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BERAN S H-FABP EE N EEME O R ARG

2

Ok, RHN, R, R K (400010 TP, R IERIRZEM B S —E a0 B

(FE] HAY W58 S m IR0 (ultrasound targeted microbubble destruction, UTMD) £ AR %% 4t H-FABP & [K] i}
ONUESE IS D INRERISER . Ttk Sl G5 LA HENE Wistar KB 46 H (A TR (220 £20) g, SR Sl KT R S o U
FERRL, T WUREAE 8 JAJG A7 1 31 S0 R BUBEHL g 4 2 : OH-FABP + 7 + il 41 (H-FABP + US/MB 4,
n=8) , HIE A BAHE H-FABP He PR s 5% Yo R SO L QA + a2 (US/MB 41, n =8) |, I 75 0 R 5 5 PR A ol it 5
@H-FABP + 4: 3 £h /K 2 (H-FABP + NS 2 ,n =8 ) , iy S ik A2 5L DR 14 A SR K s DAl TR ZH (SA 41 ,n =7) , AL 3
Tl AR FEE K O TFARA(SS 4 ,n=6) . FFFEYL 14 d J5I05E R4 K RO INHE, Western blot K il 270 28 JE A FE X,
H-FABP 33k , ELISA YEAS TN bk 1l B AEAEAE DO JILE 23 B 5 R (FFA) 35 4k, AR B2 L2 R S 1 ) ( TBARS ) YA AG I A 5E
X0 WV SR 05 E A KT, G e ZH UL 2 R AR AR A8 D0 LS 5 8 — S (L AU A 5 (INOS) 3Rk . 85 O HIUEIZER
RAAH S BFARA ORI B N (P <0.05) ,H-FABP Fik B i TR (P <0.05) , # ki K0 L FFA % 50 8 7 &
(P<0.05) , N 8 (MDA) /KB JHi (P <0.05) ,iNOS KB 7 (P <0.05) , H-FABP + @75 + il 4 5.0 WU
FER B 53 4b 3 2H L D RER] . 248 (P <0.05) ,H-FABP A TH = (P <0.05) , 0L FFA & 5[ (P <0.05) ,MDA
IKFRER(P <0.05) ,iNOS FIkZ M (P <0.05) . &5 M A HUE S T4 H-FABP 5% G n] 238 R RS M0 B 0 2
g, AR ST 4R S H-FABP 3235 FEARO L FFA &8 GE O VAL R BOK T HEIMmH] iNOS FRIAH X,
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Ultrasound microbubble-mediated heart fatty acid binding protein in treatment of

chronic heart failure rats

Tong Xin, Liu Dichuan, Wu Hongquan, Cai Min ( Department of Cardiology, Second Affiliated Hospital, Chongqging Medical
University, Chongqing, 400010, China)

[ Abstract | Objective  To determine the effect of heart fatty acid binding protein ( H-FABP)
transfected by ultrasound targeted microbubble destruction (UTMD) technology on cardiac function after post-
infarction. Methods  Myocardial infarction (MI) was induced in Wistar male rats (n =46, 220 +20 g) by
ligating the left anterior descending coronary artery. After 8 weeks, the 31 surviving rats with heart failure were
randomly divided into 4 groups, H-FABP + ultrasound + microbubble group ( H-FABP + US/MB group, n =8,
ultrasound-targeted destruction microbubble loaded with H-FABP gene was transfected to rat heart) , ultrasound
+ microbubble group (US/MB group, n =8, ultrasonic destruction of microbubbles loaded without gene ),
H-FABP + normal saline group ( H-FABP + NS group, n =8, normal saline containing gene were infused from
jugular vein) , surgery alone group (SA group, n =7, only normal saline were infused from jugular vein) , and
sham-operation group (SS group, n =6). In 14 d after transfection, the cardiac function of all the rats were
measured, H-FABP expression in non-infarct region of left ventricular was detected by Western blotting, free
fatty acid (FFA) content of venous blood and non-infarct region myocardium were detected by ELISA, lipid
peroxidation in non-infarct region of left ventricular was detected by thiobarbituric acid reactive substances
(TBARS) method, and the iNOS expression in non-infarct region of left ventricular was detected by immunohis-
tochemical assay. Results  Compared with sham-operation group, left ventricular ejection fraction ( LVEF)
and the H-FABP expression were decreased significantly (P <0.05), free fatty acid content and malondialde-
hyde (MDA) level and the iNOS expression were obviously increased (P <0.05) in the MI groups. Compared
with US/MB, H-FABP + NS and SA groups, LVEF and the H-FABP expression were apparently increased
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(P<0.05), free fatty acid content of myocardium and MDA level were obviously decreased (P <0.05) and

