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Exploring Effect and Mechanism of Aerobic Exercise for Yang Deficiency
Syndrome of Chronic Heart Failure in Rats Based on Theory of

“ Exercise Can Generate Yang Qi ~
XU Lu-Hua'?, ZHOU Xu'?,  JIANG Feng', SONG Yin—Zhi',
ZENG Zhi—Cong', ZHANG Xiao—Duo', WEI Shan-Yin', LIN Feng—Xia'

(1. Bao’ an Hospital of Traditional Chinese Medicine Affiliated to Guangzhou University of Chinese Medicine, Shenzhen 518133
Guangdong, China; 2.Graduate School, Guangzhou University of Chinese Medicine, Guangzhou 510405 Guangdong, China)

Abstract: Objective To explore the effect and mechanism of aerobic exercise (AE) for yang deficiency syndrome
of chronic heart failure (CHF) in rats based on the theory of “exercise can generate yang qi”. Methods Abdominal
aortic constriction (AAC) was used to establish CHF model, and then combined with cold stimulation (CS) to
establish yang deficiency syndrome of CHF model. Fifty healthy Sprague— Dawley rats were divided into sham
operation group, Clam group and AE group, of which Calm group included CHF without exercise group (AAC+
Calm group) and yang deficiency CHF without exercise group (AAC + CS+ Calm group) , and the AE group
included CHF with exercise group (AAC+AE group) and yang deficiency CHF with exercise group (AAC+CS+AE
group) , given corresponding treatment. After 8 weeks of exercise/no exercise intervention, the degree of yang
deficiency was assessed using the traditional Chinese medicine (TCM) yang deficiency syndrome score scale,
levels of ventricular remodeling and cardiac function were assessed by ultrasound, mass weighing and
hematoxylin—eosin (HE) staining methods, and expression of autophagy—-related protein microtubule—associated
protein 1 light chain 3B(LC3B), p62, Beclin—1 in cardiac muscle tissue were detected by Western blotting assay.
Results Compared with the sham operation group, the yang deficiency syndrome scores, values of left ventricular
end—diastolic dimension (LVEDd) , left ventricular end—systolic diameter (LVESd) , heart weight (HW )/body
weight (BW) ratio, left ventricular weight (LVW)/BW ratio and LC3B— II/LC3B- I ratio and Beclin— 1
expression level in the Calm group were increased, ejection fraction (EF) value and p62 expression level were
decreased (all P < 0.01) , and HE staining results showed that the different degrees of cardiomyocytes
disorganization, myocardial hypertrophy, nuclear swelling were seen; compared with the AAC+Calm group, the
degrees of the above changes were more obvious in the AAC + CS+ Calm group (all P < 0.01). Furthermore,
compared with the Calm group, the above changes were significantly antagonized in the AE group (all P < 0.01).
Conclusion The degree of yang deficiency in CHF rats is closely related to the degree of ventricular remodeling and
deterioration of cardiac function. AE can effectively correct the state of yang deficiency in CHF rats and antagonize
the ventricular remodeling and deterioration of cardiac function caused by CHF', and its mechanism may be related
to the regulation of autophagy of cardiomyocytes.

Keywords: aerobic exercise; heart failure; yang deficiency syndrome; ventricular remodeling; autophagy; rats

18440 J1 5535 (chornic heart failure, CHF)Z%
o L A5 Y R B B, ™ E S M S AR AR T
Bt A, E WIS A0 i i B A
H T S T A R R, LA SE B AT R AR B A R
TN A SR — b 3 FRORSF IR BT
338 M1, A% 1530 (aerobic exercise, AE)ZF0F
FEE T BLREFS U0 2 BAY S CHF, 387350 L2
JL A W] RE A HAE T ALHY, (B INZ) = Y

WAB, iR, HEshZ, BIERZ.” HIE
P 27 IA 0 BH R A CHE B9 s v o5 4 o 22 s (o,
“H AR BT CHF 367 A B 248 5 8 L,
A 4AE B H B0 AT LIGE R AR Bt i 2
IE CHF B B RS, X 5B 4z
BP0 % H AL T RS CHF O D RERY B A 57 ith
Al T2 40, (B H ATl BA 5T iz shxt BH kg ik
CHF /R ALH AT T A AR SCARIE o ASBFFORE 3 T
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“HNAE T RIS, A FH R I CHEF K SR
B, WA s SR RS 2 IR O, X
FLOEEWALGIIREM BRI PERT, A0 A AR SC 2R
FI R IA K R2 i, AR ST A Az 34 BH R Ik
CHF K BB AN R GREDL], 28 sl AR B
s B TR LA S, BUB IR A RAGE A .

