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tion, AAC) AR O UIE R R B LA AN L R ¥R B 520 o 773  MEPE SD KR40 L BEHLA AT R 4L BRI, BRI
BUATAACAK, ARJF 1, HBENLEETIZE 23 8 AAC 2H . AAC+ n-3PUFAs {42 . AAC+ n-3PUFAs B 720, F 4 8 2, 5 4H
53517 L 400 me/ (kg - d) 52 1 000 mg/(kg-d) ) n-3PUFAs # B , (T ARE T AACHZ T HARFRAIEKHES . 8GR,
B TGO LA 2R 5 A 0 28 o A (LVW/BW) AL JIE A5 5 (HW/BW) , BRUL ILZH 24T HE Y 8 & Masson Y €6, , T i FH s
IR RN S8 FR i R 1, T P B F BRI (Western blot) 543 A0 ILZH 21358 5 42 @ 28 1 6 9 (matrix metalloproteinase 9, MMP-
9) JLT 43 B I B 771 (tissue inhibitor of metalloproteinase-1, TIMP-1) } £ % £ H (fibronectin, FN) iy 315, &R 5T
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Effects of omega - 3 polyunsaturated fatty acids on myocardial extracellular matrix

remodeling in rats with cardiac hypertrophy
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[Abstract] Objective: To investigate the effects of omega-3 polyunsaturated fatty acids (n-3 PUFAs) on myocardial extracellular
matrix remodeling in rats with myocardial hypertrophy after abdominal aortic coarctation (AAC). Methods : Forty male Sprague-Dawley
rats were randomly divided into sham operation group (group A)and model group. AAC was performed in model group. One week after
operation , the model group was randomly divided into three groups: AAC group(group B),AAC + n-3PUFAs low dose group(group C),
AAC+ n-3PUFAs high dose group (group D). The group C and group D were given by gavage 400 mg/(kg-d)and 1 000 mg/(kg-d)n-3
PUFAs respectively, and the group A and group B were given an equal volume of normal saline. After 8 weeks, the rats were sacrificed ,
and the left ventricular mass index (LVW/BW )and cardiac mass index (HW/BW ) were measured. The myocardial tissues were stained
with HE and Masson. The serum hydroxyproline was determined by alkaline hydrolysis method. The content of matrix metalloproteinase
-9(MMP-9) , tissue inhibitor of metalloproteinase-1(TIMP-1)and fibronectin (FN)in myocardial tissue were analyzed by Western blot.
Results: Compared with the group A, LVW/BW, HW/BW, and hydroxyproline content in groups B, C, and D increased significantly
(P < 0.05). Pathological staining showed cardiomyocyte hypertrophy, collagen fiber and MMP-9 expression increasing. The expression
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of TIMP-1 decreased (P < 0.05). The expressions of FN in groups B, C and D were significantly higher than that in group A (P < 0.05).
Compared with group B, LVW/BW, HW/BW, and hydroxyproline content in group C and group D decreased, the myocardial cells
shown less hypertrophy by pathological staining and the collagen content also decreased , and MMP-9 and FN expression decreased,
whereas TIMP-1 expression increased (P < 0.05). Compared with group C, the changes of all the above indexes in group D were greater
(P < 0.05). All these differences have statistical significance. Conclusion: n - 3PUFAs have protective effects on myocardial
hypertrophy after abdominal aortic coarctation. The mechanism may be related to the inhibition of overexpression of MMP-9 and FN,
the up-regulation of TIMP-1 expression, and the influence on the changes in extracellular matrix components.
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TN = rdiac h roph H) &0 \
O LAE JE (cardiac hypertrophy, CH) J& /0 JIE /Y | kRS E

