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W OE BHEY: 25 IR T T 3 PR B 4i a2 S E SR (AAA) BT AT 5 A ALk .
Fike B 24 HUMEMER Y 22 R AR BENLI 7o 4 20, Foh 2 435SR % CaCl, (0.75 mol/L) SBEEE
fitt (0.04 g/mL ) WA S5 242 M 30 min 55 AAA, I3 TZH 43 JIAE CaCl, BlBRAR [ s e (1)
fili FATIE sk A AR (457 50%~60% ) s, A5 i - HIR B2 W A0 32 52 1M 848 42 A8
fb, RJG 2, R BUE Sk HI/EH 0 47 HE 5 EVG Y e, FTHEPUBILITEAL i 3 46 %8
T AAA TE BRI
LR RF2 M, MEKERR, WARMGYREHAZ RNEY kAN, HRIEF AAA B R
e, WA A g A2 RS B 5Kk, o CaCly+ 4545 41 HUR K 66.67% (4/6) , 14 F¥4"
i 1.61 £ BREE IR + 4678 40 0% K 83.33% (5/6) , I PP 5K 1.89 5. SIEW K sk i,
CaCl, 510 4 I P IS B8 B S 36 (34 P<0.05 ) i JB 2 1 6V il U 10 I 78 PN T8 R 3 AR AR A B d. (3
P>0.05) ; £A4IrPRERREEEI B RIS, SRR B A A bW R AR, b CaCl+ 4% 41 19 A8 fh i
A (¥ P<0.05) o IRMLBUEAIISE B WoR, 4R A T 0 BE Y 1K, SR R,
G518 4IRS IE S Bl KLt 46 2 e A e AAA BT 2 RS AREE (R], EL R AR R i 4
133643 16 3 3h Bk HE 3 4 28 1S RO B8 T CaCl, 05 HE 35 AT H 18 46 28 i B85 0
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Abstract Objective: To investigate the feasibility and effectiveness of creating rabbit abdominal aortic aneurysm (AAA)
model by using drug induction plus abdominal aortic outflow coarctation.

Methods: Twenty-four female New Zealand white rabbits were equally randomized into 4 groups, in which,
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AAA model was induced by wrapping and infiltrating the vessel with a cotton strip containing a solution of CaCl,
(0.75 mol/L) or trypsin (0.04 g/mL) in two groups, and the model was constructed by CaCl, or trypsin
infiltration plus abdominal aorta outflow constriction (50% 60% constriction) in the other two groups. After
the operation, the change in diameter of the affected blood vessel was monitored by veterinary ultrasound. The
experimental animals were sacrificed 2 weeks after the operation, and the injured abdominal aorta was harvested
to prepare tissue sections for HE and EVG staining. The effect of outflow tract coarctation on AAA formation was
evaluated by computer simulation.

Results: Ultrasound examination on 2 weeks after operation showed that no evident dilatation of the affected
vessel was seen, and no vessel reached the standard of AAA formation in the two groups undergoing drug
infiltration alone; the affected vessel was obviously dilated in the two group undergoing drug infiltration plus
abdominal aortic outflow coarctation, in which, the AAA formation rate was 66.67 % (4/6) in CaCl, plus
coarctation group, with an average 1.61-fold expansion, and the AAA formation rate was 83.33% (5/6) in trypsin
plus coarctation group, with an average 1.89-fold expansion. Compared with the normal abdominal aorta, the
thickness of abdominal aorta intima was significantly increased after CaCl, infiltration (both P<0.0S), but the
thickness of abdominal aorta intima did not significantly change after trypsin infiltration (both P>0.05); the
thickness of the tunica media was significantly increased and the percentage of the area occupied by the elastic
fibers was significantly reduced in all groups, and these changes were most evident in CaCl, plus coarctation group
(all P<0.05). Computer numerical simulation demonstrated that the vascular wall stress increased and the AAA
formation rate increased after the outflow coarctation.

Conclusion: Drug induction plus abdominal aortic outflow coarctation can successfully establish the AAA model
in rabbits, and shorten the time for model generation. Moreover, the modelling method of trypsin infiltration
combined with abdominal aortic outflow coarctation is superior to that of CaCl, infiltration combined with
abdominal aortic outflow coarctation.

