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Protective effect of drug-containing serum from Shiquandabu
Decoction on D-galactose-induced atrophy of C2C12 cells

DONG Bing-yao", LI Wei-yao", HE Pan®, LI Zhen-yu", QIN Xue-mei"

(1. Modern Research Center for Traditional Chinese Medicine of Shanxi University, Taiyuan 030006, China;
2. Shanxi University of Chinese Medicine, Jinzhong 030619, China)

Abstract: Sarcopenia is an age-related progressive disease characterized by the loss of skeletal muscle mass
and function, which seriously threatens the quality of life and survival of elderly individuals. Shiquandabu
Decoction is a classical traditional Chinese herbal formula known for its effects in benefiting Qi and nourishing
blood, and modern studies have demonstrated its potential therapeutic effects on sarcopenia. To investigate the
protective effects and underlying mechanisms of Shiquandabu Decoction against sarcopenia, this study prepared its
water decoction, administered it to rats by gavage, collected the drug-containing serum, and identified the
components absorbed into the blood using UHPLC-Q-TOF-MS. The animal experiments in this study were
conducted in compliance with the regulations of the Scientific Research Ethics Committee of Shanxi University of
Chinese Medicine and approved by the Animal Experimentation Ethics Review (approval No.: AWE202403229).
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The drug-containing serum was used to treat a D-galactose (D-gal)-induced senescent C2C12 myotube model.
CCK-8 was used to detect cell activity, DCFH-DA probe was used to detect reactive oxygen species (ROS) levels,
JC-1 staining was used to detect mitochondrial membrane potential, flow cytometry was used to analyze the cell
cycle, and RT-qPCR was used to detect the expression of myogenic differentiation-related factors (MyoD, MyoG,
and Mstn) and senescence gene (p53). LC-MS proposed targeted metabolomics to screen for differential
metabolites and analyze related pathways. The results showed that 15% drug-containing serum was able to
significantly increase the cell survival rate, reduce the ROS levels, restore the mitochondrial membrane potential,
reduce the GO/G1 phase cellular block, and promote the cell cycle process, and it was able to up-regulate the
expression of MyoD and MyoG, and down-regulate the expression of Mstn and p53. Metabolomics studies of the
proposed target cells showed that intervention with drug-containing serum resulted in the callback of 119
differential metabolites (42 up-regulated and 77 down-regulated), mainly related to amino acids, carbohydrates,
lipids, nucleotides and energy metabolic pathways. These results suggest that the drug-containing serum of
Shiquandabu Decoction exerts a protective effect against D-gal-induced myocyte attenuation through multi-target
and multi-pathway synergistic effects, improving mitochondrial function, regulating the cell cycle and promoting
myo-differentiation.

Key words: sarcopenia; C2C12 myoblast; cellular atrophy; Shiquandabu Decoction containing drug serum;

cellular metabolomics
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Table 1 qRT-PCR primer sequences

Gene name Primer sequence
MyoD forward ~ 5'-AACCAGCGGCTACCCAAAGG-3'
MyoD reverse 5'-CGGTCCAGGTGCGTAGAAGG-3'
MyoG forward  5'-ACCCTACAGACGCCCACAATC-3'
MyoG reverse 5-GAAGGCAACAGACATATCCTCCAC-3'

5'-AGACCCGTCAAGACTCCTACAAC-3'
5'-CTTCACATCAATACTCTGCCAAATACC-3'
5'-TGAACCGCCGACCTATCCTTAC-3'
5'-GCACAAACACGAACCTCAAAGC-3'

Mstn forward
Mstn reverse
p53 forward
pS3 reverse
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Table 2 Characterization of serum chemical constituents of drugs contained in the Shiquandabu Decoction based on UHPLC-Q-TOF-MS.
HQ: Astragali Radix; GC: Glycyrrhizae Radix et Rhizoma; DG: Angelicae Sinensis Radix; CX: Chuanxiong Rhizoma; RG: Cinnamomi
Cortex; DH: Rhei Radix et Rhizoma; SY: Paeonia lactiflora Pall.; SJ: Zingiberis Rhizoma Recens; BZ: Atractylodis Macrocephalae
Rhizoma; DS: Codonopsis Radix

