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(Abstract] Objective To investigate the effects of the Yigi Huoxue Formula (YQHXF) on autophagy and phosphatidylinositol
3—kinase/protein kinase B/mammalian target of rapamycin (PI3K/AkvmTOR) signaling pathway in coronary heart disease (CHD) rats
with qi deficiency induced blood stasis pattern, and to clarify its mechanism of action. Methods Forty—eight male SPF—grade SD
rats were randomly divided into sham—operated group, model group, YQHXF group (17.1 g-kg"), and western medicine group (isosorbide
mononitrate 3.6 mg-kg™), with 12 rats in each group. Except the rats of the sham—-operated group, models of CHD rats with qi
deficiency induced blood stasis pattern were prepared by ligation of left anterior descending coronary artery combined with
swimming exhaustion method in the other groups. For the sham—operated group, only threading without ligation was performed. After
14 days of gavage intervention, samples were collected. The general state and changes of electrocardiogram were observed among
different groups of rats. The cardiac function was measured by echocardiography, whole blood viscosity by hemorheography,
pathological morphology of myocardial tissue by HE staining, myocardial ultrastructure by transmission electron microscopy, mRNA
expression levels of Beclin-1, LC3-II, Akt, and mTOR by RT-PCR, protein expressions of Beclin-1, LC3-II, Akt, and mTOR in
myocardial tissue by Western blot. Results Compared with the sham—operated group, the model group exhibited worsened general
state: elevated ST segment of electrocardiograms (P<0.01), decreased ejection fraction (EF) and fractional shortening (FS) values (P<
001), increased left ventricular internal end-diastolic diameter (LVIDd) and left ventricular internal end-systolic diameter (LVIDs) (P<
0.01), increased whole blood viscosity (P<0.01), disorganized myocardial tissue arrangement, severe myocardial injury, significantly
impaired myocardial ultrastructure, up-regulated mRNA and protein expressions of Akt and mTOR (P<0.01), and down-regulated
mRNA and protein expressions of Beclin-1 and LC3-1I (P<0.01). Compared with the model group, the YQHXF group and western
medicine group both showed improved general state: decreased ST segment of electrocardiogram (P<0.01), increased EF and FS
values (P<0.01), decreased LVIDd and LVIDs (P<0.05, P<0.01), decreased whole blood viscosity (P<0.01), aligned myocardial fibers,
improved myocardial cell structure and morphology, ameliorated myocardial ultrastructure impairment, down-regulated mRNA and
protein expressions of Akt and mTOR (P<0.05, P<0.01), and up-regulated mRNA and protein expressions of Beclin—1 and LC3-1I
(P<0.05, P<0.01). Conclusion YQHXF can improve cardiac function and ameliorate myocardial injury in CHD rats with qi
deficiency induced blood stasis pattern, effectively treating CHD with qi deficiency induced blood stasis pattern. Its mechanism of
action may be related to the regulation of PI3K/Akt/mTOR signaling pathway and the activation of autophagy.

(Keywords) coronary heart disease; Yiqi Huoxue Formula; qi deficiency induced blood stasis pattern; PI3K/Akt/mTOR

signaling pathway; autophagy
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inositide 3 —kinase, PI3K)/ZE H #4 [ B (protein ki-
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target of rapamycin, mTOR) {5 Sl EIES 5 A W
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FHZ 5 R, L AWEEER Beclin—1 Fl [ BEFRE
YIRS RO M 1 524 3 (microtubule—associated pro-
tein 1 light chain 3, LC3)- Il #J5 PI3K/Akt/mTOR
{5 BB R B YN, AR, AT LU I 5 PI3K/
Akt/mTOR T8 BRI AL B WK, AR 2
R A, 4 S0 05 PT3E  PRBERR IR 1 (cyclic
adenosine monophosphate, cAMP)/FR R [ 1 & 7
5 WA IR 58 #0211 (exchange protein directly
activated by ¢cAMP1, Epacl)/Ras—[f] ¥ & I 1 (Ras—
proximate—1, Rapl) Toll ¥£3Z{A (Toll-like receptor,
TLR)4/BEFE53 LA T 88 (myeloid differentiation pri-
mary response gene 88, MyD88)/#Z X T —kB(nucle-
ar factor—«B, NF—«B) /! 3£ L7 F i 3 (methyltrans-
ferase—like 3, METTL3)/0x [ #2508 £ A4 9 e ik R
 2(heart and neural crest derivatives expressed 2,
HAND2) /546 A K K F--B 1 (transforming growth fac-
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A PR ATIE S R SCXK (31)2019-0004 , i Ak IE

