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15 5@ 38k B o, LB T K AR .

XA RS E AR, s k- L0, B, AMPK/mTORYE Sl =LA 2

Effects of Panax Notoginseng Total Saponins on PASMCs Autophagy
through AMPK Pathway
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Abstract This study investigated the regulation mechanism of Panax notoginseng total saponins on au-
tophagy of rat PASMCs (pulmonary artery smooth muscle cells) and the intervention on PASMCs proliferation and
apoptosis under hypoxia and high carbon dioxide conditions. The rat PASMCs were randomly divided into five
groups after starvation treatment: normal control group (N), model group (HH), AMPK agonist AICAR group (Al),
Panax notoginseng total saponins group (PNS) and Panax notoginseng total saponins combined with AMPK ago-
nist group (PA). After corresponding treatment, cell survival rate of each group was measured by CCK-8. AMPK,
mTOR, LC3, p62 and Caspase-3 were detected by qRT-PCR, and the protein expression levels of AMPK, p-AMPK,
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mTOR, p-mTOR, LC3, p62, Caspase-3 and PCNA were detected by Western blot. Autophagosomes were observed
by transmission electron microscopy. The results showed that compared with HH group, the expression of Cas-
pase-3 was up-regulated and the expression of PCNA was down-regulated in PNS group, suggesting that PNS could
promote the apoptosis of PASMCs and inhibit its proliferation. In the PNS group, AMPK-mTOR signaling pathway
was down-regulated and autophagy level decreased, indicating that PNS could down-regulate AMPK-mTOR path-
way activity and inhibit autophagy level. Compared with PNS group, the level of autophagy in PA group was in-
creased, the proliferation was up-regulated, and the apoptosis was decreased, suggesting that PNS might inhibit the

proliferation of PASMCs induced by hypoxia and high carbon dioxide in rats by down-regulating AMPK-mTOR

signaling pathway to inhibit autophagy and promote apoptosis.
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low oxygen and high carbon dioxide; pulmonary artery smooth muscle cells; autophagy;

AMPK/mTOR signal axis; Panax notoginseng total saponins
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Table1 Primer sequences

ElEVEAY I FRF(5'—3") K /op
Primer name Primer sequence (5'—3") Product size /bp
GAPDH Forward primer: TCT CTG CTC CTC CCT GTT C 87

Reverse primer: ACA CCG ACC TTCACCATCT
AMPK Forward primer: AGC ACA CCT CAC TGATGA ACC C 159

Reverse primer: AGA CAG CCT GAC ACC TAT GGA AA
mTOR Forward primer: AGT GAA GCC GAG AGC AAT GAG A 134

Reverse primer: GAC AAG GAG ATA GAA CGG AAGAAGC
LC3 Forward primer: TTG TTG TAA ATG CTG TCA GTG CCT 115

Reverse primer: CTG TGT CTA CCT CCT AAG TGT TGG G
p62 Forward primer: CGG GTA CTG ATC CCT GTC A 156

Reverse primer: TTC CTC CTT GGC TTT GTC TC

TE X6 HE 2L (N)FE 5 S840 N 55 9524 hAth, R 41 (HH)
FIDMEM 5 b 55 77 36 5% 7%, AMPK 4 2 71| AICARZ1
(AD/EDMEM = B3 72 540 i N T mmol/L AICARYE
W, = B (PNS)EDMEM = bl Rs 37 5L Fh i\
LR FE 200 pg/mLi) =-LRET, = LR 2HEKE
AMPK 5 75 2 (PA) /£ DMEM /=3 B 1% 97 5k o fim A 2%
W E N1 mmol/LIFAICAR. 23K 4200 pg/mLI)
=BT, JEVUAHY B TSR (5% Os 6% COs.
89% N, 37 °C)IN£59%24 h.
1.3 CCK-8#&M4mpmAI;E S

