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[ Abstract]  Objective To analyze the serum metabolomics of non-alcoholic fatty liver disease (NAFLD) , type 2
diabetes mellitus (T2D), and atherosclerosis ( AS). Methods NAFLD, T2D, and AS mouse models were established,
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and serum metabolomics were analyzed by ultra-high performance liquid chromatography-mass spectrometry ( UPLC-MS).
Data were analyzed using the R language MetaboAnalystR package. Differential metabolites were screened by multivariate
statistics. Differential metabolic pathways were obtained by untargeted KEGG enrichment analysis. The result were analyzed
for correlations between differential metabolites and blood lipids. Results NAFLD, T2D and AS shared 48 differential
metabolites that were particularly enriched in linoleic acid metabolism, pentose phosphate metabolism, arachidonic acid
metabolism, and histidine metabolism pathways (P<0.05). The differential metabolites were significantly correlated to
blood lipids. Compared with the control group, the main specific metabolic pathways of NAFLD, T2D and AS were D-
arginine and D-ornithine metabolism ( P = 0.09), galactose metabolism, primary bile acid biosynthesis, starch, and
sucrose metabolism (P<0.05), and sphingolipid and pyrimidine metabolism ( P<0.05) , respectively. The three diseases
were compared pairwise, and there were differences in D-arginine and D-ornithine metabolism (P =0.12), starch and
sucrose metabolism (P<0.01), D-glutamine and D-glutamate metabolism ( P<0.05) , synthesis and degradation of ketone
bodies (P=0.06) , alanine, aspartate and glutamate metabolism ( P<0. 05) , sphingolipid metabolism ( P<0.05) , valine,
leucine and isoleucine degradation ( P<0.05), and glycine, serine, and threonine metabolism (P=0.12). Conclusions
This study revealed the common and specific metabolic characteristics of NAFLD, T2D and AS, and provides for a

research direction for comprehensive prevention and individualized treatment of these diseases.
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Table 1 Comparison of lipid levels in each group of mice
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Figure 1 Analysis of serum metabolomics in four groups of mice
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Table 2 Analysis of common differential metabolites and metabolic pathways in NAFLD, T2D and AS
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Carnosine 2 745 665 3 244 407 6 840 562 2 577 520% Histidine metabolism Proteins

e H A, V P<0.05, P P<0.01, ) P<0.001, “* P<0.0001,
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BEREAL(P<0.05) , D-24 K& %) 0% 6-1% IR . 45
Pt A AR 3 - MOt Y IR Rl 1R i TR K - i 3 T
B (P<0.05), FEFEAENAR RKRLARMA A
iz fR i (P<0.05) A AR S (P<0.05) . T2D 5

AS X, Bl i 49 A~ 22 S, T2D 2 /)s BRI 3
L4 R T £ B & R K F 2 35 T (P<0..001)
EE R 58 B R 57 58 2 R 1Y 9 Ak 3
(P<0.05) ; AS ZH/) BUIILYE P L-4% 2 MR D~ 2 4 4
B 6-WEMR (N- 2 It Y IBE 45 20 R A — 1P 2 H R K T
BFH TR (P<0.05) , FERLAH AR, 2= I
MBI (P=0.12) (£ 4),
2.5 #MEERKEYENREERXEKI N
NAFLD \T2D FI AS g 42 7 H B 4 IR AU 2L,
BSOS SCORE S A B b i 22 S AU (3R 4) S 1ML
JEF5 AR SRR 2 M, 48 58 3L 22 S ACE P 5 1 s A A
Ftko N RDA(CULE 3A) o My Je4 22 S A 5



30 o E AR EE S A AR 2023 4F 5 A4S 33 %45 5] Chin J Comp Med, May 2023,Vol. 33,No. 5

I AG 9 2C Z2 , RDA (1) A 32 A8 b il 8 % 199 L 451 43 5]
J7 82.51% 1 15.55% , TC TG LDL 2 [a] & iF 6 %
KFR,5 HDL-C ERAHKK R, 456 MR E
(VLI 3B) 2G40 A Al A0, LK 7 260 4 IR T8 IR L7 -
W% 5% P B 5 TC TG Fl LDL-C & i #F EAH K ( P<
0.05 ), 5 HDL-C 2 i % i A1 )& (P<0.05);9-

Ox00ODE , 12,13-DHOME . 13 ( S)-HODE . 9,12,13-
TriHOME .9, 10-DHOME | 15-f}i 48,-d-12, 14-PGJ2 . §i
IR ZE E2 Wil R 5 TC.TG 1 LDL-C £ & & {4
% (P<0.05),5 HDL-C & #F 1EM X (P<0.05 ),
9(S)-HPODE 5 TC TG & & fi 13 ( P<0.05 ),

YOI =g 9 18 22 S A A 45 1M 3 DDA O

% 3 NAFLD T2D F1 AS A~ 22 5 A Gl #4317 (n=10)
Table 3 Analysis of metabolites and pathways of NAFLD, T2D and AS personality differences