the iNOS expression was markedly inhibited (P <0.05) in H-FABP + US/MB group. Conclusion

Ultra-

sound microbubble-mediated H-FABP transfection improves cardiac function via upregulating H-FABP, redu-

cing myocardial FFA | ameliorating myocardial oxidative stress and inhibiting iNOS expression.
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180> 11 524 ( chronic heart failure, CHF ) &4 K
ZH00 e ¢ R (R 24K [ B, B i I PR 3= 5 1 FH 4 i
B TR AR A A ) R L B 52 AR B 7R S5 o) HL TS
T T8 BRI A, CAREZEEH X O EER
A Jad AR rp ) S ST R AT BRI T ORISR TR
R

e liTRh &85 H (fatty acid binding protein, FABP)
Je—FhAmi R P AR B 1, R4 F TR 14 x 107 ~
15 x10° , F 126 ~ 134 PN IR, HETE &9
Tz A9, G0 JUE AL R D PR 45 &5 1 (Heart FABP,
H-FABP) J& Horr—Ff, (50 JJE 230 vl i 2 Y 4%
~8% "o TEANMLPY, FABP 454 i 89 IR 07 R, 184 i fiR
DR 5 e JEE AR 2 EC DA 200 e 5 381 g 17 R 4 Ak o A (£
Bk G A AL ) (BRALAL S R is . BRI Z A1,
A TG0 U3 o Srimani 25 % SIS 107 R
456 RE 20 B L O IE RO JULERE . Chen
S5 S A UV O TE T 76 22 1 e, 20 %5 L 205
5 H-FABP JK - i W 3% 1E A5G, [A ik, 3 AT 4
H-FABP A5 AT igXTelcss CHF K35 HBAEH .

B PR 8 (ultrasound targeted microbub-
ble destruction, UTMD) j&—FhEfz Ak ZHZUR: -
A A B PR e e R R AT A A8 S B 2 AR A AR Y
B AR B e RN E A MR RN T
H-FABP J A% b0 38 R B0 L, W8 X0 D fig
Y52, T AT BRAILH]

1 ST

L1 ARfE

HAEHENE Wistar KFL 46 HARBTRE (220 £20) g, g A 55 =
B K2 K BB E TR SE TS 54 o, peDNAS. 1-
H-FABP Jfofi i L HERG £ ) TR A RS Fl A s B R
KRR & A RARAALRH (L0 A R 7] 5 /N BT R R
Cardic FABP FA 5 BT (R Il 5 26 [E Abcam 24 H] 5 /)N BB K B
B-actin HATCREHLIR, St KB INOS Z sg RS, B I &Y SABC
e AR AR &, DAB 4350 &l B DU A8 A ) T
FEAT PR B s AR e A TR 1C 50/ B TG 1 B AL st A2
DA RV BR 2 ) 5 Bl 9 I D 1R (FFA ) igIBC S 2 A6 )
A& A &R R&D 24w TBARS g AU b 2 IR e B ik
£l B 2 [H BioAssay Systems 2\ 7] ; HX-200 3l 4 W AL ( BER

