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(HE] a«# RITHENH (astragaloside IV, Ast) JliZz m#EIR 5T AN 788 T 481 (human adipose-derived
stem cells, hADSCs ) FEMIMEM. Fi W0l S A E R B A0 0 B 57 3655 7% hADSCs, §iiiik H fecid i A A e s s
AR Ast TR HEAEE T A hADSCs, ik i feid Ast T . K hADSCs 400 4 41: W HRALFHF 5.5 mmol/L %)
B SRR 9% H R 5.5 mmol/L 241 19.5 mmol/L HEEBEAIG IR ILIG I35 woli4 i & B i vk E T i vy
B RS Ast 4 O SRl e Y B A TR RIS TR B2 Ast S R B8 9L 4 2393592 72 h, dlAd SA-B-Gal Yo 8 AN i 2 2,
Annexin V -FITC/PLR T ; qRT-PCR J Western EJiZi45:M hADSCs H p16. Pinkl, Parkin, LC3 (LC3 Il / I ) S p62 1)
FARNENL; B RBERLRAR S AW/ MATEDL . %% 5o @ AR N 25 mmol/L, fuidE Ast T E N 20 mg/L.
Annexin V -FITC/PL Rl i 7%, 5% HRZH A%, @504 hADSCs JiT-3 0 ( P<<0.001) ; 5@kl tbis, Ast 4 hADSCs Jd
T (P<<0.001) . SA-B-Gal Ze(a 7R, SXFIRALEL, b2 4ifigm (P<0.001) ; SebEH L, AstHEEE
YA/ (P<<0.001) o qRT-PCR K Western EJifF i : 55X IEAL FLAR, =iflid]l hADSCs H pl6 K p62 ik ( P<<0.001 ) ,
LC3. Pinkl } Parkin Fikig/b (P<<0.001) ; SEHEALELEL, AstZH hADSCs H pl16 M p62 Fikid/> (P<<0.001) , LC3,
Pink1 J Parkin £Ik3G /N (P<0.01) . i#ESHG T AN, BbELLRLAIKASTE | WK, H MR/ MARD, Ast 2RI
P RKAS TR . PR/, TR AWE/IMA . 544 Ast ITURZE RS |2 1Y hADSCs %, TTRESH L RZehifk A g ¢,

[REE ] ANRIiavE Tanie,; s w28 Am/ME
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Effect of astragaloside IV alleviating senescence of adipose-derived stem cells under high-glucose environment

GAO Jun-li', XU Jing', YU Chun-li', LIU Kun'", WANG Wei-wei’’, XU Guo-xiong’
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[ Abstract ] Objective To investigate the effect of astragaloside IV (Ast) alleviating human adipose-derived stem cells
(hADSCs) senescence induced by high glucose. Methods The high glucose concentration was screened by culturing hADSCs
with glucose at different concentrations. The optimal Ast concentration was screened by culturing hADSCs with Ast at different
concentrations. hADSCs were divided into four groups: the control group was treated with medium containing 5.5 mmol/L glucose;
the mannitol group was treated with medium containing 5.5 mmol/L glucose and 19.5 mmol/L mannitol; the high glucose group

was treated with medium containing glucose at optimal high-concentration; and the Ast group was treated with medium containing
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Ast at optimal concentration and glucose at optimal high-concentration. After 72 hours of culture, SA-B-Gal staining was used to
observe cell senescence; Annexin V -FITC/PI was used to detect apoptosis; gRT-PCR and Western blotting were used to detect
the expressions of p16, Pink1, Parkin, LC3 (LC3 II/ I ), and p62 in hADSCs; and transmission electron microscopy was used to
observe mitochondria and autophagosomes. Results The optimal high glucose concentration was 25 mmol/L and the optimal Ast
concentration was 20 mg/L. Annexin V -FITC/PI showed that the apoptosis of hADSCs in the high glucose group was increased
compared with the control group (£<0.001), and the apoptosis of hADSCs in the Ast group was decreased compared with the high
glucose group (P<0.001). SA-B-Gal staining showed that the senescent cells increased in the high glucose group compared with the
control group (P<0.001), and the senescent cells decreased in the Ast group compared with the high glucose group (£<0.001). qRT-
PCR and Western blotting showed that compared with the control group, the expression levels of p16 and p62 in hADSCs in the high
glucose group were higher (P<0.001), and the expression levels of LC3, Pink1, and Parkin were lower (P<0.001); compared with the
high glucose group, the expression levels of p16 and p62 in hADSCs in Ast group were lower (P<0.001), and the expression levels of
LC3, Pinkl, and Parkin were higher (P<0.01). Transmission electron microscopy showed that the mitochondria in the high glucose
group were swollen and deformed, with a large volume and a small number of autophagosomes; after Ast intervention, a small

