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BdkR w450 FLBENC,TERS X &
. A 2705 5 PRI B2 T PR PR (RA 610057) 5 2 AR B 55— PHIRBERE 4RI (54 610057);
3. AR T 9 el (A 610057)

FH

K B HY

[#8 ZE)] B %37k EE T (rosmarinic acid, RosA )X B 44 (monocrotaline , MCT) 17 S lizhk % (pulmonary arterial hypertension,
PAH) RER M M AR AL, 53 K 30 HUfet: SD A BENL 7 A IR ZH (n = 10) Jilish ks AU ZE (MCT, n = 10) (RIEERERIATT A
(MCT + RosA ,n = 10) ,MCT ZHFIMCT + RosA ZE{# 1] MCT (60 mg/kg) SR NE N4 25 20 R PAH B S B2 B R IE IR B A5 4 FR 0.9% S A
BRI (60 mg/kg) o SXTRELAAAEL, MCT 20 BSR40 PR 2 e it D BBk R DT RVI(LV+S) Tha, Il & S %,
FEOR PAH EERERR T , 25 2 H ot BBZE R MCT 2R 45 B s i 545 F 0.9% 5450 (20 mg kg - d™' x 21 d) , MCT + RosA ZH4G R IE It S A T
0.9% SALENRY RosA (20 mg-kg™'+d™' x 21 d) . FHZ4521 RIGKMAFR SFRMzIIK L /] (mean pulmonary arterial pressure,mPAP) #5002 AEEFEEL
(right ventricular hypertrophy index, RVHI );HE %@(ﬂ”iﬂfﬁd \ENk EFITEDGD s Elisa £ MIiTZHZH b ﬁ:ﬁ%(malondia]dehyde ,MDA) EEAIEAY
[ (superoxide dismutase, SOD) \ 2B H K EALIES (glutathione peroxidase , GSH=Px) &8 7K 3 G 2HAVKE T ZH 4 b o Hl5hEE B (a—smooth
muscle actin, a—SMA) FETEAHIAZ A (proliferating cell nuclear antigen, PCNA) 357K, 58 5 MCT 2048 , MCT + RosA 21 mPAP \RVHI
FEATR, Btishibk B S B AT 4 (LR D, Bl NSlibk a-SMA | PCNA FRiR A%, liZHZR SOD Fih /KK B E AN, MDA Fih /KR B D, 2585
HAG (P <0.05), 51 RosA FJLIFERMCT i S PAH KR A7 Dz ed e et vz NEIE A A B Ay, JF ] RE 5 HRA(RIfZE
LAY a-SMA PCNA FER/KCPA 5.
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Effects of rosmarinic acid on pulmonary arterial hypertension induced by
monocrotaline in rats
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[Abstract] Objective To investigate the effect of rosmarinic acid (RosA) on monocrotaline (MCT)—induced pulmonary arterial
hypertension (PAH) in rats and its mechanism. Methods Thirty male SD rats were randomly divided into control group (n = 10),PAH
model group (n = 10) and rosmarinic acid treatment group (n = 10). The PAH model was established by single subcutaneous injection
of MCT (60 mg/kg). The control group and MCT group were given 0.9% stroke—physiological saline solution by intraperitoneal injection
every day,and the RosA group was given rosmarinic acid (20 mg/kg) dissolved in 0.9% stroke—physiological saline solution by subcuta-
neous injection. After 21 days, the mean pulmonary arterial pressure (mPAP) and right ventricular hypertrophy index (RVHI) of the
rats were detected. Pulmonary arteriole remodeling was measured by HE staining. The expression levels of malondialdehyde (MDA ), su-
peroxide dismutase (SOD) and glutathione peroxidase (GSH—Px) in lung tissues were detected by Elisa. The expression of a—smooth
muscle actin («=SMA) and proliferating cell nuclear antigen (PCNA) in lung tissue was detected by immunohistochemistry. Results
Compared with MCT group, the rats in MCT+RosA group exhibited significant reductions in mPAP and RVHI, pulmonary artery remod-
eling and pulmonary vascular fibrosis were decreased, the expression levels of « =SMA and PCNA in pulmonary arteriole were de-
creased, and the expression level of SOD in lung tissue was significantly increased. The expression level of MDA was significantly de-
creased (P < 0.05). Conclusion RA could reduce the mPAP, improve right ventricular hypertrophy and pulmonary vascular remodel-
ing in MCT=induced PAH rats, which might be associated with inhibition of lung tissue oxidative stress and the expression levels of a—
SMA and PCNA in pulmonary vascular.