Aortic Aneurysm, Abdominal; Models, Animal; Rabbits
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& 8Bk (abdominal aortic aneurysms,
AAA) , 2RI Ik — B =W P sk B
Ja PR VR R B, e 2% M A5 A8 BE 0 5 K 32 I U o il
T 2 — M e e, ST sk i R 3 3D ik
AR M IE R R S bk AR 1S A AL R R 2
Wi AAAYY 20 H R G TG AT AE BIRT O iE, AT
PR B E AR (open repair) B ABKE

( endovascular aortic aneurysm repair, EVAR) B3
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1.1 KFEEE
ToKEAES (CaCly) (BT AY TR LR
MAMWRAT ) 5 1250 EFE AR (£ T4AY T/ L
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1.2 REIHWEHAE

TRFEEHTPE = R 24 1, MR, ABTiE2~3 ke,
BEHLr Madl, F4l6H, AAARER T4 9% M
CaCli2id (CaClL4l) . CaClLiZVEEL A Ui 18 4
72 (CaCl,+#72E 4 ) . BEFAEEE (EEAE
H) . REEERIES WL E S (REE
BAEH) .
1.3 REHZE
1.8.1 AAA BEA 64 & WIRES RIREHITE
EYRRIE (0.1 mL/kg ) , APRME &, AR TG HER -
WU T IE A0, Yo s Je G TR 20 A 6 1 45 4
e R Lo AW, B 3 sk XA
Jrs gk AR A S B T M 2 S Bk EE L
BE JE RER DT 2 4 R 5 R R Dk Z 1R TR) B, O R
5 B KK T DU B8 3l koK SF DL 3 B ik B2y
1 cm, DIgprRRMBINE HEAE, 29H% 1 em,
12H 0.75 mol/L CaCl, iF M 5 0.04 g/mL g 1 i
VSRR SR LR S R IR E B kB, BB SERR
B SRR A5, DLORIP I Dk S JE T ZH 4. 30 min
Ja BB A KR B %, R K R Z vk 3 K,
DLW JE B2 20K i, 259 + 4 8 AR B8 a4 A
7, HEHERS 1.0 ( £ 0.075 em) 3¢ 1.3 ( H#&
0.105 em ) [R5 PRAE TR Bz O v 6] 16 32 sl k7
TTE5FL, JERUE SR, 2B 50%~60% 1145
BRI, NG ESERR 3 d(40 T U/ H ),
1.3.2 AL WAUER AR5 RS H VINNO 6 £ H
FBIZWL, F4-12L 53k, Wi £ 3.2 MHz, Xf
SIS GRAEAT HE 3 B OB P R A, SR IR R B
1 3 B ik AR AR A
1.8.8 “ALmEFAE 2 )G, MR, Wi
i S kR B . B Y, 4 9I4T HE 3¢
W 5% 3 2 BkORE A LAl S A i A BB Ak . EVG
Yo o, 00 5% 2y ok e A RE 3 ) SR AR AR .
CaseViewer BT 45 K LA 4145 1 10 400 &
B RS EE, WO E . B N kD) A Pk ik
34200 f5 L EF HEATHA R, N FH Image-Pro Plus 6.0
B 53 06T g 5 BRI A e 580 T F A 1 ARORT AL
BN LR, JF SR A LEF B R ) A 4k L.
1.3.4 F Fhus i B A (B IR R AR R
1, WEEH 1060 kg/m™”', ZhASFEHE N 2.18 mPa « s,
1 15 A5 BT IS ) 06 AT 3 ik A i v R
A9 HAF 0.12 L/min"", %5 ARG 32 3h kAR 7 BLA2
BeAE J5 HAR R R J5 B AR, T ANSYS 15.0 #i4)
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AAA TSR B0 T TR 32 3 Dk A8 B e A2 0 (B
7 ( peak wall stress, PWS) .
1.4 Zeit=24hiE

HHBHE Y TIE « briE2E (Xxs) RoR, N
M Excel MISPSS 190 PF#EATHAE G124 40 B, 41
[ b3 HIDuncanik K 5, P<0.05° 825 A 412

=
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2 # X

21 AA A BFBEIGREHER. REELRER

W2, A TLRmRAIT . CaCl, 4l
P05 B A A e LG ] PR AR . BREGR, mE
HES KB BT LAY 5K CaCl+ 48 78 4l il
EW R K, 2RI, P& A4S R R
BImg AT P ok, A REJCUH ORI IR R+ 45 A 4
0 B i A L E Yk, A REAR L, K CaCl+ 45 %
HREEEETE (K1) o BApaizy Y 4lim sy
KRB, KAAA I ; CaCl,+45 844 R
(4/6) BUR, IMAE VPP K 1.6145%; B A E+46
AEYSH (5/6) B, IMEFHP k18945, BE
P Tl + 408 7 21 0088 R B i A B ik A% B0 K F CaCly+
A (F1)
2.2 HATRIBEME

