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TAA BT, 25 HUNR M N =40 4 B84 . BAPN 41 .BAPN +
FNDP 41 ( B Jlsi3: 55 FNDP) , 4ii] TAA i % A SR A7 R,
WLER i = 2 ik ) R AR A 4K, 58 ) 26 1 ( Elastin) Yo 4 W5 TE 4
2R GBI AG T I T 4 S Al 2 (MMP2 ) (B 42 IR
fitf 9 (MMP9) FI (5 4l fL B 68 (CD68) (725 fk . HH it
TER MMP2 1 MMPO (15 P . 2 5% 3% 5 A e 2 5 g
(RT-PCR) ¥ 4 2 L i 52 & 1 (DIDR) | £ 5 i 37 {4 2
(D2DR) . ZH 214 3(D3DR) (£ M 3%k 5(D5DR) \H
AF-1B(IL-1B) A -6 (1L-6) | i I IK B A F--ou ( TNF-
o) FARZ A Fa AL 3 -1 (MCP-1) o P8 DLALBI AR 1 (o
SMA) K P AR H 22 (SM22a) ) mRNA Rk fEAL, 4551
5% LA L, BAPN 2045 W 8 (9 TAA T B, Mg 3= 3 ik B
WA e AL 5%, H DIDR M1 DSDR ) mRNA 7KF-3) i
%R, 5 BAPN 414, BAPN + FNDP 41/Nil, TAA 99K
R AN B IR 1 2 B b AR A1 5 M = Bl IR g i ) 2 Ak 25 L
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Jifg) 3= 311 Ik 988 ( thoracic aortic aneurysm, TAA) &
W Sk EAR S E R Sk ER 1.5 50 F, 5
JoT R ik BT AT 28 - LR B B 4 | SR IR T A
FYIRISE . TAA 59t &k, ST R, H AT
A H I FHRIGTT TAA B 25450 78 f8
538

25 U Il 2 AR Ah LA 3 e AR 245 B~ M i ] LA
93 R — B ARFN Z RS A, — B2 R3S 2 Bl 2
& 1 ( dopamine receptor D1, DIDR) Fl1 25 [ it 5244 5
( dopamine receptor D5, D5DR) ; — Bl Z A 3L £ E
Wiz sZ4& 2 ( dopamine receptor D2, D2DR) |\ £ [ it 5%
1 3 (dopamine receptor D3, D3DR) FlI £ [ i 57 & 4
(dopamine receptor D4, D4DR) "' 4 W 5% 5 7R 34
15 22 U0 e — PR 32 (A RISl ol G U0 1) SRR R 1 (-
clic adenosine monophosphate ,cAMP) #jiffi] NOD {57
IGE A 25 M B S H 3 (NOD —, LRR - and
pyrin domain-containing protein 3, NLRP3) 434 /|MA
O3 A, DA T4 3 98 SR 5 BB il NLRP3
AR S R A, W sh & B — A7
PRt T LA VLA M F 3 5T o TR BT 2
CL i — B Z AR AT RETE TAA h BA TR EH] . 1ZBF
R 2 U e — B 32 AR B s I HE i 22 % (fenoldo-
pam, FNDP)4R5¢ HAE TAA HRgfER

1 #B5H®

1.1 sEIgzh#y  HErE 3 JEl CS7TBL/6) /N 25 H,
i 9 ~ 10 g, g B 117G ERN K 2= 52 5 sy v
[ SCXK(#)2019-0004 ] . /N B 3K J5 # B4R 57 3 d
JE T IRE S5 (Rl FR 245 SPF 21) . 7R g it
FEr 7R 3R SR B 455, 48 TR s Y LA
SO e Bt S = o SYDI2023020

