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O E. B WS T EEHE AT M Chuman periodontal ligament cells, hPDLCs) %8, T & ECE 2L HI1E
M, WAHAERNS. FE  RADFERERS RO {@ R hPDLCs, CCKS it AN A [A] AR BLER X hPDLCs 3
VERE TR 0 220 M ASORS  4R AR T 0L Bl RS (alkaline phosphatase, ALP) A1 2% 41 e (o6 I 240 i j i 20 Ak s
L, gQRT-PCR yZAE 4N AL ALP. Runt A< X F 2 (runt-related transcription factor 2, Runx2). ‘&45% (osteocalcin, OCN).
HEAERAEE 2 (bone morphogenic protein 2, BMP2) Fli% AT kB 247G 4L A FHLf& (receptor activator nuclear factor kB
ligand, RANKL) mRNA #ik7KF; Western blotting 72440 fd o B itk A4 Af0IE-2 ZE[K (B-cell lymphoma-2, Bcl-2). Bel-2 #H
X X &EH (Bcl-2-associated X protein gene, Bax). MR HAF-3 (caspase-3). BEMEIEILEE 3-1ME (phosphoinositide 3-
kinase, PI3K). #E21k PI3K (p-PI3K). ZE ¥4/ B (proteinkinase B, Akt). BRIk Akt (p-Akt) HAXEZKT. R 5
YTREAE AL, AFEREEFR S BN hPDLCs SEEAA T- B R E M. EREHIREMAT, SXRANE, NRARERSER
A[#E7E ALP. Runx2. OCN. BMP2mRNA FEi%, J#/> RANKLmMRNA ik, _Ei# PI3K fl Akt BiR1b /KT, A 50 ug/mL
FAH RISt 4518 100 pg/mL LA FFA S REER Ak B hPDLCs 385 AR T Jo ¢, (H AT {2k hPDLCs e 7 fb g
FCAE FIBLH AT AR 530 PIBKIAKT @A %,
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Based on PI3K/Akt pathway, to explore the mechanism of asiatic acid on
proliferation, apoptosis and osteogenic differentiation of healthy human
periodontal membrane cells
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Abstract: Objective To observe the effects of asiatic acid asiatic acid on proliferation, apoptosis, and osteogenic differentiation of
healthy human periodontal ligament cells (hnPDLCs), and to explore its mechanism. Methods hPDLCs were treated with different
concentrations of asiatic acid. CCK8 method was used to detect the effect of asiatic acid on the proliferation of healthy hPDLCs at
different time points. Apoptosis was detected by flow cytometry. Osteogenic differentiation was detected by alkaline phosphatase
(ALP) and alizarin red staining. The mRNA expression levels of ALP, Runt related transcription factor 2 (Runx2), osteocalcin (OCN),
bone morphogenetic protein 2 (BMP2) and receptor activator nuclear factor ligand (RANKL) were detected by RT-gPCR. Western blot
was used to detect B-cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein gene (Bax), Caspase-3, phosphatidylinositol 3-kinase
(PI3K), p-PI3K and protein kinase B (Akt), phosphorylated protein kinase B (p-Akt) protein expression levels. Results Compared
with control group, asiatic acid had no significant effect on the proliferation and apoptosis of hPDLCs. Under osteogenic induction
conditions, compared with control group, different concentrations of asiatic acid could increase the mMRNA expression of ALP, Runx2,
OCN and BMP2, decrease the mRNA expression of RANKL, and up regulate the phosphorylation levels of PI3K and Akt. 50 pg/mL
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asiatic acid had the best effect. Conclusion Asiatic acid below 100 pg/mL has no effect on the proliferation and apoptosis of hPDLCs,
but can promote the osteogenic differentiation of healthy hPDLCs, its mechanism may be related to the activation of PI3K/Akt pathway.
Key words: asiatic acid; human periodontal ligament cells; proliferation; apoptosis; osteogenic differentiation; PI3K/Akt pathway