number of swollen and deformed mitochondria were observed, with a large number of autophagosomes. Conclusions Ast could

alleviate hADSCs senescence induced by high glucose, and the mechanism may be related to the up-regulation of mitophagy.

[Key Words | human adipose-derived stem cells; astragaloside IV ; high glucose; senescence; autophagosome

[ 78 i + 40 B¢ ( mesenchymal stem cells,
MSCs ) EIFETHIRZE, IR . B RE A5
AP K, MSCs A AFRE B, £ 1m4)
b B S AR B S XU /N AR, S TR
ST AR, AT T MR RGNS . A B etk
BT . IR | AR AR AT . HAT
I F MSCs @975 I i RIS 35 75 R K4 4
MSCs. {HMSCs {EPRINAN WA 3 i 7 v 25 72 5
%, BAEBMEWANIG, ERNAEE (k) 2
RN | A A, TSR .

MSCs % & 3 55 Ik 20 M 14 K 5 2 ok e
A, BFEMERETIAE, SA-B-Gal WG PEF . 4
Mg — N E A EAT R, SRR
DNA #5401, ki s . SO B FIEOE AR
BEZAR Y YIRS, I T AN £ 1 4y
fhie s, SIS AR S, TR E R
By 7 2 2R R LR AR T 45 T RN 24 R 4 i Y
M) BN ZR . SRR SZ B 3R K [ WA ] 4 AT
A ill) OB = e in L TR

HEEHAF (astragaloside IV, Ast) FIEFEETT
REAEZR S AL AT AN 5 10 2 R R RO B R,
RS PIE S SH AR e 52 L AstT]
30 3 R 4 SR SR 2 P R R A 22 T At L rh
ST H T 1o 58 N A KRB TFRK, 5
HH 5 0RE S, BEMEE ZHEA T o Ast A]

N B 1 R = 2 1181 1 i 8 1 R
ABARTIBFT " R, NI T4
( human adipose-derived stem cells, hADSCs ) #%
AT MR DR B R B L DR, DT B 5 L
TPENE, HZ Ast THURSFRCE B3, HEARPLH
WA AE . PRI, AR SCE e AR S, AU
PRI B it RN A e BE B, A4S [ 1 £ 32
BT Ast X R HEEREE T hADSCs 3% I IEZAEH,
NJEEE Ast S T ALY RO SCAT FE 4R BERERI

1 #MR5EFZE

1.1 FE A AL E hADSCs W [ 3 [{ ATCC
o). Ast g E P EZ S AR RS E T A
741 4% hADSC #% 7% #& ( GIBCO, 10567-014) |
BB 18] 78 521 48 i % g 4 1iE  ( GIBCO,
12664-025) . J§i M (Cyagen) . CCKS8 if 7 &

(Dojindo ) , pl6 ( Abcam, ab189034) ., I 4
# % [ (Parkin; Invitrogen, PA1-751) . [d] J&

