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Rats with Chronic Heart Failure and Mechanisms Involved

FANG Zi-han', XIE Ying-yu', WANG Ming-yang', WANG Ya-nan', LI Yuan-fang',
MU Huai-yu', ZHANG Jun-ping’®
(1. Tianjin University of Traditional Chinese Medicine (TCM) , Tianjin 301617, China;
2. The First Affiliated Hospital of Tianjin University of TCM, Tianjin 300381, China)

[ Abstract | Objective; To observe the intervention effect of Yiqi Huoxue recipe ( YQHX) on ventricular
remodeling in rats with chronic heart failure, in order to explore its mechanism. Method: Among 40 male SD rats,
10 were randomly selected as the sham operation group. The left anterior descending coronary artery ligation was

performed to construct the chronic heart failure ( CHF) rat model. After modeling, they were randomly divided into
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model group, captopril group (13.5 mg-kg '-d™') and YQHX group (20 g-kg '-d™'), and orally given the
corresponding drugs. After 8 weeks of intervention, cardiac tissues were collected, body mass and heart mass were
weighed, and echocardiography were performed to detect the changes in cardiac structure. Masson staining was
performed to determine the myocardial interstitial collagen volume fraction. Western blot was used to detect the
expression levels of mitochondrial fusion protein optic atrophy 1 ( Opal ) and cleavage protein dynamic-related
protein 1 ( Drpl). The quantitative real-time fluorescence polymerase chain reaction ( Real-time PCR) was
applied to detect the expressions of Wnt/B-catenin pathway-related factors such as lipoprotein receptor-related
protein 6 ( LRP6), glycogen synthase kinase-38 ( GSK-38) and B-catenin. Result: Compared with the sham
group, the left ventricular wall of the model group was significantly thickened (P <0.05), the cardiac cavity was
significantly enlarged, and the content of collagen in the myocardial interstitium was increased (P <0.01). The
expression level of Opal decreased, the expression level of Drpl increased (P <0.05), the mRNA expression level
of LRP6, GSK-3, and B-catenin increased (P <0.01). Compared with the model group, YQHX group can reduce
ventricular wall thickening, heart chamber enlargement, myocardial interstitial collagen content, up-regulate the
low expression of Opal, but down-regulate the high expressions of Drpl, LRP6, GSK-38, B-catenin (P <0.05,
P <0.01). Conclusion: YQHX can effectively alleviate ventricular remodeling and improve mitochondrial energy
metabolism in rats with CHF. The mechanism may be related to the inhibition of Wnt/B-catenin related factors.

[ Key words | reinforcing Qi and activating blood method; chronic heart failure; ventricular remodeling;

mitochondrial dynamics; Wnt/B-catenin signaling pathway
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1.1 shY e SD KB, SPF 4%, {& i & 240 ~
260 g, Wy H At st e B AR R A R AL &
FEAIES SCXK (3% ) 2014-0004 , 1] 37 T v [5] B2 2% B} 2
B S = 2E F A B S h by . AR SLER R I R 2
K% S w 3 Y16 8 & 0 s it fE (4 %5 TCM-
LAEC20170043) , i 52 56 #:A4F 9 45 6 b B2 L 2%
R RN YT AR = E

1.2 25% 25 S0 I 5 Bt 265 9 SR JBOkE 7], T 1 R
T R 2 KR — B Be B [ 24 4, e R Ak 5 R
i B 30 g (iS5 1804002) , JH2 15 g(t5
18003095) , f# 7 10 g(Hb*5 1810029) , =L H 1.5 g
(fit 5 1806026 ) , i FH I 5 2% 25 ) Jow & ik J&E
2 gemL ™' RALY A A (L L 2 A BR A
[ 25 7 H31021353)