[Key words] Rosmarinic acid; Pulmonary artertension hypertension ; Pulmonary vascular remodeling; Right ventricular hypertro-
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Jiti ) Jik 55 & (pulmonary arterial hypertension, PAH)
ST — PR R ) AT R N, e A R BURE A O
UL BACT A — Sl A BN . H RS Z REIE e il 5l
Ik v A8 5 It S G0 B L) RE B A () 24400, O TG %A
AT A R BRSO s 2 i, A
2 5 i sy ik v il 0L T A S gl k- T UL AR S (pull-
monary artery smooth muscle cells, PASMCs ) 19 555 Ha s
TEMtEh Ik i & A 5 ke AR bl 3 2 G 2 AR
FH, B PASMCs O3 58 | At it IR T il fok s 1
TRIT I E IR0, KPR (rosmarinic acid , RosA)
TEZ P T eI UL BTR YT IS R, BRI
B TEIT RosA S 15 A 3 3o i35 B 7 45 e g5 3 1 i 3
ok e R R AR AR OB, S 2 M 20 ok e Fs ) i, IR AR 1o ik
A TR AL Bl bk 5 1 P B9V B i AE ML), LA il
Ik e A B TR B S 96 AR R 14 R

1 MB5ETTE

1.1 EEEILS T

B4 S 3 3 AT I A e R 2 AR PR A
HEvEE OB 311812022156 0315 ) o AT A 3h¥) 3256 15 1,
HBBE 2 B v 0SB % SPF 2 sh W) s R4 T, sh i) 1) 3%
2 (22 £2)°C,21% O, YEHEJE A 12 he 12 h, 550
L AR A AR SR I B oK. B 8 a4 ik
A0S 56 50 W A R 2 ) A 8 JE I M SD K BRL(299.1 +
8.0)g £& 1 JEI S} ] PR3 PRI R Je TR AR S2 580 . KB A A
ik (Monocrotaline , MCT) &% T 2: 8 i JC/K £ BE A=
ERK BB AR B 20 meg/mL IR o HF 30 HAEE
SD K FUBEHLAT 2 X BEZH (n = 10) il 3 ok 25 He A 28 21
(MCT,n = 10) EEFIIGITH (MCT + RosA,n = 10),
MCTZ1LFIMCT + RosA 418 I MCT (60 mg/kg) HLUME [
T2 25 R PAT R, ok HE 2 PRy M T S S AR
0.9% FALNE K (60 mg/kg) . 5 xF FBLHAH H , MCT 4H
BRSSPI NG -2 N R S R i = o N T ) ) A
J3TbiE  RV/(LVAS) Thm, Jili i 48 A S5 B4, 487
PAH &R, 55 2 H X I8 2H A MCT 21 B K I s 1
510.9% FEALH (20 mg-kg'+d'x 21 d) ,MCT + RosA £H
TR ME SRR T 0.9% FALEAHY RosA (20 mg-kg™!
A x 21 d) o BRI AR AT
1.2 FmzhRkEHNE

2521 KI5, 30K B, BRES S 9T 89 I 58 <
ERTRZIR, 70 K N A2 Bl o B SRR
RBR, BT AE . HAI8CIHETE 1 om, BIERE
S ER/NSIYIEIR AL, AR 100, PRI EE 121,11
4, B 18 WK EA EET GERAS I, RS
YINLRE R G TE , fEE S N TUE F 2200, HE 2 <,
PR AP e B REMYE [ , W B L A

0.5 cm GYFF R Bk, BlPE o 25 A B )22 FUVLIR )2 , B9 8T
FEFTIF W, 8RB M AT O =4[ A sl ik, 18
o TN FF 1 SRl Bl ke e A X il Bk e
1.3 AREEEHNE

