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B, ik KHEEEENE Sprague-Dawley KRR 50 HEHL Fas (AT IRZL . BRI | VI IRZL . RAP 7
L (RJE 5 dIFGE ) T RAP T 2 41 ( RJE 35 AP ) o ZMiVIEE (PE) BEAEF &0 (MCT) 7%
ST B Wk K RS s TSRS S d Al ZA TR TR IR AL VA T RAP T-100 1 2 RAP LIRS A5 35d 44
T RAP T 2 2 RAP WL, MBS FshIkE (mPAP) 1 RV/ (LV+S) HAH. JRAKE - Frer el
WA LIRELE A . Real-time PCR M 41 o MLBIE A (a-SMA ) JF#EAL 220 8- (SM22a.)
mRNA X ik i, R B AR R K RS 35 d mPAP B & F25 O IRZE, RAP 17 1 4%
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SRR A 22 RICEITH R L (P>0.05) 5 A7 Il BEZH 22 HE S (0 n DA ZH K 75 70 6F BEZH 00 il 29 Jok
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RETRIZH N T B2 SM2200 J2 o-SMA BEPRIAFH X 235 e I AR T 25 W IRZH, RAP 1100 1 20 5 RAP -9 2 4111
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Mechanisms for reversal of pulmonary hypertension by rapamycin in rats
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Abstract: Objective To investigate the effects of rapamycin (RAP) on pulmonary hypertension (PH) in rats, and
to provide new insights into medication selection for the clinical treatment of PH. Methods Fifty male Sprague-Dawley
rats were randomly divided into blank control, PH model, solvent control, RAP 1, and RAP 2 groups. A rat model of
PH was induced by left pneumonectomy (PE) and monocrotaline (MCT). At 5 days after PH model establishment, the
solvent control group and the RAP 1 group received an intramuscular injection of solvent and RAP, respectively. At 35
days after PH model establishment, the RAP 2 group received an intramuscular injection of RAP. The mean pulmonary
artery pressure (mPAP) and the right ventricle/left ventricle plus septum weight ratio (RV/LV+S) were measured in each
group. Histopathological changes in the right lung were evaluated by hematoxylin-eosin (HE) staining. The relative
expression of alpha-smooth muscle actin (a-SMA) and smooth muscle protein 22-alpha (SM22a) in each group was
determined using real-time PCR. Results At 35 days after surgery, the PH model and the solvent control groups had
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significantly higher mPAP and RV/LV+S than the blank control group, while the RAP 1 and the RAP 2 groups had
significantly lower mPAP than the solvent control group (P<0.05). The RV/LV+S in the RAP 1 group was significantly
lower than that in the solvent control group (P<0.05); however, there was no significant difference in RV/LV+S between
the RAP 2 and the solvent control groups (P>0.05). HE staining in the right lung showed the substantially thickened
pulmonary artery wall and narrowed arterial lumen in the PH model and the solvent control groups compared with the
blank control group. Different degrees of reversal of the pulmonary artery wall thickening were observed after RAP
administration. The results of real-time PCR revealed that the relative expression of a-SMA and SM22a in the PH model
and the solvent control groups was significantly lower than in the blank control group, while the relative expression of
a-SMA and SM22a in the RAP 1 and the RAP 2 groups was significantly higher than in the solvent control group (P<0.05).
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Conclusions

RAP can reverse the increase in pulmonary artery pressure and the right ventricular hypertrophy probably

