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F2 H A e R BRI GO 3875 ] ELISA 35 R BUIRZH 2 b I SR FE A TNF-o, AR 3R L6, i [A]
R 23T ICAM-1 BY7K 5 e UL 221 M Western blot AR Kk UK ZH 29 PR A% 4 e 1L 26 19 MCP-1 |, 4 mtadk
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Protective effects of mangiferin on inflammatory injury of cerebral tissue in
spontaneously hypertensive rats
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ABSTRACT : AIM To observe the protective effects of mangiferin on the inflammatory injury and expression of
the inflammatory factor in the cerebral tissue of spontaneously hypertensive rats and on MCP-1/CCR2 signal path-
way. METHODS Forty spontaneously hypertensive rats were randomly divided into model, benazepril
[10 mg/ (kg + d) ] and mangiferin high, middle and low dose [40, 20, 10 mg/ (kg + d) ] groups and other eight
rats of same week age served as control group. After consecutive intragastric administration for eight weeks, mor-
phology of the rats’ cerebral tissue was observed; their levels of ICAM-1, IL-6 and TNF-a in cerebral tissue were
determined by ELISA; their expressions of MCP-1 and CCR2 protein in brain tissue of rats were detected by immu-
nohistochemistry and Western blot and the detection of mRNA expressions of MCP-1 and CCR2 in cerebral tissue of
rats were carried out by RT-PCR. RESULTS Compared with the model group, the blood pressure of mangiferin
in each dosage group decreased slightly, but there was no significant statistical difference. In the control group and
the model group, there was no obvious morphological change in the cerebral tissue. The morphology of rats in the
benazepril group, each dose of mangiferin group were all normal. The contents of IL-6, TNF-a, ICAM-1 and MCP-
1, CCR2 protein and mRNA expression were significantly decreased in the cerebral tissues of spontaneously hyper-
tensive rats. CONCLUSION  Mangiferin has obvious anti-inflammatory effects on inflammatory reaction in spon-

taneously hypertensive rats, its mechanism may be related to inhibiting the expression of MCP/CCR2 signaling
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FERM, R R 205 2 AN, ALAE T
R PO . BURAL . RIETTT  BOW R
ARHR D . L EA Y PR . T H,
TR X AR LA K Bt P 3 5 | S %) R U450 493 L
AP ERT

AWFFELL A KA LR R B (SHR) fE A&
MESH YRR, WL FH X SHR il 2H 21 48 1 A
T#35 & MCP-1/CCR2 5 53l B iy 52, 4 0k —
T AR SHR il 25 21 498 E 46 0 1) R 4P 4
KB, WA= B2 A AR SE Bl
1. #F#y
L1 s3eshdy 8 H[a] e iy MEPE S-Sl — IR R
(WKY) F140 H 10 J&#ryaEr: SHR, (KB
280 ~320 g, PFA[ES SCXK (&) 2012-0001, 0
A At st el M e sh Y A BRoTE A R . SE5e 3
R FRAEFRF AT 4 DR BE | MR EADCIRAR R, IRt
TCRR B BB FIK o SR 3l Bl FH AP P2 IR R
WAL 384 (45 2010/63/EU)
1.2 #H&AelAl R (CAS %5 4773960, 43
F5L CH,0,,, 217 98% , fit5 20150603, fk2%
SikganE 1R ) WERBHEW AR (Mangifera
indica L. ) WHEE, TP EPRIR AR
ARt R F (S X1564)  Hy b i A
A RA AR MR IRSER F-a (TNF-a) . H
rE-6 (IL-6) . 40 Jfd [8] K By 73 5-1 (ICAM-1)
ELISA i 7 & 1 22 [E Invitrogen 2\ & # fit; CCR2
(ab21667) , MCP-1 (ab7202) H3E[E Abcam Prifk
INEIHAL ;s Trizol reagent ( Cat. No. #15596-026)

% [E Invitrogen 2w £ fit; <DNA {57 & ( Lot:
00093395) 3 [E Fermentas 2y &) $2 3t ; HAh A7
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Fig. 1 Chemical structure of mangiferin

