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[(WE] B USRS R 95% LB I %) o SN 1 M 4804 il 3 Bk &5 5 (HPHD) B9 4R T B e T 0Ll . 77 i%
e Wistar K BUBEHL 2> 49 %0 BEAL AR AL R4 + AR FRER K AL AR + IR B 25 41 (1. 25 g-kg ™' d7™h) RS + WA 25 41
(2.5 g kg™ ~d™")5 41, R4 15 Ko BRAFAEALSN , AR 45 41 3h ) 18 B 00K 00 ) (BT 4R 4 500 m (9 75 JEL IR B ) L & 24 h JF
fi 0.5 h HEATHEZGAEAb B, SELE 30 do A6 2% 2 K BRAY I I AL B 0 2 AR AL A D IR R F8 B BB ILAR AR 50 ~ 100 wm FY Jii
Ik A BE JELBE i AME Y 43 L (WT% ) 5 SR JHI2 I 9268 & PCR J5 i, A0 4% 20 2l W It 20 20 A2 3R -1 (ET-1) LA Bz 40 i — 4
LA G (eNOS) mRNA {3k ; R AT ELISA 46 I 2% 24 3 497 1ML 1 ET-1 Al eNOS B 1 Y & i 85 5« 5% S0xT IR 4 RIAIR 40 4= 21
KA, SRR R R T, AR LR 25 AR D B AR OK BLUAY T 24 il 3 ik K (mPAP) |, 470 % JIL & 5 B (RV/
LV +8) Ml 218 1 & & (Hb) , ZL40 M JEAR (Het) (P <0.01) 5@ 3ol 42 K U 30 ik A9 DLAL AR 2 (P < 0. 05) 5B KR A BT 28 21
ET-1 mRNAZR K, bR K BUM 20N B2 402 (eNOS) mRNA 33k (P <0.05) ;@ Bk R ET-1 28 11 a9 & &, bR K B i
WAL eNOS 25 Y & 4 (P <0.05) o S5 Bl RREL K T HPH (T2 R A — E M B iR 1E T, 25 24 AL 5 F A
eNOS mRNA Fli &% ] ET-1 mRNA FlEHRIEAH K,
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[ Abstract | Objective: To investigate the pharmacological role of 95% ethanol extract of Rhodiola algida
var. tangutica on hypoxic pulmonary hypertension ( HPH) and the related molecular mechanism. Method :
Seventy-five male Sprague Dawley rats were randomly divided into five groups: control group, hypoxic control group

(HC) , hypoxic and physiological saline group (HS), hypoxic and low dose herb group (1.25 g-kg '-day™'),
yp phy g group yp group g *Kg y
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hypoxic and high dose herb group (2.5 g+kg '-d™'). The rats were kept in a hypobaric chamber which simulated
the environment of a 4 500 m altitude except the control animals. Every 24 h, the hypobaric chamber was opened
for 30 min to administrate the herb and the treatment was lasted for 30 days. After that, the hemodynamic changes
were recorded and right ventricular hypertrophy index [ RV/ (LV +8S),% ] were calculated. The lung tissues
were stained in HE and morphological parameter of vascular wall thickness ( WT,% ) was used to assess the
remodeling of small pulmonary arteries. The levels of endothelin 1 (ET-1) and endothelial nitric oxide synthase
(eNOS) mRNA were measured by real-time PCR analysis. The levels of ET-1 and eNOS protein were measured
by ELISA method. Result; Compared with the HC and HS group, the high dose of R. algida var. tanguiica
showed the pharmacologic actions as follows: (1) The development of mean pulmonary arterial pressure ( mPAP) ,
RV/LV +S, hemoglobin ( Hb), haematocrit ( Het) (% ) were inhibited (p <0.01); 2 The muscularization
and WT of pulmonary small artery were decreased (P <0.05); 3 The level of ET-1 mRNA was decreased and the
level of eNOS mRNA was increased in lung (P <0.05). @ The level of ET-1 protein content was decreased and
the level of eNOS protein content was increased in sera (P <0.05). Conclusion: R. algida var. tangutica
attenuates hypoxic pulmonary hypertension and remodeling of pulmonary small artery in HPH rats. The mechanisms

