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Abstract: This study investigated the effects of acteoside (ACT) on serum metabolites in purinomycin
aminonucleoside (PAN)-induced chronic glomerulonephritis (CGN) in young rats using non-targeted metabolomics

and lipidomics, and initially explored its potential mechanism of efficacy. The experiment was approved by the
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Animal Welfare Ethics Committee of Institute of Chinese Materia Medica, China Academy of Chinese Medical
Sciences (No. 2022B152). Firstly, ELISA kits were used to detect serum cytokines including IP-10, IL-6, IL-15,
and TNF-a in rats of each group to evaluate the efficacy of ACT. Non-targeted metabolomics and lipidomics
techniques were used to determine metabolites and lipids in serum, and integrated analysis was conducted to reveal
the mechanism. The results showed that compared with the model group, the levels of IP-10, IL-6, IL-1f, and
TNF-a in the serum of the ACT groups were significantly reduced, indicating a significant pharmacological effect
of ACT. Non-targeted metabolomics results revealed that 23 different metabolites were identified between the
control and model groups, involving pathways such as biosynthesis of unsaturated fatty acids, biosynthesis and
degradation of valine, leucine, and isoleucine, and linoleic acid metabolism. Between the ACT and model groups,
25 different metabolites were identified, involving pathways such as biosynthesis of unsaturated fatty acids, the
TCA cycle, and linoleic acid metabolism. Lipidomics results showed that 68 significantly different lipids were
identified between the control and model groups, involving pathways such as omega-3/omega-6 fatty acid synthesis,
T-cell receptor and costimulatory signaling, and G-protein-coupled receptor activation of PKC. After ACT treatment,
significant changes were observed in 67 differential lipids, with notable reversal in the aforementioned pathways. It
also regulated PPARa modulation of lipid metabolism and related pathways such as a-linolenic acid and linoleic
acid metabolism. Correlation analysis of differential metabolites and lipids indicated that metabolites such as
homovanillic acid, palmitic acid, indoxyl sulfate, as well as triglycerides and phosphatidylcholines were critical.
The commonly regulated pathways by non-targeted metabolomics and lipidomics were biosynthesis of unsaturated
fatty acids and linoleic acid metabolism. In conclusion, ACT primarily treats CGN in young rats by regulating the
biosynthesis of unsaturated fatty acids and linoleic acid metabolism pathways through differential lipids such as
triglycerides and some phosphatidylcholines, and differential metabolites such as homovanillic acid, palmitic acid,
and indoxyl sulfate. This study initially elucidated the intervention mechanism of ACT in the treatment of pediatric
chronic glomerulonephritis from the perspective of serum metabolism, laying a solid foundation for the rational
clinical application of ACT in children with CGN.
Key words: non-targeted metabonomics; lipidomics; acteoside; pediatric chronic glomerulonephritis

5 B 05 (chronic kidney disease, CKD) /& —
FRAN T T 1R 1 W8 05 % 3, TR R N 2 KB i (end
stage renal disease, ESRD). CKD & it 5 vii il Py 1) &
R FE DA ) Y 3 BRI R T 2R, B T e Rk
g AL R & 5 3 CKD Ak, 18 £ 5 /N EK 'S %8 (chronic
glomerulonephritis, CGN) s& CKD /& i B &P, Haf,
JLEE CON B R E B P2~ 128, £k KL+
R FIE A BT, i H R DR ] R S PR TS B AR
T SR AR R 3R DA SR LSRR DG . /)L CGN O &L
1) A 3 o B N S T i A ™ R, %0 BRI
9B /N BRI R BV JORE SON, R EUE /N ERIE I Th gz
. BHUERT AL, JLE CGN 2 W Aa o7 47 T i 5 Sl
BRI H FTVE T 24438 5 A FH IR A0 S 1 77
SR, VR B 2R R, BN IEZE, B
BO A AT F, R EAGEIRTR ST, KT
I R IT RO T VAN R S/ () o 25 S A R o3, X1 L
# CGN Tl A6 7 A A 9 R B ) I SEANE