ZEU B A B T 5 Vivid7 B 22 3 88 7 AL (IR Sk 9 R
10 MHz,GE /3 #)) ; Philips 1E33 £ 7512 {3 ; ELx800 [ 332 1
B S LARAL
1.2 oA ag £ 40

W40 HREL,10% K4 588 0.3 ml/kg [ R BRI, 51 7
WG, SR, W U ML B PR, T A M i 55 T B TR RO B
FEM S K P 5 A2 O HAS AR TN 3 mm AbFH 6-0 2248 85 A
SEEIVK T S, TR SRy o UL €y i 2125 SRy RS 21, 0 L BT ST B
R B bR . 5 6 RKR T HFFRAL LA
5L AE AT R YL (sham surgery,SS) o A S5 I 5 8 R
4x10°U/ 3 x3 d Hpkiy,
1.3 # pcDNA3. 1-H-FABP % B A2 % #0669 %) &

W4 peDNA3. 1-H-FABP JFURL i) HIl I T LB B 55 5k
A3, WS A T TR PR TR R B X 7 U P R IO R,
ELx800 [58){527 [ s i FLAR A I JFORL & i K 15 fR Tk il g
Pk RGE ( DSPC) 5 mg ., — KA Ik % AR Fk £ B2 ( DPPE ) 2 mg . ]
#% 60(Span60) 1 mg, H i 50 wl H-FABP JL[H 2 mg Fll— & &
PBSIRAEET 14 1.5 ml W& &N HNE LM, 37°CKE
30 min, SR JEHHETE ARG 40 s, PBS whke, BV Ay ihi it 45 3 4 1)
g BT R
1.4 ZBpMRAHE

SEFLACTERK AT % 8 S, I 9 HOKRSET: (BT JR A
FIEARSE 2EL D CE O E R BMFEARM T KR
FET K RIAAFE 1 31 SO K AL 4 241 : OH-FABP +
M + 4L (H-FABP + US/MB 41,n =8) , Qi 7 + fdia 4l
(US/MB #,n =8) ,®H-FABP + : £k /k 41 (H-FABP + NS 4,
n=8) @HLUTF R (SA 4 ,n=7), H-FABP + US/MB 41 %
T K AR IR M0 2 ml, F 4 R W LR,
S5-1 453k, Jid F U g A5 e % S 0 23 R 4 A 36 43 ) Sy
1.6 MHz Fi13.2 MHz B HIHISE0RE 1.3, 18 N 4 cm, K% H
DL, B4 ~8 AUl E AR 1R, BB THE K.
US/MB 21 25 3508 ik AR 5 56 PR I i 2 ml, SR A B3R AH )
FESH, H-FABP + NS 21 sy 20 ik iy A 7 Jk [ 1) 46 i A
Ko SA YIAY Hh FH bk il A S5 AR BEER K o SS 4R BT AT
b PRAE X B
1.5 ®pSFHEEMNS I REEAFARE

FEHEEY 14 d 5, 10% KA G 0.3 ml/kg [ R %A
R, OB 25 Bz AR [ 5 T4 & F Vivid 7 2 2238 888 75 43
(R 10 MHz) Bl 5 K UL DIRE. 4B /= D) - 2
NZEE A, M OB R A B A = A Ak R W AR
(LVEDD) , ZE = W46 A N 48 (LVEDS) |, 14345 (EF% ) o >
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IRe I o6 58 5, T e i R 0, W7 3AL B KBRS T BB O
Uk, A= 3K R R o e, BRI AL 0 B AR AR FE AR
Jo AR AL DI, T A2 AR B AR O L —E AT A s Y A, o —
FBAT IR AARAESS T, RAEME 3 000 r/min 8.0 25 min W EL -
TR -20 CHRAEE .

