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Abstract: Objective To investigate the hypolipidemic effects of gypenosides based on serum, liver and fecal metabolomics techniques.
Methods A high-fat diet was used to establish a hyperlipidemia model in rats, with 32 male SD rats randomly divided into control group,
model group, atorvastatin (10 mg/kg) group and gypenosides (150 mg/kg) group. After eight weeks of continuous administration, body
weight and blood lipid levels were measured. Metabolites in serum, liver and feces were analyzed using ultra-high-performance liquid
chromatography-quadrupole-time-of-flight mass spectrometry, and differential metabolites were screened through multivariate statistical
analysis. Results Gypenosides significantly reduced levels of total cholesterol, triglycerides and low-density lipoprotein cholesterol in
serum of hyperlipidemic rats (P < 0.05, 0.01). Metabolomics analysis revealed that gypenosides effectively normalized the endogenous
metabolic profile of model rats, identifying 30, 27, 19 differential metabolites in serum, liver and feces, respectively, primarily including
lysophosphatidylcholine, unsaturated fatty acids and derivatives, bile acids, and amino acids and derivatives, linked to glycerophospholipid,
linoleic/arachidonic acid, unsaturated fatty acid, primary bile acid biosynthesis, and tryptophan metabolism. Except for

glycoursodeoxycholic acid and glycylglycoursodeoxycholic acid in liver, which still showed an increasing trend after gypenosides
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intervention, all other differential metabolites returned to near-normal levels. Conclusion Gypenosides modulate blood lipids by

regulating the lipid metabolism network through multiple targets, with mechanisms related to intervention in lysophosphatidylcholine

metabolism, linoleic acid and arachidonic acid metabolism, bile acid metabolism and tryptophan metabolism pathways, systematically

revealing the overall regulatory effect of gypenosides on endogenous metabolism of hyperlipidemic rats.
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# 1 UPLC-Q/TOF-MS ¥ZEHERIEREHERSD
Table 1 Chemical constituents identified in gypenosides by UPLC-Q/TOF-MS

[Sie) b= A~

e e AFA fmin frj”‘/”j)ﬁ (flf;) BB (ml2) *ﬁiﬁ;
1 SR BHARME CxHuO17 1141 9434946 4.6 897.4884,765.444 4 0.6
2 =LEFHR CyHgoO1s 11.62  977.5362 42 931.5307,799.487 6 0.2
3 LK RV Cs3HooO22 12.89 1123.5929 2.6 1077.589 4, 945.5460,611.316 5 0.1
4 ZRIEREXLIX CsHsO2 13.06 1091.5684 4.2 1045.563 4,913.519 5, 751.465 2, 568.279 5 5.7
5 G R AR CsHuO17 1323 9434944 43 897.4887,765.444 3 0.7
6 RAMEWI Cs3HooO21 13.99 1107.6004 4.8 1061.595 3, 929.551 4, 783.492 6, 576.295 5, 553.293 1 33
7 GREREFIX CyHgoO17 14.17  961.5417 4.7 915.5356,783.491 7 0.6
8 BPEETFA CaHnuO17 1477 9434943 42 897.488 1, 765.444 2, 681.385 8, 619.385 9, 403.285 1 17.8
9 21-FE-Z R RA CaHnO17 1494 9414783 3.9 895.4725,763.4285,617.3702,373.274 6 1.6
10 Kt &42 CssHoxO2 15.08 1149.6097 3.5 1103.6057,1061.5953,971.5616,929.551 1,597.3005 1.0
11 21-FAE-Z i B FFARMIE CeHnO7 1521 9414790 4.7 895.4727,763.428 8 0.8
12 KL RE R CaH7O16 1533 929.5149 42 883.508 8, 751.464 9, 605.406 3 1.3
13 Lk RILI CoH7s017 15.84 9595253 3.9 913.5193,781.4755,697.417 7 26
14 K BEPLSDZ2F MMk CoHwO17 16,61 957.5093 3.6 911.503 1, 779.459 3, 633.400 6 5.5
15 &k =i PLSDZ2 CyH76017 1675 957.5094 3.7 911.503 3, 779.459 6, 633.400 8, 567.368 9, 359.295 3 103
16 LM BEBP22I3FME  CwoHiOis 18.05  999.5208 4.3 953.5147,911.503 9, 821.470 8, 779.459 7, 633.400 8 6.6
17 & 21 BP2213 CoH7O1s 1824 999.5209 4.4 953.5148,911.504 0, 821.471 0, 779.459 8, 359.295 5 11.5

BT NMAHCOO] 5 AT & Byl A Pl AR 5 S AR A 23 Lo

Ion mode was [M + HCOO]; Relative content was the percentage of peak area of compound to total peak area.