B 04 K 19 I PASMCs 4 it 42 &5 FL1x 10*4>
Y B Bl T96FLAR (T 413~6 1 E fL), #% LA B oy
W WG, 753G IR W9 FIPBSBE G, LA
110 pL CCK-8IR &V, 37 °CH AR 77 M B 1 hia,
FH Bt A S 7 W K AE 450 nmib WO B (D), B
T, S256 i R 3. 40 AE TS R =[(S2 56 FL R
I B LR B /O R LR B2 LR
F£)]1%100%
1.4 ELRRAXEERAEER K (quantita-
tive real-time PCR, qRT-PCR);%#&30 PASMCsH
AMPK. mTOR. LC3. p62. Caspase-3 mRNA Y
FRIKIKF

AR R AT L B ES FRE S, 10 em¥Bs7RAE
FFIIANT mL Trizol, 4B Tip Sk HUATA, IIA1/SIAFE
15, b EHENRA], 5 15 min. 4 °CESCHL12 000 r/min
B0 15 mine R B JZ7KAH(29400 pLyIn A S5 4R 7
PFEERNAVL TR, 35 5 IN75% O BAE e BIF,
R O UCERNAL T SERNAIK 5, b 47 58 — %
cDNAG i FgDNA %R Bl 524 TqRT-PCR, Jirfs 4G
LA AT I mRNAANT R IE B (# D).

1.5 Western blot4&MPASMCsHAMPK , p-AMPK
mTOR. p-mTOR. LC3. P62, Caspase-3. PCNA
Mg

3 B 45 TR 2 B I PBSHE WE J5 i N1 mL4H g
ZUMRIR A W(PMSF:RIPA=1:100), & L5 UtE Lig T
Fr1.5 mL BEPE h . FIBCAR I SR I & 1 Ak
FEo WHMMEA VAR ES EFEZMR, mER
A5 & W10 ming . B30 pgf) & A b FEE
AT HLUK, JFE IR = PVDFIR b, K FL B T 5% IR 4 4
HERPE R E LS he B—HI(AMPK. p-AMPK.
mTOR. p-mTOR. LC3. P62. Caspase-3. PCNA)
(FRRELLI3241:1 000) 4 °COKARIE R . R H ¥R IE
il T ZPUFRE BB 9 1:10 000). 5% 58S,
HFHEGE 5 PVDE R & T Bon A, b & KO0
(A:B=1:1), B HRAFE R,
1.6 iESTEEMEPASMCs B I/ Ak

B K 34 K47 (I PASMC sl 13 41 Al 2 v 5 .0, 48
ATTEL A S ]2« BETRAN L Y5, F T i 7K 357
BIERE G, WU bR A BEAT ) v A I
i FH I B L B3 2 PASMCs PRI RB AL 5 44
1.7 GitEFaE

X H GraphPad Prism 9.0%K {1 % 2% 2H 512 56 %5 ¥%
HAT R =M. EIESMERL S, 250500 LY
(bR E 2 (cks) R 2 AR () 3 $ L e FH O 22
G3 AT, T 2L 1) 0 SR FH e 562, P<0.05 UGN 5 A 2 57
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HAN 24 h)5, 50 mg/LAAH E, 200 mg/L2H (141 i
T 1S FEAR(P<0.01), 400~1 600 mg/LZH 40 3%
JIAR, V=R R R OO e A e K AR
A, Btk 5200 mg/LIE NI 5T =LA 2
WEE(E).
2.2 RLAPASMCSTEER

CCK-84%5 B & 7~, HNYLAH Lk, HHZ 40 i 17 7%
K _EFHP<0.01). SHHALH L, PNSYLAH i 1735 %
71 K F(P<0.01). 5PNSZLAH L, PAZH 41 fi A7 35 K
ETHP<0.01)(E2).
2.3 KLHPASMCsEKIEHRITIL

qRT-PCR&E R (K 3A) o, 5N, HHA
AMPKIER 1K KF BT (P<0.01), mTORF: N # ik

KPR % (P<0.01); PNSZH AMPK3E R =15 KT H
HHZAIK(P<0.01), mTORKE [K 1A /K ~F L HHAH &2 2%
$2 1 (P<0.01); PAZH AMPKR:H 7K 5 PNSZHL A EL
AT E (P<0.01), mTORIE KV 15 PNSALAH LA
FIT R B#(P<0.01). Western blot(3B)E7~: 5 NALAH
tt, HHZHp-AMPK/AMPK SR IA 7K~ | F+(P<0.01), p-
mTOR/mTORFIE /KT [ (P<0.01); 5 HHAAEL,
PNSZH p-AMPK/AMPK £ [ R34 7KF R & (P<0.05),
p-mTOR/mTORH & IA K EF+ (P<0.01); PAZLL
p-AMPK/AMPK & FH /K¥ 5 PNSAAH LA Br b T+
(P<0.05), p-mTOR/mTOREE (17K ¥ T % (P<0.05).
XE Y, ARA LM T AMPKGE B 0E, PNSAES 10
%18 % Rk, I HIX —1E H BEH AMPK I 3 7134