5K 430727221102772771 , SE56 B (i FHAE AT 3IE 5
i SYXK (H#1)2019-0009 ., A Fl ] 77 i1 e Hh B 24 K
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22~26 °C,AHMHRIE 40%~70%, 5% 3 K, A ke
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Bz 2G5 e B s = e 24 700 B, BEA% . 10 g/4,10 4%/
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1-Ig.60203-2-Ig .66888-1-Ig .66665-1-Ig 14600
1-AP),
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FECAR 160 L FEIST B AR R
2.5 BEOEEKRN

FH 5 e FEA T P BRI , 465 R SRR R [ % T
BB , T #8170 R UM T R 1R 500, 1T
PRI BT R B W BE  PRKA8 18] 11 55007 [, 7548
PRI T A EIA M ORI, iCsRRRAEE
SF M43 %X (ejection fraction, EF)FIZ: .28 S dlni 45
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IR R 2223 R B O Akt . mTOR  Beclin-1 |
LC3- 1 /) mRNA 7K, SIHFPAIHERE 1,

&1 519F5!
Table 1 Primer sequences
F N2 5191751 (5-3") K /bp
GAPDH 1E[[ : GACATGCCGCCTGGAGAAAC 92
JZ 1] : AGCCCAGGATGCCCTTTAGT
Akt 1E[H] : CACAGGTCGCTACTATGCCATGAAG 95
S : GCAGGACACGGTTCTCAGTAAGC
mTOR 1E[H] : CATTCCGACCGTCTGCCTTCAC 136
JZ ] : GACCTCACCGCCACAGAAAGC
Beclin-1 1E[[] ; TCAAGATCCTGGACCGAGTGACC 110
JZ[H): CTCCTCTCCTGAGTTAGCCTCTTCC
LC3-11 1E [ ; CCAGGACAAGCAGGCAGATGAAG 149

J2 ] : CAGGCTTTCGTCTCTTCCACCATC

2.10  Western blot #&illi%

YRR TR BRIV 2 g 20 i 0 i B L 7
W, BCA YL FIHe R S5 FIARAL LARESL 10 pL fHE
A KA RS FERR A 6T mTOR(1:10 000)
Akt(1:3 000) Beclin—1(1:4 000) LC3-1I (1:4 000) .
GAPDH(1:10 000)#47#i %, & T 4 CUKFATEIK,
i E A, TBST MR UENE . T =41 (1:10 000)7E% I
TRERIBER 1 h, TBST WL, ¥ ECL P i ii%
11 @Y IR S BGE =R T PVDF B || SR I 5E
B AR AT ZR G 52, RAE RS, (8 Imagel
Ao BT IR BE A
2,11 SitEFE

K HI SPSS 25.0 Ge it 2 A AT 92 30 B Y
GIAT, TR BORNT “xas " FROR AT G ES YR T 22

Tk, RSN E T Z 00T 240 i, 17
7 EFER BT E  LSD /. DL P<0.05 R
HAEG 3L,

3 #R

3.1 KER—EREM

1B AR ALK BURS MRS R4 I TG sl 0
W, BEOLE, ST R E, B 4K Bz i
A BT B RS A TR shi b AT EhiR g |
B i H 2 vk G S ARt 4] WE R ) IR 5
B, AEEEAH , ERL S, SR, &
SIGIM T AR VGG T 7 d I KRR iR S
W R R ISR 2T 14 d KRR
ARSI W2 RS MRS R IR TE W, 16 3
JEREIN, B LR, BB A 20, (R T
.
3.2 ESE M XK RO B B R R