are likely related to increase in level of eNOS mRNA and protein and decrease in level of ET-ImRNA and protein.
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Ik % ¥ il 3h Bk & & ( hypoxic  pulmonary
hypertension, HPH ) J& & 1E.# A®% Jm & I i, i Tk
S8, | B Al /1N Bl Bk B RE B g o P 0, AT 5 B 5
Jok 3 484 5 B 6 AE . HPH 2 5|5 v J 4 il /K i
e R I B R, R A R B O
FER I, V2 K A 7 s I i ACRE, HPH Y K
FARGIL 5% ~10% "™, FRA% HPH A5 2B 1A
JLR 4 B T A o

LLERBURMR R ", fE(MERAR)IZ
B R H SR e R, MG, DAL, T A
FANTR” o 7T H VRS, A K AR K
4 700 mr) i FE M DX, 24 0F BT A R, 2 95 R X
GRS Mz —"" BHafXETBA
Bl HPH (4R F 7 Sy [ 2803 — [ 0, A S 26 3 3 A
LR 4 500 m B B IR BT, WF 5T 7l RRAL R R
95% £ BEHE BT R B HPH (94, I %6 HoAE FH AL
Wl AT TR
1 #R57F%
L1 3h¥y (AN Wistar SR, T 22 JH B2 27 B
SEYe W) bt VF AT IE S SCXK (H) 2009-0004, 4
H 180 ~220 g, KB A HMBEEHK,
L2 JHW LR 95% 2 WEAR MU R 5 K
HPLC 23 #fr Al AR 240 5 KR A 5 4 £ RN 5
N, 45 1 R E B A B B4 0 BRSO SRR
Y& i 45 40 5t K Rhodiola algida ( Ledeb. ) Fu var.
tangutica (Maxim. ) Fu [F) M AR . B3 9 1) i 2%
B 100 g JE T RRLL SR KM, N 95% £ BE 1 000 mL,

Rhodiola algida var. tangutica; hypoxic pulmonary hypertension; ET-1; eNOS

N 5% 7% AN 7R F B 3 YK, DR MM 4 I,V VR T 1
(bt B B A &% 24 | ) . HPLC 43 #r 8 3% A
Phenomenex kromasic Cy #% (5 m, 250 mm x 460
mm) : FSIAH A BB, WS AH B R 0. 1% 11 85 iR
KV, B EEPE B AL FE .0 rain (5% A), 10 min (5%
A),60 min (100% A) ; & M % & 220 nm; FEE 1.0
mL-min "R 18 C MR EE 50% o 25 kK
FH &K B B e 12. 5% F1 25% B9 25 W4 o
1.3 ZhWordl RBERVE ] KEBEAL R 5 41 4]
WA MR IR + AR ER K 10 mL - kg ' 4,
RS + IR i 25 41 (1. 25 g-kg ' -d 7' ig) IR +
AL (2.5 gk od T ig) BEAL1S KL BR
X HRAL A, oAy 4% 20 3 ) 8 T AR e 48U 9 (R 4L 1
#4500 m (RS ) B 24 h TR 0.5 h i,
K VEZ RO A, Fr2230d, 5 KRR A
POK AR

1.4 mshJieie  dBEE oS , 6 A R BRE
2 d NHEATF- 2 3 bk R (mPAP) | 470 % IE K48 4L
[RV/(LV + S) ], 1 £1 & 1 (Hb) F1 41 40 My & F2
(Het) 052 . mPAP B9 52 J7 350« FH 25% S hi 0
KB B (1.25 g-kg ™) FERRER-FRUS , 20 B A7
AN K, HIF R D LRI O (H1 0.28
mm ) W SN AR, I sh bk, $ A A
RURIE #4706 o TR 7 460 RE 4 2 i 1% 4% MP100 JE )
AR R G (L Biopac) , g B s fr WA HE
Ak, I AR C AR BEAT R E RN A3 AT . A7 O B KR
B 22 A3 O E, B 20 By M KA, W R B
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HAOEREZWELLE, SRS 0% (RV,mg)
KFe g pE (LV +S,mg) By i, JFiT5 RV/
(LV +S) (mg+ mg™" ), LA JZ W i 58 %k A7 00 4 52 i
Hb A1 HCT FH§ ABX-60 %1 ifit 40 ffd /3 Hr {30 5 .

