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dysregulation and exogenous ultraviolet (UV) radiation, with oxidative stress due to excessive accumulation of
reactive oxygen species (ROS) as the central driver. Rare ginsenoside Rh1 is a natural compound with antioxidant
and anti-inflammatory properties, but its mechanism of action in UV-induced skin photoaging remains unclear.
This study aims to investigate the protective effect of Rhl against UV-induced skin aging and the underlying
molecular mechanisms. All animal experiments were approved by the Animal Ethics Committee of West China
Hospital, Sichuan University (approval number: 20241230001). To evaluate the anti-photoaging effect of Rhl, we
established photoaging models in BALB/c mice and human dermal fibroblasts (HDF). /n vivo experiments showed
that Rh1 (25 and 50 umol-L™") significantly alleviated UV-induced skin thickening, erythema, and moisture loss,
reduced the expression of pro-apoptotic protein Bax, and up-regulated anti-apoptotic protein Bcl-2. In vitro
experiments indicated that Rh1 (12.5, 25, and 50 umol-L") reduced UVB (UV wavelength 280-320 nm)-induced
ROS accumulation, oxidative damage, and the proportion of senescence-associated f-galactosidase (SA-f-Gal)
positive cells. Mechanistic studies demonstrated that Rh1 promotes nuclear factor erythroid 2-related factor 2
(Nrf2) nuclear translocation by activating sirtuin 3 (Sirt3), thereby upregulating downstream heme oxygenase-1
(HO-1) expression. Sirt3 siRNA experiments confirmed that gene silencing can blocks Rhl from activating the
Nrf2/HO-1 pathway, weakening its ability to inhibit ROS production and delay cellular aging. In summary, Rhl
alleviates UV-induced oxidative damage and skin aging through the Sirt3/Nrf2/HO-1 signaling axis, providing a
new strategy for the development of anti-photoaging drugs targeting the antioxidant pathway.
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Figure 1 Ginsenoside Rhl attenuated skin aging in vivo. A: Representative images of dorsal skin morphologic changes in each group after

8 weeks of ultraviolet (UV) irradiation; B: Representative images of hematoxylin-eosin (H&E) -stained epidermal thickness. Scale bar:

50 um; C, D: Graphs showing the amount of erythema and dorsal skin moisture content in mice; E: Western blot was used to detect

apoptotic proteins; F: The relative protein expression of Bel-2/Bax. n=6,x £s. 'P<0.05, "P<0.01, ""P<0.001. ns: No significance
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Figure 2 Ginsenoside Rhl protects human dermal fibroblasts (HDF) cells from UV-induced cell aging. A: Representative images of

senescence-associated f-galactosidase (SA-f-gal) staining and SA-f-gal positive cells (%). Scale bar: 50 pm; B, C: The content of reactive

oxygen species (ROS) was measured by flow cytometry. The quantification of analysis is shown; D, E: The content of ROS was measured

by fluorescence. Scale bar: 10 pm. The quantification of analysis is shown; F, G: Western blot was used to detect Bcl-2 and Bax expression

in HDF cells with different concentrations of Rh1 and UVB, and the relative protein expression of Bel-2/Bax; H, I: Western blot was used to

detect Bel-2 and Bax expression in HDF cells with UVB, Rh1, or NAC, and the relative protein expression of Bel-2/Bax. n=3,x+s. P <

wkx

0.05, "P<0.01, "P<0.001



T JEE: ANZ 2 RhET Sirt3/Nrf2/HO-1 38 5 1 15 580 RO 05035 58 A 2k 355 5 10 B Bk & A0 A R E 9 < 179 -

