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Abstract: Objective To investigate the effect of gypenosides (GPs) on improving the abnormal cell metabolism induced by
abnormal tau protein overexpression, and to explore the mechanism of GPs in the treatment of Alzheimer's disease. Methods
Microtubule-associated protein tau (MAPT) overexpressing N2a cell were constructed by CRISPR/Cas9 technique. The effects of
GPs on the survival ratio of N2a and MAPT cells were detected by Cell Counting Kit-8 (CCK-8) to determine the safe dose range of
GPs. N2a and MAPT cells were cultured in vitro, and different concentrations of GPs (50,100 pg-mL™") were added to MAPT cells
for intervention. After co-incubation for 24 h, the cells were collected and the total tau protein levels were detected by western
blotting. Metabolomics technology was used to detect the effects of GPs on metabolites of MAPT cells and identify the different
metabolites and pathways. Results GPs (50, 100, 200 pg-mL™") had no significant effect on N2a cell viability. GPs (5, 50, 100,
200 pg'mL™") had no significant effect on MAPT cell viability. Compared with N2a control group, the tau protein level in MAPT
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cells was significantly increased (P < 0.001), and the total tau protein content in MAPT cells was significantly decreased by 50 pg-

mL™" GPs. The metabolomics results showed that the different metabolites enriched in lipid and lipid molecules, organic acids,

nucleosides, nucleotides and analogues, etc. KEGG pathway analysis demonstrated differential metabolites were mainly

concentrated in nucleotide metabolism, amino acid synthesis, glycerol phospholipid metabolism and other pathways. After GPs

treatment, the level of CDP-Choline and phosphocholine (PC) were increased (P < 0.001), while the contents of

glycerophosphocholine (GPC) and glycerin-3-phosphoethanolamine were significantly decreased (P < 0.001). Conclusion GPs can

attenuate the abnormal overexpression of tau protein, and regulate the metabolism pathway of glycerophospholipid by increasing

CDP-Choline and PC, reducing GPC and sn-Glycerol-3-phosphoethanolamine.
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Ahg;];nem AR ;"l/n m/z  1gFC  VIP I i;g;s
POS9090 chretiolide 8.72 43734 1532 224 triterpenoids A ok
POS8848 1 M e 9.53 42538 1498 2.15 triterpenoids A ok
POS6480 isoabienol 830 313.25 13.38 231 diterpenoids A otk
POS9215 NS g 9.08 44339 13.15 230 triterpenoids A Hkx
POS9045 TR 8.14 43533 1295 233 cycloartanols and derivatives A wrk
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Ahgglem e r:l/n m/z  1gFC  VIP JEES i;r
NEG12153 [1,6-dihydroxy-8-Chydroxymethyl) ~ 8.82 51527 1249 225 tigliane and ingenane diterpenoids ~ A ***
-4,12,12,15-tetramethyl-13-(2-
methylpropanoyloxy)-5-oxo-14-
tetracyclo[ 8.5.0.02,6.011,13]
pentadeca-3, 8-dienyl ] (E£)-2-
methylbut-2-enoate
POS10454 2a-acetoxy-3,22-stictandione 8.07 516.40 11.94 235 sesquiterpenoids A xx
NEG16341 BRI C 891 957.51 11.64 2.10 triterpene glycosides A wrk
NEG16440 RERBHI 8.55 987.51 11.11 2.12 triterpene glycosides A wrk
POS9177 22-hydoxy-2-hopen-1-one 10.46 44137 1097 2.36 hopanoids A wrk
NEG16268 Rl A 8.13 93347 10.57 222 steroidal saponins A ok
NEG14137  2-hydroxy-2-[ 9-hydroxy-5a,5b,8,  9.41 651.41 1043 2.21 triterpene glycosides Ak
11a, 13b-pentamethyl-8-[[ 3,4, 5-
trihydroxy-6-Chydroxymethyl) oxan-2-
ylJoxymethyl]-1,2,3,3a,4,5,6,7,
7a,9,10,11,11b,12,13,13a-
hexadecahydrocyclopental a Jchrysen-
3-yl]propanoic acid
NEG16294 (3beta,5xi,9xi)-23-hydroxy-16-oxo- 8.14 943.49 10.38 2.24 triterpenoids A ok
13,28-epoxyoleanan-3-yl beta-D-
xylopyranosyl-(1->2)-beta-D-
glucopyranosyl-(1->4)-alpha-L-
arabinopyranoside
POS14445 (3beta,5xi,9xi, 18xi,22beta)-22,25- 8.69 930.54 10.32 2.28 triterpene glycosides Ak
dihydroxyolean-12-en-3-yl 6-deoxy-
alpha-L-mannopyranosyl-(1->2)-beta-
D-xylopyranosyl-(1->2)-beta-D-
glucopyranosiduronic acid
NEG16384 LElHEFH 8.15 971.52 997 233 triterpene glycosides Ak
NEG16239 EYEHB 8.75 92750 9.93  2.13 triterpenoids A Hkx
POS14454 TNEHH 8.69 93550 991 234 triterpenoids A ok
NEG14583 Bt A R 1.006 693.12 9.83  2.14 purine deoxyribonucleoside Ak
monophosphates
NEG13236 TR A 7.60 57928 9.71 234 cardenolides and derivatives A ek
POS7352 EESEE)ia 9.13 351.13 9.64 2.29 terpene glycosides A ok
P0OS9409 (E,65)-7-hydroxy-2-methyl-6-[ (10S, 8.14 453.34 949 237 triterpenoids A Hkx
13S5,14S5,175)-4,4,10,13,14-
pentamethyl-3-oxo-1,2,5,6,7,11,
12,15,16,17-decahydrocyclopenta
[aJphenanthren-17-yl Thept-2-enoic
acid
NEG4884 5,3- R 7.18 253.05 931 226 flavones § s
NEG5343 4R3I AL 8.24 267.07 9.03  2.18 3'-O-methylated flavonoids § s
POS3126  2,4,7,9-PUFJE-5-280-4,7- % 871 191.18 852 224 alpha,beta-unsaturated carbonyl Ak