G| b5 W4 Fr X HEH PRI A1 i % Bl
Groups Compound names Control group Diseases groups Pathways Categories
SRt DB D- 5 0 1
b;};&fﬁ D- 15 5 229109 016+ 257 284 504+ D%%& diﬂvﬁ%‘? 4 PR
TENT - ] - t >
" D-ornithine 50 919 869 39 039 143 argumne and Hrormiune Proteins
NAFLD metabolism
D~ 1l i A 4 2 868 643+ 3455 671+ LA
D-1-glucose phosphate 614 701 912 330 Galactose metabolism
igi 23 165 783+ 49 658 982+ LAt
Sucrose 21 414 874 20 148 725 " Galactose metabolism
ER 1 270 769 916+ 901 085 741+ e BN
.7K (1) TEA R AL Glucides
Sorbitol powder 174 800 580 778 216 194 .
Starch and sucrose metabolism
2 RUHE PRI D-% 25 p 1 246 676z 3011 361+ TE 9 A
T2D D-maltose 1638 310 2 979 993 Starch and sucrose metabolism
T 2 SRR 69 694 843z 18 986 773+
Chenodeoxycholic acid 56 225 093 1720 838"
AT B AL 5
A= il % 25 AR IH R 11 200 857+ 1975 025+ Primary bile acid ERlES
Aurochenodeoxycholic acid 13 275 146 1 657 841 biosynthesis Corticosteroids
A4 il iR R 163 561 295+ 32 920 618+
Taurocholic acid 199 920 363 42 560 730
i 2 331 776 289+ 974 012 583+
Sphingosine 107 212 771 306 719 2319
1=k 2 923 851 436+ 1038 532 989+ B HE It 5t B
Sphingosine 1-phosphate 223 051 370 222 836 301 ¥ Sphingolipid metabolism Lipids
3-JBL S A 25 506 000 68 078 649+
Ik R T AL 3-dehydrodihydrosphingosine 12 832 427 10 726 405
AS R M 5 808 785+ 20 724 544+
CMP 2 003 335 9274 110”
i 0RER 130 835 342+ 304 966 160+ 1 I £ 15 VA
Cytidine 32 534 051 34 553 842 Pyrimidine metabolism Nucleic acid
i s 327 818 309+ 718 576 648+
Cylosine 67 674 165 108 513 368*

e E A, (Y P<0.05, Y P<0.01, ) P<0.0001,

Note. Compared with the normal group, ‘'’ P<0.05, ¥ P<0.01, ““ P<0.0001,
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x4 PR G ] 22 AR KR B AT (n=10)
Table 4 Analysis of differential metabolites and metabolic pathwaysbetween two diseases
534 L& 4 Fr X R 21 P 21 i Bl
Groups Compound names Control group Diseases groups Pathways Categories
AR A g 105 D- 5 5 R 229 109 016+ 257 284 504+ DK 2 B 1 D- 1 WA i SN e
9% NAFLD D-Ornithine 50 919 869 39 039 143 D-Arginine and D-ornithine metabolism Proteins
HE 23 165 783+ 49 658 982+
2 TR S Sucrose 21 414 875 20 148 725" FEB I TEEAC i =
TR i T2D D-3 # b 1246 671+ 3011 361+ Starch and sucrose metabolism Glucides
B 0 S D-Maltose 1638 310 2 979 993
i 5 2 A 3932 521+ 10 027 742+
R Trehalose 1616 322 3 394 8644
NAFLD vs D-HiA M 1B 2 868 643+ 3 455 672+
T2D D-Glucose 1-phosphate 614 701 912 330
L-4% & 1t e 28 535 410+ 70 043 159z
N N TS A P4y
L-Glutamine 10 015 193 59 433 397" DA RN D% R AR AL EH X
s D-Glutamine and D-glutamate Proteins
AR R 259 239 514+ 428 607 931+ metabolism
Oxoglutaric acid 112 681 537 158 705 128"
23] J = 3 A= SINES
AR e B 3 112 007e 383 622 204e BRI 1 4 1 5 6 LA
5 14 JHF- 5 . . Synthesis and degradation of Organic acids
Acetoacetic acid 50 543 081 61 000 307
NAFLD ketone bodies
L-2 & R 623 855 914+ 1 252 409 453+
L-Glutamic acid 154 640 359 152 114 5429
L-1 A Bt 58 239 471+ 28 535 410=
L-Glutamine 18 754 769 10 015 193
N-Z Btk L-RAZ MR 458 079 385= 29 936 363= A R L AR E Rk
N-Acetyl-L-aspartic acid 101 716 752 14 902 054 2 S R Proteins
RS N-Z, Tt W e & 18 12 021 625+ 8 801 742+ Alanine, aspartate and
i 1 44 N-Acetylaspartylglutamic acid 2 017 140 3 572 708" glutamate metabolism
FEHEMK kR D-EILHWEM 6-BFR 10 534 590= 17 550 765+ e
R AL f# 4k AS D-Glucosamine 6-phosphate 4 614 480 3 744 614% Glucides
NAFLD LAY 331 776 289+ 974 012 583 ek
vs AS Sphingosine 107 212 771 306 719 2319 Lipids
LIERN 284 864 121+ 922 054 680+ o
Sphinganine 98 047 406 289 639 966" R 1R
et i 68 078 648 Sphingolipid .
S E LR 25 506 000+ = metabolism GRS
3-Dehydrosphinganine 12 832 427 10 726 405 Organic acids
1 - 1 4 2 339 060 812z 486 297 682+
Sphinganine 1-phosphate 68 562 399 152 553 242"
L% AR 104 235 777+ 193 134 951+
L-Valine 64 875 602 57 310 824 EHEl S
LBELTR 223 112 097+ 805 858 368+ R R A AR Proteins
Acetoacetic acid 50 543 081 260 863 005" S S TR I [ i e "
2 T PR (S) —F 575 — T2 Valine, leucine and ﬁHLi\/ﬁC%é&
% 12D ($) -Methylmalonc 221 531 046 342 621 290+ isoleucine degradation Organic oxids
! N ) 174 587 432 170 113 225
2 B IR acid semialdehyde PN
P 5 3 ik A LIEMR 47 658 449+ 80 296 899z Organic acids
56 R B AL Ketoleucine 29 818 579 54 682 363 o
T2D L% %W 623 855 914 1252 409 453+ P . RS
-~ AR * N HRR 2R Proteins
vs Ik R L-Glutamic acid 154 640 359 152 114 5424 PN dini
AS Wifh AS  D-G LA 6-BER 10 534 590+ 17 550 765+ Glycine, serine and JE S
-Glucosamine 6-phosphate 3 744 614 reonine metabolism ucides
D-GI 6-phosph 4 614 480 2 th tabol Glucid
N-Z Bt BEAS 2 R 8 801 742+ 12 021 625+
N-Acetylaspartylglutamic acid 3 572 708 2017 140" WL 2
THRETER 59 097 853+ 104 162 283+ Organic acids
Dimethylglycine 16 142 134 16 249 173