P IR 1 - 5K 7 8 1175 0 1 ( phosphatase and
tensin homology deleted on chromosome ten, Pinkl;
Proteintech, 23274-1-AP) . U8 MG 4 3
(LC3; Cell Signaling Technology, 3868s) . p62
( Cell Signaling Technology, 23214s) Hiik, 1¢&%
BLFRIEEOL BB (JERE, ECLIPSE CI) | i
FrAY ( F¥#ERME, ST-360) . qRT-PCR Y ( ABI,
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7900HT ) | & X SFLEms I [ R B4, 5inX7
in (1in=2.54cm) | . ¥ 5 4 4 {L (EPSON,
Perfection V39) | i 5} L4 ( HITACHI, HT7800
8¢ HT7700) . 5256 F 2020 4F 6 A %= 2021 4F 12
H A B I2EIHE 4 2 Bl RIS 0 SE R
12 #AHEL Ast THURELF
121 mEBERE BUERKRESRIFH hADSCs,
PLEEFL 3 000 -4 EEFD T 96 FLAk, Kigsdkd o
S 5.5, 15, 20, 25, 30, 35 mmol/L % 4 b
(n=3), H110% FBS F 37C. 5% CO, ¥ 54+
3524 h, 48 h, 72h, 96 h, iEjd CCK8 PAsi
B[] e AN FE I O, BRI o R A VAR S
122 AstifE  BUAERKRE R4 hADSCs, L
BEFL 3 000 420 a4 R0 T 96 FLAR, 4 HIIMA 10,
20, 30, 40 mg/L Ast ( L) 20 g/L %77 F DMSO # )
J 19.5 mmol/L H #& B¢ (n=3) , F 10% FBS T
37°C. 5% CO, HiF4H 4595 24 h, 48 h, 72 h,
I CCK8 WA £ B [a] i 4O AR IR O, e
E Ast THUREE

13 wmieEic, FRAEEAR  FREGE 3~5 1%
hADSCs #F17T505%, Rt 4 4. XIRZAZLG T 5
5.5 mmol/L #i M KR TR s 3% HEEmEd 7% 5.5
mmol/L 75 25 B+ 19.5 mmol/L H & I 19 5% 75 W 3%
F%5 EBEA T B Bl SR R AR R SRR
Ast 4T 75 Bl (e VR B AT A + SR VR I Ast 19
4 AP35 72 h 5 THACICSE hADSCs, >k H CCK8
2 CGIRF &4 F Dojindo ) ¥l hADSCs H4%1 fig

H SA-B-Gal Y a1k (157 & W B Beyotime ) F{ill
hADSCs % %1% #; KM Annexin V -FITC/PI (i
F &M H BD ) £l hADSCs JHT-1F 5 -

1.4 qRT-PCR#&M & Atk griAn sk AR AKX IR
%5 3~5 fR hADSCs, L& fL 1.26X10° 4~ 41l g $%
FF e fL (4r4L1R ) o TRIzol ¥ #& B 40 i
SO RNA, Fie IR i Sl R s 45 Ve 20 B It S oy
cDNA, SI¥HATAY TR (L) BOaRA
FBT A (B P I W& 1); b4 AF: 50°C
2 min, 95°C 10 min, 95°C 30s, 60°C 30's, 40 |~
TEHR . T HERLLL 272 R,

&1 pl6. Pinkl. Parkin. LC3. p62 B5|#15 5

FEH AR F(5'-3") R (5'-3")
pl6 CTTCCTGGACACGCTGGT GCATGGTTACTGCCTCTGGT
Pinkl CCAGGCAATTTTTACCCAGA AATGTAGGCATGGTGGCTTC
Parkin GCAGAGACCGTGGAGAAAAG AATGTAGGCATGGTGGCTTC
LC3 GATGTCCGACTTATTCGAGAGC TTGAGCTGTAAGCGCCTTCTA
p62 CACCTGTCTGAGGGCTTCTC CGATGGACCAGAAGCTGATT

Pink ] : [RJUEMERERR - 55 77 28 (175 00 1; Parkin: A4 2R 8 11 ; LC3: U MO 14248 3.

1.5 Western FPii#ml &k kiik B /B R &G IR
S22 A AR UR R 1, BCA MR ik
JEo BRIk, BeME. EHL, n—3t, 4Cid; TBST
VRS, AR — 4T, WEE 2 h, YRS ECL
t, DA B-actin VE NS B AN A &
1.6 FEAT AR KA AR G NMRE L B
WM, EREFRFMA BB E e, IR
4CHIE (2~4h) | A7 Kazki. BURTAELE
[, =EEBK, BEal, Be, B, 4
o, BT BB TSR, SRERGIET .