compounds
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Ahgglem e r:l/n m/z  1gFC  VIP JEES i;r
POS3464 1-methyl-4-methylidene-7-(propan-2- 10.38 203.18 7.13  2.21 guaianes A Hxx
yD-1,2,3,3a,4,5,6,8a-
octahydroazulen-1-ol
POS9136 I ME 8.50 43936 6.57 234 triterpenoids A ok
POS8785 PUESYH 9.63 42336 631 233 triterpenoids A dokx
POS4859 B[ ) A %2 5.87 25212 5.87 241  hydroxybenzoic acid derivatives ~ } #¥*
NEG924 AR 1.96 128.03 581 235 amino acids and derivatives A Kk
POS10088 Hh AR 15 2 R 5.15 492,14 271 224 amino acids and derivatives A Hkx
POS10107 2 INB EZ Y B 5.15 493.15 2.63 220 phenylbenzo-1,4-dioxanes A ok
NEG4579 GX7/F 591 243.08 259 222 biotin and derivatives A ok
NEG3695 Z R 5.15 218.10 2.18 2.22 amino acids and derivatives A otk
NEGS5842 AN 5.15 281.10 2.11 2.33 terpene lactones A ok
POS4497 BRTHEER 4.92 240.08 2.02 2.18 7-hydroxycoumarins A otk
NEG7081 1-FP B R 515 316.08 201 217 nucleosides A ek
POS4007 A2 516 222,12 184 232 phenyl methylcarbamates A=
NEG123 B-TH & R 515 88.04 1.73 2.14 amino acids and derivatives A
NEG7989 FT-f R 515 34297 172 228 PFSA A ok
NEG9034 LIRS IR S -H 5.15 38094 1.69 234 PFSA A ok
NEGS5664  N-(3-FEEEIRID-9H- IR -6-fx 515 276.06 130 2.13 6-aminopurines A ko
POS9298 2-hydroxycyclohexyl 2-O-[ (2E) 832 447.16 128 229 hydroxycinnamic acid esters A Hxx
-3-(4-hydroxyphenyl)-2-propenoyl |
-beta-D-glucopyranoside
NEG7125  methyl 2-[ (4-chloro-3-nitrophenyl) ~ 5.15 317.02 1.28 224 benzamides A ok
carbonylamino Jacetate
POS6260 3-F kS Tk AR 6.23 30421 093 222 fatty acyls A Hkx
POS10108  6-[2-hydroxy-3-methyl-3-[ (2S,3R,  7.52 493.17 0.77 2.27 fatty acyl glycosides A ok
4S,5S,6R)-3,4,5-trihydroxy-
6-Chydroxymethyl)oxan-2-yl]
oxybutyl]-5, 7-dimethoxychromen-2-
one
NEG7275 0 B T 1.01 322.04 -0.81 2.14 pyrimidine ribonucleoside y R
monophosphates
NEG1738 3-FEH LR TR 3.56 161.04 -0.83 2.22 fatty acyls y Rk
NEG10934  (3,5-dimethoxyphenyD-N-{3-[(4-  2.71 460.06 -1.00 2.41 aromatic anilides Y REE
chlorophenyDsulfonyl]-5-
methoxyphenyl}carboxam ide
POS6023 2-methylidene-4-[ (2R,3R,4S,5S, 525 296.14 -1.00 2.15 saccharolipids y RER
6R)-3,4,5-trihydroxy-
6-Chydroxymethyl)oxan-2-yl]
oxybutanoic acid
NEG9762 N-(4-bromophenyl)-2-[ 4-(N- 0.89 412.03 -1.57 227 quinoline carboxamides y REE