by regulation of the phenotypic conversion of vascular smooth muscle cells.
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fii 8l ik &5 & ( pulmonary hypertension, PH ) J&
— 2 DA i BHL ) 2 AT 1 02 Dy 32 BRI Y I R
BRI, WY TFBOARR, A RIOHE Y RO
PR, WA 25. SAE R (rapamycin, RAP) JZH
HESK R P A 1) — R RN BN PR DU AE R, X
Z PP TR AT e R AR AT AR AR, 2
HiFLsh%) RAP #{K ( mammalian target of rapamycin,
mTOR) BRI, 1 mTOR 55 i) iz
S MM Al BB R S i )
RAP TEI PR _E 5 800 1 TR B A AR S T ik 40
ISR D7 RN S SR NTI ) S R SN ER B |
JUL200 6L 4 5 P S50 Jm i e B, WFSEIIESE RAP
T e S FE VR . A TS R BT E RS PH
FCHY I 1 A8 7 5 IR A AR B o B R B, B
YA PERGTE 1T, T RAP A5 410 bR 20 A 4
MIVERT,  FR ORI RAP AT BEA 0 )i o 45771 L
RIEFERIVER], IZ2YA B T Im RIGYT PH Y
TWETERTREE, PRIHAS SO RAP J& A RESZ A K B PH
Ko X5} iti s ik ~F- ¥ AL 4R 9 ( pulmonary artery smooth
muscular cell, PASMC ) W/EFHBTRT, MK Z
YGyy PH 7] REPESR AR AR R
1 #RETE
1.1 KR PH ZhiEEE s
50 H AR 250~350 g (1) il FE 1 Sprague-
Dawley (SD) KT PR 525 gh#y b,
BEHLIT A2 X RREH CANVBUTArT A3 ) | REAUEH |
WD IRZL . RAP T30 1 4001 RAP THi2 41, 4
4110 2o SOk A ™ il gy 20l sh Bk DI BRA
( pneumonectomy, PE ) BEA B 5 A8 ( monocrotaline,
MCT) 551 PH R BUBERS, SD R B 7E JE s i 5
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KA EWERRIE T A7 4200 PE A, BIRI41F PE ARG
7d ETE L S MCT 1% (60 mg/kg) 5 %
FXERRZA AN RAP T3 1 443 T PE RJ5 5d (MCT
BN TESET 2 d) IFIR, 200045 T RAP 25 AT (
FIETHL) WUATES (BH 10K, 8K | mikg)
I RAP WLATES (BEH 13K, K Smgke) , i%E
SyES 30 d; RAP T 2 41F PE RJ5 35d (MCT
B NESTE 28 d) JFAR, 43T RAP WLIAEST (
H 1K, BIK Smgke) , ESES 14d,
1.2 FHAHEhEKE S BN E

B RAP T3 2 40 F PE RJF 49 d il 72 F- 34 it
ZJkH (mean pulmonary artery pressure, mPAP )
HAY YT PE ARG 35d Wl & mPAP, 45T K&
TR TE S 109% K5 5 (400 mg/kg ) FRIE)S, 28
BN IIAR A, HEH 2 B % BIOPAC MP-150
A B A RE I FIC 3 mPAP,
1.3 ALERERERER

it STUME Ak AE S 56 S W, i R A D & (right
ventricular, RV ) . ZE0EME ARG (left ventricular
and septal, LV+S ) , #REE, T8 RV/ (LV+S) b{E,
0 SR WY i)
1.4 FHEhEkERREF

B IE BOH A 2L, vk, 10%
HEERETRE 48 h, HHLOBEEI . VIR, FT90AHS -
e (HE) 4efa, 78 200 i85 gD A.
1.5 MR EER AR

WA, H R 3%, $2 0 RNA JF
Wi S ¢cDNA, 2 M8 GenBank 3 K50 E, 18
JH Beacon designer2 353 5B i-F-#5 L o WLBh &
1 (alpha smooth muscle actin, a-SMA ) . ¥ ¥ Il
220 %5  ( smooht muscle 22 Alpha, SM22a ) FlINZ:
GAPDH [ PCR #3851 ¥y ¥ 511, 3% SM22a |
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WE: 5-AGACTGACATGTTCCAGACT-3', SM22a | 60
WE: 5'-GCTTTCTTCATAAACCAGTTG-3', H Bi K Bf E
145bp; a-SMA [ i#: 5'-AGAACCACAGGCATTG- i 401
TTCT-3', a-SMA F §if: 5'-CGCTCAGTGAGGTCTT- @é
CAT-3', H Bt K J¥ 149bp; GAPDH I . = 7]
5'-AAGCTCATTTCCTGGTATGACA-3', GAPDH T B
. 5'-TCTTACTCCTTGGAGGCCATGT-3', H B K 0-
‘b@’ 5@\@’ 4‘0@’ \U%y ql%y
JE 114 bp, JBKZR (10puL) : Mix 5 pL, ¢DNA f ¥ &8 B
. ZA J(A\\
lul, b F #5149 % 0.1 uL, ddH,0 3.8 ul, % o8
NS5 95 °C A8 3 ming 95 C A5 10s, 59 C
E1 SEKRMPAP LERER a5 iagii