1.3 5 H#a (Masson) &4 G4 A0 (7 50 AR
FHEA R RIS D026) 5 ok A8 1 4 Bl &
(B ANRLENEZNDREAFRALA, #tS
GMS10013) ; BCA & [k 2 I o il 0 & (3 = KA
Y TARA R AL 45 PO010) 5 ¥ B 45 25 4 M 6 7R
1 1(Opal ), ki ik Zh Jy G HE 1 1 (Drpl) , H
1 -3 -l 1 1 &L Wl ( GAPDH) B 5 B it 1A (35 [/ CST
WA BR 2 A LS 53 0 S #80471, #8570, #
8476) ; HAR i S 1k ¥ i ( HRP) 5 10 (19 1L =F Hi e e
BEREH (Ig) G(EHa RAEW THARA A, 5
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A0208 ) ; trizol 2 f# W ( Ambion 2 |, it =
15596026 ) ; PrimeScript' " PCR £ 7 £ ( H A< TaKaRa
)Lt RR420A)
1.4 {Y#% DM3000 %5~ B 5% (18 [E Leica 2
A)) ,ALC-V8S BI/NF Wy wf i AL ( b i BLR B 2R W)
BHEA R A W] ) |, Vevo2100 AL /N5l 4 75 52 1 52 &
R4 (MK Visual Sonics 24w ), MK3 Y il #5 {X
(EE Thermo Y B A FR A H] ) , ChemiQ4600 #Y
BEWE R RS0 (g B R 2 AR A IR A F)) L ES-2
BRI A3 O AL ( H A% Malcom /A F] ) |, LightCycler
2.0 A S 98O & B A 55 2 R I (Real-time
PCR) (¥ R & A R H ) ,EPS-300 AU A ik 5
FE AL (£ [ Bio-Rad 24 H]) .
2 FiE
2.1 Wi GER gh 25 40 HHEPE SD K RS
NVERRSR 1 RIS, R ALE T Rk N R T R A
(10 H) M #ial (30 H) . 2 M Scik oy """
FARBAFEZ W V1T iR S F LA G540, 0L
M ToP T o 1A 2 K R A e e R 2 Dk iy B =2 F 28
LEEFL, AR IR AT WLEE 2 R 7 D WL P IR e & 5
A REEF ) . EEEN 4 G, iR BENL 73 R
RUZH RIEE A 450G A, B 10 H, 2500
IM12H T 25 005 1 BUkE 20 g-kg ' - d, RIEEFILL T+
FEE A H 135 mg-kg ™"+ do 24 5] B R B I AR
F L B R T AR TR TR B R
Cig) PR ARFR B A FRER K B H 1 IR iS40 2 4
2.2 LIS AR BRI Ak
2.2.1 RO A=A R & o
N ) SR AR R G AT R, DA A O
HEAR RS ACAE 0 o KBRS e I T , S5 JUE T A JRR
P, 4 Sk B 20 R A 6 0 WU, 28 i i 20 K il VT T
DL M B8 75 PO IR DD RE . A A I 20 A
Wi 2 (LVFS) , A =& K KN (LVDD) , £ =
W4 R N A (LVDS) , 2 = &F ik K 4 FL(LVD VOL) ,
eI R AL (LVS VOL) o BT A7 s 24 i B 3%
ZL 3 A0 3 JE B = AT Y (E
2.2.2 M@ CRERTEAEE RS 8 JE HE R AT
PR I A & T i AR A (LVMIT) , 45 R = M
Devereux pR#ERXT A H BITHE . HOM FT— B 25K
12 h, Frig KBRS & (BM) R A 5% K& A REE
O SRR T, TR AT I DI 3 Bl K L, 5 O A
D H0. 9% A BFRER K HE T il 0O E  UE 4N T IS A
LBl A H Ay 40 B i (HM) | 3F 53 420
FFEH(HWI) = HM/BM,
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2.2.3 Masson L a0 LA BT AE IR AL L 0
JIELH 2L S T 10% 1Y WP RE S W v, 28 2ok 6 3 I
KOGEW B A SR A . &2
ORI 0 B B ST K IR R R Y R LS
1k A KK s IR #5 5 Masson &2 & 4y (8 G 1, F
SRR AL I R E Y VK SR AL I B LB
B G W AGE W] s R R, O RO T W
EEE R I AR . Masson Y J5 0 ILEF 4 2 41 4, iX
J 2H LR K 5, B Tmage-Pro Plus 6. 0 K4 43 #r 4k
1 S0 LT BT S5 25 B 43 # (CVEF ), CVF = i85
T AR/ BT A

2.2.4 FHEHREEE I (Western blot) il Opal,
Drpl KL OIS PEEEER 1 em® BA
AP A AL S A RORAS  LZOR R R PR R
R A 4R GO LZ AR 2 1, DL BCA 28 1 ik B
R e e E . MR RN B T UK B AT
SDS-PAGE HLUK#e I, ER A B W H = iR N R
Lh imA—4t(1:1000) ,4 CHFF L%, TBST P i
3WIEMAZHU(1:2 000) = RMEEF 1 h, YIS i
17 ECL Ak 2= k0t A B5% , FI ] Image J 3 FiH5 H
1) 25 AH X 3k i

