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Bwggra, Hik ¥ 144 ASDHAXRKBEEARMN 54 6 40,7 G *F B4 A okt R 2R FIH
T ERFPASTUARERF SN ETA, HFM24 R, hE O3B A &40 5 ) B Rk fo b AR 45 K RAE
A BBETONBAFREAML TFRRGALL K AR RALTRELTF[0.4 mg/(kg-d)],ERHF
&P A EAL AL T ERHF 50,100,200 mg/ (kg - d) #2254 A, Al &8 K LAY 2 s 45 780 T
BEEEMNEEKR AL ASKE,HE 2 EMERIWA LG REHL S F R T ; R4 A 4 0 ( TUNEL)
KR A R AY 2 0 R T UL A A AR ) k) 2 i 40 48 o AR B AL A AL B (SOD) | A = BE (MDA) | A Bk H kT &
4 85 (GSH-Px) #= % 40 AL 88 1 (T-AOC) 7% 7 ; KR 5 BF 38 £ 2 & PCR(Real-time PCR) M & K H W40 42 A
PI3K/Akt/mTOR mRNA & ik ;i& A & & 5 % ¥P i3t 3% ( Western blot ) #) Ji 28 2% ¥ Caspase-3 . Bcl-2. Bel-xL, Bad . Bax
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Caspase-3 #9 & & | bR Bel-2 4= Bel-xL #9 & ik | 3% 7% PI3K/Aky/mTOR 18 % # & ik k3% 1R A0 242 39 4F R | 49 4] A
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Effect of mangiferin on oxidative stress and neuronal apoptosis in rats with hypoxic-
ischemic brain injury
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[ ABSTRACT ] Aim To study effects of mangiferin on oxidative stress response and neuronal apoptosis in rats with
hypoxic-ischemic brain injury by PI3K/Akt/mTOR pathway. Methods 144 neonatal SD rats were randomly divided
into 6 groups: blank control group, model group, positive control group ( Nimodipine) , mangiferin low dose group ( MAN-
L), middle dose group (MAN-M) and high dose group (MAN-H). There were 24 rats in each group.  The rat model of
hypoxic-ischemic brain injury was made in all groups except the blank control group.  After the model was made, the
blank control group and the model group were given the same volume of normal saline, the positive control group was given
nimodipine (0.4 mg/ (kg + d)), and the mangiferin low, middle and high dose groups were given mangiferin 50, 100,
200 mg/ (kg - d) for 4 weeks. The neurological injury score of rats in each group was measured, the water content of
brain tissue in each group was measured by dry and wet weight method, the pathomorphological changes of brain tissue were

observed by hematoxylin-eosin (HE) staining, and the apoptosis of neurons in brain tissue of rats was detected by in situ
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apoptosis.  The activities of superoxide dismutase (SOD), malondialdehyde ( MDA), glutathion peroxidase ( GSH-Px)
and total antioxidant capacity (T-AOC) in brain tissue were measured by biochemical detection, and the expression of
PI3K/Akt/mTOR mRNA in rat brain tissue was measured by real-time fluorescence quantitative polymerase chain reaction

(Real-time PCR).
Western blot.

The contents of caspase-3, Bel-2, Bel-xL, Bad and Bax proteins in brain tissue were detected by
Results The nerve injury score, water content of brain tissue, apoptosis number of nerve cells, MDA
content, PI3K expression and caspase-3 content in the model group were significantly higher than those in the blank con-
The number of intact neurons, the contents of SOD, GSH-Px, T-AOC, Akt, mTOR and the contents of Bcl-

2, Bel-xLi and Bad in the brain tissue of the model group were significantly lower than those of the blank control group.

trol group.

