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WE: BW  BOT IR SIS % miR-133b BCR VAR AF S AR, Ak IWEM SEE (10,
30, 90 mg/L) 1537 SH-SYSY 4l 24 h J5, MEEAE S (W/R) 4R, 4 miR-NC, miR-133b, anti-miR-NC,
anti-miR-133b Frki54 YL 2 SH-SYSY 41/ 6 h, fIA 90 me/L II#E M S FENALTE 24 h, T HAEE HALB, RT-PCR
Kl miR-133b, RBMX mRNA ik, Western blot #l] RBMX . Bax., Bel-2 #FZik, R &2 2140 LDH, SOD .
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Effects of hawthorn leaf flavonoids on improvement of hypoxia-reoxygenation-
induced neuronal damage via miR-133b regulation

LI Li-jing',  WANG Ling-di', WU Xiao-guang’
(1. Department of Pharmacy, The Hospital Affiliated to Chengde Medical College, Chengde 067000, China; 2. Hebei Provincial Key Laboratory for
Development and Research of Traditional Chinese Medicine, Chengde 067000, China)

ABSTRACT:. AIM To investigate the effects of hawthorn leaf flavonoids ( HLF ) on improvement of
hypoxia-reoxygenation-induced neuronal damage via miR-133b regulation. METHODS HLF (10, 30, 90 mg/L)
cultured SH-SY5Y cells for 24 h were induced into hypoxia-reoxygenation ( H/R) cell models. The SH-SYSY cells
were then transfected with miR-NC, miR-133b, anti-miR-NC, or anti-miR-133b plasmids for 6 h, respectively,
and treated with 90 mg/L. HLF for 24 h, followed by H/R. Their detections of expression of miR-133b and RBMX
mRNA by RT-PCR, expression of RBMX, Bax, and Bcl-2 protein by Western blot were performed. The levels of
LDH, SOD, and MDA were determined by the kit. The determinations of cell apoptosis by flow cytometry, fluores-
cent activity by dual luciferase reporter gene experiment were carried out as well. RESULTS SH-SYSY cells pre-
treated with HLF shared up-regulated H/R-induced neuronal SOD levels, down-regulated LDH, MDA levels, in-
hibited Bax, RBMX expression and apoptosis rate, promoted Bel-2, miR-133b expression (P<0.05), which was
consistent with the results of mir-133b overexpression in H/R-induced nerve cells. Moreover, miR-133b targeted
the regulation of RBMX expression, and inhibition of miR-133b expression reversed the protective effect of
hawthorn leaf flavonoids on neuronal damage induced by H/R. CONCLUSION HLF can improve H/R-induced
neuronal damage by regulating the expression of RBMX via miR-133b regulation.
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fe S e LA A 7 2 i DR DL ) — RS e ik A
ZRGHIR, ARSI ERWRRMAT %, HFZH
A e 15 | RS b 2 A LR T, DI 32 S ) A
DI A Tl BE R e R T e 4 Sl a5 22 A
PR T A B2 W, R S 4 i A 45 O T
BTk, AIRSY & B H 25 5 B A i P S
PR TR, BRI Th 25 sh 2 A e
PR FAML B A T B 2 S L v e 2 A
s it PR O R R AL S, TG . BRI A DL K
Hof 75 i HAT AR G i 25 BEVE D A R & B
A SR T PP AR 2T PR T, S i e P
PGB A2 T AR L LA I R B A R G A
3 Bel-2/Bax FUIH . T caspase-3 F2Iik .00 L
S i P T 4 K R LA i R T ARG R
IAEBA S A5 00 LA Y miR-133b-5p T
Fik, bR ERIK AR I S AR A5 0 2 O
719 X-HEHAY RNA 254378 (RNA Binding
Motif protein, X-Linked, RBMX) fiiF" A& X Y0
R, WRmAEEXERT HHER0i5 RBMX
FkHm, BB TmiET . BIEK
o 200 A A 48 A ot AR e % TR Y AR L
A B . miR-133b-5p X 402 205 T 10 & 4
JHLE 473 P s e R JFCATL ) i ANV A, ARSI B AEFSE
L I 228 1 . miR-133b-5p X it 480 & 4575 5 1) ol
24 A543 i s ) B FLALR R A5 5 RBMX A K,
1 ##

