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Protective Effect of Linggui Yangxin Decoction on Rats with Dilated Cardiomyopathy and
Effect of Calcium Regulation-associated Protein of Myocardial Sarcoplasmic Reticulum
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[ Abstract ]

myocardial injury and heart function, and observe the effect of LGYXD on calcium regulation associated protein of

Objective; To clarify the protective effect of Linggui Yangxin decoction ( LGYXD) on

myocardial sarcoplasmic reticulum (SR) in rats with Adriamycin-induced dilated cardiomyopathy (DCM) , in order
to explore its possible mechanism. Method: A total of 60 SD rats were randomly divided into normal group and
DCM group. The latter was further divided into five groups: DCM control, perindopril and LGYXD groups. DCM
was induced through intraperitoneal injection with Adriamycin (1.0 mg-kg ', twice a week) for 6 weeks. The
treatment lasted for 8 weeks. At the 9" week , echocardiography and myocardial metabolism imaging were performed
on DCM rats to evaluate the efficiency. Serum levels of brain natriuretic peptide ( BNP) and cardiac troponin-I
(cTnl) were measured by enzyme-linked immunosorbent assay. Cardiac histological changes were examined by
hematoxylin and eosin ( HE) staining and electron microscopy. The mRNA and protein expressions of sarcoplasmic
reticulum Ca’* -ATPase (SERCA,,) , ryanodine receptor (RyR,), phospholamban (PLB), Calsequestrin, L-type
Ca’" channel (CAV, ) in rat hearts from each group were determined by reverse transcription-polymerase chain
reaction ( RT-PCR) and western blotting. Result: Compared with the DCM control group, LGYXD can improve
cardiac cavity size, and alleviate cardiac function, myocardial injury and cardiac histological changes in DCM rats.
Compared with the DCM control group, expressions of SERCA,, mRNA, RyR2 mRNA, CAV,, mRNA, and
Calsequestrin mRNA in myocardial tissues of LGYXD group were increased, and expression of PLB mRNA was
decreased. Compared with the DCM control group, the protein expressions of SERCA,, and Calsequestrin of
LGYXD group were increased, and the protein expression of PLB was decreased. Conclusion: LGYXD can
effectively reduce the dilated left ventricular diameter of DCM rat, improve EF and FS, decrease the serum levels of
BNP and ¢Tnl, protect myocardium and improve heart function. LGYXD can partially regulate mRNA and protein
expressions of PLB, SERCA
of LGYXD in treating DCM rats may be correlated with the regulation of the mRNA and protein expressions of

,.» RyR,, CAV, . Calsequestrin in rats with dilated cardiomyopathy. The mechanism
calcium regulation-associated protein of myocardial sarcoplasmic reticulum in rats with dilated cardiomyopathy, and
the improvement of Ca’* transport function of myocardial cells and systolic-diastolic function of heart.

[ Key words | Linggui Yangxin decoction; dilated cardiomyopathy; adriamycin; brain natriuretic peptide

(BNP) ; cardiac troponin-I (¢Tnl) ; calcium regulation-associated protein

Pk AL UL (DCM) 2 L 347 K & 46 i B
o FBEARE RO WU, DL DR R R % R
BEh EBERB L AN R AR A SR O MR E
HM R AL R S BT O N 2
— RO E RS R R R LA . HJE DCM & R
B i A BT, H BT A A) e -5 2 1 2 il e S
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T BH AR 177 0 VR YT S AT WY i 2 DCM I IR
SR S0 T he o PR T R S AT K K I
PRAZERFEAN, A5 TR T TR AL U 0 A R
I ——F RO, BA &SR AR L 7
223y e R A Y K B R A 2 DR .
IIWF IR SE , 76 b5 e A 7 09 SR Al B 2 A R O
Vvl Bk — A e B sk AL WU S8 R I AR RE IR L0
Uifg o HIE, ZHFR.0 0 T 1y 5k 8.0 LIS B 97 3L
BLHI AR S B E S 52, O Hh L
A L4 Mt SERCA, mRNA [ & &, #2 5 SERCA
WTEVET B O 1 B 5 A B AR R s B
L-TY50 5 - 38 38 {5 5 1% 5 0 50 B LAY 0 4
I3 O R 3R 0 T 0 T ROHL R T AE 5 A
o JURILE TR A8 30 48 AH DG B 1 1 KGR S5 A5G . BT
B 25 Wy %t LK 9+ 0 F 9% S B4 v #E Ca® " -ATP
fiti , PLB , 0 A7 ¥ K = 24 %) =% Je B 32 4K 52 i 19 3¢
Bk fH 2, R 4 8 1 & BB 25 X SERCA,,,
Calsequestrin, PLB, 2% J& i 52 {4 , 4 g 5t L-Y Ca’" i@
EZ T, 280 Y SCRR R DL A il . Bk, At
FEAIE 1o SRR BF TS TR0 X T IR A LR
L IRE O WU 5 KO BILILR P90 85 8 2 4 G 28 11 1 52
M), #9125 B HR 7 3 9k B0 LS B9 A - BLE, S rh
257697 DCM $ 1L 1 357 i) 2R3 AR s A S 50 L il