1.3 ERMEFEE -80 CHERKK (FEFE
Siemens A7) ) 5 P AL (FE[ Leica A7) ; TSJ-Q
R4 [ g 3 A 28U K AL, BMI-TI 7 42 35 41
CEANTT R 7 A ES A BR A F] ) ;3 BA400 I a4
BEG ()N e a0 w\]) 5 5] 8 A 22 TR
( HA< OLYMPUS 7~ %] ) ; Image-Pro Plus & 14 /3%
Z%5t (3£[E Media Cybernetics, Inc. A]); 4 H3h
fiiRA (& [E Thermo /3H]) ; WO-9413B HUFEE 1Y,
%% 4. DYCZ-24DN Al ik {, DYCZ-40D #
VKA (e lBE) (b3S —A%#% )5 Step One qPCR
1 (£HE ABLAH]) .
2 ZWHIE
2.1 F#44m 40 2 SHR BEHLA WA . 2K
ABEFILH =R, R, o
AR, ®A 8 H, DL 8 HIw]Ji e i) b 1
WKY 1% FRE
2.2 Ep#?h SHR BIAUAH 5 WKY GF % R4
BTVERECZAKES, SREE. T GHEd
34T 40, 20, 10 mg/ (kg - d) R HHE , K
MREH AL T 10 mg/ (kg - )T, KAWL+
10 mL/ (kg - d) EZLHER, HEHHH8 HG1EH,
EBERFRATAE R 12 h,
2.3 HARSE SLIRH 8 JALA, H10% KA
M 3 mL/kg W RS RI, FTHFISE, B KO
DL RE S 0 AW, — 2k H TR A 2= W%
ELISA K fefg s, n—FHRERZR, 7
T 80 CHEM,
2.4 BEFNE WAL 4% £ 5 W2,
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WK AT H A SRR P, 4 A S K B P L BE
BAK . TO FHWWGEW] . 2 IR AMHLE A
WA X UIA PR S pm; HE 3efa; Yl
LA TO i WIGEW, & KR B3 7 b Ba ks .

2.5 MIARECHEHIE L% (ELISA) #=02 X £
Basa 42 TNF-a. IL-6, ICAM-1 844 F %  Hik#
VEAL R A% 4 RE UL B R4 T

2.6 £RALBAFEFHEM KK MEL MCP-1,
CCR2 &G ey oA fakih  10% fR/R AR & . B
K. EW ., AR R, T R U g
o, RS KA, 3% H,0, F SR PA o YRR A 4R
L P s, B NIEEEY R
B 110 EE ARG, 10% /NAF 13 5 1 2 06 T i
B2 h, HHAAERRMEYUR. S50 R dt K R
MCP-1, CCR2 MsgfEHIA (1 :200), 4 Citik,
A4k — 3t 1gG (1 :200), 37 C 40 min;
YE T S RN DAB WAk, B R i Wt
Bo HAREREYL, 1% LR MR b H K,
B B R SEIR R MRS —oAARVE A BT
M. TEOLHE 200 f5ALEF T, FEALRERG, 410
MEF, H Leica BMR AT RGHAT 04T

2.7 &G £ (Western blot) A& kX R w48
2 MCP-1, CCR2 & & k& BUKRAEAE 4 A
200 mg, 7E2 mL th&AEEEEPH]R A PBS (pH
7.4) AL, 4 CE 15 min 2 R, BRI
RIS EEEEA . ] Lowry BRI EHEAWE R, #%

HREEAL 50 wg FEFAREAN AR . SRV MR THE R B I Ha Uk
(SDS-PAGE) e SiEH, MEBEN BHRL
ERIEE, 5% BBiE TR = N B 1R, ZlinA
— 4 MCP-1 (1 :1000). CCR2 (1 : 1 000).
GAPDH (1 :5000) 4 Ci37k., PBS-T ¥EJE 3 x
5 minf5, DIBARE A ALY (HRP) FRic i AH I
P (1:5000) =iRMEE 1 h, P ROGEHT
WA, G ERE TR E