Molecular RT/ Found at Mass

No. Compound name Ion mode . Fragment Source!”!
formula ~ min mass error

1 Glycyrrhetinic acid [M-HT C,,H,,O, 21.30 4693319 -0.8 469.3335,470.336 2 GC
2 Vanillic acid [M-HT CH,O, 476 167.0349 -0.3 167.033 9, 123.0502,79.0563 CX, SY, HQ, SJ
3 Salicylic acid [M-HT C.HO, 7.25 137.0249 1.5 137.024 8,93.0350, 65.041 6 SY
4 Calycosin [M+H]" C,H,,0q 6.27 285.076 0 0.9 285.073 3, 270.060 5,225.066 8 HQ
5 Formononetin [M+H] C,H,,0, 9.89 269.0790 -6.7 213.0905,197.051 5 HQ
6 Ligustilide [M+H]" C,H,0, 10.02 191.1070 -2.1 191.106 8, 145.100 9 DG, CX
7 Geniposidic acid [M-HT CH,,0, 3.10 373.1114 0.2 211.066 3, 149.062 0, 123.048 1 DH
8 Ferulic acid [M-HT C,,H,,0, 6.12 193.0496 -5.6 178.029 1, 134.036 5 DG, CX
9 Senkyunolide F [M+H]" C,H,0, 7.13 207.1008 -3.5 161.097 5, 147.048 6, 133.0644 CX
10 n-Butylphthalide [M+H]" C,H,0, 10.01 191.1062 -2.1 173.1056,145.100 9, 135.041 2 DG, CX
11 Butylidenephthalide [M+H]' C,H,,0, 9.91 189.0909 -0.4 143.0900, 128.064 0, 105.0558 DG, CX
12 Liquiritigenin [M-HT CH,,0, 7.84 255.0660 -1 135.008 1, 119.048 3,91.0194 HQ, GC
13 Liquiritin [M-HT C, H,,0, 6.53 417.1204 1.1 417.1195,119.051 1 HQ, GC
14 Neoisoliquritin [M-HT C, H,,0, 7.04 417.1188 -0.3 417.117 5,255.056 7, 135.006 4 HQ, GC
15  Liquiritin apioside [M-HT C,H, 0, 5.67 549.1625 2 549.162 3,255.065 1, 135.006 9 HQ, GC
16  Kaempferol-3-O-D-glucopyranoside [M-H] C,H,0,  6.60 447.0926 -1.5 271.0599,165.016 4 HQ, DH
17 Atractylenolide-III [M+H]" C;H,,0, 10.02 249.150 3 0.2 249.1475,231.1336,203.138 7 BZ,DS
18  8-Acetoxy-atractylenolide IIT [M+H]" C,H,0, 11.78 277.1813 -4.1 277.167 1,105.070 8 BZ
19 Atractylenolide-II [M+H]" CH, 0, 10.17 233.1549 -2.7 215.1418,187.1479,159.083 5 BZ, DS
20  Cinnamate [M+H]" C,H,0, 2.73 149.0597 -0.1 103.0536,77.0412 RG
21  Cinnamylalcohol [M+H]" C,H,,0 14.07 135.080 5 1.2 105.0718 RG
22 Paeonol [M+H]" CH,,O, 1472 167.0702 -0.3 149.063 9 RG
23 Penoy ketone-1-O-p-D-glucoside [M+HCOO] C,H,,0, 2.25 405.1409 1.7 359.1343,179.073 1 SY
24 Paeoniflorin [M+HCOO] C,H, O, 5.26 525.1609 0.9 479.1576,449.144 1,327.1073 SY
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Figure 1 Cell viability effects of different concentrations of D-gal induced senescence in differentiated cells. A: Fetal equine serum (FES)

BT 2 21 (5 G Ik 55 Gk E 9 R I 5 (P < 0.01), Ron
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G2 BHEAR, R A MG B RE /7. Ak, D-gal 5 51
BRLZH (B 3B), W51 B -F MyoD MyoG ] mRNA

Control 5

Cell viability (% of control)

10 20 40 80
D-gal/mg-mL-!
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Figure 4 Multivariate statistical analysis. A: Distribution of QC samples in positive (POS) and negative (NEG) ion modes; B: Dispersion

point diagram of PCA between groups in positive and negative ion mode; C: Permutation plots of blank and model groups in positive and

negative ion mode; D: S-plot of blank and model groups in positive and negative ion mode. C: Blank group, M: Model group
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Figure 5 Differential metabolites and pathway analysis in blank, model and drug-containing serum groups. A: Cluster analysis plot of
differential metabolites between blank, model and drug-containing serum groups; B: Metabolic pathway analysis between blank, model and
drug-containing serum groups; C: Venn diagram of different metabolic pathways between the blank group and the model group, and between

the model group and the treatment group; D: Changes in differential metabolites in the arginine metabolic pathway