TSR , 25 41K B HL R IE &, 1T A IE 3
QRS PIEHLN], ST B Ty iEH , #H 14 dJ5,5
TR ARZH L, AR 2 R Rl v 11 HH B S, ST Bt
5 ) AR R (P<0.01) s SR RIA] AL, 45 <
I 15 4R 25 20 K R i TR s 1 ST B B ]
7 (P<0.01), TEULIE 1.3 2,
3.3 #SGE M XK RO ThBE R R ME

S5RFRY L, A4 EF (FS {H A (P<
0.01),LVIDd . LVIDs {EF+ & (P<0.01), 54 [
B3R AE ML 5 4H  PE 254 EF (FS {78 (P<0.01) ,
LVIDd  LVIDs {E % (P<0.05,P<0.01), L3,
K2,

A

Erra PR e e e
BRI e i . =, PR SR e
26 =y > g 4 = ‘
MAIEMAH el b Aol O R e e
e = i
TUZHEA il e e i T HEEE A e

AERE

BT 14 dF

B1 REXBRORELRE

Fig.1 Comparison of electrocardiogram among different groups of rats
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F2 BAKRROEE ST BEEE (3vs,n=12)
Table 2 Comparison of ST segment in electrocardiogram

among different groups of rats (x+s,n=12)

2H 51 ST Bt/mV
BFARA 0.02+0.07
HRIZ 0.30+0.447*
i S L5 20 0.17£0.02%
[ 0.160.02*

L SIRTFAR AL, #+P<0.01 ; SHHIL A, #P<0.01

F3 BAKXBROMEELLE (v+5,n=12)
Table 3 Comparison of cardiac function among

different groups of rats (x+s,n=12)

25 5 EF/% FS/% LVIDd/mm LVIDs/mm
BFARA  87.74+3.54 52.68+4.81 6.11:037  3.13x0.44
BRIZH  67.21+6.46%* 33.16+4.33%* 8.21+0.88%* 4.99+0.98%*

FEAUFMG L 82.2625.17*  46.32+5.51%  6.85:0.78° 3.83+0.61%
(e
T SRTARLLLEL, #+P<0.01; SHFIL LLEL, *P<0.05,%P<0.01,

80.71+4.52% 44.67+4.77% 7.03+0.56" 4.19+0.38"

AEILH
B2 JAXRESOIE

Fig.2 Echocardiograms in different groups of rats

3.4 wmRiEM7AX KR ML REFHS0E
HIRT ARG A, BOAE s VIR T
(P<0.01) , S RIA] LA, 45 UG I 7 4L A0S 25 2
I IR TR (P<0.01), TEILER 4,
3.5 mRiEMANKRONARFEZHRN
BT ARL R E O LEHED B % ST, 45
e, ST ARG L, BRI R SO LT ZEHES
-~ RS B TS Ve ST 1 et 00 L N1 0k 23
GG, SR URR, £ L7 4RI 25 2 K

x4 BAXRBRMBERTFLE (xxs,n=6,mPa-s)
Table 4 Comparison of hemorheology among different

groups of rats (xxs, n=6, mPa-s)

215 TRDIRERE T EIRREE FUIFREE
BFARH 20.72+5.66 2.52+0.77 1.8320.59
FEAIZH 43.49+1.59%%  T.18+0.27%%  5.56+0.22%*
IRIGM AL 25.96+2.82% 3.35+0.45% 2.58+0.34*
[Tt 24.66+4.53" 3.170.56% 2.29+0.43%

S RTFEARE A, **P<0.01 ; SHEIZ AL, #P<0.01,

B UL ZH 2P P2 30 O AN [ 7 38 A Bl 3, 0 L2
MU S SSRGS , DI EHES BN 5T . PRI
K3,

¢ = “;
2 S P,
~ ¥ o e
A 2 L 3
r 3 ) “ - 7 ¥ =7y
fieFARAUL FERIZH
3 'A BN ) ) 2. W,
‘\ y X :
EE AL e

