RKELERNS PBBK/AKT-HDAC?2 3%t ARRRT R A4 — (E kAP
ZHAEEER

HEE, HEW, BIRAE, BUIE@TRESKERIE N TR ERZ AR, S 310007)

WE: B WA KL T R PAHIF(salipurposide, Sali). 2L+ X 3 (salidroside, Sal). JFHp#% 3 (isotachioside, Isota)
X AR R A Y ZAE R 2 B (2BS) R IR R B T REALE . A R T ULRSFA BSR4 28 X% 2BS(28PD) % it e
F & 50 K 2BS(50PD)4m fi. . MTT &XE&m € 1.25, 2.5, 5.0, 7.5, 10.0 pumol-L~' Sal, 2.5, 5.0, 7.5, 10.0, 12.5 umol-L!
Sali ¥A% Tsota *F S50PD %@t &M 64 % vm , AR MTT 4R, 5.0 umol-L~! Sal #= 10.0 umol-L! Sali, Isota Al T#47/5 4 %5,
28PD #= 50PD @ ft 5~ 28PD 24, 50PD 48, 50PD+Sali 8. 50PD+Sal 2. 50PD+Isota 40, &Z048 8 254 -F 7 24 h, M2
Ym0 % A% B-F SLAEH B (senescence associated-beta-galactosidae, SA-B-gal)F At oL, %980 7& =B (malondialdehyde,
MDA). &M & (reactive oxygen species, ROS)& & VA & A R A M AL B (superoxide dismutase, SOD). &-FtH ki AACEE
(glutathione peroxidase, GSH-PX)#& MA5 5L, B %A EF PCR F=& & 97 i ik 47 Ml & 4w J0L 5% B BEUEE = 4 309 74
(phosphatidylinositol-3-kinase, PI3K). % & # & B(AKT). 414 & % L BE4LEs 2(histone deacetylase 2, HDAC2)# mRNA
F K VAZ PI3K. Bk AKT(p-AKT). HDAC2 & & £k, 455 5 28PD 40k4k, S0PD A4 6 SA-B-gal & ik 3,
MDA. ROS 4#¥ s, SOD. GSH-PX i M4%, PI3K. AKT. HDAC2 # mRNA . ZA8 5 & & & ik BA&(P<0.01).
50PD #mjt % Sali. Sal. Isota FT/&, SA-B-gal & ik B # BA&(P<0.01), MDA. ROS 4% 2 # K%K (P<0.01), SOD.
GSH-PX #& M 2 %32 5 (P<0.01), PI3K, AKT. HDAC2 # mRNA A& A8 &% & & ik 35 B %38 e (P<0.05 &K P<0.01), &
# K4 X P Sali.Sal.Isota & 4% SOPD 4m it SA-B-gal & ik , L 4E A T 4 5 7 4] B AL B3 A 42 PI3K/AKT-HDAC2
AR X,

KB miaxt; RELFR; REMKX B-FIEHIH; 2% G %k TELLE 2; PIBK/AKT
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Regulatory Effect of Rhodiola Crenulata on Senescence of Human Embryo Lung Fibroblasts Diploid Cells
Through PI3K/AKT-HDAC2 Axis

XU Zhilian, YANG Huiqing, HONG Shunfu, RUAN Fei(Department of Pharmacy, Hangzhou Hospital of Traditional
Chinese Medicine Affiliated to Zhejiang University of Traditional Chinese Medicine, Hangzhou 310007, China)