L1 Zmpetk  APRZBEANM08 40 SH-SYSY 9 A
W E RSB RN, T 10% FBS &b DMEM
EIRELE ) 37 °C . 5% CO, &1F FREFR4IM,

1.2 Zhap5Ra g S I [ VG R
HEYFEAREIRAF; BAmE (FBS, %% 16000-
044) . JEEHM (595 25200-056) . DMEM 15 5%
W (53% C11965500BT) M4 H 2 Gibeo 2AH]; K
RN A (5959 RRO37A) . S 296 5 ik )
& (185 RR092C) g H H A Takara 23 ) ; Trizol
WHE& (575 15596026) | LipofectamineTM2000 %%
YUk F] (595 11668-019) 1 [ 3£ [ Invitrogen 23
Hl; Y0 TBR (bicinchoninic acid, BCA) &5
& (%5 23235), "~ H R (DMSO, &
D8418-50ML ). RIPA & H Z it % (%% %
YB20101ES60) 4 H 3 [ Sigma A Fl; e L
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W (PVDF, 25 044080) I A & Alfa /A7
T e BE B R AN, R ER-TR VN TR T R R R
(dodecyl sulfate, sodium salt-polyacrylamide gel elec-
trophoresis, SDS-PAGE) (%% P0012A) M4 FH b3
HAREYPHARA A, BREKEF V-7 60508
P¢I6E  (Annexin V-FITC) ik (P1) 5]
& (%5 CA1020) . LDH XA & (495 BCO68S) |
SOD ik #& (575 BCO170) . MDA iXF| & (455
BC0025) WAL RIFEEEVRHARA A, R
PUN Bax ZFCBEHUA (175 XYB343HuOl) | fedt
A Bel-2 ZFBEHUR (585 XYA778Mu01 ) | it
N GAPDH Z iUk (555 xyKF703) W H L
FHAEY P AR AR RPLAN RBMX £ 5 BT
& (585 18-C170358) . IIFEHif 1eG BiAR 1T A 1k
Yl (HRP, %5 SE134) W H FiEE3EL YR
A R 2y #; miR-NC, miR-133b. anti-miR-NC
anti-miR-133b, WT-RBMX Fl MUT-RBMX ZE {4 5k
W A & ET A PR AT

1.3 B CO, #3574 14 A 52 E Precision
Scientific /A F] ; LightCyclerd80 ¢ 65 & PCR X
H2E [E Roche /2 F]; Thermo FC [ Fr {4 B 3¢ H
Thermo /3] ; FACS caliber AL . PowerPac
FEHHIKIYL . Gel Doc XR+EEIK B/~ RGe M H 3£
BD /3 F]

2 AE

2.1 H/R AR Z S Wb 4 20 i H JC 1 i (%
DMEM }; = 355 5%, B THRZEFTA 95% N, 5%
CO, ME MBI SR A TP B AL BE 2 h, SRS T 40
9 10% FBS (8 DMEM B 923, 37 €. 5%
CO, MTCHEAE TP RLERR SR 6 h,

2.2 bR R Hm M BREERM, b &
FIE (10, 30, 90 mg/L) 1% 3% SH-SYSY 4 jifg
24 h, #1417 H/R 4 3, F miR-NC, miR-133b,
anti-miR-NC | anti-miR-133b iR §% 4t & SH-SYSY
A0 R 43 38 8 miR-NC 41, miR-133b 4H . anti-
miR-NC 2H . anti-miR-133b ZH, miR-NC, miR-133b
JkiE g 2 SH-SYSY 4l 6 h, #4754 E A kb
B, {2~ H/R+miR-NC 41, H/R+miR-133b 41, ¥
anti-miR-NC . anti-miR-133b # 4t & SH-SYS5Y 40 g
6 h, 90 mg/L LLIA&M G B 4b 1] 24 h, 4T H/
R ACFE, (04 LA I BB i +anti-miR-NC 2, 111##&
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M B E R +anti-miR-133b 4 . 3548 h, HEAMHNIL, 4 °C . 300 g B> 10 min,