L5 JEASAIEARUEE KBl R oA [ 35 07
B, &4 - L7 bk A (pH 7. 4) Hp [#
E1JE. WM A, ELY) R, HE Qe fa,
Image-Pro Plus 6. 0 #X 4 #£ Y1 i b 43 51 D & fili 3 Jik
(HA& 50 ~100 wm) [ AME B REEE (WT) , i+ 5
ERERLEE fAMEE A H (WT% ) .

1.6 KETAZUAN R 1 (ET-1) mRNA, — AL A
1 (eNOS) mRNA SR IKJKFAI 592 1 9206
it PCR A .

1.6.1 RNA i HOKEUMZLZL, % 50 ~ 100 mg
iligh 21 1 mL Trizol ) Lt 5, FH Trizol & 57 42 Bt &
RNA, H kA I

1.6.2  cDNA BEHG 4™ 1Y A Bk X B i &
TaKaRa %\ #] f) Prime Script Reverse Transcriptase iz
N HEAT W s L, ET-1,eNOS, GAPDH ([ 2 ) J
HWE G5 %R 1,

®1 51¥MF5
HH Em 5 BT 514
ET-1 5'-TACTTCCCACAAAGACCACAGA-3’ 5'-TACGCCTTTCTGCATGGTACT-3"'
eNOS 5'-GCAGAGGAGTCCAGCGAAC-3’ 5'-CACAGCTACAGTGAGGTGGATC-3’
GAPDH 5'-AAGTTCAACGGCACAGTCAAG-3' 5'-CCAGTAGACTCCACGACATACTCA-3'

PLARAS ) cDNA Jg AR £ 17 PCR ¥ 18, 133 H
MR B, #EAT 4L 5 5 pMDIS-T 2 A (K2 .2 692
bp) JEAT 1, AL, A0 T B 7, S IBUBORE 25 o
1.6.3 SYBR Green SZ B 78 ¢ &= PCR #: %
F ABI 7500 FAST BY5¢5t 5 & PCR SRR ) 25 ) Xt
YNt 41 41 ET-1mRNA, eNOS mRNA & ik (19 52 i .
Vs B0 2 DR A X B i B P 2 5 R JBRE Xof 5t 43331
MikeS DUWRBER R, BB ERE 3 W, AN f3
Az O IR (TR K AR AR ) il £ ARG Sk AT
ALY br il 2o o Sl 9T 0 LAY B TR e I 2
K, PCR JZ W& & & 25 pL:2 x SYBR Green qPCR
Master Mix 12.5 L, 1E . A 5[ #4 0.5 ulL,cDNA
M 2 wL,RNase-free water 9.5 wL, PCR J2 I 2 ¥
:95 C 2 min; 95 C 10 s;60 C 40 s;40 M5,
SLH R A — AR (0 —10{E = B 5L Rk
B/ NS R .
L7 REUMY ET-1, eNOS EHEH S EME S£HEE
SRR, J 98 M o P T IR A i W Rk (IR &
WA & B R&D 24wl ) A 2% 2H 3 ¥y 1if 3 b ET-1,
eNOS EHHM & & .
L8 B SRR 5 x5 FR, R
SPSS 19,0 4eF 4k 48 51, 2 BE A He % i 14
P20 IR g K05, P <0.05 W% A
Giitr L
2 FHR
2.1 HPLC ZR#r&i2t 500 A 0F LU, ol 5 40 5%
K 95% £ T4 ) v A 21 S5 K T R Tt (DA J —
ARFSY ) B FEAE , T35 10 DR B I 1) 43 391 o 13. 232,
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T K T 5 1 20 e 4 K
b, T W 1 LY 1k 4 1 (P < 0.01) . I

RN AR AR SN R TE 3 N ]
mPAP,Hb(P <0.01), WL 2,

R2 EHBETEXRMT KR mPAP,RV/(LV +S) ,Hb #1 Het B0 (x +5,n=15)

