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Abstract Objective To establish a rapid and efficient murine model of intramyocardial injection without assisted ventilation, and
comprehensively describe its details. Methods Six — week — old male C57BL/6J mice were randomized into experimental group ( CPT
group) and control group ( Con group) ,and each group contained 22 animals. After deeply anesthetized, mice were subjected to small left
thoracotomy followed by temporary cardio — exteriorization. Recombinant lentiviral vectors carrying short hairpin RNAs targeting murine
carnitine palmitoyltransferase — 1b ( CPT — 1b, for CPT group) or irrelevant gene (for Con group) were injected into left ventricular wall
directly. Ten weeks later, myocardium and skeletal muscle were obtained. CPT —1b mRNA and protein levels expressed in different tis-
sues were measured by RT — PCR and Western blot. Results The survival rate of all animals was 90.9% till 16 weeks of age. CPT -1b
expression in the myocardium was significantly lowered in CPT group compared to Con group, while its expression in skeletal muscle was
indistinguishable between the two groups. Conclusion Intramyocardial injection — mediated RNA interference effectively and specifically
down — regulated the expression of targeted gene in the myocardium. This new technology represents a preferable approach to introduce ex-

ogenous substance into the myocardium of a mouse.

Key words Mouse; Intramyocardial injection; RNA interference; Animal models; Surgical efficiency

BEE A ARG K3, N R AR, B WSS h d O A W R (RO TR AR BN, G0 BEAY

it A AR 35 7 AU A 0 I A i A AL
TNz —. BART FREARE S TRENAELR
JoHR , (EL X R 25 2 JE B (A st i P L L
SR UG ) ENRF IO . R YA T AT 40 i T
T AR IR BRSO R AL TR RE

B7F 5 5l 5 AT s 200 i X o JUE 0 1 A 1, BRAE
(807 ¥R e K AR TE A D WL B /N BUR O BEB R

SE 4 H < 55 E1AA R & VE BN H (T L% H ) (81570460) 5
[E152 [ SRR 3 4 7 4 R 273 4 VE I T (81500668 ) 5 o 9 i 3 ¢
FHIF A 45 % 15 3504 4 Y 051 H (2042014K10172)

2 LA 1430060 BRI A2 A BB B0 I B R A I
5%

AP 96« TR, AT B, CHR e O o T £

mbao@ whu. edu. cn

- 32 .

1.0 ~ 1. 3mm J& AFI TR TS o 0/ U i 2
R JUL A SR A0 J5 S A B A o DA o JUE 5 0 114 O 7 i
PR KA E o A1 Bl LS T 5 B R TT 2 B9
EE S-S CON I U AR SN S 7 i )
SRANERC WU T 55 B9 07 2 Al AR D, R 22 480 Il AL
s B R P AR, BRAE S HLE R S iR AL E
Jastt o B, Gao S W — R R /N B JULAE SE
B Al PR /D O MiE B2 B TR R AT T A 44
R0 FIL PR T S AR BV RS T A R A Sl g ke o Ay S iE O
JULPA S A SN o B T A 1, 2B A R T AL N T
B, AR TTETEAN RO LA L, WEHA T 19 RNA
TR XL LA F AR RE R AR e e e IR
M# 5 E
1. SE8 3l ) . SPF gUEtE C57TBL/6) /MR 44 H L4



B Fgi e 2016454 f1 4545 % 4

e B

il K 18.3 £0. 7, 1 H L 5t B AL W RHL A
Al SR T DR A N R R B B ) S 5 v O B B 3R
BOHMEBCE., PR AR 22 £2°C, B 45% ~
50% , IR/ BT L 12h: 12h, K 3 ) BE HL 4> b S0 5
HAR A B2 & 22 HadE MR SR 2 JR S (6 A
i) FEAT VRS RS Ak 22 im 37 T B B IR BT 2 16 F g .
7R SREAE S 3 S A T 3R