1 #MH#55 %

1.1z 8% SPF 2% SD Mt AR 50 H, A%
7200~220 g, W [ RIINTTF L b BER (BT 5255 5
Yt , S A IEYS . 11400700344861 .
S I A PRI T & B e (SR ) (e B 5t it
HEIF TR 2 rp BB (B ) 5250 3h Wy v 3k
7o

1.2 RAFIEEE 1.0 o/LIHEE ALK (LR
HKERHARAT) 5 B R TTHE 73 (RIPA) 2%
(25 [ Sigma— Aldrich 23 7 ) 5 W bk FY R
(BCA) IR & ( HR A RAEYHARARAF); #
b5 & (ECL) 3857 £ (32 [ BioVision A F] ) 5 1
B EH 1525 3B(LC3B) . p62. Beclin—1 Fl
GADPH HT#& (€ [ Cambridge A H) ) 5 AR FE 4T
(HE) Y43 . rh P e (O M T 75 852 20 A BR 2
F)) o WI5635 %112 Bi /N & (A6 at R P AR
FABRZAE ) ; HPSONOS 5500 AU (5 4 75 £2 31
KA (SEE GEZAF]) 3 JAT003N HEL KA (L ik
BRLFAASA RN F] ) ;3 ImageQuant LAS 4000 %4 75
1 502 1305 (Western Blot) 5717 i 52 (35 |5 GE 2
Al

1.3 &RFGZE S CERT-9R N F3h ka7
A (abdominal aortic constriction, AAC)%%& ¥ il i
(cold stimulation, CS) 7 & 788 G fa PO J1 58
iy R B PH R TEASE Y . AAC R T g 1 far 0 )
VY . SD HEPE R BUSE NSRS, DL 100 ¢/L
IKAGAE (3 ml/kg) I8 s FE SRR AL ) o AL 2B

BT, TN, BRI, Bk
B Ek, FAE K LT 5 mm 18 3 bkAb ik
B EHAN0.7 mm(226) EifbE k. 45FL)5 Hhi
%, RPN, NS4S THERRTESR (2077 54/d)
FRFFALPR ST 3 d AT e . IRF AU FARS
BRI L, (ORSEATE5 LB . CSTRM R BRUH
WEBLRY . AACARJFIERMRSR 1 )5, & H [R—fE
W K FRUIE T-2 ~ -4 CRIVKAES, HR2h, HHF
“E2
1.4 SDERIBEEHFTRE K50 HMEM SD K EA%HE
MU R0 BT AR . O 1 4 (AAC L) Al
FH R O 1 5 3 2H (AAC+CS 4H ), £ 4140 5 M 10,
20, 20 H. #& BRrEER S, TR . AAC
HFAACHCSHAA 3. 6. 8 A KFIET:. RIGH
MW B TR, AACH KRR AT
A (AAC+Calm 4 ) . O B iz sh 4
(AAC+AEZ), B4 47 H; AAC+CSZH KN
BH R > ) 58 0B 22 4 2H (AAC+CS+Calm 41 ) 1 B R 0>
JIFERIEEH (AAC+CS+AE 4L ), HH%& 6 H,
1, AAC+Calm 20 Fl AAC+CS+Calm ZH S F5 A Calm
2, AAC+AEZHFI AAC+CS+AE 4G M AE 4,
BETE . AEAIRRAE 12 MU M & o i
Hizndl, 7S Bedford )7 &, 2 slm 2 R
W A2 ORI 5T 45 SR h ok CHF K B0 T RE B
fEMEg tifr, BIKZh L. BamEnl
80% Hx KA A 1t (VO, ), B HLBURA B R 6°,
1B EH 32 m/min X 12 min/Ik x 3%/d, iz
8 Jil o MRF AL Calm 21 K FUE TR %1 H3% 3
G 8, ISR AE A,
1.5 FEIE&(PHEIE) BT R
Py FERE -, 245G CHF MR PRAFFE B Bs FH k2 21
W, il CHF K BUBH K I A5 B0 7 40 A o (L
1), M NI8SF, 6~T/ NIIHEIERMN, K
BB 8 ~ 1250 ABHRIE, [HARRAHIE, A

