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Panax notoginseng saponin R1 activates the AMPK/mTOR/ULKI1 signaling
pathway to promote autophagy in a lipopolysaccharide—induced
periodontitis cell model
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[Abstract] Objective To investigate the effects of Panax notoginseng saponin R1 (NGR1) on autophagy in lipopolysaccharide
(LPS)-induced periodontitis cells via the adenosine 5-monophosphate—activated protein kinase (AMPK)/mammalian rapamycin target
protein (mTOR)/Unc—51 like kinase 1 (ULK1) signaling pathway. Methods Human periodontal ligament fibroblasts (hPDLFs) were
treated with 100 ng/mL. LPS for 24 h to establish a periodontitis cell model. The periodontitis cells were divided into control group,
LPS group, LPS+NGR1 group, and LPS+NGRI+AMPK inhibitor Compound C group. Flow cytometry was used to check apoptosis of
the cells. The protein expression levels of Bel-2, Bax, cleaved Caspase-3, Beclin-1, p62, p~AMPK, p-mTOR, and p-ULKI, as well
as the LC3-II/1 ratio, were determined by Western blot. Immunofluorescence staining assay was used to examine the protein

expression level of LC3. Results Compared with the control group, the LPS group exhibited a significant increase in the apoptosis
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rate of cells (P<0.05). The protein expression levels of Bel-2, Beclin—1, p~AMPK and p—-ULK1 in cells, as well as the LC3-1I/1 ratio
in cells decreased (P<0.05). Conversely, the protein expression levels of Bax, cleaved Caspase-3, p62, and p-mTOR in cells were
elevated (P<0.05). Compared with the LPS group, the apoptosis rate of cells in LPS+Panax notoginseng saponin R1 group and LPS+
Panax notoginseng saponin R1+Compound C group decreased (P<0.05). The protein expression levels of Bel-2, Beclin-1, p~AMPK,
and p-ULK1, as well as the LC3-II/1 ratio, significantly increased (P<0.05). Conversely, the protein expression levels of Bax,
cleaved Caspase-3, p62, and p-mTOR significantly decreasedP<0.05). Compared with the LPS+notoginsenoside R1 group, the cells in
the LPS+notoginsenoside R1+Compound C group exhibited an increased apoptosis rate (P<005), along with decreased levels of Bel-2,
Beclin—1, the ratio of LC3-1I/I, p~AMPK, and p-ULK1 (P<0.05), while showing increased levels of Bax, cleaved Caspase-3, p62, and
p-mTOR (P<005). Conclusion Panax notoginseng saponin R1 promotes autophagy and inhibits apoptosis of LPS—induced periodontitis

cells, and its mechanism may be related to the activation of AMPK/mTOR/ULKI signaling pathway.

(Keywords) periodontitis; human periodontal ligament fibroblasts; Panax notoginseng saponin R1; AMPK/mTOR/ULK1 sig-

naling pathway; autophagy; apoptosis
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DMSO (15535 3L ] 24 h, B JS 0 A & 1%DMSO
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BRI, FELE 1,

xR 1 BAMMMAR EFERD IL-18.1L-6  TNF-o 7K FHY
bk % (x+s ,n=3, pg/mL)
Table 1 Comparison of 1L-1B, IL-6, and TNF-a levels in

cell supernatant among various groups (x+s, n=3, pg/mL)

2 1-18 1L.-6 TNF-a
control £ 20.73%1.59 26.5422.01 42.51+2.91
LPS # 49.31%3.05 71.86+5.40 97.29+6.57
IR 14.392 13.623 13.204
P{E <0.05 <0.05 <0.05




2025 455 45 %

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn

2093

=+t EFH Rl ZWIRERIFE

S22 AT 241, 1.,10,20,40.80.,120,160 pmol/L
1 =-LHF R1 X%} hPDLFs ZHi07%A A i 00 40 e
5 control ZH FL#, LPS £H 201 Jifd 14 20 it 375 1 [ A1 (P<
0.05); 5 LPS 4H H0A¢ , LPS+20 .40 .80,120,160 pmol/L
=B RAT R A0S J1 T (P<0.05), ot
L 80 wmol/L [ =-E R R1 RGN .3, KL, ik
580 uM =LA R1 HF/RLLE ., WA 1,

22

-

o

(=)
1

100

TS/ %
d

T
NI I RO

=HEHERT4L/(umol/L)

\!&%&"\“q?bF@@?\@
& &

& v LPS+=+@%R141/(umol/L)