1.7 %t 343 RS SPSS 21.0 #7481
434, JH Graphpad Prism 6.02 HI/EGEHHE . £541E
BOr A BB DL X s R, L4 HLBCR
HUH T 22500 WAL LR I LSD ¥, ki

JKHE Ca) 24 0.05,
2 & B

2.1 HEBEA Ast T

211 HAEBEKRE CCKSZR (K1) Bin:
20, 25, 30, 35 mmol/L £ 45 B[] 55 hADSCs 3451
AE SR T 5.5 mmol/L 4 ( P<0.01) . K53E 24 h,
48 h. 72 h, 96 hINf, Fifidg 3% B b A A Wik B 1)
Hghn, hADSCs HSFHRE 10855 5 A IFE] A 20, 25,
30, 35 mmol/L Z1[A] hADSCs 5 fE 11 22 7 ¥ K45
AR X R b A Bk B2 <25 mmol/L B,
Bt B IR ) B K, hADSCs H9FH fE J1i& Wi ;
% 37 & v 3 5 B ok BE >25 mmol/L I, 1% # ik
55 DRI, o AR B 25 mmol/L.
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ORI 0 s B « BRGS0 ] 2E 4, hADSCs BB e # . n=3, X+s;""P<<0.01 5 5.5 mmol/L 414H 1.,

212 Astik E CCK8 45 B (E2) W75 Ast
20, 30. 40 mg/L 41 4% B [H] 5 hADSCs 3 5 fig J)
I T %05 25 mmol/L 40 (P<<0.01) . 3534k
o Ast ¥l 20, 30, 40 mg/L I, B 5535 0[]
JEK:, hADSCs H4FHAE J1 B #idlam . 45 I ] 55 Ast
20. 30 mg/L #{[a] hADSCs 45t fit 1122 F 3 6481+

0.6
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kok
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m 0.4
S 02
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HE
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3 4 5 6 7

H* 0 kek

R Ast 40 mg/L AHIGFERET155 T Ast 20 mg/L,
it 48 hIN 22 A G2 L (P<0.01) . KM,
Ast IRFEEZEFE 20 mg/L. SiHHIAEE T, FfE Ast T
IFR] R AE K, hADSCs (3458 fiE 1@ i T s, T
72 h A E g, PR (AR 72 he

0.8
%
06 okl k% o L VAVAN
g
704
Q
0.2
0.0
1 2 3 4 5 6 7
H0 AT 5.5 mmol/L
0.8 = T #21 19.5 mmol/L
g AR 25 mmol/L
= 0.6 =¥~ Ast 10 mmol/L
Q ~+ Ast 20 mmol/L
04 -0~ Ast 30 mmol/L
0.2 - Ast 40 mmol/L
0.0 ®©

20 40 60 80
FFE /b

B 2 CCKS ERNARERE Ast X EHERET hADSCs HE5E A 20
1~7: % %58 5.5 mmol/L, H#%EE 19.5 mmol/L, # %5 F¥% 25 mmol/L, Ast 10.20.30.40 mmol/L.A~C: AR Y JF Ast T
124 h (A).48 h (B).72 h (C) JFhADSCs ¥ 5 150 ; D« i T HiRs A] 2E K, hADSCs #FE 4 # . n=3, x+s;" P<<0.01 S5 %jHH

25 mmol/L AHAH I ; ““P<<0.01 5 Ast 20 mg/L 4HAH [t

22 Astx % # IR 3% F hADSCs A — # #
) Annexin V -FITC/PIZ5 R (K 3A) Bx: 5
X HRZH LeAE, L K Ast 41 hADSCs I -5 7t
m (P<<0.001) ; 5 @Et4l 4%, Ast4] hADSCs
JHTRFFIL (P<<0.001) .

