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Abstract: This study evaluated the effects of Shanyu Pills on the skeletal muscle mass, motor function, and
metabolites of the gastrocnemius muscle in sarcopenia mice, aiming to explore the scientific essence of Shanyu
Pills in treating sarcopenia. All animal experiments were approved by the Experimental Animal Ethics Committee
of Fujian University of Traditional Chinese Medicine (approval No.: FJTCM IACUC 2022123). Eight-month-old
rapidly aging mice SAMP8 (senescence accelerated mouse prone/8, SAMP8) were used as the animal model for
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sarcopenia. The biological effects of Shanyu Pills in improving the skeletal muscle mass and motor function of
mice with sarcopenia were evaluated by evaluating of the degree of senescence of mice, muscle volume of the
hindlimbs, grip strength, hanging net duration time, rotarod performance time, free movement assessment,
biochemical indicators of spleen deficiency, and histopathology of gastrocnemius muscle tissue. The metabolites in
the gastrocnemius muscle of mice were analyzed using LC-MS/MS. Orthogonal Partial Least Squares Discriminant
Analysis (OPLS-DA) was used to screen out the differential metabolites among different comparison groups. The
differential metabolites were analyzed for metabolic pathway enrichment using the MetaboAnalyst 6.0 database and
the "Compound-Reaction-Enzyme-Gene" network of the differential metabolites was constructed using Cytoscape
3.10.0 software. The results showed that Shanyu Pills could significantly reduce the degree of senescence of
sarcopenia mice; increase the muscle volume of the hindlimbs, grip strength, hanging net duration time, rotarod
performance time, free movement assessment; improve the biochemical indicators of spleen deficiency; and
alleviate the phenomenon of gastrocnemius muscle fiber atrophy. The non-targeted metabolomics analysis of the
gastrocnemius muscle showed that Shanyu Pills mainly affected 14 differential metabolites such as arachidonic
acid, leukotriene A4, carnosine, methylimidazoleacetic acid. The potential target metabolic pathways enriched were
the arachidonic acid metabolic pathway. In summary, Shanyu Pills can effectively improve the skeletal muscle
mass and motor function of sarcopenia mice, and its mechanism may be closely related to the regulation of
arachidonic acid metabolism.
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Figure 1 The evaluation of sarcopenia mice. A: The evaluation of the degree of senescence; B: The grip strength; C: The rotarod perfor-

mance time; D: The hanging net duration time; E: The muscle volume of the hindlimbs; F: The MRI coronal image of hindlimbs; G: The

MRI cross-sectional image of hindlimbs. “P < 0.05, P < 0.01 vs Con; Con: Control group, n = 12, X+ 5. Mod: Model group, n = 60, X*s
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Figure 2 The pharmacodynamic effect of Shanyu Pills on sarcopenia mice after 8 weeks of treatment. A: The evaluation of the degree
of senescence; B-E: The motor function indicators, respectively grip strength, rotarod performance time, hanging net duration time, free
movement assessment; F: The muscle volume of the hindlimbs; G—1I: The serum biochemical indicators of spleen deficiency, respectively
GAS, MTL, VIP; J: H&E staining in the gastrocnemius muscle (x200). GAS: Gastrin; MTL: Motilin; VIP: Vasoactive intestinal peptide;
SYW-L: Low dose group of Shanyu Pills, 0.64 g-kg"-d"'; SYW-M: Medium dose group of Shanyu Pills, 1.28 g-kg'-d"; SYW-H: High dose
group of Shanyu Pills, 2.56 g-kg"'-d". n =12, x 5. P < 0.01 vs Con; "P < 0.05, "P < 0.01 vs Mod
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Figure 3 Total ion flowchart and multivariate statistical analysis of metabolome data of gastrocnemius muscle in mice. A and B: QC
sample mass spectrum detection TIC overlap graph; C1: Mod vs Con OPLS-DA T score plot; C2: SYW-L vs Mod OPLS-DA T score plot;
C3: SYW-M vs Mod OPLS-DA T score plot; C4: SYW-H vs Mod OPLS-DA T score plot; D1: Mod vs Con OPLS-DA S-plot; D2: SYW-L
vs Mod OPLS-DA S-plot; D3: SYW-M vs Mod OPLS-DA S-plot; D4: SYW-H vs Mod OPLS-DA S-plot. TIC: Total ion chromatogram,

OPLS-DA: Orthogonal partial least squares discriminant analysis. n = 12
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Table 1 The differential metabolites in the gastrocnemius muscle
and their changing trends. "Model group vs control group, "Shanyu

