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[ Abstract ] Objective  To use metabolomics method to study the metabolic profiles of amino acids and
lysophosphatidylcholine (LPC) in the serum of rats with nonalcoholic fatty liver disease (NAFLD), to identify biomarkers
for NAFLD, and to speculate on the possible mechanism responsible for its occurrence. Methods NAFLD rats were
prepared by feeding a high-fat diet and intraperitoneal injection of carbon tetrachloride. Levels of 15 LPCs and 18 amino
acids in the serum were determined in control and NAFLD rats by liquid chromatography-mass spectrometry. Changes in
serum LPC and amino acid metabolic profiles in NAFLD rats were analyzed by principal component analysis and orthogonal

partial least squares discriminant analysis. Correlations between biomarkers and NAFLD were analyzed by Pearson’ s
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correlation analysis. Results

The metabolic profiles of serum LPC and amino acids differed significantly between the

NAFLD group and the control group and were completely distinct. LPC (20 : 1), arginine, and glutamic acid had

significant contributions to NAFLD and were identified as biomarkers. Furthermore, LPC (20 : 1) and arginine were

significantly correlated with serum biochemical indicators such as aspartate transaminase, alanine transaminase, low-density

lipoprotein, and total bilirubin. Conclusions The metabolic profiles of serum LPC and amino acids may be closely related

to NALFD.
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Figure 1 Serum biochemical indexes of rats
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Figure 2 Pathological section results of liver tissue
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F 1 NAFLD X KEUMTE LPC &M (x £5,n = 8)
Table 1 Effects of NAFLD on serum LPC contents in rats (x = s,n = 8)

WM BEARHEIHGR LPCs Xt IE4H Control group NAFLD 44 NAFLD group

L BEREBEAR R (14 :0) LPC(14:0) 5.83 + 11.53 24.64 + 15.33
VML BE R IBEAH A% (16 :0) LPC(16:0) 1003. 51 = 392.39 511.84 + 133.25 ™
W MLBEAR ISR (16 :1) LPC(16:1) 831.65 = 296. 03 474.21 + 134.33™
A ML NS BEEAR (17 :0) LPC(17:0) 86. 01 + 20. 12 133.45 + 75.24
PRIMBEIRBEALAR (17 :1) LPC(17:1) 179.71 + 58.97 102.13 + 39.83 "
PR IMBENRBEALAR (18 :0) LPC(18:0) 1206. 34 + 631. 40 472.01 + 90.77*
T MLBEARTSEALE (18 :1) LPC(18:1) 1686. 04 + 1219. 84 463.47 £ 220.44*
R IMLHEASBEA AL (18 :2) LPC(18:2) 497.64 + 218.25 333.27 + 135.04
MBS MEAR TR (18:3) LPC(18:3) 679. 83 + 301. 14 518.75 + 86.95
VL B AR BERE AR (20 :1) LPC(20:1) 1947.73 + 1194.93 35.94 + 155. 60 **
UG TSE AR 8 (20 :3) LPC(20:3) 926. 85 + 474.78 430.53 + 173.21°
P I IR BEAEAR (20 :4) LPC(20:4) 1215. 54 + 599. 45 830. 52 + 236.57
VLB AR WEAR A (20 :5) LPC(20:5) 217.56 + 188.48 125.19 + 37.38

VA LB NS BEALAR (22 :5) LPC(22:5) 114.71 + 43.10 90.00 + 16.72

T IR IS BB FIELARL ( 22 :6) LPC.(22:6) 164.34 + 79.43 109. 84 + 21.26

S EAMLE, P < 0.05, (F#ER)

Note. Compared with the control group, “ P < 0.05. (The same in the following tables)

&2 NAFLD XK BRIME Z MRS EAFH(x £ s,n = 8)

Table 2 Effects of NAFLD on serum amino acid contents in rats (x + s,n = 8)

MR Amino acids

Xt R4 Control group

NAFLD £ NAFLD group

F5E 4R Isoleucine
5o 2R Leucine
8 2R Tryptophan
KN R Phenylalanine
B 2R Methionine
R Valine
fi% &2 Tyrosine
% Proline
AAR Glutamic acid
JR R R Threonine
KRITERR Aspartic acid
B HEH B Glutamine
22 R Serine
RAMEME Asparagine
KEH R Arginine
R Histidine
15 R Lysine
2R Cysteine

76.
21.
45.
37.
58.
23.
123.
80.
169.
260.
562.
991.
316.
197.
2810.
247.
1168.
40.

