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Effect of Epimedii Folium Total Flavonoids on Angiogenesis of Ischemic Myocardium in Rats

After Acute Myocardial Infarction
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[Abstract] Objective: To observe the effect of total flavonoids from Epimedii Folium (TEF) on the
angiogenesis of ischemic myocardium in rats after acute myocardial infarction (AMI) and discuss its molecular

biological mechanism of attenuating myocardial ischemia and improving cardiac function. Method: AMI in rats
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was induced through the ligation of left anterior descending coronary artery. All male SD rats were randomized
into sham-operated group, model group, diltiazem group (10 mg-kg'-d"'), and TEF low-dose and high-dose
groups (100 and 200 mg-kg'-d"'), with 8 rats in each group. After modeling, rats in the diltiazem group and
TEF groups were given corresponding doses of diltiazem and TEF, respectively, and those in the model group
and sham-operated group received normal saline of equivalent volume, once a day for 7 days. After the
administration, VisualSonics Vevo2100 imaging system was used to detect the cardiac structure and function and
hematoxylin-eosin (HE) staining to observe the histomorphological changes in myocardial ischemic area.
Immunohistochemistry was employed to analyze the expression of CD31 and a-smooth muscle actin (a«-SMA)
in ischemic myocardium and Western blot to detect the expression of vascular endothelial growth factor-receptor
2 (VEGF-R2) and phosphorylation of protein kinase B (Akt) in ischemic myocardium. Real-time PCR was
applied to quantify the mRNA levels of vascular endothelial growth factor (VEGF) and basic fibroblast growth
factor (bFGF). Result: Compared with the sham-operated group, the model group demonstrated significant
increase in left ventricular systolic diameter (LVIDs) , left ventricular internal diameter at end-diastole
(LVIDd) , left ventricular end-systolic volume (LVEVs), and left ventricular end-diastolic volume (LVEVd),
significant decrease in End-systolic thickness of left ventricular anterior wall (LVAWs) , end-diastolic thickness
of left ventricle anterior wall (LVAWd) , end systolic thickness of left ventricular posterior wall (LVPWs) ,
stroke volume (SV), ejection fraction (EF), fractional shortening (FS), and cardiac output (CO) , obvious
pathological changes in the ischemic myocardium, and plummet of the expression of CD31 and a-SMA (P<
0.01), Akt phosphorylation level, protein level of VEGF-R2, and mRNA levels of VEGF and bFGF (P<0.05,
P<0.01). High-dose TEF significantly alleviated the pathological changes of ischemic myocardium as compared
with the model group. Moreover, TEF high-dose group showed significantly lower levels of LVIDs, LVIDd,
LVEVs, and LVEVd, significantly higher levels of LVAWs, LVAWd, LVPWs, SV, EF, FS, and CO, higher
expression of CD31 and a-SMA (P<0.05, P<0.01), and higher levels of VEGF-R2 protein, phosphorylated
Akt, and VEGF and bFGF mRNA than the model group (P<0.05, P<0.01). Conclusion: TEF can effectively
improve myocardial perfusion in peri-myocardial infarction area and attenuate ventricular remodeling and heart
failure after AMI by up-regulating the expression of bFGF, VEGF, and VEGF-R2 in ischemic myocardium
following AMI and activating phosphatidylinositol 3-kinases (PI3K)/Akt/VEGF signaling transduction pathway
which can promote angiogenesis in ischemic myocardium.
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YIRS B0 AU R s R, R AT
JFAE SR 2K, 15 min/ik , AR B H 2 = W R 4 27
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PBS ik o B J5 i A = #H1(1:300)37 °CHFE 1 h,
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Table 1 Primer sequences of PCR

51 Fra(5-3") K /bp
VEGF ki CCACTTCTGAGGAGCCTAGG 216
T it CACACACACAGCCAAGTCTC
bFGF ki CACTTCAAGGATCCCAAGCG 184
T ¥ TCATAGCCAGGTACCGGTTC
B-actin i TGGCTCTAACAGTCCGCCTAG 295

T AGTGCGACGTGGACATCCG

24 GRitse ot SEEEE SR T SPSS 16.0 it it
TPGETE  BE DA x5 6o, 45 20 5 060 B4 38 ) 5 25 5%
PERG 50 )5, 22 2H 0] Lb A FH B DR 3R 5 22 40 B s I L
BER FH WA ST REAS ¢ 46 50 43 BT, P<0.05 2K 22 7 48
ES-9'8