ABSTRACT: OBJECTIVE To explore the regulatory effect and mechanism of salipurposide(Sali), salidroside(Sal) and
isoflavone(Isota) from Rhodiola crenulata on senescence of human embryo lung fibroblast diploid cells(2BS). METHODS
Observing and selecting young 28 generations 2BS(28PD) cells and senescence 50 generations 2BS(50PD) cells under the
microscope. MTT method was used to determine the effects of 1.25, 2.5, 5.0, 7.5, 10.0 umol-L™! Sal, 2.5, 5.0, 7.5, 10.0,
12.5 pmol-L~! Sali and Isota on the activity of S0PD cells. The 5.0 umol-L~" Sal, 10.0 umol-L~' Sali and Isota were used for the
following experiments according to MTT results. 28PD and S0PD cells were divided into 28PD group, S0PD group, SOPD+Sali
group, SOPD+Sal group, SOPD+Isota group, intervention for 24 h. The senescence associated-beta-galactosidae(SA-B-gal);
malondialdehyde(MDA), reactive oxygen species(ROS), superoxide dismutase(SOD), glutathione peroxidase(GSH-PX) levels of
cells were measured with the test kits; the mRNA expression of phosphatidylinositol-3-kinase(PI3K), protein kinase B(AKT),
histone deacetylase 2(HDAC2) and the protein expression of PI3K, p-AKT, HDAC2 were detected by qRT-PCR and Western
blotting respectively. RESULTS Compared with the 28PD group, S0PD group cell SA-B-gal expression was increased, the
content of MDA and ROS were increased, the activity of SOD and GSH-PX were decreased, the mRNA expression of PI3K,
AKT, HDAC?2 and related protein expression were decreased(P<0.01). SOPD cells after intervention with Sali, Sal, and Isota,
SA-B-gal expression were decreased(P<0.01), the content of MDA and ROS were decreased significantly(P<0.01), the activity of
SOD and GSH-PX were increased(P<0.01), the mRNA expression of PI3K, AKT, HDAC2 and related protein expression were

BEeWA: i#ﬁfIﬁEPE*fiﬂﬁiJrﬂJIﬁ H(2022ZA121) 5 Ao 7 8 2 15 2 R — I R 2 2
TEZBN: FkE, &, Wi, FEL0 E-mail: zhilian0101@sina.com

2512+ Chin J Mod Appl Pharm, 2023 September, Vol.40 No.18 o E AR FH 2427 2023 48 9 A4 40 55 18 1



significantly increased(P<0.05 or P<0.01). CONCLUSION Sali, Sal and Isota from Rhodiola crenulata can reduce the
expression of SA-B-gal of 50PD cells, its effect may related to the inhibition of oxidative stress and regulation of expression of

PI3K/AKT-HDAC?2 axis.

KEYWORDS: cellular senescence; Rhodiola crenulata; senescence associated-beta-galactosidae; histone deacetylase 2;

PI3K/AKT

N F BT R T A [ H £ 58t A2
I, fgeit, hE 60 % DL AHE S g
W n BT B A R SCHR K AL B AR Y
It Bl AT A X AN A RE ST T RE, HLUAM
IRBERAT, ARIAR DS s KUK 1 ISR 8121
A R WIS FE N RZ P 4l
it 2 A i S R A PR A UG, A
BT RIEROY, SFEHUAHLA ML RE
S, B ARG, IERAM IR
I7 B A B 1Y) — b B R O],

KRALLL 5 K (Rhodiola crenulata) )35 RKFHL 5
KRIBHY, RSN O] 5 SPES Kk i Al 2
VEFRAUL, 283 P e PR 2 i 01 1 M 2% 2 32 1) O
Br T B AN R AE 28 5t K b i ik Ry AC M0
(salipurposide, Sali), ZI 5= K{f(salidroside, Sal).
S+ MR (isotachioside,, Isota)3 Fh 3= E %M i 47,
o 9 L s 2 e AL O 45 ik I 2 AR 25 & T AL g
2(histone deacetylase 2, HDAC2)®!, JLFitt, AHfF
FUM ARSI WIAE ST Sali, Sal, Isota J&75HE
i A1 PIBK/AKT-HDAC?2 {55 Sl 45 A i i
Y frACBS i, LN HHE bl
H 2 R AR T A T AR
1 #MR55E%E
11 2 K]

1.1.1 24584 Sali(20 mg, #t%: N26A9C57834;

4lifif >98%) . Sal(250 mg, L5 : R14C0C59840;
4l >=98%) . Isota(5 mg, 5 : Y35C9E59740;