1 &

L1 Zh4Y  EHCERE 16 JE s HEPE SD K 70 H,
& 300 ~350 g, fy b5t 43 A 42wl $E 4L, A A% IR
5 SCXK ( 5% )2012-0001, A B 57 3K 15 VL 75 44 1 ¢
W7 VR 940 B A S B 1R AT, - 201X008
1.2 U #% O041BR111422 %I H yk 35 % ( 2% [H Bio-
Rad /A ] ) , LeicaDMI6000B 1 {5 ¥ 1 i 55 (At 52
POERIF & AR A F)) , JEM-1010 2 3% 5 fg F
WG ( HA JEOL /A H] ) , CX50 R 12 Wi )
K 12MHz ¥ 75 #83k (22 E Philips A 7)) , E1x-800 71
it % B 752 43 AT A ( & 18] BioTek 24 ] ) , LightCycler480
RIFE 5842 (SE [ BioER A H]) .

L3 ik WS R 2 L 2 (FhW &
2 ,ADR, 10 mg/Jh, BRI TT SR 250 A BR 2> W), it 5
0303 K1) ; 3% W8 5 [ i 3, it 48 Ak ( R ) il 245
AR A 25 H20034053 ] 5 £ 4G9 /K I (%
fb v w, B M R RE W25 A BR A A, B2 S
H32025391) s ZHEFR .07 h 2y iR [ B 1.5 g/
(AT 1211114) A TAEZY 10 g, K% 1 g/ 48 (4t
5O1212125) A T A2 10 g, Hi B 0.5 ¢/ 48 (5
1210030) M 4 F A 25 6 g, A AR 3 g/4% (it 5

1211130) #H 24 F/E 25 10 g, Bj & 0.5 g/4% (it =
1302034) A4 T A2 24 10 g, T2 0.5 ¢/4% (#t 5
1301130) A4 T 4= 25 3 g, H & 0.5 o/4% (it =
1212124) MY T A 25 3 g, WL RIT 250\ A BB A
Al KREEBE(FRF RGNV ARAA, FHH
e H37022673) ;B #U JRA} K (BNP) , LS 25 11 - 1
(CTn T ) i 506 B 328 W8 BFE U 52 ( ELISA) 5] & ( L ifg
WA AR A R A A, it 5 E02T0542,
E02C0009) ; 75 A -5 21 (HE ) 42 638 5 £ (L ifg 38
aRAEWEARA R A AL, #L S C0105) ; trizol RNA
Isolation ( & [# Invitrogen /A &), it 5 15596-026 ) ; i
i ) &, SYBR®  Premix ExTaq™ NIk & [ 5
A TR (KE) A RA AL S 2051 5 RRO4TA,
RR420A | 5519 77 91 (b ifg 1% A= Wy R A BR 2 Al
A0 ; %P B RyR, antibody, % 47 Bl SERCA,,
antibody, 1 i . PLB antibody, % #i B Cav,,
antibody, % $1i i, Calsequestrin antibody, % $iT Fl p-
PLB antibody, %3 B GAPDH antibody ( Abcam A&,
HEE-43 51k ab59225 ,ab150435 , ab85146,ab191038 ,
ab3516,ab85146 ,ab181602) ,
2 Ak
2.1 MR 70 2 SD KRB ML IE H
(10 H ) F1 DCM 4 (60 H ), DCM 4 T i Ji 13 5F
B %% 5 DOM B AR HE | mg-kg ™ O
SIBTEEZR B 2 K, ELSL 6 J L L2 . IEW A
I T A AR B AR K . 8 JAl S DCM 2 K BRU B AL
O3 R BEWRE R 2 GFEIE R A R R A, ST
55 B P R A K RIE TR
2.2 4525 REWEL R4 LB E R A 3 mg kg ed
WH G " EBE LR, EERLHH, KR
PR AR I PR 2286, #0097 Ao ig (26
K FE 4 s ik v 24 B0 1), R A T S0 9 S 6 45 SR I o
W B R E 172 g LT 0RO W, IR
1.72 g-kg ™' -d ™" ig MEALFIE) BH 1 K. EW
A RN 20 K BRVE DL IR A FRZE K . Jr ARk 8 A
2.3 kA 8 A JE KRBT E A A
VES 109% 7K & S8 (3 mL-kg ™) BRI, JBR B 1 2 J
AR R MO [, 22 i B O, il R S RSk, R
P B A = KT L U DY e DD TR ML R R
I S IR+ =7 R = S Nl W I IN: i | Nl R
(LVEDD) , Zc.0 & W 4 K I N 42 (LVESD ) | 2.0 %
S5 1530 (LVEF ) F il 47 5 5% (FS) S 508 .
2.4 REIMAE. O AMRE REMER
12 b, 5 AT 28 2 DK R I, 36 5 I 3 3 T o e Jk B
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I, SIS AR B, 438 00 B, 2F BRER K wl gk, B4R T
KGR AR 2 o=, - 80 C LR, T
mRNA 5 5 0 — P 2 WV mE [ 5, T HE e,
I R, T R B A