FEAEFETF (acteoside, ACT) A& — Fh /K ¥ 1 1 7%
LBEB AL E W), B 3,4- FR IR B A B 7
T oo E G A R AR PIDRE R . ACT ZILE M
BIF 76 03 1R 0 2H B R 1 ) R 20 2 b o e T T B

(1E 2541E - 220070013) H (1) F 2536 1% 5 57, o5 35%~
45%, F BA T2 A E N, AR RS s O]
ETRNE T LN 1151 = 211 IR 1 s A <
LA T EEAN KR N, AR, ACT 78 B W iR )T
77 THI FR) 37 W 320 T A BRI g 7S AR 2 T A
BT ACT Szl AR G I7 B R WP E
HUHIM e PO 126 K BE 25k I 4 A BR 2 71 JF € 7 ACT
167 JLE CGN I IR A 72, 9125 K B0 I PR 2k A
. SR, X ACT¥RYT JLE CGN WI1E - LT K el
. DRI, A SCfF ) ELISA A6 T ACT 1RG5 A 5%
41 A1 (1 A8 4k, 4995 IP-104IL-6IL-18. TNF-a. It
Ab, F T HE A AR B0 ) AR 2 R0 AR TR 4 2 B R AT
ACT ¥5Y7 CGN #Jké K B8 7E [ A Wb &4, W10 PR 1)
HAERPLE . SR 70K N ACT 78 JL #4181 B /N BR B
2% I PR . FH B4 78 B 24 AR, RIS S ACT M8 257 K
PRALFT IS

MrEEE

{88 Ultimate 3000 & = 20 AR A 3% 4 (% B 3)
BERE A% A IRAR 7R 20 LA AL AR DY TR R AR
PDA 5l 2%)LTQ Orbitrap Velos Pro it it 1 75 51 77 #¥



EAF e H TR RE R AQHH A 2 A0 IR B S HOR BB EEAERE TR YT AN LI R B /N ER B LT 5T © 1875 -

i HL 3 B3 B BT L T % B 1R (electronspray
ionization, ESI). Thermo Scientific Heraeus Multifuge
X1R & 3# &0 AL (35 E Thermo Fisher 24 #]); KQ-250B
R P OB Ve (B LT A5 A A PR 2 A]); XA105-1
R —+EH 2 1710 TP 1 R JA503-1/10 T2 L 1
KA (i 1 AR A BR 2 7]); IKA MS3 digital
TRBEA (15 E TKA A7)

W BN B A IR 2 AT 9 b B e
Wy B TS (PEE > 98%) ™. MEM R A KT
(purinomycin aminonucleoside, PAN) Il [ g 45 B2 24
B AR A 7 (5 BD149557, 250 mg). K L IP-10
(it 5 JLC5001-202401) . 1L-6 (JLC1721-202401).1L-15
(JLC1704-202401) TNF-a (JLC2062-202401) ELISA iz
FEE LS TREERAR . gid /Kl E b
M s B2 AT BR A ) BB (B4 o (il
&) R (B g, it 5 212271) W H % [E Thermo
Fisher A A .

SLIENY) ARSI AT [ B R B 2 5T
Fr s ARG B S il (EAE S 2022B152). 3 )4
#% SPF 24 I 14 Sprague-Dawley K R, HH At 5% 4 i | 4
LE BB A R A A AL, S8 Ve S
SCXK (%) 2021-0011, i 37 T~ Hpr [ v & R} o B v 245
WS EN ) S50 A0, BN 55 iR FE 2 20 + 2 °C, A i@
F%: 60% + 5%, 12 h 6 HRFI RIS E 28 o KRR 10) ml 72 A
i 756 B LI B A A )