20 51 Fl /g kg ™! mPAP/mmHg RV/LV +$/% Hb/g-L ™! Het/ %

Xt BR - 17.45 £1.69 25.18 £0. 02 14.46 1. 17 47.57 +2.41

4 - 42.36 +3.47" 47.73 £0.03" 24.31 £2.27" 72.84 £4.72"

R4 + A FRER K - 40.36 4. 11" 42.40 +0.01"? 22.20 +2.60"% 66.33 +5.08"%

IR + il AR R 1.25 32.76 £3.14'2:3) 39.70 £0. 02" 20. 06 +2.53"2 58.12 £5.23"2:3)
2.50 24.81 £2.85'2:34) 36.58 £0.03'%% 17.70 =1.38"23% 55.03 £4.32"23)

TS R A P <0.01; 5K Y P <0.01; SR + Bk 4 Y P <0.01; SAR4 + 40 R K 1,25 g-kg ' b

P<0.01,(£2),

2.3 RS R XN B KR S R WT% 1 5%
W HE e (0 f5 28 65 WLEE AT UL, ) R4 R Bl i il
Bk oe B -, A REIENE, JUZJCHE R (RE 4L
RS A= B R 7K 2H O B AR i st ok A8 RE B R IR, R

i 2l fok B A 9 R E 5 v R AR R R 4L K A B
Ja, R Bt 2l K- i JULIVLZS T2 2 A G 4 %ok i 2 AR
A PR K 2 A e e A il B bk B AL 15 Dl AT 1R
LI 2,

A XPRRYL:B. RAALC MIREE BEER KA s DL AIRE + R RRLLR K 1,25 gokg ™ 4L E IR + REIRRLLR K 2.5 goke T 4L(E 3 ~4 ) .
2 EERHAsRERYX HPH X R/ 31 kRS (HE, x400)

% S A B 45 41K B 50 ~ 100 pum il 30 Jik ()
WT% i 7% T XA (P <0.05) , iy & 57 &= 25 0 21
SRR L R LR B K ZH R AR R 25 0 A L
A LA R B2 8 35 R IR (P < 0.05) o 4% 21 K B
K WT% 254k UL IEl 3,

RIS P <0.05; SARE 4 L E P <0.05;
SR + A E KA H ) P <0.05;
SARE + R R R 1,25 g-kg T 4 EY P <0. 05
3 EOR4AERNIYLEEETSEAZM(r£5,n=5)

2.4 Gl RR A s R K UG 41 41 ET-1 mRNA,
eNOS mRNA k7K B2 I 4 241 I 4 A 2
K Bh 4141 ET-1 mRN B9k 00 8 75 (P <
0.05) . 2j¥yab 35, 5 1% 524 R IG A 2 4k K 4

AHEE, AT R AIG W 21 40 ET-1 mRNA R KF (P <
0.05) . K& 4 FE S A B ER K 4L S ¥ fili 4 21 eNOS
mRNA 35 T M. 5% 5 41 RI% 48 A= B ER 7K 41 A1
Ho L TR S R AL B R T eNOS mRNA [y ik
KA (P <0.05), WL 4,

-1 -
35407
3.0x10° - B 1,2,3) 1,2,3)
: —r
ED

.1.
2.5x10 -- [ E

XTI AR P <0. 055 SR 4 L A P <0. 05
SR + MRk I P <0.05
E4 EEHHISRMARMHAR

ET-1 mRNA,eNOS mRNA RixH &M (x £5,n=3)

2.5 JEERRLLE RN R B ET-1,eNOS 3 H &
EAYREW R R A A B K B W) v ET-
L EH &R T (P <0.05) o 7 42 JF 7l
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LR RALBE 5 RS AU AR A AR B R K AR L, ]
WA I 7 ET-1 3 B & &, 50 AL b0 2 3% 2%
St o ARAA A AR AU AR PR /K 4 3 ) 1M 7 eNOS 1 &
AR N R R R AL R KA B S SR A
AR A BEER K A L, W] L3R eNOS & H 1y & &
(P<0.05), W33,

x3 EoHF4SRXKBRME
ET-1,eNOS £ EH#M (x +5,n=5)

