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Study on mechanism of cardioprotective effect of Ilexin A in improving hyperlipidemia

WE: BN HTELAHEE A @SR/ RNA - 133a - 3p(miR - 133a - 3p)
K ARABIE R 11 2 (UCP2 ) B3t i i I R HE D IEGR AP PR R AL . ik KRR
ALY okt FRAL (3 18 590 In 2l S5 fn 78 1K) T2 (VE S 5 S0 I 2 55 s 25
K) FEEAL(HEH 40 mg - kg™ BAHF LIF A) .miR - 133a - 3p inhibitor 41 (%
H 40 mg - kg_l%\%%%ﬁ: A+ B# KIS 1.95 x 10" vg * mL ™' 4 A miR -
133a - 3p P A BT ) O — UCP2 41 (75 40 mg - kg ' BATFRITA + &
FlkES 1.95 x 10" vg - mL™' %4 miR - 133a - 3p 1 5 #1554 OE — UCP2
HI MRS BE ) o JTT T BK 6 5 W BT a8 6 A DU il B K S i AR [ 2% R iR SR A
(LDL - C) &% BEARHE 1 (HDL - C) 5§ ], .0 JUE R 8 T 2 .0 D Re A5 A [ &7 5K
B mamsE e E S50 A M IE(E/A) ZEOE S M54 (LVEF) 4 |, S A
D T 5 A R S N A I mRNA AH XS 235 7K, PR 11 0 B0 70 325 A ) 28 11 A
YRR, R BRI A LDL - C /K405 4 (0. 92 £0.12) 0
(0.76 £0.09)mmol + L™" JHDL — C 7KF-43 41 4 (0. 82 £ 0. 10) F1 (1. 14 £0.13)
mmol + L™') E/A 4y 5% % 0.89 = 0.11 F1 1.17 + 0.14, LVEF 4> % X
(41.31 £5.07) % F1(59.92 +7.86) % , miR — 133a - 3p 0%t 35 35 7K 543 51 Ky
0.33+0.06 F11.22 £0. 18, fi (B (1 2 (UCP2) mRNA A XF 7K 5 43 51
0.57 0. 08 F10. 79 +0. 09 , 2467 ) Bt K 25 [ it 3 ( Cleaved caspase — 3 ) 25 [ AEX} 3
SEAKIE4R B 1,00 0. 15 F10.71 £0. 09, B WkELA0 LR -2 2P (Bel - 2) & 4
FHXF 2R KTE43 314 1,00 £0. 17 F1 1. 94 +0. 27 B () iR $ahn S5 9504 L
BOEGI Y EER AR EX (¥ P<0.05), &8 ELAFBE A @
JH95 miR - 133a - 3p J¢ UCP2 3% i AR IUAE , FEAL I o) 68 5 °F 9 Bel - 2, 1%
Cleaved caspase —3 15 AN MBI TAH G, AT AR CIEAR P T, B0 0o D RE
KR BAF BT A MEBED 25 SR IE IR ER TR
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Abstract; Objective

Ilexin A in ameliorating hyperlipidemia through the regulation of

To investigate the cardioprotective mechanism of

microRNA - 133a = 3p (miR - 133a - 3p) and uncoupling protein 2
(UCP2). Methods

(gavage with an equal volume of distilled water as the experimental

Rats were randomly divided into control group

group ) , model group ( gavage with an equal volume of distilled water as
the experimental group) , experimental group ( gavage with 40 mg « kg ™'
Ilexin A), miR —133a - 3p inhibitor group ( gavage with 40 mg - kg™
lexin A+ tail vein injection of 1.95 x 10" vg - mL™" adenovirus
containing miR —133a — 3p inhibitor) , and OE — UCP2 group ( gavage
with 40 mg + kg ™' Tlexin A + tail vein injection of 1.95 x 10" vg » mL™'
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adenovirus containing both miR — 133a - 3p inhibitor and OE — UCP2). Blood lipid levels, including low — density
lipoprotein cholesterol (LDL - C) and high — density lipoprotein cholesterol (HDL - C), were measured by enzyme —
linked immunosorbent assay. Cardiac function parameters, such as the mitral inflow peak early diastolic velocity to late
diastolic velocities (E/A) and left ventricular ejection fraction (LVEF), were assessed via echocardiography. The
relative expression levels of mRNA were analyzed by real — time quantitative polymerase chain reaction (RT — qPCR) ,
while protein levels were detected by Western blot. Results In the model and experimental groups, LDL — C levels
were (0.92 +0.12) and (0.76 £0.09) mmol + L.™'; HDL —C levels were (0.82 +0.10) and (1. 14 +0.13) mmol - L'
E/A ratios were 0. 89 £0. 11 and 1. 17 £0. 14; LVEF values were (41.31 £5.07)% and (59.92 £7.86)% ; the
relative expression levels of miR —133a —3p were 0. 33 £0. 06 and 1. 22 +0. 18 ; uncoupling protein 2 ( UCP2) mRNA
levels were 0. 57 £0.08 and 0.79 £0.09; cleaved caspase — 3 protein levels were 1.00 £0. 15 and 0.71 £0. 09;
B - cell lymphoma —2 (Bcl —2) protein levels were 1.00 +0. 17 and 1. 94 £0. 27, respectively. The differences
between the model and experimental groups for these parameters were statistically significant (all P <0.05).
Conclusion Ilexin A ameliorates hyperlipidemia by regulating miR — 133a —3p and UCP2. Its mechanism may involve