1.2 FEiKF FNDP(SMLO198) F1 B-Z 3N G
( B-aminopropionitrile, BAPN) (A3134) Ilj H € [# Sig-
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ma ) ;BT 46 Pr )R 68 (cluster of differentia-
tion 68 ,CD68 ) F v FEHT {4 (ab283654 ) \Hi 1k i 53 J&
fiff 2 ( matrix metallopeptidase 2, MMP2 ) B4 55 B4R
(abh86607 ) Fil 4t %L Fi 4= J& il 9 ( matrix metallopeptid-
ase 9, MMP9) BA 73 BT 1A (ab228402 ) 1 [ 35 [E Ab-
cam 3] ; S B8 B 0 0 & (PV9001 ) & DAB
B & (ZL19019) g At st b AZ & M AR I HOR
ARAF ; 378 H (Elastin) 3¢ @100 &6 B A&
T A BRI R AT RN ) 5 WY e T v, Tk i)
W A AL AE P EARA FRZS 7] 5 TRIzol 1 A 3£ [
Ambion 2 F]; RNA fe #% 512050 & W B H A Takara
AT IOEE RN & B P E RS RAEYRHECH
FRA T RNA 510 B A TAY) TREEOR RSG5
HBR ] ; PCR {4 B 26 [E Thermo Fisher Scientific
VNS

1.3 NMNEROSER TAAERRES 25 H/NE
0= ALXHEA (n =5) R ICH K BAPN 41 (n
=10) , Pk &4 BAPN[1.0 g/ (kg - d) JHITCHIK ;
BAPN + FNDP 41(n =10) ,7EZK %54 BAPN[ 1.0
g/ (kg - d) | TCRE /KRS 1,565 14 RIFMG AR 1 d
RIS FNDP (10 mg/ kg) , 55 7 U¢ X IR
BAPN ZH i AF A B A BEER K

1.4 BMEZNRREALE R ALE 28 d LG,
FH 3% 386 %t/ BRHEA T IRRTE, 3T T M s, DAL IR
TETE AR BRERACRE U B E SR I e, 45O I
L T Bl k S 2 d i BB EA T A IR AR5 i 3 3
Wk 4% Z2 R [ , B R CIE K, W R3],
AEEEE, UV R PR R BT 88 .

1.5 Elastin 8 X &4 00 800 R 45 0% R
(65 C,2 h)  “HIRIBE BB L W2 52K PBS Jif
Ut F BRI FY)  S min, PBS JEUE R BLAABLRR
WG TR E,5 min J5 F K ks B AT
et 2 min J5 FRHIKYE ; IR 38 G QL) , K
vk, ZHASEN], th R E A

1.6 HEHALREE MEBHLDIF (65 C,2h),
SRIE ikt 2K ZRIEK Ve s U0 ) BT 100 C Ry
1 x AP BRI W P 20 min JEATHT RIS IO I
JKIGEVEVT R, P P 5 o 4T T ) 70 2 T O 7
I 20 min, JCRKIEBE, F L3 =5 36 £ U0 7 20
min, J§ T, I —HHiMA, 4 CRRELAG K H A
FrAEE TR T F- 30 min, PBS i 5 ; 1 OB i Ak
bR T HUIR, = 30 min, PBS #§t; DAB
B ZJE AT IRAKT Y, ER IR 34k K B |
Bh

1.7 FABCEGE U WIS vk W i v by
MMP2 F1 MMP9 ) 36 o 05 48 /N BRI ¥, 25 0
(1000 r/min, 10 min) , 5{4F B2 M7E . RHAEE)ER
ARG WO L EAT AR TE S A 0. 2% WY
I3 B AN A e b AT HRL UK B A TR R A R
JFFT 48 hiB R 37 CHFHE 5 hy F Dl i g o, it
TR BB 2N T, Z 5 R E

1.8 RT-PCR HARHUT /U 3 ik 2H 4T TR-
Izol J7 1 S UG, RNA, i B8 S 8% S 1R & 07 ik 4%
mRNA [ 5% 5% 8 ¢DNA, 2 J5 H19¢ 06 € £ PCR 5]
EHFT DNA §3 . BTSSR 1,

&1 3514F5

FIFHI(S’-37)
F:CCACACCCGCCACCAGTTCG
R:TACAGCCCGGGGAGCATCGT

FENH Bk

mouse 3-actin

mouse IL-6 F:AGTTGCCTTCTTGGGACTGA
R:TCCACGATTTCCCAGAGAAC
mouse IL-18 F.ACCTTCCAGGATGAGGACATGA

R:AACGTCACACACCAGCAGGTTA
F:CCCTCACACTCAGATCATCTTCT
R:GCTACGACGTGGGCTACAG
F:TAAAAACCTGGATCGGAACCAAA
R:GCATTAGCTTCAGATTTACGGGT
F:GGGAGCAGAGTATCATCGCC
R:ATCCGGAACCCTGCATTAGC
F:GCCTCAACATGGCCAACAAG
R:ATCCGGAACCCTGCATTAGC

mouse TNF-a

mouse MCP-1

mouse a-SMA

mouse SM22x

mouse D1DR F:GCTCCTGATGGAACACCATT
R:GCTTAGCCCTCACGTTCTTG
mouse D2DR F:TGCCATTGTTCTTGGTGTGT
R:GTGAAGGCGCTGTAGAGGAC
mouse D3DR F:CCCTCAGCAGTCTTCCTGTC
R:AGTCCTCTCCACTTGGCTCA
mouse D5DR F:ACCAAGACACGGTCTTCCAC