4 ET-1 eNOS

2190
/g,-kg_l /ng'L_] /pg-]_,_l

papiict - 88.22 +13.24 1.56 £0.18
4 - 125.08 £9. 12" 1.31 £0.10"
R4 + A B R K - 117.79 +14. 72" 1.31 £0.11"
RA + Bl R s X 1.25 106.14 £7.69"2  1.42 £0.20

2.50 94.12 +16.28%%%Y 1.48 +0.14%
3 itig

ASHIEFE A AR s A AR B LU TR 4 4 500 m (19 =5 i
BT, AL R HPH syl 455 R, A 4k
H30 d, KA mPAP Jt, #2785 JE 8 T HPH; RV/
(LV +S) By, 3k — 25 U B 1 A7 16 fili 3l Jjk =3 1 9
SECHOCELE s Hb 558 1 Het 59 FEAE 3 I, 2 AL
AR X U1 10K 4RI P8 ) 20 40 0 0k O A B, R R Al
it 20 bk s 7 48 g 69 TN 2R 2 — s DG B WL m] L fidi 3 Jok
EEER) WT% W] 380, 3275 75 HPH JE pliod 75 b i
BLT /NSl ok A B A

B AR RN AR R Z —, " TH
W VUSSR AE AR 4 700 m R FEMLIX, 2
B MBI R, 2 77 7 M DX TR IR W PR 25 2 —
ARSEE SR BRI S A PR K AH LA
g 0 B R R AL R R T 30 d e, R LR mPAP,
RV/(LV +S) $8 bR #8 A A [F) B2 2 09 24035, Ud I oty
Frel st R B — & R FEAR HPH fUfER] . 25494 Hb
I Het 2501 W FEAT, Sl i R vl 40 20 55 K T Fe IR 4L
240 i s AL, T I 9 R R o T AR — g R b IR
i it A7 BEL T3, R i sl Mo T o O BEMEE R B,
ARFEL SR R T HUS ,  BU Bl bR SF 3 JUDL)Z PR R 8
R S A IR A AR R K A A BT el e, il s ok oA
DUAT 3 I, B2 75 Jb oy AR 0 5 IR ORI 4R BT B0 4 il o, A
M B A —E PR R

TR S5 RS i 1M P9 Bz 240 1 32 42 A (=0) 2
I o ik, DA T - 250 P 5P A ot 7 9k s A 0 T o
WA, LG HPH &/ RBHFEHZ -, W
BeF-V(ET-1) & il A B2 40 i 70 3 64 — Fob 4 1L 787 )
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JBt, LA WA it 3 Ik 038 i 5 Jk S UL 200 g 4% 2
OV, i 51 R 4 4% 1 TF Bl o A 36 9 B B Ay
R BT R B, R A SR TS, K
RIS ET-1 2 (4 & & At 2141 ET-1 mRNA 23k 1
AR TR E A AR A A B ER K2, R e
KX HPH 1 151 B K JH ok 52 A1 40 2% 44 il il 28 o 4y
B 1R S s > ET-1 B9 & R B i 5%, — 5k
SONO) S LS A B2 200 M A 80 0 B8 i ) I 45 4% 7K DRI
Tz AT LA 5 S, VA A S e L B R 0l A
A, NOS & NO A Al B bR g, Hrp eNOS
SRS AL NOS, 3= 26 5% Jiti A 45 3 Ak NO & Al
KR A AT 4 eNOS JE ] A B B 235, S5
eNOS 2 BEAR , DIl IR NO F 23 i 8 g
Wb AR B HPH B % A ke

BN P TN =By AR R A o N |
K U441 eNOS mRNA ) 35 ik F1 ifi 20 41 eNOS &
H % & 5eNOS & & (19 7t = o] 38 i {2 oF NO (1) & il il
AT B 5 il 1 A5 9 X BT ET-1 7 85089 1l 45 i 46
HI, AT F 7T HPH 9 & J&

ZEL LW RRLL S R LU — 2 R L FRAC
HPH K 50 - 249 il 8 kO, i e A0 AR R, ol 3
il i EE A o R R AL S R B AR AR HPH (1 /E H AL
il 7] fE 5 H 8 eNOS mRNA FlFE [ 2 1k 41
ET-1 mRNA I H £ EA K,
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