2.2.5 Real-time PCR £l Wnt/B-catenin i %4 ¢
mRNA 263k trizol 3L H2H RNA , 2 UiME GEik FH &
J& B sk cDNA, FI) 55 40 43 06 6 B2 3 I A
RNA &, AR 20 w9737 95 C i
AR 30 5,95 CAFTE 5 5,60 CiE k 34 5,95 °C 4L
15 5,40 DG, 51 R A TAY TR (L) K
AR~ Al A B, LRP6 5| ¥ J¥ 5] S I iF 5'-
CGTCTACTGGACGGACGATG-3', T i 5'-GGTCCC
ATTGAGCCTTGTCA-3", 8| ¥ £ Ji #7187 bp; GSK-38
g9 % 3 N L iE 5'-GGGACAGTGGTGTGGATCAG-
3’ FiiE 5'-GCCGAAAGACCTTCGTCCAA-3' 51K
J£ 5 144 bp; B-catenin 5| ¥ J¥ %) Ky b ¥E S5'-
ATCATTCTGGCCAGTGGTGG-3', T iif 5'-GACAGCA
CCTTCAGCACTCT-3", 5| ¥ K FE & 104 bp;B-Il 52
F (B-actin) W Z, 5l ¥ Iy 5 I i 5'-GACA
TCAAGAAGGTGGTGAAG-3', ' iif 5'-TGGAAATTG
TCCATTGG-3", 5| ¥ &k 136 bp, HDHEAR 3
AEAL R 27k B RS R X Rk
2.3 Giitedrik SR SPSS 17.0 Geit At s
BUE L) x =5 Fon , 22 BRI 3R 07 22 50 B )
LSD £ 4% ,P <0.05 A ZRA G FE L,

3 &R

3.1 X CHF RE.OIEES =M m 5/ TFAR4A
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L4, #i % 41 LVDD, LVDS,LVD VOL,LVS VOL .
N HEBUE R B TR (P <0.01) 5 5HE AL
FOB, RAEE AL 45 0 4l = WA R BRIE AR
Pyl AR (P <0.01) , 45 TG 415 R ITE A 4l
ZETREER WKL,

3.2 Xf CHF RECOBER BB m  SETFAR
£ He R AR HWT 5 LVMI B TR (P <0.05) 5
SRR LB, AR A4S 4 U 4l HWI
LVMI BB FEAR (P <0.05) , 45 Ui L4 -5 R 485
MMz TR #H 2R, W2,

F1 #HSEMHI CHF KR OCAEBEOCIHERFNE (2 £5,0=10)
Table 1 Effect of Yiqi Huoxue recipe( YHR) on echocardiography in CHF rats(x +s,n =10)

20 5 FE /g kg ! LVDD/mm LVDS/mm LVD VOL/mm’ LVS VOL/mm®
B\ FA - 6.54 £0.60 4.11 £0.34 221.10 +45.80 74.58 +14.14
g - 8.70 +1.35" 7.19 £1.36" 449.69 +151.30" 303.76 +123.07"
e FE 2 F 0.013 5 7.97 +0.38% 5.50 £0.34% 351.60 +34.06% 147.63 +19.94
£ S I 20 7.53 0.79% 5.27 +0.85% 304.62 +66.062 130.56 +39.76%

EHEFRALE P <0.01; HEMA KD P <0.01(F£4,5F).

®2 #MEFMAN CHF KR OHEREHBHHM(x 5,0 =10) #3 HRFEMAI CHF KR CVF MM (x +5,n=10)

Table 2  Effect of YHR on heart mass index in CHF rats (x + s, Table 3 Effect of YHR on CVF in CHF rats(x +s,n=10)
n=10) 413 /g kg ! CVE/%
215 |4 /g-kg™' HWI/g-kg ™' LVMI/g-m 2
/g kg g kg gm BFA B 209 £0.73
[PEN - 3.17 0. 07 723.94 +113.35
i . 30. 14 = 15.37"
ey - 3.73 £0.08")  1019.07 +189.41"
LA 0.013 5 15.95 £9. 642
R il 0.013 5 3.34 £0.09% 847.50 +169. 41%
: A S I 20 4.00 +5.77%
ErR Rl 1 20 2.99 0. 13% 818.97 +186.61%

