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Abstract: Objective: To elucidate the material basis and mechanisms underlying the anti-aging effects of Shudi-Yu-
Shanyao (SYS), a medicinal-food homologous formula. Methods: Potential SYS actives were screened by oral bioavail-
ability (OB) and drug-likeness (DL) criteria, integrating LC-MS, TCMSP retrieval, and literature mining. Network pharma-
cology was used to identify the core targets/pathways and to construct a component-target-pathway network. Anti-aging
efficacy was then evaluated in a D-galactose-induced aging mouse model. Cognitive performance was assessed by the
Morris water maze. HE stain, biochemical assays, and molecular analyses explored underlying mechanisms. Results: Forty-
five active components and 149 core targets were identified. Targets were enriched in aging-related pathways (including
cancer and Alzheimer’s disease pathways) and key signaling cascades such as AMPK, p53 and necroptosis. Network
topology highlighted five putative key components, they were quercetin, methyl palmitoleate, swertiamarin, palatinose and
manninotriose. In vivo, SYS effectively mitigated aging phenotypes and improved cognition: compared with the model
group, the medium and high-dose groups showed 225% and 200% more platform crossings; 84.32% and 119.31% longer
time in the target quadrant, respectively (P<0.05, P<0.01). Renal function improved, with serum creatinine reduced by
10.39% (medium) and 8.45% (high), and blood urea nitrogen reduced by 4.91% (medium) and 3.40% (high) (P<0.0001).
Antioxidant capacity increased (SOD activity, compared with the model group, up by 31.49% in serum and 25.26% in
kidney), while MDA decreased (serum: 6.47+0.23 to 5.14+0.16 nmol/mg prot; kidney: 18.25+0.31 to 15.15+0.34 nmol/mg
prot; P<0.05, P<0.01). SYS downregulated p53, p21, yH2AX, and Bax, while upregulated Bcl-2 in renal tissue (P<0.01).
Conclusion: SYS delays aging, with quercetin and other components likely acting via multi-target mechanisms that atten-
uate DNA damage, enhance antioxidant defenses, modulate Bax/Bcl-2 mediated apoptosis, and suppress overactivation of
the p53 pathway. These findings provide a scientific basis for SYS as a medicinal-food homologous anti-aging intervention.
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0.1% HEIK(A)-ZE(B); W shFHTE: 0.35 mL/min;
FEHR: 45 °C; HERER: 5 pLs BEEEVERL AR T : 0~2 min,
5%B; 2~4 min, 5%~30%B; 4~8 min, 30%~50%B; 8~
10 min, 50%~80%B; 10~14 min, 80%~100%B; 14~
15 min, 4E+F 100%B; 15.1 min K& & 5%B, i &
16 min. B§FIE: HBISE & FIR(ESD; $39# Jr=X: 1E
7B 03 K 5 2X: Full MS; 43-#£3.: 70000 ( full
mass), 7500(dd~MS) ; 3 {E F: 100~1200 m/z; 5
Z5HLJE: +3800 V(IEESF), —3000 V(#1157 ); B4l
B : 320 °C; FBIAUIMBIRLEE: 350 °C; I3 —1kAilf
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Fig.1 Total ion chromatogram in positive and negative ion
modes of SYS
TE: (A IEB TR R T A5, (B) A T AT A
B B EIThRIER SYS 45t HEAATHT 10 &Y.
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Table 1 Identification results of the top 10 compounds in SYS

components

TREmE e bR BrERZE

et SRES (min) (m/z) (m/z) (ppm)
HEHYTE CgH;,046 0.69  543.1322 543.1319 —0.57
ILEHHEE  Cj;H,0y, 3.93  451.1457 451.1459  0.41
BT C,;sHy0y, 3.93  429.1368 429.1363  —0.99
= CsH;,046 0.69  549.1672 549.1672  —0.02
S-FRHSERE CHO, 233 127.039 127.0391 138
POLHE  CHgN,0,S, 553 281.0049 281.0048 —0.56

INZEBEHT  CypyHy 0y 494  565.1528 565.1524  —0.7
AR CH(O;4 0.77  191.0199 191.0193  -3.2
B Ay C,6Hy,04 431  359.1337 359.1334 —0.75
LUy C,,H,,0,, 0.7  387.1144 387.1144 —0.17




