
A B C D E F

E F
B4 TREFX SHR i EFIfK MCP-1 EAREBH I (RLAEY
1k, x200)
Fig.4 Effect of Mangiferin on experssion of MCP-1 protein in SHR
thoracic aorta( [HC, x200)

A B
C D
E F

ES5 TREI SHR MEFH CCR2 BEAFREEM R M (A
1k, x200)
Fig.5 Effect of mangiferin on experssion of CCR-2 protein in SHR

thoracic aorta( THC, x200)

.44 .

B 6 KARHMIESNB MCP-1,CCR-2 EHRIXRK
Fig.6 Electrophoresis of MCP-1 and CCR-2 protein expression in

rat thoracic aorta

*5 TREFIKRMESE MCP-1,CCR-2 mRNA =% K&
(x+s,n=8)
Table 5 Effect of mangiferin on expression of MCP-1 and CCR-2

mRNA in thoracic aorta of rats(x +s,n =8)

20 51 Fl it/ mg-kg ™! MCP-1 CCR-2
2 H - 1.01£0.17 1.03 £0.26
LAY - 13.78 +2. 52" 22.92 +4. 43"
2R 8 10 3.96 +0.90% 3.05 +0.49%
My 25 11.51 £1.98 9.23 £1.27%
50 5.45 +0.79% 5.50 +0.81%
100 3.12 £0. 427 4.04 £1.04%

Z A — B AR, i 2 51 R N R V) Be & R
B T S B e M B, 7 L R AR

MCP-1 HA7 ik A G B A%/ B 41 i 1 X
FERT, MCP-1 475 S R 5 HoAth 28 0 R - 19 B il , A =
SE IR L A, B4k N T CCR-2 J& MCP-1 [ 41 g
FEMRF S MESZ A, W03 25 5 05 Fa Ak EL VO 0 A
K E WA, 42 1F 4 i B 7 IL-6, IL-1 1) 43 i, 55 4b
MCP-1 ¥ IfiL 48 P9 Bz 240 M 53 W A — 22 (A 2F 4 A, 4
R 40 R B9 CCR-2 Rk '™ o A LW &
W, 76 & I sh P AL h MCP-1,CCR-2 Z iAW # =
557 M A RE SR RE A0 M IR | I ) £F 4 Ak DL K R
H P RIS e B ST P, A A H s bk M 3 Bh
Jik J 7 B5E 1 sl Ik O B 90 A% A AR 21 R 0 B
B, RS 20 DL B SR AT e 7R 2 4 i R B
R AR RN ) Bt R R & 24 MCP-1, CCR-2
T IR W ERR AR, R0 ) R SR A o A
24 MCP-1,CCR-2 mRNA k& B EF B, -
IRAF T 45 5 B 1 45 4T SHR L4 0 405 A7 —
FE B BCEAE R FEHLHI AT e v SR R ) MCP-
1/CCR-2 {5538 s F2 5 , P AH M I PE A M il , 5 30
L R B 53 Wb i g IR E R F (TNF ) -a, IL-6 J%
ICAM-1 i /b | 35 S 301 98 0 S 87 B Ak 7

Zi I, SHR 7778 B W 1) R R, 5 51T g 8%
W SHR SE 35 497, L AL mT AE 2 38 a4 ] MCP-
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