1.5=
51.0-
2
3 N
5
Q
0.5=
* 3k
0 ] 1 ] ] ] ] 1 1 ] ] 1
Q “ “ VA O QO Q
R N R

Concentration /mg-L"!

#P<0.05, 50 mg/LALMH .
*P<0.05 compared with 0 mg/L group.

Bl FRIKE=t2EHIPASMCsE SIS
Fig.1 Effects of different concentrations of PNS on the viability of PASMCs
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N HH Al PI:IS PA
N: # %4 HH: IG5 = — 5L ALt AMPKIME)IIAICARZE; PNS: PNS4; PA: PNSEXA AMPKIANFAICARA . *#P<0.01, 5% S HAMLL;
"P<0.01, SR —EABRALA LE; **P<0.01, S5PNSZAAH L
N: normoxic group; HH: low oxygen and high carbon dioxide group; AI: AMPK agonist AICAR group; PNS: PNS group; PA: PNS combined with
AMPK agonist AICAR group. **¥P<0.01 compared with N group; *P<0.01 compared with HH group; **P<0.01 compared with PNS group.
E2 CCK-8£E1MN&HPASMCsIE S
Fig.2 The viability of PASMCs assessed by CCK-8
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(A)

Relative mRNA level

AMPK

mTOR

(B) N HH AI PNS PA
62 kDa |_. R — | p-AMPK

62 kDa [—--—- AMPK

36 kDa I————-l GAPDH

289 kDa |—- _—  — —I p-mTOR

289 kDa r- — — — —l mTOR

36 kDa |——---| GAPDH

Relative protein expression

p-AMPK/AMPK

p-mTOR/mTOR

A: QRT-PCRIEHMAMPK . mTORIAZEI5E/KF; B: Western blotfillAMPK . p-AMPK. mTOR. p-mTORZE ([ ik/KF. N: % %4 HH: KA
T AR BRAL; AL AMPKIEhFIIAICARAL; PNS: PNS4L; PA: PNSIECA AMPKENFIAICARAL. **P<0.01, 5 ¥ 410 L ; *P<0.05, #P<0.01, 5

AR e AL BRALAE B *P<0.05, **P<0.01 5PNSZLAH H: .

A: the expression levels of AMPK and mTOR were detected by qRT-PCR; B: the expression levels of AMPK, P-AMPK, mTOR and p-mTOR pro-
teins were detected by Western blot. N: normoxic group; HH: low oxygen and high carbon dioxide group; AI: AMPK agonist AICAR group; PNS:
PNS group; PA: PNS combined with AMPK agonist AICAR group. **P<0.01 compared with N group; “P<0.05, #P<0.01 compared with HH group;
*P<0.05, **P<0.01 compared with PNS group.

E3 BEBEIEIRRIAKT

Fig.3 Expression levels of pathway indicators in each group
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2.4 PNSHIFHE S FSHIPASMCs B &
qRT-PCR%E (KE4A) T 7. M Lk TN, HHA
LC3IE K 35 7K F _ETHP<0.01), p623 Rl % ik 7K F
N B#&(P<0.05); PNSALLC3%E [K % 1A /K 7 Lk HHZH [%
R (P<0.01), p627E K ik 7K ~F LLHHA 5 (P<0.01),
PAZHLC3FE R 7K “F 5PNSA A E A Fr 7+ 51 (P<0.01),
pO62FE R /KT 5PNSALA LA ff F F#(P<0.01), West-
ern blot(4B) IR : 5N, HHA LC3&iAK
P EFH(P<0.01), p623K ik KPR [ (P<0.01), PNS4H
LC3% [ #KIE /KT 5SHHA M LR (P<0.01), p625&
H#IEKF EFH(P<0.01), PAALC3E /KT 5PNS
ZHAH Bb 25 4 = (P<0.01), p624 11 /K T BUIK, BEEA
PNSH ML EE S PASMCs [ 1, 3F B 2418 H
AMPK 5 7 AICARAL 340 i f5 , PNSKT [ W )
0 H61) 1 ) 4k 06 4%, 2% W PNS J2 i 3 41 ] AMPKGH
PR R T E WEAE .