F1 KRFEEIERITSFRAE

Table 1 Scoring criteria for yang deficiency syndrome in rats

() Al KB () KR AT K JUETE DL

1 THE<05 CHUER R, A%y FHE Ek TMBASAREMEG < 1 mm AURIZL, A

2 TH0S5~1.0C JOGHE. BAMGE. WS KRR, 28 REME2 ~ 3 mm Ryt A
EZ LA LI TN Y LN

3 TFE>1.0C Mife . PR, S KSREEEE. B4R, HRIRMIFE > 3 mm Ry, AN
LAY AT LN
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BEs 13~ 18 70 N HRIEIRBI W, HEEE, 1230/
T8 R JE XA AR R TIEA

1.6 DEEBEIFMEAKRBROINGE &5/ %H
T8 JHJ5, XA R BRA T MR R A, B
2 M O B 2E 2 e A, i
IR 2238 A, B8 75 Rk GE 24 A 10S O JiE
Wk, P12 MHz, #RIMRE 2 ~ 3 em, FH#H
B 100 mm/s HEATRG A . AP HR . KBS BORAS TR
i, TLL100 /LKA ST (3 mL/kg) I8 I 7 55
BREE I, [E THAEG B, OB
350 ~ 450 bpm. MIFTXIE &R, FHREELAERK
WhUITE, K MO RLHURE LR E T R . ALk LA
B, WAL A ORWEE (LVEDd) . 20 %
e 4 AR U JEE B (LVESd) #1220 % 5 1L 43 42 (EF)
SN 3O BRI, BOFE,

1.7 BB RFRERE 23l Li T iie
Ja . KRBT . B8RS, T O B
OJJE, BERELZE mhik (PBS) Mk IE 4t 4, MK
SERR BT R AR ARO BE R, RO R R S
KRR A BR, 4520 5 A4 3R i A9 HO (.
(HW/BW) . SRIGUILCREMALE, EBAELE
i AR A 0 3 i e S AR B HUE (LVW/BW ) o FR
B e, B0 E YN (50~100 mg) HGH L
AREFETR, BT-80 CHRAE

1.8 HEZRBURAODEOCIFREARESHEET O
WL 40 o/L Z R WP EEE 2 24 h )5, Ak,
5um¥I A, 80 CHEH0.5h, HAENIME, Z Mk
FEARA . BT HE Y, —HIOREI, drki it
F, IEE B T A D SURE B AR 1L,

1.9 Western Blot it O ALALR BEHEXER
LC3B. p62. Beclin-1HIFRIEKFE RO EHIE
21X 0.5 mm AP0 ALZEZE 50 mg, i RIPA ¥
R, SRIGHEBEEPE, B.OE LERS B
R 4 L HUB, A Sx EREZE iR, TR
A, Ak 10 min, B0 R T-80 CIAF . R
+ e FE B R AN (SDS) — 3R TN M Ik i 58 i HE Yk
(PAGE), dHZEepiykes . FAE. fiyk. M, it
(R I S S = DIV [ = 5 R 1 | B 711572
N, FAbSE RO IR B ZE & XAy, FHBE
J2 Pl G A L 28 0 30 A o | ik 2k R AT % R L
LI GADPH A N2 BRI 158 S50 HT

1.10 ZitFAikx K IBM SPSS Statistics 26.0 4t

TR AT BAR S0Hr, SE 3 s LA B + bnifi 22
(v )TN, ZAMPPEY BRI R T 2257
Mr (one—way ANOVA), DL P<0.05FEFAH G2