B, WE3AB R, 5XF A, UVB 48 5 £ 1) Sirt3 85 (1% i% . 25150 pmol-L"' Rh1 A7 J&, Sirt3
Sirt3 & (13 & & B & P, 50 umol-L' Rhl 597 J& HERIEKTFRZF I w58k, AU TR T 200
Sirt3 ik EEIKE . 12.5M125 pmol-L”' Rhl SR8 W Nif2 8 F B3R A &, 45 B3R s, Rhl IR 1
Al —E R EE RN Sirt3 KL &, HARIE B G E . Nrf2 )% % (B 3E.F). M4k, Rhl 48 &3 hn 1
() B, 30 3 e 3 % ' S B R I Sirt3 9% 6 HR 3R I, HO-1 () # ik & (BI3G.H). LA L4 REY, RH] 58
g5 B OR, Rhl A BE 0] UVB 48 55 5 801 Sirt3 986 Sirt3 Fik, e Nrf2 & AL F1I HO-1 Rk .

LR S5 (B13C\D)o N 7 55 IF Rh1 X Sirt3 314 {4 4 Rh1 i@ T #5E Sirt3/Nrf2/HO-1 i& 12 {7 37 HDF 48
P RZ R, ASHIE FERE I T /N BRORZ R 2 21 (3R R+ L) AN faZk

B EH Sirt3 AR RIE KT . R ER, UVEEY AW F B I Sirt3 siRNA SZ5IE SZ Rhl B 1L
W AR T HOB (AR B S3A) ARk (xR S3B) MRS Sirt3 A K. Y, il 1L Western blot A I Sire3
A B * *
1.5 ns
Rhl/pmol- L' _ R ns
125 25 50 “
UVB - + + + + £ 1.0+
£
[ " % 0.5
pocin [ . 5
0.0 T T T
C UVB @ Control UVB ©® UVB+RhI 12.5 pmol L'
©® UVB+RhI 25 pmol-L"! ® UVB+RhI 50 pmol-L"!
Control UVB 125 pmol L' 25 pmol L' 50 umol Lt D
*kk kK%
o 60—
A z e
g 45
g
: . . . . . é g
< 8@ 30
a 3%
8
= 154
[}
= 0
E . i
Rhl/pmol L' 125 25 Rh1/pmol L - 125 25 50
UVB UVB _
N2 -"- 10400 _ 2400
i N v - R >
F H @ Control
1.2 . 15+ UVB
- * ® UVB+RhI 12.5 pmol-L*
e o0
® UVB+RhI 25 pmol-L*!
E 0.8 g 1.0 ® UVB+RhI 50 pmol-L"!
£ £
E o
~ =
E 0.4 C:D 0.5
0.0 T T T T T 0.0 T T T T T

Figure 3 Ginsenoside Rhl enhanced the expression of sirtuin 3 (Sirt3), promoted the nuclear translocation of nuclear factor erythroid 2-
related factor 2 (Nrf2), and increased the expression of heme oxygenase-1 (HO-1). A: Western blot was used to detect Sirt3 proteins; B: The
relative protein expression of Sirt3/f-actin; C: Immunostaining for Sirt3 in HDF cells. The position of the nucleus is marked by DAPI
staining. The representative image is shown. Scale bar: 10 pm; D: Analysis of Sirt3 fluorescence intensity; E: Western blot was used to
detect nuclear Nrf2 protein expression; F: The relative protein expression of Nrf2/Lamin B1; G: Western blot was used to detect HO-1
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Figure 4 Ginsenoside Rh1 protected HDF cells from UVB-induced cellular aging via the Sirt3/Nrf2/HO-1 pathway. A: Western blot was

used to detect Sirt3, HO-1 and nuclear Nrf2 protein expression; B-D: The relative protein expression of Sirt3/f-actin, Nrf2/Lamin B1, HO-1/

f-actin; E: Immunostaining for Nrf2 in HDF cells. The position of the nucleus is marked by DAPI staining. The representative image is

shown. Scale bar: 10 um; F: Analysis of Nrf2 fluorescence intensity; G: Analysis of nuclear Nrf2 fluorescence intensity; H, I: The content of

ROS was measured by flow cytometry. The quantification of analysis is shown; J, K: Representative images of SA-/-gal staining and

SA-p-gal positive cells (%). Scale bar: 50 um. n=3,x£s. P<0.05, "P<0.01,
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