2. g bl A 5 TR AR A R IR BT
A A R, BTG M A, R AR LS -0 B, A B, B
JEEAT , M FAR , 361 B i, 25 ol RCEE T O A% (L9 R A
Al ) R 31 gauge T ER L, IR RS AR, 1%
L2, 70% LFE . RT - PCR AL A 5 35 - 52 f
E & PCR ¢ (CFX96, 3 [ Bio — Rad 4\ &] ), Trizol
(15996 - 026, 3 [ Invitrogen 2 &) ), 5 ¥ 5% i 7 &
(FSQ - 101, [{ ZR ¥ %5 A 7] ) , SYBR Green i 7] &
(FP205, Hh [E KA A F] ) o Western blot 32 45 Il i 71 -
RIPA 2L (sc — 24948 , 35 [# Santa Cruz /A 7] ) ,BCA
A E # IR & (PO012S, Hh [E 38 = KA H] ), CPT -
1b —$r ( GTX117231, 3% [H GeneTex 2 #H) ) , GAPDH
—HL (CWO100A, [ HE A 20 A H) o

;

> &

3. 185 B A% BRI EBAE O NLSCE B LR A 1Y
TR B A ) Bk 55 B2 Bl — 1b (carnitine palmitoyltransferase
—-1b,CPT - 1b) fE 5 RNA T4 H AR EE I, 75 3£ B
2340, 5¢ . 7 [ (green fluorescent protein, GFP) & [K
Xt REL F H ) /N B CPT - 1b (5" - CCG GGG
AAT CAA CTC CTG GAA GAC TCG AG T CTT CCA
GGA GTT GAT TCC TTT TTG -3") & GFP(5' - CCG
GTC ACC TTC ACC CTC TCC ACT TCT CGA GAA
GTG GAG AGG GTG AAG GTG ATT TTT G -3") i1&
Jod B AR, 20 ) T 52 36 4 R R ZE /DN LR LN
Gto WERM ~1 x10"/ml,

4. AR HE S HUD BUPRE, #% 90mg/kg 21 1 TE
ST e B W . /D BURR RE R 0 S I 2R,
B R HG I T A R, R SR ARG 8 R S
B 70 U PR RN HR 35K, s B JBR 4 J 45 P I [ % 2 17 2
o A WU T 5 A B Al RO B A T o

5. TR T ARIEWME 1 s, ARJE /N BT
BT I (35 ~40°C) 95, /NZ T 2h JR TR, R
J& 4h A IR IR B R, TSI B AR N E RE
KARMNE 2A 7R BT 2 BE R X L an P 2B ffizs

E1 MNRONMAESRER

AL TEGE F B GHEEAR X B TOLHTX 3 ~ 5 ) 1 ZE B AR 1R ZY Lom Y10 5 C.¥ U 148 1) 467 6 AR 25 48 5 D. B4 23 186 g R L
AN /N UL, 2% 53 10 1 % 0l D6 B2 5 5. (0 P 5 G 0, A5 22 585 4 fi 3 257 )l i) UL 2% B Mo 2, O 9 K 28 UL 22 24 0. 6em; . 22 F o 4 5 i 4
3 R /0N BB I A, 7 i 5 i 2 0L Ak A5 AR B A 0, DR e S KT O R 8 T B R LA AR B R
FREE R0, 0o U 10 245 25 M 1 5 G BT AR A1 A% 31 gauge Ay FL ) (8t V068 B HEAT T8 508, G o A — /1N 25 BT, Bl A R 2 LR A
TR H L AR 5 720 BE R 30° A LA L, TR AT 0 % BE ST 1 28 25 3 Be 58 A WG L, 9 356 3 S % S8 R A (R R A
5~ 10, O SR FEGHEOR B P G O R ) RIS 2 ~ 3s SR ZAR AT o BVERFE R HEAT 20 BT RE 5 RE A S0
S35 0. AU R 2O I 5 G A DA AR5 KM A O 5 L. T 2 0 E S I Y A A

- 33 .



J Med Res,Apr 2016,Vol. 45 No.4

2 DARFESR SR
AL ZE 0 BT RE S REC LN T SR B SR B O 2K 8 AR A O E AT
BESA G VE S B N RLO BERE D) (HE B t0) 5 4R H &2
(31gauge) (L. 0% RV A 0%

6. U : 16 JE A BF, e A% BHF 5 Aif T AU 19 5 325 JjR
/N B T b B o B IR0 I, 25 B0 s B R I A, A
PR B0 %, PBS(pHT. 4) VEVE , I A MR 5 7% - 80°C &
175 A BT UG BB #5 WL, HF RT - PCR J Western
blot 1 £ .

