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T Akt/ERK/NF-kB {5 S 1B RIRFN REE XS Ml S EFE KR
A [0 & 25 2B Y 52 0]

ok, REA
FHEmAGERE LR, W HESLE 463000

# E: BE HTHEOWMEE B (protein kinase B, Akt) /4UAAMATI 8 H¥EE (extracellular regulated protein kinases, ERK) /
EFF-xB (nuclear factor-kB, NF-kB) i FEHR A F 2 1 X A M3k = & (hypoxic pulmonary hypertension, HPH) i
AR BRI BRI, & IR REEYLEERIRE Wistar Hi2E KR xR BRI KT F8 DRI (1.78 mL/kg)
M. MR H (40mgkg) +Akt BIEFI SC79 (0.04 pg/kg) AR RHBEHME. &FE (15, 40mgkg) A, F4 12 K. B
SRS, HARMHAREE 15 d % HPH B4 SRR RAETEREAR T . MBVEEE | RESE 15 K, SAAHSTH
B2, R KRAESE 3+ 7+ 11, 15 REIMiZhEKE: KRG 24h 5, BEARKRAOERKIEE: RABAER-F
21 (HE) Pl & 20K R MR, FErh BN sk o 2 i B A 5 il NSk MR I E 73 e (MDD [l sk 2
FEE TR SRR TR B 2 b (MAD; R Masson G okl 5420 K BRI ZH - 4ib; SR A Western blotting #6153t ZH
#1d AK/ERK/NF-B {5 S BEHAEARE, &R SRk, SAEAKRBEIKE. A OB, MT. MA.
H R AT ST AR (5 BRI BB TR (P<<0.05), FliH 4 p-Akt. p-ERK1. p-NF-kBp65 & ARIE/KFHEENS (P<0.05); 5
PRV LG, Fa R & 7R RAEA 5OR ORI DL B3R B K (P<<0.05); Akt G SC79 WA RIS T w77
B HF R4  HPH 374 K R M S R E A (P<<0.05). %518 AR AL @404 AKERK/NF-«B {3 51l 1%
it HPH 97 A 2K 5 il i 8 21348
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Effect of echinacoside on pulmonary vascular remodeling in neonatal rats with
hypoxic pulmonary hypertension based on Akt/ERK/NF-kB signaling pathway

HU Bing, ZHANG Yi-sen
Department of Pediatrics, Zhumadian Central Hospital, Zhumadian 463000, China

Abstract: Objective To investigate the effect of echinacoside on pulmonary vascular remodeling of neonatal rats with hypoxic
pulmonary hypertension (HPH) based on protein kinase B (Akt)/extracellular regulated protein kinase (ERK)/nuclear factor-xB (NF-
kB) pathway. Methods ~Wistar neonatal rats were randomly divided into control group, model group, Rhodiola Oral Liquid (KL 4L
FR MR, 1.78 mL/kg) group, echinacoside (40 mg/kg) + Akt activator SC79 (0.04 pg/kg) group and echinacoside low- and high-
dose (15, 40 mg/kg) groups, with 12 rats in each group. Except the control group, rats in other groups were hypoxic for 15 d to prepare
HPH model; Rats in control group were not treated with hypoxia. From 1st day to 15th day of hypoxia, corresponding drugs were given
to each administration group, and pulmonary artery pressure of rats in each group was detected on 3rd, 7th, 11th and 15th day. 24 h
after the last administration, right ventricular hypertrophy index of rats in each group was detected. Hematoxylin-eosin (HE) staining
was used to detect the pulmonary vascular morphology of rats in each group, and percentage of thickness of pulmonary arterioles’
middle vascular wall to the outer diameter of pulmonary arterioles (MT) and percentage of pulmonary arterioles’ middle cross-sectional
area to the total cross-sectional area (MA) were calculated. Masson staining was used to detect pulmonary fibrosis of rats in each group.
The expressions of Akt/ERK/NF-«kB signaling pathway related proteins in lung tissue of rats were detected by Western blotting. Results
Compared with control group, pulmonary artery pressure, right ventricular hypertrophy index, MT, MA and percentage of collagen
fiber area in model group were significantly increased (P < 0.05), p-Akt, p-ERK1 and p-NF-kB p65 protein expressions in lung tissue
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were significantly increased (P < 0.05). Compared with model group, the above indexes in each dose group of echinacoside and