A BT LIRS, DR e 15 45 N TR SR SR T
Az o TR O MR M A543 3 T 5 S O LHE T
O WUBES JEE LU 2 R XoF o 28 B K T 388 im AR e
S ARRFEE M O LR JEE e 24 ] 800 ) 3 v |
PEFE AR s, O LA I AP 3L B (extracellular
matrix , ECM ) i 25 AR A A O WU SR 9 A ok 78
R EZEAEMN . PR, CHUEE S 0 LECM
o B TR SR OGB4 J AR I i — 2 O
ECM M IR . BHoR R, B4 s 2 1 -9
(matrix metalloproteinase-9, MMP-9) Jz F& i 4> J& &
F 6 4170 1] 57 - 1 (tissue inhibitor of metal metallopro-
teinase-1, TIMP-1) 342 5.0 % S () T0 i F2
7> 28 B B 02 O WUNE BR800 R 3]0 ) 0 114 O
HEMRTT 2% 85 H (fibronectin,, FN ) /& MMP-9 43 fi#
AR AR ) Z — TR O U R RIE i
rhREE AR

-3 Z A G BTTR (w-3 polyunsaturated fatty
acids, n-3PUFAs) &4 & 2 AT 2 A G
TR , AN BE B HAE NAR N5 i, 20 908 3 IR B 4%
I, n-3PUFAs 32k A B8, Kl 24
15 A hk I R (eicosapentaenoic acid, EPA) 1 —.
+ /S 18 (docosahexaenoic acid, DHA) . H f1j
W EAEFEIA  n-3 PUF As X0 LA R 7R A
ATREALH SR Pl U T SRR i)
P R N BZIIRE 0 SR, n-3PUFAs X ECM LI
S VIR ISR 5200 1 AN AL L 25 18 20 UIE IR AE O
MBI KA e v i M LA RO JUIE SR L
(52 24 A BRI n-3PUFAs T U6 JUIE R
AR S e L) — 20 B AR T o AR S50 LLO JUL A i
HPIETTUE A Y K I R 78 n-3PUFAs X0 L
HEJEEAVEFH BRI REAIL , A0 WUIE JEEAR DGO A5
AT TR UL i S

1.1 #H

TP SD K B 40 H, SPF 4%, {K 1 250~270 g, Iy
FI VU g BB R 2= sh Wy S g bt o 1Rl 3% T VU g R R
Kb, 4% (23£2)°C,

n-3PUFAs i 4% (EPA+DHA=80% , It 5t 17 £
3] S 171104) 5 528 il 2 R ) e 3R] 4 (R o
AL F]) s MMP-9 HL T FEPTAAR | TIMP-1 B 5 BT
& . GAPDH $i & (Abcam 23 ] , S8 [F ) ; FN B8 [
POk (R =8N 7] ) s HRP-2EH0 9 —PL (Aspen 2
CNCEDR
12 Fik
1.2.1 #h¥oiateb

O WLAE JEEABE Y (g 7 57 - 40 HUIEE: SPF 9% SD K
U, H AR K DR, GE PR R 1 R L RE AL
I3 HARFARL (n=8) FIFIRIL] (n=32) , FRIZH KR
Y47 8 3 3h ik 46 78 K (abdominal aorta coarctation ,
AAC) , F LA R R TS & B8IK 12 hy REFR
B EMOE , [ FHAE 6 b W RE R Al s
KB 2% 156 B EE 251 40 m/keg I8 S BRI , 1) 25
MR E B, THBISE T 2~3 em ALY IF 2 V)T
Bz Wk s $R 2 A2 B sl bk, 28 A T e 5 L0 R sl ik, 1
F B KAMRE Y B RS A 8 5 5k 9 543k, FH 3-0 )
FARLLT 2B Sk B 7 2~3 mm L& B Ak,
B RSN R , B 2 A A IR IE N BB R T B
JRJG , TLAS 7 U/ B R, #2523 do T
AR bR 207 s R = sh bk, (A R
ghFL. BN EBLE RIS 7 HCR, ™ m g
KE 1, 2581007 DIHERR

n-3PUFAs Tl : AR J5 18] K 4 119 24 HABIRY
UK BB A AAC 41 (n=8) ,AAC+n-3PUFAs fi§
FHE 4 (n=8) .AAC+n-3PUFAs & Fl 41 (n=8) , Ik
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FEE A | R 2 43 ) DL 400 1 000 mg/kg Y
n-3PUFAs J#EH , B H 1R, AAC 4 B F AL LU
St AR PR K HE B AR 0 IR 2 8 S
122 ASZEREHREACERZIEHG N T