4 =95%) 0 A _E AR BRA A

112 5 2BS (P8 SRR YRR AT R
AL #HES  GC-C-005); DMEM =t b 35 25 (Gibeo
oAl 5. 2130493); PUMEE: (methyl thiazolyl
tetrazolium, MTT, #t%5: 112020210209). 7i5ME%E
(reactive oxygen species, ROS, fit5: 101121220128) .,
R E ALY AL B (superoxide dismutase, SOD)if%ME
KR &S 121121220215), FEEHIK B-FFL
B i (senescence associated-beta-galactosidae ,

SA-B-gal)JL o | & (HE5 . 052521220128), —
M B2 (bicinchoninic acid, BCA)ZE & ik H &

P E AR F 255 2023 41 9 5 40 55 18

(5 1202192007213 H 58 = KA FIA BR A
F] ; N ¥ (malondialdehyde, MDA , {5 : 20220314) ,
2 Bt HORK i % 1k ¥ B (glutathione peroxidase ,
GSH-PX, #it5: 20220424)i 5 371 £ 04 TR 5
B TRV A RA E 5 B REmE LS -3- 14
(pho-phosphatidylinositol 3-kinase, PI3K)$HiA& (4t
51 5418512) , B 1b-2E 1 B(phosphor-protein
kinase B, p-AKT)HiffRlts: 34d5362)., HDAC2
PUARELS . 78p5366)XM4 FH Affinity HUIARAH]
1.1.3  {X&F BBI150 BT F4E . Microl 7R %l
IR B B B HL Y A 4% E Thermo /A F 5
CMaxPlus HIFHRL(FEE MD A F]); ICX41 #Dl
= WA (H EZE TS A FD); 610020-9Q i fp
R E B A D

1.2 ik

1.2.1 AR B FR%E 2BS A& 10%h4
I35 9 DMEM fIRBEEE 25T 37 °CL 5% CO2 1Y%
FRAA TR IR o A8 B A MR VR AT 96 FLAR LR (B
fL 3 000 4k TIE SR, S ROCHTIL[9], 1AL
Yf, DEATANMACES AR . e RSk IRIE , BEHK
<30 fRIBHIAEIR A0 AN 50 FRIR 10 R 4 AT IS
gLl

1.2.2 MTT Fill ARk B Sali. Sal ., Isota X} 5S0PD
G ERIRm SOPD 4l A 96 fLAH, 4
BIAA Sal(1.25, 2.5, 5.0, 7.5, 10.0 umol-L™),
Sali(2.5, 5.0, 7.5, 10.0, 12.5 pmol-L")#I Isota(2.5,
5.0, 7.5, 10.0, 12.5 pmol-L H)Ab¥ 24 h, XJHEZN
MOfn A S as AR AL, AL i A MTT
RN, FERFEANIEE 2 ho BERUINE 450 nm
b (A5 FLAN M BE (R, 4% RO 8 =153 41
TR AN T = (IR 4 (H-25 AR 4 {85)/(ht
MR A (25 FAE 4 (H)x100%, THEA R
Sal. Sali. Isota %} PD50 40 1% PE 52 . SeEUR
TR B A TS S

1.2.3  4iffasrdifiab 3 SOPD ZifiE4r A 50PD
20 . 50PD+Sali 21 . 50PD+Sal 1. 50PD+Isota 4,
5% 28PD H1IAE A XFIR, 28PD . 50PD £H 4 fifd fin &5
AR, RTESAMA RGN Sali. Sal.
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Isota(10.0, 5.0, 10.0 umol-L™"), 4b¥ 24 h, 4T
PSSR g =L 7Y ivalll 8

1.2.4  Kpill$s bR

1.2.4.1 40 SA-B-gal FikkGill  JHFE 0k
BRZETF 1x10° 4>, 1 mL 02BN E 12 fLik
Wi, PBS PE%%, 1 mL SA-B-gal YL@ W = T
[E 7€ 15 min, MR EAIEEW, PBS IHUE 3 i,