The nerve injury score, water content of brain tissue, apoptosis number of nerve cells, MDA content, PI3K expression
and caspase-3 content in each drug group were significantly lower than those in the model group.  The number of intact
neurons, the contents of SOD, GSH-Px, T-AOC, Akt, mTOR and the contents of Becl-2, Bel-xL and Bad in the brain
tissue of the drug group were significantly higher than those of the model group. Conclusion Mangiferin can en-
hance the neuroprotective effect, inhibit neuronal apoptosis and improve the survival rate of nerve cells by down-

regulating the expression of caspase-3, up-regulating the expression of Bcl-2 and Bel-xL, and enhancing the expression of
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PI3K/Akt/mTOR pathway.
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W A2 R E AR AN TS A A ORI T
T AN O T 5 HIBT (W 2R i TRk
BT R R Z 18] AP, S B0 i 7 A 5 PR A
(reactive oxygen species, ROS) H HFEFIE A (re-
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MEET 4% % RFEERF 24 h, X F 0BHE
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5 wm A& WK F . 4% BB TUNEL 48 g 8 ==
R R A B RAE S RIEAT, BRI AF HEHEERS
ML Gt AT AR (AT ey iEEe) i

M A KRBT ER TR, A E(AD =R
28 HL 3/ 48 R K $x100%
1.10 XBRmALH SOD MDA, GSH-Px,T-A0C &
ENTL

Sa B G, HFARE 4 RAREEES 10%
KA QB MR, WSk AL, R B K A
P OMARALFRE XKW, FEMEEF, FEAMK
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K91 MBI BNER R AT R H KB
| R 10% fi 4 22 51 % i, ZE 4 °C T3 000 t/min #/8
10 min, £ -80 CHRAFFM, ™47 B3R5 & 3L 9
R AE, T E S A A I A8 E 4 B Ak B (SOD)
EHELCRRELFRE G ENE T 8 (MDA) &
B, 40 0B R A A B H K3 & 6 4 B (GSH-Px)
4B EHAE A (T-A0C)
1.11 ERRAEEE PCR(qRT-PCR) %l K 5 fx
A48 A PI3K, Akt ,mTOR mRNA FRKix

B ARAE, BHARE 4 R AR, B ETH
10% K& QB VAR AR EE G K R LA %8, BUE K
R4, K A Trizol R 7| & 3% B L 90 45 25 B4R B
fiX 40 48 % B B RNA, & 7900 HT %% ¢ & & PCR L
34T PCR 4 3% 3F & B 3£ 47 %% o4 & &, VL B-actin
KW H HEE, K A TaqgMan miRNA X 7| & &
PI3K Akt , mTOR mRNA % i, 5|4 7 % @0 T . B-
actin # 5'-GGG GCT CTC TGC TCC TCC CTC-3' Fu
5'-AGG CGT CCG ATA CGG CCA AAA-3';PI3K
5'-AAG AAG AGA ACC AGA AAC TCC-3'#15'-TGA
GAC CTC TTC AGT AAC CA-3';Akt % 5'-AGG GAA
ATC CGT GCG GAC AT-3'#15'-GAA CCG CTC ATT
GCC GAT AG-3’; mTOR % 5'-CGC TGA TCC CTT
TAT CG-3'#15'-ATG CTC AAA CAC CTC CAC C-3',
1.12  Western blot % fx 2B £3 A1 Caspase-3,Bcl-2,
BelxL..Bad Bax EH &=

%A RAE, BHARE 4 R AR, B ETH
10% 7K & 2B 75 7R B Ja F5 K BT Sk A0 3, BUH K
R4 A, F 48 & 8 4R R A & 4R A 4 R
B, BCA 4 & & ok 5, 5 L4 ko %
EEAMEAALAER, mANEA EFEZ W RIT
5, H1E 12% SDS-PAGE % X # 4T Bk G 2~ &,
A E PVDF JE b, 45 i N A BI B9 500K (300K 8y 7
B4 4T . Caspase-3 7 1:1000;Bcl-2 1 :500;
Bel-xL 4 1 :1000;Bad % 1 : 500;Bax % 1 : 500)
A1 B-actin FLHA (1 21 000), TBST = i £ F L 7,
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ok 38 Tris 2 9 26 BE 3 0K, 10 min/ K, 7m A HRP 47
W AR L AN, ZERFHEN2 h, BFE
WX ARFBELEY, B#EHKE R, KA Quantity
One B 27 & A & 3k KF
1.13 SitFEFiE