Rhodiola Oral Liquid group were significantly decreased (P < 0.05). Akt activator SC79 obviously weakened the protective effect of

high-dose echinacoside on pulmonary vascular remodeling in neonatal rats with HPH (P < 0.05). Conclusion Echinacoside can

inhibit pulmonary vascular remodeling in neonatal rats with HPH by inhibiting Akt/ERK/NF-kB signaling pathway.

Key words: echinacoside; hypoxic pulmonary hypertension; neonatal rats; protein kinase B/extracellular regulated protein kinase/

nuclear factor-kB pathway; pulmonary vascular remodeling

B LR EPEIG Bk = & Chypoxic pulmonary
hypertension, HPH) #8742 J LEAE I 37 2 Hh e i LI
FH T SRS 15 O 1 P B M AL e, LR BRAR
A4 it 3 Pk AT 20 s I 164 i AR iz i i /N2 Pk o B2
N, T Bk, HAETW TR )L HPH B¥6RTT
RHALEE FNG, AR —FA A HUboE < LA
A A AE S S Il I Sk 29 aT s iR R . A
JE R SZARFE SRR IR — Be B ) 755231, (HiZR
777 SAFAE — 38 B R BR % DA AN B SN, BRIk, T
KRBT Z5RIa T E )L HPH B B2 .

AR 2 W KHE Cistanche deserticola Ma [f]
FEVEVERGY, BAPUEL. iR PidE T,
P S 2 M B E DL, BHERIE, AR E RE
% 38 Y T il sl Bk D e A HPH a3k 10, #i 2& E5
% B (protein kinase B, Akt) /ZHfiE 45 5 H
(extracellular regulated protein kinases, ERK) /%
Al F-xB (nuclear factor-kB, NF-kB) 155 i #% 7] o
S Wt AN K e e R B If /8 B SRR i A A U, (HAR
FHFRET BT A AKWERK/NF-«B 15 5@ 5
W) HPH Sfr A KGR AT I8 B 2 e AN BRIl . AR
BER IO BT HPH #7248 K R I 158 1)
s DL KA LA o

1 #H
1.1 =)

SPF 2 7~10 H#&#rE Wistar K 72 R, #f
HER2, KR 20~30 g, T E AR T B X A%
SISV FRIAY), EPEVFRTIES SCXK (78D 2019-
0002, BRI T 555 T O ERE I SR =,
12h /12 h BEPE3R. I 25~27 C. {B/E 50%~
70%, HHFEEUOK. SR E 55 17O R
BeshPie PR 2=t (HEHE 'S 20-0436).

1.2 AR5

FASRHE (IS 20211208, JRE>H=98%)
T FE AT E A A F] ;s Akt BUET SC79 Gt
202208060 W H LilgEE A RAEDAT; KIELFRK
AR CE 25175 B20070002, b5 20211105)
) B PR B A AR A R SRR p-Akt Hifk

(#it'5 ab38449). p-ERKI Fifk (L5 ab131438).
p-NF-xB p65 #iifk (L5 ab239882). Akt Hufk (it
5 ab8805). ERKI Fiifk ('S5 ab109282). NF-«xB
p65 Piik (LS ab32536). H- B -3k me i S g
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
ok (b5 ab9485). HRP Fric Ll £ % — Pt (it
5 ab205718) ¥t H e [H Abcam 2] .
1.3 {43F

Ei AV RS (HAJEFEAF]):; DYCP-31DN
RIRPKAC (AN —AXER) ) BL-420 AYME S
KERG (AR R RA D FA2204C B
T RP (HigEE GRS FIRAFTD.
2 ik
2.1 H4E. EERAY