o JE JiE 40 ffd Cperiodontal ligament cells, PDLCs)
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AREr, RAEDE. iRk, e, (RS2
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Mo, $EEn iR s, H0E s geE T, H
HonHE RN 40 A (human periodontal ligament
cells, hPDLCs) e 7L w9t 2, HARE
HLA A7 BT o B IR TR UL 3- 47 ( phosphoinositide
3-kinase, PI3K) /4 il B (proteinkinase B, Akt)
KR — )2 5 2 A K S, 83 AR
A% N2 WIS S @ . PHRRE, BOE
PISK/AKt 18 2 1] i 32F N\ By 5 5] 78 5 T 240 i 1) Rl iy
SO, Rk, AHF AT LA PIBK/AKE BB AYIA £,
WSR2 FE B i B hPDLCs M5 IR 1~ K i Ak
1 FH 320 dr FLAE AL
1 MR5RE%
11 WFI5NEE

EERR (RSB >96%, KiEXECEME
RARAF, $85 MB6704); DMEM 53735, fis
A3 . Transwell Nz 4E4E & CL B-H I BERR AN
HhZEKAL . B REELEE (alkaline phosphatase, ALP)
Pt PEERLL S Jeta il Annexin V-FITC Al
A A REEERHEARA A, 85 11995,
59020.3422.A8100.G8100. D8040, G1480.G1450.
CA1020); RevertAidTM first Strand cDNA Synthesis
Kit (3¢ [H Thermo Scientific, 775 K1621); 514 (H
A Takara, 775 D3810); B k4R -2 2 HF (B-
cell lymphoma-2, Bcl-2). Bcl-2 #i5¢ X & H (Bcl-
2-associated X protein gene, Bax). b Z R E [ fig-
3 (caspase-3). PI3K. Akt. fi#ifig{t. Akt (phospho-
Akt, p-Akt) RIFREDUE, Fhif i (N
ZIEEYEARAIR AR, 575 60178-1-1g. 60267-1-
Ig« 66470-2-1g. 67071-1-lg. 60203-2-g. 66444-1-
Ig. PR30011); 21k PISK (p-PI3K, % CST &
A, 525 17366).

#81% TAE 4 (Thermo Fisher Scientific); 7500 7
PCR {¢ (Z£[H Applied Biosystems); IX53 &1’k
CHABEMAEL); Multiskan MK3 B§Fr1X (Thermo
Fisher Scientific); DYCZ-24KS 7 XU 2 B HL 3Kk AX
(bt —1X28)); G:BOX ZINBEREK K% R4t
(Syngene).

1.2 hPDLCs [B{X1Z%

B R T ey 7 T R A RE AT B 2F 6 B (R
B CAEE B A R D, e TR G NHIEUE
R 13 F LA, 785 B fa ¥ 51 P4l T 6 fL
B, IS 10%IMEAT 1% DMEM 55959 2
mL, B THFMPEEFR, HBRFM4N 5% CO:.
37 C, B 3 R#K 1k, M4l KatS % 80%
W, JEEEHEAEAR, HUEE 3~5 4% hPDLCs A 5L
5o SN RS — B 1 s R I = A= A
PR, NS5 55 55 () 485 hPDLCs.

1.3 CCK8 A& ZH s 5E sE

HUGH B0 A= K1) hPDLCs, LA%FFL 1 000 M4
ML RN T 96 FLARH, AN IR RIS B
FReH, XA S AN e Rk, RE
TR AL FH &4 25, 50, 100 pg/ml FH S BfR
(158 A RE IR A R0, A E 5 MEFL, CCK8 7k
SRR R 1~7 d IR RIS, BERRX
450 nm K TR FEIESRBOEEE (A {H.

1.4 RABAEAREAATER

BU6 B0 4E K1) hPDLCs, 4fisr2H R “1.3” ,
HalRE R 7 d JECEEAI, PBS ik 3 Ik, 1mL
binding buffer 58, 154 % & 4 1X 108 4>/mL,
FENN 100 uL M, A 5 pL Annexin V-
FITC, =IRBHLIE 10min, A 5uLPl, = iE#EE
JEIEE 5min, HO PBS Z 500 pL, JBA1J5E#
Y ARSI 4 B T =R 101,

