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Effects of succinic acid on early interstitial fibrosis of small cardio-pulmonary arteries in
monocrotaline-induced pulmonary hypertension
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(Department of Cardiothoracic Surgery, the Affiliated Children’s Hospital of NJMU, Nanjing 210009, China)

[Abstract] Objective: To investigate whether succinic acid could exacerbate the early interstitial fibrosis of cardio-pulmonary ar-
teries induced by monocrotaline in a rat model of pulmonary hypertension, and to explore its pathological and molecular mechanisms.
Methods: A total of 30 healthy male SD rats aged 4 to 5 weeks and weighted 120~180 g were randomly divided into the control
group (C group), the monocrotaline group(MCT group), and the monocrotaline and succinic acid group(MCT+SUC group), with 10 rats
in each group. The MCT group and the MCT+SUC group were subjected to intraperitoneal injection with monocrotaline in 60 mg/kg.
The MCT+SUC group was given SUC for 4 weeks. The rats in the control group and the MCT group were injected with equal volume
of saline, lasting for 4 weeks. After 4 weeks, hemodynamic indices including mean pressure of pulmonary artery(mPAP), right ventric-
ular systolic pressure(RVSP), systolic blood pressure(SBP) and diastolic blood pressure(DBP) of pulmonary artery were measured by
floating catheter in all groups. The right ventricular hypertrophy index was measured after euthanasia. HE staining, Masson staining
and Sirius red staining were conducted to detect the remodeling of arteriole in the heart and lung tissues. Western blot and immuno-
histochemistry were conducted to examine the protein level of angiotensin Il (Ang II), platelet derived growth factor (PDGF-BB), and
platelet derived growth factor(FGF2) in the pulmonary hypertension rat model. Results: The rats in the MCT group and the SUC
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group both showed decreased activity, sleepiness and poor appetite. Lips cyanosis and shortness of breath appeared earlier in the MCT+
SUC group. Hemodynamic examination exhibited that indices, including mPAP, RVSP, SBP and DBP of pulmonary artery, the right
ventricular hypertrophy index, the thickening of arteriole in the heart and lung tissues were significantly higher in the MCT+SUC
group than those in the MCT group (all P<0.05). HE staining showed slight thickening of the small arteries in the MCT group, the de-
gree of thickening of the arterial wall of the MCT+SUC group was more obvious than that of the MCT group, and the infiltration of in-
flammatory cells in local myocardium increased. Sirius red staining and Masson staining showed abnormal proliferation of collagen
fibers in the interstitial cells of the MCT+SUC group, and no abnormal collagen fibers in the MCT group. Western blot and immuno-
histochemistry showed that Ang Il , FGF-2 and PDGF-BB expression levels in the MCT+SUC group and the MCT group were signifi-
cantly higher than those in the control group, and the protein expressions of AngIl, FGF-2 and PDGF-BB in the MCT+SUC group in-
creased more significantly than those in the MCT group. Conclusion: Succinic acid can exacerbate the formation of early fibrosis of
cardiopulmonary arterioles in rats with pulmonary hypertension induced by monocrotaline. The mechanism may be due to regulating

the expression of FGF-2 and PDGF-BB in the body, and eventually lead to increased expression of Ang Il , causing interstitial fibrosis

of cardio-pulmonary arteries.

[Key words] pulmonary hypertension; early fibrosis; succinic acid; monocrotaline

it 1 ik =5 H& (pulmonary hypertension , PH) /& i —
20 22 Aol Jis LR 3| 1 47 B s e T O R B AE |, LA
Jit L 657 BEL 93 P18 45 0 184 o S s A0 B 8 A R R Y 25
fiE, S — " A B AT IR ) 0018 1 i 47 B 9
g, PH 55 (0.0 L 0T 27 2 Al 0 5 LR A 0 3 3 DA T
SEGRE LT E RN A FH R B AR AN
IEET, B M AT DL A ) 35 R (succinic
acid,SUC) i Ml % iz 3 40 M A1, BB A4 e 928 1
& A Bk AT A A0 M A T A, 5 2 2 A A A )
MG IR . A 27 B SUC 455 21k G S E s
I 5Z & 91 (G-protein coupled receptor 91,GPR91) 1]
AEZ I TEA R PHIRYTHE A HE NS C T PH 5
&0 LA AEAL R L i e, X SUC 72 PH G JIIL
£F YAl b BT R B4 i AL, AT AU ERAIE SUC
FIE 71 SR EORIL A F8C 2T 24 4 L 14355 A6 O 5 2 PH L
WU B 25 4 Ak, 35900 26 PR AL

