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Astragaloside IV alleviates D-GAL-induced endothelial cell senescence by promoting

mitochondrial autophagy via inhibiting the PINK1/Parkin pathway
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Abstract: Objective To explore the mechanism by which astragaloside IV (AS-IV) alleviates D-galactose (D-GAL)-induced
senescence in human umbilical vein endothelial cells (HUVECs). Methods Cultured HUVECs were treated with D-GAL (40 g/L),
AS-1V (200 pmol/L), D-GAL+AS-1V, or D-GAL+AS-IV+MTK458 (a mitochondrial autophagy agonist, 25 umol/L) for 48 h, and
the changes in cell proliferation, migration, and angiogenesis capacity were evaluated. Cell apoptosis, reactive oxygen species
(ROS) levels, mitochondrial membrane potential, and expressions of autophagy-related proteins (LC3-II/LC3-I) and PINK1/
Parkin pathway proteins in the treated cells were detected. Results AS-IV treatment significantly reduced the inhibitory effect
of D-GAL on HUVEC viability, effectively alleviated D-GAL-induced impairment of tube-forming ability, and promoted
angiogenesis and migration ability of the cells. AS-IV also significantly reduced the rate of D-GAL-induced HUVECs positive
for senescence-associated (3-galactosidase (SA-B-Gal) staining and inhibited the expression of senescence-related genes P21 and
P53. AS-IV restored mitochondrial membrane potential and reduced intracellular ROS levels in D-GAL-induced HUVECs, and
inhibited the fusion of autophagosomes and lysosomes to prevent the completion of autophagic flux. In HUVECs treated with
both D-GAL and AS-1V, the application MTK458 significantly increased the number of yellow spots and enhanced the
expressions of P21, P53, PINK1, Parkin, LC3, and Beclin proteins. Conclusion AS-IV alleviates D-GAL-induced endothelial cell
senescence by inhibiting the PINK1/Parkin pathway to regulate mitochondrial autophagy.
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%1 qRT-PCR3|#1F5 7!
Tab.1 Primers sequences for qRT-PCR

Gene Primer sequences (5'-3")

human-GAPDH F:GGAGCGAGATCCCTCCAAAAT
R:GGCTGTTGTCATACTTCTCATGG
human-TP53 (P53) F:CAGCACATGACGGAGGTTGT

R:TCATCCAAATACTCCACACGC

human-p21 F:TGTCCGTCAGAACCCATGC
R:AAAGTCGAAGTTCCATCGCTC
Human-PINK 1 F: GCCTCATCGAGGAAAAACAGG

R: GTCTCGTGTCCAACGGGTC
Human-parkin F:GTGTTTGTCAGGTTCAACTCCA
R:GAAAATCACACGCAACTGGTC
Human-p62 F:GCACCCCAATGTGATCTGC
R:CGCTACACAAGTCGTAGTCTGG
Human-Baclinl F:CCATGCAGGTGAGCTTCGT

R:GAATCTGCGAGAGACACCATC
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Fig. 1 Effect of AS-IV on viability of D-GAL-induced human umbilical vein endothelial cells
(HUVECs). A: Effect of different concentrations of D-GAL on HUVEC viability. B: Viability of
HUVECs with different treatments. ***P<0.001, ****P<0.0001 vs NC group; “*P<0.0001 vs D-gal group.
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Fig.2 Effect of AS-IV on tube formation ability of HUVEC induced by D-GAL. A: Tubule formation assay images
of HUVEC cells after treatment with various groups. B: Statistical graph of the tubule formation assay (Scale bar=
100 pum), ***%P<0.0001 vs NC group, “P<0.01 vs D-GAL group.
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Fig.3 Effect of AS-IV on migration ability of D- GAL 1nduced HUVECs. A: Observation of migration of HUVECs after
different treatments (Scale bar=200 um). B: Wound healing rates of HUVECs with different treatments. ****P<0.0001 vs NC

group; ““P<0.001 vs D-GAL group.
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Fig. 4 Effect of AS-IV on SA-B-Gal staining positivity rate in D-GAL-induced HUVECs. A: SA-f -Gal
staining of HUVEC cells with different treatments (Scale bar=100 um). B: SA-f-Gal staining positiving
rates of the cells. ****P<0.0001 vs NC group; ““P<0.01 vs D-GAL group.
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Fig.5 Effect of AS-IV on the Expression of P21 and P53 in D-GAL-Induced HUVEC Cells. A:
Protein band diagram of P53 and P21 in four groups of cells. B, C: Statistical graph of P21 and P53
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Fig.6 Effect of AS-IV on mitochondrial membrane potential in D-GAL-induced HUVECsS (Scale bar=

50 pum).
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Fig.8 Effect of AS-IV on autophagosome-lysosome fusion and autophagy flux in D-GAL-induced HUVECs. A: Autophagy
flux assay of HUVECs with different treatments (Scale bar=50 um). B: Statistical graph of puncta counts. ****P<0.0001 vs

control group; “*P<0.0001 vs D-GAL group.

P62

LC31I/1

Beclin

PINK1

Parkin

GAPDH

S
v x¥
oA
[ N €
%Q N Yg,, N M,
- 62 000
- S 16000
. — — —

I———eL

63 000
— NS s S 52 000

S - 000

®

Relative expression of mRNA

(g}

Relative expression of protein

D-GAL AS-IV D-GAL+
AS-1V

uNC
309 D-GAL
T AS-1IV
2.54 sokkok D-GAL+AS-1IV
i #itt
2.04 it
T
1.5 HitH 5
T T *_*
1.0 *
T ##Ht#
0.5 )
0.0+ T T 1
P62 PINK1 Parkin Beclin
25+ . mNC
D-GAL
204 AS-IV
D-GAL+AS-IV
154
10+
#ith
5_
sk REE g
- # i **  f # oy
o=Bed —lale Slel .e-s

Beclin LC31I/1 P62

Parkin

PINK1

B9 AS-IVIfD-GALESHHUVEC 2+ PINK 1/Parkin if B 1 400 B L HE 56 B B RIE AN

Fig.9 Effect of AS-IV on expression of PINK1/Parkin pathway and autophagy-related proteins in D-GAL-induced
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#*p<0.0001 vs D-gal group.
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