downregulating Bel —2 and activating cleaved caspase —3 to induce apoptosis, thereby exerting cardioprotective effects

and improving cardiac function.
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HmERA BLAHFLH A, B S0 mg,
4. 99.76% , #{it. 5 . 146790, 2€ [E TargetMol Chemi-
cals Inc 2y A A 77, KB ENSE H (low density lipopro-
tein, LDL — C) . &\ JIH [ P ( total cholesterol, TC) | 55 %5
FENRAE [ (high density lipoprotein, HDL - C) \ =t H

il (triglyceride , TG ) 1058 & , #4 h b B A= P20 W) A=
725 Bk 4 K ( brain natriuretic peptide, BNP) i&57] &, |
B E YRR IR AR 547 ,6 - ZJKIE -2 - 9%
FLMIE (476 — diamidino — 2 - phenylindole, DAPI) 4t
@55], miR - 133a — 3p 4. UCP2 4, £ E
Thermo Fisher Scientific /5] A 72 ; i 58 AZ 1 R K Wi &%
“EE A S B dUTP Gkt O 2K v AR 32 ( TdT - mediated
dUTP nick — end labeling, TUNEL ) & T4 3455 &, Fi
- Roche 75 F]AE 7 B ik EL 0 MR — 2 LA (B - cell
lymphoma -2, Bel - 2) HL 4K | LA /Y i K 25 11 1 3
(cleaved caspase —3) HUi&  HyMEE - 3 — BRI &
( glyceraldehyde - 3
GAPDH) Hi{k , 24 th b st B 2R A= W) 28 vl A2 7 o

{88 PHILIPS TE33 {5 258l A2 Wi, 3¢
PHILIPS 2% ] 7= i 12000 4 H 31k 2F & 6 5 e 4
W53 A4S, 5 (= HE 85 23 W] 7 it s ABL PRISM 7000 %51
BB it 5 )2 W ( polymerase chain reaction, PCR) 46 il
1, 3£ [E Thermo Fisher Scientific /5] 7> 5o
2 KWHE
2.1 BYHBERAFE

SPF Mt SD R BUBE AL 73 ok B4 AR 552
BigH omiR - 133a - 3p M| 2520 F1 UCP2 i K584, 5
210 H o BRXERRZH E 5 55 A6, Hoax 20T e B Rk
RIE 8 Ji, BRxf AR A, Had s H¥#ES
40 mg - kg ' BAFET A, HK 1.5 mL/100 g,qd , &
ZE5 dyxf BB HRYZH 25 T W] 55 5 RO Z8 10 /K o BRon) B
BRI ISR 4, miR - 133a - 3p inhibitor 28 & ¥ ik 12

— phosphate dehydrogenase,
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S A miR - 133a - 3p #0025 /Y I % 7 100 plL
(1.95x10" vg - mL™") , #;4E 10 d; OE - UCP2 #H )
WK S & A miR - 133a - 3p #0425 A& A
OE - UCP2 ¥ i 25 100 wL(1.95 x 10" vg - mL™"),
Fre2 10 d,
2.2 EES . AMSASRERED

293 T RN 10 % - 1MyE 1 % 5 - 8%
TR MRS RIRARRIE R G, BT 37 C.5%
CO, By FRA - T RSN TR G 5%, 78 293 T 4l f4 1%
JaF 24 fUAREE RN, 537 24 b JEoR HBE L 4 K
miR —133a —3p inhibitor 4, miR - 133a - 3p inhibitor +
OE - UCP2 £, %% 2H 41l i ¥4 5% e I i I F5 47,6 h J5
ARZEE T RSP ORI IR, 24 h e RS A4 .
2.3 P Bk %% K MK I8 ( enzyme - linked immu-
nosorbent assay , ELISA ) ;% il 7€ 0 fg 0.0 ARG iR &
ok oo