1 HREHE

L1 H#

5~6 Jil it fE R kEPE SD KRB 30 2 (g st EER
REE g0 ) (A HE 120~180 g, BEHLS N IE
HWXTHA . B E A (monocrotaline, MCT) 41 (MCT
2H) MCT 5 SUC B H A (MCT+SUC 4H), 54 10 H
Pt BT 4 40 i A= K [ 7 -2 (fibroblast growth
factor 2,FGF-2) $udk , St B /Mg it A= H +-BB
(platelet derived growth factor,PDGF-BB) #T{4& (CST
o], D) St B % 5K & 1 (angiotensin 1T,
Ang Il ) ¥t & (EPR2931, Abcam 24 7 , 55 [® ) ,GAPH

[Acta Univ Med Nanjing,2017,37(09):1136-1141 ]

PUiA AR A P B 10 1 LU E T AR TgG (BT 3]
= KAEYF AT ) ,MCT SUC(Sigma 2> 7, EH),
1.2 Fik
1.2.1 ZhihEsk

MCT 2 #1 MCT+SUC 40 & Jf 7 5 MCT 60 mg/kg
A3 K B PH ASE Y 2750k W 2 s 0 S S R FR AR 3 L
Ko MCT+SUC R BT #A5 30 min I I 5 SUC
2 mg/kg, AL 2 KR E EE S SUC 1 mg/(kg-d),
Xif BEZH AT MCT 20 I 12 S S5 A B A BRER K, i S
4
122 & sh h F

LU Bl 3 2 W D A 3 50 55 28 R kAT, M il
3 R B 3 15 A Ak R TR S 5% K & S
0.1 mI/kg % I BRUEAT R B 3% He 0 W JRT LA, 470
RS, 0 B A DN S o e K, 0 kA AR R AL R 2
T DU A, I T4 55 — s e e g A L th 2 5 AR Bl
Sk %¢ E (Power Lab8/30; AD Instruments , 3 ] 37 ) i
PRI 5%, MR s i O ST ) A2 A A e Il
EALE  POCRRE Jo R A A IR A
K , R IR RGN 25 2R | 2 BT IE | 1153
Y AL FE 24 i 36 K (mean pressure of
pulmonary artery,mPAP) | 470> =5 Wi 455 J& (right ven-
tricular systolic pressure, RVSP) Jifi 3l ik i 45 J& (sys-
tolic blood pressure,SBP) Flfiii 5l fk &F 5K J& (diastolic
blood pressure, DBP)
1.23 WHEIEF 48 RObE

R BRI 3 3 2 F b G U 45 R, AT T M s, 52
O3 5 O R, 70 4 TR O I S i 2 2 AR B A ) 46



-1138- Mo BB KR

37 B 9 #
2017 49 A

B LA KA R B A B A0 A0 IR T 3R
T 7K 43, FRAT D 8 T R T 20 500 2 () B 1
Hiim IR A O ENEREE A OE RS =1
DEEE/(EOEREE+ERRHER),
1.2.4 R FIAFARN o E B B IR EF 5T

