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WE: BY MREAFLBEHEECIEITRC A FBDRCEEH, SMESRBGI A,
Tk ¥ 50 RApHE BALB/c AR RALY A aF AL, A (BEALHES 0.1 ml 1X 10”7 TCID50 47 i 4 B3
T ), AEAK. P HAFTE (EARRMER SR L T iRHAALERR 13, 26 #7252 me/kg ), H L4
14d 5, RASMARESHERN SN RZ I ; HE &, SHEENR LS TIMMLEH ; TUNEL %
Mo B2 R A s B S L4 I T OU ELISA kA £ & 0 Laa i & s i8R ( FFA ). Z BB (ATP ).
FE (AMP), LB (LAC), [ #ME%&d (Col 1), MAMKEEZE (Col ) 4%, Wsetern blotting #
m B R A E S IR B4R T &8 78 (GRP78), C/EBP FREEB MR H R B U444 BHTRREG
(CHOP), BBEG . HBFEEOM AL, R UMK RALTAKRRPART X, AZH0sHiA
TR R (P<0.05); AFSMafezdes FH., Sk oit, LB A, BAXFmRE, St
AR =4 EIE % (P<0.05); FFA, LAC, Col I . Col . GRP78, CHOP., HH G ik 3 (P<0.05);
ATP/AMP WAL B A IR G F A AR (P <0.05), &, . &M ZAEER M £ O 58 o i gm 22 TR £
FEMIEHFKE (P<0.05); FFA, LAC., Col I, Col l, GRP78, CHOP. FE&E & R EBIL (P <0.05);
ATP/AMP WA B A5B & @ kA Ft3 (P <0.05), &8 RAF AR TR ZAh, B-E IR ZAM,
WY s Lgm A 1, E S F T, AR R E RS KRS A ZBAEA
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Effect of Oxymatrine on ventricular remodeling
in mice with viral myocarditis*
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Abstract: Objective To observe the effect of Oxymatrine on ventricular remodeling and myocardial energy
metabolism in mice with congestive heart failure caused by viral myocarditis. Methods Fifty male BALB/c mice
were randomly divided into a control group, a model group (intraperitoneal injection of 0.1 ml 1x10” TCID50
Coxsackie B3 virus), a low-dose group, a medium-dose group and a high-dose group (subcutaneous injection of
Oxymatrine 13, 26 and 52 mg/kg into the model mice). After continuous administration for 14 d, cardiac function of

each group was detected by high frequency echocardiography; structures and ultrastructures of left ventricular muscle
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were observed by HE staining and transmission electron microscopy; apoptosis of left ventricular cardiomyocytes
was detected by TUNEL method; the levels of free fatty acids (FFA), adenosine triphosphate (ATP), adenosine
monophosphate (AMP), lactic acid (LA), type I collagen (Col I) and type IIl collagen (Col III) in the left ventricular
cardiomyocytes were detected by ELISA; Western blot was used to detect the expression of glucose-regulated protein
78 (GRP78) and C/EBP cyclic adenosine monophosphate response element binding transcription factor homologous
protein (CHOP), periostin and calnexin in the left ventricular cardiomyocytes of mice. Results In the model group,
LVEDD was enlarged, LVEF and FS were decreased (P < 0.05); the nuclei of the left ventricular cardiomyocytes
were disordered, the mitochondria were vacuolated, the myofilaments were broken and the virus appeared, the
number of myocardial cells was increased (P < 0.05); the expressions of FFA, LA, Col I, Col IIl, GRP78, CHOP and
periostin were increased (P < 0.05), the ratio of ATP/AMP and the expression of calnexin were decreased (P < 0.05).
The pathological changes and left ventricular remodeling indexes of left ventricular cardiomyocytes in the low-
dose, medium-dose and high-dose groups were improved (P < 0.05), the expressions of FFA, LA, Col I, Col III,
GRP78, CHOP and periostin were decreased (P < 0.05), the ATP/AMP ratio and calnexin expression were increased
(P < 0.05). Conclusions Oxymatrine can ameliorate the heart failure in mice with viral myocarditis by protecting

mitochondria, improving myocardial energy metabolism, reducing myocardial cell apoptosis and reversing ventricular

remodeling.
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OIEFPIRFIREREY Y, B, A ki St
ZAAG 5 R ORI OIIRE, O E R,
CBCAIFF S AR B R T %25 B3 82 CVB3)
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1.1 EZRAFIMUEE