2.8 RKAEEZF PCR AN K KL MCP-1,
CCR2 mRNA # &k

2.8.1 Jj& RNA f#2EUR cDNA A aL  BUK R
fKZH 21 100 mg, H Trizol IEFEENZH LS RNA | FfH]
BB 48 I T4 BT A, Oligo (dT) 514
dNTP mix, ReverAid M-MuLV Jz ¥ 3 ifi £ PCR #4
PEEMLHF RNA 30 560 ¢DNA

2.8.2 SEHGSCE & PCR K K MCP-1 |
CCR2 BN 3L Gapdh 51¥)H Invitrogen 2\ &) 42
it WER 1, ZREGI &I, Bl R,
SES %E #E PCR W AE Step One qPCR AX_EiEAT. %
MAREFF A . AR 95 °C 2 min, 28495 C 15 s,
Bk 62.5C30s, FEMT2C30s, H:40 MER,
TAMEARGERIGRIETOUE T BRehlla itk
DI RN =765 1) — AR AR R S Y 4 . 2
POCIR IR T FE 2k (baseline) I, HISE A
W (CefH) #acs Tk,

%1 Real time RT-PCR R EFS|#FEF. FFKE

Tab.1 Primer sequence and amplification product length of real time RT-PCR reaction

EibVEA S JFHI(5°—3") PP/ bp
1E 1814 GATCTGTGCTGACCCCAATAAGG
MCP-1 123
A 81% GGTGCTGAAGTCCTTAGGGTTGA
E 161514 AAGAGGCATAGGGCTGTGAGG

CCR2 157
18514 CCTGCATGGCCTGGTCTAAGT

Candh 514 CAAGTTCAACGGCACAGTCAAG al
1 A
’ 71514 ACGCCAGTAGACTCCACGACAT

2.9 writFaAE AR DR £ R ROR,
B4 MR F SPSS 17. 0 Ge i3 47 40 b7, FEAR
(B EL LU R R 2200, P <0.05 hERA

SRR 2y =
3 LPRER
3.1 s+ SHR W4 HEFWHem  1EH X N

SHR #5578 24 o 21 20 3 JC BH S5 A8 5 2R I8 3% A 40,
TRAFE L b AR . R 2,
3.2 I SHR WAL XERFAAETNH A SHIE
O IR A LR, BEARLA TNF-o &4 & TS
1128

(P<0.01); 5RAFAKTE AT LD SRR AR A 21 K
BLTNF-o & f 8 (P <0.05); ¥ H3FINH &4
TNF-o & A W AR TR A4 (P <0.05),
HIEF AR i, MR IL-6 &4 & B & T
(P<0.05); P57 &5 34 n] i 25 R IR 7R 21 K
FUIL-6 & (P<0.01 3 P <0.05), SiF# %
FRZH b, Bl ICAM-1 S E R EFmE (P <
0.05) 5 AR Bt H A 45 7] o 34 ) Jb 25 e IR
AIZH KRR ICAM-1 &4 (P <0.01 (P <0.05),
giRR 2,
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Fig. 2 Comparison of cerebral histopathology in rats of each group

R2 BAARMAARMEFSHERE (Y5, n=8)

Tab.2 Comparison of cerebral inflammatory factors’ contents in rats of each group (x+s, n=8)

207 TNF-o/(ng-1°") IL-6/(ng-1°") ICAM-1/(ng-L")
oot 11.32+3.12 1.12 £0.16 26.36 +7. 11
TETRIZH 25.25 £6.13** 2.42+0.24* 43.06 +10.01 "
AR FZH 24.34 £5. 14 1.84 £0.59 25.25 +8.62°
TR R A 18.45 +6.36 1.41 £0.19° 24.15 £9.01°
TR A 21.61 +4.82 1.28 £0.23" 22.57 £6. 36"
TR A 14.51 £1.31°2 1.61 +0.51° 27.71 £7.49°