W R S5H5 47 FF 1 8 J5 1 18 3= 3h bk % 12 4l B
3 ~ 5 mLIMEFRAS 26 H B AW AR 22 , By 1k i) o
PRI Bl BB 200 B, 4 0.9% A= FRER K AT
D FERBEE B, BUR KA OIS,
YRR s B AT 0 P S Z R 0 5, U 5 ] ol PN BN
T B0 E BT 8 A0 = (RV) LA O = + 2 (] g
(LV+S) 7385, B4R T3 K35 T2 —HF
KA, A DR BT B AR A RV/(LV+S) .
1.4 B/NBhBKES R BT HLNE

B4 B (R T 2H 2 R A 4% 2 P vh, e ifidpAR
ZWK B ARSI B AT AR PR T g £
(HE) Y&t Masson Yo, Y55 T oRAEN /Nt ik ( HARTE
30 ~ 200 pm) EAR DAL It 2l Jok 487 RE T AR/AE S T AR
(WA%) EREJEFE/NAEIME (WT%) 8 R T AR/AS S
F(LA%) K fifi i 45 £F AR TG
1.5 FfiZ/BhBkH o—SMA.PCNA Rzl E

B AT A ) R, TN 248 L BERGK , 3%
H,0, R HCE 15 min J5f FH 0.01% PBSPE2 1K, BHK 5
min, 7 JITAH R & 1 — 30 (a—SMA 1:200, PCNA 1:200)
JFE T4 CRMT R, M =H(1:200) TEIRIEE 2
h, ROEABRAREZREY  MoKEWEH . k-
Image—Pro Plus 6.0 P-4 fili il 45 ' . ~SMA . PCNA 11§ 3%
ko
1.6 FfiZHZ2 s MDA .SOD.GSH-PxilllZE

FHHRBL B9 A BRI Al 2 20 85 1, 42 41 27 - PBS 2% it
WM 1: 10 A T HL A28 4 “CTA 1Y PBS 2% bl v
o FHAL SRS R A 203000 B B S R e T
B, 2 000 rpm/min B0 10 min, B AR
B 25 S 3 i R & R AT 2 5 GSH-
Px .SOD i S FI MDA & g fift AR 3700 5 (e st e i)
AT .
1.7 GitEam

fdi F GraphPad Prism 8.0.2 1745047 . $diE L)
BB+ AR 22 (x £ 5) TR o WIEA 0 (A8 1, 41 1A]
FE R F 7 2250 M7, LI R L 350K FH SNK 7 . P <
0.05 FnEFHAGI2HE L,

2 #R

2.1 —fRIBERINER

B R A5 MCT )5, MCT4HA 1 HKEAE 21 RINAE
77, AR AL R R IITE 21 RINAFIG . RHIRZL MCT 41
FIMCT + RosA 4 21 KA A7 43 5 24 100% . 90% |
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100%, WEALZ 5, FIIE & 6 FRZHAH HE , MCT 41 \MCT +
RosA 21 19 B IS0 TG & 44t P S fie ik &
WG 2GS, 5 MCT 4HAH L, MCT + RosA 411
KR RN A LRI 22 i SR B 8 5
2.2 ¥k i% & B X MCT iF 5 #J PAH X R mPAP &
RVHI B 200

5535 BE4LAH Eb , MCT 41 K R AY mPAP & 3% 75
(33.05 + 2.07 mmHg vs. 13.33 + 1.17 mmHg, P < 0.01) ,
FIMCT 4140 L, MCT + RosA 41K B9 mPAP i 25 T &
(23.85 + 2.66 mmHg vs. 33.05 + 2.07 mmHg, P < 0.01),
VLH RosA fig 1 & MM MCT % S PAH Fr & A5 0 % R
J1 o 5% F, MCT 2H K B9 RVHI i 25 54
(0.56 + 0.05 vs. 0.28 + 0.04, P < 0.01) . F1MCT 4144
Lt , MCT + RosA 4 K B AY RVHI 0 B & B A1 (0.36 +
0.04 vs. 0.56 + 0.05,P < 0.01) , U7 RosA fiE k3% MCT
B PAH KR ADEIELED .,

R 1 EEFEX MCT 5S4 PAH X B mPAP K RVHI BIS0E (% + 5)
Tabel 1 Effects of rosmarinic acid on mPAP and RVHI in MCT-PAH rats