% U Y 2 78 ((glucose—regulated protein,
GRP78). C/EBP R MAR T I NG HF4S & 4% 5 1
IR (CHOP), B . FSIBCE N . B
1P i S ( glyceraldehyde—3—phosphate dehydrogenase,
GAPDH ) —¥tI [ 3£[H Abcam 23], i ESAE IR ( free
fat acid, FFA ). = # 2 I 1 (adenosine triphosphate,
ATP). I # M (adenine nucleotides, AMP ), ¥ &
(lactic acid, LA ) 19 ELISA 3 7 & W A #i 1+ Roche 2y
A, AR E S (collagen type 1, Col T ), TI#I
it i & H (collagen type NI , Col T ), NP-proBNP
R A IR RS 22 Al Vivid B9 25 #1% (4
e (EE GE AR ), JEM-2100 % §F 5 ( H

A JEOL 23 F] ), CVB3 R HEMR (MR Z sl = 5
Bt SCB sh R B E ), R R R 1x 107
TCID50/L,
1.2 IEBENE I R 4E

50 Ut SPF 9% BALB/c Hi2E/N U P R 24
AL 2 2 Bt S0 sy OB o BRI A3 R X B
BRI, DARAIG. . St , B4 10 2o B
HEAES (K s ) A E RS 0.1 ml
1x 10”7 TCID50 CVB3 i 5 . 1. il B 7ER AL
LR HERN 1B R VRS AL S0 13 26 Fil 52 mg/kg”
NI SR B B H i s/ INEUY H A S IET A L
1.3 DEZEEBERE

#2514 d J5, ffi F GE Vivid E9 ¥ {0 #8 75 1%
1, X REA /N AT 2 RO WE R D B R R A . 2
BE R 00 S ML6-15 83k, 1% 13 MHz, EIRIREE
3.5 emo R 10% K& SABE (0.2 g/kg) [ M T 5K
UM, FEZYEE LS T, M A IE AE
W aE KN 2 (left ventricular end-systolic dimension,
LVESd ). 7 = &F 5k K W] 1 12 (left ventricular end—
diastolic dimension, LVEDd ). 25 % 45 %45 55 #( fractional
shortening, FS) [ 72 & 4 Il 73 %L (left ventricular
ejection fraction, LVEF ), il & 4 M ESL58 8.0 8 51,
TFREFIE ", S250 ) 0GB 24 K 2 B il 5 2
eI
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1.4 REERMER

O DB EIR A S, SR FE sk 77 =X
AEFE/NER, HAETCRIR S FI AR B S5 7 BEEUM
B O IWEEARFE AR 4% ZRHPESFRT, 2 CIEBUK
AEENE, BT R EZY . flits. —H
FBEWEHT HE Qe 73— O UREARS A 4%
IO, R IEREA ST S S A AT
1.5 TUNEL £ AN 4HRAE T

1593 48 h A0 ILLIZIZ 0.1% Trition X-100 i
fBI5, Y3 W, FHEEN 3% MUK H,0, 200 01,
PEEIMA R A K TARRE TH T 20 min, 35
J& A TUNEL SR 3 (TdT+ %€ 56 E bric 59 dUTP )
37°CHEIRAA TP ROEIEE 60 min ; THUEE A 4, 6- —
JRHE —2- DREEm|M, 5 FH B DGR R B Rl 3 s
BEAILES L2 -, 36 A0 M 43 AT e 180 S0 g A BT
T >1 000 A~ FEFHARI 10 MLEF T, 2048 i
BOBHPEANAE . JHT-H840 (A1) = 450057 BH M40 i % /
PRET B A7 20 M R x 100% o
1.6 ELISA