Gt maAst, (Y P<0.05, P P<0.01, ¥ P<0.001, ) P<0.0001,
Note. Compared with the normal group, ‘"’ P<0.05, ‘¥ P<0.01, ©’ P<0.001, ‘*’ P<0.0001.
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ARSI P=0.001
Overall permutation test: P=0.001
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Note. Compared with the normal group, * P<0.05, " P<0.01, "™ P<0.001,

Figure 3 RDA and correlation thermal analysis of common differential metabolites and blood lipids
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I AR FEAE R 3h KRS S DA, R B HERURT IR SR
B TG 1 UKL A% A % B2 B & 110 7 A2 38 i, B
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LDL ik , ¥E 7 5535 8 1 NAFLD 5 T2D g 3# & AS
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S RPN & A I kR i L TR S R R ol R 4
IR BRI 725 Ak R 250 T M Sz e R R 3R AT ARG
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I 375 A8 35 20 2 43 B & 30, NAFLD | T2D Fl AS ¥4
48 AHH A A 22 S AR A, KER 43 S BE 28, A id A
RIS B2 A 2 N B R A xSRI
F2 R A I R A Bl R OB A AR R DU
MR A 2 2 R A B S . i — D 48 R
TR 5 1 s 6 bR DI 43 b7, & B 22 AR S i
FEAT OG0 = B s 1 5 1 IR S o
VIR G, b AR A [R) 1 22 S5 A 1 4 R A 3 5 i Oy L 3
PESRBT FIE T B2 AR

LA I AA S UL & & B Wi B2, 76 NAFLD |
T2D 1 AS (¥ & A= F & Je bl S AR . 3R AT i
SR B, 5 0F B 2 A e, = R o B R N B i T
LA Jz H b ] 48 35t 9 1 9-Ox00DE . 9 ( S)-HPODE |
9,10-EpOME .12, 13-DHOME 13 (S) -HODE .9, 12,
13-TriHOME £ 9, 10-DHOME 7K 5 ¥ (& ik . B 55 %
B, SV 9 TR T LS Ao 0 A s R D 20 I £ B I
F9 T R i 2 S g B 2 b 78 S I i 7R
AT LLBEAR ML TG A [E BEAK T 36k 20 B i ot HE AR,
P& = B i, 2o T2D NAFLD Fi AS 558 M QP
P o AA AT AE BN L  A EA0 i fn R
P450 il ZAEH T 7L AR5 % E2(PGE2) ([ =4
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B4(LTB4) Ml # % A2(TXA2), AWFRAE L=
Flopge s /N BUIML I P AA A1 PGE2 AKE ¥ 55, A 0F
GEHRGE K AR T R R 4y g LG s
A4 U 5 1R X 3 % B3 NAFLD T2D Hl AS 9 fig
FACISE AL PRI LA R H o () 4R ) /K OF [
A AA K AR KT T AT A = il 7 19 5 6
S

T R I A2 2 4 W SR AL 2 A 1 R AR
A5 TR 5 2 W1 48 A 4 18 0 45 26 0 0 R T P O TR I
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S 249 T 5, e 0 Bl R TS A 35 K T T s T — 4
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2R S TR AR 1 B R = o A 2 Y S
ez —, WK g 3% 38 B b g 3t R 22 S AR, T
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JEA
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