HEES: e RANA & 24 M0 D-2F FURE % S C2C12 41 2 46 () R 9745 ¢ 843 -

AU 2451, X S (b 5 32 2 M L LA 248 (UL
AN IR BRARAE R BE W) A, M8 D-gal 15 5 1 C2C 12 48
MR ORI FE L 2 2 T E 2 T A

A HF 5% F F UHPLC-Q-TOF-MS £ A X -+ 4 K kb
P 24 LI AL o AT R G0 i, %o B 2K
BRI Je i 2 Moy . 83 5 25 135 T 7 D-gal
S C2C12 WU 32, R I 15% 1+ 42 K47
T INTE B E RS MMATIE R dhAh, & 25 RE
3 ROS K-, 4 ¢ 2004 JIEE L A7, 987> GO/G 1 B 48
BELE, JF R 5 2 ROVLA: O RS R B AL R IE (F
1 MyoD F1 MyoG, ] Mstn £ p53). 1= 1 If17E G
TR, 5 25 M09 16 AR 3 4 FE A N R i i+
A RANAE RS o FE T LC-MS U088 [ 4 18] 4H 24 7
BT, A KRN & 25 1035 T R 3 R 119 > 25 J AR
W, H TS 16 2 B AR U8 %, T Rk 2 50 b A 4
R 8 P 2%

SCHR R TE T R A A 3 S A R AR,
RRBRAMGAMRENIHERAERRANAEAS
R, HRS B2 R 8 i O mTOR 15 538 B AR 1 & R
A R, BUIR IR RN 2 bk 2 R I i B AR A F 4
FrULA T RE; RARIRS 5 R RE &2 (LR 3
W 2,6~ T 300 ok VA T A AL R Y R AL
AT 5'-UMP L Al e 3k 2R R A 2B W Rk AR GE e
AR A% b I ok s L PR g B A 0k Th RE R BV
F 4 Kb iz & 25 13 TR 25 BRI SR, b B
BT 25 R o) B A 5 B R ORI S A AL 2R T 08 O S
mTOR i #% 3 5% 3 FE R FE R R 2. AR
B E AR PN T T 25085 288 40 B 0 3 ol 1 4% 25 Bk e AR
N VL BRI BE SR AT Ah, A6 AR DO AR R B A v 4
il 98 RE A BT A BEE A RN R BR AN A bk T R
FARR e G2 A8 0T P UL B 20 A R 4 ) 0T T 4 DKk
P& P AT R 2 R R A, b SRR
3@ 1 U P T ek D A R AR A, A
{14 PRI AEE R 2H 1l 73 T A 1) 28 9 DR -7 R A

PLERIEM, T+ KM HE RS ARE
el B 4 Wi R4 D, 3 et N L e 23 A 42 22 I 45 2 3 i
(A FE AL, 38 7 400 A 30 35 8L, M T 4 2% 140 e =5
Yo X SUAE 3L [F R 2R T 4T A Th B K A RN R A Y 4
R, RILT 4 K AN & 25 1035 1) 2 F AW 808

NI e e SN R T 1 R T T 2
D-gal if5 5317 C2C 12 LA ZE4F B A i vi% ), 36 3m Bt 4
T BE 77, o FF 28 R4 T R I 18 43 41 it JE) 3 R LA AR
RIERIFRIE . AU L 2250 TR I, 5 24 iy d i [ 3
o3 22 AR YRI5 16 S0 K 4% 2 s AR EF

AW BB RNT T 4 K ANz B 25 M35 N I

B3 FF 53 M 1 HS D-gal 5 5 U 25 46 40 A5 2 Fg 4K
WA R, B FRIRAW L. Sk &Rl sh 1%
1%, FEHEE VA E B2 M7 I35 i A By, IRl S
2 205 5 B IR AR SR AT 7C 0 L VS A2 25 3 T o LA,
CIESREE A4S SEmi g TN i e NIRRT E i AW B
25 1R R B A R AN AZ oML R, D ) B L T LA IE
JoR A AR FEATL A1) 52 3 B 2 T PR ok 2 A A

fEETIMR: WSS T LI R A i Ak BN L w45
G, ZRESE TR BB RS E fTES
I KRBT R TR M BRI R E B &
TSR AR B R B R B

FUZERSE: ASITA A& AR 2T RK R

References

[11 Liu J, Ding QQ, Zhou BY, et al. Chinese expert consensus on
diagnosis and treatment for elderly with sarcopenia (2021) [J].
Chin J Geriatr (T2 F R ¥ 28 &), 2021, 40: 943-952.

[2] He P, Liu YT, Du GH, et al. Research advances in sarcopenia [J].
Acta Neuropharmacol (#1128 23 54Rk), 2020, 10: 47-53.