K H ELISA A4 2/ N R 22 % O JILZH 2 FFA
ATP,AMP . LAC. Col I . Col Il 52 NT-proBNP {535 .
T1E E B kA E 2 ml Zh kil & TALEEE T, 3 000 r/min
RIS 0 10 min, B IEW AT NT—proBNP &1, ™
K B G U B A TR
1.7 Western blotting #&illl

K Western blotting K252 /N B ZE O3 O L
2 GRP78. CHOP, BEEE M. FHECE MM KRIA,
PR E WAL E AN E R E, B 20 w1 LL 10%
SDS-PAGE HLIK, # #UF S WA 0k £, in—4t
anti—-GRP78 (1 : 1000), anti-CHOP (1 : 1000 ),
anti— 5 PEE (1 : 500 ). anti- FEEEE (1 800 )4°C

IWEE I, TBST YEME 3 ¥k, 5 min/ K. SRABARE 4
AEBEFRIC U I 2 h, TBST ¥EAR 3 YK, 10 min/ ¥X,
H ECLAb2: R BAZ Y, BIEAMA EkE = H
() EE R BEAE / N2 GAPDH [ K FE(H
1.8 SHit=FHiE

B 43 AT R T SPSS 17.0 48t %k i %okt
IS + AriE2 (xxs) For, BT 2007,
W L% ] LSD—t K 56, P <0.05 N 2 5K 481124
=9

2 #R

21 FHHNMROEEBEREER

XTHRE . BEAVZH R AIG. . Rl 2 /N B E
LVEDd. LVEF J FS H#, &2, 25 Aa501
HE N (P <0.05), #E—25 WM 32 LSD—t K %,
B AL ZH LVEDd 2% BZH 97 K (P <0.05), LVEF
FS /N (P <0.05); fik. . mifla 2/ LVEDd,
LVEF 2 FS 3B 8 20 A7 fr ede 3%, HL 2 550 8 4R oft M
(P<0.05), W1 FIKEl 1.

1 SANMRSAOCHEEEHETL  (n=10, xxs)
2051 LVEDd/mm LVEF/% FS/%
[l 3.79+038"  83.49+424" 4991 +4.28"
rhof 2 438+043"  79.52+4.62°  46.07£4.15"
jislEe| 489+0.18"  7475+3.64"  43.93+331"
FEAIZH 527+053" 6731+573"  385+2.13"
X BEZH 3.48+0.26 85.52+2.22 49.96+3.5
F{H 16.581 19.360 26.780
Pl 0.000 0.000 0.000

W 1) Sl A, P<0.05; 2) SEH & A i,
P<0.05; 3) SHAIH LA, P<0.05; 4) SXTH4HILES, P<0.05
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22 FHHPMROAEL HE LBER

R ZH O JULET 4 () B v BB ZEL 184 5, A A% HES )
AL, ATOLEWR AN . L L (RS
B LEF 4 (Rl PR R R A %, A AL HES A s
B, HEF AR WK 2,
2.3 FHHMRONAMESHELER

Xof REZELC LA ILET A% 55, Z 4k . Mg,
LRRTERE, HAMANITHRERETS . BRI S IR L
L3I 1K1Y S AT A R s AN 8 NS Y AN
WAL EF G, IFEAIM T B A% 30 ~ 70pm
AR, fFA CVB3 REEES . K. . B

bRz

£

g

B3 JRAMNROCUAME

B4 HANROINA

25 FHH/PMR O ALELR R FFA. ATP/AMP,
LAC. NT-proBNP, Col | % Col lll B45Ri%
XPRRZA . BARLZH, DARAR. o, i gl /NG
WL 41 FFA . ATP/AMP, LAC. NT-proBNP, Col I
K Col My IbaL, S5z, ZRAGITFE