YA RIEE 70 X SD HEME 3 B K R E
RIPEMEFR S R, 24 hJREH € E € LEA KRG, b
Loy 7 4 B A A4 ACT 5 mg kg 41 \ACT
10 mg-kg' 40 ACT 20 mg-kg' 20 . ACT 40 mg-kg" 4H . FH
PEZ4 (fih 55 5], tacrolimus, FK506) 41, 41 % 10 H .
HIEB SR T RWE 1A FiR. SCI0 R, WEEshy
R OL AT NI BB TE 5, B E R R RAEHE .
LY 4T T, 20% 2R 3H I e i S R IR K R, AR
1.0 g'kg, WAE ML, ZEIRF#E 2 h )5, 4 °C.3 000 r'min’'
250 10 min, FEA#A7/E-80 CHBAR IR VKAR -

MBEMEXMBEEFRE e Ml & v B 4%
F ELISA 77 20 5 I35 HhAH OC 4 i BX -1 1 28 Ak, 4
IP-10.IL-6IL-15.TNF-a.

£ F UHPLC-LTQ-Orbitrap-MS A9 JE %8 [5] /X i
AESH BUMIE 50 uL, I L 200 ul, 35 e R 2]
3 min, 4 °C K 12 000 r-min” B> 15 min. R EL
10 pL B A £ Fi4% (quality control, QC) FEAS, 7E A M
AR, BRI 6 AMFE A E AT 1R QCFEAR, F EARIEAX
BAED AT FE R E . ACQUITY UHPLC
HSS T3 (2.1 mm x 100 mm, 1.8 pm) 3% K A6 A

35 °C; MLBNAHN A (4 N1) A1 B (0.1% HER-7K); 1 Bk
Jii: 0~2 min, 5%~55% A; 2~10 min, 55%~95% A;
10~15 min, 95% A; 15~15.5 min, 95%~5% A; 15.5~
20 min, 5% A; i3 0.3 mL-min"; #EREEFR: 1 pL. ESI
WSH T, 4y dE H IE & R A0 B R R K
RAEHRE, IE BT BT B4R 350 °C, BANE H
JE 35V, W% B 3.5 kV, B (N,) JiiE 4.55 L-min”,
HEhS (N,) P33 L-min'; 1 & 740 B 418 Lk
-35V, 55 HUE-3.5 kV, #1 (N,) #iid 4.55 L'min™', 46
BA (N Vi 3 L'min's FE & — /R FT B R
HEAT A (4 3% 8 30 000, H 4 V5 Bl m/iz 50~
2 000), — & Jx = 2% Joi v % FH EH 4O/ 1 1 (data
dependent scan). U K 5 A4 H7 K F Xcalibur, Met-
works #ll Mass Frontier 7.0 #f4: .

E F UHPLC-Q-Exactive-MS B fE [R4A & 40 #h
B 40 pL, I\ H S 300 uL, % HER 2) 1 min. I
FHEERUT 2E /K 1 000 uL, #REE 1 he IIAEEZEIK 250 pL,
WHEVR AT 1 min. 4 °CF 12 000 r-min™ 2.0 10 min. HY
FIEW 400 pL, LR KT HE . AR NEE- L
(1:1) % ¥ 90 pL.25 pug-mL" -+ U ke BR ¥ W 5 uL Al
15.16 pmol-L" PC 12:0/13: 0 W 5 uL, TR$% 52 ¥4, 15
Mo QCHEAR MMM SRR EFH/E], H
QC FEAR M E i KL iEE HAFE A e 42— i
DL AR, BAG I 6 AN FE S IZ AT 1IR QC A i, A LR
E A 2% 75 2 b ok 72 e i AR PR . A ACQUITY
UPLC BEH C18 (2.1 mm x 100 mm, 1.7 pm) &% #4;
FEIR N 55 °C; IEE TR BN A (L HE-7K 6:4,
0.1% F 2, 5 mmol-L" FR%) M B (L M-+ ARE1:9,
0.1% H %, 5 mmol-L" H i #2); B B % it : 0~2 min,
100%~70% A; 2~9 min, 70%~30% A; 9~11 min,
30%~5% A; 11~12 min, 5%~0% A; 12~14 min, 0% A;
14~14.1 min, 0%~ 100% A; 14.1~16 min, 100% A; i
7#0.26 mL-min"s B T KM BNAH N A (LE-K
1:10, 0.04% 2., 1 mmol-L"' Z & %%) M B (Z 55
Fi 10 1); BB e 0~3 min, 90%~65% A; 3~6 min,
65%~15% A; 6~8 min, 15%~0% A; 8~11 min, 0%
A; 11~11.1 min, 0%~90% A; 11.1~13 min, 90% A;
E 0.3 mL-min”, FEFEARFN: 4 pL. ESTYE S 40k 2 Wl
N, g3 onE A OE B R AR A R SR A, I
BB T B B U5 HL I 40 A 3.7 R 3.5 KV B0 i 4
I FE 2N 320 °C; #5774 30 psi, Fili B N 10 psi;
P65 TR 0B R B D 300 °C; B AR A B R N N
i3 SN N, JE J18 1.5 mTorre — &S H0N:
Sy HEE 70 000, H 2h 38 25 1 B bR 1x10°, i KRS 2 i
(] 50 ms, J5 faf L F 4 Y6 150~1 500, K FH 41 b v