3 FHAKRFOIALR HE FBEE (x400,55=50 wm)
Fig.3 HE staining in different groups of rats
(x400, bar=50 wm)

T B S A RR O VA A HES 2L, O LA IR AR IE 5 2550

Il J5 2 ANV 2520 7 SR A s O WUET AEHES R 5

3.6 mRIEMANKRONARBRGEIIIRI

RFARAREC WML ER TSR, O
HILEFHEHES B S WLZZ 35 0 , SRR 73 A1 32 ks
RIS R NI HRESAT P, ELAR UL I i) /M
SERFARLE AL, BRI R DL HES 84 55 1.0 AL
£P4E, S5 I BBER WU AR SE R SR AR ] ik
JEAS B, IS HES IO 5L, W B AT Ok, 2
s T, Al WA I IMA, SRR LA 45
I L5 AL VG 28 2 RO LA 4EHES o8 8 5% L
22 JoWL S A AN BLGE IS HES AR A, 544
TR S, LR AR/ M 25 H B B i K A2 TR, 4
feas s, AN A 2, TEULIA 4,
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fi A L2
B4 FAXROAMMAEBREE(x6 000,F7=1 pwm)
Fig.4 Electron microscopic images of myocardial cells

in different groups of rats (x6 000, scale bar=1 pm)
PEaS: N T NS R s S P

3.7 @mRF\EMFIFTKR Akt ,mTORBeclin-1,1.C3-
I mRNA Tk 0m

SEFARA I, HAIZH Akt . mTOR Y mRNA
F35 FIH(P<0.01) ,Beclin—1 . LC3- I 1Y) mRNA ik
T (P<0.01),, SR LA, 250G Iy 4L R 6 24
ZH Akt,mTOR [) mRNA F&R¥ T (P<0.05,P<0.01),
Beclin—1 . LC3-II i mRNA ik i (P<0.05,P<
0.01), IS,

®5 BEHXROUALR Akt,mTOR,Beclin-1,LC3-1TI
mRNA RiALLEE (x5 ,n=6)
Table 5 Comparison of mRNA expressions of Akt,
mTOR, Beclin-1, and LC3-1I in myocardial tissue

among different groups of rats (xxs,n=6)

215 Akt mTOR Beclin—1 LC3-1T
WFPARH  1.00£049  1.0020.17  1.00£0.11  1.00£0.16
HEIZH 1.95+0.33%% 2.00£0.18%* 0.40£0.07%* 0.50+0.16%*

FAMEMATH 1.22+0.12%  1.5520.17%  0.78+0.12%  0.73+0.08"
Vazhd

0 SR FARL L, #+P<0.01 ; SR L, 7P<0.05,#P<0.01,

1.37£0.28%  1.6320.217  0.91£0.18% 0.75:0.04*

3.8 IMRFMFIFTKR Akt,mTORBeclin-1,1.C3-
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Fig.5 Electrophoresis of Akt, mTOR, Beclin—1, and
LC3-1 proteins in myocardial tissue among different

groups of rats
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Table 6 Comparison of Akt, mTOR, Beclin-1, and

LC3-II protein expressions in myocardial tissue among

different groups of rats (x+s,n=6)

21 5] Akt mTOR Beclin-1  LC3-1I
BFARH  1.000.17  1.00£0.08  1.00+£0.09  1.00£0.05
BIRIZ] 2.13+0.24%% 3.29+0.46%% 0.57+0.09%* 0.64+0.03%*

SEEIEIMITAH 1.64£0.12%  2.29+0.53*
[IESEE
H SEFARA S, ##P<0.01; SR LT, *P<0.05,#P<0.01 ,

0.86+0.08"  0.80+0.02°
1.35£0.16% 2.22+0.56" 0.85+0.09* 0.88+0.08*
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