252530 d )5 , B AW EEE AR 12 h, & 2
W 20:00 557K, I H /R 8:00 FR&2H 28 AT i,
IC S IR BRI, T 2 IR #E 15 min, 4 °C,3 000
r - min B0 15 min, 438 155 H ELISA 34601 TC
TG .LDL - C #1 HDL - C &, ¥ KEONAHZRA
HERE T - 80 C LR A7, B— &R A 9 5 1Y %
0. 9% NaCl )%, L) 1. 2 x 10" x g B5.0> 10 min, §it4E -
THWCONH A S KW 2 B & B ey s i
ELISA # &) 3% o L B8 BT % B ( creatine kinase
isoenzymes ,CK — MB) . L5545 H ( cardiac troponin [ ,
cTnl) FLERAR Z 8 (lactate dehydrogenase ,LDH) &1,
2.4 DBERBME AR

FH 2238 it 7 32 W (SR A T R I e R BRURY O D B
FEARASIN L 3 ANIELEC 3l J 91 ) P S (B O A 880
W, ARG M E (S A B HE
(mitral inflow peak early diastolic velocity to late dias-
tolic velocities ,E/A) 2.0y ZEEF KK N AR (left ventricu-
lar end — diastolic diameter, LVEDD) | /2.0 2 5 IfL 43 %4
(left ventricular ejection fractions, LVEF ) FlZ=.00 5 45 54
4341 (fraction shorting, LVFS)
2.5 S B E = PCR (real — time PCR,
RT - qPCR) 7 miR — 133a — 3p 1 UCP2 mRNA
FOE PR Sy S

FH TRIzol 128 AU IILZH 2 S IUEL RNA, F DU
RNA AR, Wi %% 5 cDNA, JEA5 9735 0 235 2L U6
1B - actin HNZ, 12 AF:95 CHULNE 15 min,
1 AMEFR ;95 “CAEME 10 5,60 °CHR k20 5,40 MG,
FI 27 28R H AR 3R R 2R K

2.6 TUNEL a0 BN 2m i &

P Ab AT A S D) e AT I R O S b g AR
UM IR I K 5 3% H,0,85 , BERRER S rh il g Ut
3 YIF IO 5 BAR ARG BUR , A R OR e
W, FEIERR Eh 22 v BTE VR 3 I, TR AR S L 5 1
FHWEBRER 2 R v 3 W, KB Wl R il sk 5 4
FEALALEF T B BAPE 40 2R
2.7 EARENE % ( Western blot, WB) & 8 1= F
A Bel -2 #0 Cleaved caspase —3 g 3i&™!

FHELRWCRS K B VAL AT 50 4 24 , FH v
W FF R k0 o o B MR B2, R A PR 5 0 125 O L Uk A
FEEEI) 2R Al 9B s R, IR ok W 3sF B (2 ) S A
—HUFE 12 h; FfE P E | h R Ak 2ot
WG GG M BAnE UK EEE
3 FitFAE

FH SPSS 25.0 B AT S it 3 Hr. R A
x xRN, Z A 8] F BT B R 2R 5 22 530 i, W A L
MSFAEA ¢ K5

# X

1 BAXRREREELTHILE

X HRZH S A5 i 2 IRUK BE R ZH S S 2R IR
K TI A E 40 mg - kg™ BALFH B A;miR -
133a —3p inhibitor 2 40 mg - kg ' BAFEE A +
BT 1,95 x10” vg - mL ™' &4 miR - 133a —3p 4]
25 B B 27 OF — UCP2 ZH3#E 540 mg - kg ™' BA T
B A+ BHEFKES 1.95 x 107 vg - mL™' F
miR - 133a - 3pfifil Z5F1 &4 OF — UCP2 1 IR 7%

O NN i U i SR N o
(405.12 + 40.78 ). ( 489.76 = 43.52) Al
(445.30 £37.69) g, HERIL] 5 X RELLAA L, K R4 5
I ETE (P <0.05) s SLH 4 SRR AR L, K EUA
i % T RE(P <0.05) .
2 EXFEFH A XEEMEXR MAS/KF R 20