T SIEHEA AL, " P <0.05, 7P <0.01; SEAALLE," P<0.05,"" P<0.01; SHIBEHAILE,* P<0.05

3.3 x}+ SHR fm#e 42 MCP-1, CCR2 & & ¥ A%
Fwen RPEAMME RE/R: 5IEEX R4
B, BRI MCP-1 Rk W E 5 (P <0.01);
RIS B BT 5 0 i 2 T 2 AR IR ARE AR 2 KR
MCP-1 2i54 (P <0.01 3¢ P <0.05), 5IiF#% %t
FRZH LAy, BiAI4 CCR2 RIF B R ETE (P<
0.01) ; ZRAREF) 7] i 2 B AT AU 20 K B CCR2 3%
ki (P <0.01); PR E . IR & 1T 25 0%
AR K B CCR2 Kik& (P <0.05); 2R
Hhif 4] CCR2 FRak i B Wl sy ORI I 2H (P <
0.05). 4R UWLIK 3,

3.4 3+ SHR fmza 42 MCP-1, CCR2 & & £k 69 %
") Western blot 5 i /x: 5 1E % X BR4H L #¢,
BEARIZH MCP-1 Rk B E T+ (P <0.01); R
) K B 45 7 A 2 T 2 R IR A 2 KRR
MCP-1 ik (P <0.01 3 P <0.05), 5IF# %t
MELH gy, BiAl4 CCR2 RIA BB ETHE (P<
0.05) ; = 1 v 5 £ AT I 2 B G A8 78 4 KRR

CCR2 £ik& (P <0.05); R4 hi&4 CCR2
Fihw W WAL T A A2 (P <0.05), 453U
K4,
3.5 st SHR Jmi£a 42 MCP-1. CCR2 mRNA ik 64
% Real time RT-PCR Z5 R 7/~ : S5IEHXTIRA
Lbde, AL MCP-1 mRNA ik m B E T m (P <
0.01); % 51 iy 7 & mT i 2 R (IR S 78 2 KRR
MCP-1 mRNA F£ikg (P <0.01), S5IE# 44
L, BiAUZ] CCR2 mRNA Fik & B (P <
0.05); 155 o i & n] i 3 B I A A 4 KR
CCR2 mRNA Fik& (P<0.05), 455K 5,
4 itig

T L 5 2 — A S R S e g . v
I H A B D BRI ZE 0L LA Bt L il . B AR
P S 44 2 BT D B PR SRS T e e A ) 2 B AR RS
T, PR X A SR PR B AR AT S HA
BT g 250 L FEARBE S, ARBER IR T
O SHR N 20 21 48 AE 453 40 1 AR 47V FH B mT
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H: SIEWAMIRAILE, “P <0.01; SRR AL, P <0.05,7 P <0.01; SAEYFILLH AL, *P <0.05
B3 BHKRRKALR MCP-1, CCR2 EATEHRFELILE (x5, n=8)

Fig. 3 Comparison of cerebral MCP-1, CCR2 protein mean optical density in rats of each group (x +s, n =8)
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T ARIH L ~6 Al CRIER X IR, SR, FIEME, 2R, . MlRE; SIEFSIRELE, " P <0.05, P <0.01;

SRR L, P <0.05," P <0.01; SRR 4L L, * P <0. 05

E4 HHKXKBRMHALZ MCP-1, CCR2 EARIZEELE (¥£s5, n=8)
Fig. 4 Comparison of cerebral MCP-1, CCR2 protein relative expression in rats of each group (x s, n=8)
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o TR
- EREEAEA

.-

CCR2

T SIEHXTRALIE, " P <0.05, "P <0.01; SERILE,® P<0.05,*P<0.01
5 FBHEKBMELR MCP-1, CCR2 mRNA M RIZELLE (¥ 5, n=8)
Fig. 5 Comparison of cerebral MCP-1, CCR2 mRNA relative expression in rats of each group (x s, n=8)