A 1 mL SA-B-gal Jet TAEWR, PREFMIE,

37 CIEE A . BUHJE 65 B~ a1
SA-B-gal FHYEF R0/, 1A 41 He

1.2.4.2  4HHE AL N HOH SCHE PR I AR A 4
i, R, B, WO B, MRAEEGR &N
FIEEEUL B E MDA, ROS., SOD. GSH-PX
K

1.2.4.3  SEAFRGE R PCR K40 AE PI3K .

HDAC2. AKT mRNA #ik Trizol #&HHNMT
RNA, #i#%5 58 PCR #47 DNA 34, SEmfzeta
& PCR ¥l PI3K, AKT. HDAC2 mRNA %ik,

LN 26 R 78 95 °C, 10 min, § 8, 95 °C
155, 60 C 60s, 40 ¥k, L, 95 C 155,

60 'C 60s, 95°C 155, >R 27 44CT X 45 Rt 1T
FHXTE 50T SIFSI LR 1,

&1 5l4F5
Tab.1 Primer scquence
H:H(ID) 1E 519 LR
PI3K(5290) GAAGAGCCCCGAGC GTCCAGAAGTTCCATA
GTTTCT GCCTGT
HDAC2(3066) ATGGCGTACAGTCA TGCGGATTCTATGAGGC
AGGAGG TTCA
AKT(207) CCTCCACGACATCG TCACAAAGAGCCCTCC
CACTG ATTATCA
GAPDH(2597) TGTGGGCATCAATG ACACCATGTATTCCGGG
GATTTGG TCAAT

1.2.4.4 Western blotting £l 4fiffd PI3K . HDAC2 .
p-AKT FEFRIE  ZMai, 2.0 )5 3B iE R
BCA 5 Gl 4 a8 o i BB, B
INAFEBERY PI3K(1 : 1000), p-AKT(1 : 1 000),
HDAC2(1 : 1 000). GAPDH(1 : 5 000)#ifk, 4 °C
TRARIRGEE SR, FBRER TR 30 min,
B )RR, TBST Wk 3 . 0, 0
H V. ¥ ROERY, GAPDH EN NS NR,
A FE AN RIE G &,
1.3 it

K H SPSS 16.0 Geit x4 31 8l o dlr, 240
[ B LR ] One-way-ANOAY FAR K )5 243
Mr, BRI HLER Tukey Kol FFA 5L
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Xt s R, P<0.05 HESFAGIIFE L.
2 %R
2.1 AEAREE 2BS 40 % i 45 51

e WA T AR AL S UL 1. 22 4R
% 2BS 4ifi(28PD): AU RRHES . AR
BT . LRGSR . PTOGEELE s AR 2BS A
(50PD): HifHESZEHEL . TR R L M AR ) 2R
£ PCE TR

4F4% 2BS Hﬂ (28PD) ' % 2BS #iiffi (50PD) “

1 4% 2BS 4H(28PD)5 %% 2BS 41 fi(S0PD)H &
(200x)

Fig. 1  Morphology of young 2BS cells(28PD) and
senescent 2BS cells(50PD)(200x%)

2.2 SEEREEHE

50PD 41 Jifg i M % 28PD 40 i B K% K
(P<0.01), TMi4$¥¢% Sali. Sal. Isota Zb¥J5 S0PD
M IEPE A AR . Hh 5 50PD 4Lt
B, 10.0, 12.5 pmol-L™" Sali 7] 314/ 50PD 41
M3 PE(P<0.01); B 1.25 umol-L™' Sal 4b, 5 50PD
A, 4 Sal WREERT G N SOPD 40y 1
(P<0.01), LA 5.0 umol-L~" Sal Xf 50PD £ Jfa i 11 1%
RN 5 S0PD 4l bk, 7.5, 10.0,
12.5 pmol-L! Tsota ¥J0[ i E 34 PDS50 4 i H
(P<0.01), 7.5, 10.0 umol-L™' Isota FUZRAHIT .
AWFFERE G MTT 2558 %A 5.0 pmol-L™' Sal
F110.0 pmol-L~! 4 Sali, Isota X4 #Ef AL H
MTT 525 R WA 2,