7. 5K RT — PCR LA I - A Trizol 2% 4 B 21 21
R RNA i BE 2 e 5% ) & Ui B 45 5 i cDNA, it
¥ SYBR Green {57 & i BH 5 #4728 &8 & PCR, ¥k
U GAPDH YEShNZ: . SIWF 1K : CPT - 1b iE 1]
2l#1:5" - CCC ATG TGC TCC TAC CAG AT -3', %
ME[#:5" - CCT TGA AGA AGC GAC CTT TG -3';
GAPDH iF[m5|#:5 - CTC ATG ACC ACA GTC CAT
GC-3", KB #:5 - GGA TGA CCT TGC CCA
CAG CC -3',

8. Western blot 54 . ffi ] RIPA Zdfiff i M\ 4 21
rhERICER 1, 48 BCA il 85 1k &, SDS - PAGE 43
BEA, HaBE, —d s E bk B
TE SRR BIG . SE rh  — Tk Dy CPT - 1b
1:500, GAPDH 1: 1000, # & €14 3% JHl Image J % {tF
I3 o

9. ity ik Ge it 3 A 4 ] SPSS 18. 0 k4,

- 34 .

TR ERER B0 £ bR 22 (v 2 5) R, LT BE
BHA] LR ¢ K8, BL P <0.05 25 5 HAT 48 it
g R

LNRAFTEAE O : FAR M H B HE 9. 1% , Ji
DAL + QO I 45 BT 40 A B o e %, BB 2 A B R
15 @) 1 5 B AR AS it 1 0 E A 28 B ) 2 o
RIGZE 16 R LI T, TG, A B AN 20 H,
FfRIUESE 12, 5% W/ BROAR S5 Hh B0 72 0 % i RE 55 160 Jis
K% o

2. SEP T BRAL N 1) %5 5 : RT - PCR &5 R4/, 3¢
/NGO AL ZUd CPT - 1b ) mRNA 33k 1 1L
TR REZH (& 3A) il a8 L CPT - 1b ) mRNA %
IREPA N Z T LTSI E X (P >0.05, 4 3B),
Western blot Y55 I 25 5 5 Z A — L, 5240 20 /D B0
WL 2l CPT - 1b A8 (1 3235 B AL T X 41 (|
3C) ;T HS WL CPT - 1b (& (R A A P4 22 5
TG B X (E3D), DN EF RS ET
P T LA 2 CPT - 1b 35 H X & 45 L b CPT -
b [ 2K A R .

it it

3 AR T Bk SR T B D LA 2
WF5E HF O I Y 9 7 A ) BRAR 5 =0, ml A 00k
AN RSB BT TR R R AR o B AR © ST 10 AL
PN A ) 7 5 B R A 955 F M S SR st Bk R A L
Gy PR P 55 AN T I SR8 R R 1) A A R
ARE, SRR —Fh B AR B — A2 BRI
T HAE /N BB v ) R o

A% G FF W S5 0k A T IR BIL, AR A U R
PR AR, 52 1 H 2 )% B % /> 20min; I g 1f
W W, G040 K 2 B 5 S e A B AR
FE VR B AE /N B 5 BE JE W 15 A0 = 1 X
B o 5 IO JH % 1 R I /N B PE T R 20% L
AR B Ik P9 SRS O R GE B R SR ALY
Fit o o BRI S 5 5 T ORI B T S A B/ T
DA 22 0 8 0 A0 st AR 8 6 7 152 4%, i /D BRUA
DRI (IR ST 53 NI = ST 1 TN (O 12
B I ) B R R R TR AR G e 57 X
{FAZ 8 75 R Sk /IS B B A T AR BR il G FH A i)
R AT ERREN . 5 LR AN, ABF
e s N N RS F P = G TR AN K /i N
VEAR A W L, 87 775 1) O K K4 i T F AR i),
SR Y] (>800 H) 35 58 MU A a0 LA T A



B2 el 2016 4R 4 A 4586 H 4

-E B

A
1 1257
®
= 1.001 T
£
Z 0751
|
E 0.50- —
+
= 025
2
0.00 -
X} TELH KEH
s & g
S
| cpr-1b
GAPDH
0.6
#
L
wg 0.4 '
E ES
=
|
= 02
&
=
2
0.0
X TRAL St