1.6 Western blot #i H-FABP £ ik

B 100 mg FRAEC MM A 1 ml ZEFERIKIEEIHK 4 C
B0 L 12 000 x g B0 15 min, SRR ], BCA 0078 2 1k
B AR I PR B 2 10% SDS-PAGE # % PVDF I, 5%
WERE IR B 2 b, —HE (/D BRBLK B Cardic FABP H i BEHT {4
1:1000)4 CHEF IR , B-actin(1:200) FE N NS, —Ht (AR T
FAIEETRIC PN 1eG) IR E 1 h, ECL B, BER NS
RGA )G M Quantity One 4. 6. 2 FQA T E A #E4T 1 8 & 43
Hr, 15 H-FABP 5 B-actin JKBE HOAEAE A AR ikt
1.7 ELISA :4m fe Z 5 WL FFA 4%

2y 220 mg LA ZUE F UK S A — & &
PBS 34351 ,3 000 r/min #.0> 25 min {F4IEE_FIER S5~ FF
AR I 2 b 355 0 R BT B A 1D R ELISA 3057 & Ut I 43 28 B G
W FFA &,

1.8 TBARS &S UL 2R IS R i BAL K-

) 20 mg OWLZALUMA 200 wl pk¥& g PBS,200 W 75
F3HE 20 s,10% TCA JTLIEFE I, 14 000 r/min B0 5 min, B F
15, e TBARS A L L 22 12 S g 4000 3 4 136 1 1 25 T A
Kl MDA &6
1.9 g3 kabm iINOS &k K-F

e 0 WA S R B RS 2K, PR B R 3% H,0, %
1R E 10 min, 5% BSA 37°C 45 [4] 30 min, J{ 0 Hi K Bl INOS
(1:100) 4 CIBTHMAEY R =50 37 CHEF 30 min, ji§
Jin SABC 37°C ¥ E 30 min, DAB 68, 7R ARG I oK 3= fs
Image-Pro Plus 6. 0 Z {5347 AV 4l R R 53 % BEAE (T0D)
1.10 %t 5%

KA SPSS 16. 0 Geit2# 8 o Hr b SR , 45 R = s %
TR YN AR R T 22531 o

2 HR

2.1 BRBRKRACHHLELERE

B GE 14 d, 2 & 4 5 BT AR LR i s 500 1
THE(P <0.05), EE WA AR H AR B K (P <0.05);
H-FABP + US/MB 45 US/MB £ .H-FABP + NS £ .SA 0 Lt
EF BI A& (P <0.05) , ZZ B WA I N L E 5 kKB A
HWB4E/N(P<0.05) , WK1 E 1,

%1 HFABP HAFAESAAROEEFREER (x+5)
PR IR

415 n B () D (mm) s E(% )
H-FABP +US/MB 4 8 7.52+0.75  5.3420.49" 64.38 £3.24%
US/MB 41 8 9.42+0.74%> 8.06 +0.57°P 49.56 +5.95%
H-FABP + NS 41 8 9.98 +1.10°" 8.02+0.65% 48.21 +5.93%
SA 4 7 9.76 £1.76°> 8.06+0.612> 48.10 +6.592
SS 4 6 7.38+0.61  3.72+0.13  84.99 +4.21

a:P<0.05,%5 SS 41k ;b P <0.05,5 H-FABP + US/MB 41t 4%

2.2 Ak AW H-FABP £k

H KB AL H-FABP AHX} 3235 5 49 520 : H-FABP + US/
MB £ (0. 83 +0.07) ; US/MB 41 (0. 47 +0. 08) ; H-FABP + NS
20(0.45 £0.05) ;SA 41(0.48 +0.02) ;SA 41(1.15 £0.13),
SIS SR TR LB O L4 2 H-FABP 323k B i B fI%
(P <0.05) ,7fii H-FABP + US/MB £{ W i #2 % T H-FABP 335
JKF-(P <0.05) ,H-FABP + NS 4 5 US/MB . SA 24 [t | e 48
THeEE S LA 2,

| 2 3 4 5
1:H-FABP + US/MB #1;2:US/MB #1;3; H-FABP + NS 41 ;4 :SA 41;5.SS 41
&2 Western blot & H K RO ANAZLR H-FABP k%