2.3 Sali. Sal. Isota X} 50PD ZHififi SA-B-gal ik
)52 1]

SA-B-gal Yo 45 5 ULIE] 3.28PD 4 fifg SA-B-gal
FEEMALES, H AN A A AN M S5 4 1E 5,
I SOPD 40fd SA-B-gal FikWl B8, 4N
Z44, Sali, Sal. Isota T-il)5 S0PD 4ffifl SA-B-gal
FIRW TR RE, L 50PD+Sal ZH (850 R i B .
SA-B-gal FHMEANMIZE R L 2, 5 28PD 4iAH L,
50PD 4 SA-B-gal FH: 20 it LL A5 {25 48 i (P<0.01)
5 50PD 44 I, 50PD+Sali . 50PD-+Sal . 50PD+Isota
2H SA-B-gal BH P20 A 1L A1) S 2 sk /> (P<0.01)
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2.4 Sali, Sal., Isota X} 50PD 4} 5 AL EHE bR ¥y i R (P<0.01), 5 50PD ZHAH L, 50PD+Sali,
1) 5 M) 50PD+Sal, 50PD+Isota Z14ifiii MDA | ROS & 51

5 28PD 4i#fitk, S0PD 4i4iffi MDA, ROS W& FRFE(P<0.01), SOD. GSH-PX i&M3 % I
SR B ETHE(P<0.01), i SOD. GSH-PX i&ME  FH(P<0.01), L5 WK 4,

150 150 150
< 100 £ 100 y 5 o X 100 2
R R R T R y 2
£ 50 £ 50 T £ 50
g g 2 2
F g 5
1 1 1 1 0
Q Q
‘@"%"\f’a SRR t&@*@«»"s A B B 2 D20 g2
S M O - F® ==
50PD+Sali(umol-L)2H > 50PD+Sal(pmol- L) Vv 50PD-+Isota(umol-L )2
Bl 2 FRE%E Sali. Sal. Isota f 50PD 4 iff & 1 1 & 7h
5 28PD 4i#fitt, YP<0.01; 5 S0PD ZALt, 2P<0.01,
Fig.2 Effect of various concentrations of Sali, Sal, Isota on the activity of SOPD cells
Compared with 28PD group, "P<0.01; compared with 50PD group, ?P<0.01.

28PD 4 50PD £H 50PD+Sali 2 50PD+Sal 44 50PD+Isota§E

Bl 3 SA-B-gal 3 4 F(200x%)
Fig.3 Results of SA-B-gal staining(200x)

20 ) _sor )
i IDD
2 15t g 40r
gﬂ 2) g_% 30
o 10F 2 2 R 2 2
& - - K 20 2
3 sl i
s %n 10 f==
~
‘&> ‘&> @ B B B ‘89 @ B &
%‘b o‘@ QQ %‘b 0‘\7"
£ & & TS S
6" PN EE SN

251 201
o 20f T Y 2) T_l
g 2 =]
2 1I5F A
Eul B it
$ 10+ X
g =
n 5F O

0

R ‘§§> ‘&f B B
L O S
P AN % Qxxe,

B4 HABABAMTHFEL(XLs, n=3)

5 28PD L, VP<0.01; ‘5 S0PD 4L, 2P<0.01,

Fig. 4 Oxidative stress of cells in each group(x * 5, n=3)
Compared with 28PD group, "P<0.01; compared with 50PD group, ¥P<0.01.
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2 AU SA-P-gal FHEAMEN(XLs, n=3)
Tab. 2 SA-B-gal positive cells in each group(x £ 5, n=3)

21 SA-B-gal AR/ %
28PD 4 5.23+0.98
50PD £ 62.12+4.821
50PD+Sali 41 34.83+3.822
50PD-+Sal 21 19.02+1.50%
50PD+Isota ZH 30.48+4.01?

. 5 28PD 414k, VP<0.01; 5 S0PD 414k, »P<0.01,
Note: Compared with 28PD group, VP<0.01; compared with S0PD group,
2P<0.01.