R:CCTCCTCCTCACAGTCAAGC

1.9 %it=4E 5 A GraphPad Prism 9.0 4iif
AR BRI oM . A58 IR AT B LA
P8+ b 22 30, PIAH A) LU BRI B ST AR AR o
Ky, Z2 418 LSR5 2250813 P < 0. 05 R 225+
FEERIE S -9'8

2 #HR

2.1 TAA hWZBERZFEERKENTE S
ZHAHLL, 257 BAPN 28 d 5, /NER 5= 3 Ik P B
&, Elastin 422 n] UL 5= Sl ki 27 4 B 2L, W
B TA B, 3R EB RS . 5 X BALAH EL , BAPN 4]
(g DIDR .DSDR J% D3DR [y mRNA 3357k 5214
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fR(DIDR:P <0.05; D5DR:P <0.01; D3DR:P <
0.01) ;{H D2DR 1) mRNA Fik/KF- W& (P <
0.01), L& 1C -1F,

2.2 FNDP /MR TAA HEREIHIHIER S5XHIE
ZHAH LG, BAPN 21 /) UM == 3 Jik PR IR mT DL B K, LTl
2A i3k Frzs, 1 BAPN + FNDP 41 /)N B i =5 2 fik
K 2 BE 4 BAPN 41 /I R 8 0 4%, D IB1 2A,
BAPN 41 10 HUNRA 7 HIE sl kiR, TAA &4 5%
0% 7 HORAESET, o 3 HUE 3 ks il %4 i A
T, W2 30% ; i fE BAPN + FNDP 41,10 H /)
BRACH 3 HIE LBl lkigE , TAA &A% 30% , HAL
A2 JEET, Hob 1 RSk kB ser e
FR10% , XFRRZH S H/NEAEAES , HiEIEE

Jo5tH, WK 2B.2C, 5 BAPN 41 4H Ik, BAPN +
FNDP 41/NA AR 8 1 5 (P <0.01) , LR 2,
$&7R FNDP HA 1] TAA #Ef AR TAA A= 5
P TAA AEfFRBEM .

2.3 FNDP Xj38 5 T4 RHANERBEBHO B EE
B g s R B8, 5 BAPN 41/h AR,
BAPN + FNDP 25 /)N i) i) 3 2l ok 58 g 21 4 Z5 L 1%
LIS, W 3A, B ALEE R BIR, 45 41/
S = 30 Ik 20 2L P 1) MMP2 (¥ 3B.3D) il MMP9
(E3C.3D) IAYE R 5 22 A St 5 L (MMP2
F=26.958 0,P <0.01; MMP9. F =21.041 4,P <
0.01), SXFHRZIAHL, BAPN 41 MMP2 Fl MMP9 %
5 B4 (MMP2 . P <0. 01 ; MMP9 . P <0. 01) ; Tfij #H %
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Xof B

BAPNZH o R ZH BAPN#

Bl TAAEERHEALAFSERZIENERKEEL
A Xt BRZH A BAPN 21 F sh ik KRR 53k . TAA A9FE A B X BR AN BAPN 4 Elastin J¢ €] ;C. TAA 1 DIDR mRNA F kK ;D TAA
D5SDR mRNA 257K F;E:TAA ' D2DR mRNA 357K F;F: TAA o D3DR mRNA 35K 53 B4 AL * P <0.05, ** P <0.01
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F BAPN #H,BAPN + FNDP 4 () MMP2 Fil MMP9 %
KU/ (MMP2 ;P <0.01;MMP9 . P <0.01) . /)N IfL
TG MMP2 (995 P4 46 0 25 2R 7R, BAPN + FNDP
ZH 1M 3 MMP2 1 3% M 3 I T BAPN 4 (P <
0.05) fHIf {5 MMPO (|5 3E 3F) i 4 ¢ Il % 22 &
(P=0.1475),
2.4 FNDP X E I 2 B i 8 0 K i B F F= 1% R HP
FIMER e g R os, 5 4/ Rkl 2
E A0 AR5 CD68 1Kk (Bl 4A 4B) ZRA S0
AR (F =43.3171,P <0.01) . A TX) R4,
BAPN #H CD68 ik 31 (P < 0.01) ; T #H 8 T
BAPN 4 ,BAPN + FNDP 2 CD68 2 ik B I [AIK (P
<0.01),