e HEVR G 2B A B L SV I LT, AR U
R BRI B O IR ZH 1K i 00 I 21 2 8 it 2 80 A
22 I W v [ TR 9 0] U v B = el bk D) i JE
JEZ 5 wm, 43 502k F 95 A - 21 (hematoxylin-
eosin, HE) 4 {0, KR 2 21 % {4 Fll Masson 4 {4 W ¢
it 2H 250 2 U L ZH 23 200 0V 25 B e D 2T e 1 AR 4 O
fé 1] Image-Pro Plus6.0 FAF X i R0 JIE /)N 8l ik (1 A
A R A5 e A IR T 8 s A0 JE /N 3 ik e 2
R RFRRE . SGEE N WS I 1R e i B AR A i
&, F HPIAS 2000 #3353 41L K4 53 R ¢, BE L
SIMT S AT 3 5k R IR T DX e R D
A3, B AL 200 A )& RIS it AR (perivascular colla-
gen area, PVCA )=/]Ngly ik 45 i J] e D oo FR/ 30 ik 8
TR, FEAR LSRR FH B 1L 2 (LS8 5 il ST
T
1.2.5 4 pfetnk &k G R-Fiam

T 5 A S 0 B K a bt s 2 s
W2 R 22 v R 3 UK, IR 3 min, & RN LI B
M1 1 h, 4350 i FGF-2 (1:500) . PDGF-BB (1:500)
Ang Il (1:500) /) — 47 ,4 CHF 7 1t 7% ,PBS bk )5 i
EYFERRICH T, il NEEE 1 h,PBS vk 5
I SR MR - SR, = EIEE 30 min, 25
J DAB & (550 & €5, FHBS B 2 BEE K, — H ORI
LR

Western blot SZ56 BN 21 20, Jn A 24 fig i ot 47
AR BO L 95 CAETE IS 1T SDS-PAGE HL
WK, R G K B A 5 ) PYVDF I B, 4 B i A FGF-2
(1:500) ,PDGF-BB(1:500) 2 Ang II (1:500)#9 —41 ,4 C
B E %, IR L GAPDH £ 8 N 2 (1:500) , 8 %
ST, IR T IA YU 1 h R Lotk ik fT
WA, H ] Tmage J 804X H ok 255 R 17 26 1
FIRAMRHE T
1.3 %it$Fik

K1 SPSS15.0 B AF #E 4T ge vt 2% 43 Hr 1 2= Bk}
DA B A o 22 (v 5 ) 78,3 ALIA] FL R R R
2250 HT, PR L8R SNK 36 | 318098 R FH A 1 L
FoR R RO R #E1 T 80HE 43 Hr . >R A Graphpad
Prism6.0 R AFHE1T SR $IE , P<0.05 72 5 A 4 it

M2 =y
N,

2.1 KA A

MCT 4108 s FE 5 MCT 1 J8 G 5% R4l e 3%, %
G Sl OB IR RN B s 5 2~3
HELE A A RE, MR, R BRI R R &gt
MCT+SUC 41K BRI EE 8 BLTE shd | f b, 13 2 0k
N RGBS N B =D IS (5
22 RAET: 1 29 BRAR I & BIAE T K BLO IE 2 78 1
E SN NI RS N
22 SR F AR LR

MCT £ K. MCT+SUC 20 RVSP .mPAP . Jifi 5 Jik

SBP Hfii gk DBP W & 5 FXf M4l (P<0.01);MCT+
SUC A48 AR B & T MCT 41(P<0.05, /&1 1),
0w Bg
809 Bl MCT4]
5 B MCT+SUCH]
_ 60
=
g
E 40
=
4'\‘
= 20+

RVSP mPAP  JilisifkSBP JifishikDBP
P 2H Fe#5 ,"P<0.05,7P<0.01

1 #5424 EE3HARLRINNFHLER

Figure 1 Comparison of hemodynamics in the three

groups of rats after four weeks
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Figure 2 Histopathological results of pulmonary arterioles in rats and PVCA statistical results in each group
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Figure 3 Right ventricular hypertrophy, the small arterial wall thickness of heart and lung of rats in each group
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Figure 4 Histopathological results of heart arterioles in rats and PVCA statistical results in each group
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Figure 6 Protein expressions of FGF2, PDGF-BB and Ang Il in rats detected by Western blot
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