2.3 Ast X Z#EIRE T hADSCs &£ ¥ %" SA-

B-Gal 4t {1, (K1 3B, K 3C) Wn: XPHEH, H
B, EBEAL . Ast41 T B E AN E 4 b 4
5 (1.724£056) %. (1.50£0.32) %. (15.66=+
221) %, (278%0.11) %, SXFHEL ML, &b
M2 E o3 & (P<<0.001) , Ast ZH7CH]
WUAE; S R, Ast 4H B B AN T S HL
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mRNA 25 (HFGAI (P<0.05) 5 Skt
A, Ast4] pl6 mRNA R I FRA D> (P<0.001) .

i (P<<0.001) . qRT-PCR 5 Western EJ 745 5% (&l
3D~3F) Wsn: SXFIRAL AR, mibEds Ast 4 pl6

N 20 dkksk
% s AAA |
il H |
s .
0 @
1 2 3 4
20 ok 15
=15 < Hork
< Z 10
W10 ~
1 E 5 *ANAN
5 AAA ©
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3 Ast W EHEIRET hADSCs BT . FEHHIN

1 X IRAL ;2 SR A 3 i WAL s 42 B ST P41, Az Annexin V -FITC/PT 544 ;B . C: SA-B-Gal Je(4,( X 100 ) 528 ;
D:qRT-PCR fillp16 mRNA ik E F: Western EIBRlip16 2 153k, n=3, X+s; P<0.05.""P<0.001 5% 4L L,
AAAP<0.001 SRR .

2.4 Ast A543 F hADSCs &A1k B v 69 %R fn (P<<0.001) . S5XFHRLH LL#E, Ebidl. Ast4

2.4.1 qRT-PCR ¥ Western £ 7 # | 41 % 4 F p62 mRNA K & H# LB (P<0.01) ; 55
Fik SR (F4) BoR: 5XRANRE, S BEAIE, Ast4] p62 mRNA K H KRB (P<

HLC3ImRNA R XKD, L3RKEEEAT S I
b f (LC3 T/ 1T ) ¥ /), Ast4l LC3 mRNA,
LC3 1T/ I 34hm, Z58a50012=E X (P<0.001 );
5 T, Ast 20 LC3 mRNA M & [ 55

0.001) . SR LR, mikEdl. AstZH Pinkl K&
Parkin A mRNA K & [ ¥ /> (P<<0.001) ; 5
EbELE H %, Ast 2H Pink1 % Parkin mRNA K H
FIEB (P<0.01) .

X s 15 <15
Z, Z 10 2 1.0 - g0
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242 % 41 8 W Z hADSCs F & b (K B v 1F
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25 (K 5) o KE% 72 hisf, XFREZH S H
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SR, Al ILRUZR A I) FvA L P
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Hiamdl

AT e
E 5 ESTEEWE hADSCs ik 855

AR S LR NRES A I W A

LLAAHR TR s (R L3R F IR BTSN H A A

3 3t 8

TR T I A R BR PRI B . R PRI
IR 5505 78 S W PR 3 A BRI T e A e
BLHI 3225 T AR 35 K o5 i, iR G 04k
PERTARSE M L 207 v T B Pk A A A A R
KW, TR TIRNBAERCRZ N
IRBERZM, Gn. (R HE S B0 ] BE MSCs 11 1 58 AT
Bt S A 0 e R 3 A R A
B, BRI MSCs iR sERE 1D . RS TN T
YA A A= A7 RE 1 AR R T A B A b B HO &
EAZBR A EBEE N L AW R, B A
WEE SN, hADSCs OB RE S8 55 . T K%
EZ I

AstUE BRI EE Sy, BAPUER . Bk,
POWEIRG . PURSILE . BUREm R def e
Ast BEIE LA HE WIS AR T, ORI
B/ FERE R, R PR S R 25
AR Ast ] T B REGORS, WAkt
T RS B o A R A A A ST R,
Ast 5 F 1 hADSCs B0 PRI B K B KR,
HETTURER B A5 SO A, (H BRHLHI AT
ARIFFEARSP M T B R, Rl LR, Ast4
hADSCs TR [#AK, SA-B-Gal BHYEZH LD, =
EABRE M plo FIKFEL (P<<0.001) .
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DIt e A Z bRz —. KRR RER
T e R 1 W S S s B A R L
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