Jr A R BUAL B AT AR 5 R FE (body weight, BW) ,
FET LA B Bb 22 4b B0 I AT B 0 0 43
B 05 S BRSO UK AR BEER KBV L AR B R I A
LG A AVEAR O WU ZUBY R, B4R T )5 AR R
B 75 4.0 5 (heart weight, HW) . 82| 55 =3, 1
HEATBY 72 A0 By A &0 25 BE R B = 1)
B 0 220 2 U0 B R U AR T, AR RIS A2
> %8 T i (left ventricular weight, LVW) . fi¢ J5 1T
B R B(LVW /BW) Fl 4.0 B &8 45 %1
(HW/BW ) ,
1.23 HE % #& Masson KR Z Lk e

PRER A2 O WL S, T 233 49, 37 BV
TR 4% 2 W [ , 4 CORFEIRAT , A s
W EHLY AR U R TES R B
T HE J&{f, Masson Je{f,, 75027 WA N AL A
O NI IR S Z5H e ot i UsE T WS I i 41
Y 1T IR T4
1.2.4 HEEBRA 260

B LIS , A 5 )5 BT —80 CUKARRAT . bR
i VR I 4 PR I 2 T ) e X 7 8 v I A5 0 S S
A,
1.2.5 &9 £ &P &AM TIMP-1 MMP-9 FN #9
Fik

HUR R 2O 2 0 LA, 28 v b i, in AR
MURFRAY 240 A A B AR G (el %5 o3k o
R ARG ) ) 2458 , B VW, H B BCA 25 1
W P8 N ) 6 T IR A B TR L AR A
bR DA W = o G TR S g ST W g = M == W
40 wg, FE 8 FIRE S HOIAGE 519 Sx R 1 B ARG np
W ECHI o B ARG . EARIS HORARE 80 V 41
B 120 V AT HE R HL UK 40 25, % PVDF R, K 5%
T B A 3 AT TR AT 1 b R 2 B PR,
AC TR —PT 4 Cad 7%, )k H I TBST¥E3 UK,
B 5 min, ARG BELF A9 — 0, EIRIEH 30 min,
TBST ¥ 4 K, BEYK S min. W (688G, I8 H FH 17
4, AlphaEaseFC 8L B R GEHEAT 2007 o
13 %itsr ik

THEVORER SRR E 2 (3 + 5) 3R, 24
bR FHER R 2 22 73, P LE R LSD-¢ A
. P<0.05 WZERAGI¥E L,

& R

2.1 KALVW/BW #= HW/BW 7K -F rbdk

n-3PUFAs T 8 il J5 , 5 T R4, AAC
HLVW/BW J HW/BW BRI (P < 0.05) , 78 AAC
ALDIUEE . 5 AACH FL#, AAC+n-3PUFAs {IX 5
VL M AAC+n-3PUFAs &7 41 LVW/BW .HW/
BW LLAEFEAK (P < 0.05) , 5 AAC+n-3PUFAs fii il &
ZHAH L , AAC+n-3PUFAs = 7| 5 41 LVW/BW 2 HW/
BW HEHEAR (P <0.05,% 1),

£ 1 n-3PUFAs 3O ALIEE X R LVW/BW 1 HW/BW 7K

TR
Table 1 Effects of n-3 PUFAs on LVW/BW and HW/BW
in rats with cardiac hypertrophy  (n=8,x +s)
205 LVW/BW (mg/g) HW/BW (mg/g)
BFARA 1.55+0.16 2.53+0.14
AACH 2.66 = 0.35 3.56 +0.35"
AAC+n-3PUFASERIE  220+039*  3.27+0.34
AAC+ n-3PUFAs (71l 1.86 +0.22' 2.90 + 0.15™

SBRTARA L, P <0.05; 5 AACHAM I, *P <0.05; 5 AAC+n
SBPUFAsMEHI A L, *P < 0.05,

22 LIRS ML

HE e iR (BT AR4L.0 WL I HES 355 B A
SERIEE . AACHLU WL HES 2L, A i T
ARLRAE A, O LA T AT WL 2T 4k 235 45 4 21 (ko i sk
FR) o 5 AAC A L, AAC+n-3PUFAs fi 57 2 41
DI B HE S 5 2 3 55, 0 LA AR s, 0oL
(] 2P AL 4% . AAC+n-3PUFAs & 7 5415 AAC
ZHE, O LA B HES )3 5, SR A0 L2
AHAZAT , U WL A0 i B R S 35 0l 2 2 32 458 AAC +-
3PUFAs IR A B B 5 O WILTE) Jo 27 Ak 25 45 4 210
3 AAC+n-3PUFAs IG5 21D (K 1) o