(x+s)
ikl SR MCT MCT +RosA  F P
mPAP(mmHg) 1333+1.17  33.05£2.07* 23.85+2.66° 68.72 <0.01
RVHI 028+0.04  05610.05  03610.04 5560 <0.01

Eia: AR E P <001;b: 5 MCT L%, P < 0.01;
mPAP:-F ¥ i 3 iR 77 s RVHI: A S & JEJF 45 2K ; Control: & & 3¢ 848 ;
MCT 283 5 ik 2 R AL AL 28 ; MCT + RosA 40 3£ 3% B8R 08 J7 40,

2.3 KEFEITMCTIHES PAH X RN E EHMH
=AU

S XK B 421 HE Y2 ) 7 B4 70088, MCT
2R B /NSl ik RS [ R B B e 78 A e =
P1ZE . [a) %t FEZEAR L , MCT 21K BRUT 3 Jik 4 B J58 /1,
BAME (WT% ) &2 11 (79.56 + 3.60% vs. 38.87 +
7.76%,P < 0.01) \MCT 41 K FUIti 2 Jik A B 1 AR/48 e T
FH(WA%) 11 (95.73 + 1.45% vs. 56.06 + 4.47%,
P < 0.01) . MCT 4 K & 2 bk 487 s i R4S T AR
(LA% ) . Z 08/ (4.27 + 1.45% vs. 43.94 + 4.47%,P <
0.01) . Yk T XK B 414 Masson Y2 () - #4701
FL( VLRI 2) , [F) % PR A B, MCT 41 % BUI 80 Bk 21 4 Jie
JiL 30 R 45 K 5 (76.87 + 2.84% vs. 28.55 + 1.15%,
P<0.01),

[d] MCT ZHAH ., MCT + RosA 20 K FUii 0 i s B J=
FE/L 45 MR (WT% ) 187V (51.47 + 9.99% vs. 79.93 +
3.53%,P < 0.01); MCT + RosA ZH K BT sl ok A5 B 1 A/
B R AL (WA% ) I 70 (81.70 + 4.96% vs. 95.88 =+
1.44%,P < 0.01) ; MCT + RosA 41K UM 2 K4S 10 TR R
BRI (LA% )1 K (20.27 + 2.76% vs. 4.12 + 1.44%,
P <0.01), 5MCTZREAX, MCT + RosA 41K fifi
Bl Ik 41 2t Jise SR DT AR EHH 8 R A (47,14 + 3.26% vs.
76.53 +3.90%,P < 0.01), Zf FZ5R4R: 5 MCTHLKR

SURH EE , MCT+ RosA £ K SUIi /NSl ke 25 B2 B8 2 it , T
L RosA T LLZEfif PAH BRI 1145 T A4 .

Control MCT

MCT+RosA

WA%

0.6+ 100

80

0.4+ 60

CFV%
¥

LA%

40
0.2

20

0.0- 0-

N
“C} oev' <« & oev'
o dg’g' ® &X
N «

B2 Bk BB MCT %S4 PAH o B I &6 850
Figure 2 Effects of rosmarinic acid on pulmonary vasculature in MCT—
PAH rats

VE R G LA P < 0.01;##: 5 MCT 414, P < 0.01;
HE: 7 AR fo i 4 &, s WT%: A ) Wk & B2 3 B/ dn %8 9142 s WA %« A
Rk E B @ AT BT AR LA% S KR @ AR R B AR CVEF%
il 3 Bk £F 44 TR AR 4 ; Control: 7 € %4 B8 48 MCT 22: B 3h Bk 5 /&
BEA 20 s MCT + RosA 20: 1% ¥ A 8R4 97 40,
2.4 FEEBEI MCT 55 PAH X R G /NED Bk 1 o—
SMA.PCNA Fix 2200

a—SMA R 5 M 255 T il 3l 7 1 LA A, PCNA
SV 20 38 A L SR a—SMA \PCNA f1 5 pE 414k,
St T X K BRI B0 ik e g Ak g e U] i A T (L
& 3), F L)k RosA T il MCT-PAH X & fifi /) 85 ik o —
SMA .PCNA ik & [#(%, 5 HE Yo 1) i AR feita e —
B, FEAEPF A, R REGAH H, MCT 41K R
Jili 31 ik o —SMA 3% 3k 7K °F- (68.89 + 3.46% vs. 31.88 +
7.37%,P < 0.01) MCT 2 K FL PCNA 357K - (49.07 +
3.75% vs. 24.03 + 4.85%, P < 0.01) B W, &R
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MCT W] 355 118 WLk B 34 50 S BOR FUNT I A5 844