2.3 KK R b A S FFA 48

fj 75 2 W] WL, H-FABP + US/MB 4 . US/MB 4| ,H-FABP +
NS 2 SA 4Ll Bt WLAEGU FFA JKF- L SS 4 5 7+ (P <
0.05) ,H-FABP + US/MB 4.0 LA 4 FFA &5 LE US/MB 4 |
H-FABP + NS 24 SA ZHW] R FEAR (P <0.05) fHAIk = T SS 4.

#®2 H-FABP BLWEREHKRIME O FFA KELLR (x £5)
4151

n 1fil. FFA (nmol/ml) L FFA (nmol/g)
H-FABP + US/MB 41 8 283.62 +22.69% 66.87 +6.02°
US/MB 24 8 279.54 +23.59¢ 85.34 +6.60°"
H-FABP + NS £ 8 287.74 +27.61° 82.80 +6.354
SA 4] 7 278.53 +£22.49% 83.70 £6.45%
sS4 6 208.89 +24. 10 46.36 +8.24

a:P<0.05,5 SS 401b45;b: P <0.05,%5 H-FABP + US/MB 411b45

2.4 A2 KR SI MDA KF

5 4UR BUG WL MDA 5 45 53 53 0% - H-FABP + US/MB 4]
(0.51 £ 0. 06) pmol/g; US/MB 4 (0. 77 = 0. 07 ) pmol/g;
H-FABP + NS £1(0.76 £0.08) jumol/g;SA £H(0.78 +0.05) pmol/g;
SA 41(0.34 £0.05) pmol/g, SEH&LH SEFARA AL ONIH

A:H-FABP + US/MB 21 ;B:US/MB 21 ;C:H-FABP + NS £1;D;SA #1;E.SS 41
1 ZEAKXBREER#HYEMEBEOHRM
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At e, o § Fon ‘o : VT B e |
Zae ',f,'u' " o |8, 200 E 4
g < ‘ . ',\' - y 0 = ‘ dlmery ..
i or L R »ora X B s | R )
X y TR : Y% S =i 3
¢ - el ~ 1 4 A { o
¥ %, o A B S~ C A o] D E

A:H-FABP + US/MB #8;B:US/MB #1;C.H-FABP + NS #1;D.SA #1;E.SS 41
3 KAKRROALINOS Fik  (SABC x400)

21 MDA /KF-B1 5 T+ (P <0.05) ,H-FABP + US/MB £H.0> L4
41 MDA %54 [ US/MB £ \H-FABP + NS 41 SA 25 B i [ AI%
(P<0.05) fHA759K T SS 4.,
2.5 BK RS IINOS AL

SS 2H 1 iNOS JLP- o1k, US/MB 4 \H-FABP + NS 4 .SA
2 INOS 33k 5 SS H LB BT (P <0.05) , H-FABP +
US/MB £ 1 iNOS ik 5 US/MB 41 H-FABP + NS 41 . SA 41 [{
BB R (P <0.05) 455 LK 3,

3 itig

AR AT R B, B8 5 Bt B 1 ] A by e
W B TR AR Be AR S — P 5 1% 5 D5 2 1 2
R PEFLARONE 023 A RO 2 B R HLH . A s
grp H-FABP + US/MB 4| H-FABP 3 ik Hf i &5 F K
REDIEA KRB (P <0.05) , uEB @ UTMD 4 2111
SCEL T H-FABP JEH A0 L 4%, IF HAR & 10 ik
BF1M.47 %%, {H Vancraeynest %[8] ot &3, UTMD 4
By o O IE R B 1 A DD RE RS AS R A S 4T
YIS, {H 3k SN ] 5 0 Bl 4 B (] 9 4 RS R A T
5. Chen 2P HIHUBRIE AL 1. 6 1 #8750 I3 A R 13k
WA DRBE NS A T Fhs, AR 1 34 % D hg
B B0 IS4 A0 BEIE G o AR S 56 P, J6 0 3 KRR
TEFEZ R P O S T WA M e g )5 14 d P9 BEAE
T JFH, 2B R G B + Sopndl 5 sl
FARYMEL, OIFEIE R —2E 8L, FIL, AT N
SR FIBUARTEEL 1. 3 A 6 7 5 J3 4 R0 I, 6 AR S 36 v
HA® %t