B

2 %R

2.1 HAKXRHEIEFEBOIER £K24540E
e SIRTRA RS, Calm 41K B4 B RS TE A AR
YA B TR TS AAC+Calm 2H (R EEBH ) 1
55, AAC+CS+Calm 2 (FE B BH R ) 1 BH K IE M FR 4
PR EE, Z25A%1FE X (P<0.01), 5Calm
LA, AE 21 PH R UE 5 B o0 24 B 0 AR, Herp
AAC+AE 4 Kz gl 5 b b B BH i A8 A6 42 58 PR
HE . AAC+CS+AE 41/ = B PH i 22 1k ok b 2 FH
B, ZREAZITEEX(P<0.01),

F2 FHEKXRMAEIERERBRS LR
Table 2 Comparison of the yang—deficiency syndrome

scores in rats of various groups (x£5)
415 AR FHBIERE Y (47)  FHESF
BFARA 7 6.85 + 0.89 BRRE
AAC+Calm 2 7 11.71 £ 1.38" i
AAC+CS+Calm 20 6 15.85 +2.19" iy
AACHAEZH 7 7.57+0.97% LYy
AAC+CS+AE#H 6 10.85 + 0.89” g

AAC: B ESKZE AR, Calm: ZE#F; CS: %I
% AE: ARz . TERE, OP<001, S5EFRHAL
B, @P <001, 5AAC+CalmZHILE; @P<0.01, SHHR
i) Calm 4 L858

2.2 HHAXRBOINBELLE RIGRER: S5
FARHALLEK, CalmKELZERLVEDD, LVESd,
HW/BW 1 LVW/BW B & 7+ &5, EF B & B A% (3
P <001); iMi5 AAC+Calm 4 L%, AAC+CS+
Calm 4 K FUAY R B R, Z R A5ty
B X (P<001), 5 Calm4 LA, AEH KK
LVEDd. LVESd. HW/BW F1 LVW/BW ] f &I,
EF B, ZRUAZRITEEX(P<0.01),
2.3 BAAXRONALHELBERLLE K14
RN BT AR IR WILZH A U B AR
HEF 2 5E . HLN ., Calm 2H K BLC JULAH I 52 S TR 2
BERHEFIZEAL, DN, Ak, KR
—, M5 AAC+Calm 4 %, AAC+CS+Calm 41K
B B, 5 Calm 1 H0#E, AE4IR
B WILE R b AR AR (LR B ) dd el
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Table 3 Comparison of the cardiac functions in rats of various groups (x%s)
2153 B&(H)  LVEDd (mm)  LVESd (mm) EF(%) HW/BW(mg-¢')  LVW/BW(mg-g™)
BFRA 7 5.85 + 0.66 3.25 £ 0.46 7525 +6.21 2.69 +0.22 2.03£0.15
AAC+CalmZH 7 818+ 1.12Y  516+0.73"  43.88 +3.54” 3.57 +0.46" 2.65 +0.25"
AAC+CS+Calm 41 6 8.85+1.26"%  598+0.65"" 38.91+3.08"* 3.84 £0.37"% 2.81 +0.26"”
AAC+AE 4] 7 7.24+0.89%  436+0.56°  54.38 +4.03" 3.19 +0.32° 2.13 +0.15%
AAC+CS+AE 4] 6 7.75+0.74%  5.05+0.51%  51.25+3.77% 3.25+0.32° 2.23+0.15%

DP<0.01, SHFARALLE; @P<0.01, 5AAC+Cam AL ILE:; BP <0.01, SHHMN Y Calm 41 4%

¢. AAC+CS+Calm 41 E4] e. AAC+CS+AE 4]
AAC: JEEFIKGZER; Calm: f; CS: B AE: A%izs., FEIFH
E1 SHEKRBOIMALRHE SBLERLEE(%400)
Figure 1 Comparison of HE staining results of myocardial tissues in rats of various groups (x400)