RT-PCR 2553 7, 2% 4 /N B 3l ik 2l 20 R
HF Ik (B 4C - 4F) 22 54 Geit2# 52 L (MCP-
1:F=17.757 5,P <0.01;IL-6: F =102.046 0,P <

A S R 4L BAPNZL

B XA BAPNZ
MMP2

C gl BAPN41
MMP9

0.01;TNF-o: F = 13.632 3, P <0.01; IL-1B; F =
30.139 4,P <0.01), 5XFAR41HH L, BAPN 41/ Ff
BNk 46 5E A F MCP-1 1L-6 \ TNF-o  IL-18 7K F- B i
Hfm(MCP-1:P <0.01; IL-6:P <0.01; TNF-a: P <
0.01; IL-1B8:P <0.01) ;7 5 BAPN 44 4H ;, BAPN
+ FNDP 205§ 8 ik 48 i Al 7 MCP-1 . 1L-6 \ TNF-q .
IL-1B H 7K F R (MCP-1: P <0.05; IL6: P <
0.05; TNF-a.: P <0.01; IL-18:P <0.01),

2.5 FNDP xf TAA B R4 45 = 2 A9 22
KT WILAH M 7E I 5 DhRe RS T Rk s s
N «-SMA H1 SM22«, RT-PCR Z5R R (E 5), %
/NI LIH a-SMA [ # ik Z A G5 S
Y (F=10.756 4, P <0.01) ,5RTfi SM22a FiE 245
TegeitF R X (F =3.3523,P =0.087 6), fHILT
XTHEZH ,BAPN ZH o-SMA Fil SM22« (355 & R %
(a-SMA ;P <0.01;SM22a: P <0. 05) ; 5K T , #HEE T

BAPN+FNDP#H D CIx A
~ 2 BAPN4L
E 25y M BAPN+FNDP#41 .
_H%(‘-\’ 20 | kk
i 7
~
E 15 F o %
ot )
BAPN+FNDP#H % st %
Ay
MMP2 MMP9
E BAPN%{  BAPN-+FNDP#4]
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F 50 COIBAPNYL
2 B APN+FNDP41L
#Hos5¢
"I
'
= 10 *
(=)
>
= 05f
Chn
MMP2 MMP9

B 3 FNDP X3 ) 4F 4 b RANE B e Z1ER
A F AN TR L) - Elastin @185 B &4/ SR 1 MMP2 G2 21401 5 C & 41/ BRE S IR ZU) R MMPO iz 414k
5D - &2/ E SR U R MMP2 il MMPO S e AL ST S E - 25 21/ BT MMP2 i MMPO B 5 315 37 1 1415 F - 4% 2B/ Bl I 37 MMP2
A MMPO A e 5 5 PEGE PR S % BRAL LG : * P <0.05, * 7 P <0.01;5 BAPN 41 H#5:*P <0.01
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o-SMA SM22a.

B 5 «SMA FI SM22« ) mRNA 834 5ik 7k F
5% REZH EL#: * P <0.05, ** P <0.01

BAPN 41,FNDP + BAPN 41 o-SMA # SM22a [
FETL R E XS (a-SMA. P =0. 128 5;SM2u: P =
0.094 3) .