E K R F 3 Bk S5 B T MR R L
MR CRPIRAR, AL PSR ) | PR
(EZ 20 LM M S 2F 48 ) | AN,
HE Y (0 0] UL if & BE 25 44 3 067, of 587 8 AL HE 51
B, B REMMIZE, EVGY @R it J £F
HYeor RS, EUCEMW, M B, PR
CaCl,ZHHE Y (4 7] UL AP AR PR MU i, 487 BE I
SRR, EVGYL N Py BRHG R PN 3 i B
AAH, PIEGEFgE R PIRTR B CaCl+48
A HEY (@ UL AN RS PE 40 M0IZ 0, b )2 45 4 ™
HEOEIN, EVGYL UL 3 Iy B 5 B4y 8, T AR
B, RO A AR I ZH HE G 8, UL A8 BE 45
I A5k, B RMEMMIZTE, EVCY RN
JEEHG IR, B A R A Sk, IR A il R A, )
Al UL S BRAR I+ 46 28 AL HE Y (0 UL A5 BE S5 4
B, P LA M HES AL, A R RE
EVCY O R R A 2R, v Wi . A5 40
KasIgn (E2) .
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B EEsRBFRER (MRARAHBANERE, FLERAGWRGER; BRAANKEEL) A: CaCl, 41;
B: CaCl+ #i7E41; C: FREEFIEGLL; D: JBREEIEG + 4784l
Figure 1 Ultrasound image of the abdominal aorta (the right-to-left direction of blood flow, the arrow showing the drug injured segment,
and inside the circle showing the coarctation of abdominal aorta) A: CaCl, group; B: CaCl, plus coarctation group; C: Trypsin

group; D: Trypsin plus coarctation group

®1 BEEFHRERTURMBEILE (1=6)

Table 1 Comparison of diameter changes and AAA formation rates of abdominal aorta in each group (n=6)

21 ARTER (em, xxs)  AJF 2 JHHRKER (em, xxs) PR (FF) B [n (%) ]
CaCl, 21 0.18 +0.05 0.27 +0.01 1.47 0 (0.00)
CaCl+ 457540 0.23 + 0.06 0.37 +0.04 1.61 4 (66.67)
JHREE AL 0.22 +0.03 0.27 £ 0.04 1.31 0 (0.00)
JREE I + 4078 0.19 + 0.05 0.36 + 0.02 1.89 5 (83.33)
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Figure2 HE (x100; scale bar: 100 pm) and EVG (x400; scale bar: 50 um) staining results of abdominal aorta
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23 NE, HEEEERSHBENFHETRE S

T

1B R E SRR B 208 3.2 um, 254
7 0L AP JRE L CaC 1458405 i 9 I P JE U5 2
R FEE AR5 e (¥P<0.05) o EHF
HE = B0 Bk a4 P RS 29 4 134.83 um, CaClLAS
CaCl,+4f 7= 41 v R 35 1 5 i 3 3 k3 833,65 % .
150.14%, H¥HW W& THEE AL S REN
B+ 4574 (¥P<0.05) 5 BEAMASBEEA

it + 445 7 2 v B JEE B 5 0E R IR R S K 10,68 %
13.55%, HER LIt E L (¥P>0.05) .
EH 8 F 2 kR £F 4 1 AR 2 S o 45 R TE R Y
41.48%, ZiWiti)n &5 490 )y oF 4k 1w AL A o bR
IEHE FE Bk AL ($#P<0.05) , tHIAZY
Y 2% A E (#P>0.05) , CaCl,41 M 21K
THEEAMA, SHEEAB+FHEAZRANL
(P>0.05) ; CaCl,+457%5 4101 AR T R 25 11 i 41
HEE A+ 4 A4l (P<0.05) (F£2) .

®2 BEIPREEETUREHENTEAMREDLL (=6, Txs)

Table2 Changes in vessel wall thickness of abdominal aorta and percentage of elastic fiber area in each group (n=6, ¥+s)

ZH IEE IR 8k CaCl, 4 CaCl,+ ZiAEd BRI RO+ SEd
AR (pm ) 3.20+1.00 91.20 + 8.18" 91.60 + 4.59" 77.73 £5.33 58.20 +5.20
R (um) 134.83 +5.68 180.23 + 13.27" 337.27 +21.72" 153.10 +3.03" 149.23 +7.05"
FAgERAE A (%) 4148 +13.11 5.37 +0.82" 2.80 +0.70" 2421 +3.06" 15.59 = 3.38"