B
125

)

g 1.00

(a1

£ 075 T

=

|

£ 050

£

= 025

5

% 0,00

X IEZH SIS
D @% @&V
GAPDH

0.8

zosl T

H

=

= 0.41

L

S

£ 0.21

=

%ﬂ%

% 00

X HRZH SCEGEH

B3 AREHLH CPT -1b ) mRNA F1EHERIEKF

A.RT - PCR Z5 L4 7% , S0 241/ RO LIS ep CPT — 1b ) mRNA ik 35 (% T ouf B2 (541 n =4) ;B B8 WLH CPT - 1b
B mRNA A 7EPTALR 2 5 LG4 X (A4l n=4) . C:Western blot JE A I 45 5 /R, 5546 41/ B JLA 2L CPT - 1b
MR 12235 R T X A (BF4 n=4) . DB HULP CPT - 1b B 1 R 7E WA 22 B B4 8 L (H4 n=4);C.
D EJ R g B AR FE N Western blot 12K M 5 i R, LB GAPDH fES5 2, 5XFIRALAILL, * P <0.05,™ P <0.01

(R IFE] < 1. Smin, BRI GE T8 10 5L L. A
D5 T0 5w Wil AR s ot O i B B I 1R B ) A
TR AT IR R o ZEAR 55— AN 2 TE A 46
RAGE TR o RO IR B R R TR W AR A
R RN o O JEAE A1 5 I 32 B BF TR OF K A L5
DR AR (AR 100 /53 ) , Bk T T8 S Mk 2 .
MR B O T AL B BE A P AT R T A
PEBFTRBE R 5, i G T 0] 2 A0 B BE R TTRE, PRIE T
TESTRCR o

SRR T, 100 SO 10 114 T 3 R o T L T
BishWIseT- et . S HRMEH, EH BT A
A P O B 0 T - (D 48 I O 2, 1 R0
FIE S 85 Je l Sz B A 5 PR Mg LA 52 2 A X R
Je B e R B OCE B, BT TT B R AT g A
W B g LA 58 G, 20 TR0 B p L TR PR, A

T4 U P B NS e Bl O S, B R /ML P
K Ja # R, WA GG HOEAT 7 10 0 5, WER 26 4 1N
] o S IF A5 UL PA) A 2 52 8 1Y s @ RE HE 55 4 1 [ JF
fLo 2 il TE] B 00 I IS 3 2k — e i LR, 22
2 i BE P T 0 R AR (T TR 7 (B R AT 5.
RV REZE TR Bt T 07 18], 3 R R e 0 e BE
(D) AZRE AT 2 SR 2 DRI TEST . AR 3
1) T LRI BE 25 5y £ 0 U L (BS54 B L % = 3L
A0 ZE TN A S AT 55 @ 28 R )L AL
P 107 JHE B T D e % A58 00 i 5 | A RS i 5 ()0
JESH 8% AN BER T 30s , o i i I 6] 7 ) W) FE T2 W]
BN ; © A7 T3 BEEET, B Sl o0 L. A T R
Rl UL S S B OR s BE K R T A
P T O L 5 B e 18 R, T A
G TE S W AE O WU AR 0 AR T 2 T AL 5 @
- 35 .



J Med Res,Apr 2016,Vol. 45 No.4

AH I e T, RLPRGER i O R 5
i 22T 3 AT 2 Ak 5 @) 0 AT M T AT 280 K T A AR
A AL RS Ze TRk AR 48 U 5 U0 1 3R
L7 [ 5 e Mg 8 e A AR HE S B 5 e L
35t A M I

A B Ao o v O B R S s BB T Y 2
R o D AT RIS r SR AR R A O P i
HiT 55 6 5% AL W JE R R 0 Uk o Xt ToIe 2B 1
A7 700 5 T RE B A, AR R AT e At AT 5T 4 R
S, BT T DS B0 S R Rk T B
Al 2K S