2.5 Sali. Sal, Isota X SOPD 4iJifi PI3K . HDAC2 .
AKT mRNA 3k 520

5 28PD ZHAH [, 50PD £H 4 fitd PI3K .HDAC2 .
AKT () mRNA FHXJ 3Rk 534 1 2 Ak (P<0.01),
5 50PD ZH4H [t , 50PD+Sali . 50PD+Sal . 50PD+Isota
ZH4Nff PI3K,. HDAC2, AKT AY mRNA FX§5&ik
W I (P<0.05 5 P<0.01). 45RILKEL S,
2.6 Sali. Sal, Isota X SOPD 4 PI3K . HDAC2 .
AKT IR IK NS0

5 28PD ZHAH ., 50PD £H 4 fifd PI3K .HDAC2 .
AKT & H AR Ik 1 3 B 2 R (P<0.01). 5
50PD ZHAH L, S0PD+Sali, SOPD+Sal, 50PD+Isota
HANME PI3K, HDAC2, AKT #HH AN R B
# EFHP<0.05 5 P<0.01), 453 ILE 6.
3 iig

Y 2 R R AP T AR A S B e, 2
U358 5 o A RE 1 A S A AR 3L fig kA R
AT RO 20 b 2 ELA A S B A . R
RIFRGE . RArF 105 R S5 URVRRAED 2140

R H W AERNE SRR R A R R

TR ZEFEUSY, 3/ Zo v 2 ] 3 3k 300 ) 40 B g ot 4
A = O AW R L i o (L S L
2L RPE Y BAT B s P AR R, AT 4k

=2
o

H) A5 T R A A AR A
2RI,

SA-B-gal & FH AU A 2 2 bR ik W) 2
— 81 RAfF5E T, SOPD i Y SA-B-gal ik
JE, 1 Sal. Sali. Isota TN fHE i 38 s/ 40 L
SA-B-gal Fik , KW 3 Fp RALLL S R B HA TR
Y f s R BIRIRIVER . IFFRIESE, ek
WA, Sal ATHI N B2 4l ROS ZKFL, 78
RN, Sal Al INZHZY SOD. GSH-PX /K,
FEAIK MDA, ROS i, 2k 48 41 2L 453 1 1
FHRO AHFFE & B S0PD 4ilffi MDA . ROS /K F-TF
5, SOD. GSH-PX EPER#AK, 1 Sal #] MDA
ROS /K-, #£5 SOD . GSH-PX i, Sali fil Isota
L A A R

PI3K/AKT {55 % 2R 35 5 41 M 5 A e 2% | o)
T-A G, HAEEZa Y 21 ) Rk BEAREY,
W5 R, Sal A iE A5 PIBK/AKT {5 55 5L
IR R B 52, HDAC J&—25 845 4 i 21 &
H SR AL ZhRE& 1, HDAC2/HDACI W
H IR E SRR NTRA | DNA BZ LI KP4
W AARRIEE T R RSP I E 24
FER AR T BN HDAC2 FRIAFEAL, 1
Wil HDAC2 85 T FACE Al sl B B LA AL
$2/~ HDAC2 WA RE R A Prw /e,
PI3K/AKT #] |8 HDAC2 25 4 il i ke 271
MY & IR 50PD 4iiffil PI3K . AKT .HDAC2 mRNA
FIKFFE, PIBK. p-AKT . HDAC2 # 4k A,
1fif Sal ,Sali . Isota &b ¥ I GE I & 41 ffd b PI3K \AKT
HDAC2 #55%, {RdFAHMN & I ERIK, PIHED Sal,
Sali. Isota Bi{if 1 7% PI3K/AKT- HDAC2 {5 5-%h
TR

RO

NN

A BRI

i)

'ﬂg L5p K 15¢ ”}g 151

-i% 1.0 = 10T - B 10 3)

% 0.5} ) % 05¢ ) % 05 .

