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Effect of Epalrestat on Pulmonary Vascular Remodeling in Pulmonary Arterial Hypertension Rats

YU Tingtingl, ZHANG Qianz, JIANG Liliz, ZUO Dongzez, LI Xianweiz*(l.Functional Expremental Training Center
of Wannan Medical College, Wuhu 241002, China; 2.Department of Pharmacology of Wannan Medical College, Anhui Provincal
Engineering Technology Pesearch Center for Polysaccharide Drugs, Wuhu 241002, China)

ABSTRACT: OBJECTIVE To investigate the protective effect of epalrestat on pulmonary vascular remodeling in rats with
monocrotaline(MCT)-induced pulmonary arterial hypertension(PAH), and explore whether the effect was related to inhibiting
the expression of TGF-B1 and aldose reductase(AR). METHODS Forty-eight rats were randomly divided into four groups,
with 12 rats per group, as follows: control group, MCT group, epalrestat 50 mg-kg™' group and epalrestat 100 mg-kg™"' group.
PAH model was established by subcutaneous injection of MCT at the dose of 60 mg-kg™'. After 4 weeks of continuous gavage,
the Cournand catheter with a diameter of 0.5 mm was slowly pushed to the ventricle and pulmonary artery from the right external
jugular vein. At the end of experiment, the right ventricular systolic pressure(RVSP) and mean pulmonary artery pressure(mPAP)
were monitored by MedLab system. Pathological changes and collagen deposition of pulmonary artery was observed by HE
staining and Masson respectively. The aldose reductase(AR) expression in pulmonary artery was measured by
immunohistochemistry. The expression of proliferating cell nuclear antigen(PCNA), collagen I, TGF-f1 and AR were analyzed
by qPCR and Western blot. RESULTS Epalrestat treatment for 4 weeks attenuated RVSP, mPAP and pulmonary vascular
remodeling of PAH rats. Furthermore, pulmonary arteries collagen accumulation and PCNA and collagen I expression were both
significantly suppressed by epalrestat treatment. The expression of TGF-f1 and AR were obviously decreased in pulmonary
arteries from PAH rats with epalrestat treatment. CONCLUSION These findings demonstrate that epalrestat ameliorates
pulmonary vascular remodeling of PAH rats through down-regulating of TGF-1and AR expression.
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PAHP*, % i iF J i (aldose reductase, AR)J&
NADPH 8t PE (14 1 P 340 Ji7 b SRR R A 2 — 5 3
5558 NADPH/NADP' LLAE N P&, FiEfbAE
T, B HEERRED, AN, ROS AR
i)V T W K= o= IR B Rt =0 A L
BRI, TGF-B1 /51 AR &R IA1E &
B SR P R A0 R Ang- 11455 S 00 105 P4
JULZH B 38 5 R A DG BRI VE 1T TGF-B1 & B A
$7T AR mERGHMSE T PAH Jifi i 54 A W
SCHRRE -

b =] Ath (epalrestat, EPS){EN—#F AR i
), B PRI RS S A RE B W A e £ U
I HIRE TR B EPS ik B B ) i P i L
20 139 R I A B R R U B e AL
BT OB 72 45 5 2 7R EPS 3l i #] TGF-B1 5 511
AR 5 3R 17 980 I 4T 24 AT B 3 i % T SR R R
BT 4Eik !, BTS¢ T EPS X PAH fifi 5
FEAMAE AR WSk . Rk, ASHE TR A B
T &l (monocrotaline, MCT)i% S3#4¢ PAH AR
R, DL TGF-B1 Al AR A#E 5, ¥RiF EPS % PAH
K Rt L A ()4 B ML
1 MR5E%
1.1 Y

{5 SD Ki, &, A& 180~220 g, MH
FEABELRIIMAER LA, FAliES
SCXK(¥7)2013-0006 . 2 4 1 7% & 1. R E N
(25+2)C, E<60%, JEHERSIH Y 7: 00~19: 00.
SEIGHIZEE 12 h, AEEK,
1.2 259 SR

EPS(# T 1L 2 W 4L H B it g B 25 M A PR A
A, HKE N S0 mg, EZjiET: H20040012; L5
B14202075390); MCT(3£ [ Sigma, %5 : C2401).