5 MCTZHAH L , MCT + RosA 41K FUI 8 ik a—SMA
Fik K (42.10 + 2.43% vs. 68.89 + 3.46%, P < 0.01)
R 5 MCT 40 e, MCT + RosA 41K KU 3 ik
PCNA #3k 7K V- (34.85 + 3.45% vs. 49.07 + 3.75%, P <
0.01) T E AT . /R RosA ATl MCT-PAH K fL°F
Y JULZ B ) B, P T A 25 T A o

Control

MCT+RosA

PCNA

a-SMA of IHC
B~
=)
1

20
0_
& & S & &
& W & s .
(&) AX 0&
W« +
3 BIEFEIT MCT S PAH K RA/NIBKH a-SMA PCNA %

eyl
Figure 3 Effects of rosemarinic acid on the expression of a—SMA and
PCNA in small pulmonary arteries of rats with MCT-PAH

VE R S AP AL, P < 0.01;##: 5 MCT 2065, P < 0.01;
Control: % & 5 F& 48 ; MCT 41: Al 3 bk % EALAL 40 ; MCT + RosA 41: %
ARG
2.5 EiEFEIT MCT %S PAH KR A4 & MDA,
SOD.GSH-Px K840

5oz [k B4l AH B, MCT 2H K [ 4 22 b SOD

(269.65 + 25.30 U/mg vs. 465.50 +79.24 U/mg, P < 0.01)
22 3K K A . MDA (1.86 + 0.19 nmol/mg vs. 0.94 +
0.10 nmol/mg, P < 0.01) ik 7/KF- T , GSH-Px(81.16
+ 2.44 U/mg vs. 82.49 + 6.23 U/mg, P > 0.05) W5 T o W
B i3 2% 5, %78 MCT-PAH K BUA AL R o, 5
MCT 41 4H b , MCT + RosA 21 K FfUli 41 21 v SOD 3 ik
(378.64 + 20.41 U/mg vs. 269.65 + 25.30 U/mg, P <
0.01) 35411 ; MCT + RosA 2 K FUIi2H 21 v MDA 3%
ik (1.29 + 0.10 nmol/mg vs. 1.86 + 0.19 nmol/mg, P <
0.01) i /D ; MCT + RosA 41 K B4 4 b GSH-Px
F1k(98.93 + 8.96 U/mg vs. 81.16 + 2.44 U/mg , P <
0.05) 34 /i1, #2755 RosA 7] F#AIR MCT-PAH K UM 2H 2L
AL, W2,

F2 HEFEBI MCT 55 PAH K RAHZA4 MDA .SOD,GSH-Px
KIS (x £ 5)
Table 2 Effects of rosmarinic acid on MDA ,SOD, GSH—Px in lung tis-
sues of MCT-PAH rats(x = s)

215 HRAL MCT MCT+RosA  F P

SOD(U/mg) 465.50 + 7924 269.65 £ 25300 378.64 + 2041° 1575 0.0011
MDA (nmol/mg) 094 £ 0.10 1.86 £ 0.19° 129 £ 0,100 46.82 <0.001
GSH-Px(U/mg) 8249 £ 623 8116+ 244 9893 £ 896"  7.049 0.0266

VEra: G AT BALE P <0.01;b: 5 MCT 20648, P < 0.05;¢: 5
MCT 2H 38485, P < 0.01; Control: & & %I B 20 ; MCT 4.: Jifi 3 Bk & /B AL
28 ; MCT + RosA 41 i i FBR 67 40,

3 it

Jii 2 ik v S ) e A e v e 2RI 2 il AR R
IiE RSN N R DI RE R AT . il Il A E AR 2 il s ik
o R B S A BRAREAIE | S0 A I T Vi LA e 34 4
KB AR D REZE AL AN AN A AL R URR , i A AR N
257 X P EUE A B ARE10, H TS 2 B ok %
iR HA B YT AL RN BRI N A B L e, vl
PEFIHLIAR MDA .SOD Al GSH /K- &A% bt B ALV Fn 121,
AR T B TEFR ST RosA 275 1T 38 1o 03 0T 1 5 0175
110 i 0y Jok e P ) AR P IO, S 2 il s ik v R 1) T

