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Effect of chronic arsenic exposure on mouse brain tissue and serum metabolomics
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Abstract: Objective To observe the effect of chronic arsenic exposure on cerebral cortex and serum metabolics of mice and
explore the mechanism of arsenic neurotoxicity. Methods Twelve 3-week-old male C57BL/6] mice were randomly assigned
into exposure group and control group and exposed to sodium arsenite (50 mg/L) via drinking water and deionized water for
12 weeks, respectively. After the exposure, arsenic level in the cerebrum was determined by hydride generation-atomic
fluorescence spectrometry. The metabolites in the cerebral cortex and serum were determined using gas chromatography-mass
spectrometry (GC/MS) analysis. Principal component analysis (PCA) was used to analyze the difference of the metabolites
between the exposure and the control groups. Online tools for analyzing metabolic pathways were used to identify the related
metabolites pathways. Results Arsenic content in the brain of exposure group was significantly higher than that in the control
group (P<0.05). The mice exposed to arsenic had a higher level of citric acid, phenylalanine, tyrosine, histidine and lysine in the
cerebral cortex (P<0.05). Serum levels of serine, glycine, proline, aspartate and glutamate were significantly higher while
a-ketoglutaric acid level was significantly lower in the exposure group than in the control group (P<0.05). PCA analysis
showed a significant difference in cerebral cortex and serum metabolites between the two groups. Conclusion Chronic arsenic
exposure may affect the function of the central nervous system by interfering with amino acid metabolism and tricarboxylic

acid cycle, which may be one of the mechanisms of arsenic neurotoxicity.
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Fig.1 GC/MS total ion chromatogram of brain cortex

and serum samples. A, B: Total ion chromatogram of the

cortex in exposed and control groups, respectively; C, D:

Total ion chromatogram of the serum in exposed and
control groups, respectively.
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Fig.2 PCA scoring diagram and load diagram of brain cortex and serum sample. A, B: Cortex scoring plots of PCA and loading plots
of exposed group, respectively; C, D: Serum scoring plots of PCA and loading plots of the control group, respectively.
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Tab.1 Difference in cortex and serum metabolites in the exposed and control groups

Peak value (MeantSD)

Tissue Metabolite Match percent (%) Retention time (min)
Control group (n=6) Exposed group (n=6)
Cortex Citric acid 76 16.599 14 496 082.67+427 477.92 10 259 037.00+382 946.90°
Lysine 82 26.656 7980 448.00+282 324.65 5459 786.33+231 046.83"
Phenylalanine 96 20.300 3257 108.67+19 2362.29 2202 846.00+183 711.12°
Histidine 85 27.538 439 262.00+39 944.54 318 852.33+38 844.17°
Tyrosine 87 28.962 3476 661.33+582 892.89 1627 937.67+142 333.73"
Cabamic acid 88 5.626 442 235.66+39 867.61 991 093.72+257 837.10°
Itaconic acid 87 10.393 153 580.52+24 004.79 264 556.00+58 823.36°
Serum Aspartic acid 85 16.587 84 672.00+10 788.41 540 375.67+71 145.78"
Tridecane 72 11.380 23 110.33+£4064.03 38 001.67+4083.49°
Glutamic acid 95 18.465 92 849.00+27 443.99 436 752.00+87 819.02"°
2-Hydroxyisobutyric acid 80 10.693 24 950.00+5488.662 7081.00+3016.17¢
Serine 71 17.681 33 479.00+£540.262 51 557.33+4998.24°
1,4-Benzenedicarb-oxylic acid 86 16.337 44 544.33+1456.37 34 100.00+355 260°
Margaric acid 83 22.916 24 909.33+3797.62 15 832.00+2440.64*
EPA 86 27.180 29 568.00+£6508.24 15 797.67+4421.45°
Pyroglutamic acid 90 16.694 49 099.33+8103.90 117 633.67+29 132.63°
Proline 98 15.288 1170 313.67+54 312.12 2207 812.00+415 679.34*
a-Ketoglutaric acid 78 13.347 20 996.00+5861.92 8085.33+1611.08°
Hydrazine, (2-methylpropyl)- 80 11.360 44547.33+6972.17 98 975.67+26 368.13"
Glycine 96 11.714 780 663.67+6 900 693 1109 000.67+179 025.25°
Cyclodecasiloxane, eicosamethyl- 80 24.583 4962.33+£1462.94 38 594.67+19 312.57*
3-Methyl-2-oxopentanoic acid 79 8.056 45 450.00+16 695.75 18 916.00+4523.02*

*P<0.05, "P<0.01 »s control group.



- 1196 -

J South Med Univ, 2016, 36(9): 1192-1197

http://www.j-smu.com

x2 FER MEFEREREGFIMEEXREHEE

Tab.2 Cerebral cortex and serum related metabolic pathways of different metabolites

Metabolite Chemical formula HMDB ID Related metabolic pathway
Aspartic acid C.H:NO, HMDBO06483 Alanine, aspartic acid, and glutamic acid metabolism
. Glycine, serine, threonine and sphingolipid metabolism;
Serine CHNO: HMDBO0187 aminoacyl-tRNA biosynthesis
Pyroglutamic acid CsH/NO:; HMDBO00267 Glutathione metabolism
Proline CsHsNO; HMDBO00162 Aminoacyl-tRNA biosynthesis
. Glycine, serine, threonine, glutathione and porphyrin metabolism;
Glycine C:HNO: HMDB00123 aminoacyl-tRNA biosynthesis
Lysine CeHuN.O, HMDB00182 Aminoacyl-tRNA biosynthesis; biotin metabolism; lysine degradation
Phenylalanine C.H.NO, HMDBO00159 Phenylalanine, tyrosine, tryptophgn andamln_oacyl-tRNA biosynthesis;
phenylalanine metabolism
Histidine CsHsN:O, HMDBO00177 Aminoacyl-tRNA biosynthesis; nitrogen and histidine metabolism
Tyrosine C.HuNO. HMDBO00158 Phenylalanine, tyrosine and tryptophan blqsynthems; phenylalanine and
tyrosine metabolism
EPA C2,Hx0; HMDB01999 Unsaturated fatty acid biosynthesis
a-Ketoglutaric acid CsH:Os HMDB00208 Butyrate metabolism
Citric acid CsHs0; HMDB00094 Lysine biosynthesis; tricarboxylic acid cycle; glyoxylate metabolism
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