2.3  RT-PCR # | %8 }& miR-133b, RBMX mRNA
Faik o IEEA, B AR S (I, P
ERlE) 44, H/R+miR-NC 4. H/R +miR-133b
2H LA I B R 4+ anti-miR-NC 20, 11 A& 0 50 v
Fifil +anti-miR-133b ZHA0MIAKSE 1 95 48 h, $REU4 4
YL B RNA, B RNA SUEE SR ¢DNA, K24k
ERIAH A, miR-133b, RBMX 43 %Lk U6 Fi
GAPDH JINZ T PCR ¥ 14, 1R R 95 C |
30s, 60 °C., 30 s; 72 C., 30 s, 340 MFH;
60 CHEKS min, HNFESMER 3K, R 2720
PO PR X Rk i

2.4 Western blot 4 RBMX ., Bax. Bel-2 & & %
®ORHMMIARSERE SR 48 h, N RIPA 2 i 54 fit
T VK E24# 30 min; 4 °C, 12 000 g &[> 15 min,
W ETE, BCA 50 & W 4R 1 FE o VR B S 3R AT
SDS-PAGE, HLJkZ5H )G, ¥ EAHFEE PVDF [
I, 50 o/L AR WK IR BT by 4350 A bt
A Bax Z bk, RITA Bel-2 ZwEPiik, &
B RBMX ZrefEdiik | bt A GAPDH £ v fEdT
K, 4C o WEE, A ZdlFEdiR 1gG-
HRP, ZEIRWFE 2 h; TBST VEAE 3 ¥k, 10 min/¥X,
EREENECR Y, HRAEY, Uk
T, ¥ A Quantity One B4k h 40 B2, )
TEAS AR 0 KB, DL H Y %7 1 GAPDH
Fo I IEVE M RA, LR E R 3 Ik,

2.5 4@ LDH, SOD. MDA K-F 4 2H 4 Jil 2k 4%
Rig% 48 h, BUANBER: 7= L, #%08 LDH 5 &
ol BT P3G N 40 B R R W LDH K 4 8 3R
48 hf, KBRKGFEIE, F PBS UE 3 i, 4R,
B, W, e B G B A T R A 4
it SOD, MDA /K, 4EE 3 K,

2.6 AX AN AT & 240 Ak S B

% PBS YEk G A, %18 Annexin V-FITC/PI 4
Mg TR G U, 25 5 pL annexin
V-FITC #1 10 pL PI, BRIEA G EREOCHE
15 min, 3 CAH M ASORE I 3 & % 4 488 nm Fl & 5
et 530 nm AERYTOGIREE, SCER S 3 1K,

2.7 WA EZEHIRE AR FEE AN miR-133b AF
RBMX #$e% 83  TargetScan 304 £ 78 RBMX
3'UTR X3 A miR-133b 25417 4, 4 H B A= R A
ZRAFRIFEL L 5 RBMX A9 3" UTR %G K B # ik 4
A& ( WT-RBMX F1 MUT-RBMX ), B x5 2k K i
SH-SYSY 20 F T 24 fLik (1x10°/4L), R4
fAE K= 80% I &R}, H LipofectamineTM 2 000 43
5K WT-RBMX Al MUT-RBMX Ji ki % v 3|
SH-SYS5Y, [Alft 43 51 %% %% miR-133b H1 miR-NC J&
Ko ARHE DI A5EK {20 2R Tl i 15 25 R 4G DU
AT XU R W 5 S50, LR ZE R IO
RFIEE A Renilla 76 PE 14 U AR SE 17 583124 0 ¥,
SLEEE 3K,

2.8 witFEaosr SRhEMEAYER 3K,
BRI 3 ANEASL, I SPSS 22. 0 #EATSE I,
BARLL (vxs) Fon, AR BRI R 2
SHT. LA P<0.05 AZEFEASITFEY,

3 #£R

3.1 Lt BHERA H/R 5 56940 2 4 545 o9
e HIEWAMLIL, BAIZ] LDH, MDA 7K-F-F
i, SOD K-F-FEA%, Bel-2 HHRIKFEAL, Bax &
FRAFE, dET SR (P<0.05); SHIR
ZAHLEE, IAE SRR AR, . SRl A4 LDH
MDA /KR, SOD KT+, Bel-2 2 R IAT
=, Bax £ [ R A FRAK, 400008 T2 REEAK (P<
0.05), HEWkERMME, Wk, B, g S
M AT ek H/R 75 1A 2 45403