Masson & ik A (AL R ERH A
AT, $5: G1340); TRIzol RNA HEUAF &
(35HE Invitrogen A, $%'5: 15596-018); RNA
WS F & (PS5 : RRO37A). qPCR X7 & (1t
T RR430A)HIM H RIEFEEY TRHEARA A
PCR 5l # it & E#wAET). MRITKR
GAPDH( 1% 5 : sc-137179) . TGF-B1( 1% 5 :
sc-52893), AR(1%5: sc-33219)8 5u f ik Iy [
F[E Santa Cruz 24 ] ; 7N ER BT K 5 FE 40 o A% pt i
5 : abl18197). 1 ZUHZ i & [ (collagen 1) 7 b
YUk (185 : ab34710)¥ H 3£ E Abcam A Al ;
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LunimataTM Crescendo & Y& (£[E Millipore 2
7], 785 : WBLURO0100).
1.3 Hik
1.3.1  Zhordi. BiRdle Jeen 257550 4r4: SD
KREGERPEMRTE 1, BN A IR X R4
MCT #H. EPS 50 mg-kg ' 41 F1 EPS 100 mg kg™
H, FH 12 R,

WA . MCT BL 0.5 mol-L™' 3h W2V fi# ,
0.5 mol- L™ A AALAN T pH £ 7.4, HLUEREE
B KR 2% MCT il BRIEHXTIALsh, fr
AR — UM Bz FIEST 60 mg-kg™ MCT 257
PAH FE!,

et EREE 2 RITHR45 %5, EPS H 0.5%
RS RERMES, BHEBSZ 1 K, EW
Xof HEZEL AT MCT 20 5 45 T 258831 mL-(100 g) ']
0.5%3% FHILAF 4 Ko, EL4LZ 4.
1.3.2 £ 0 % X 4 JE (right ventricular systolic
pressure, RVSP)FIF- 42 ifi /] ik & (mean pulmonary
arterial pressure, mPAP)[IE 45245 4 AICRIRSG
2524 h)Jg, TR EESZAM(30 mg-kg ) T 5 BRI
KB et sk, BEAN 0.5 mm 1)
Cournand 0T S B4 O MMs K, H
MedLab % 5 A4E B0 74X 53 7110 5% RVSP #1 mPAP.
1.3.3  ARAEE Bl kOE Al e 4 R S S R 3
BN KR AR BE R B, IR FT TF R, G 3h 5k
PBS HERMM AL OGN D E L 3 kA
2R, AT SR R vE o MEVRE | min Ji5 HXH il
ik &l L ZVE T TA K PBS ik T4, it—
BB AN, AT 4%% BB E
SE; fEJG RNA FEIRER T 0 85— 5 it 3h ik & T
1 mL Trizol #', FHTHEHRNA; FRMizhkE T
1 mL HRR RS, HTREA.
1.3.4 JE&ME  HE K Masson 42ty 7l W 52
B 2L KBRS ot A 5 A A B i T SRR 2 S A IO
1.3.5 Jilizhik AR Sl S 44k )ik
Z IR R AL AT W AT g 5 R AR AR HOE
(1:6500), AN ~HUHE(1:1 000). 45 FHIWr: AR
PHM R A 238 BARE R, B AT A,
1.3.6  qPCR #a Il fili 3 Jhk 38 58 40 i A% H1 R (PCNA)
collagen I. TGF-pl 1 AR mRNA &L H
Trizol. S Ah A EESER— 5 ik S B 3 ik &
RNA, RNA & & 5Tl 5 5 A i cDNA(R V. 2%
£ 37 °C, 15min; 85 C, 55s). L2 pL cDNA
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NN, GAPDH NWNZ, fERIGER PCR U E
HEAT PCR B . PCR J W 24 2= I U 4H i )
W9t 751U, F] StepOnePlus System SDS Software
AT EAE, Giit 54 AACH(H, HEAN RQ
B, WS mRNA FRIEKFE. 510K 1.