M i1 B T

E e o o & 5 e b d s b : e bbb B
P P F P o7 RN o oF F PP
$ T LS F K & S & & 8 &
% ) QQX QQ Q>< Y ) Qo QQ Q>< YV 9 QQ QQX o><

6Q ‘)Q ‘)QQ ‘)Q ‘QQ ‘3§ 6° ‘)Q ")QQ

5
55 28PD #HAALL, DP<0.01; 5 50PD 4AAHIL, 2P<0.05, »P<0.01,

& ¢ %}t PI3K, HDAC2, AKT mRNA k3N (X s, n=3)

Fig. 5 mRNA expression of PI3K, HDAC2 and AKT in cells of each group(x s, n=3)
Compared with 28PD group, VP<0.01; compared with S0PD group, 2P<0.05, ¥P<0.01.
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5 28PD 4i#fitt, VP<0.01; 5 S0PD 4k, »P<0.05, »P<0.01,
Fig. 6 Protein expression of PI3K, HDAC2 and AKT in cells of each group(x £ s, n=3)
Compared with 28PD group, VP<0.01; compared with S0PD group, 2P<0.05, ¥P<0.01.
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Sali. Isota AJ A7 % 2BS 4iJfl SA-B-gal Fik,
HAEH S Haeus il AL i, #4E PIBK/AKT-
HDAC2 {555l %

REFERENCES

(1]

(8]

CHEN H, LIU D. Basic researches on aging and intervention
strategies[J]. J Bengbu Med Coll(lf:35 2 ¢ 24 4K)), 2018,
43(10): 1261-1265.

MOHAMAD KAMAL N S, SAFUAN S, SHAMSUDDIN S,
et al. Aging of the cells: Insight into cellular senescence and
detection Methods[J]. Eur J Cell Biol, 2020, 99(6): 151108.
SHEN G, DAI M, WANG J, et al. Cellular senescence and
intervention strategies[J]. Chin J Clin Healthc(H [ IIfi A f g
ZRiK), 2022, 25(4): 446-449.

CHILDS B G, DURIK M, BAKER D J, et al. Cellular
senescence in aging and age-related disease: From mechanisms
to therapy[J]. Nat Med, 2015, 21(12): 1424-1435.

CHEN M Y, MENG A M. Cellular senescence and age-related
diseases[J]. Chin Bull Life Sci(4:firBl2%), 2017, 29(5):
485-488.

WANGH Y, DING Y N, WEI Z Y, et al. The role of targeting
cell senescence in vascular diseases and its potential
application[J]. Sci Sin("'ERI2: A fFlE), 2022, 52(5):
682-690.

ZHOU S S, JIANG J G. Anti-aging effect of Rhodiola on the
HSF and HaCaT cell[J]. Mod Food Sci Technol(BRA{ £ 5t
$%), 2018, 34(8): 16-23.

WARNON C, BOUHJAR K, NINANE N, et al. HDAC2 and 7

P E AR F 255 2023 41 9 5 40 55 18

PI3K B HMXI AR

HDAC2 B HHNFILE

&4 % PI3K. HDAC2. AKT EE&Z%XEMN(xts, n=3)

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1.0
3) 3) 2
05} e
; ) [
NI
L O & P
P4 S &
¥ & £
N 9 N
15
1.0
3) 3)
T 2
0.5 1)
° B B B g
Vs W b
/? /’ \/ \/ “P
'\‘}’QQ ‘)QQQ % %‘b \3,0
& & §

down-regulation induces senescence in dermal fibroblasts[J].
Aging, 2021, 13(14): 17978-18005.

CAI X, GAO X J, ZHANG P, et al. Diverse senescence of
human fibroblasts cultured in vitro of different passages[J].
Chin J Clin Rehabil (' EIIfi REEE), 2005, 9(26): 60-62, 275.
NIE A T, MA B, OU J X, et al. Study of biological indicators
of cellular senescence degree of human embryo lung diploid
cells[J]. J Henan Univ Sci Technol(7Ap Bl K224k B2k
), 2016, 34(3): 161-164.

ZHANG W, WANG H F, XU B H. Overview of the main
molecular mechanisms of Dbiological aging[J].
Biotechnol(ZE M3 AR #Ef#), 2023, 13(2): 228-233.

XU S, CUI H J, ZHAO W, et al. Research progress on
molecular mechanism of cell aging[J]. J Guangdong Med
Univ() HRER K 2E2:47), 2020, 38(1): 1-10.

RHINN M, RITSCHKA B, KEYES W M.Cellular senescence
in development, regeneration and disease[J]. Development,
2019, 146(20): dev151837.