3 g

FNDP 764 [ B P 2 U HL R VR . Jo-
seph et al'*' % HUE s 41 FNDP Ay S b 14 75
/0N B IR 42 B S8 E ) 5 Amatya et al””! &
) FNDP AT [ AR ' U 40 1 A ) 401 07 3R 48 4 S

I 5 Z BT FSE T o S 7 FNDP 0] 345l gk 240 i i
L Z OB AZ AR TN cAMP AR RIS 22, 4k
) W 200 L 1 9 R - 3R 3K, R /N RO AL
FIRRAE . FEAWTFE , FNDP #Iifi] T TAA 45 REE
A ) O N (A2 Y P R s S e N 1 e S A
J& TAA [ — D E LR HRRE, X #2785 FNDP /] gg3
T VB S SN TV TAA 33k 8, {H X T 0 2%
TAA 2 cAMP L NG5 70 FAh ik — 2
WIE

S i S T R o L HE B VR MR MR 1 R A
B S JRER R R S Sk e A [ R I
EREREAPET . MMP2 I MMPO A DL i 40 ifs A1
FEJTT, JRAE A0 BRI 11 9% 1 DR 2 R B R o 1
MMP9 feikfghn' . b, A F5E " SR Al
it DSDR 77 2 UL A5 5 e T 38 B (15 i o ggg oh
MMP9 FikBEAR . FEARDFSE /)N BRI s 1 2 FNDP
Jo . SRR AP BT R A 0 22 FT R 5 9 E SO i IR AR A
X, AT e FNDP 306 22 B e — 7 52 1R {5 5 30 %
WUIAHOC, X AT BEJE FNDP 78 TAA 5 A7 (R 4E H
AL

S LA R AR S e B RN R R B 2 [ e
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('Key Laboratory of Cellular Physiology at Shanxi Medical University, Ministry of Education, Taiyuan 030000 ;
*Dept of Physiology, *Dept of Pathophysiology, Shanxi Medical University, Taiyuan 030000 ; *State Key
Laboratory of Medical Molecular Biology, Dept of Cell Biology, Institute of Basic Medical Sciences Chinese
Academy of Medical Sciences, School of Basic Medicine Peking Union Medical College, Beijing 100000 )

Abstract Objective To investigate whether fenoldopam ( FNDP) (an agonist of type 1 dopamine receptor) has a
protective effect on thoracic aortic aneurysm (TAA) in mice. Methods Three-week-old male C57BL/6] mice
were treated with B-aminopropionitrile (BAPN) to induce TAA. The mice were divided into three groups: the con-
trol group, the BAPN group, and the BAPN + FNDP group ( FNDP injected intraperitoneally). The incidence and
survival rate of TAA were recorded. Gross anatomy of the whole aortae was observed. Elastin staining was per-
formed to assess morphological change, while immunohistochemistry was employed to evaluate the expressions of
matrix metalloproteinase 2( MMP2) , matrix metalloproteinase 9 (MMP9 ) and cluster of differentiation 68 ( CD68 )
respectively. Gelatin zymography was conducted to assess MMP2 and MMP9 activity. Reverse transcription-poly-

merase chain reaction (RT-PCR) was performed to measure the mRNA expression levels of dopamine receptor D1
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(DIDR), dopamine receptor d2 (D2DR), dopamine receptor d3 (D3DR), dopamine receptor d5 ( DSDR) , in-
terleukin-13 (IL-1B), interleukin-6 (1L-6), tumour necrosis factor-a (TNF-a), monocyte chemoattractant pro-
tein-1 (MCP-1), alpha-smooth muscle actin (a-SMA) and smooth muscle protein 22-alpha (SM22a). Results
Compared to the control group, the BAPN group exhibited significant formation of TAA. Elastic fiber disruption was
also observed in the thoracic aortic wall, along with a significant decrease in the mRNA levels of DIDR and D5SDR.
The BAPN + FNDP group showed a significant reduction in the incidence of TAA formation and the rate of aneu-
rysm rupture compared to the BAPN group. The disruption and rupture of elastic fibers in the thoracic aortic wall
were significantly improved in the BAPN + FNDP group. The levels of MMP2 and MMP9 in the thoracic aortic wall
significantly decreased, and the enzymatic activity of MMP2 in the serum was significantly reduced. Moreover,
macrophage infiltration in the thoracic aortic wall was significantly reduced and the mRNA levels of IL-13, IL-6,
TNF-a and MCP-1 also significantly decreased after FNDP treatment. There was no statistically significant differ-
ence in the mRNA levels of a-SMA and SM22«. Conclusion FNDP shows an inhibitory effect on TAA progres-
sion in mice, suggesting a potential of FNDP as a therapeutic agent for TAA.

Key words thoracic aortic aneurysm; dopamine receptors; fenoldopam; macrophages; inflammation; extracellu-

lar matrix degradation