#Fz1 qPCREIMFF%
Tab.1 Sequence of primers for gPCR

514 il

PCNA Forward: 5'-GGGTGAAGTTTTCTGCGAGT-3'

Reverse: 5'-CAGTGGAGTGGCTTTTGTGA-3’

Forward: 5-CCAACTGAACGTGACCAAAAACCA-3’

Reverse: 5'-GAAGGTGCTGGGTAGGGAAGTAGGC-3’

AR Forward: 5-TCCCAGGATCAAGGAAATTG-3'
Reverse: 5-~ACAACAGGAACTGGAGGGTG-3’

collagen I

TGF-B1 Forward: 5-TGGCGTTACCTTGGTAACC-3'
Reverse: 5'-GGTGTTGAGCCCTTTCCAG-3'
GAPDH  Forward: 5-“TGGCCTCCAAGGAGTAAGAAAC-3’

Reverse: 5-GGCCTCTCTCTTGCTCTCAGTATC-3'

1.3.7 Western blot f&#llilizh ik PCNA. collagen I.
TGF-B1 il AR FHE XL Mlish ik H K &0 EE f5
IME BN 0.1% PMSF [f] RIPA ZfR K20
30 min, iR FIRIUEE, EAWEH BCA
AT E; EOAMERFHI 50 pg B
12% SDS-F A ML ik &t i 7 B8 H, H PVDF i
AT, B, 250 GAPDH(I @ 2 000),
PCNA(1  1000), collagen I(1 :1000), TGF-BI1
(1:1000), AR(1:500)—#T 4 Cit#; MM 4
(1:10003%1:2000)=&EMFHE 1 h; A IE D
N R Lunimata™ Crescendo & 77 5 H
Bio-Rad ChemiDoc XRS % R4t iTmE, M
Image J 1.43(National Institutes of Health) /43t 47
IRPEAE 53 BT
1.4 St

KHI SPSS 16.0 H A AT Gt 70 4T, % AR
PLx £ s RoRw, ZHMELBCR HREZE T Z 0
(One-way ANOVA), P<0.05 NZEFH il Lo
2 #R
2.1 EPS %f PAH K RVSP fil mPAP [{)520

HIEHSTRAME, MCT 4 4 FjE KR
RVSP. mPAP ¥J 8 i 715 (P<0.01). 5 MCT 4HAH
L, AFIFFIE EPS 4545 4 i )5, K RVSP. mPAP
IS [R) R8P P AR (P<0.05 8] P<0.01), Z5 %A 1.
2.2 EPS X PAH K et il Ifil 5 2 44 (14 52 1

I 23] F G HE Geth, 40z ge s fa, A
R R, MCT Kb 40 Zh 4 it 3 ik s e €2 5
R 2, HEFIZEL, $&oR Bl KT i UL40
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REIG T B ke BE Y 2 4 ) . 170 AS [F) 75 EPS
G 4 FJn, Bhshion e BN B R R . R
EPS 7842 MCT 5 3 (1 i I SR O 1 P o LI 2

60T )
on — — 2) 3
E 404 —— —
£
& 20 !
>
o~
0
IEHXTA  MCTH 50 100
40 ESPéﬂ/mg-kg"
D}
2 30 4 | 2) )
E —_ 3
£ 20-
< z
£ 10
0 . x : .
IEHTA  MCTA 50 100

ESP4H/mg kg™

1 EPS %f MCT ¥ % #y PAH A B RVSP f2 mPAP # %
"W(n=8, Xts)

HIERARALLE, "P<0.01; 5 MCT 4E, ?P<0.05, YP<0.01,
Fig. 1  Effect of epalrestat on RVSP and mPAP of
MCT-induced PAH rats (n=8, x tus)

Compared with the normal control group, YP<0.01; compared with MCT
group, 2P<0.05, ¥P<0.01.
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2 EPS xf MCT % % # PAH X B it fn% & 44 49 % v (HE,
100X)

Fig. 2 Effect of EPS on pulmonary vascular remodeling in
MCT-induced PHA rats(HE, 100X)

2.3 EPS X} PAH KR fizhlik PCNA ik (15

PCNA & — P 5 40 U AH S Az P s, HL DR
S 2 2% UMK, FAE N EY R
& 4 3 52, fd B qPCR Al Western blot il il
Sk T B B AR S PCNA R IEREIL. 45 R ER,
MCT 4 filizhfik PCNA mRNA F1E (/K78 &7+
105 MCT A AR, A8 [ 57 & EPS 4 izl ik PCNA
mRNA FE [ /KB &2 PR (P<0.05 8¢ P<0.01).
P2~ EPS X PAH K BRI 20 fik 4t i 385 5 B A 525 1
FEIVER . 45 R0k 3.
2.4 EPS X} PAH K Ui 8l ki Ji 22 04 1) 5%