T B BEN K7 200K Wistar #1242 K SUBEH L2 %t
HRAH R, RAEA SR IR (1.78 mL/kg, PHPE
HHEZGH) BIZ | Fa S35 (40 mg/kg) +SC79 (0.04
ug/kg) PYHFIFARAGFAR. =& (15. 40mgkg) [©
4, FFH 12 Ko Bt IRash, HA4K RS Rk
7700 & HPH A7 7F 9.5%~10.5% Oa+ {HfE
22~25 C. {BF 60%~70% BN 121 12 1
T, B Wistar 42 KRN BAREM, R
B 8 h, AR 15 ds SFHRALR AN TS AR BE
MEREEEE 1~15 K, IARHEEHIK. SfEH ip A%
HH, I ig SEBIAEEK KB F R DRK
Hig KAELLR IR, H ip SRR A E #hK
FASRAIH +SC79 A ip A R4 EH M SC79, H ig ik
R A E K W IR AR A ip SRR A 2 2
K, Hig FABRrAHEEK, 1 %0d.
2.2 FhEhhkE R

3.7, 11, 15k, FHRK ip 2% %
By (40 mg/kg) WREESE, FIFHAEMIE S KE RGN
25 2H K SR 39 ok s
2.3 ALERBXIEHARN

RIUIBE K AT M 25 R f5, K BRI 29UAE AR A
FEONE, EROEEREOEHAR, HOEESS
BALE OEMEE, ARG, 5 PR E
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FDE RO EMBBEE, HEA ORI

A AR = A 00 3 T B2 0 3 T B+ B )
24 HAKREARL (HE) PN ELHKRFHME
s

U AR BRI ZHEN, T 10%HR MEAE 2R S MR
Wb e, HAREEEK 5 um FERV A, #AT
HE Jeta DLpPAS &-4K U M TS24, AR PR
UG A A A0 5 it /N s ko 2 T R R L i
ANENK AR it/ ik R R T AR AT SR A T AR
THE RGNSk b 2 I B R &5 Bl /NSl ik A M I B
b (MTDL /gl ik o 2 Rk i AR 7 A AT AR
FIE 5 (MA).
2.5 Masson 100 & 2H KR ATZE A4 L

B AH K R ZH AU B Fr, ) Weigert 26775
KREWE G e, IR LL R PE S AL Qe e g £,
SWHHRR OIS ARG E Q. VIRE 1%0KES
FRACHE, ZBEMK. ZHZRMPE, F R AR
B TR EME NS N Pt ZAA 4E4L
FEEE, FHPPh R A 4R AR 5 L.
2.6 Western blotting #& U & 4B K 5 A 2B 21
AKt/ERK/NF-kB {5 S BBEXEBRIA

B AR BRUBZHZ, N RIPA 2R, 21K

JEIRBUSE A, RO R - NS
Wk I Ha vk, ¥ 2 PVDF JiE, B 52 AN p-
Akt (1:2000). p-ERK1 (I :2000). p-NF-kBp65
(1:2000). Akt (1 :1000). ERKI (1 :1000). NF-
kB p65 (1 :1000). GAPDH (1 : 2000) #ifk, 4 C
BEE A N —H0 (1 :2000), =IEHEE 2h;
A ECL AR, KH Image J BAF BT 45
IKFEAE
27 FITFES

fSiFH SPSS 15.0 #fh ot #ds, HALAX £s3%
N, FRRRTESTTH TR ZHZ mHZR, it
— DR I EL SR SNK-g £ 56
3 #R
3.1 WRFEX HPH KR BhshbkERI S0

WE 1R, #3007, 11, 15K, SXE4E
B, RV KRGSk E B R (P<0.05);
SRR P, Fa SR &R R A M AR R O
PRIBZH K BRI 2 ik R 18 2 5 PR (P<<0.05); 54
RAEIRI AL, R % A EHM KT
SR IRV K BRI ik 3 ¥ 25 B A (P<<0.05);
S R5 A A L M SR +SCT9 4K R
itz ik e B35 T = (P<<0.05).

