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Effect of 1-Linoleoyl-3-Chloropropanediol Exposure on Urinary
Metabolites in Rats Based on Untargeted Metabolomics
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Abstract: Purposes: This study investigated the effects of 1-linoleoyl-3-chloropropanediol (C,4.,-Me) exposure on urinary
metabolites in rats using untargeted metabolomics. Methods: Twenty-four male Sprague-Dawley (SD) rats were randomly
divided into a normal group (ND), a low-dose group (LD, 7 mg/kg-BW), and a high-dose group (HD, 70 mg/kg-BW). The
LD and HD groups received daily intraperitoneal injections for two consecutive days. Untargeted metabolomics analysis
based on gas chromatography-mass spectrometry (GC-MS) was performed to analyze rat urine before and after C,4.,-Me
exposure. Additionally, histopathological examination of kidney tissue was performed. Results: A total of 33 differential
metabolites were screened out between the ND and HD groups, including 25 upregulated and 8 downregulated metabolites.
Pathway analysis revealed that C,4.,-Me exposure primarily perturbed f-alanine metabolism, sulfur metabolism, glycine,
serine, and threonine metabolism, retinol metabolism, glyoxylate and dicarboxylic acid metabolism, and starch and sucrose
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metabolism. Histopathological examination showed separation of tubular epithelial cells from the basement membrane and

luminal enlargement in the exposed groups. Conclusions: Exposure to C,q.,-Me induced alterations in urinary metabolites

and exerted toxic effects on rat kidneys by disrupting several metabolic pathways. Histopathological findings were

consistent with the metabolomics results.
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1,2-propanediol fatty acid esters; food safety
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Fig.2 Multivariate analysis of C,4.,-Me exposed rat urine
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Table 1 Differential metabolite expression in rat urine
A= R RT(min) Pl VIP Fold Change (HD-ND) R R BLR k]
1 L-7LiR 7.402 0.00078 1.13 0.31 0.0043 !
2 HEmR 8.872 0.02697 1.32 0.62 0.0287 !
3 3T R 9.823 0.00160 1.54 1.55 0.0028 1
4 P-NER 10.486 0.00078 1.16 3.20 0.0037 1
5 3-FRAEF R 10.924 0.00108 1.16 1.63 0.0028 1
6 L-Z 2 11.099 0.00055 1.03 2.57 0.0061 1
7 BEIRR T 11.662 0.00153 1.11 1.99 0.0028 1
8 [z 13.983 0.00065 1.16 248 0.0053 1
9 HimEg 14.902 0.00046 1.21 2.90 0.0150 1
10 WRIE 2 14.99 0.02077 131 0.68 0.0228 !
11 L-14d 15.828 0.00177 1.14 1.57 0.0025 1
12 AR 15.966 0.00046 1.17 2.69 0.0075 1
13 WAL 18.499 0.00163 1.39 1.87 0.0024 1
14 ZEURMEE 18.624 0.00162 1.27 2.05 0.0027 1
15 P 21.789 0.01571 121 1.90 0.0179 1
16 L-fR2hk 23.96 0.04600 1.08 1.28 0.0460 1
17 ¥ 24.41 0.00150 1.06 1.93 0.0029 1
18 R 26.531 0.00305 1.14 2.06 0.0040 1
19 PR 28.101 0.03569 1.01 1.39 0.0368 1
20 D-FAE 28.364 0.00113 1.19 0.53 0.0027 !
21 LFLbER 30.309 0.01111 1.54 2.85 0.0136 1
22 PR 31.441 0.00162 1.08 2.00 0.0025 1
23 H I BETR 32.93 0.00078 1.02 1.85 0.0032 1
24 D-Hi A RHIE R 33.524 0.00122 133 1.36 0.0025 1
25 R 33.743 0.01147 125 0.62 0.0135 !
26 FEHR 34.575 0.00071 132 2.73 0.0047 1
27 B-D- Mg 7 2 B 35.857 0.00078 1.02 2.83 0.0029 1
28 AR 39.83 0.00328 1.06 1.48 0.0042 1
29 S-FRI5| Wk 2R 39.974 0.00214 1.00 1.87 0.0029 1
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30 TR 40.149 0.00113 1.04 1.76 0.0025 1
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32 E2a 48.193 0.00078 1.03 0.11 0.0023 !
33 AN - 48.912 0.00078 1.03 0.04 0.0021 !
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Table 2 Receiver operating characteristic curve parameters
of differential metabolites
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Fig.3 Representative differential metabolite box plots
in the urine of ND, LD, and HD groups rats
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5. LEER AN 3R IR 1S (Glyoxylate and dicarboxylate
metabolism) . 6.8 Ky FIEEHEf i (Starch and sucrose
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A R M s BE R A . UG G . 1212
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) B WL 95% E-15 X A
RG24 AUC #RifERZE  Sig. g "
L-7% 1.000  0.000  0.001  1.000 1.000
HaEm 0.828  0.115  0.027  0.602 1.000
3-BILT R 0969  0.039  0.002  0.892 1.000
B-EIR 1.000  0.000  0.001  1.000 1.000
3R R 0.984  0.025 0.001 0936 1.000
L-#a iR 1.000  0.000  0.001  1.000 1.000
BEFITRTT 0969  0.039  0.002  0.892 1.000
N R 1.000  0.000  0.001  1.000 1.000
bR 1.000  0.000  0.001  1.000 1.000
WRIE R 0.844  0.100  0.021  0.648 1.000
L-75 4R 0.953  0.049  0.002  0.858 1.000
WA TR 1.000  0.000  0.001  1.000 1.000
AR 0.969  0.039  0.002  0.892 1.000
ZEURMENE 0.969  0.039  0.002  0.892 1.000
BB 0.859  0.095 0016 0.672 1.000
L-RZHk 0.797  0.120  0.046  0.561 1.000
FRR 0.969  0.039  0.002  0.892 1.000
A 0.938  0.066  0.003  0.808 1.000
P 0.813  0.118  0.036  0.581 1.000
D-HARE 0.984  0.025 0.001 0936 1.000
2EFURR 0.875  0.117 0012  0.646 1.000
R 0.969  0.039  0.002  0.892 1.000
A B R 1.000  0.000  0.001  1.000 1.000
D-H I BHIE R 0.969  0.039  0.002  0.892 1.000
2R 0.875  0.097 0.012  0.685 1.000
FERMR 1.000  0.000  0.001  1.000 1.000
S-D-MLIAAHEERLR 1,000 0.000  0.001  1.000 1.000
TR 0.938  0.066  0.003  0.808 1.000
SRk 2 iR 0.953  0.053  0.002  0.850 1.000
T HEHR 0.984  0.025 0001 0936 1.000
HEwE 1.000  0.000  0.001  1.000 1.000

E i 1.000  0.000  0.001  1.000 1.000
ESR i 1.000  0.000  0.001  1.000 1.000
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Table 3 Results of differential metabolite pathway analysis using MetaboAnalyst 6.0
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