Bk 30s, 72°C % 1 30s, It 40 4 1E 3., PCR
KN FE FTC2000 £ %% 5t € & PCR X L i 17,
S E PCR %€ G B JF i 2 97 3 1 A 4 (G
H), FHBNIEHNMSTELER (2227,
1.6 SHitFESH

I8 SPSS 17.0 SRR B - A T 48 1122 4
B, THEBERHTIE + PR (x+s) Fom, £
AR LR R R 2 5 2550 B, AL 18] T G
HoA R LSD-t ¥  , P<0.05 2 S A S5 X,

2 R

21 BAKRBRMRINNFLET
SH KB mPAP LB Z R A Gt 2B X
(F=46.191, P<0.01 ) . Fi#2H (49.2 + 6.1 mm Hg)
Ko v 70 % PR 2H mPAP (48.6+7.0 mm Hg) B W 7
Fa XA (31.1 £24mm Hg) (P<0.01) ,
RAP 17 1 40 (25.1 2.1 mm Hg) K RAP T i 2
ZH (27.8 +4.2 mm Hg) mPAP B WA T30 % B 4H.
(P<0.01) . WK 1,
22 ALEEERELLE
S5HKE RV (LV+S) EZESASIEE XL
(F=678.845, P<0.01) . AYZH Kz sf%s 2 RV/
(LV+S) B & T 25 (XTI 4] (P<0.01) , RAP
T 12 RV/ (LV+S ) LT RA (P<0.01) ,
I RAP T 2 40 RV/ (LV+S) 5% 570X B4 4%
ERTG 2R (P=0.899) . LK 2,
2.3 JBAEKXRIMBNBREHAFHE
A i 20 21 HE YL 0T UL, R ZH S 7|
X HRZH 1) it 20y Jok BE 352 25 11 6 BRZEL ) Sl G IR, A
Pezg, RAP 15 vl L3 B 1 fiti sl ok B A AN [ 2
FEiE ., DK 3,

B, P<0.05; bR SERIZILLE, P<0.05; o/ SUARINIRZ AL,
P<0.05,

RV/ (LV4+S)

S A PN SN
& K
2 SIS
NN

2 BAKRRV/(LV+S) LEEER amGaan
MR EE, P<0.05; b s SR LA, P<0.05; c 7550 Xt iR
S, P<0.05; d7n5 RAP T 1 4H i, P<0.05,

2.4 £LHAKR SM220 1 0-SMA mRNA Fik g 2r
5 20 K Kl SM220. mRNA #H %} ik 2 54 4 it
0 L (F=22.195, P<0.01) . 540 Kz v ) %t
HEZH 1) SM2200 mRNA X} &35 AR T 25 A iR
(¥ P<0.01) , RAP 1%l 1 4179 SM220 mRNA #H
Xk i P AR IRAL (P<0.01) , RAP T 2
ZH 1Y SM220 mRNA AHXT 28 35 5 5 95 77 6 R4 LU
Z R G FE X (P=0.059) . 541 KK a-SMA
mRNA FH X 335 22 B A it & L (F=8.717,
P<0.01) o FIRI J2 %5 57 % FUZH /) 0-SMA mRNA
X FR B AT 25 FIXT R4 (#% P<0.01) , RAP
T 1 4109 a-SMA mRNA X ik & TR 7%
21 (P=0.005) , RAP Tl 2 ZH 1Y 0a-SMA mRNA
X R Ih SR A I, 2RI
M (P=0.172) . ULIE 4.

733



FITEETH
20154F 7 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.17 No.7
Jul. 2015

23 X IR ZE i
B3 AMMARREF HELBER (x200)

1 1.5 1 m o-AMA
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B 4 #&4H[E 0-SMA K SM220 mRNA 183 KA &t
BER a R 528 PN IBZL LA, P<0.05; bR SGROEIL LA,
P<0.05; ¢ RSEEFINFIRA LA, P<0.05,

3 itie

PH J&:— 20 ph i i 55 S o LA A 7 . B P
FETE . 40 A/ 356 S 384 22 1 S B A 7 448 1 )
Sk R 77 K BHL 1 R G R R S gE AR, Hok
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TERR, WA O A, SRR R B A I
(GRS AR ERAR B PR PH &SR AL I 4 A 52
e A IO A X 24 ) 1) B R — P O ML A0 IR AT 5
(R