F1 WRFEX HPH XFRAFENAKENZE (X£s,n=12)

Table 1 Effect of echinacoside on pulmonary arterial pressure of HPH rats (X £ s, n =12)

n e Jiizh ik /mm Hg
A5l & FEBR ERER FRIER %15 K

pagil — 9.36+0.22 10.45+0.24 12.88+0.27 15.06+0.23

T — 14.67+0.26* 15.73+£0.25" 17.96+0.26" 21.1340.29%

[/ 3hE 15 mg-kg™! 12.75+0.21% 13.86+0.22* 15.74+0.23* 19.45+0.26"
40 mg-kg™! 10.4440.19%  11.17+0.16%  13.394£0.22%  16.52+0.23%

KRACLLHR H AR 1.78 mL-kg ™! 10.41+£020%  11.16+0.15%  13.3520.23%  16.50+0.24%

FARZ T +SCT79 40 mg-kg'+0.04 pug-kg! 12.63+0.18@ 13.58+0.17¢ 15.61+£0.24@ 19.1740.26¢

1 mm Hg=133 Pa SXHEALE: "P<0.05; SHAIALLE: *P<0.05; SRR MEAELLE: “P<0.05; SHRFHRERELALE: ep<

0.05, F#[H

1 mm Hg =133 Pa "P <0.05 vs control group; *P < 0.05 vs model group; ¢P < 0.05 vs echinacoside low-dose group; @P < 0.05 vs echinacoside high-

dose group, same as below tables

3.2 MRFEXT HPH XRALERKIEHRNZN
W 2 fis, S IRALEEE, BERAK R A O
FEIE KB EET S (P<0.05); SR L,
P FAGE 557 AN R AL 5 R IR 4K R A
FAE KB B E L (P<0.05); FARAFHALH
LR, WA SRAE S E A AL 5K TR
ARBRAOEILKIEREZRIK (P<0.05); S5
A R AR A LR, #A R +SC79 H AR A O
FIERFEEE T (P<0.05).

x2 MRFEEIN HPH ARALERKEHZ T

(Xts,n=12)

Table 2  Effect of echinacoside on right ventricular
hypertrophy index of HPH rats (X £ s, n =12)
47 & AL E LR
X B — 0.23£0.02
e — 0.57+0.05"
ARG 15 mg-kg™! 0.4240.03%
40 mg-kg™! 0.29+0.02%%

RICLLHR HRH1.78 mL-kg™! 0.27+0.02%
FARFH +SC79 40 mg-kg'+0.04 ug-kg™ 0.38+0.03@




* 7452 «

¢EH 2022F 128 $53% B238  Chinese Traditional and Herbal Drugs 2022 December Vol. 53 No. 23

3.3 MRFEX HPH KRAGMERSMAHNEE
$BEHE MT. MA B9S2

WNE 1 s, SX IR, AR K SR /N
SKEEIT I, /NS AR A SRR L
B, FARAGT &R AR L5 R IR A K R
Jits /NSl kB JEE kN, Bt/ INBIIKES e AR T s SRA R
2 R B 2 LA, AR A +SCT79 4K R /NE
FikBESE R, il NSk s A

S R L

X I T

) ; ‘ M % - X

PR 15 meke! BRI 40mgke! K

W 3 Fis, SR, BRI KR MT.
MA BT E (P<0.05); SR LI, Fasgts
SF BRI SR ORI MT. MA 1
BERK (P<0.05); HIARH T EHE,
Py 526 v ) & 4R KA 40 5 R IR 4 KB
MT. MA BFFK (P<0.05); S5 RF EmE
I, WABRFGEF+SCT9 4K MT. MA 37
& (P<0.05).