AHFFE T MCT 755 1 PAH AR 2487 5 A
J5 PAH [ 4120055 B4 A AL, RTARADL N 28 PAH U
0,455 il L4 E A, A0 2 RS, SR Ak I EORD R E R
pla-1sl sk LR B 5% B 4L AR e, MCT 5 511
mPAP FIRV/(LV+S)3E i (& 1, B 1), X 5 Z Rt 5
A RIS 2 B PAH AR R EL i IA EE . MCT 515 /) L
IR A 3 A A S A T 20 me/keg ) i Y 2K 3% A R
Kol . AN WFFE A & Bk 1% A 8 25 4 ) MCT 155
S PAH it 11 5 58 MU /NS kLA

BEAE IBFFE T 498 1Y, PASMCs I 345 AT R S50
rf R JEL | A s AR AR I 2E  fE PAH I R A R R
Jre L 2 e F B VE A0S0 ] PASMCs 134 58 Al
LRSS PAHIRYT T SR 020 Syt — 2545 ok ik
RS MCT 7 51 PAH fili 1145 A IO HLI & &5 5
PASMCs FY3EFE FITE R AR OC , A9 R H S gl b iy
A A 2 7 R AT MCT 55 PAH R BRUIT /NSl ik o
SMA \PCNA FEIA MR o 25 5 o o s A R ] LA R#AR
MCT Zb#E )R BB FRAS HH AR Y a-SMA \PCNA %38,
3% T R 2 38 3 41 ) PASMCs Y345 FIT R 306 4% MCT
VSR PAH it 145 = 53 At /N st kLA .

ALY AL (SOD) A M (ROS) ZE T 2 5
B A 7 385 0 2 ik v ) A R SRS T AR O . SOD
A1 8 ES Bz ROS Al 7= A R B 2 A 1 ml )3 4
AR RS- 84% , DT X 2 2R 40 i s A L 42 48 fk
i, A2 328 s 2 Jk ST ek AL 400 034 3, e 4% 00 1 A o
SR BIRGEFE I, AR R A N bR R P I s AR b S
PAH 3 4 F1 A2 B Jili F i Jok 55 28 46 s 2 A8 1k 41
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KB e A LR S it 30 ik 5 (persistent pulmo-
nary hypertension of newborn , PPHN ) £ 35 o ] % $H fifi 8
P B A SR I TR 7 A A R RO £ RS
AL B9 NO 55428, T2 cGMP 7K - B R 11 785 1A
A A 078 T RR g e, A ST 45 R R : RosA
A R MCT 3755 19 1l 20 Jk e s K BRUASE 784 fili 2 2 v 1)
SOD . GH-Px Fih 7K il MDA Y235, A0 %
JES SR il 5l Jok A, L % SE 2 Ml 8 ik v e A BRUASE 784 1y
WTE KB, 5 YU SEBIM R A —3, WA T E =R
(dihydroartemisinin, DHA ) E—FEAPR PUEE A
U VE B 25 , DHA 7] 3 3 38 Jin SOD 2Rk A& F#AI%
ROS 7K P-4 il it s Jk A Bz 40 e 396 5 -0 20 A8 AR
W, ITTIEE MCT 753 (19 PAHSEIR o EAF , PPARa 3
Bl R DR (FF) 28 B Bt A 461, GALHOTRA
PALAK 5 iE 52 FF 0] 3 i 410 i 4804k B | 3 1k 4
NADPH %L (NOX1) ) £ 35 , fff PAH 47 .0 % Bel2/
Bax FULAELHE AN A % PAH & JE£12), Z5 1 JIrift , RosA
e I 20 ik e R R A FHAILTR T B8 5 el il 28 2 48 Ak 7
AR R B AT SR R G O, IR N )
Jok e AL TR S

4 g

RosA 1] IFEAE MCT 5 5 PAH K SR A O S Ui
PR A s TSR AT 145 T k) , LA o] fig 5 %
AR il £H 23 48010 107 S84 R il 1L %S oo—SMA . PCNA 35 7K F-
B,
5 SE3Hk
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