Masson J¢ 0, {5 T AR 2H & U Jie J5 £F 4 411 it
AACH AT UL B W IR AT 4E A . AAC+n-3PUFAs X
A5 AACH L, LT 4E A L9/ , AAC+n-
3PUFAs &5 74 20 5 AAC 2H Fe A, st I 21 4 240 it i
DR (E2).

FARBRLTY 0 AR TFARLAR W T | 7 5
Y, AACHIRTIL T | IR e, HLA T AUJR i
45k E ., AAC+n-3PUFAs R F 540 5 AAC 4 [+
B, R IR LT /b, DL T AU SR 2T 4 s b ol 3
AAC+n-3PUFAs B 72 5 AAC 41 L%, RIS IR &F
ey, 1 BRI S A B . (1 3) .
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Figure 1 HE staining of rat cardiomyocytes (x400)
AACHL
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Figure 2 Masson staining of rat cardiomyocytes (x400)

AACHL AAC+n-3PUFAs {57 AAC+n-3PUFAs &7

1 AU AP A B (0, AU T A SR A
B3 BAXROUAERRIRELILE(x400)

Figure 3  Sirius red staining of rat cardiomyocytes (x400)

RFARL

23 AMEBRESIILER K2 BHEHAREMRESRSE
AACZH AAC+n-3PUFAs{ILF &= 2H DL ) AAC+n- Table 2 Hydroxyproline content of each group of rats

(n=8,x +s)

3PUFAs oy 7t A1 2 AR 7 i 5 (B AR AL AH EE 4151 PR 7 it (pg/ml)
BIEI(P<0.05), 5AACHILLAL, AAC+n-3PUFAs e 23612 158
{FIEZH LA K2 AAC+n-3PUFAs & 77 B 4 Rl 208 & AACH] 4926 + 1.34°
HEFE TP <0.01), 5 AAC+n-3PUFAs K5 & AAC+n-3PUFAs {7 k41 41.02 + 1.86™

AAC+n-3PUFAs =7 &4 29.50 + 3.39™
S5BFARAE, P <0.05; 5 AACH L, *P < 0.01; 5 AAC+

ZHAH EE , AAC+n-3PUFAs /& Al 2 41 &% 8 TR (P <
0.01,%2),

2.4  Western blot #- TIMP-1 . MMP-9 . FN #4 %k A &

SRFARYML , AACH  AAC+n-3PUFAs i
15 2 TIMP-1 23K &> (P < 0.01) , MMP-9 . FN 5%
KT (P < 0.05) , AAC+n-3PUF As &5 %l fk 20 MMP

n-3PUFAs GG HLAL P < 0.01,

-9 FN FRIE N (P < 0.05) , TIMP-1 2 3k 2 8 /b
(P<0.05), 5AACHIHML, AAC+n-3PUFAsILH
ZH . AAC+n-3PUFAs /5 75 2H TIMP-9 . FN 23k 5
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/B(P<0.05), TIMP-1 £k & IN(P<0.05), 5
AAC+n-3PUFAs fiifI 41 AH Lt , AAC+n-3PUFAs 5
752 TIMP-1 FRak &350 (P < 0.05) , MMP-9 35
I (P <0.05) ,FN Fk g/ (P < 0.05,&4)
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mAACY]