17 | SPSS21. 0 4t v %k 4 3 47 3K B B 3 0 A,
Plats BET, ZHBRELRRXA T Z00, FFth
B FH LSD ¥, L P<0.05 % P<0.01 } # % #H 4%
THEFEE L,

2 # R
2.1 EREFWARWEINEEIRGIES M
b [ BB AH L A5 780 4 BRI i 25 1) B 4

P B, 22 5 BA Gt L (P<0.01) 5
SRR ZE AR B B ZE R R P
R A2 D BE P 50 20 B W B AR, 22 5 BT 40
TR L (P<0.01) , H A2 DI Re i FE 1o bl 5 v 2R
LR ROy o R e & o (AN = 31 |
T2 R B 2R D BE B 473 9 43 BH I o T PHAME X R4
2R BAGI R L (P<0.01;% 1),

F 1. ERENKRHENBERG IS BRI (x2s,n=24)

Table 1. Effect of mangiferin on neurological injury scores

(x£s,n=24)

- P2 T REAR 51T
5o il o a
23 HXTHRA - 0
AR - 3.25+0. 68"
FH P 2R 0.4 mg/ (kg + d) 1.76+0.21"
IRFMFEA 50 mg/ (kg - d) 2.38£0.25™
FRFPFEA 100 mg/ (kg - d) 1.94+0. 18"
R EHEE 200 mg/ (kg - d) 1.81x0. 14"

a g P<0.01, 525 (AN IRZAAA 1L ;b 2 P<0.01, SEEIAALL ;¢ 9 P
<0.05, 5PHMEXTRAAH I ;d 2 P<0.01, 53 B FE A 1,

2.2 EREFXNXBRMALRSKENHIT

52z (0t FRATAH Eb , B4 R RO 4 20 35 K i
B, 2% A 51 E L (P<0.05) ; S5HA
S AR L, BEAE X HE ZH A R A = R R
A AR i T o A I RO & o (3G RN =110 -1
{14 A BRI 2L 2 7K i 791 1 184 T A ARG, 2 3
R AR P (R 1 T AR IR, 2 R A
At E X (P<0.05;3K2)

F2. EREWNKBMARSKENTM (ves,n=4)
Table 2. Effect of mangiferin on water content in brain tis-

sue of rats(x+s,n=4)

S| ) i L2 7K A (% )
25 X IR - 82.72+3.91
FEAIZ - 92.93+4.07"

FH P 20 0.4 mg/ (kg - d) 83.27+5.19"
ERFMFIEA 50 mg/ (kg + d) 88.99+4. 20"
TR AREA 100 mg/ (kg - d) 85.06+3. 97"
PRFEHEL 200 mg/ (kg - d) 83.79x4. 12"

a }y P<0.05, 523 X BELHAI EL ;b P<0. 05, SN M L ;¢ P
<0.05, 5 X BBA ML ;d  P<0.05, SERIFMRFHE M,

2.3 EREFXKRELMELEMEREX AL

25 PR IR 2H R A ol 20 40 it 465 4 )2 Wk HE 571
FHET, MY A& IE 5, Jo 7S P B, i 0 R 41
o, BAZ R €0 B A R B0 P 2 Al i HE B ZE 6L,
A2 e s B T K SR SRR B
JoT [ 4R G M J5T 223 AR A8 M 5 B X R 2 K R
PR AN HESN A 7, A 2 A K b SRAE AR ER S
ANBH G, LA 22 A0 B 0 B RIAZ A3 BT T AL 5 1 AR
VRG] £ 2 A ) Ao 2 200 i kg A2 5 A 7R 2 A AL AR AR
PRI A AR BT K RS R 1 2R
i H ) 2 R R R 22 g B HE B 25 AL A A B AN
THW, BA PR MIPET BRI ILG ;  RH
gt 21 R BRUAH olt 22 200 i 235 A el A R 483 40 B e ek (T
1),
2.4 TEREFXKBRKNAR{SZMEBET RN