ZHAOJQ,YETY, QI D M, et al. Research progress of role
of cellular senescence in the pathogenesis and treatment of
Alzheimer’s disease[J]. Chin ] Mod Appl Pharm(# FE#1L 0
FHZG2E), 2022, 39(9): 1235-1246.

PIETRI P, STEFANADIS C. Cardiovascular aging and
longevity[J]. ] Am Coll Cardiol, 2021, 77(2): 189-204.

WANG Y Y, WANG F L, MAO Z W, et al. Advances in
research on active ingredients and mechanism of action of

Curr

traditional Chinese medicine with anti-aging effects[J]. J
Liaoning Univ Tradit Chin Med(iL 7* {1 £ 25 K 22441, 2021,
23(5): 142-148.

JIANG S Q. Study on anti-aging activity and mechanism of
rhodiola extract[D]. Guangzhou: South China University of

Chin J Mod Appl Pharm, 2023 September, Vol.40 No.18

-2517 -



[18]

[19]

[20]

(21]

[22]

-2518 -

Technology, 2021.

ZHAN Y B, LIU X P, XU W X, et al. Expression of histone
deacetylase 9 in bone marrow mesenchymal stem cells during
senescence[J]. Chin J Tissue Eng Res("1[EZHZ TFEWFY),
2022, 26(30): 4762-4766.

XU M C. From the relationship between HIF-1a and oxidative
stress, the mechanism of rhodiola sachalinensis inhibiting
atherosclerosis was discussed[D]. Shanghai: Fudan University,
2013.

QIN N N, SHEN Y K, CHENG J F, et al. Study on the
protective effect of salidroside on memory impairment in mice
under high altitude hypoxia[J]. Chin Pharmacol Bull(#[E 24
PR2EIEAR), 2023, 39(1): 65-70.

FU Y, WU W, WAN Y G, et al. Effect and mechanism of
Dahuang Zhechong pills in improving liver aging in rats by
regulating  ROS-mediated  PI3K/Akt/FoxO4  signaling
pathway[J]. China J Chin Mater Med( 1 & 7 25§ 4% &),
2023-04-06. https://doi.org/10.19540/j.cnki.cjcmm.20230403.
401.

CHEN H I, OU H C, CHEN C'Y, et al. Neuroprotective effect
of Rhodiola crenulata in D-galactose-induced aging model[J].
Am J Chin Med, 2020, 48(2): 373-390.

Chin J Mod Appl Pharm, 2023 September, Vol.40 No.18

[23]

[24]

[25]

[26]

[27]

YAO H W, RAHMAN 1. Role of histone deacetylase 2 in
epigenetics and cellular senescence: Implications in lung
inflammaging and COPD[J]. Am J Physiol Lung Cell Mol
Physiol, 2012, 303(7): L557-L566.

SHAO L W, PENG Q, DONG M Y, et al. Histone deacetylase
HDA-1 modulates mitochondrial stress
longevity[J]. Nat Commun, 2020, 11(1): 4639.
LIUW T, SUW Y, YANG X, et al. Cigarette smoke extract
induces senescence of murine skeletal muscle cells by

response and

oxidative  stress-induced = down-regulation of histone
deacetylase 2[J]. Chin J Cell Mol Immunol(4li}fl 54> F %%
2£7RK), 2015, 31(5): 630-633, 638.
DENG Z H, LI C, ZHENG G X, et al. Protective effect of
resveratrol against senescence in skeletal muscle cells induced
by cigarette smoke extract and its mechanism[J]. Chin J
Gerontol (1 [F Z4E# 7= ), 2021, 41(9): 1881-1885.
ZHAO H, WANG Y, YANG C, et al. EGFR-vIII
downregulated H2AZK4/7AC though the PI3K/AKT-HDAC2
axis to regulate cell cycle progression[J]. Clin Transl Med,
2020, 9(1): 10.

Hcks HiY): 2023-03-31

(R3Cois: BRiaL)

rhEI AR FHZG 24 2023 47 9 A4S 40 555 18 11