F1 (EBEIY H/R FESHHBEERBAHIZNE (X2, n=3)
Tab.1 Effects of HLF on H/R-induced neuronal injury (x+s, n=3)

21531 LDH/(U-L™") SOD(U-mg™')  MDA/(nmol-mg™") JAT%/% Bel-2 Bax
EH A 96. 12+9. 32 39.41+3. 84 1. 02+0. 09 6. 47+0. 69 0. 69+0. 06 0.31+0. 03
T RIUEE| 476.32+28.31" 11.32+1.23* 5.63+0.57" 28.63+2.81" 0.23+0.03 " 0.76%0. 07 *
LA I T ) o 4 367. 65+25. 63" 16.27+1. 63* 3.87+0. 36" 22.53+2. 14* 0.35+0. 04* 0. 64+0. 05"
LS - T 7] 2 259.31+23.13%¢ 21.32+1.98%¢ 2.37+0. 24*¢ 15.98+1. 53¢ 0.46£0. 04" 0.51£0. 04"
LA P 2 T g 71 e 2 143.26+13. 414 32 1442, 74454 1.5420. 16" 12.3621.15*4  (.58+0.05* 4 0.3920. 03*¢4

T S IERAHE, * P<0. 05; SR A, * P<0. 05 ;45 LA - 3 B 4H HUA, € P<0. 05 5 LU - B s v 90 B 21 L 42, A P<0. 05,

3.2 Lt BEEA H/R #-F 0940 2 48 6 miR-
133b. RBMX &ix#9 %  SIERAHM L, HAIAH

miR-133b FiLFEL, RBMX mRNA F17E (135 T
5 (P<0.05); SHRIAA, RS i A 2 A
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Fig. 1 Effects of HLF on H/R-induced neuronal apoptosis

w4 miR-133b ik FH &, RBMX mRNA
FEE A FIAREAL (P<0.05), SEukcpEfcMsivt, W
2. R 2, WM SEERAT H/R 755 000 2 40 i
i RBMX %3k, et miR-133b ik,

&%& &%& &%&
B B 2% & B
X\;éo ,%59‘7 »@ S %%\

REBMX e T W S s
carpH D D D

Bl 2 Western blot #ll RBMX & B &%
Fig.2 Expression of RBMX protein by Western blot

3.3 miR-133b ¥ % 8 4 RBMX %9 £ 3% il 1

TargetScan 535 ZE i £ RBMX 5 miR-133b /7 1E4%
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K2 WEMEER H/R S5/ ## 2 4 i miR-133b
1 RBMX RiXMIM (x+s, n=3)

Tab.2 Effects of HLF on expression of miR-133b and

RBMX in H/R-induced neurons (xzs, n=3)
415 miR-133b RBMX RBMX

EH A 1.010. 09 1. 00£0. 09 0.410. 04

iiH| 0.33£0.03*  2.74x0.28 " 0. 890. 06 *

s BEFIRREA  0.46£0.05%  2.23:0.22% 0. 74£0. 06"

A BEFRREA  0.59£0.06%  1.84+0. 177 0. 63+0. 04*¢

I BEFEAEA  0.73+0.07%A 1,460, 147%4 0, 52+0. 04%%A

SRR, “P<0.05; SHAA HE, *P<0. 05; 5 A v 5 3
TERFI AL AR, €P<0. 03 ; LA I B R A 5 B 41 Hu e, 4 P<0. 05,
Gl (EI3A) . 2803 Bl 55 R A ) 5 3 45
KR (F£3), HET miR-NC 41, miR-133b 4]
WT-RBMX [ # 28 4}l 2¢ ot & B 3% M % %
(P<0.05) ; T MUT-RBMX ) 28 4 i 5% S 22 TG
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miR-133b 41 RBMX ik KFE T+ (P<0.05),
miR-133b #[a] 4% RBMX AYFK A,

YEERILS 23 L, Western blot #5245 5 i 75
(3B, % 4), M T miR-NC 2H, miR-133b H
RBMX FEiAFEME; MiAHE T anti-miR-NC 4, anti-

® ec‘& \,5’%"\&’

.

