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[ ABSTRACT ] Aim  To study the effect of simvastatin on cardiac fibrosis of rats with diastolic heart failure (DHF).
Methods 30 SD rats were randomly divided into three groups: control group, DHF group and simvastatin group. ~DHF
model was produced by abdominal aortic coarctation in the rats.  The rats in simvastatin group were given simvastatin 2
mg/ (kg + d) by intragastric administration for 4 weeks, the others were treated with equal isotonic Na chloride.  After 4
weeks, cardiac function and hemorheology were assessed by echocardiography and catheterization. HE and Masson stain-
ings were applied to observe altered myocardial histopathology and myocardial fibrosis, respectively. Results In DHF
group, 1VS, LVPWT, LVMI, E/A ratio, SBP, DBP, LVSP, LVEDP, fiber tissue, ventricular perivascular collagen area
(CA), inflammatory cell invasion and collagen volume fraction ( CVF) were increased. =~ Tau was prolonged and LV
- dp/dt,,, was decreased. ~While in simvastatin group E/A ratio, IVS, LVPWT, LVMI, SBP, DBP, LVSP, LVEDP,
inflammatory cell invasion, fiber tissue, CA and CVF were significantly decreased, prolonged Tau was shortened, and LV
—dp/dt

rats with DHF by ameliorating myocardial fibrosis.

was increased compared with DHF group. Conclusion Simvastatin improves cardiac diastolic function in
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FE LA L 7 3 3B 2 I R A% ol 25 S5 O JIE A
SECLIREA A —FP LRSI AL HGEF 4G T REA
40 J1 5% ( systolic heart failure , SHF ) FIET 5K I fig
AL 130 (diastolic heart failure, DHF ) PA RS
Rl WATRST ST R, DHF B3 &7 Br g O
() 50% , HAESET -5 SHF M1, AT W, DHF 71l K
ERYEEMAA AR ITIA N, T 2R 25 xd
DHF A (R4 VE ], REAT 880035 2o & A LR 3P0
EEPK AR . AW R G 3 3h bk 4 28 T
DHF KUY | W %€ (Al 7T % DHF K B0 JE 2
REFNC AILET 2 1k 52 i, DA A o) 3 = AR A 7T PR 37
DHF K FC IERI AL

1 #MEFAaE

1.1 DHF REE T KRGS HE

30 R AW SD KR ,4 e, R E 4 180 g,
ER L RFEFHMER WM, ENo N =4 A
Vx84 DHF 4 A0 R T 4, FRFAM BA K
B4, %5 B Kuwahara 20 73 R B B F 50 ik 5 & 2
S DHF A HEXBARFErEE LE £
fko RG#EZ3 REREEREERA AL, FK
T4k R % T F & HMHIT 2 mg/(kg - d)'* ; DHF
AR EARREEET L TEEN ALK 4
Bl #ATR AR M, 25 & AT 460 AT M B 0 K
25 A IR B R
1.2 AR O B E

% | & A A ESAOTE /& (TECHNOS MTX UL-
TRASOUND system ) #8 7 HlL#E 47 4] | #8 7 45 Sk 90 % 4
8.5 mHz, A& J& 4 JA F 4 M 80 ml/kg FnH 7 2 3
ml/kg B8 BREE J& , B 0 30 BRI B/A Bl A
477K 1 K W 42 (left ventricular end-diastolic dimension,
LVEDD) % 1% % Y5 4 #] K 19 42 (left ventricular end-sys-
tolic dimension, LVESD) | % [d] [& (interventricular sep-
tum, IVS) F1 2 & % J& B B JZ (left ventricular posterior
wall thickness, LVPWT) 7= /0 & 4 ifit %% (left ventricu-
lar ejection fraction, LVEF) 70 E it & (left ventricu-
lar mass, LVM) , i+ 5 72 /% £ it & 45 20 (left ventricular
mass index, LVMI) ,
1.3 MRz hFEiEiRE N

& Fl BL420 4 # L ae oL g & G ()1 &
BAREAERAS), WENEE KR EE, 284
RBHFK 1.5 em, %83 & 4 3L, 2 H o kiGN B
WA YUY FE 0 A BE R KA T & (250 pwg/L) B A
FEREHBRAEIRZES R HEAME, RE S5 min

B R E/ALCE R, N AES FRYEE (left ven-
tricular systolic pressure, LVSP)  Z /& % 47 5 # K &
(left ventricular end-diastolic pressure, LVEDP) | ¥
HAECENERK EAMTHEEE(£dp/dt,,,),
B &L RN H, P Weiss AR IHE 20 F A2 5 B [H]
% #(Tau) ,
1.4 O RESREE S5 4