2.5 REMVE BNP S cTnl £ % JH ELISA
PEATINRE I BEAR W, 9 F L Ve AR, A (5], kO
BB, IE R W2k BB, IFFE P 450nm PR
R R G RE A

2.6 KREAZEONHALALK G %5 SERCA,,,
PLB, RyR, , L-% 4% 2 3 i ( L-type Ca”"
CAV, ;) ,Calsequestrin mRNA ik F &% O U4
#4150 mg # HRULHT AR HUE RNA, 80 CHAE, &
% SOk Jr ik SR 0 s BB A ik 3R (RT-
PCR) W 20 2 A7 A I, LA K B B-actin £ g I 2 5
R A6 B T T P 51 Lk 1

*x1 XRONEWERMNSERESIYWFS
Table 1

channel ,

Target gene and reference gene primer sequences of rat

myocardium

H A 51WFH(5'-3") 51 B /bp

SERCA,, _E ¥ TCTGACTTTCGTTGGCTGTG 121
F i TCACTGGGGATAACAAAGGC

PLB ¥ CTTTTGTCTTCCTGGCATCA 111
F il AGGTTCTGGAGGTTCTGACG

RyR, L TTGGCTTGTTGGCTGTTG 211
T GCAGGAGATGAGTACGAGAT

CAV, , |- CTGCGATGTGCCAGTAGGT 200
F il GTGGTGGTTGAGTTTGTG

Calsequestrin [ i TCAAAGACCCACCCTACGTC 200
il AGTCGTCTGGGTCAATCCAC

B-actin i CCAACCGTGAGAAGATGACA 130

T iif TCGCCAGAATCCAGAACAAT

£2 EEFEOHNKROEBEGBM (v

Table 2 Effect of Linggui Yangxin decoction on echocardiography(x +s)

2.7 RERZE 0 Z O UL A5 8 95 A S R H R
Fik  HEABRIEEE (Western blot) A Il 2 I (73
TR S T B S R I ) Y RO S sk
F Quantity one V462 FAF4 454, LXK BE(H o
2.8 Giilsfsrdr ORI SPSS 210 . ihi %
B x £ 5 RO AR L ABCR FT SRR 2R 5 225007 ¢ K
SRR S . b P <0.05 hEF AR L.