BRI 20 5 %t BEZH A [, HDL — C 7K OF i 3% F [,
TC TG 1 LDL = C /K-35 1 2 75 (P <0.05) ; 5245
HG5REEARIA AH L, HDL - C /K8 2% L F, TC . TG Fil
LDL - C /KB E TR P<0.05) , 1031,
3 EXBFEFANSELEXROIBRGRMR
1A

BERIZH 5 %F B AH e, KB E/A i LVEF I
LVFS ¥ i % [, LVEDD . BNP .CK — MB . ¢Tn [ fi
LDH ¥ 12 2 F+ &5 (¥ P <0.05) ; SC50 2H 5 B R 2 A
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R 1 ARG RS R L (2 £5)

Table 1 Comparison of serum lipid indexes of rats in each group(x +s

)

Group n TC(mmol « L=1) TG(mmol - L°") LDL - C(mmol - L") HDL - C(mmol + L.™1)
Control 10 1.91 £0.24 0. 60 +0. 08 0.37 0. 06 1.58 £0.21
Model 10 3.05+0.38" 1.34 +0.17 0.92+£0.12" 0.82+0.10"
Experimental 10 2.47 0. 30* 1.09 +0. 117 0.76 0. 09* 1. 14 0. 13*

Control and model groups: The same amount of distilled water as the experimental group; Experimental group:40 mg + kg ™' Ilexin A;TC:Total cholesterol;

TG Triglyceride ; LDL — C: Low density lipoprotein; HDL — C: High density lipoprot
*P <0.05.

K2 BUARBOCIREISTR O ks EW I LA (x £5)

Table 2 Comparison of cardiac function indexes and myocardial injury

ein; Compared with control group, * P <0. 05 ; Compared with model group,

markers in each group(x +s)

Group E/A LVEF(% ) LVFS(%)  LVEDD(mm) BNP(ng-mL™!') CK-MB(U-L™!) ¢Tnl(ng-mL™') LDH(U- L")
Control 1.50+£0.18  74.15+9.78  44.53+5.14  4.74+0.60 25.86 +3.56 594.90 £79.03  119.23 +14.58 1 203.30 +168.75
Model 0.89+0.11* 4L31£507* 29.87+4.02* 6.84+0.83* 61.33+7.89* 1192.35+156.44* 435.10 +57.22* 2 335.69 £290. 83 *
Experimental ~ 1.17+0.14% 59.92+7.86% 37.04 £4.85*  5.71£0.76"  47.57+6.13"  923.50 £116.31" 296.01 +38.41" 1 660. 18 +218. 10*

Dose and n refer to table 1;E/A; Mitral inflow peak early diastolic velocity to late diastolic velocities; LVEF; Left ventricular ejection fractions; LVFS; Left

ventricular fractional shortening; LVEDD :Left ventricular end - diastolic diameter;

Cardiac troponin I;LDH ;Lactate dehydrogenase ; Compared with control group, * P

R3 SARBCHHL R TR R AR KT (2 £ 5)

Table 3 Relative expression of apoptosis — related proteins in myocardi

BNP; Brain natriuretic peptide ; CK — MB ; Creatine kinase isoenzymes;cTnl;

<0. 05 ; Compared with model group,*P <0. 05.

al tissue of rats in each group(x £s)

Group n Apoptosis rate( % ) Bel -2 Cleaved caspase -3
Model 10 46.35 +£6.44 1.00 £0. 17 1.00 0. 15
Experimental 10 19.44 +3.84 * 1.94 £0.27 % 0.71 £0.09 *
miR - 133a - 3p inhibitor 10 38.64 £5.49* 0.83 +0.11* 0.86 +0.11*
OE - UCP2 10 15.89 £3.03% 1.17 £0. 152 0.57 £0. 08"

miR - 133a —3p inhibitor group:40 mg - kg’l Tlexin A +1.95 x10'? vg . mL ™" miR - 133a —3p inhibitor; OE — UCP2 group:40 mg - kg’l Ilexin A +1.95
x 102 vg - mL~! miR - 133a - 3p inhibitor and OE — UCP2;Bcl -2 ;B - cell lymphoma —2 ; Compared with the model group, * P <0. 05 ; Compared with the

experimental group,”P <0. 05 ; Compared with the miR - 133a = 3p inhibitor group, * P <0. 05.

e, K BB E/A {f . LVEF #l LVFS ¥ & 3% 7t &,
LVEDD .BNP .CK - MB .c¢Tn [ il LDH 3 i 2 F& (% (35
P<0.05), %2,