25 AR HE 20 LA T A H B0 G 21 2 22 4 i
AT AR R R R i Bz JBit DX ] DL R i) 4 72 4
JL, T 20 RO A% B e R A €, AR A /NS I R
BN SRR ZE R B o B e SR AR
rh TR R R R T DX U T 40 i BE P R 2 R
I, FLTE SR rp e 7)o 4 1 i A 2R 28 A i O
TR A 7R %) 38 i e AT, 2 00 ) AR
TR R 2 AR UG 2 2 e 2 20 i T
WART M IR 2R  HA %12 X (P<0.01;
*F3ME2) .
2.5 EREFXKBRALSH SOD, MDA, GSH-Px,
T-AOC EER M

Sz pou A AE b, 1S T A R R G A1 2
SOD . GSH-Px \T-AOC 5 it i & FEAIK, 4141+ MDA
i E TR, Z R B A S E L (P<0.01);
SR AR L, BH P X R 4 R e SR | A A
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KM L SOD GSH-Px \T-AOC % #t i E T+,
412 MDA 1 2 2 BRAIG, HL P SR
AR 2 K B 41 21 TP SOD |, GSH-Px \ T-AOC &5 &+
i 25 77 A BN TS0, MDA ()55 2 ot 255 5] o 1) 448
T REARS , 22 300 1 R0 e AR 1, 2 SR IR R
KM SOD , GSH-Px \ T-AOC & fA% T BH 1
XPHRZL MDA 19 & &t TR IR, 2 7 B 4
PHeFE X (P<0.05;%4)

x3. EREWARMASAMEMARATHEM(n=4)
Table 3. Effect of mangiferin on neuronal apoptosis in brain

tissue of rats(n=4)

gy 4l Fiilfs AT (% )
23 X B AL - 14.2322.17
I - 75.36+4.29°
R T 20 0.4 mg/ (kg - d) 26.67+3.10"
TRTEAESA 50 mg/ (kg - d) 54.68+3.24"
FIRFFRFEL 100 mg/ (kg - d) 41.55+2. 48"
PRIFEAIEA 200 mg/ (kg - d) 30.20+1. 98"

a iy P<0.01, 525 X BBLHAI L ;b o P<0. 01, 5B A L ;¢ 0 P
<0.05, 5 FHEX BB M L ;d y P<0.05, HERAF AL,

zaXRE

ERERNES

B2 EREXNKBRMARMZMAETHIZIE(HE, n=4)

EREHRHEHR

B1. EREMNARRMBEMNZRXBRBZE AN
25 IV BRZL, B SRR C O FHAE XS BE AL, D 25 R AR & 4L, B
RS R PR AL F O R RN L

Figure 1. Effect of mangiferin on cortical tissue of ischemic

and anoxic side in rats

BHIE X BB 248

Figure 2. Effect of mangiferin on neuronal apoptosis in brain tissue of rats( HE ,n=4)



1042 ISSN 1007-3949 Chin J Arterioscler, Vol 27 ,No 12,2019

F4. EREWARMAL H SOD MDA GSH-Px. T-AOC 22N (n=4)
Table 4. Effects of mangiferin on the contents of SOD, MDA, GSH-Px and T-AOC in rat brain(n=4)

A | bl B2 SOD(kU/g) MDA ( mol/mg) GSH-Px(kU/g) T-AOC(kU/g)
2 [T - 32.55+7.09 1.0320.24 44.79+8. 41 1.58+0. 12
AL - 11.90+2.95* 3.17+0. 44" 10.56+3. 53" 0.32+0. 15
FH-P4: % HE 2, 0.4 mg/(kg - d) 30.45+5.34° 1.36=+0.35¢ 39.48+6.11° 1.10+0.25°¢
TR R 50 mg/ (kg - d) 23.73+2.86 2.49+0. 59 24.78+5. 66 0.57+0. 19"
R PAEA 100 mg/ (kg - d) 25.55+4. 66" 2.06+0. 63 32.37+7.20° 0.84+0.20°"
ERFEFEL 200 mg/ (kg - d) 29.62+3.00° 1.45+0.39" 36.17+8.80° 0.99+0.31“