#2 KREDENSEMEXRFREMMASHIFE (X+s,n=8)
Table 2 Effect of gypenosides on body weight and serum lipids in hyperlipidemic rats (X + s, n =8)

1) AEmeke) AR S [ =W, AR PERRE COIHE R v R AR AR 1 E L
) (mmol-L™) (mmol-L™) (mmol-L™) (mmol-L™)
ot i — 39754215 0.93+0.17 0.69+0.18 0.31£0.05 1.0340.33
T — 468.0+40.5" 3.35+£0.69"  2.0510.48" 1.074+0.23* 0.86+0.23
FTFEARARTT 10 422.6+27.7%  1.59+£025%  1.32+0.21% 0.39+0.10% 1.0640.26
S 150 4422+279  2.14+0.46" 1.26+0.20* 0.55+0.11% 1.044+0.26
XA "P<0.05 "P<<0.01; HHEMALNE: #P<0.05 #P<0.01.

“P<0.05 *P<0.01 vs control group; *P < 0.05 *P <0.01 vs model group.
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Fig. 1 PCA scores plots of serum (A, C), liver (E, G), feces (I, K) and OPLS-DA scores plots of serum (B, D), liver (F, H),

feces (J, L) between model group and gypenosides group

*3 MAEPERKBMNTHIEER

Table 3 Results of differential metabolites in serum

o . Hof HE v Y LR BT vslBE R
R tr/min VIP FC VIP FC

HRIR 0.99 1.1 0.48" 1.1 0.42"
=N 1.11 1.5 0.12" 1.4 0.09"
SRR 1.81 5.2 0.32" 5.5 0.15*
Y - - TR 8.09 3.5 0.46" 4.4 0.26™
N-Ae4= DU I T - s 2 R 8.18 1.3 0.26™ 1.3 0.18*
LysoPE(18 : 1) 8.51 1.3 0.10" 1.5 0.05"
A PUBR S IR R 8.57 2.3 2.73* 23 2.70*
RIATHIE 8.72 1.6 321" 1.5 2.29™
LysoPC(20 : 5) 8.74 1.5 0.18* 1.5 0.10*
LysoPC(18 : 2) 8.74 8.2 0.13* 7.9 0.06™
LysoPC(22 : 6) 8.92 2.5 0.31* 2.8 0.07**
LEREA R 8.94 3.9 0.15* 4.0 0.15*
LysoPC(20 : 4) 8.96 12.4 0.10* 12.1 0.05**
LysoPE(18 : 0) 9.09 1.8 0.29** 2.0 0.17*
LysoPC(22 : 5) 9.24 2.9 0.20* 3.0 0.06**
LysoPC(18 : 3) 9.36 1.8 0.46™ 2.0 0.22™
LysoPC(16 : 0) 9.36 11.1 0.43** 12.4 0.20*
9-F2 FE P iR 9.51 1.2 2.52* 1.3 2.03"
AR 9.65 11.5 0.20" 11.4 0.12*
LysoPE(20 : 1) 9.71 52 0.11™ 55 0.12*
TR 9.71 1.5 0.16" 1.6 0.14™
LysoPC(18 : 1) 9.73 16.3 0.12* 15.6 0.09**
LysoPC(22 : 4) 9.90 22 0.15* 22 0.07**
LysoPC(20 : 2) 10.08 43 0.15* 42 0.07*
LysoPI(18 : 1) 10.18 1.0 0.31* 1.1 0.27*
gt g IR 10.44 1.3 0.17* 14 0.13*
LysoPS(18 : 1) 10.47 3.9 0.17* 3.9 0.10*
B N A i1 12.21 4.1 3.42" 3.8 2.44*
THIBR I i 12.30 18.2 0.25™ 18.5 0.12™
T ERR 12.51 4.6 2.32" 2.9 1.60*