2.5 PNSHIHIKE1FSBIPASMCsIETE, 183
AT

TEAR S 41 N {8 ) PNSHIJ 3 PASMCs, qRT-
PCRZ R (F4A) 7R : PNSH Caspase-33& R % ik
7KV He HHAH 2 2% 7+ 5 (P<0.05); PAZH Caspase-33&
(Rl 7K -5 PNSHLAH H A AT IS (P<0.01) . Western
blot(/ 4B) &7~ : PNS Caspase-35 [ KIAKF 5
HHZHLAH E T (P<0.01), PCNAE 4 £ iA /K N &
(P<0.01); PAZH Caspase-345 [1/K°F 5 PNSAH A tL A
Fr B4 (P<0.01), PCNAZE FIK A BT EFH(P<0.01).
F O T 0, PNS ]38 i AMPKE 2% 22 fifé 1% 40 it i 1Y)
PASMCsH8 5, 12 PASMCsIF T, B 3% il il 5 F 98 .
2.6 ESTEHEFEMEZLH KR PASMCs B/ MAER

L A 42 L (J&15) S HHAUAR B NG, F W/
AR 2, H 24 FIPNSAH G, H W /NMA BRI
/b, FHRA AT (L #EPASMCs [ W, I Hix —{E F AT
HePNSHIH; AH LT PNSH, PAZ H M/ MAK R %2,
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LC3 po2 Caspase-3
(B)
N HH AI PNS PA
16 kDa LC31
14 kDa LC3 11

62kDa [ mm— e s s | 62

32 kDa I — e - w - | Caspase-3

Relative protein expression

28KDa [ mew s s s | PONA

36 kDa | PR — IGAPDH

LC3IV/LC3 1 po2 Caspase-3 PCNA

A: QRT-PCRZAEMLC3. p62. Caspase-3113iLIKF; B: Western blothallLC3. p62. Caspase-3. PCNARIFRILKT. N: %5 4l; HH: A=
THARERAL; Al AMPKIBIFIAICARL; PNS: PNSL; PA: PNSECA AMPKIBIFIAICARLL . **P<0.01, 5% S 41LHH EL; "P<0.05, *P<0.01, F1I%
A AR ALAT b **P<0.01 5 PNSHIAH L .

A: the expression levels of LC3, P62 and Caspase-3 were detected by qRT-PCR; B: the expression levels of LC3, p62, Caspase-3 and PCNA were de-
tected by Western blot. N: normoxic group; HH: low oxygen and high carbon dioxide group; AI: AMPK agonist AICAR group; PNS: PNS group; PA:
PNS combined with AMPK agonist AICAR group. **P<0.01 compared with N group; *P<0.05, *P<0.01 compared with HH group; **P<0.01 com-
pared with PNS group.

E4 £4HLC3. p62. Caspase-3. PCNAFIAKF
Fig.4 Expression levels of LC3, p62, Caspase-3 and PCNA in each group