[31 Weil, Wei KS, Luo M, et al. Treating sarcopenia on the basis of
spleen [J]. Clin J Tradit Chin Med (" £ 2 1Ifi K 24 %), 2019, 31:
1282-1284.

[4] Mao ZH, Liu XT, Zhang H, et al. Mechanism of reinforcing
spleen and stomach method intervening aging sarcopenia [J].
Liaoning J Tradit Chin Med (il 7* & 44 &), 2017, 44: 1631-1634.

[5] He P. Study on The Effect and Mechanism of Shiquandabu
Decoctionon Sarcopenia Model Rats Induced by D-Galactose
Combining with Constrained (4> KMz T W D-F A b 5 &
W i) 3 50 % 5 UL/ R S 28 K Bt 1 24 B A R WL 1 52 D).
Taiyuan: Shanxi University, 2023.

[6] Yaffe A, Schwarz Y, Hacohen D, et al. Inhibition of 2-5A
synthetase expression by antisense RNA interferes with
interferon-mediated antiviral and antiproliferative effects and
induces anchorage-independent cell growth [J]. Cell Growth
Differ, 1996, 7: 969-978.

[7] Wong CY, Al-Salami H, Dass CR. C2C12 cell model: its role in
understanding of insulin resistance at the molecular level and
pharmaceutical development at the preclinical stage [J]. J Pharm
Pharmacol, 2020, 72: 1667-1693.

[8] He YQ, Feng Y. A study of promotion of myogenic differentia-
tion of C2C12 cells by salidroside combined with curcumin and
prevention of palmitic acid-induced myotube atrophy [J]. Geriatr
Health Care (Z4F1% % 5 {R{i), 2024, 30: 1250-1257.

[91 Matsubara T, Urata M, Nakajima T, et al. Geranylgeraniol-
induced myogenic differentiation of C2C12 cells [J]. In Vivo,
2018, 32: 1427-1431.

[10] Huang B, Jiao Y, Zhu Y, et al. Mdfi promotes C2CI12 cell

differentiation and positively modulates fast-to-slow-twitch muscle



\

844 - Zj%# %4k Acta Pharmaceutica Sinica 2026, 61(3): 835-844

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

fiber transformation [J]. Front Cell Dev Biol, 2021, 9: 605875.
Liu N, Deng XJ, Wang JP, et al. Research progress on regulation
factors of myogenic regulatory factors and myogenesis [J]. China
Anim Husb Vet Med (41 [ & #5044 ), 2015, 42: 2644-2649.
Yang ZJ, Broz DK, Noderer WL, et al. p53 suppresses muscle
differentiation at the myogenin step in response to genotoxic
stress [J]. Cell Death Differ, 2015, 22: 560-573.

Wang J. Study on the Inductive Effect of D-Galactose on
Sarcopenia and Anti-sarcopenia Factors (D- - F 4 % L A £ Jik
S5 AE 15 5 208 A Bt LA 3 Rk R 7 9F 9T) [D]. Bedjing:
National Institute for Nutrition and Health, Chinese Center for
Diseases Control and Prevention, 2019.
Yang YF, Yang W, Liao ZY, et al. MICU3 regulates
mitochondrial Ca*'-dependent antioxidant response in skeletal
muscle aging [J]. Cell Death Dis, 2021, 12: 1115.

Tian S, Zhao H, Guo H, et al. Propolis ethanolic extract
attenuates D-gal-induced C2C12 cell injury by modulating Nrf2/
HO-1 and p38/p53 signaling pathways [J]. Int J Mol Sci, 2023,
24: 6408.

Zhang Y, Wu W, Huang C, et al. Fisetin alleviates D-galactose-
induced senescence in C2C12 myoblasts: metabolic and gene
regulatory mechanisms [J]. J Proteome Res, 2025, 24: 834-849.
Abdel Khalek W, Cortade F, Ollendorff V, et al. SIRT3, a
mitochondrial NAD -dependent deacetylase, is involved in the
regulation of myoblast differentiation [J]. PLoS One, 2014, 9:
e114388.

Zhang SB, Yang J, Chang SJ, et al. Effect of Prussian blue
nanoparticleson delaying aging muscle atrophy [J]. Chin J
Osteoporos Bone Miner Res (71 B 5T i #A Fl B A 28 922 93 2
%), 2025, 18: 73-82.

Oh JY, Moon JW, Kang MJ, et al. Effects of D-alanine analog on
muscle atrophy through regulation of myostatin expression [J].
Biochem Biophys Res Commun, 2025, 761: 151670.