AR5 I FH 2 il D) B AR I 5 B 1 i
gy K PH BERY, BIRIZR S 35 d mPAP B
e TS O R, TR A7 D = IR RV LVAS )
FeE R B v, EG H 2 21 2 28 B g R il 3 fik B
YN B LR A, A RERG R, BIEEAE, £F
4 PH G ER s M2 ARWFSE R T PP RAP +
Wi, B3 ( PH I AT ) MG+ ( PH
TG ) PR 7 SRR A )R vl 2 il 3 Jik

03

By e
Wy

silpopiEEl

e

O

RAP -7 1 41 RAP -7 2 41

25 PN B S s TR W M Sk ASSARY AL ] AL i s R A 4 4
A 2, SIS . BRI LA SR EE AR SR AL, RAP T 1 41/ RAP 10 2 41 5 RI4T Fis st l 4] Hu s,
N BREEAR M, A IEY K, RAP 1 2 HASBAR /N T RAP 10 1 4.

FE 77 R i i A8 BE A TS . (H L RAP T FRRE(E A
N~V WY E 35275 R ST/ Ret i s TR I N 1 B 3B 28
Ji PR DA 740 9 mT DA9 2 Jils s Bk I A L e
TR I AN, O LA M SRR P A, T
WG 301 T it 3 kO 0 B e W e A, A & A
JREEIEM, T RAPJ5 BAETE—EFE ) b AR Mish
WK, (HIFARE S C 2R R LA0
RAP REARE S HEAD I 7L 359 mTOR™, mTOR
& —RAR MR 22 R / 5 B IR TANE, JE T WEAR
WL Fs 3 384 it (phosphoinositide 3-kinase, PI3K ) F
JE, s AR P B mTORC & 44 (mTORC1
M mTORC2) 1fi ¥ ¥ mTOR {7 5 i fk. F50 %
W, AN AT R a1 3R PI3K-Akt & Ras/ERK
( extracelluar singnal-reglated kinase ) {Z 508 K
P mTORCT, (EHEER A A S A s i ™
mTORC2 W AEH T PIBK KA J7 A K T
i 1%, JE it PKCa J RhoGTPases {5 5 3 12 i # 41
FEL A PRI 1 R A B R A A T g T
b2 T R S ] mTOR {5 5l %, T3 PI3K

fRSadte, IS A 5

SEW AL o LB A (a-SMA ) F1SF- 3 L 220
I (SM 220) ERESFHETIFNRBEN, Il
A eI B IR PR A R AL AR U] SRR 1
A LR B PASMC 22 B0 H 1 58 05 1 . AR R A
HARFFEIESE PI3K {55 nl il i i 22 i R ML 5
PASMC H U 4a R A 0] & R B4, {2k PASMC
(35 F PH TR AL P A58 K B, 5S40 Hh o-SMA
Ko SM 2200 iR IE R F R B B TR, SiX A E
FI7E PAH i LIRS F Y5 R AL PASMC ) 3%
K—E P, RAP TR L EPIN RN E A EA A
R AR, $2R% RAP ZE0 % PH (a3 2 P AR A
PASMC FRARIWHFAL, BAAPTT PASMC KAV Lry
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YEF, H#EM RAP AT REE 87T PI3K FKj% ) mTOR
{55 BT R PASMC (1345 o

ARAFFEAHFH T H R RAP THITE, & PMF
Tr B Refl mPAP B TR, Mfish DkeE RS .
FL RAP F 71 A] fiff a-SMA Kz SM220 ] Fib 35 [H 3¢
ik B, PASMC [n] W4 26 805G Ak, T 30] 1T
(R 45 H I 7 S e A fifT 20 it e A SR Ak, HED
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KRB B AR A 2k, (2) Y4l 4
E*@i&)ﬁﬁfcﬂﬁﬁﬁ&}é, RAP XF PH (9 #0 il /E F -
AAARAS T 1857 40 i e A 1 Ak, mTREAF 7R L
fhVEFHBL

ZE LTIk, AW 4h R PR T A A R BE
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RIGEARIAIT PH (L5 2 —, HIEARVERIDLH
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