El1 MmRFEX HPH XBEMMERSHIFNE (HE, X200)
Fig. 1 Effect of echinacoside on morphology of pulmonary blood vessels in HPH rats (HE, x 200)

* 3 MRFEX HPH XRAMEZELHER MT. MA B9
#M (Xts,n=6)

Table 3 Effect of echinacoside on pulmonary vascular
remodeling indexes MT and MA of HPH rats (X £ s, n=6)

i filkss MT/% MA/%
xR — 51274213 55.58+2.24
i — 68.86£2.11°  76.6412.58'
N Rt 15 mg-kg™! 62541217 69.68+2.33"

40 mg-kg™! 53.3612.26"% 58.85+2.14%
KL FRAMRIE 178 mL-kg™! 53.32+223"% 5876£2.15%
ARHFHASCT9 40 mgkg'+0.04 pg-kg " 61.15£2.19¢  67.73£2.46¢
A Y . b - @
S A SR ﬁ%ﬁ 5 >

X e

3.4 MRFEX HPH KR AHELAFHELRFNE

W 2 Mk 4 Fos, SXTRRA R, BRI K
BUBH A KRR, IR 4Em A & A
BItE (P<0.05); SRR, FA R4 T &5
AN RACL 5K 1 IR BRI 2H 2 rp e SR R
AITHEE, RIELF4EmA & LR P (P<0.05);
Sk Bt m s 4 P, Fa R4S +SC79 4R
IR B AR 2, R TR AT 4k TEAR o B B
& (P<0.05).

B2 MRFEX HPH KEMALFHELAISNE (Masson, X400)
Fig. 2 Effect of echinacoside on fibrosis in lung tissue of HPH rats (Masson, x 400)

x4 WRFEX HPH KRAEAREAHEER SRR
fll (X+s,n=6)

Table 4 Effect of echinacoside on percentage of collagen
fibers in lung tissue of HPH rats (X £ s, n =6)

g LT AR
) I H*’Eéﬁﬁ "
X HE — 3.56+0.24

i — 34.45+2.36"
/N R 15 mg-kg™! 27.76+2.24*

40 mg-kg™! 8.69+0.56%

KEAFRORME 1.78 mL-kg! 8.6710.52&
WARZIF4+SC79 40 mg-kg'40.04 pg-kg!  22.46+2.05@

3.5 HRFEI HPH KR AL+ AKU/ERK/NF-
kB 5 S B EHEXERRIERF

Wi 3 ik 5 fow, SXTHRA LR, BRI K
B4 p-Akt/Akt. p-ERK1/ERK1 1 p-NF-kB
p65/NF-kB p65 HHARIEKFHEET & (P<
0.05); SR LU, AR H & E A RIELL
HOR H IR A K B4 21 p-Akt/Akt . p-
ERK1/ERK]1 Al p-NF-kB p65/NF-kB p65 & 1%k 7K
PR EEIK (P<0.05); SARHHFIELL
B WA R SR A KA LT 5 R DRI ALK R
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p-Akt w— S T TEaE G- A 5 6% 10

Ak GEEED GEED GHED TEED TS T

p-ERK

Rk D I TP TEED TGEND T

p-NF-xB

NF-«xB

GAPDH
X B

15
MARZF/(mgkg ™)

5.6X10%
4.4X10*
4.4X10*
6.5X10*
6.5X10*
3.7X10*

40  RICAFRR MRHH +
HiE# SC79

3 MRFEX HPH KRAAL+H AKVERK/NF-xB {5 S B HXEARIZNZMN
Fig. 3 Effect of echinacoside on Akt/ERK/NF-kB signaling pathway related protein expressions in lung tissue of HPH rats

#*5 MRFEX HPH ARAHELH AK/ERK/NF-xB (55 BEHEXEARIENFM (Xts,n=6)
Table 5 Effect of echinacoside on Akt/ERK/NF-kB signaling pathway related protein expressions in lung tissue of HPH rats

(Xts,n=6)

151 A EEHAXRIEE
4 JTYER
p-Akt/Akt p-ERK1/ERK1  p-NF-kB p65/NF-kB p65

xif — 0.42£0.03 0.35+0.03 0.29+0.02
it — 0.95+0.08" 0.89+0.07" 0.84+0.08"
FaREH 15 mg-kg™! 0.82+0.07* 0.77+0.06" 0.73+0.06"