- 1876 -

Z5% %4 Acta Pharmaceutica Sinica 2025, 60(6): 1873-1885

AR HE oV Jo Bl Jot AR 258 5 ppm. AR e R
H dd-MS* H A 2 (Bl ik # i =X), 2 8 T
GrHEE 17 500, H B a8 6 H bR 1<10°, 55 KR 25
8] 50 ms, ik Z A 10N E T 0 BhAHER),
o B Ay B B 2, R AR 30 V, BB E 1x10°. R H
Xcalibur 2.2 SP1.48 #4445 il W 5t & 4t , I kAT 2 s

BiES T EAIE N H Compound Discoverer X
A1 %of SR BE 1) LC-MS/MSS B0 408 33 A7 8 3 g {1 1) AR T A
A — AL AR B, K15 2 B80S 5 O\ SIMCA 14.1 B A, it
1T E K4 4 BT (principal component analysis, PCA) . ffi
/N 3R ) ) 4r Mt (partial least squares discrimina-
tion analysis, PLS-DA) 1 1E 22 fhi £ /N — 3 v 20 531 43t
(orthogonal partial least squares discrimination analysis,
OPLS-DA). 437l ki i VIP > 1 & P < 0.05 8l K%
FEAEEL > 1.5 B S WE R BT DTk A bR B
i MetaboAnalyst 5.0 ~F- 5 1 52 5 3k PR FH 26 PR 41 7
4 45 (Kyoto encyclopedia of genes and genomes,
KEGG) S5 #0405 PEBEAT 71 RE, T4 A hr S PTLE )
AHOCAR U B B, JEAT I 2% 1) B AR T o

ZEFRETH KHEEI T TPFEREG =16
(https://cloud.oebiotech. cn/task/) i A S 46w (1) %2 74X
A AN 22 S I o AT LR IE AR M 4 A, AR AR AR AR —
—RE LI FR AT, TR AN ZH SRR 2 B R A DG, K
FH A HE A2 BT 20 R AR 10 R0 i 5T 2 i) 6 R4 T 3R AT

A

W

20 mg-kg™!, PAN, sc

J, ¢ ¥
0
f

Concentration / pg-mL!

_
4N —

Serum collection

Days 11 14 16 18 20 22 24 26 28
S T T T

TS —

Urine collection

E.— 10 mg-kg'!, saline, ig —»‘: Model
i«— 5mg-kg!, ACT, ig —-g ACT 5 mg-kg!
i‘— 10 mg-kg!, ACT, ig —'E ACT 10 mg-kg!
b———  20mgkglACTig —— ACT20mgkg!
———  40mgkglACTig —— ACT40mgke!
————  2mgkg!, FK506, ig — 4 ERs06

10 mg-kg'!, saline, ig Control

Concentration / pg-mL"!