2.4 BHAXBRONALBBHEXEORIEKTE R4 BEXRONARBEHRXEARIAKFILE
Lk K2, BA44RER. S5EFARHILE, Table 4 Comparison of the expression levels of
Calm 41K BUL L4215 LC3B- I /LC3B- T e AH Al autophagy-related proteins in rat cardiac muscle
Beclin- 1 1K F U1 TS, p62 57K T I tissue of various groups (x+s, %)
{55 1175 AAC+Calm L LA, AACHCS+Calm ZHKRL 1) R LCn-Dl7 o pd) o Becline

. " (H)  Le3B-1 GADPH GADPH
HYLC3B-T/LC3B T REAEAN Beclin-1, p62 32ik/K BFARL 7 109013 072£0.05 0.80+0.05

FRZEERERR, ZREAETFEXP < o 135£0.15" 047003 13120147
0.01). 5 Calm AL HLH, AEA AR LCIB-1/  yxcecsecamsl 149 £0.18" 0232001 159£0.26"
LC3B- I HfH . Beclin—1 235 /K - W B4, p62 AAC+AE 4] 122£015° 053005 0.950.09
FRKTPHEFE, ZFWESTHE (P < ACGCSHAE4A 6 133:0.17° 036£003" 129:0.13°
0.01) DP <001, HEFRUALE; @P <001, 5AACH
Calm 4 HEZ; GP <0.01, SHARAY Calm 4 AL

~N O

3 itk

3.1 BHEOAFEB(CHF) GPREMXZE HEE
X CHF PRI IE i, FAE (F N Z) 3t
H CHF (A3, “OIKE, BoEs, BbA
QNI -2 7 N1 I 111 DA S S e W 1]
Wi, A8 DA, O R FE R CHF ) 3 A9%
Hlo TiHEE T E % CHF AR AR BHR A, B
KZINH CHF BIRHL A AR SE, UL “S . FH

E2 SAKROIEREEELES HE” AR, DLSHRM BRI, KEET AR, R
Western Blot B ik % 4 P A AR O] LIRSS 0 R — IR — K 5 —
Figure 2 Western Blotting strips of autophagy-related FAEE COSBINE)”, X—id BT IR E

proteins in rat cardiac muscle tissue of various groups CHF “>INREN GG/ IEE— O S T —
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O INREANSINE" B B A AL . S AEThfE
B, AHES . REEER, ORARE T, 1k
7 IS 3 € (1N 7 0 N 31| I v ]
N e BHE A2, OAE H A
MREFHOME. H (K- fsfrkie) PR
R AR, BRE FE I Ay Oy eeeeee HH N
B, ODERTE A, E-B2ZHA, HHPZ
B, O i ARG IR . AT UL, B
TE CHF A A0 Th o 41 B b A7

PR B AR A B, O 2 CHF A6 3
e, O FHEEJE CHF %9 & bR, HJ& CHF
B AR IATE , 5 CHF BN K 1S 78 5 A PR,
SRAASE R B A28 T, RFIE 10 4550 1 45 5L
P P OCT CHF 1Y SCHRFEAT 734, &390 CHEF Hh =
TR R AR - DV Iy 3, (EBE & 15 2 e
D UJREZHEAL, W& & R LLBH 7Kz M. BH
i C B UESE T A 2 AR 25 CHF . 40 i 37 3
Ji2E g, EAEAAEE ST A B, O BH EE IE CHF
S P B AV A SR A BRORT O i, DA
15 11820 T B 43 9% T N- 2K g i 4 JIK 7 448 (N'T—=prro
BNP) /K5 MR Ny o, B S R
B, AHECEABGERY , o0 BH R UE CHF J 35 19 1 %
R, MESHRR . WEEE . RS E 5L AR
LACFI B ONLIRE AR I, PO
TS ) 23 CHF 9 FHRIRAS O WLy RE Qi
DA BN R AR B fy s, AL W] sevb Sy
BRI ABEICIH . PR ORI . 2 ATP BEIG 1 &
PO WLRE R A DA 5 I g S