3 #R

3.1 EHEFLHXRBIET-FM N AR
JRE R R RAET: 13 B, & 47 R b1 %N
21.7% o 47 SR B HEA 259 T 92 55, B W5 R 4
(15 H) B HEFROWA (15 H) BRI (17 H),
T A B I AE TS 7 L, o B W R 4 A8 T R
6.7% (1/15) KHFLHANT-F 6.7% (1/15) ,
BRI FE T 3 29. 4% (5/17) , B AU 20 ) 4 K Bl b
33.3% (4/12) A JEKIE W, IEH L TCHET

3.2 EHFLEHXNKRBOEESAEZm  5IEE
41 b d, B AL 41 LVEDD, LVESD B & Ft i (P <
0.01), SEAIAH L85, B HE 7 0 1 A 15 e 5 1l 4
K B LVEDD, LVESD B & FF& (P <0.01),LVEF,
FS B TF 5 (P <0.01) 3 3G J7 4 2 [0 4 2 2%
5o WFE2,

3.3 EH:FE.O XK BT BNP, Tl 7K [ 52
M 5IEHE 4, B ZH KR BNP, CTnl BY
BIE (P <0.01); S5EEAIY A, S HFR0H4l .
B Wk I 40 A BRI BNP B R (P <0.01) ;7%
WITHZ MG %22 5 ., SHA b, SR
A HE WS R 20 R BRI T oTnl B TR (P <
0.01) ;iGyT A Z M LGt %27, k3.

241 5] n H4/mg-kg ! LVEDD/mm LVESD/mm LVEF/% FS/%

% 10 - 4.96 0. 64 2.49 £0. 14 92.23 +7.65 65.23 =1.15
[ 14 - 6.87 £0.43" 4.46 £0.76" 68.65 £1.25" 35.56 £1.45"
Fr e A 14 3 5.57 +1.22% 3.21 £0.53% 82.02 £3.12% 52.05 6. 462
B O 12 1720 5.49 £0.69% 3.18 £0.73% 81.86 +5.06% 51.19 £5.92%

W SIERALED P <0.01, SHEHLEY P <0.01(%£3,5F).

F3 BREFOFHEAXKRMF BNP,cTnl KFEEHFI(xx5)
Table 3  Effect of Linggui Yangxin decoction on serum levels of

BNP and c¢TnI(x +5)

28 51 n F|f/mg kg™’ BNP /ng-L™'  c¢Tnl/pg-L~"
EH# 10 - 346.56 +78.64  0.76 =0.02
i 14 - 823.78 £98.67" 0.92 +0.08"
Hr W ) 14 3 509. 64 +65. 872 0.80 +0.09%

KEFELE 12 1720 513.35 +59.74% 0.79 +0.07%
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3.4 HHIFFOWXIRBRACE ORI O
0N HE B ] UL IE B 2 R B WLER 4E HE 51 B
7, MUBTE A 26T 18] A TR, O JDLAR B oA 7
FIIRFE . 455 A0 20 I B JILET 2+ 5 25 8L, LET 4 Wy
S8, 200 M 1a) Bt 4 v L K e, O JUL A R AE DR O AT A i AR
P A8 ST, ) 2R e fl . SR A PR, 2 HE TR
Vo 2H 5 B et R 2H O B LT i HE 2 2L AR, 0 L
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240 M A 2 3 A P O A S ot A 8 A 40 9 1 % (]
PR gL e A B . DL 1,

{

AER A B BRI C SR OB D. BRI (R 2,3 [)
1 FEFOFXKRALOEOHIAZM(HE, x200)
f;i;rilcular myocardium in rats( HE, x 200)

3.5 EHEEFO TR R R0 & O WL S 5
MZE L2 O VU5 B i B R, IE R AR RO ILER
EHED) FFEE SR SRR RN IEH 3 38 57, 2ok
PRTE K i, JEE S8 R, D IS 25 B T ASERUZH R B
JULET e W 4, SORL AR M, 234 R 2 5, 25 8 P 9
UG GRS ) A0 B A SR A . SRR LR, TR O
1 20 R R R 2H K BRLC JUL F 5 25 R R R0 UL FL B

Effect of Linggui Yangxin decoction on HE staining of left

WK 2,

LERE

B2 FEFOGKRELCEOINHERBZMGESN B, x20 000)
Fig. 2 Effect of Linggui Yangxin decoction on transmission electron

microscopy of left ventricular myocardium in rats( TEM, x 20 000)

3.6  HHEF LU ORR AL ELDSHI PLB,
SERCA,,,RYR,,CAV, ,,Calsequestrin mRNA 3£ ik [

52 HR
3.6.1 X K &0 F .0l PLB, SERCA,,, RyR,,

CAV, ,,Calsequestrin mRNA FiKE 0  SEARIZH
b, % H: 3% 0 % 41 SERCA,,, RyR,, CAV,,,
Calsequestrin mRNA [ 3235 T} 5 ; PLB mRNA 3235
TR, W4,

x4 FHEFLFEMAKREOZEOH PLB,SERCA,, ,RYR,,CAV, ,,Calsequestrin mRNA RiERF M (x £5)
Table 4 Effect of Linggui Yangxin decoction on mRNA expression of PLB,SERCA,, ,RYR,,CAYV, ,,Calsequestrin in rat hearts(x +s)