il ZH 23] - Masson Beft 4 BB R, 1E % % iR
YK BRAX D> B s ik A i B 0E e R 4T 42 28, 3
ik H 2 RN P B R R AT 2. MCT 4 fitih
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ik r 2 486 A P LA 2 s IO 1 R G 2 4 2
21, WG EA Y, SRS E T, 4N
) Ml AR AE K . T4 T AN E R EPS AL¥E 4
JJa, BRI R SGE . 2R IE 4, FR
£ qPCR Al Western blot £l & L, MCT 412K B A
Bfik collagen I mRNA % 85 H R IL /K23 T,
M 25 A [F 55 & EPS4 A J5 collagen 1 [FRIEKF
i Z BRAR(P<0.05 BY P<0.01). 453 WK 5.

1)

[\S] (9%} =~ W
©
w

PCNA mRNA %% /KT
_ (RQfD)

IEEXTHERA MCT4L 50 100
ESP4l/mg kg™

PCNA " > W S 36 D

carpt D G W ;D

PCNA/GAPDH
¥
1

IEEXTHEA MCTH 50 100
ESP4l/mg kg™
B3 EPS %t MCT ¥ % # PAH K /i 3 ik PCNA mRNA
KEARENDHn=8, X+5)
GIEW XA, VP<0.01: 5 MCT 4lH#, ?P<0.05, *P<0.01.
Fig. 3 Effect of EPS on PCNA mRNA and protein expression
of pulmonary arteries in MCT-induced PAH rats(n=8, x +.s)

Compared with the normal control group, "P<0.01; compared with MCT
group, ?P<0.05, ¥P<0.01.

MCT#4

IEH A

ESP41/mg kg™
Bl 4 EPS X MCT ¥ &t PAH K B Jiff 2 ik 5 R JU AR 9 %
" (Masson $¢,, 100X)
Fig. 4  Effect of EPS on collagen accumulation of
pulmonary arteries in MCT-induced PAH rats (Masson’s
trichrome stain, 100X)

2.5 EPS X} PAH KR fizhlik TGF-B1 1L 150

HIEW XA, MCT 4fzhik TGF-B1
mRNA J 8 H R IE/KF B F5(P<0.01). 5 MCT
MM, AFEFIE EPS 4428 4 )5 TGE-pl
mRNA K 8 [ 1K 7K P 54N [F) F2 P AIK (P<0.05 BL
P<0.01). 255K 6.
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2
2
% 3] : 3)
Q
T 27
@
ERRN
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IEHXTIEAE MCT4L 50 100

ESP4l/mg kg™

E5 EPS MCT %1 PAH A B it 24 ik 1 & 5 E mRNA
REARENZH®n=8, X+s)

HIEFMRALLE, YP<0.01; 5 MCT 4AHE, PP<0.05, YP<0.01,
Fig. 5 Effect of EPS on collagen I expression of pulmonary
arteries in MCT-induced PAH rats(n=8, x+ts)

Compared with the normal control group, "P<0.01; compared with MCT
group, ?P<0.05, ¥P<0.01.
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El 6 EPS*f MCT i &t PAH X B Jifi 4 ik TGF-p1 mRNA
BB RIEW (=8, Xts)

SIEWI AL, VP<0.01; 5 MCT 41LE, ?P<0.05, YP<0.01.
Fig. 6 Effect of EPS on TGF-f1 expression of pulmonary
arteries in MCT-inducedPAH rats(n=8, x+s)

Compared with the normal control group, "P<0.01; compared with the
MCT group, ?P<0.05, P<0.01.
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2.6 EPS X} PAH KRNk AR ZI& 1520
2t qPCR. Western blot & %35 40 A0 A Wl & 3
MCT AbFEZH At 5 ik AR mRNA K 8 (3K 3k 7K F 81
BIHE(P<0.01). 5 MCT diAHtL, ASFHFE EPS
He5%) 4 FlJG AR mRNA K& HRIEK AR
T2 FAR(P<0.05 B, P<0.01). 455 WL 7~8.
: 1’ / v A ;23, @'Q ¢ 3 /j';/ 5 & ‘e’-, iy p
IEH TR MCT4L 50 100
ESP4l/mg-kg™!
7 EPS & MCT % % # PAH X B ifi 30 ik AR & A & ik
HE (kAR E, 100X)
Fig. 7 Effect of EPS on AR expression of pulmonary arteries
in MCT-induced PAH rats(immunohistochemisty stain, 100X)
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B I
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K 34 .
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=
~ 1 I—_'__I
<
0--— v T T
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AR S m— s 37 kDa
GAPDH “ S e - 3( kDa
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1
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E 3 b 3
o Sm——
S 2
0~
R p—
IEH XA MCT4 50 100
ESP4/mg-kg™!