Le Couteur DG, Solon-Biet SM, Cogger VC, et al. Branched
chain amino acids, aging and age-related health [J]. Ageing Res
Rev, 2020, 64: 101198.

Zhou M, Wei Y, Feng Y, et al. Arginine regulates skeletal muscle
fiber type formation via mTOR signaling pathway [J]. Int J Mol
Sci, 2024, 25: 6184.

Zanella BTT, Magiore IC, Duran BOS, et al. Ascorbic acid
supplementation improves skeletal muscle growth in Pacu
(Piaractus mesopotamicus) juveniles: in vivo and in vitro studies
[J]. Int J Mol Sci, 2021, 22: 2995.

Yosef B, Zhou Y, Mouschouris K, et al. N-Acetyl-L-cysteine
reduces fibrosis and improves muscle function after acute
compartment syndrome injury [J]. Mil Med, 2020, 185: 25-34.
Hole¢ek M. Aspartic acid in health and disease [J]. Nutrients,
2023, 15: 4023.

de Haan A, van Doorn JE, Westra HG. Effects of potassium +
metabolism and force

magnesium aspartate on muscle

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

development during short intensive static exercise [J]. Int J
Sports Med, 1985, 6: 44-49.

Castelli S, Desideri E, Laureti L, et al. N-Acetylaspartate
promotes glycolytic-to-oxidative fiber-type switch and resistance
to atrophic stimuli in myotubes [J]. Cell Death Dis, 2024, 15: 686.
Pyko M, Rider MH, Hue L, et al. 6-Phosphofructo-2-kinase/
fructose-2, 6-bisphosphatase from frog skeletal muscle:
purification, kinetics and immunological properties [J]. J Comp
Physiol B, 1993, 163: 89-98.

Bosca L, Challiss RA, Newsholme EA. The effect of fructose 2,
6-bisphosphate on muscle fructose-1, 6-bisphosphatase activity
[J]. Biochim Biophys Acta, 1985, 828: 151-154.

Nakagawara K, Takeuchi C, Ishige K. 5'-CMP and 5'-UMP
alleviate dexamethasone-induced muscular atrophy in C2CI12
myotubes [J]. Biochem Biophys Rep, 2023, 34: 101460.

Dubinin MV, Starinets VS, Belosludtseva NV, et al. The effect of
uridine on the state of skeletal muscles and the functioning of
mitochondria in duchenne dystrophy [J]. Int J Mol Sci, 2022, 23:
10660.

Cataldi MP, Lu QL. Ribitol and ribose treatments differentially
affect metabolism of muscle tissue in FKRP mutant mice [J]. Sci
Rep, 2025, 15: 1329.

Xiang S, Luo Y, Liu W, et al. Calycosin alleviates ovariectomy-
induced osteoporosis by promoting BMSCs autophagy via the
PI3K/Akt/mTOR pathway [J]. Naunyn Schmiedebergs Arch
Pharmacol, 2025, 398: 11963-11974.

Yang M, Yang Z, Huang X, et al. Formononetin alleviates
thermal injury-induced skin fibroblast apoptosis and promotes
cell proliferation and migration [J]. Burns, 2025, 51: 107256.
Wang FX. Atractylenolide II Regulated Glutaminolysis
Contributes Tohepatie Stellate Cell Senescence for Inhibition of
Liver Fibrosis (FI AR PRI 4% 7 2 B fie AR5 5 AL IR 40
TEL PURTAF 4EAL HLHIE 7T) [D]. Nanjing: Nanjing University
of Chinese Medicine, 2022.

Roberts BM, Kolb AL, Geddis AV, et al. The dose-response
effects of arachidonic acid on primary human skeletal myoblasts
and myotubes [J]. J Int Soc Sports Nutr, 2023, 20: 2164209.
Zhang L. Effects of EPA and DHA on Proliferation, Differentiation
and Apoptosis in C2C12 Myoblasts (EPA 1 DHA X} C2C12 il 4H
MOEHE . 4346 A0 T/ 52 1) [D]. Wuhan: Wuhan Polytechnic
University, 2018.

Wen Y, Chen H, Zhang L, et al. Glycyrrhetinic acid induces
oxidative/nitrative stress and drives ferroptosis through activating
NADPH oxidases and iNOS, and depriving glutathione in triple-
negative breast cancer cells [J]. Free Radic Biol Med, 2021, 173:
41-51.

Shen MT, Bai DN, Wang QW, et al. Research progress on anti-
inflammatory mechanism of Cinnamomum cassia and its active
components [J]. Chin Tradit Herb Drugs (71 % %), 2022, 53:
3218-3225.