AT AR 2 o A B B R A AT 1 ) ST e I
FEZy, IRl EAG B0 i R AE MR . B,
TEA S8 A A BH o B 254 1

RIYEN T RZISHUA R e di s (SRl B
WEAAE . WA SE) | AR (R AN,
MU A R AR . T SRR 55 ) A R o3 A ) —
HEATZ AR/ N T 2K, BN 2
2B A4 SAE TN G L5 o 5 v L AR A R A I

FEEA IL6, TNF-a, ICAM-1 2 ELISA
FEAE LRI IR AT k2 o (A 2 2 K B 2L
ZUICAM-1 EAE; 208 AT DARR AR A 4 K B
HYUIL-6, TNF-a, ICAM-1 /)& A &, BB R
AT LAY SHR 28 M PR 14 22 35 DT 41 il i 28 2%
RIESN o ML AT RE 5 0] E AN, S

il ZH 2R SR I A
R TR TS R AT P SHR i 2 21 R P46
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Bt pLl, A SC A 58 T 1 SR X MCP-1/CCR2
B2 I VE . MCP-1 & B A% 40 i #afk B 11 B
ARG, B A5 00 SR 20 e i S T
o MCP-1 7E1R N ARSI 3R HIE SR % . B
WA SR A | BFHRE RN AE DR . MCP-1 734
V1) LA 200 5 PN B AR UK B, DT SE G B 43714
FKik, ZHIFY KRR N, &P R B
At MCP-1 198 1k 1 F 2 30 a4 5 4 32 1
CCR2 5EHL [y, CCR2 7 MCP-1 /v S 015 515 S
ferpi E AR Y MCP-1 1634 £ 48 iE M 0
mIL R B koo AR RE AL e & A
SEC A Rk, TEIZITRBES R, AR SC i
PEH L FN Western blot 4347 T MCP-1 F1 CCR2 fY4E
HB R A K. RS F 2 R . BRI
MCP-1, CCR2 ikt & Ft s AR A1) S
TFA5 R BT i S B ICAE AR 2H R B MCP-1 3Rk i
R ISR NG o = I (5§ e o R 2 (3 I
KL CCR2 #£ikH, Western blot 45 5350 . FA
21 MCP-1, CCR2 Rkt B ETHE,; RIREF) Kt
TRAT A% 7 i 34 ] i S IR A 2 K B MCP-1 33k
iy AL R R AT AR R 4 KR CCR2 3R
ik, A, ASBESERE MCP-1 F1 CCR2 mRNA ik
KOEHEAT T S22 B RT-PCR A&, S50, 4
U2 MCP-1, CCR2 mRNA Fik& W E T 5, 5%
F v T g R 4 K B MCP-1 mRNA &
R USRI R AT S PR RAR T 4] K R CCR2
mRNA Fik i, XLEAFIE 45 R KB MCP-1/CCR2
{55 M AE SHR M2l 21 R M 4 vh R 4% T S B4R
M, 2R AT LA MCP/CCR2 {5 5 % 3R ik,
HTREAG ML o 15 5 38 2 4 ] MCP/CCR2 {55
W EEFE IR, P B AN B, DI ) B 2
Jfa 53 TNF-o, TL-6"" Jz ICAM-1") | K Z| 4] %8
iE SN [0 o

AR LR T+ R FF 4T SHR 4l SUE 2%
Bz, 255 B IE & X IR ZH M SHR #5780 241 fix
AT AR s R R, PR1m. . R
FIEHBIER . FH IR X SHR fii 42U 2%
AT B A5

Zi L frik, SHR {778 B & 0 R AE J v, 155
X SHR L & K o 41 2318 25 24 WA B 8 i 5 )
A B PR A8 HPt RHLE 5 I MCP/
CCR2 5 5m s eak, DT 410 ol B A% 240 %) 35 1k B
RAEAMME N F B &, SHR AR 41 i 41 21 76 W
IR SRAE, ] fe SR 2 R B R /A G,
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