3 #R

3.1 X AMIKROIESH 5IhaemEm 5T
R4, B 41 K R LVIDs, LVIDd, LVEVs,
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LVEVd B & 34 il , LVAWs, LVAWd, LVPWs, SV,
EF,FS,CO W] i T F# (P<0.05, P<0.01) , HH AL
b %, /R B 5L 41 K R LVIDs, LVIDd, LVEVs,
LVEVd 8] & F [% , LVAWs, LVAWd, LVPWs, SV,
EF,FS,CO BH & 3 Ji1 (P<0.05, P<0.01) ; 7 - 72 A %

R2 EFELEWMM AMIXRZAZOEFERMAZHZI (xs,2=8)

i ARG 7] £ 2H K B LVIDs Fil LVEVs B & '~ B , EF il
FS W] 1 14 fn (P<0.05) ; & 7] & 4 K Bl LVIDs,
LVIDd, LVEVs, LVEVd | & F f¥ , LVAWs, SV, EF,
FS B .38 i1 (P<0.05,P<0.01) , 3 A G i3 X,
W 2~4 FNIE 1.

Table 2 Effect of total flavonoids from Epimedii Folium (TEF) on left ventricular volume and diameter in AMI rats (x+s,n=8)

215 i /mg-kg! HR/bpm LVIDs/mm LVIDd/mm LVEVs/uL LVEVd/pnL

1% FA 423.32+52.08 3.2120.47 6.25+0.51 36.54+10.85 215.82+40.23
LT 445.25+85.28 7.08+0.69% 8.64+0.69% 298.85+68.30 410.30+93.322)
Hi IR B 5 10 478.46+42.15 4.15+121% 6.65£0.71% 89.95+60.55% 245.48+62.009
e =¥ 9y il 100 470.68+61.74 5.81+£1.47% 7.72+1.60 195.65+113.23% 367.55+158.60
200 423.32+58.72 4.88+2.129 7.3240.75% 136.62+109.80% 295.74+69.85%

T S FARLLE Y P<0.05,2 P<0.01; 5 HLBIA LAY P<0.05,% P<0.01(% 3~7 [A])

R3 EFELEMMAMIARAZOCEZEENHIM (F+s,n=8)

Table 3 Effect of TEF on left ventricular wall thickness in AMI rats (x+s,n=8) mm
20 51 4t /mg - kg! LVAWSs LVAWd LVPWs LVPWd
BFA 3.25+0.56 2.11+0.42 3.36%0.56 2.08+0.33
LY 1.52+0.712 1.41£0.472 2.42+0.602 2.14+0.39
iy 7R B 10 3.26+0.349 2.25+0.329 3.18+0.45% 2.25+0.42
e gy ] 100 2.02+1.45 1.50+0.88 3.35+0.72 2.51+0.48
200 2.68+1.029 1.69+0.45 2.96+0.97 1.98+0.55

R4 EFERHEWI AMIKXRAZCEOINEE

Y80 (X+s,n=8)

Table 4 Effect of TEF on left ventricular function in AMI rats (Xx+s,1n=8)

21 51 il /mg - kg! SV/uL EF/% FS/% CO/mL*min™!
BFA 183.00+42.05 81.55+5.62 55.27+7.14 80.65+25.45
iR 112.32+45.282 25.88+12.05% 14.12+6.10% 45.20+24.85%)
bR 4 5 10 162.80+52.25% 66.53+18.82% 42.08+17.559 70.74+20.83%
TR B 100 139.74+69.95 48.56+24.02% 26.95+15.35% 58.36+35.17

200 154.08+48.72% 57.90+25.469 37.22+24.14Y 68.95+23.88%

AMRF AL BATHL  C. /R 552 DR - 2 A B (K500 4 2 s B o 202 R B v ) ek 2 (BT 2~5 ) )

Bl1 E¥EERHEMIT AMIKROMEN S5 IhEE M
Fig. 1
3.2 X AMI K BLC UGk Il X BB S 52 ik
FARM KRB0 NUE 5], 40 i 25 KT8] 5t 25 14 1
WO WLET 4R35 M7 AT L, HE S B S B OR RO
VRS SO AT 2 LR W 228, O WLEF 4E 22 AL 8, A
A AN TR A B A0 LA IR BT, A B I ) R 8 4 i
. 44 .

Effect of TEF on cardiac structure and function in AMI rats
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O WLET B S 2L 3 200 LA 3 O, 0 LT
2 TR AT — R W 45 Al ZH AU A0 JLET 2 T R R A
PRI AR A D B R AR o e R 4R R

A B

AT UL WLET i A — s B BE A 3K AL, 2 70 230 UL 46 i
FER O WUET 4k 6] A /D S 19 45 4 ZH 4008 2, 0 JILER
Al S R A IR R AR R . WK 2.