R4
B2 SENLINEAR

L

EAEA BT

41 /N B JULAN 0 ILET 4 5 i PR 2 S B U 2 Dl %
SRRt TR, SRR, BRI R
LA 3,
2.4 FBHMNROAALR Al LEE

XtRRZL, BEALAL, LK. b w4l R

O WLZH 28 AT 43 51 R (3.26+0.85), (76.39£5.14),
(39.66+4.87), (2642+2.74), (1543+1.74) %, %
TEMT, ZRA50FE XL (F=53.786, P =0.000 ).
HE— 2L P L 28 LSD— K, A ARLZH 0 ILZH 2 AL
BXIRALTE R (P <0.05) 5 MK, o, Rl gl AT Ap
RIZU N R, HERRAREM (P<0.05), WK 4,

R
(HE x 200 )

y 0

L%

CBEFHEE x3000)

72

[EVPIEE 4
AL 2

o (TUNELx200)

X (P <0.05), E—PHM AL 1SD— /5, ARl
INERC LA 21 FFA . LAC, NT—proBNP, Col [ J
Col & EHNBATHE (P <0.05), ATP/AMP F{EF
i (P<0.05); ik, . @il al.o LA 8Uh FFA
LAC., NT-proBNP, Col T J% Col I & 4 %5 #5712 [
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X, ATP/AMP A E TR, HEFwasrE (P <0.05 ),

K2 RANROIALEF FFA, ATP/AMP. LAC. NT-proBNP. Col | % Col lll 5%k L%

WA 2.

(n=10, x+s)

b

SEnlEre| 195.48 +13.33" 8.57 £0.69" 336.87 +28.63" 44978 + 42.35" 81.26 +6.33" 55.11+3.31"
PR A 227.28 +11.15” 6.08 + 1.03" 37639 £21.39"  834.91 +57.32" 90.46 + 6.28” 64.56 + 4.58”
fRR 2 257.39 + 8.49" 4.63£0.36" 40058 36217 116836+8522"  113.56+4.35" 73.64 +4.36"
(T EilE) 277.63 +15.27" 2.84 +0.69" 468.94+29.88"  1468.69+73.61"  124.63 +9.68" 79.74 = 6.61"
Xit B 185.67 +8.14 937+ 1.12 316.58 +25.37 316.84 +35.05 72.94 +10.58 45.24 £3.38
FAd 53.786 12.674 32.482 73.496 22.64 26.763
Pl 0.000 0.000 0.000 0.004 0.006

e 1) SHFHEA I, P<0.05; 2) SIEFHRAHE, P<0.05; 3) SHRL4HE, P<0.05; 4) SXHR4HLE, P<0.05

2.6 FHNROAMALRH GRP78, CHOP, BiE
EARBEREANFRIL

XPREAL . BEARVZA, DL AR, P g
BLO WLAL 4 GRP78. CHOP. H I 48 (1 & 4% B
HEHMRBWE, @ EZ0h, ERA%1iE
X (P <0.05), HE—EPW L LSD—t K5, 15

* 3 FBHENMROMELH GRP78, CHOP, BEEBREHREHNRIELLR

A4 /N B0 ILAL 2L TR GRP78. CHOP, B 2 M
FRE TR THE (P <0.05), B 5 T
(P <0.05); %, #. milE4 o428 GRPT8 .,
CHOP. M8 1 RN AVA PR, 5 R
ik ThE, HOE R OB PE (P <0.05), WL 3 AN
E 5.

(n=10, xxs)

[p e 0.24+0.01" 0.33+0.02" 0.21 £0.00" 0.91 £0.04"
aabnlh=ed: | 0.38 £0.02" 0.39 + 0.05” 0.49 +0.03" 0.58 £0.04”
iR 2 0.64 +0.05" 0.56 £0.03" 0.71 £0.05" 0.31+0.02"
FOAIZ 0.81+0.06" 0.84 +0.05" 1.02 +0.04" 0.22+0.03"
Xof B 0.07 £0.01 0.36 + 0.02 0.26 + 0.02 1.23+0.07
FIE 17.549 18.263 14322 21.764