AWMFREE R BN, MEEFRA, AACHF
AAC+CSH R UL EH BALE, FINE R K
ORI YIBE TR, H AAC+CSAIRRM
ARTARE B R, U AACE A CSTk
F4EE CHF FH R UE R SR Py R A ml 450 . iR
AR AAC L FT AAC+CS ZH K BRUAR B R A AR 2K
UG, SRR EE R EE G ) R AR
HE, ULBHIZ PH R B P A i i ml Sk, TR
AL B CHF /Y BH AR EE RO SIEERR R . 00
REZKF-HA B S A A DG o
3.2 “ZhMAFR” EHIRFECHFHRBMEA CHF &
His o N R, MRk, AR Z AN
CHF 83 i PR R 2 LAREI 1 475, SRR, o
TR, CHF#HIEZEAEIRSEZ Uk, HEAHS

TRECRAS, R PR BRI A AR . (R AKX - AR
%) fe i R AR M S A e, BA U
SUO K, WATRENT VR, X TRECAT I EAT
HLME L FHE WS # s, “ARMER”
CEATINMAT, SR, RN
FH K PINE , WK . I A o R ok
Mooz B, MmiEERREE . Hik, A
FMEAECHF B3R, shZ  hiEft. “shWAEmR” 2
WINEER AW E GERNZ), (K- G
LKRiE) g CBARRREEE, BHARAE”, RiE T
PHA ENWE . MARFHEE (EERxie) il
BB . KM shim A pH, Fni R . BHzhmi AR,
FAF A7 Bonthre (RR-WME) il
CEEWIBA A, ShWIBHAE, BRAWIRE, FHAEW T
O e SR FH 32 2h7 3R T B UE CHF HA 1R &
MFe M E . Wiz s, msEigE iz kT ae
WEshim sy, el LI LZHA, EARE “Z
WAERN, BRAMSIN MR, Rz
WA WER, o GEFNg) FriEn, el
“EAMAE”, A2 A iz, Hik, A
FRizshsLhr)y “$RIA” 2y, WIS K. HX
FeI KA A, eSS ME T, IR
g R R AFEE CHF F9/EH . X tIEan (X
Ao fefl) TR CARBAR ST, (HAN Sl
We/R, BhERNAA AR, Mk, wAafed, 2
PR, 2R,

PAR = 24t I JE —TF 4R AR B iz sl
CHF f91ER . 20 28 70 4RA0K CHEF /58551 iz 2l
FREE S AR, 32 sh 85 i A b £ N EE CHEF 9
1. BfZE X CHF Jj5 PR A= BLIEREBF IS TR A, EE2F
FAVAZWINRE 2 sh%F CHF 254k . 7E 2013 4F
I [ 0 R s 24 23 3k 4 25/9% [ 0 E 2% 25 (ACCF/
AHA) OS2l iE Be ) ", BaRE K
BeHIh CHFIGYT I TA SRS, SO IERE R 1E K
BCH CHF MRS HETR YT 1 it . Bl O E R A 5R 1
AWk, A 42 B A0 DE R A T B i BH o] LA
0 A3 CHF RS 1Yz shifif & A A 16 ™, H
AL CHF SR L% . FABLRRAISET
Rer2 O s CHF S HilS . 1A SAaE 3h
YRR UM i BT B 2 —, IR TEIG R ™A
JEFEREPRESE R, 38R I S RS B0 2 A A
HE D IIREMITE T . 2 TA iz o3 CHF (7]
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REPLE, BHECABUIARAE R EMW, (HUCH ARy
RGBT sl 12 SR A E UL g
WLBE S ACI . W b0 ILAH I8 10 SRR T [
WA [HA OG5 B A R N s B X
FHEEUE CHF VR RIBFFY, HRTE AR WAHDCHRIE

AWFRAER TR, 5 Cam A, AEHAEE
AACH+AE 21l AAC+CS+AE 2H K B O U S
B, IO I R/ 2 T R
VLR DI RE W B ok, A Aoz s R A FRAIR
CHF K B9 4% BH B IE CHF K BLO B IRERRE, %)
SEDINRERVE T s[RI AE 25k B BH R A AR )
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