215 n HH/mg-kg ™' SERCA, RyR, CAV, , Calsequestrin PLB
i 10 - 1.09 £0.25 0.95 £0.26 1.55 £0.56 1.19 0. 48 0.90 £0.34
LAY 14 - 0.87 +0. 10" 0.50 0. 10" 1.12 £0. 34" 0.79 £0.26" 1.28 £0.34"
W ) 14 3 1.01 £0. 10% 0. 60 +0.30% 1.32 £0.80% 0.84 £0.22% 0.88 £0.39%
O 12 1720 1.00 £0.09% 0.66 0. 11% 1.51 0. 48% 1.04 £0.26% 0.95 £0.25%

HHIERA LR P <0.01; SHIRA D P <0.05,” P<0.01,

3.6.2 K\ LVEDd 5 PLB mRNA A8 K
B LVEDd 5 PLB mRNA 5 1FAH X )¢ 2 (44 5
TR Y=0.72X -4.01,r=0.98),
3.7 % g0 U M0 BLILH W SERCA,,,
Calsequestrin, PLB t5 H £k WM 5% 841 H
B, EHEFE LA SERCA,, M Calsequestrin £ [ %
kTt PLB H I RIA FRE(P <0.01), WLERS,
K3,
4 itig

Hh B A R R A R R S 2 IR, TR AU 55 - B
AR RARRE S, B0 0 R B B AR R 3OO 1A
MESE, Gy IE N T, AN BE I 47 T41, 8 R ST

T AN T, A T, O AFEHL, H ALK
A & S A DRI R A LA 25 AR B 3 I
R Z 5 o DR T R B DA TR R R i i PR 52
BEHLA, BA5 T IRIT DCM WA 38— % H: 5%
OW. ATHMPIE®KT SHERATEHWE LT
BMAL, E 2w RS R AR BTE T,
FH A, HA £ R B AR TR L SR 2
Yy, i 1 B R 38 B 22 AR RS 2 T i AF
T B, IR0 1 R AT AR B W AR A, 4 7 R
# LVEF, R % & & /Y LVEDD & NT-proBNP 7K
- % RO DT RE A LR B 2R AR T, O RE D A
AL O R ORI T i R A R AR
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K5 ZREFLFHIVAREOCECIAERM SERCA,, , Calsequestrin,PLB F H Rk EM (x +5,n=3)

Table 5 Effect of Linggui Yangxin decoction on proteins expression of SERCA,, , Calsequestrin, PLB in rat hearts(x +s,n=3)

o 3] H 5 /mg ke ! SERCA,,/GAPDH Calsequestrin/GAPDH PLB/GAPDH
W - 1.16 0. 21 0.78 0. 11 0.54 £0.10
RERY - 0.72 £0.23" 0.53 0. 16" 0. 66 £0.09"
B % 1 3 0.97 +0. 152 0.71 £0. 15% 0.55 +0.10%
L0 1720 1.00 £0.21% 0.68 +0.15% 0.57 £0.09%
— mRNA Y5R35 5 70 0 28 &F 5K R N A2 52 55 19 1E AH G
S Hoke B 25 220 %5 BF SR 14 48 B K T T i85 . A5
Calsequestin _ . 45 b SRR AR A
; PRI 38 o 2l O JUL AL 2 TR0 605 38 4 A O B 1 1Y
nr | . ek o, WA R SERCA,, , RyR, 435 8 1, e
onor [ {6 PLB )% 3% , 5 # %% SERCA,,/PLB 1] LI 8 4~

A B C D
B3 ZTaEFLHIMNKRBRAEDEDANAMNRM SERCA,,,
Calsequestrin, PLB & B R iEH &
Fig. 3 Effect of Linggui Yangxin decoction on proteins expression of

SERCA,, , Calsequestrin, PLB in rat hearts

WFoE S BRI — B0, SRB A R, R O
A LIS DCM B R B 0 i K/ L0 D) g L0 L
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