FABP REFES G BIR A T 5 40 it PN 3R 45 1 g i 1R %
HA AP G, inss L AE S0 40 B 1 B] 38 46, PR
JHO N FFA 1 BE AR5 e KA, Bi7 1 XSGR IR i R 43
T 0 0 5 M A A5 . CHIF I, 28 Jloki 8 22 40 14
T, JLAS M e B R A, Jin 3 g Jos AL 8040 e, 5 A 26
FFA 7R3 5, [ Bk oc JURE 7 R SR s 2217, i i 1
EACRBEAR  FFA LECo LM P SR o 33K ol g Ik i
) FEA BB A= JSURRE" VR A, 4005 20 I 52 3 1, ok
A B T T RS S T AN T A 3 TCBE O R 1
— BB A EEAE R . AT AIAE L R H-FABP
FRUE T8, 55 Heather 25" BSR4 R —F0, 3% b5k
LR e = H-FABP %f FFA (128 s/ 1 58 &) 8

2 FFA (303 o A S0 ) 8 75 Tt 5 A 100 LG
Yufr H-FABP JL[H B3Rk ks, 35 i H-FABP k3K, 5
RCHFEAR T O WL FFA 55,

341, H-FABP B4 R0 3% B O LA N 1 07
OH ™ \OCl™ 254 [ '™ S AL B T Gy 7 A T
B 1R R RN . 18 CHF WhC LI P4 (ROS) 7
AR, K ROS REAE 60 LA AR K, 75 0 LA
M Tt I B e B A N I N R 4
PR, REA -3t s N ALK S A L S KA o AR SRR
FH TBARS 7L 5 i ot i 8 A0 7= 1) ( F 2N %) ,
KIS D AEABE X0 L MDA 7K B 8 T (P <
0.05) , 78] CHF Bfig it Efb s ni 5%, 7F H-FABP +
US/MB #11 MDA 7KPARFH RO E A (P <0.05)
FRRUESC R H-FABP ik 2 #l il ROS Ity
(AR, AT B ROS, 3820 T i Joit o 4504k 5 Bz 1) &
A BBV LA

BB, B0 B E L ILF, INOS [ 3Rk
KB ER Y INOS AL LK AR A i
NO, 5 0° Jz Ji A= B — Pl ik S 1k 71 (ONOO ™),
ONOO ™ A 3R H LU, 25 CHF 1 &% . @ik
B FEA AT i A0 AR P il e G 7K T ey, it — 20
PG INOS 13k BN b Ah, KB ROS AT DL I
NF-kB, 2 3 iNOS [yt st . ARszgh i, 78 H-FABP +
US/MB 4, [t % H-FABP 23k F} 5, iNOS 335 T i
(P<0.05) A1 1IA M iX 5 H-FABP BEAS T 0 LA L
W FFA R A8 AR UK — e e . NS — 5 T
S ,H-FABP 3[4 ROS, g/ T NO 5 0° i Ak
R ONOO ™ [fL2s .

ARSI AE R 75 S E AN TR 2R AR SR 3B 1) ]
B RG], ANREHE i H 0 KL R RR Sl e 8 it R J ik
(), DLt — 24 7~ H-FABP 780 32 B 9 40 7 H
ML, A 1S H-FABP 2780 L4509 7 TH A BB T R 1Y
I FH i

S Xk
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