ARG AT . R ARAE 0 A & B B AR Y45 B
£ (https://www.omicshare.com/) i1 5 A< S48 BT 7 1% (1)
Z A 5 22 e I oL 2 1R B AH Ok R B P, Bk
& 5 N ChiPlot 43 #71°F- & (https://www.chiplot.online/),
HAH AR P AN BTEAT I 2% SR BK

FITFESHT KA SPSS HAF AT G it 43 b, T
TR x £ 5 Row, 2 411 HLRCR F B3R 7 2290 0T,
P<0.05 hEFEAGIFE L.

i

R
1 KRMEBRXMMEETFIEL

NERBT ACT X CGN &I K B 28 9 [ I8 11 2 24
A, il it ELISA 7 &, oK B IILIE ) 28 9 X1 Ak
K7 (45 IP-10IL-6IL-18. TNF-o)) #EAT R . 45 5
W 1B Fn. MIEARE T, SHEAHM, ACT &3
A% T IP-10.IL-6IL-18.TNF-a f{]7/KF (P < 0.05).
2 MEIEERE S F o4
21 MBERFREESH N TIRARN ACTIHIT
CGN %)% K BB AE AL, BLACT 20 mg kg 75 & 4H
R, o DR BRI ¥ R AT S B 1 A T 2 25 R R O 2 A A
T, G773 95 41 22 S AR U 0 2 S M R, % 22 S AR it
Z R MG R AT KEGG Yy RE & 0 #2498 ACT ¥R IT )L
# CGN IAH G 2%, 1125 1 B HL T T L

F]H UHPLC-Orbitrap MS £ R, 7F IE . 1 B 7 2
X MEREA AT R R . N T R S 2 R T

1P-10 1IL-6
200 o 350
150 NIKA »é AAA
: &0 300
160 & - = X
i =]
140 w9250 ?
<
120 {2 £
g 200
100 g
80 L— — % 150
> N > > > > P > A > > > > o
FF O E S FF O &GS
F & SE S
SRR PO
SOSFONROINY v & & e
L L
IL-14 TNF-
250 _ 450
AAA ; AAA
== é 400 T
=0)
200 &
— z 350 é —
150 D % 5 =00 E ?
o
S 250
o
100 ; © 200 —
Q A > P > > ng Q N > > > > Qb
FF P PGPS FF P &Y
FE @ ¢ & S ¢ EE
PR MM PR M M
[P NN &R &8
v & O 9 LROENOSNG
Y v v Y v v

Figure 1 Effect of ACT on CGN rats. A: Modeling method and treatment plan; B: Effect of ACT on serum cytokines in rats. n = 8, x £ s.
A84P<0.001 vs control; "P<0.05, "P<0.01, P <0.001 vs model. ACT: Acteoside; CGN: Chronic glomerulonephritis; PAN: Purinomycin

aminonucleoside; FK506: Tacrolimus; sc: Subcutaneous injection; ig: Oral gavage
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Figure 2 Total ions chromatograph of serum samples of rats in each group. A: Positive ion mode; B: Negative ion mode
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Figure 3 Multivariate statistical analysis. A, B: Plot of PCA scores in positive and negative ion mode; C, D: Plot of PLS-DA scores in

positive and negative ion mode; E, F: Plot of PLS-DA model validation in positive and negative ion mode; G-J: Plot of OPLS-DA scores in

positive and negative ion mode. PCA: Principal component analysis; PLS-DA: Partial least squares discriminant analysis; OPLS-DA:

Orthogonal partial least squares discriminant analysis
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Table 1 Differential metabolites in serum. *P < 0.05, °P < 0.01, °P < 0.001
R Model vs control ACT vs model
No. Metabolite
Log,FC Change trend Log FC Change trend
1 Docosahexaenoic acid -0.51 be 1.11 e
2 Osbond acid 0.65 Te -0.086 L°
3 Cholesterol sulfate -0.41 be 0.80 10
4 3-Indoxyl sulphate 0.52 e -0.009 3 1°
5 Deoxycholic acid -0.75 1 0.66 1o
6 L-a-Lysophosphatidylcholine 0.25 Te - -
7 16-Hydroxyhexadecanoic acid 0.94 10 - -
8 Linoleic acid -0.12 1° -0.006 2 1®
9 Sulfoglycolithocholic acid -0.088 1 0.12 1e
10 Allantoin 1.12 Te -0.26 1®
11 2-Pentadecanone -0.54 }e - -
12 Isodesmosine -1.62 le 0.21 1e
13 D-Gluconic acid 0.51 1e -0.021 le
14 5-Methoxyindoleacetic acid -0.011 be - -
15 Palmitic acid 0.64 1e - -
16 Arachidic acid 0.065 10 - -
17 Ferulic acid 4-sulfate -2.50 1 0.25 1o
18 D-Tryptophan 2.59 Te 0.49 Te
19 N-Acetyl-9-O-acetylneuraminic acid 0.91 Te -0.062 le
20 Homovanillic acid 3.41 Te -0.088 }e
21 2-Keto-glutaramic acid -1.27 1 -0.85 1°
22 IpA -1.18 Le -0.42 le
23 N-Arachidonylglycine -1.00 1 -0.98 }P
24 Ethyl eicosapentaenoic acid - - -0.076 }P
25 Malic acid - - 1.16 1e
26 D-(-)-Erythrose - - -0.42 }P
27 Citric acid - - 0.080 10
28 7-Ketodeoxycholic acid - - -0.34 l®
29 N-Undecanoylglycine - - -0.17 e
30 Glycochenodeoxycholic acid - - 1.25 1o
31 Decylubiquinone - - 0.93 1e
A Model vs control B ACT vs model
Volcano plot: P-value < 0.05 & [log, FC|> 1 Volcano plot: P-value < 0.05 & |log, FC|> 1
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Figure 4 Volcanic map and KEGG pathway bubble map of serum differential metabolites in each group. A, B: Volcanic map; C, D: Kyoto

Pathway impact
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Figure 5 Multivariate statistical analysis. A, B: Plot of PCA scores in positive and negative ion mode; C, D: Plot of PLS-DA scores in

positive and negative ion mode; E, F: Plot of PLS-DA model validation in positive and negative ion mode; G-J: Plot of OPLS-DA scores in

positive and negative ion mode
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Table 2 Differential lipids in serum. *P < 0.05, °P < 0.01, °P < 0.001