B ERETEONARENEE BE WA,
4T HE %268 Masson €, & HE & T, WE G
AL % HE 45 89 & Ak, Masson 38, J5, 0 AL 28 A8,
Euae BRERE;NA285 BROMALNE
Ji 7 25 AR 4% ( collagen volume fraction, CVF) f1.0 %
1 48 J& Bl B T AR (collagen area, CA), CVF Wy I8 J&
EAR G o LR ARG L, 2 A IROR AR L3
BB f R AR A AR 5 ANEE BCE 1
CA#BERMENEN N IREEABRETRY
TRETRWILE, &AM E S X &, B/F
HME,
L5 SitrERE

S Dx £ s &Ko, K F SPSS10. 0 %k 1 #
TRHEEFZHH,P<0.05 HERHETFEXL,

2 5 R
2.1 FEEATTXOINEER R0
O P BRI R, S FIEX B2 KRR

A, DHF 21K B LVPWT A1 IVS BH & 3% J& | LVMI 3%
JnL,E/A FU(E ] B34 e (P <0.05) ,LVEDD LVESD #
LVEF JTCHI 2728 (P >0.05) , #&78 DHF 4K B 220
FREE FF kIR 2 BUHIL 4G DI REIE . 5 DHF
Y ERAE S P T DR A 0 25 BE JRL R o3 K RLET K
TIRE(P <0.05;3 1), MG JI 5K o, 5 BAPE
XTHEAH LA, DHF 21 KBRS 4 T &F 5K &\ LVSP Al
LVEDP F &, Tau #E K, LV - dp/dt,, T K& (P <
$&7R DHF 4K BULE BT, 220 EF sk Al e &7
SRR I S BE S OR e - F+, 5 DHF 411k
B AR ABTT B T 5 A 4 | & 5K e LVSP A
LVEDP, 4554 Tau, 7} LV - dp/dt,, 505 K BUET 7K
AE(P <0.05;%2)
2.2 FELMIT DHF KR4 8952 0m

HE (e R, BIPEXT R4 2200 2= 0 LT 4EHES)
B G a AT R A RS R LR A iR (A
1A) ;S5 FHPEXT BR4H A%, DHF 2H K BLCy UL 213 ) 2T
ArA LR VEA IS 2 (18 1B) ; 5 DHF 41 b4,
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AT IS DHF K S0 ILZE 2] 21 2 AL FD 4 1 41 i
=IE (K 1C) , Masson Jet0 R, 5 BT R HuAK,
DHF 20K B B O LR A A AR CVE B
HEIM(P <0.05) , WL LI/ LS T FRLEF 4 AL 45 1
CA TEONIHZUP RN (P <0.05) ;55 DHF 41t
B AT B S RO LA S CVF (P <0.05) il
CA(P<0.05;&2 Fi13 FiIk3)

F 1. FEMITX DHF KR OIEERIRME (v +5,n =10)

Table 1. Effect of simvastatin on cardiac function of

2. FXAMITX DHF XR MR 1FMF0 (% £5,n =10)
Table 2. Effect of simvastatin on hemorheology of DHF rats

o H FPEXT R DHF 4 FftiT4
DRR/ AT 355 +47 365 +30 358 £25
SBP( mmHg) 12012 187 £25° 162 21
DBP(mmHg) 98 15 157 +29° 137 =18
LVSP( mmHg) 123 9 198 +27° 176 18
LVEDP( mmHg) 10.7+1.5 36.2£3.3* 26.922.3%
LV +dp/dt,, (mmHg/s) 4205 £428 4178 +437 4243 +287
LV —dp/dt,, (mmHg/s) 4894 £311 1991 +220° 2758 +325
Tau( ms) 5.75+0.24 18.20 +1.21% 13.95 1. 98"

ah P<0.05, 5FMXT AL ;b o P <0. 05,5 DHF 4 4,

DHF rats
bt PN REY 4 SEAR AT Y RN . _
H BAHERS AAL DHF 41 Tl % 3. FHMTX DHF X BOALEALSR CVF 7 CA BN (x
IVS( mm) 1.28 £0. 14 1.98+0.16°  1.75+0.17*
+s,n=10)
LVPWT(mm)  1.79 +0. 12 2.55+0.21°  2.33+0.25" . . . .
Table 3. Effect of simvastatin on cardiac CVF and CA in
LVESD(mm)  1.91 +0.24 1.93 +0. 11 1.85 +0.09
LVEDD(mm) 483 +0.38 4.88 0. 16 4.86 £0.21 DHF rats
LVEF 0.78 0. 06 0.79 0. 06 0.82 +0. 11 LD B %o L DHF 1 FARfITA
LVMI 0.0350.002  0.069 +0.008" 0.054 =0. 004 CVF 2.48% +0.18% 4.26% +0.27%" 3.54% =0.09%
E/A A 1.44 +0. 08 2.58 0. 16* 2.03 £0.10* CA 1.65% £0.04% 2.75% +0.27%* 2.19% +0.12%*
aly P <0.05, S5FAEXT B4 s ;b i P <0. 05,5 DHF 21 H %, a N P<0.05, 58X A ;b o P <0. 05,45 DHF 4 b4,