5 47 % 1T WS SRR AT T S A S O TR S L 519
A B S SR ) 22 FRBTEREE AR

UG ES

i BN
B T2 5 i TOP10

Shanzhiside
methyl este:

Neokestose

Palatinose

19.53% .
’ Sweroside

Morroniside
Oxoglutaric acid

9.89% Cornuside

Luciferin
5-Hydroxymethylfurfural

Bl 2 SYS ks s oo b

Manninotriose

Fig.2 Chemical component analysis of SYS
TH: (A) SYS Mo 26 & 83, (B)SYS iy 7 BHHE i
10(TOP10) 4347 ¥l ; Neokestose-#7 i B+ ##; Shanzhiside methyl
ester-1LI HE H /! fig; Morroniside-54i# 1 ; Manninotriose- T #& —
B¥%; 5-Hydroxymethylfurfural-5-¥2 ! FEMERX ; Luciferin-2¢ Y6 &K ;
Cornuside-111Z€ 854 1; Oxoglutaric acid-%8/% —f&; Swerosid-fi
V31 Palatinose- A7 4 b

2.2.1 SYS ZEZE R E I A3 0 158 AN FH A A P

ik LC-MS Kl 2 TCMSP 3 FEke 22, i T
45 1~ SYS MR, Uk 2. 4k, A SwissTar-
getPrediction ZHE JZE 10 5] 603 4~ Al 435, -5
GeneCard Fl OMIM 45 4 R B Y 4882 i
U AEAS B, A3 5 386 NVERTEAE AR AL, 25 1B
&, I 3A BN

A SYS Aging

4496

CC>0.244275

K3 SYS B HIFL 3 HT

Fig.3 Analysis of potential therapeutic targets of SYS
TE: (A)SYS 5¥HE AL Venn 5], (B)SYS #LHE T PPI 4%
K5 181 A S 25 W R, 8 0 B R

2.2.2 PPI MIZEHIEEFZ.HLSAYTTIE  dnlEl 3B B
78, LARF BC. CC #1 DC Wy (435112 226.6596,
0.244275 Fi1 5)VE Sy BB X 2EAE R AR 261 70 3%,
i 28 HY 149 A0 B0 AT, B0 FE AR 32 44 T 2 R T

2 SYS iEMERME R

Table 2 Information on the active ingredients of SYS

G5 T4 FR i U544 FR

SDH1 Sitosterol (£ {55 i) SY3 Kadsurenone (5 XUFEER )

SDH2 Stigmasterol ( 5§ /5 ) SY4 Hancinone C (3 E % H{C)

SDH3 EICCH®+#) SYs 24'M°“‘y1°h°§,§§_'§f§j§_e§$§u'§%%p*g;?Slde‘qt(24‘Eﬁ
SDH4 Methyl (2E,4E) -hexade(ﬁ-]}%%déae%g;te( (2E4E)-F75bk-2,4- SY6 Campesterol (i )

SDH5 Methylpalmitoleate (F7A Tz H ) SY7 Isofucosterol (77 74 5§ it )

SDH6 Rehmaglutin B(} #F7B) SYS Dioscoreside C_qtCEHi BHC)
SDH7 Catalpol (F£) SY9 Diosgenin(Z 3 21 7C)

SDHS Leonuride( £ FE ) SY10 Isorhamnetin( 5 fRZE%)

SDH9 Rehmannioside A EFFA) SY11 Cholesterol ( AH [#] %)

SZY1 Mandenol (& Bk LC1 Neokestose GHIIEH)

SZY2 Ethyl linolenate (M K2 2. 1R ) LC2 Shanzhiside methyl ester (LG H fif)
SZY3 Poriferast-5-en-3beta-ol( ZfL {$-5-4-3-H%) LC3 Morroniside(ZLi# 1)

SZY4 Diop(Jh#{ %A ) LC4 Manninotriose( H & =#¥%)
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SZY8 2,6,10,14,18-Pentamethylicosa-2,6,10,14,18- LCS Oxoglutaric acid(%k — )

pentaene(2,6,10,14,18- 1 1 3 —+-2,6,10,14,18- 1)
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