1.5 Western blotting ;A4 hPDLCs # Bax. Bcl-
2. caspase-3 EBFIA

B 4= K %) hPDLCs, 4l 4HIE “1.3”
BRI T d SR, IR BRI K B2
fif 20 min, BOEFIER, BCA L@ & AR E,
B loading buffer, 7£ EP & rhiRA) 5 & Tk
b 5 min HEAAME. BE 15%H 5 Bk 5%
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BB G RS 05 . LL Image J AT &N E
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k= H I E R KEEIN S E EKEER,
1.6 hPDLCs p& 5Ll
1.6.1 ALP Zuft  HUMHUAE K1) hPDLCs, LA
1X10° MALII S AT 6 FLARH, KiF 24 h 5
SR EE, TR RS S 7R 5E (DMEM S84 ks
F:4:+10 ng/mL HiFEKFA+50 mg/mL 4E4E K C+
10 mmol/L {¥) B-H i BEEREN ), [FII I AR 25 B R
MR8 0 GFI#). 25, 50, 100 pg/mL, &F
2 REEH 1 kKiFHk. ¥59% 7 d J5 7 Lil, PBS i
Ve 2 I, 4%Z% TR E 15 min, PBS Mk 2 X,
TN ALP 0% & URNIE &8 E 20 min, PBS i
Ve 2 Wk, MIELLE Y 3 min, PBS iETEEEAL,
1.6.2 PERLGE AP ERLGZ[E “1.6.17 .
B398 21 d J5 35 BiE, PBS #R¥E 2 IR, 4% R HREE
[t 52 15 min, FEREER, XK 3K, ¥K5E
PR IR Z BN RGO, Gt 20~30
min, SRJEHXZEKYE 5 I, BB TSI,
SRIGAES R FRFLP I 2 mL 10% 5tk + /5 ke kit
e, iR E 30 min 5 B 562 nm K TR
MBFL A B 10,
1.7 gRT-PCR ;%% hPDLCs # ALP. Runx2.
OCN. BMP2 #1 RANKL mRNA FRiAKE
AL FE RIS 25 “1.6.17 o B 2 RFE# 1K
BRFRAE, BigR 14d JEUSEEGHAE, TN Trizol ZAER
RIS RNA, {8/ RevertAidTM first Strand
cDNA Synthesis Kit ¥ %% 5177 & & % cDNA, 1EH
WG BN . 5IY)H HA Takara 2 &) %14 Al
FIMFELIER 1. RMNAARZR: dNTPs 0.5 pL+5X
Buffer 5 uL+Taq /i 0.3 pL+MgCI2 1.5 pL-+cDNA
B 2 uL+ F RS Lul, Ik E KRk
Fl25ul. R N: 95 CHiAEYE Smin, 95 C
A4 30s. 62 ‘CiB/k 30s. 72 ‘CiEffi 30s, 340
AMEIR, G 72 CIEMH 10 min, 4 ‘C 5 min &1k
R, SEESEAE 3 IR KA 20 C kbR H R
MRNA AHX} FKIL 7K
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Table 1 Gene primer sequence

E=30| EF5Y (5°-3) KI5 (5°-37)

ALP CAGAAGAAGGACA ATTGTATGTCTTGGAC
AACTGGG AGAGC

Runx2 CCGCCTCAGTGATT GGGTCTGTAATCTGA
TAGGGC CTCTGTCC

OCN AGGGCAGCGAGGTATCCTGAAAGCCGATG
GTGAA TGGT

BMP2 ATGTTCGCCTGAAA CTTACAGCTGGACTT
CAGAGACCCA AAGGCGTTTC

RANKL CAGCCTTTTGCTCATGGTACCAAGAGGACA
CTCACTATTAA GACTCACTTTAA

GAPDH TGCTTCACCACCTT TCACCATCTTCCAGG
CTTGA AGC

1.8  Western blotting 7£#2 hPDLCs & PI3K. p-
PI3K. Akt. p-Akt FEHRIAKF

R FERNZE 251 “1.6.17 o B2 REH 1K
BrIR AL, B59R 14d RGN, B AR U Western
blotting 77¥%[FA “1.5” , £l hPDLCs # PI3K. p-
PI3K. Akt. p-Akt & [ X RIEK T,
1.9 ZtFEoHh

RiFH SPSS 25.0 A AT Gt o b it , S
HE 3, HEERL x s #ow, ZREALLECR
R ZRTT 2508, BFEARHLBER A SNK-q £ 5 .
2 SR
2.1 FAFEESXT hPDLCs #5E 8L F1HIS2 00

JEARBE TR I{E BE hPDLCs SR SRS
A&, LA 1. CCK8 stinst Jion, 54 an sy
FA S IBE A I (ARG N, (RS X RAL L, AR
WEER S R ARG R I o R %R &K
ERR T IR Z (B 2 RIS gt e L, WK 2.