8 EPS 4 MCT % % # PAH A H if 1 ik AR mRNA %
FEORENBH0=8, Xxts)

SIERW AL, "P<0.01: 5 MCT 4AHE, »P<0.05, YP<0.01,
Fig. 8 Effect of EPS on AR expression of pulmonary
arteries in MCT-induced PAH rats(n=8, x tus)

Compared with the normal control group, "P<0.01; compared with the
monocrotaline group, 2P<0.05, *'P<0.01.
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EPS fEy—F AR #IHIF, XHHERpEoIZE . 5
JIRE AN L5 5 RCRE EL AT B B AR VR o BROBE SR O
TERAESS, BBt s R EPS I A L. 40
1 0L~ i UL 4 48 T I B R 2 R U 2B
H AT SR B EPS AlE 6] AR IR
RN ¥ e A YO EART Y A AR N 7 Y )
7N EPS #4145 %5 4 JH 5 , PAH K L[] RVSP.mPAP.
i3l bk 2 JE TR B PCNA. collagen T () iA %)
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FHPRAR, i B =AY R . 878 EPS Xt PAH
KB BRI E 77 98085 I i 7 =5 48 (1 1
I
AR J&T NADPH {06 14 1) 1 1 i Jir il e 5 i
W2 —, AT IE. Ma, O i &,
s R DR R AR S5 T
B PRI L8 FE ROE R AR S R, 2 PR 9 K I
B38BT A B RS B VA AR A OBt I R R
P, AR S5 T HABER KA R E. WCEk
HIABEIAR 215 T B /INER 254 M ) 3 58 K 40
AL TR, TP AR W] DUB R IE 1 NER B
RAVEWELT4EAk . B R B, AR 1600 15
b A BB R TR, %) AR BT DL kAR
& i K BRI A LA EE AL . DA b g R
P~ AR ] REFE 3 GE M 0 B O I A HH kT —
TEAEF AT OR IUTE PAH K R shik 1 AR
fIZRIEH BT, $#25 AR AlfE5S 5 7 PAH Jifilfn
EEM.
KEHAEH TGF-B1 S 541G, &
thy IR LTSS, Gl R L R S
3 0L 0 JUL M PR 384 5 % 4 A 4 385 o AR S5 ik
£, MT%ES PAH M k4R EN . R LB
TGF-B1 il 1% p38/MAPK 15 5@ B N a-~F I
WINLZl % H (a-smooth muscle actin, o-SMA)F#
SraSPR  1(11 1 i o= 3 R OO T R R
TGF-B1 8t 4% PI3K/Akt 15 5 38 I 11 110 i) fifi 5
Jok P LA M T, R v UL B %) 44 i
HW AN, BFEEY TGE-B1 M5 AR @ik
TE S5 S0 N B 4R B 5 A Ang- 115 3 (1) L 5
P FULEH A 484 5 P R 2 B 0 1 Y, A e
AUIAREFC R I, TGF-B1 @It if$% AR (3R IE M 2
il LT 4 5T AR R B, 7E MCT
S0 PAH KR Mizhik+ TGF-B1 FREHE
W, RIS AR FERIE AP 3 T s DR 28 3 4
M TGF-B1 /-3 AR =3RIATE PAH fiffi Il & 44 h
EEEEMEM. 447 EPS 4 8)5, PAH KRHz)
Jik TGF-B1 F1 AR FIE /K-35 i 3% PR AIK . Ixsezh L
F ] EPS mlagid@ kit TGF-B1 /1 AR &R
ik, 6 PAH K BRUH I/ =54 7= 2k — e AR PEF
gk bk, EPS fefid: MCT #5321 PAH
K SR LA A, HAL I ] e 5 H A TGF-B1 v
T AR FRIEH K. H TGF-B1 =& a1f L1 AR
MZRIXM S5 PAH il & 2544 v 75 ik — B 5%
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