4
%

3

%
/(P

WT-RBMX 3 UTR 5 aacaaacaaaacuuuGGACCAAa 3’

[T
miR-133b 3’ aucgaccaacuuccCCUGGUUu 5

MUT-RBMX 3' UTR 5' aacaaacaaaacuuuUACAUCGa 3"  GAPDH ----

A. RBMXHKI3'UTR & SmiR-133b A BT 51 B. RBMXE AR &

REMX s e e

B3 miR-133b $EA#Z RBMX K RiZ
Fig.3 miR-133b target regulation on RBMX expression

R3 WRARBEWELR (x5, n=3)

Tab.3 Dual luciferase reporter experiment (x+s, n=3)

ZH 5 WT-RBMX MUT-RBMX
miR-NC 1.01+0. 09 1.00+0. 08
miR-133b 0.34£0.04 " 1. 04+0. 09

;5 miR-NC 4 1L%L, * P<0.05,
£ 4 miR-133b = RBMX EBHKRIE (¥zxs, n=3)
Tab.4 miR-133b regulation on the expression of RBMX

protein (xxs, n=3)

20 531 RBMX
miR-NC 4] 0. 43+0. 04
miR-133b £H 0.21+0.03 "
anti-miR-NC 41 0.42+0. 03

0. 85+0. 08*
.5 miR-NC ZH 3, * P<0.05; 5 anti-miR-NC 2H It %%,
#P<0. 05,

anti-miR-133b 4

3.4 miR-133b iT £ ik #F H/R % 094 & tm I
Heg®em SIEW AL, B LDH, MDA /K
SETFE, SOD JKF PR, miR-133b, Bel-2 Fik[E

i, Bax A RKI &, MM RIS (P<
0.05); 5 H/R+miR-NC A [k, H/R+miR-133b
41 LDH, MDA 7K °F F& ik, SOD /K °F Jt &,
miR-133b, Bel-2 ik Th i, Bax & 1R KRR,
ML T KRR (P<0.05) (B 4, % 5),
miR-133bid FR PRI H/R 755 (9 1 2 A5 5

4 Western blot AT HXERAMFRIX
Expression of apoptosis-related proteins by
Western blot

Fig. 4

£ 5 miR-133b TRIEN H/R FESHHZEBRGHIFME (Xxs, n=3)

Tab.5 Effect of miR-133b overexpression on H/R-induced neuronal injury (x+s, n=3)

21 5] miR-133b  LDH/(U-L™')  SOD(U-mg™')  MDA/(nmol-mg™") PHTR/% Bel-2 Bax
EHA 1.02+0.09  99.65+9. 32 43.16+4.38 0. 96+0. 09 7.62+0.73 0. 68+0. 06 0.32+0. 03
(TR 0.36+0.03* 459.36+26.31%  13.25+1.33* 5.54£0.53" 26.54+2.58* 0.22+0.03*  0.77+0.07 "
H/R+miR-NC 0.3420.04 466. 54+22. 67 12.74+1.28 5.61£0.55 27.32+2.71 0.21+0. 03 0. 79+0. 08
H/R+miR-133b 0.82+0.08* 168.42+16.35%  37.65+3. 68" 1.78+0. 17* 14. 69+ 1. 43* 0.56+0.05*  0.43+0. 04*

W SIEWH IR, * P<0.05;5 H/R+miR-NC 4 H#, *P<0. 05,

3.5 #pH) miR-133b & ik i 4 T LA et K3 B 2
H/R % 694v 2w fa5ith 694 M SR L,
LA - 3 3 R 72 77 4 4 LDH ., MDA 7K F B A%
SOD 7K F-F+ &, miR-133b. Bel-2 B EE T 5,
RBMX, Bax fHFRIAFEAL, dIMIMT-HRFEEML (P<
0.05) ; 51l i 3 8 i +anti-miR-NC ZHAH b, 1L
I 5.5 [ + anti-miR-133b 41 LDH, MDA /KFFF

B, SOD 7K F[EA%, miR-133b, Bel-2 ik R 1K,
RBMX, Bax FEHFETHE, AT RIE (P<
0.05), W&e6, B 5, Ml miR-133b FRikwi%s |
LA P LB X /R 755 170 A 20 A0 463 47 11 el 3