200

1 JRAEEFRAY hPDLCs (X 200)
Fig.1 Primary cultured hPDLCs (>200)
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- 2.2 FAEEEXT hPDLCs AT RA SN

= FAH R 25 pgmlt
= SRR 50 pgmlt
B B R 100 pgmL?

1.57

1.0

AfH

0.51

SERIR, AR AR T B R AL TR S 4 O 1
RENBALLE LR E 2R, RERRSIREH L
AT R EZ RIS E X, WK 3,

2.3 FAEEEXT hPDLCs Bax. Bcl-2, caspase-3 Z&
A FRIEHIF T
5o A b A, A AR B A BG4 B S

1d 2d 3d 4d 5d 6d 7d (I
hPDLCs Bax. Bcl-2. caspase-3 & &k % F LG
: 0 E AT i Ty &b o i B NS S . — Yo
2 MBEEMI hPDLCs HEAE DR/ TR . B IRERT SRR 2 A Bax. Bel-2.
Fig. 2 The effect of asiatic acid on the proliferation of caspase-3 EUFAERNLG s, WE 4,
hPDLCs
XFHE FUERR 25 pgml™  AUEHRR 50 pgmL™ AT G 100 pg-mL™ 8
10° 108 10° -
X
10 104 10* ¥ o4
| 3. 4
10° | 103 10 ® 2
102l 102 102
oot I I s 0 0 0 iE 25 50 100
0107 10° 10* 10° 0 10% 10° 10* 10° 010? 10° 10* 10°  010? 10° 10* 10° BT IR (ngmL )
Annexin V-FITC
3 FAZEBERY hPDLCs AT HIFM
Fig. 3 The effect of asiatic acid on the apoptosis of hPDLCs
X‘Tﬂ{fj’. 25 EE»SOA: lq? - er’ﬁg‘
B/ (ugmL™) B B 25 ugml -t
== FREERR 50 pgml?
Bax # - - - - “ W 20X10* 1.09 = ISR 100 ug-mL’l
0.8+
Bol-2 WY PR RN g 2610t
0.64
£
£ 044
caspase-3 -« - - » . 35X10* g
1
0.24
GAPDH WP T S S <100 oo

Bax Bcl-2 caspase-3

E 4 FAEEE% hPDLCs Bax. Bcl-2. caspase-3 & H &Ik
Fig. 4 Effect of asiatic acid on the expression of Bax, Bcl-2 and caspase-3 in hPDLCs

NEEENT hPDLCs BB 2 1L B9S2 00
ALP Jeea fllph R4 Gt R, 25 pg/mL FA3H &
PR 2 hPDLCs ALP 4L €a fl 6 &K 41 et fE i 5% IR 4
FHE, 50, 100 pg/mL FAE E PR hPDLCs ALP 4
ERPE RPN B E IR, kg, Hp
50 pg/mL FHE HEEZ hPDLCs ALP Bttt K 40
PEFERIEE 100 pg/mL AR EH FLRRA THIR, gy
W2, SRR G e RS RN, XTI 25
ng/mL AT EERA A H 27 TS5 E L, 1M 50,
100 ug/mL FASH EERA A HEE T, b 50
pg/mL FREHEIRA A fHET 100 pg/mlL % ER

2.4

H, ZRAEZII¥E N (P<0.05), WK S5, 6.
25 FAEEEXT hPDLCs &1 ALP. Runx2, OCN,
BMP2 1 RANKL mRNA FRik 7K F 89520
SxtEA R, 25, 50, 100 pg/mL A E R
“d hPDLCs B AHEHE T ALP. Runx2. OCN Al
BMP2 mRNA KA & &, s #8002 K
RANKL mRNA ik & F(L (P<0.05). 5 25
ng/mL FH S EER A EL A%, 50 ug/mL A7 55 FLER A ALP.
Runx2. OCN #1 BMP2 mRNA ik, RANKL
MRNA FiE &K (P<<0.05), 100 pg/mL A% g
40 ALP. Runx2 A1 BMP2 mRNA it fin, RANKL
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225 ugmL