— - ; —~ ; U 5 R AR P <0. 01 5B ALLE? P <0.05,
VE L P ARALEY P <0.05; SERAL I P <0.05,

3.4 X} CHF K0 HKL{A Opal , Drpl 4 £k
fsm SR FARA A, B4 Opal ik W 2%
FEAR(P <0.01) s SHBIAVZ LA, RIEE A4 5 55X
I 20 Opal FiE¥ W E 4 E (P <0.01) , 4 I Il
4 Opal £k Em T RIEEHA(P<0.01), 5
BT A B, BRI ZH Drpl Fik B ZE 5 (P <
0.01) ; HHEALZH S, RHEE R4 Drpl KI8T W%
Z 5 2R M4 Drpl ik B 2L (P <0.01),
it G L2 Drpl Rk W EF MR T RAGE A H (P <
0.01), WK 2,%4,

3.3 X} CHF KB WUIH] 5 e Do 2 1 43 k1) 5 T

Masson e (4,55 5 7R, B T 0] DU AR T AR 410 LR 5T
DB YN 22 B i T, A AR A L L TRD R R R K R, 5
BERVZH O, RG34 5 25 A0 I 41 R R &
gl 5RFARA i, A4 CVF B 2% 75
(P <0.01) ; 5EIRIA LB, R H65 R 415 25 00 1
41 CVF ¥R FEAK (P <0.05) , 25 I 1L 41 CVF B

Opal S S SR SNEEEE 50-100kDa

Drpl SN T I —

78 kDa

GAPDH WSS > TS e— 42 kDa
A B c D

2 &{AKR Opal F1 Drpl & HRiLHE ik

Fig.2 Electrophoresis of Opal and Drpl proteins expression in rats

A BRFARLL BB C. RIGE A AL D. 45 K L2 (P 2 7))
1 #HEFMAX CHF X RO AL 489 22 i ( Masson, x 200)
Fig.1 Effect of YHR on muscle fiber tissue of CHF rats(Masson, x200)

3.5 X CHF X R0 /Il LRP6, GSK-383, B-catenin

mRNA RIKBFE M ST ARE L, #EAIZ4 LRP6

mRNA £k EFHE (P <0.01) ; SEAIH LI, R
.85 .
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*4 #KFEMA I CHF KR Opal #1 Drpl EERIZEH I
(x+s,n=10)

Table 4 Effect of YHR on protein expression of Opal and Drpl in
CHF rats(x +s,n=10)

45 F 4 /g kg ! Opal /GAPDH Drpl/GAPDH
A - 1.25 £0.02 0.24 =0.01
LY - 0.45 +0.01" 0.29 £0.03"
Rl 0.013 5 0.79 +0.01% 0.28 £0. 02’
2 I L 20 1.35+0.01% 0.20 +0.01%

FEXFI2H 5 25 S5 1L 40 LRP6 mRNA 335 7K -1 i
HREAL(P <0.01) , A ZH LR EFE LS, SHF
AR H#, B 40 GSK-38 mRNA % ik 2 FF &
(P<0.01) ; 5EIRIA B, R H635 R 415 25 <00 1l
41 GSK-38 mRNA A KF-H i Z K (P <0.01),
WAZR LR EZR., SBRTFRA LR, KA
B-catenin mRNA ik B ZF F+ & (P <0.01) ; 5 AY
I, RIEE FI 45 45 A0 1L 2H B-catenin mRNA
FEE K B ERRAL (P <0.01) , B4l 2 [0 G i %
Z5. WES,

£S5 #EFMAX CHF kR LRP6,GSK-38 #1 B-catenin mRNA
FRIEKFHFI (2 +5,n=10)

Table 5 Effect of YHR on mRNA expression of LRP6,GSK-38 and
B-catenin in CHF rats(x +s,n=10)

)
24 5 1 LRP6 GSK-38 B-catenin
/g kg
[EEVN - 1.05+0.09 1.05+0.40  1.45 £0.04
ey - 9.09 +0.32" 3.46 £0.29" 13.26 £0.86"
FIEEF 0.0135 5.17 £0.13% 1.95 £0.02% 4.98 +0. 69
25 AE Ui 20 4.71 £0.67% 2.17 £0.37%  4.88 +0.25%
4 tig