40 mg-kg™! 0.56+0.05% 0.4440.04"% 0.39£0.03%
RIELL 50K IR 1.78 mL-kg™! 0.54£0.04"& 0.43£0.04%& 0.38+0.03%&
Fa R 4SCT79 40 mg-kg'+0.04 pg-kg™! 0.69£0.05@ 0.65+0.06@ 0.57+0.06@

fili 2 #ith p-Akt/Akt. p-ERKI/ERK1 Al p-NF-«xB
p65/NF-kB p65 & [ HKIE K53 FFHE (P<0.05);
s Rt m B A H A Fa A +SCT79 4K
fili 4L 2F p-Akt/Akt. p-ERKI/ERK1 A p-NF-xB
p65/NF-kB p65 & HFKIEKT-EEHm (P<0.05).
4 g

A )L HPH 2 ) LEE 1) — ™ i3l ik e R 26
R, RN 0.04%~0.68%111, 5 LA & e i A
FRIERETAE )L HPH BIRSHM B, XV ITE—
SEFERE FRA R, SR, — BBt e i i
EERBAALLEKR, BITHRARPER S, A
M-S AT R, Kk, e R SRS k)
¥rAE)L HPH il & A4 O R IE K E R EE,
PERIE, B LEE T SEO M R/ R, &%
S REM N KT At T IE I AR AL B LA 5
HPH #i A KRAER, 2550 E8R, 5xRAthi, #
R K BRI E T, #877 HPH KRB A A
BRI . RS TR HPH /N A O s AR K FE %, HL3Y
D2 2R P i SR A AE R TR BUST; MT MA AE )it i
EHEIPINTEPR, 12 HPH B KU 219 55 Tt
ml, AREFFURIL, SXTHRA R, AR A

D FEEKIBET 5, TR MT. MA K R 274
AT 5 4 Lot s, 3278 HPH 37 AR K BRUIH If
IRl A YA T

IR, AR E M R E FIRRSES
(R SRR ik RN, AR R 5 H 5, MR
AT HPH A2 K BBl ik i B A 0 2 K
T, 0 i A SR R A R ARk, HEAE
FHOGAE, BRI SR 46 v R e it 1 1 i of 7 o 9 o)
HPH 48 K RO FEIR I EH

I Akt 3@ T AT ERK 1) NF-xB 18 5
T T SRR B SR R SIS, HERGE, 0]
AKt/ERK/NF-xB 5 53l % 0] i 3% /N R 2 hEA S 1
SRR A0, H] AKYERK 38 2 7] A R il 5
ik v K SR it 72 2 90200 1] NF-xB 354k Al LA
IR AR 5 /N BRI B ik s R 2. DL R 5T SR B
] Akt/ERK/NF-kB 15 5 18 6 A] A 4% 0 il 2 21
PRI E I DA SRt ik v s AR A FH o AT i &5
SR, 50 HRA LU, SR 2K R4 2 p-Akt.
p-ERK1 . p-NF«xB p65 H A RIETF &, &MY
AKt/ERK/NF-«B 15 5@ it 25 7 HPH #id K
bR IfL A A BRI R B A SR A 3 AT PRI
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HPH K [RiliZH 41 p-Akt. p-ERK1. p-NF-xB p65 &
HRIEKN, HEFIEAHIM:, HENRA R 50 6
I F0H] AK/ERK/NF-xB 15 5l #4004 HPH #74
KR EE . T IUEZIHEN, A AAES T
e 7T A S AR B A I e Ake SIS
SC79 F1it HPH #rA K, 4R E7R, SC79 9855 1
A R HPH i AE K e 1fn 25 =5 28 1
HAE A, GE B A SR % 1 i 3 i) AKVERK/NF-B {5
5 I R A HPH A2 K b Il S

gr bRk, MR & HE BE B8 @ ok H)
AKt/ERK/NF-kB 15 5l B4 HPH 3§42 K BRI I
B MRS AT RE RO IR IR BB ENAE )L HPH
IS AEZ5Y) o

FBAR PIAVHEHFRAREEF TR

SE R
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