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Abstract: The paper aims to compare the protective effect of Salvia miltiorrhiza and Anemarrhena asphode-
loides on AD cell model and investigate its protective mechanism by cell metabolomics platform. AD cell model
was established by the abnormal phosphorylation of Tau protein in SH-SY5Y cells induced by okadaic acid. The
protective effect of the extract of Salvia miltiorrhiza and Anemarrhena asphodeloides on the model was evaluated
by cell proliferation-toxicity experiment. The metabolomics platform was used to study the efficacy of Salvia
miltiorrhiza and Anemarrhena asphodeloides comprehensively, explore the potential biomarkers related to AD and
the effect of drugs on the potential biomarkers. Salvia miltiorrhiza extract had a certain protective effect on the AD
model (P < 0.05), while the Anemarrhena asphodeloides extract had no significant protective effect (P > 0.05). 45
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significant differential metabolites and the related 12 metabolic pathways were identified using UHPLC-QTOF/MS
platform, which were related to the AD cell model. After administration of Salvia miltiorrhiza extract, 30 different
metabolites appeared callback, while after intervention of Anemarrhena asphodeloides extract, 7 metabolites
appeared callback. The results showed that the extracts of Salvia miltiorrhiza and Anemarrhena asphodeloides had
certain protective effects on the AD cell model with Tau protein abnormal phosphorylation, but Salvia miltiorrhiza
had more extensive targets and could significantly improve the cell viability. The mechanism may be related to the
regulation of the metabolic pathways of AD cell model induced by okadaic acid.
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Figure 1  Establishment of AD cell model. A: The cell viability of different concentrations of OA on normal SH-SY5Y cells; B: Western
blot of the control group and model group; C: Cell morphology of the control group; D: Cell morphology of the model group. GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase. OA: Okadaic acid. ‘P < 0.05, ™"P < 0.001 vs control group
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Figure 2 The cell viability of normal SH-SY5Y cells with different concentrations of Salvia miltiorrhiza extract (A), Anemarrhena aspho-

deloides extract (B), and donepezil, positive control (C)
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Figure 3 The cell viability of AD model cells with different concentrations of Salvia miltiorrhiza extract (A), Anemarrhena asphodeloides
extract (B), and donepezil, positive control (C). “P < 0.001 vs control group, ‘P < 0.05 vs model group
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Figure 4 PLS-DA scores plot of potential biomarkers from control group, AD cell model, donepezil group, Salvia miltiorrhiza group, and
Anemarrhena asphodeloides group in positive mode (A, B) and in negative mode (C, D) of both RPLC-MS (A, C) and HILIC-MS data (B,

D). AD: Alzheimer's disease
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Table 1 Different metabolites and metabolic pathways. | and T indicate relative decrease in signal of model groups or increase in signal

of model groups vs control groups; # indicates potential biomarkers identified with reference standards