a A P<0.01, 575 AXHBAM ;b 4 P<0.05,¢ N P<0.01, SHERAM L ;d 4 P<0.05, 5 BHPEXT AL A L ;e ) P<0. 05, 51 RHHF =4

AL,

2.6 EREXNXKRBEALN PIBK, Akt, mTOR
mRNA %k KI5 0E

523 L RELLAH EE , B 2 UG 2 2L Ak
mTOR mRNA ik W] i FE G, PI3K mRNA 3Rk b 3
Fhen, R HA G L (P<0.01) ; 54 A
Ll BHAA X B2 s SR, e 7910 A K R 4
21N Akt . mTOR mRNA 358 8 75, PI3K mRNA

PISK

o
=)

-
&)

—
[=}

o
3

Relative expression of mMRNA
o
[S)

Relative expression of mMRNA

B 3. EREMNKBMALRRB PI3K Akt.mTOR mRNA Rix

2.7 EREMNKREALS Caspase-3,Bcl-2, Bel-
xL.Bad Bax EH R EM M

525 IO BRAL A L, AR 2H R UG 2H 2 Bel-
2. Bel-xL, Bad 5 H & & B B &AL, 64 4
Caspase-3 tHH S HE B E S, SR AA5ITFE X
(P<0.05) ; SHFILARLE , BHAERT B FIE= 51 b |
AR U 2L Bel-2 , Bel-xL Bad & 4 7% &
BB T I ZH 2L Caspase-3 FEH & & B RRAR,
HAZ R i i 4R SRR 41204 Bel-2 Bad
Ot B A ) 3 0T, 5 R R O
P, 22 BA G X (P<0.05) ,Bax HH & i
AR AL S TR R B Z [ O e (1 4) o

R (n=4)
P<0.01, SHEFRIAIHIL ;d A P<0.05, S HITEX BRZLAHLL ;e A P<0. 05, SR HRAI AR 1L
Figure 3. Effects of mangiferin on the expression of PI3K, Akt and mTOR mRNA in rat brain(n=4)

FIk WAL, Hoa AR v 0] 2 2 K U 21
1N Akt . mTOR mRNA &3k Fifi 2 7]+ (1) 14 i 3%
Jin, PI3K mRNA 23k Bl 45 7] & 0 3 i A%, 2 80
HR R AR e AR A R a2 R UG 4 21
Akt .mTOR mRNA k8T FHAEXS IR, 5 AP K
A PI3K mRNA & FRHMEX A, 25 A%
P X (P<0.01; K 3) .
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HIBI A= ) LI L= 301 8l Jik s mb A A e A
FITIRERENG A 18 2 MG 7637 A2 L AP 0 4 A R
B, R MRIBFFE & 8742 L HIBL A A2
OISR A5 R A 7, N RE TR T | F Ji F BE o, A4
ANERIE E R SR AR ST, M E AR S B I TR &
ML BRI, HAT, ME— ] BRI I7 ik iR
PEARIEL, WSRAE 6 h WITIRIGYY , AT LAGE M 2 R 50
TR BFoT R, B SR A M R
18 e A 7 By 2 3] e S e AL P9 52 0, ity EL A 22
AT AL BE R SO, B R AE T E AT
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B 4. EREXNKBMAL P Caspase-3,.Bcl-2, Bel-xL Bad Bax EEHSEM MM (n=4)
HEXF IR, D s AR AL E 2SR R A, F O R 5

A NZS XTI B AREAIZE | C A FH

2, a N P<0.01, 525 AXHBA4IAILL ;b A P<0.05,¢ i P<0.01, 5
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Figure 4. Effects of mangiferin on the expression of Caspase-3, Bcl-2, Bel-xL, Bad and Bax proteins in rat brain(n=4)
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