Pills group vs model group

No. Compound KEGG ID Trend® Trend®
1 Arachidonic acid C00219 Up Down
2 Leukotriene A4 C00909 Up Down
3 Carnosine C00386 Up Down
4 Methylimidazoleacetic acid C05828 Up Down
5 Adenosine 5'-diphosphate (ADP)  C00008  Up Down
6  2'-Deoxyadenosine- C00360 Up Down
5'-monophosphate ({AMP)
7 a-Tocopherol C02477 Down Up
8  Dodecanoic acid C02679 Up Down
9  2-Oxoadipate C00322 Down Up
10 Isopentenyl diphosphate C00129  Up Down
11 Chloral C14866 Up Down
12 L-Palmitoylcarnitine C02990 Up Down
13 TCE epoxide Cl1148 Up Down
14 Phosphoroselenoic acid C05172  Up Down
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AR I S, V5 A 1 AU 30 B D A8 A DU s 2 A
%, 2= 5 AR Ae 4 I J& R (arachidonic acid) Al [ =
J% A4 (leukotriene A4, LTA4) & S FZAC @ #5 .
3.4 “Compound-Reaction-Enzyme-Gene” X £& # i
FE LA 55 5 ORI 14 A 22 53 A ) 32\ Cytoscape
3.10.0 H11¥) MetScape fdi 11, #J% Compound-Reaction-
Enzyme-Gene W %% . 11 5 BT, 1% 4% B 2 AN K%
TASINEH R, B & — AN B LA W 4, Ho
e VU R AU A e K AR N 2% (cluster 2).
4 g

It 3 3 L 52 8 A R FEE AN T g, L/ A Dy — b
LR G KR, NS BRI R A S A
). H T, WLARE B RS ATL I 1 A 56 42 B, 2 A

Table 2 Metabolic pathway information
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Figure 4 Metabolic pathway enrichment plot of differential

metabolites in the treatment of sarcopenia with Shanyu Pills

MR RH G 2BV, FEOFEE AR KA.
18 VAR B SOE L R0 A4 1 R B i AL T2 2 4 i 1) R
1945, Horb R A P AR R 2 3 SOV RE R A R R
R A, EBA O i 18 )P, RN
wARRS, A THRFFRINRE. FHIES
Joi R 7 SR AT I N B 0T BROR % il 22 ) ) 5P 1
R B o1& s/ i P ARG 2 . B R ILEE B A Y
FEAE T @ RS R AR A A T 1 (insulin like
growth factor 1, IGF1). i ii5 Bt L -3- 3% (phosphati-
dylinositol-3-kinase, PI3K). & [ ¥ B (protein kinase
B, AKT) . F.3W W EIHE R E A 1 (mammalian target
of rapamycin complex 1, mTORC1) & . & # L& H )R
B At 1) 1 2R T R A R 2 R-EE A R4t (ubiquitin-
proteasome system, UPS) Fll HWi—ATf & 24t (autophagy-
lysosome system, ALS), F£ 9 UPS /24l N 80% LA L&
FI R B ) R B AR . BOE k& B A (forkhead box,
FoxO). p38 22 % J5 35 4k &5 1 I i (mitogen activated

No. Pathway name Match status P —log,(P) Holm P FDR Impact
1 Histidine metabolism 2/16 0.007 0734  2.1504 0.565 87 0.565 87 0.090 16
2 Arachidonic acid metabolism 2/44 0.048 946 1.3103 1 1 0.345 39
3 Metabolism of xenobiotics by cytochrome P450 2/68 0.105 45 0.976 94 1 1 0
4 Purine metabolism 2/70 0.110 77 0.955 59 1 1 0.022 52
5 Terpenoid backbone biosynthesis 1/18 0.139 29 0.856 07 1 1 0.18571
6 Selenocompound metabolism 1/20 0.153 61 0.813 58 1 1 0.136 36
7 beta-Alanine metabolism 1/21 0.160 69 0.794 02 1 1 0.05597
8 Lipoic acid metabolism 1/28 0.208 71 0.680 46 1 1 0
9 Lysine degradation 1/30 0.221 96 0.653 73 1 1 0.1227

10 Biosynthesis of unsaturated fatty acids 1/36 0.260 48 0.584 22 1 1 0
11 Fatty acid degradation 1/39 0.279 08 0.554 28 1 1 0
12 Tryptophan metabolism 1/41 0.291 23 0.535 76 1 1 0
13 Fatty acid biosynthesis 1/47 0.326 57 0.486 02 1 1 0
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Figure 5 "Compound-Reaction-Enzyme-Gene" network diagram. Cluster 1: Include glycolysis and gluconeogenesis, and purine metabo-
lism; Cluster 2: Include arachidonic acid metabolism, leukotriene metabolism, omega-6 fatty acid metabolism, prostaglandin formation from
arachidonate; Cluster 3: Squalene and cholesterol biosynthesis; Cluster 4: Lysine metabolism; Cluster 5: Histidine metabolism; Cluster 6:
Vitamin E metabolism; Cluster 7: Fatty acid biosynthesis; Cluster 8: Selenoamino acid metabolism; Cluster 9: Saturataed fatty acids beta-

oxidation. Red and pink hexagons: Compound; Gray rhombus: Reaction; Green square: Enzyme; Purple circle: Gene
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