Metabolite Exact mass Adduct Formula Trend Related pathway
Pyruvic acid” 88.02 M+FA-H C,H,0, ! Citrate cycle
L-Homoserine 119.06 M-H C,H,NO, l Cysteine and methionine metabolism
Taurine 125.01 M-H C,H,NO,S | Taurine and hypotaurine metabolism
Allysine 145.07 M+FA-H C,H,NO, } Lysine degradation
Oxoglutaric acid 146.02 M+FA-H C,HO, } TCA cycle
L-Histidine 155.07 M+H-2H,0 C,H,N,0, } Histidine metabolism
Citric acid 192.03 M+Na C,H;0, 1 TCAcycle
Propionylcarnitine 217.13 M+H C,,HNO, 1 Lipid metabolism
L-Cystathionine 222.07 M+H C,H,,N,0,S } Cysteine and methionine metabolism
N-Acetylaspartylglutamic acid ~ 304.09 M+Na C,,H;;N,O, | Alanine, aspartate and glutamate metabolism
Glutathione 307.08 M+Na, M+H C,,H;N,OS } Cysteine and methionine metabolism
Thiamine pyrophosphate 425.05 M-H,0-H C,H,N,0,P,S } TCA cycle
FAD 785.16 M-H C,;H,N,O,.P, } Vitamin digestion and absorption
L-Lactic acid 90.03 M+H C,H,0, 1 Pyruvate metabolism
Uracil 112.03 M+NH, C,H,N,0, 1 Pyrimidine metabolism
L-Proline 115.06 M+H C,H,NO, 1 Arginine and proline metabolism
L-Valine® 117.08 M+H C,H,NO, 1 Valine, leucine and isoleucine biosynthesis
Pyroglutamic acid 129.04 M+H C,H,NO, 1 Glutathione metabolism
Ketoleucine 130.06 M-H C,H,,0, 1 Valine, leucine and isoleucine biosynthesis
4-Hydroxyproline 131.06 M+Na, M+H C,;H,NO, 1 Arginine and proline metabolism
L-Isoleucine 131.09 M+H C.H,;NO, 1 Valing, leucine and isoleucine biosynthesis
L-leucine” 131.09 M+H C,H,NO, 1 Valine, leucine and isoleucine biosynthesis
Ornithine® 132.09 M+H C,H,,N,0, 1 Arginine and proline metabolism
Malic acid 134.02 M-H C,HO, 1 TCA cycle
Adenine 135.05 M+H C,HN, 1 Purine metabolism
2-Aminobenzoic acid 137.05 M+Na C,H;NO, 1 Tryptophan metabolism
Spermidine 145.16 M+H C,H, N, 1 Arginine and proline metabolism
L-Glutamine” 146.07 M+H C,H,N,O, 1 Purine metabolism
L-Lysine* 146.11 M+H C,H,LN,0, 1 Lysine biosynthesis
L-Glutamic acid” 147.05 M+H C,;H,NO, 1 Alanine, aspartate and glutamate metabolism
L-Methionine 149.05 M+H C,H,NO,S 1 Cysteine and methionine metabolism
Dopamine 153.08 M+Na C;H,NO, 1 Tyrosine metabolism
L-Phenylalanine” 165.08 M+H C,H,,NO, 1 Phenylalanine metabolism
Hippuric acid 179.06 M+Na C,H,;NO, 1 Phenylalanine metabolism
L-Tyrosine 181.07 M+Na C,H,NO, 1 Tyrosine metabolism
Phosphorylcholine 184.07 M+H C,H, ,NO,P 1 Glycerophospholipid metabolism
L-Tryptophan” 204.09 M-H, M+H C,H,N,0, 1 Tryptophan metabolism
Pantothenic acid 219.11 M-H, M+Na C,H;NO, 1 Pantothenate and CoA biosynthesis
L-Cystine 240.02 M-H C,H,N,QO,S, 1 Cysteine and methionine metabolism
Cytidine 243.09 M-H C,H,,N,O, 1 Pyrimidine metabolism
Glycerophosphocholine 257.10 M+FA-H C;H,,NO,P 1 Glycerophospholipid metabolism
Argininosuccinic acid 290.12 M-H C,,H;sN, O 1 Alanine, aspartate and glutamate metabolism
dump 308.04 M+FA-H C,H,N,O.P 1 Pyrimidine metabolism
Adenylsuccinic acid 463.07 M+FA-H C,HN.O,P 1 Alanine, aspartate and glutamate metabolism
Oxidized glutathione 612.15 M-H C,H.,N.O,.S, 1 Glutathione metabolism
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Figure 5 OPLS-DA scores plots from the control group and AD cell model of both RPLC-MS (A, C) and HILIC-MS data (B, D) in positive
mode (A, B) and in negative mode (C, D). Green dots and red triangles represent samples in control group and AD cell model separately. A:
R2X = 0.849, R?Y = 0.995, Q*(cum) = 0.989; B: R?X = 0.865, R%Y = 0.993, Q*(cum) = 0.982; C: R?X = 0.725, R?Y = 0.992, Q? (cum) = 0.981;

D: R?X = 0.807, R%Y = 0.988, Q*(cum) = 0.974
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Figure 6 The metabolomic pathway analysis of the AD cell

model. 1: Phenylalanine, tyrosine and tryptophan biosynthesis; 2:
D-Glutamine and D-glutamate metabolism; 3: Alanine, aspartate
and glutamate metabolism; 4: Arginine and proline metabolism; 5:
Phenylalanine metabolism; 6: Glutathione metabolism; 7: Arginine
biosynthesis; 8: Cysteine and methionine metabolism; 9: Citrate
cycle; 10: Pyruvate metabolism; 11: Pyrimidine metabolism; 12:
Glycolysis/gluconeogenesis
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Figure 7 Relative signal intensities of 30 potential metabolites in control, control group, AD cell model, donepezil group, Salvia miltiorrhiza
group, and Anemarrhena asphodeloides group. n = 10, x . "P < 0.05, P < 0.01, “"P < 0.001 vs model group
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