MTT f#iE =+ 2% R1 /EF-F hPDLFs HfAR)IRE
Fig.1 MTT assay screening the optimal concentration of
NGRI on hPDLFs
TE:A.=-L2H R1XF hPDLFs 4 J 4 S RE P 9 374 B. =L 2 1
R1 X JE R AR AL 5200, 5 control 41 HLHK, #P<0.05; 55 LPS

41 HA,*P<0.05,

&1

=+t EFH Rl M FRAXAMET RN
55 control ZH L #¢ , LPS 2H 40 i A4 V8 T R T+ 5
(P<0.05) ;5 LPS A I, LPS+ =L & 1f R1 4 |
LPS+=-E3F R1+Compound C ZH 40 S it U T 3 [
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Fig.2 Apoptosis of cells in each group checked by

flow cytometry

®2 BHEBMBTERAIELE (x+5,n=3)
Table 2 Comparison of apoptosis rates among

various groups (x+s,n=3)

215 AT/ %
control ZH 5.17+0.61
LPS 4 37.61+4.73%
LpS+=-LRE1 R1 4 19.45+1.69*
LPS+=-£BH Rl+Compound C 41 28.06+2.37%

1.5 control 2H H%L, #P<0.05; 5 LPS 4 H#L,*P<0.05; 55 LPS+=
HREAF R1 4, 4P<0.05,

kK ETH S, T Bax  cleaved Caspase—3 Fik/K
SRR (P<0.05) ;5 LPS+=-L R24F R1 4H 1048, LPS+
=t 24 R1+Compound C A1 Bel-2 & %
Ik IK - REAG, T Bax .cleaved Caspase—3 ik 7K F- T+
= (P<0.05), LA 3 K33,

Bcl-2 SR e SR e 26 kDa

Bax

S R s e 20 kDa

cleaved Caspase-3 s SR . S 17 KkDa

GAPDH — #SNNS SN WS S 37 kDa

B3 Western blot ¥l ZLHLRBEA Bel-2,Bax cleaved
Caspase-3 EAKWE
Fig.3 Western blot testing the expression of Bel-2, Bax,

and cleaved—Caspase 3 proteins in each group of cells
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T3 HAMBH Bel-2,Bax,cleaved Caspase-3 | HRIERIELER (345 ,n=3)

Table 3 Comparison of the protein expression of Bel-2, Bax, and cleaved Caspase-3 in cells among various groups (xts, n=3)

2H 5 Bel-2 Bax cleaved Caspase—3
control ZH 0.83+0.07 0.27+0.02 0.21+0.02
LPS 4] 0.16+0.02* 0.96+0.08 0.85+0.08*
LPS+=-L R4 R1 H 0.62+0.05" 0.32:+0.03" 0.22+0.02¢
LPS+=-L2F R1+Compound C 41 0.31+0.03* 0.74+0.06* 0.60+0.05*

7 : 5 control 4 FLEL, #P<0.05; 5 LPS 41 H4s, *P<0.05 ;5 LPS+=-E R4 R1 ZH kb4, “P<0.05,

controlfH LPSE

DAPI

LC3

LPS+=tBHR1+
Compound C&

e

LPS+=tBHR1E

4 EEVSREIGHNZAMEEH LC3 BEARIE (200,47 :20 wm)

Fig.4

Immunofluorescence staining assay determining the protein expression of LC3 in

cells of each group
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55 control 4 HL#, 1LPS 4140 H LC3 FE AR
KK FEAR (P<0.05) 3 5 LPS 2 Ho 8, LPS+ =+ '
1 R1 41 . LPS+ =t 24F R1+Compound C ZH4Hfif
LC3 2 AR IKKFEFH R (P<0.05) 3 5 LPS+ =L 12
1 R1 A4, LPS+—-E 21 R1+Compound C ZH 4]
firh LC3 85 H I RIAZKF BRI (P<0.05) . 1 ULIE 4
K 4,

26 =LEBEHRI MFEARMBMBEHEXAEARIE
=i

5 control 41 He#, LPS 440 il Ff Beclin—1 25 4
FIRKT- T LC3- 11/ T HABERRAR, 1 p62 B kK
T+ (P<0.05) ;5 LPS 41 Hed, LPS+ =L B4 Rl
2 LPS+=-L%&F R1+Compound C ZHZH i+ Be-
clin—1 8 KKK LC3-11/ T HeE T+, ifi p62
R IEAKCE AR (P<0.05) ; 5 LPS+=+£ 2 3F R1
ZH M4, LPS+ =&} 1F R1+Compound C ZH 4 i

F4 BHEMARF LC3 EAREMLE (x£5,n=3)
Table 4 Comparison of LC3 protein expression in cells

among various groups (x*s, n=3)