HRERA S *P<0.05 *P<0.01,
*P<0.05 *P<0.01 vs model group.
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Table 4 Results of differential metabolites in liver

. . Xt HE s Y B s Y
R fr/min VIP FC VIP FC

I R AR 0.64 7.7 1.64* 9.8 2.15™
Sz 0.66 7.6 0.45™ 7.4 0.43**
AL 0.73 1.4 0.49** 1.5 0.40™
IR B NS 1.16 1.3 0.29* 1.1 0.46™
HEBE R IR 1.69 1.8 0.48" 1.5 0.58"
HEHRE 6.11 8.2 0.23" 75 1.79*
AR 6.31 10.6 1.95* 10.4 1.55™
HE e A R 7.42 7.4 0.25" 6.1 1.65"
TR 8.66 2.6 227" 2.9 1.76™
ACAE DU W R 8.90 1.1 1.74* 1.3 1.61*
LysoPC(22 : 5) 9.10 3.3 0.50™ 3.0 0.55™
3V 3 2 A 9.17 3.0 0.40** 2.8 0.40™
LysoPE(20 : 3) 9.37 7.7 2,17 5.6 1.74*
LysoPE(22 : 5) 9.55 7.9 2.00* 7.8 1.85™
R 9.64 3.8 0.45™ 4.0 0.66™
LysoPS(18 : 2) 9.77 9.4 221 9.9 2.44™
LysoPA(20 : 3) 9.90 1.4 0.56™ 1.8 0.62™
LysoPE(20 : 2) 10.06 6.6 3.35™ 5.9 3.24™
LysoPC(16 : 1) 10.24 1.7 0.29™ 1.8 0.59*
LysoPA(18 : 1) 10.35 25 0.40™ 3.0 0.53™
3- 1 4 10.35 3.7 0.38" 3.7 0.32™
LysoPS(18 : 0) 10.81 4.0 1.75™ 4.1 1.76™
Z AR 10.99 1.2 0.15" 1.2 0.47"
LysoPA(18 : 0) 11.34 4.4 0.35™ 5.0 0.52™
ERtAEE H & R 11.44 2.8 0.66™* 25 0.64™
B H =R 11.80 3.6 1.62** 3.2 1.64™
PC(22 : 5) 13.14 43 1.74* 6.7 242

*5 EEPERKBYINHIE

Table 5 Results of differential metabolites in feces

. . Sof BB vs AR Y LW L vshE A
ANLIEY] fR/min Vi o i e
TS 1.39 33 3.13™ 2.5 1.82%
3- ﬂ%l Eﬁ@x 434 1.9 1677 1.7 8.26™
3-methyldioxyindole 4.72 22 18.64" 1.8 8.20*
5] -3 Ff i 5.41 1.2 12.43* 1.0 6.01*
FR NN 6.11 1.2 0.60" 1.3 0.30™
B- R NHER 6.56 3.2 0.52"* 3.2 0.31*
JilEN Lz 6.95 12.6 0.56™ 13.4 0.30™
PI(34 : 0) 6.96 1.8 0.49™ 1.8 0.22**
PI(34 : 2) 7.32 1.1 0.40™ 1.2 0.03™
RE L AR 7.65 3.4 0.47" 2.6 0.55"
¥ LA 7.98 6.3 0.51™ 6.7 0.20™
MG(24 : 6) 8.01 3.0 0.21™ 3.0 0.60™*
7-1 Bt SECHE R 8.05 2.4 0.10™ 2.7 0.38"
Jit S E R 8.81 9.9 0.61™ 9.9 0.46™
T VYRR BAETR 11.73 5.0 0.33" 53 0.61"
MG(18 : 3) 12.11 1.0 2.96" 1.1 2.12
12-F2 05— H DU A IR 12.27 1.1 5.30™ 1.1 3.08"
Cer(t18 : 0/16 : 0) 14.93 1.6 491" 1.7 3.03™

i 1 ot fl 15.32 2.1 1.97* 3.0 1.98*
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