methylcarbamoyl)-2-

oxohydroquinolyl Jacetamide

Ao B Y -FETTP<0.001,

A -up-regulation; ¥ -down-regulation;

sk

P <0.001.
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Fig. 4 Circheatmap of differential metabolite analysis
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B
Neuroactive ligand-receptor interaction n=5(6.71E-04)
c¢GMP-PKG signaling pathway n=2(7.57E-03)
AMPK signaling pathway n=2(3.50E-02)
ABC transporters n=7(2.38E-03)
Morphine addiction n=2(4.79E-03)
Diabetic cardiomyopathy n=3(1.53E-02)

Choline metabolism in cancer
Central carbon metabolism in cancer
Antifolate resistance

n=3(3.61E-04)
n=3(1.32E-02)
n=4(6.35E-05)

Pyrimidine metabolism n=9(127E-07)
Purine metabolism

Pantothenate and CoA biosynthesis
Oxidative phosphorylation
Nucleotide metabolism

Metabolic pathways
Glycerophospholipid metabolism
Citrate cycle (TCA cycle)

Caffeine metabolism

Biosynthesis of cofactors
Biosynthesis of amino acids

=3(7.40E-03)
v=2(192E-02)

n=56(3.90E-06)
n=4(6.61E-03)
n=2(2.93E-02)
=2(3.50E-02)
n=13(3.37E-04)
n=6(7.22E-03)

beta-Alanine metabolism =4(8.24E-04)
Alanine, aspartate and glutamate metabolism B=4(4.88E-04)
Vitamin digestion and absorption. n=4(1.76E-03)

Taste transduction

Synaptic vesicle cycle

Renin secretion

Protein digestion and absorption
Olfactory transduction

Longevity regulating pathway
Aldosterone synthesis and secretion

0=2(2.15E-02)
0=3(2.51E-02)
1=2(4.79E-03)
0=2(4.79E-03)
0=2(3.50E-02)

1=12(5.76E-09)

alkaloids and derivatives (4, 1.83%)
.benzene and substituted derivatives (1, 0.46%)
benzenoids (22, 10.05%)
. lignans, neolignans and related compounds (1, 0.46%)
lipids and lipid-like molecules (63, 28.77%)
.nucleosides, nucleotides, and analogues (28, 12.79%)
organic acids and derivatives (40, 18.26%)
. organic nitrogen compounds (6, 2.74%)
organic oxygen compounds (15, 6.85%)
.organoheterocyclic compounds (25, 11.42%)

phenylpropanoids and polyketides (14, 6.39%)

Secondary Classification
Aging
Amino acid metabolism
Biosynthesis of other secondary metabolites
Cancer: overview

— Carbohydrate metabolism

Cardiovascular discase

Digestive system

Drug resistance: antineoplastic

Endocrine system

Energy metabolism

Global and overview maps

3

H

Lipid metabolism

Membrane transport

Metabolism of cofactors and vitamins
Metabolism of other amino acids
Nervous system

Nucleotide metabolism

Sensory system

— Signal transduction

Signaling molecules and interaction
Substance dependence

20

A-ZERRYY5 33018 B-KEGG il B = L KT 1]
A-Circle diagram of classification; B-enriched bar graph for KEGG pathway.
5 HEAEGPsAERNI=WINRES

Fig.5 Functional analysis of different metabolites between model group and GPs group
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Fig. 6 Glycerolphospholipid metabolic pathway (ID of KEGG signaling pathway is rn00564)
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