10 + 40.63 129.46 + 34.07
15+ 1.78 25.75 + 4.51

86 + 2.74 49.39 + 9.30

43 + 8.05 25.66 + 6.54

55 + 33.02 85.30 + 51.55
31 +21.10 63.38 + 26.33
26 + 74.39 200. 12 + 83.74
26 + 26. 65 174. 14 + 105.59
69 + 47.16 513.67 + 265.56"
59 + 108. 37 400.41 + 125.15*
88 + 726.29 89.21 + 57.24
38 + 300. 53 1997.20 + 401.28"
98 + 115.75 493.11 + 110. 14
89 + 73.65 97.49 + 38.28
25 + 1019. 98 98.57 + 80. 11
59 + 62.99 176.52 + 48.94
20 + 307.22 1675.92 + 357. 49
84 + 28.51 248.41 + 94.90 "

Wi E 4> PCA 4381 (R2X = 0.584), Tl PCA Hi &
K (E 4B) Fiizs , X B ZH A NAFLD 2H RSt BE 5¢
X0, FRER IR KB NAFLD 845 )5 17
H LPC R R A4 e 34 4 AR W i 22 4k
2.4.2 OPLS-DA

o & BRREFRAE NAFLD B9 Wbriidy , X HE 2 A
NAFLD 473 %1 # 4T OPLS-DA # 4% DL LPCs My #%
IEE A X AR A5k Y A8 &, # A7 55 — > OPLS-
DA FiI | GZAERIEY R2X R2Y 1 Q2 43514 0. 564
0. 954 F01 0. 860, 7 W ELATH 41 fff B BE 1 F0 78100
77, B EIILEL SA ; RHZ AL AT 200 Y%A E

K6, BEOCE L E AR R R2 A Q2 I T IR AR {H
H Q2 ByIIAIE /N T 0, 7 I 246 8 R i BE 404
WK 5B, W& 5C fran,LPC(20 : 1) .LPC(18 : 1)
MILPC(14 = 0) ) VIP fHKF 1,LPC(20 : 1) Al
LPC(18 : 1) W& EreWidlm A B &5 M
LPC(18 : 1) Wfm2 M T IE# ., Hit, LPC
(20 : 1) #E % 5E NAERME NAFLD B LPC 254 ¥br
B, R DA IR X A5, HBh Y
b HES A 2 D OPLS-DA Hil . fil&l 6 fiR, %
BRI (R2X = 0.556,R2Y = 0.991,02 = 0.997) i1
Rid LA R AR A &R R AR IR &1
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Figure 3 Amino acid metabolic pathways associated with
the NAFLD model
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Figure 4 PCA scatter plot of LPC and amino acid metabolism profile
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Figure 5 Scatter diagram, displacement test diagram and VIP diagram of OPLS-DA model of serum LPC metabolic profile
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Table 3 Results of correlation analysis between LPCs and amino acid concentrations and biochemical index levels

] AST ALT LDL TBIL

Metabolites r P r P - P . p
WL IR LIRS (20:1) LPC(20:1) -0.507 0. 045 -0.474 0. 064 -0.525 0. 037 -0.284 0.286
I %R Arginine -0. 688 0.003 -0. 568 0.022 -0.717 0. 002 -0. 638 0.008
AR Glutamic acid 0.356 0.176 0.272 0. 308 0. 391 0.134 0.536 0.032
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Figure 6 Scatter diagram, displacement test diagram and VIP diagram of OPLS-DA model of serum amino acid metabolism profile
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