200nm Gl 200 ®
N: 3 U4 HH: A% U — AU BR 4L AL AMPKE)FIAICAR4L; PNS: PNS4L; PA: PNSEXE AMPKISBIFIAICARAL . #i Sktiim R
N: normoxic group; HH: low oxygen and high carbon dioxide group; AI: AMPK agonist AICAR group; PNS: PNS group; PA: PNS combined with
AMPK agonist AICAR group. Arrows indicate autophagosomes.
ElS BLAPASMCsHEEMEE
Fig.5 Electron microscope observation of PASMCs in each group
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BRI BE YK, e R R
VER, B RT3 B 0 I 2R 40 H & AR R0
HaYT . =R BT N=-bhra ks, LEEa
RO G N2 2 (Rgl. Rbl. Rb. Re). =-LHE
HRD®, HATANIE, =-LE BRI L M R
SEAR I B, IR BRI ARSI . DA IIRE S
R, =R XS B KR AR A DI AT e A
JH O 0 /8~ VLA Y (vascular smooth muscle cell,
VSMOC)[¥) 384 58 A1 1= A 1L 375 X6 VSMC I {12 38 5 FH ok
RIEBAH MO, WA RRE = La 2t BAIER
HEE. Prafb. B, (20T LR s s R
SRR, Sl R TSR R, =L R R PR
IO 7 SR A A 7 38, L AMIPGER 86 P 380 403
R PRI () PN B2 Thaet B A it sl ik s Fs e ) LAk
PERMLHIAS Az L/ ARSI A8 200 mg/Lit) =+
MR TR RPASMCs )&, KL=t B ARk
PR AT S 10K FUPASMCs 1 58 A2 i PASMCsif
T2, Western blot&h H 7R, =4 8 B #IHIPCNALE
H 1%, (e Caspase-3 8 H IRk .

IEFAEFDRA S, SR % 55 41 i A e b g i
AR, WERFEE ST, S 5YERE N5
Fass. B 7 SEDR RS Ah, 20 B 16 5 AR T2 08 52
ZRHABR R W4 N 7. BU/RNAL BRI
Wi, fEAEFRA N, 280 M A B 2 4 FF i & 1
TR UL P 2O S R0 LE L 85 440 BT A0 7 TR0
SR, JORE S5 G e S B il it B V1) 0 38 n 1
RASTF, il LA FLA0 AN P 5 4t o 2 s 4 ], AS
Wi o, I I TR, SR i Y, BEAE
WFFE R B, N 3B KSMCTE fig it ik S AL e [ et 37 50
1 G4 ZHANGEZE VR B, H b A W) b & PILC3B-
II. BECN-1IFIATGSTEARE 51+ T PASMCsH =%

i LUZE U &% 31, TMEM 16 AE i 1141 SMC [ I
S By 1k I B SMCHY 5 Al 5 ¥8 . PNSHE 75 38 i 4171 ]
PASMCs H Wi 12 1M 2% fift A% 560175 3 T PASMCs 14 4 H
B AR BT HN . A 5258 Western blotFl1i% 5 Hi 45 285 T 5
N, R R AR S R R BPASMCs H B 30
58, PNSH] 1 i) 450175 5 T PASMCs [ W A1 1 B,
T HEPASMCsIH T,

mTOR J2 i Ji Pk UL I 3 -3 Bl A 5% 38 i (PTKK) X
TR R BL, FERAE 20 AR R W R Y A
T mTORAEAE T W A AN [A] (1) 2 A 4 (mTORC1 !
mTORC2)H, EATHI W IEAH A FY, H %52 5] 2
H ARG, A A U I R 7 2 mTORC1!MY,
AMPKA/E 58 i [ = 2L V) e 2 fEATPHE R AN 2 1 E
WL RLAR = AL ATPI &, TV BRI PRAK B2
F e mp AR R R I ) S mTORGE 6 1) ¢
IR, H CHk R IE FRAMPK/mTOR/ULK 115 5
MGG TTRES 5 7 BPAE S 4 5 W, 55 b
AR I, 7E /I B A A5 A R s AMPK ) 4101 1
AR LA S HPH A& AE, R B 75 25 7k S 56 75 T, vf
DL sk 41 ] AMPKGIE 2% 410 1) IS 48015 =5 [V PASMCs [
B HEEPY Bt AMPK-mTORAS 5 38 B 78 i 2 ik &
JE T R S 3 2 R (4 I8 R 52 A WA, A e SR 3
— BT, SRR 45 R PNSZHAMPK-mTOR
GOSN R, AWK R B, BOBIPNSTH] DL R I
AMPK-mTORI@ 2% 7% 1, #i] 5 WK, AMPKEZ)
FIAICARIEC A PNSH 2520 5PNSH Z5 40 M Lk, H 1
ACE BT, B85 B, JHTIED, FRORPNS R A
AR IR T 51 1) K BPASMCs I B 1) # | E F
Al fE AL E i T AMPK-mTOR{E 5 3@ 5 1041 (5 W,
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