B2 EFEEZEMIT AMIX RO YLER D E R 7 EE B0 (HE, x100)
Fig.2 Effect of TEF on pathological structures in ischemia myocardial tissue of AMI rats (HE,x100)

3.3 XF AMIK B0 WLER I X CD31 5 a-SMA £ ik

G SR TR R A AR B LR I 25
Z1CD31 5 a-SMA ik B 3% TR (P<0.01) ; 5 HIA
ZH L AL, R S R BT AR o 20K BLC L CD31 &

B3 ZFEREMI AMIKXROMER M AL CD31RIEHIFM(FrEH L, <100)
Fig.3 Effect of TEF on expressions of CD31 in ischemia myocardial tissue of AMI rats (IHC, x100)

A
B4 ZFEZEWI AMIKROULER M AR o-SMA K& R0 (FIELH L, x100)
Fig. 4 Effect of TEF on expressions of a-SMA in ischemia myocardial tissue of AMI rats (IHC, x100)

£S5 EBEEREWNAMIXAROANKMASR CDI1K a-SMA &
BRI (+s,n=4)
Table 5 Effect of TEF on expressions of CD31 and «-SMA in

ischemia myocardial tissue of AMI rats (x+s,n=4)

20531 il /mg-kg! CD31 a-SMA
R FA 535+116 58496
(el 224822 2584882
Hb IR B 10 325+118% 36241129
VR A T 100 298+67% 272+105
200 3764924 328+104%)

3.4 X AMI KB LBk 10 X VEGF-R2 25 H 5 Akt
Btk R B m  SEFARA i, A E KR
O LBk I X VEGF-R2 2 H £ 35 5 Akt B 12 1k K

B E U] R (P<0.05) , [A) I 3 5 72 6 3 B v 77
H 5 MR B 4 R BRI CD31 5 a-SMA ik
B S n (P<0.05, P<0.01) , Z 5 A WA B Hit2= &
X WIE3,4FFKS.

Wl R R, B it B L (P<0.01) . SERIA L
B, TR R BRI A R L 2H R R
O WLZH 21 VEGF-R2 3 ik o Akt B 1R b 7K ~F ¥ B
4 (P<0.05,P<0.01)., WK 5HIEK6,
3.5 X AMI KRG LBk i 2H 48 VEGF 5 bFGF
mRNA KAWL 58 FARA L, BRI
44 41 f VEGF 5 bFGF mRNA % ik W & T %
(P<0.01); S5BIAIA] b, 1 26 28 R PR I v L IR &=
2 Je Hb R B L 2R B0 DILAL 8L VEGF 5 bFGF
mRNA 335 B 8 3 i (P<0.05, P<0.01)., WL 7.
4 g

AMI & 180 7 562 3 A7 9K J2 42 BR3P 34058 A
BN EEE N Z — REFERZIBIT TR,

.45 -
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VEGF-R? s -« G -~ = &= ))()kDa

carl DD EDED WD 6D
okt D — - - ),
At DD - - - o 0:
carpH (D o0 D D G s D:

A B C D E
Bs5 SAAROCNBRMALR VEGF-R2ERKRIXS Akt BBk 7k
ik
Fig. 5 Electrophoresis of VEGF-R2 and Akt phospholylation

expressions in ischemia myocardial tissue of rats

Fo6 EFELEMI AMIXROMERMALR VEGF-R2ERZES
AKtBEER LI (X+s5,n=4)

Table 6 Effect of TEF on expressions of VEGF-R2 and Akt
phospholylation in ischemia myocardial tissue of AMI rats (X+s,

n=4)

21 5 # 4k /mg-kg!' VEGF-R2/GAPDH p-Akt/GAPDH
AR 0.82+0.08 0.98+0.07
LR 0.54+0.052 0.69:£0.06%
HiL IR B 10 0.75+0.07% 0.78+0.04%
jeEiegsy ] 100 0.62+0.05% 0.84+0.07%

200 0.64+0.04% 0.88+0.06%

7 BFEREW AMIXR O ALER I8 R VEGF 5 bFGF
mRNA RIZHHI (X+s,n=4)
Table 7 Effect of TEF on mRNA expressions of VEGF and bFGF

in ischemia myocardial tissue of AMI rats (x+s,n=4)

215 Fl i /mg-kg! VEGF bFGF
BFAR 1.05+0.13 1.1240.11
F 0.65+0.112 0.72+0.14%
HiLJK B 10 0.85+0.129 1.02+0.139
TR R 100 0.77+0.12% 0.91+0.10%