T SIEWEFSIKLE, P<0.05

Note: P<0.05 vs. normal abdominal aorta

2.4 HENERNNEEEER N

EH RSN MG BE T RN 1 29 13.342 kPa
(1 mmHg=0.133 kPa ) , B F3h ki i E 47 )
240 7% R0 O ity 1) M4 BE TG R R A3 36 KA 13,397 kPa
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13385.73
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B3 HESKEEMETIRERENNTERE (SLiEmAMRAE )
C: PHEARZER AAA; D JithiESA% IR AAA

RS, U B R 4R R A A ARE T R N 2R
13.384 kPa, [fij it H 8 46 45 1 A A ABE T R N 1 29 R
13.436 kPa ([E3) .

uuuuuu
wwwww

13397.23
13372.28
13347.33
13322.38
13297.42
1327247

13247.52
[Pa]
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- *A D
A: IEWE SNk B 4% 5 IR £k

Figure 3 'Wall pressure stress of abdominal aorta with coarctation and without coarctation (arrow showing the direction of blood flow)

A: Normal abdominal aorta; B: Abdominal aorta with coarctation; C: AAA without outflow coarctation; D: AAA with outflow coarctation
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AAAR—Fh S BGR AT, £ k4T 658 L
EAEEUTRL FEAAAE P A4 AR B
KA, SRR, SERE S OB R I A 7 o L 4
fie (VSMC) JT, Rk Bksh a5 80l bk s s
BH 3 2% I BELAS 1E 3 20 bk A 0 A 1 5k A

AL JE NRAAARYFRIEZ —, ZJ80%IAAA
I 5 R A 4 KRR B B 3 B Bk BE A LY. 198 84F
Gertz % Pl F CaC1, 00 H T 4 350 8l ik 40 i 75 5 5
WkIE e i, 385, SxHmEish kA e, R cacl,
Ab B B Dk B IR AR N T 61% , H 81
K s, Sk kAR A SRR Pk, VSMC
BROG, R Mk AN A R, R N sl o B A
RS — s, HAE VLRI TR S S
PR S, HEEIR A YRR BT L
A5 N R A0, AR S kAN IR, ) 3 TR 4
J& W R AR AT A, NI T B E S kY
B, JEMAAA, FreestoneZ2"7E19974F k£ 1Y
W5 s FH0.25 mol/L CaClAE T #7716 % fu i 5
ik, RIG12FH N KB FZAAAE W ; 20014EChiou
ZUH0.68 mol/L CaCl, JH €57 BL/6/N BLHY
8 ESNK10 min, FARFIFIELMAAA; 20114F
3K I 55 45U 0.75 mmol/L CaCl,VA W A0 3213 1 IE &
ik, TARG6H ERY K124.12% A 525 {f
0.75 mol/L CaCLIF WA T-HuiE F 30k, BA shlkii it
EAEE, TG MY KB R A 1.614% .

19904F , Anidjars """ W o HE T 1k &
FIBE IS GRS FAAA, T o B R S 85AF
B NFEAAAFREAE, 0o i) 3 A AR Ak R AR R
W 20 i 9 PO R A A AR 20 R R 2 — i
778 B A YR R B ik b )2 B ) AR A5 Y R
PR, BT REL. REY. P AAARIAL S,
FEXSEEIE T, ¥R BT N R . b S 2
SZ ARV . e RN A0 RSB I8 1) 4% 1 1R i SRR AT o
ARSI AR AT R IR0, 2 1 S O T AL
a2, RIS AR E AR B AN L, ML S
(A R E VL, ASLImEREE S 1T, KRG
20 1A 5K 15 1.891%

Laplace & fE i KAAAHGE KW H T4 F
AA AT S RS Ak A e B 16 2 0 1 (i 1Y
5 T 1 25 1R IR U 6T A A A B I R S B 4 R A 6T
AAATAE=5.5 em W TCHEIR B E T8 E 7,
fHX — AR st T o — HER P AN, A HRaE e
N, JEIT S AA A A Y 0 2F S K REAE T A BT
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AAASEEAAAF HLPWS B Z 8", YPpwWSH T
F o bEETE BT, AAANCH T RE R A Y @ it
THEAUB AL A B0, Ikt 8 40 2 [A)AF A BE i S 1Y
55 RE N 3G, DRI O O A 7R S 2 A s B
G, EHKPWSHE M A Y 5, EAHERE . AH
FZETS, 78 Ja M A 3015 HAR S KAYAAA, X
RLUR A T8 I 25 W) s B A TR 3 B O 3 45 48 a) LA
TE S (KR N ZRISAAA ,, ABFFT SRAHE A

B2, B 0BG e S S K O 48 45 RE
BT AE R R A A ARSEARY | 4 i R ), R AR
R A T R G B AR T CaCliR I G
T B AL, BB A IR IRAAARRE
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