ARELARA M B A, B AE o] 5, O JE L 12 1 4, Bh
PFET AR, AT )2 N T/ B RS B 5 o B
HhE LB S A A, i W] T A A R R
Y725 AN IR I (0 LA TE 5 o IR IR
JRy BRAE , QAN S A 22 T A 5 DR A 7 — 1O I Jis R 3
KA AR R T UCT RS, W0 R, AR R 1
T 2SS o ARG AE T5 3% B S p s, Hpr 4 &
(9 RNA T4 AT i & e 52 0 30 R 980 UL 209 H A
LRI, T — Pl B 18 S IR N/ 245 1)/ 4 i/
AEYIRE R D LS T 12

&% ik

Virag JA, Lust RM. Coronary artery ligation and intramyocardial injec-
tion in a murine model of infarction[ J]. J Vis Exp, 2011,52.2581
Prendiville TW, Ma Q, Lin Z, et al. Ultrasound — guided transthoracic
intramyocardial injection in mice [ J]. J Vis Exp, 2014, (90):
e51566
Gao E, Lei YH, Shang X, et al. A novel and efficient model of coro-
nary artery ligation and myocardial infarction in the mouse[ J]. Circ
Res, 2010, 107(12) :1445 - 1453
Springer ML, Sievers RE, Viswanathan MN, et al. Closed — chest cell
injections into mouse myocardium guided by high — resolution echocar-
diography[ J]. Am J Physiol Heart CircPhysiol, 2005, 289(3) : H1307
-1314
Bish LT, Sweeney HL, Muller OJ, et al. Adeno — associated virus vec-
tor delivery to the heart[ J]. Methods Mol Biol, 2011, 807.:219 —-237
Zhang Y, Bao M, Dai M, et al. Cardiospecific ¢d36 suppression by
lentivirus — mediated rna interference prevents cardiac hypertrophy and
systolic dysfunction in high — fat — diet induced obese mice[ J]. Cardio-
vasc Diabetol, 2015, 14.69
Toivonen R, Koskenvuo J, Merentie M, et al. Intracardiac injection of
a capsid — modified ad5/35 results in decreased heart toxicity when
compared to standard ad5[ J]. Virol J, 2012, 9:296

(HcHs F 91:2015 -09 - 11)

(f& 11 F 491:2015 - 10 - 12)

ME A SRR R R HFRE F
BRITEREY TR

ehEsAE F—vl Rk FHESE K O ORI E O KEM

WOE BE WIS ERIOEE TR A AR G X AT AT A 4 S0 R N R AR G A HOCT i o = R IROT B A T AT, D i —
ARV B A 1 2 e . iR SRAESE 2 AU BT AL AR B 5 23 57 Sk CT RS I L MRT PR R B XU T
G & MRI &, L DICOM #% 30 F A Mimics BRF 64T = 4 4, TH@ L Geomagic Stadio {1 ig i #6 A AL AL A B I A 2l H0 7
AT T 8 25 ), 95 S 8 BT I 8 R RDRS AR A - A ANSYS AT BROC/HM T R A B i S M. R @& T — 1 ad
SRl R N NI i S N DGO N ST DA 8 i N = RV A N N R - Ei I B S T B TR A S TR = S
28 LA EL U UL P R G R AT A = A A AR LA R AN ET A R S e BROCRE AL, S5 AT CT MRI G2 AR A ) 2%, I
B2 275 AR AL B AR A Mimics \Geomagic Stadio Bz Ansys 45 & S A4 1 FIL M A4 15 FT 8 vo G 2 A0 TAD 3400450 2 EL AT 4 T M S o 1 A 52 T4
AT LA gk — A AU 1 I % 2 e R+ 84 52 Bk [ AR (4 R AR 0

XER HTmEly HEARLS A RREEE ZHART EWIIE

HEWH: HFARPEEERIIE (i R H ) (81271663 ,31471146) 5 #7 L4 B 30135 B (i 1390 H ) (2010C33123 ) 5 i M 17 B8 314l
T (201280155 ) 5 ik M B Ak R A BHIE A& Jig % 000k 4 B Bh I H (QTJ06012 )

T35 BT :325000 3R M IS k2 IR 585 — I [ 11 400 AT SR ot I AR 7 — 15 TR SRR 5 R 6 L BRIL BRER ) 5325035 RN EERH K 2 B
& 2E WS (RS

W IRAEH RS, B TS5 4 . 6785069@ qq. com; %37 %, %, HL T {54 : biomech@ 163. com

- 36 -