EH,
4 itig

ikt i, P 1 2 A R AR R R T T
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% 6 H#H miR-133b RiXFEE T (LEM ZETIT H/R FSWEHLMAERGHIER (xxs, n=3)

Tab. 6 Inhibited miR-133b expression on reversing HLF effect to H/R-induced neuronal injury (x+s, n=3)

LDH/ SoD/ MDA/ e
4157 miR-133b RBMX Bcl-2 Bax
(U-L™H (U-mg™) (nmol -mg™") %
| 1.01£0.09  0.86+0.08  473.15+29.84  11.651.25 5.71£0. 52 27.36£2.71 0.22+0.03  0.77+0.06
LA I B e 5 e 2.46£0.24*  0.37£0.03% 152.39+15.66 " 34.15+3.48* 1.49£0.15%  11.54%1.16* 0.57+0.05*  0.380.03 "
WA B R +anti-miR-NC 41 2.51£0.25  0.35+0.03  146.32+14.58  37.61+3.59 1.4320. 14 10.69+1.08  0.59+0.06  0.36+0.04
(A B B +anti-miR-133b 41 1.52+0. 15%  0.7420.07%  423.64+27. 14" 16.32+1. 68% 5.19+0.51%  23.14£2.31% 0.34£0.03%  0.65+0. 06"

T S RS, * P<0. 05 5 (I il +anti-miR-NC 4L HEZ, #P<0. 05,

RBMX
Bol2 e W S —
o T w—

GAPDH

5 Western blot #ill RBMX fUBTHXE B KX
Fig.5 RBMX and apoptosis-related protein expression
by Western blot

CW 90 =R AR SN N1 = T T
PR TR 5 et P R 2R A8 A, TP 2T B AR YT
Bl PR B AN R TP E A A,
FFE iR A LA 2 85 ) ] e IR ot 40P 45 05 LDHL
MDA /KF-, $2 SOD 7K b\ i 38 56 241 it 5 S8 A 1
L W B ER R R B T SR 5 B0 4 A R 45
B, IS AL SO NLARR g T, DORiekcE
O LA B T 45 S A0 0 LU P B TR A
FEAIG caspase-3 ik, i3 H,0, 0L BLO LA
J A SR AR T L peAh, LA i R
AL R G LS SOD WE 1, FEAIK MDA & NO &4
T, DTS e ke ot P04 M e Al A 4 AR
SESEE RSN, LA BEE T4 S H/R R
IR SOD K, K LDH, MDA /K-, &
RAnfE IR -5, Ui, LA ik R R AT AR 4 H/R
PR A s, JEnT R S 4R S A P PR
UAIEEP N

PEARIE miRNA 25 i fi P i 2 ) S8 A0 38K
AAAL A T P RE T SR AR PGS A, miRNA
Xof S AT B v A R — s Y
g KB E T miR-133b BEREMCA AN T, 4
P BELOR T S S A e 3505, 1 338 miR-133b
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AT LA TS 7, BEAK LDH 36 14 B0 L4 A
PAT2 WlER 0 T v R RO LR il T 9
Bt ARSI R B IR, miR-133b i F iAW AT
= H/REFH 24+ SoD /K-, F&fK LDH,
MDA K-, FEMCANAEIE T, Ui miR-133b i %
Ik H/R V5 S 2 a5, 8 BF 9T
T N MEFH A BRI 1 FE miR-133b-5p, #E— A4
HUILIR Fas 223k, MR Co AL 20 A e ot P02 7 ke
AFAEB, ARLELE R BoR, i R
B FT 2 5 miR-133b (933K, AN miR-133b Fik
Wi T LA I BB R H/R 755 1 R 25 40 A 45
AOLR 3V U BT LU A it S R VT B 5E A O 4
miR-133b ik ik 3% H/R i S0 2 40 545 .

W55 & B RBMX 5 A ZLAR A2 8 - 35 5 Bax
IEHSE, e 54UEET-"7 . RBMX J2& DNA i
AN Sk 451 00 1 EE B DR ZR, S — A iR ) A
TS0 SEEMG I RBMX LE R R 5 o iy F2 k44
RBMX AJ e 2640 19 B0 40 F P 2250 A A A Rl T i
PP R FEE AR RS AR BN, L
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