CHF A J 25 FfCs ML 8 B 19 28 2K B B, i — il
O AT R TG 9 R B A 4 BT R 38 A e i [l
W R G REE A AE, BAT 12 0k AT eSS AE
g b R A L5 4 8 A R i B A A
SRR WAl G R B AL . N, R
il B 2w 58 VR 783577 CHF i B B 25 L, B
CHF 19 % ML g 283 B L2 e PRAE AR M0l 3z
RGO AE VR A IAIHR ER 2 35 IR T 0
PR AR B AR AL, R IRATE T 07 1, U A fiE
iz ML, LA 25 5 D) A LR, RS L 45 D A o B
AR O M T JE A 5K 5 B 3 T JULBE T A A HE
Ko #CH Pt S0 3% 0 T BRI, AT B A 4
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AR LB R PSR, D D AR O iR
B =L A, A AT AR 23

AR AR B R BE B 23S B RRAE , KO R Wi 3
FE 25 AT LR L N 3l 285 3 252 (0 2R AR 0 2% L &
R 1800 . LRtk sh 1782 5 Z A4 Y)
ORI DR E R ORI NS € OIN =8 I AN DR AN I
SRR T A L e K R B R
KA By 3 27 78 S5 0 WA= 0 18 15 7 SR AR5 4
A BOCHEERME . B, 2ok ik ml & 2
SR A NIPR S VB N ko TR N B TR U R o - |
Bt AR BT LA K DNA 45 5 felt B f) Leohr (A 9 47 52 i o ik
SAEH RE s SORL AR 73 24 W A 2o 4% o i 45 1) | 5
WO AR R R NS R TR IR SR BURS R A LN
ArE R AR, L E RS EA
Opal ik BALFIE® KR 50 B 59
SRALC WU B b & I 5r 248 1 Drpl 3RGA BH 1B [
16 BN LR AR Bh 2 AT R S 0 S R B
AR T WS Kk B0 IR JE 3h i 5 R (1 2k
KRS T3 2 LAy 3458 &, B R IR R £ i
W, PR Lk A BEAR S s B = e AL
PEBERR AL AN /2 BB 1 (1 B i, im0 LAY A T AR
JE o ARSCEIERT , £ A0 107 T 2 3 WA CHF R B
80 JUJEE JBE R JEE S AR, I B AT 0 L T B e it 5
HAEHBOCRA T RAEE A5 I 9F — Bk B 25 006
1L 75 7738 3 bR Opal 383k K - £ i 4kE K /il &
T Drpl ) 2Rz A g3 2, DT A0 1) 2ok AR T R O
24 A T 32 5 e AR 0 il DL DR TE LR A B i E
R4 T SRR Bl 25 - 47, A 39 I 4y i) R A 4
i 1SR A O UL R 0 RO T AE b YR D T IR &
WL AR o 22 RV A B R T AN A2 1T 3 0 # 44k I 8L
TE R BEAR RO IUUZH M B 45855, AT ) 1 VR
) i Jie F AL .

Wt 48 1SS — Rk b AR SF AE
TR B AR, B e 4R R LR B TR R
R G EEAE ], Wnt 2 20 SUE 25 R4 4 % 2k A2 40 Y
KRB R . H 5 B/~ B-catenin ff Bk 7] i i3
v LA 20 M o3 Ak R 10T 7 1k VR, A AT CHF /Y
HUR BiE T Wat/B-catenin {5 538 655 VR (% 5]
KFR o AEMLHIOFFE 7w, A K IR 2R Wt/
B-cateninf5 5 i [} X £ ki A4 2h 7 2% Z (8] (% BAH AR
A0 WntSa AT 5@ 58 {2 9F Drpl 3 P4 39 0 2k iA N
Ca’" Yk FE A 51 T 1 28 b 1 22 00 € ik 5 4
’fJ(,m: o Hid  LRP6 % # Wnt/B-catenin {5518
e 5 SRR B J1 2 0 A, W] Bl Drpl (0 3 AL
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SRR BE T, 3 CBSE R Y TR AL LR G T
BER A AR SCE 4 R 35 00 I 7 7E B0 VR
R 2o AR A 2 2R AR Rl I R R R B Ay 2 OF
ffffi % LRP6,GSK-38, B-catenin 4§ 5 # 5k [F 36 ik &
T B UE T g8 S0 I 38 i JH 4% Wnt/B-catenin fi
HELORLAR Bl Ty 2 0 - AL R T R A I B
VR NTENLS, JFE — @B E+FE ThEd
1RIT CHF k3% VR A9 FELIE P I8
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