ALP Bty

’.v‘-_r .. .“
e a:" 0

» AT vt

g.“?“‘\ s ‘ e

5 ALPREBMHERIFERMIATEII hPDLCs A 2 LEIFIE (X 200)
Fig. 5 ALP staining and alizarin red staining were used to detect the effect of asiatic acid on the osteogenic differentiation of

hPDLCs (>200)

1.0
0.8+

0.6 FEZAN
1

Al

0.4

0.2

0.0

1
XHHE 25 50 100
AT (ug'mL™Y)

55X *P<0.05; 5 25 pg/ml AT EHERA L. P<
0.05; 45 50 pg/mL BT R LR “P<0.05

P < 0.05 vs control group; *P < 0.05 vs 25 pg/mL asiatic acid group;
AP < 0.05 vs 50 pg/mL asiatic acid group

6 &40 hPDLCs $E4TIREEELR
Comparison of absorbance values of hPDLCs
calcium nodules in each group

Fig. 6

mMRNA FIiAFEL (P<<0.05), OCN mRNA Fix5
25 pg/mL S IR LR 2 7 B4 it 5 . 5 50
ng/mL AR FERGA LA, 100 pg/mL FEH R
ALP. Runx2. OCN #1 BMP2 mRNA ik,
RANKL mRNA ik, ZRA g2 L (P<
0.05), WK 7.
2.6 FAZFEESXT hPDLCs & PI3K., p-PI3K. Akt,
p-Akt & B FRIZKF RIS

XA, SKRERESHERA hPDLCs
PI3K Al Akt 1 /K3 m x4 (P<<0.05).
55 25 ng/mL AR E FRRAH HL 4, 50, 100 pg/mL FRE
FIRA PIBK F1 Akt BERRA/K-FI T, Hr 50
ng/mL AR FRRZH PISK Al Akt i R 1k /K~ T 100
pg/mL FEBERAH, 2 7A St E L (P<<0.05),

ot
= AEEIEE 25 pgmL
= AEER 50 pgmL

157 = BIEHR 100 pgmL?
”ljg* “#
® 104 A
&
=z xf
*# *#
S 51 . TN - LN TN
@ * -
E X x|
o A

ALP Runx2 OCN BMP2

RANKL

ExtldiLhi: "P<0.05; 15 25 ng/mL MEHIRALLE: P<
0.05; 5 50 pg/ml BT REMRAL R “P<<0.05
P < 0.05 vs control group; *P < 0.05 vs 25 pg/mL asiatic acid group;
AP < 0.05 vs 50 pg/mL asiatic acid group
&7 FFEEX hPDLCsALP. Runx2, OCN. BMP2 #1
RANKL mRNA FiEKF RS0
Fig. 7 Effect of asiatic acid on mRNA expression of ALP,
Runx2, OCN, BMP2 and RANKL in hPDLCs

WK 8.
3 Wit

PDLCs J& 7 JH 2R EEL I DI Re 4y, FLHG A
PEC2 BB A S T 2F ) 4 2R F AR R0 O pl
A K, S hPDLCs B MBIl E oA T
JA R TRERE TR, DA TR, B B
N S fioei= A D AN 1K= 4T O v g = B i |
MU i T B R R PIER, BRI
FHATH02, (HFSE EERXT hPDLCs I FiiviZb, H
1B IR AN TE T . A 5005 DU AR 25 5 R 56 ekt
hPDLCs AW ThEE A b il gE Bfs — e 5
. Rk, AWFFAIN T AR S B AT hPDLCs 34 4H
REIsEm, 453N, 1E 100 pg/mL AP, FRE
T hPDLCs S5 AR /1 TE W& 5o . JHf i o5
rgE RS FiRZE —5, 100 pg/mL DL AL &
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-PI3K - 4 L Ipagi
P N W e 0510 = FEER 25 pgmlt
L0V e #EEHR 50 pgmLt i

p-Akt o

GAPDH - A 10

100

X 25 50
AEHRY (ng'mL™)

=3 MEHHREL 100 pgmL?