200 0.82+0.13% 0.94+0.13%

0 AMIJ5 0 D1 RE W &2 K B AMI [1] 0> J) 52 08 5 A
B F B A A BE S B B RO . AMIZER | 1%
& B K I TR] A G ot 5 BROME B X 0 WL AR AR K B
Bk . AMIJE B T0 LA IR 38 | R GE | 40 i JIE
KB4 2 e Rad B 2F 44k 25 5 Ak 0
A A S B it KRS R, AMI
Ji O LB 40 0 55 % B O R R LR JEE A R A o0
U A o AR v ) DG B R PR i A AR AR
BN Sy 2 TE O WURE B Ji5 K 5 e i DX 35 1 8 5% AR
AR, PR R A A AT BRI R

I A R T I A8 A i AR AR K R s A
5K ) 45 I A5 AR AR T RIBECR , DARAT AE AR 1 i A

. 46 .

filt I 28t 2R s o 0% 50T i A8 Y AR B R 0
WUAS B Ji5 155 A A SRy — b b A2 s g, AT A
7O W SR it DX 3R 0t VAR X0 ILAH BUBE A % Ok
HE, MRBREMERR TS5 T AMILE 4
A= i, Ho b VEGF #1 bFGF 16 AMI Ji7 0] LA 3 i 25
PRz 4 B, E AR A AR LT R b B AR
Y. VEGF % (M & W Rk, B4 120~200 4~
SR 245 ) 5 H A2 K VEGFR2 45 4 i
E PRz 20 M A7 B ORISR | TR A 2 A0 A Ak
B 5T W A L A Bl TR A 0 S 0 AP L. bFGF 5 3L
ZARGE A, FURRR A A 2Rk, DI 4 5 A0 i 56
B RN AE A% | A1 2 S 2 UL A0 B 1, A 2 BORT I
(14 JE ) I 38 i < A% 2117, B4 Ik bFGF Al VEGF 7
PR PR Il P AR B DR IRIE L © R T AMIT S 3
Ty S L 2 SUAR Bl 0 LB RE R B Lk R il
PEBLGT AR S 2 — 2 ST s /N B LR
B X 30 Akt B R 1k 7K F 5 VEGF 235 A H R F AR /)
FRIH &R %, #2R T PI3K/Akt/VEGF 41l i {5 5 & 1%
Z 5 7.0 DU B8 J5 i8R A . AR A R B
R, R EAMIG H B 5 50 T BE R [ Bl 28 BEAR
I 28 NN~ £ a1 1 e A TN K 1
X 3 I A 45 S B S ) CD31 A a-SMA 263k B AIG
T A0 1 DX sl AL BRI 0 6 5 a1 d T B O LA AR
HETE AN L 2 S B0 % AL R ) 5 i 1 2 R
E— 2 WF 5% & B, Bl i X 50 L VEGF K H: 32 {4
VEGF-R2,bFGF ik 5 Akt i B2 1k /K F B 2 F % .
X LE AR UCUE 55 bFGF 5 Akt 8 W2 1k K #i i) VEGF
w5 AMIJ I8 8 A B VAR OG .

o H S A R ik I 2 R R I A T R R
TRk FEWE I 5B R AR O R AR R T,
kLM Z RS EAETFE AR AT
g LB KR AR R TR R ZAR VT 2K
o BORN BT AR AT AR B A A AR AR, 33X R AR
2 2 A AR I A A AR BEE T B SR, R
S 2 B WY R R A TR AR N RN B B 2y v
RN FETH B B s KR AMIG O F &
¥ 5.0 T fg 5 m sk i 0 WLZH 21 CD31 il a-SMA 3%
ik 5 [A) B3R A G i o0 L ZH 20 VEGF B H: 32 A
VEGF-R2,bFGF %35 5 Akt #1421k K F 8 3 T+
Ui W R 2 7S T A A 9% I 1% PI3K/AKUYVEGF 41 g
15 5 i % , 1 il VEGF-R2, bFGF % i5 , 1/ fif K K
AMI J5 St i O L 201 4578 A=, 28 210 sk %0 AL ke it
PR E M H A . HE Je 45 e 52, 2240 B
= O 1 = R | R RS R R 231 D R |
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Lo iU WUZT 24 25 0 A 8 A O Y 20 A7 W) 0 ) ok 3

Li L RTIE i AR A R i 1 AMI S

i 0 L bFGF, VEGF & H3Z {& VEGF-R2 K ik ,
i PI3K/Akt/VEGF 40 g {5 5 3 #% £ {7 Bk afn > AL 1
R AR AT DACEE O WUBE B X R 300 LA 3500E VA
JE RS 38 B K B AMIS O % 50 &0 T g
BRI AR, DT 6 22 O LA BE 1] 20> ) 6 52 o o Bt
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