4 EZEEH A L miR -133a -3p 1 UCP2 Hy
Ri&

X REZH BERUZ AN SEER 4 miR — 133a —3p AHXT 3
kK4 5k 1,00 £ 0.15, 0.33 + 0.06 Fl
1.22 +0. 18, UCP2 mRNA #f %} 3¢ 35 /K F 43 5 H
1.00 +0. 11.,0. 57 +0. 08 F10.79 +0. 09, FELHIZH 5 %F
WEZHAH HE , miR — 133a - 3p il UCP2 mRNA 7K -4 i,
HREAR (B P <0.05); 5¢ 50 4 5 B A 40 A1 1L,
miR = 133a - 3p 1 UCP2 mRNA /K44 g 2 Fh 25 (35
P<0.05),

5 EXBEI A miR -133a -3p 1 UCP2 Ri42
10 AV REUR T

SO 5 BT 2 A B, KRGO LR R O T

Cleaved caspase — 3 5 [ AH ) 2 3k 7K 7 1 W 2 P AIK,

Bel -2 & FAHXT R KK B35 Th s (¥ P <0.05)
miR - 133a - 3p inhibitor 21 5 5256 40 AH Eb, KB L
HRHT-Z Cleaved caspase — 3 75 AN} FEi5 7K 15
BT, Bel - 2 2 I AH X 33k K V- B 2 BEAIK (3
P <0.05); OE - UCP2 41 5 miR - 133a - 3p inhibitor
ARG, KBGO LA i 7 7= 2% | Cleaved caspase — 3 25
FIRIR 287K 1 BB FRAIC, Bel -2 85 AR SR8 7K
FRFETHE (P <0.05), &3,

2 % AT 2 PRI LA B B A ZE L 1T 5| 2% I3 (
15 ) o —Fh el Z R G TR OF 35 T eI T IE % 2 %30
Bl ¥ — I BT , — MR B TC TG \LDL - C B J} 5
HDL - C (REAE " . BFE o5, BA TR TT A AR
IR IR X BB SR B TC #1 LDL - C 3@ 2 875 i 8
FERER ST B IR RE AL AE FE T . B AT R E



690

v T R 25 PR gk R

Al M5 2025 4F 3 3 (SR 427 1)

SRS P AR OCH AR A B AR B i, ek
S DAY S 7 380 R P R D R AR LT AR S
WEE R T2 K DI REFR AR A BGE , 1R BAH
A AT GO LR I SR ARPIR A R O G I
MLAEAE DL, A2 058 0 DI REVR I 1E 5 o

1My BNP .¢cTn I .CK - MB }; LDH 32 5.0 L fi
DA G By EEEFE bR, o BNP 722 £k AT s e O AR £
&L, 250 L5k g 5w i, B 5 30 BNP R B O
JULER i 55 Z2 R0 405 & 5 B N ¢Tn [ LCK - MB 7K
It . LDH & 5484k 50 LA i 37 450 72 B 52 IE AR
S BRI R IR, LB AT O 3 A Y 0 BE AT
PO WURE B8 A A2 Je IOWH e i ol 32 04 58 1k B s 4
L BT, A A g AR L R, AN K A B0 L
LT Al BRI 0 S A R L AT WL BIAR
[ a5 R, Db B A H B A EREFOR 0
WLEIAE T

ARSI S 2H 1) miR - 133a - 3p F1 UCP2 ik
KA WAL, TR TR, R BAF BT A
XoF 1o A 458 47 14O JUL 8 B 1) £ 47V T AT g 5 HL i 4
miR —133a - 3pF UCP2 [F)R AR MM T K,
HE— 252 K B, miR - 133a - 3p H1 UCP2 A 3 5
Bcl -2 5 Cleaved caspase —3 fyFik, #2R —F A4
SO WA B ARSI, BARRT SN Bel -2 /040
PHT-H I Z— , caspase — 3 NZ R T-MHATH , S 5
4 Cleaved caspase — 3, 5| & S8 AL, 5 35006 PR A 4E
G FE AR N A SO AR B 3 M, O
bR A KR, IR 3l caspase RIS , $5c 2 B0
Med T,

AR, BAF R E A A o
miR —133a —3p % UCP2 P35 & i I 4 , 22 fif 0 LA
P, RARORECRAPYE T, HALHI T e S T 9 Bel -2, 3%
1% Cleaved caspase — 3 15 5 21 L 4 T2 AH 3¢, 68 i i
A B3O WU a4 A S iRy T B
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