R RIL

p-PI3K/PI3K p-Akt/Akt

ExBALLE: "P<<0.05; 1525 ug/mL BEERALLLE: “P<0.05; 5 50 pg/mL FEERRALLE: “P<0.05
P < 0.05 vs control group; *P < 0.05 vs 25 pg/mL asiatic acid group; P < 0.05 vs 50 pg/mL asiatic acid group
8 FAEEELT hPDLCs PI3K F1 Akt #ES X7k FHISZIR
Fig. 8 Effect of asiatic acid on PI3K and Akt phosphorylation of hPDLCs

g x%f hPDLCs JGAE M T/ . Bel-2 Al Bax s ifi$%
YA T B L [N, Bax i Rk (e Bh g piE T,
M Bel-2 w5 Bax TR BAARHIH] Bax HE[A 13
ik, M FHI 40T, Bel-2 Al Bax Al 3 RIS
R T2 [A 1 caspase-3 A H 5 IR I HAR R+, 515
LA R AR D3, ZE AT, 25, 504 100 pg/mL
TR B 4140 Bax. Bcl-2. caspase-3 & [ iA7K
SEIR, FIRWT A R R E IR T, RS
FRXT hPDLCs TE4i i #:1E H -

hPDLCs [ 7 g e e oF Ji AR R E g (1)
o, ALP 2 RHIRCE A hrd, 7EE TR
WAL R R EE AR, LS R T A e
SRR A AT AN R B AR 2 BERR AR i
B9 N AL FE hPDLCs, £ ER, $3%7d )5,
50. 100 pg/mL A5 E LA fd hPDLCs ALP Zuff i
EINR, FIFER, P64 IR 50, 100 pg/mL
SRR Al AN P R IR, W ibes i 2,
H 50 pg/mL REERFMEHMKLT 100 pg/mL 3
HR, RUE - EFBENRETIESHET, REE
FR AT {23k hPDLCs HIRUH 734t . Runx2 A2 4% i
I BN, 5 BMP2 —FER BRI %
HEEH, ERCE AR i TR )RR
B F B 1, OCN A2 B 28 0 Ak S e A e it
TH, HRIEIKF BT BUH 41 S A i i1
B, FEE A T R IE B EE IS, RANKL 212
TR 4 RS BT, 4 T A 4 Y 5
RANK [/ TRAF6 Fr it di&)a, #5514
P ei R = Y OO N2 R T W X @l R |

JL B WROSCE P S BT O T — IR TR RN
hPDLCs Wi L fER, FATEI 7 hPDLCs
H1 ALP. Runx2. OCN. BMP2 1 RANKL mRNA
RKILKF, H ERW SRR, ARKER
T W ALP. Runx2. OCN Al BMP2 mRNA
[R5 7KF, K RANKL mRNA ik/KF, Hi
50 pg/mbL FREHE R IIVER ik, LIRHE AL RiR
N EREHSHE T, RERER{EE hPDLCs
() s 534 o

PISK/AKt {5 ‘T B & 544K . HH
B HAREAE T AR S S T R S S
W%, S5 TEMEME. Ao, DI RE R
GuE 2RI 1 R AR R RIS FRERS, O 2 IR R
B, W& PISK/AKL {5518 2 r] {23t PDLCs 4458 Al
BCE ok, R RCE A G R T ALPL Runx2. OCN
EMFRIRNS0, FEARR T, SRR SCE 5 S
MR AT B PISK A Akt BEERIL KT, o
50 pg/mL A E B 1)/ 58 T 25 #1100 pg/mL R
TERHMAIEN . R R R, SRR
hPDLCs PI3K/AKT {5 5 i@ kg A EWAE A

ZE LRI, AT AN R AR S R i
hPDLCs 34 58 A1 T2 06 & & 52, {H ] g gk
hPDLCs B 704k, Hr 50 pg/mL 7% BEERLE il
FHFRIEE T IE o, HAERMLHI TR SRS &
FRIE AL T PIBK/AKL 15 Sl KA 5.

RBEFR HAEEAFRARGEEF TR
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