AAC+n-3PUFAs fIEFHE4H
1.0 9 e AACHn-3PUFAs #1420 *

MMP-9 FN
HEFARAMIL, P<0.05,"P<0.01; 5 AACHMIEL, P <
0.05; 5 AAC+n-3PUFAs I I 4HAH 1L, "P < 0.05,n=8.,
B4 Western blot#&ill ) MMP-9, TIMP-1.FN & £ b %
Figure 4 Comparison of MMP-9, TIMP-1 and FN con-
tent by Western blot
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O JUAE JEE 2 o L4878 9 FE T 8 T oy B A ST
B PR 1 2200 I A o A0 0 JULIES JEE 4 o 2l
A5 PR AT 25 ek O LAE SR Y T 0 F A B2 I
IRE S U WU RS IE B R, A0 LA A
K AHEHES ZE AL AR A i3 A . R I 2 R
JE AR I RRE T 8 o3 2 — T TR 2 1 Oy e D 21 4
() F A WAy, FE S B I R AR e A . AR
5T AAC 2 HE 32 (2 7% 240 i HEZ A% 25 6L , 00 UL
i A B AR B R TR A1 K, IR AT SR 20 i 1 A
¥, Masson , RAR AL LT Y (6,7 B I Jisg I 27 4 i, 72
2R & e B AR TR A e, 30 S 7R 0 ILAE
JE R ERI LT, AAC+n-3PUFAs 7] 24058 AAC
0 LA EARR D, R SR A | T AU T4 |
FRIH 2R & I8, AAC+n-3PUFAs 1= 71 410

WA AR I R 4 | 1 BRI SR AT 4 R R
Fr /D AR B I, $27R n-3PUF As AT %O LA
JEERNZF Ak, AR FH AT BRI AH O

WF5E 2RI, O LA BEL A I R B O I /855 93 11
JErh P B A, IEE DAL S, A AR L
(R AN A AL T SEAPIRES , VA A O LA B A0 3
JBT 14 MMLP S A il 550 7 1l 5 0 = B E iy
— LR A, AT S EGO LA A AME AN R
SR ONE SR, B 0 T 30 FEAES ™
Ja o EHER MMP-9 5.0 A S Ol RE A
A SIS e B WA AT AR ) MMP-9 1+ 36
TR T AR AR () Co LIRS 35N T AR AT 4
£, TIMPs 2 5.0 = &M, H-5.0NUERE R
A, Castro 55 & BN MMPs 7] VE A i 1L
5 R A48 O WLRE SR PN o L A9 A8 (R Y TR YR T
S, AR I, AAC+n-3PUFAs [IKHIE41 AAC+
n-3PUFAs (=57l 52 MMP-9 8 [ 2618 B3¢ AAC Z1AH
LU, TIMP-1 197, e 7] i 2 3R] e 2 i AR o
HHIE #8278 n-3PUFAs A] 3@ £ T 38 MMP-9, 8 TIMP-
1 FRm O AN ML Y

FN J& MMP-9 F3fiff 241 jfd S8 58 5T i 1 I 2 —
FNAE R —B R AR A AR TE T IR AR S
Tl 240 L R, P AT AR A PN R A | R A
JH- 240 B0 25 77 A TR AT A% RGBT B0 (2B
EREPEA 225, IE4F, Konstandin 55 F il
i EN 5 A9/ BAT IR PR SN SEB6 , % B0 FN AT L i
OIS TEAL T 408 4% T (nuclear factor of activated T
cells, NFAT) 1 5 B O WL AE K . ASWFSE &
P, SR T ARG, AAC ZH FN 255 5B B 54 in,
FEW FN (555 S0 B O UIEIEAHSE , 55 Konstandin
EURER A R — B ALK R, 5 AACH
FHEE , AAC+n-3PUFAs ik i 2 . AAC+n-3PUFAs {5
FIHE FN 26355820 , #2788 n-3PUFAs 7] fE 18 1 111 1l
FN (238080 0 UL JE .

L5 L RTIR  AHIE 5 38 a7 0 WU JEE AR R SO
ZZn-3PUFAs X0 LI JE R BRI 5Z ) . 25 SRR,
n-3PUFAs AJ Jal 200 LR JEE | FiE 2% 441 i 40 35 Jo J 9
HoAE FH AT B BRI ) MMP-9  FN fi4 3 & 3k, i
TIMP-1 {235 , 5% ECM B o (HABFTEAUA
O LA B AP I S AR b T T T, M6 R T n-3PU-
FAs %O WUIEJE R 37 BAR (5 58 B A
frifE— L A5E
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