Model vs control ACT vs model

Model vs control ACT vs model

No. Lipid Change Change No. Lipid Change Change
Log,FC FC Log FC FC
0% trend 0% trend 0% trend 0% trend
1 PC(20:4/18:2) 0.69 T -0.66 e 38 DG(18:1/22:5/0:0) -0.57 }e 0.57 e
2 TG(16:1/18:1/18:2) -0.56 ! 0.60 e 39 TG(16:0/20:0/22:4) -0.51 }e 0.51 e
3 PC(18:0/22:6) 0.64 1 - - 40 TG(18:0/18:2/20:4) -0.50 1° 0.50 1
4 TG(16:1/18:1/22:6) -0.52 ! 0.63 1o 41 PI(16:0/22:4) 0.29 e -0.29 l®
5 TG(16:1/16:0/22:4) -0.54 ! 0.56 e 42 PI(18:0/22:6) 0.47 e -0.47 l®
6  PC(18:0/22:5) 1.61 1 -1.85 1 43 PC(20:0/20:2) 0.52 1e -0.52 1t
7 CE(22:6) 1.16 1 0.76 1o 44 CE(16:0) 0.52 I -0.52 !
8  TG(16:1/18:1/22:2) -0.78 ! 0.73 Te 45 PC(0-18:0/16:0) 0.53 e -0.53 !
9  PC(20:4/20:4) 0.71 1o -0.71 e 46 PC(0-16:0/16:0) 0.54 1o -0.54 }°
10 PC(14:0/22:5) 1.06 Te -1.10 }e 47 P1(16:0/20:4) 0.55 1o -0.55 }°
11 TG(18:1/22:6/22:6) -0.78 be - - 48 PC(P-18:1/20:5) 0.57 Te -0.57 1P
12 TG(18:1/18:2/20:0) -0.78 }e - - 49 PC(P-18:0/20:4) 0.58 1 -0.58 }e
13 PC(18:0/22:4) 0.83 1e -0.85 Lt 50 PC(P-18:1/18:0) 0.59 1 -0.59 le
14 TG(15:0/18:1/20:3) -0.87 )t 0.83 1 51 PC(0-14:0/16:0) 0.63 1o -0.63 1t
15 TG(15:0/16:0/20:4) -0.90 l® 0.91 1@ 52 PE(P-18:0/18:2) 0.64 10 -0.64 }e
16  CE(22:4) 1.67 T 1.07 1 53 PC(16:0/18:0) 0.68 1@ -0.68 }e
17 PC(0-16:0/18:1) 0.73 1o -0.76 1° 54 PC(22:1/20:3) 0.68 1o -0.68 1®
18 TG(18:1/20:0/22:4) -0.52 l® - - 55 PE(P-16:0/22:4) 0.68 1o -0.69 1°
19 TG(15:0/18:1/22:5) -0.78 ! 0.81 1e 56 PC(22:1/20:4) 0.69 1o -0.70 l®
20 PC(20:5/22:5) 1.06 1 - - 57 PC(P-16:0/18:3) 0.83 T -0.83 1°
21 SM(d18:2/16:0) 0.82 1o -0.79 l® 58 PE(P-16:0/22:6) 0.94 To -0.94 }P
22 CE(22:5) 1.41 1 -0.77 l® 59 PI(16:0/16:1) 1.06 e -1.06 l®
23 PC(P-16:0/20:4) 0.64 1 -0.56 1P 60 PC(16:1/14:0) 1.06 1e -1.06 l®
24 PC(14:0/20:4) 1.11 1o -1.16 }® 61 CE(18:3) 1.07 To -1.07 }°
25 PC(P-20:0/18:3) 0.62 e - - 62 LysoPE(22:6/0:0) 1.07 Te -1.07 1
26  PC(18:0/18:0) 0.76 Te -0.94 }® 63 PE(P-18:0/22:6) 1.08 Te -1.08 }°
27 PC(P-18:0/20:5) 0.68 Te -0.72 It 64 GalCer(d18:1/22:0) 121 1o -1.20 1°
28 TG(18:2/22:6/20:5) -0.56 1P -0.88 1t 65 GalCer(d18:1/24:1) 1.23 Te -1.23 I°
29  PC(P-18:0/22:6) 0.67 1o -0.72 le 66 LysoPC(22:5) 131 1e -1.31 le
30 CE(20:5) 1.00 e 0.95 1P 67 GalCer(d18:1/24:0) 1.33 1e -1.33 le
31 DG(18:2/22:6/0:0) -0.95 1P 1.08 e 68 GalCer(d18:1/23:0) 1.37 1o -1.37 1°
32 Eicosadienoic acid -0.72 le 0.55 1t 69 TG(18:0/18:2/20:0) - - -0.94 }e
33 Nonadeca-10-enoic acid ~ —0.58 }e - - 70 TG(14:0/20:5/22:5) - - -0.62 l®
34 DG(18:1/20:5/0:0) -0.68 }e -0.62 1° 71 CE(20:3) - - 0.57 1o
35 DG(16:0/20:4/0:0) -0.78 l® 0.78 1 72 TG(16:1/20:5/22:6) - - -0.83 l®
36 DG(18:2/20:5/0:0) -0.67 le 0.67 1 73 CE(20:2) - - 0.73 e
37 DG(18:2/22:5/0:0) -0.61 l® 0.61 1 74 a-Linolenic acid - - -0.60 l®
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Figure 6 Volcanic map and KEGG pathway bubble map of serum differential lipids in each group. A, B: Volcanic map; C, D: KEGG path-

way bubble map
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Figure 7 Correlation analysis. A: Matrix of correlation between different metabolites and different lipids in each group; B: Association

analysis of different metabolite-lipid pairs in each group
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