W
U
Y } \'
|

1. HE B M= 4 T3 DHF K BR/OERIE KT 2 m

A JBITERIRAL, B S DHE 41, C il T4L,

Figure 1. Effect of simvastatin on ventricular pathological changes in DHF rats by HE staining
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Figure 2. Effect of simvastatin on ventricular CVF in DHF rats by Masson staining
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& 3. Masson M EE KT DHF KR OEMAL CA BRI

3 %W i

VT A — S B A AU R AP AR i 2R H [ e A AR
FEERRE MY, AR MBS B BRI AR /R
JHAN ATTZE25 %5 DHF #34 A W W A48 4078 1
Tehrani )%} 270 44 DHF B E 4T T Kik 5 4E10)
g AR R SRR TT 2825 4 b, iy T
2525 W) fig W 2 3 DHF 88 3 19 4 77 R, Fukuta
55T %] 137 ) DHF B35 21 =12 N H BOWEE &
PR, S X HRLE LA, A 7T 4 R BUE TSR R
HAE R B AR, Roik 214 %t 146 ] DHF % 1
AR S R REUE S, Aih 7T REBA 2 FAIX DHF &5 (95T
T35 PR R O 0 R FERECR A 1 0T
ARG AT TS DHF K RZC 0 % BE R
JE, & K LVSP 1 LVEDP, 45 %5 Tau, & & LV
—dp/dt,,. , % DHF X B &F 5k 2 68 A7 B 2 19 R 47
EH,

HATWESE A R, DHF B & 4 5.0 ILEF 4k A
S8 B UEAE S DHF B9 8 20 A, 7T LUK
2124 240 RO LA 53 0 i A K ik R T TGF-B1
PIRZZE 1 1 TNF-o SRR R T, 51RO LA i b 1
R A SO AL, R EF sk ThRE . ARBF
FER MG Bk 4i 78 S ORI, 2257 DHF K
SRR g FE 25 5 i s DHF K L LVPWI  IVS . LVMI
N, O = A LU A 4 LU R PR £, CVE
FCA 720 LR 2 rp 1 2E 38, R 520 (LA 2L 2 4
fRrERBEF Rk DIEA 2L EREPAE T ER
IBEIEVERT . 340, ARG Wom , 2E FRAl7T 4l Ak 3 4
JilJ5 DHF K B ILZH 27 [i) £F 24 Ak 0 2% 1 40 if =2 11
B L RRARG , 008 CVEF FII CA W 5 TR, e B4R TT
X DHF 2D fE i PR3P 4 F AT 8 5 80 O R 27 4
b, X—45 R 53CHk[10-14 ] FE 45 R — 20,

A B ERTIRZH B iy DHF 2H, C ey T4H .

Figure 3. Effect of Simvastatin on ventricular CA in DHF rats by Masson staining

Sung-A %5 B IE R B EF A AL TT B8 A RCE £
SR 5 10 R K B WLET 4k AL, ; Saka 451 WLER 3] T
AT T REII i = i R BO WLEF 4 Ak | 23500 ik )
R = K U AR5 m A TE A5 R & B 1At
TTREA R [ 2 1 v i A SO AL ] o e Ji 25
BB DL 4L VTGS B 526 UE SE R HE
AT X0 LA JE K 200 it 4/ 35 S5 o 98 A 10 i 1
FH o DA g5 SRR S Z R At T % 0 ILEF 4 Ak A 4
HIVEF 2R AT T IS DHF O LR AU —
AR TR T T2 R A

HTT X DHF (Ol A G40 55 At 7T F i {13 B
A 5, BFFRTER ST DHF J RURSE 20 LI R fd 1] =
BT, 25 FAUE SE AT AN AL e 2 O WLEF 4 AL, B
I 1 &, [H) B BE [ I LVPWT, IVS | LVMI, LVSP Al
LVEDP, Sung-A 45" f 8 37 76 0 %8 A JRE K B 5
Je ol AR AT AT, 235 5 0 7 I &7 AR AT T A B AR R
B R AN B0 38 A o0 8 B JRE R 2 0 8 TR 8 I, S
GO WLER A el 36 22 D ik, 2 AT R AR
DHF K R % — 25 58 5 Sk [ 14-16 1 i 5R 45 R —
2, BARPLHI AR B (0 X i s R, Rl
FHABTT T RERE A 5 F % DHF B TS .
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