PAE 0.000 0.000 0.000

W 1) SR A I, P<0.05; 2) SIGHRIEALE, P<0.05; 3) SHEBIHILE, P<0.05; 4) SRR LE, P<0.05

L XPHRAL; 20 #ERIAL; 3. AGGRIREAL; 4. PRIEAL 5. &

5 &ANMROMALFH GRP78, CHOP,
BEEARSEKEANRIA

3 itit

EAE SIS R, PSP AL
Wy —, HAZEAYENL, WMy . bl
B BRPAE R R G T SRR RIS,
S ST A TSR R . P TR OCIE T
A, IO TS, TSEE DR Y)
AE, JHL AT L A SR RO LR
IR R O WURE R A R MR WLARIE . AT
BALB/c /)N U JC B T 5 CVB3 A2 il g 2 1k 0 WL 58
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JIFECCTERERY | 30 52O JIF 223 R € 7 G S
BRARImAR, W ANOU AR BEE I B O LR BT 3L
AR IT

AW LB, /NRES CVB3EEE 14 d 5, O
= BEAS . LVEF TR, OBY K, fFHO0EE
PR At i R BT L B, AN N B AR
30 ~ 70 nm AL = HIARE RE , Kitdopi iR 23300k,
Ui B R O LR Fr B0 2 /N BB RLST, H CVB3
I B T ORI e BT — o S, T A A S
WS, MR R o O AT PRI B, R
D, O LR BORZE A BrkAE, AR
S REEA —E OB TEETER, D8 O IR A Y
IR, S O A MRE LSS, TR B3 0 %
MER . X5 EME Y MRS RA — 1R
Z A4k,

ARSI 00 I — 25 LS SR Ak 15 SO s B O LR
FrEe /N O IURE AR R, S5 R, R
H/NEUD ILZH S FFA . LAC 35 FH5, ATP/AMP
Fefl TR, Hob LAC & FFA S48 mEfi =y, W
HAEO NN i FEHERR, T S E00 LA R T EE
S & RE AR S ARL A AR T " WA ST
ffi FFA . LAC &8 N[, ATP/AMP (g ETF, Pl
FAE S R PO R, O LA R R R
e O LA M RE S AT, 31X AT BB AL S0 O
FINEENEZ—, SHIMAZAKI %5 " BFSEIESE, B
PR AR O AR BER ST, S5 IR 2R 4 AR BOC R %
VI, MENFETE LR, SEEEA S Col 1 Hi
SCHK, AN AL AR S UTEL, NI L
YA R BE " F5ER R (92 Calnexin/Calreticulin
I FE LA, BA ZHAYFI6E, Hhiaes
FEOIE . ERLNIEM Ca™ s R HEE R ",
B B R AR 8 Tl PN 5 D P R AT B S AT S
RikZ, BOENEMNE (ERS) MTHEE . A5
R, REE IR O E/NEUL EMLLZH GRPT8
CHOP., ‘B ARETE, FHIRE L R, T
A AL S ] ff GRP78, CHOP, & HRILT
M, SSEREE IRIA LT, EH I, A S 6
LA 4EAL, o= UBR P, RO
F L SEEOEMER, X — Sl o= Col T
Col MA5RAFRNESL, CAWSE LB, ERS Frolkny

O ILAH B 98 T A7 AE T B RO LA/ BRLO L
S ARG RN, A SN H ERS 40
NGNSt Rue ) E S A S PSS 18IS 2 A S ESF S
MEEH . R EEC MR, JEMZMH ERS,
PR T AR O, A B s O B . (EAE
MR, CVB3RAEBIRO TRk, SELIL
N BEREA A, AT AR EBCO LA N Ca™ L
KOBHERE IR L, R ERS FRELO LA T, 5
R, KRB F WA G St — PR A
k.

gLk, A ST B i R Gob R
PR BRI ERS FrEUR T2 HLE, 2l CVB3
FrEm ER O LA /N ILRE LA, 9 O = A,
BAPLOREER.
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