215 LC3 AXS OG5 B
control ZH 1.000.09
LPS 4 0.17+0.02
LpS+ =L R1 4 1.14+0.10*
LPS+=-£BH Ri+Compound C 41 0.29+0.02¢

. 5 control 40 FLEL,*P<0.05; 5 LPS 4H H 45, *P<0.05; 55 LPS+
=-ERH R1 4, 4P<0.05,

Beclin—1 T HFGAKF K LC3- 11/ T FAEFKAE , 1M p62
HHFIAAKFE TR (P<0.05), FEWLIE 5 K3 5,
27 =+tE2¥F Rl XFEKHMEEH AMPK/mTOR/
ULKl 5 5 EREXEARIENZM

5 control 41 H#%,1PS 4140 il *F p—~AMPK ,p—
ULK1 25 H # RIB7KF-FEAR, 11 p-mTOR 25 H KA
IKFTHE (P<0.05) 5 5 LPS 2H ke LPS+=-L i 4f R1
2 LPS+ =L %4F R1+Compound C 44 i p-
AMPK .p-ULK1 & 4 #3515, il p-mTOR 25 %
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5 Western blot # & A& Beclin-1,p62, B 6 Western blot #llZFHMAH p-AMPK,p-mTOR,

LC3- I/ 1 EB&HE
Fig.5 Western blot examining the protein expression of
Beclin—1 and p62 and LC3-1I/1 ratio in cells of
each group

HKTPREAR(P<0.05); 55 LPS+ =L g4 R1 41104z,
LPS+=-t 1 R1+Compound C ZHAMfIH p-~AMPK |
p-ULK1 3 H YA R, 17 p-mTOR 2 H 3%
HACFTHR (P<0.05) ., TEILIE 6 Kk 6.
3 Wit

I JA 5 B SR AT 1A 3 B R A 3L TR (R
R, EREF A R BURE B A e, DT 2
HUBIAEY, = LA R = B AT

p-ULKl EB%HE
Fig.6 Western blot examining the protein expression
of p~AMPK, p-mTOR, and p—-ULK1 in cells of

each group

T, RERE A L2 6 T4 A B 4L, $don =L R4
R1 AJREXF 2 A 5 BATRL VR P RCR  LPS 2228 A
S ANPIATEL ) PSSR, AP R, =L
T R1 BEMEAT R T2 i 58 200 A i 40 B 1% 4, 3R 9]
=BT R ATREXT A 5 B e E
hPDLFs T2 7 J& 5 i) 1 22 BEAL ) 2 —
Bel-2 JEHTT-HE A, BEE AL #5 Caspase—3 £ H
b M cleaved Caspase-3 MGl I T, M Bax
HReE T IR LR AR B U Caspase—3 TG LR AL

x5 HEMAAF Beclin-1,p62 EAKIFIER LC3-11/ 1 LLEMIEEE: (345 ,n=3)

Table 5 Comparison of the protein expression of Beclin—1 and p62 as well as LC3—-1I/1 ratio in cells

among various groups (xxs, n=3)

Eigll LC3-T0/T HAl Beclin-1 p62

control 4] 0.9120.08 0.8420.09 0.18+0.02

LPS 4] 0.13+0.01% 0.160.02+ 0.87+0.07*

LpS+ =L R1 4 0.72+0.07* 0.53+0.05" 0.25+0.02*
LPS+=-tEH R1+Compound C £ 0.2120.02% 0.29+0.03% 0.65+0.06*

TE: 5 LPS dLILAL, #P<0.05; 15 LPS+=-LIH R1 1ILAL,"P<0.05; 15 LPs+ =L R1 41IL4L, “P<0.05,
X6 HBAMMH p-AMPK, p-mTOR, p-ULK] T A RIEHLE (745 ,n=3)
Table 6 Comparison of protein expression of p—AMPK, p-mTOR, and p-ULKI1 in cells among
various groups (x+s, n=3)

415 p—AMPK p-mTOR p-ULK1

control 41 0.87£0.07 0.1520.02 0.8120.08
LPS 24 0.21+0.02* 0.930.08* 0.110.01%
LPS+ =L 1 R1 4 0.77+0.07* 0.17+0.02* 0.63+0.05"
LPS+=-L 27 R1+Compound C 41 0.36+0.03* 0.72+0.06* 0.34+0.04*

5 LPS 4 HR, #P<0.05; 5 LPS+ =L R1 4 H#E,*P<0.05; 5 LPS+ —-L1H R1 A HER, 4P<0.05,
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