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Analysis of heat acclimatization related metabolites and pathway characteristics based on serum metabonomics
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[ Abstract | Objective To compare the serum small molecule metabolites between heat acclimatization and heat
non-acclimatization subjects, and reveal the characteristics of serum small molecule metabolites related to human heat
acclimatization. Methods Seventy subjects involved in a cold-to-heat region transferring were enrolled in this study.
According to the exposure to a high wet-heat natural environment or a comfortable air-condition artificial environment, the
subjects were divided into heat acclimatization group (#=40) and heat non-acclimatization group (#=30). Early morning
fasting blood samples from the subjects were collected 2 months after region transferring. After standard processing, liquid
chromatography tandem mass spectrometry was used for metabolomic detection, and Progenesis QI software and ropls tool
of R 1.6.2 software were employed to identify the differential small molecule metabolites of the 2 groups, and the pathway
enrichment analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) was carried out for the differential small molecule
metabolites. Results There were no significant differences in age or body mass index between the 2 groups (both P>0.05). A
total of 1 320 small molecule metabolites were detected by serum metabolomics. Orthogonal partial least squares-discriminant
analysis showed that the samples of heat acclimatization group and heat non-acclimatization group had a good discrimination
between groups and a good aggregation within groups. There were 89 small molecule metabolites with a concentration
difference of more than 1.5 times (£<<0.05) between the 2 groups, with 57 being increased and 32 being decreased in the
heat acclimatization group. KEGG pathway enrichment analysis showed that the differential small molecule metabolites were

mainly enriched in 13 metabolic pathways, including amino acid metabolism and glycerophospholipid metabolism, involving
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tryptophan, glycine, serine, threonine, arginine, and proline. Conclusion Heat acclimatization training under heat exposure

can change the omics characteristics of small molecule metabolites in human serum, mainly enhancing amino acid metabolism

involved in heat tolerance.

[ Key words | heat acclimatization; heat tolerance; cross-domain training; serum metabonomics; amino acid

metabolism
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Tab 1 Basic data and heat exposure of heat acclimatization (HA) group and heat non-acclimatization (HN) group
xts
Characteristic HA group n=40 HN group n=30 P value
Demographic data
Agelyear 23.85+3.74 23.40+3.81 0.623
Body height/cm 176.98+4.49 175.30+4.16 0.116
Body weight/kg 73.58+4.86 71.77+4.60 0.120
BMI/(kgem °) 23.47£0.98 2336145 0.701
Heat exposure during work
Mean daytime temperature/C 37.44+2.16 26.45+0.37 <<0.001
Mean night temperature/C 27.00+1.41 23.75+0.53 0.003
Mean daytime humidity/% 39.33+4.68 65.50+4.20 <0.001
Mean night humidity/% 55.67+7.31 50.75+5.56 0.289
Work intensity/ MET 3.94+0.34 3.26+0.31 <<0.001
Average daily heat exposure time/h 8.29+0.46 8.1610.38 0.081
BMI: Body mass index; MET: Metabolic equivalent.
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Fig1 OPLS-DA analysis and permutation test of anion and cation models

A: Cationic model score chart; B: Anionic model score chart; C: Cationic model permutation test; D: Anionic model permutation test.

R, (cum) and Q" (cum) are model validation parameters, which represent model interpretability and model predictability, respectively.

e cationic model coefficients cum) was U. an y (Cum) was u. ;t € anionic model coetticients cum) was V. an
The cationic model coefficients O (cum) 0.992 and R’y (cum) 0.993; the anionic model coefficients Q° (cum) 0.998 and

R’, (cum) was 0.998; and the above coefficients were greater than 0.9 and close to 1, indicating that the model had high prediction

ability and good fitting degree. OPLS-DA: Orthogonal partial least squares-discriminant analysis; HA: Heat acclimatization group;

HN: Heat non-acclimatization group.
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Tab 2 The top 30 serum differential metabolites

Metabolite

Regulation VIP FC P value

Class

Organic acids and derivatives

Glycyl-valine
L-cis-cyclo(aspartyl phenylalanyl)
2-(3-carboxy-3-(methyl ammonio)propyl)-L-histidine
Phenylalanyl-phenylalanine
Leucyl-leucine
Phenylalanyl-isoleucine
Glycyl-phenylalanine
L-coprine
Glycine-betaxanthin
2-[(2S)-2,6-diaminohexanoyl]oxyacetic acid
4-[(2,4-dihydroxy-3,3-dimethyl butanoyl)amino Jbutanoic acid
L-B-aspartyl-L-phenylalanine
Enalkiren
2-ethyl-1-hexanol sulfate
Ethylenediaminetetraacetic acid

Organic compound
Pentafluoropropionic acid
Quazepam
4-hydroxy-4-(3-pyridyl)-butanoic acid
2-iminothiolane
Rhein
3’,4,4 -trihydroxypulvinone
2-chlorobenzoic acid

Lipids and lipid-like molecules
Tetranor-PGFM
KAPA
6-epi-7-isocucurbic acid glucoside
PS(P-20:0/22:6(4Z,72,10Z,13Z,16Z,197))
3-O-sulfogalactosylceramide (d18:1/18:0)
Cer(d20:1/6 keto-PGF1a)
PG(18:1(12Z)-20H(9,10)/i-19:0)
Ribavirin monophosphate
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2.408
2.198
1.649
3.025
2.266
2.074
2.326
2.928
3.422
2.485
3.376

3.429 <0.001
3.355 <0.001
2.270 <0.001
2.059 <0.001
1.759 <0.001
1.881 <0.001
1.803 <0.001
0.503 <0.001
0.398 <0.001
0.317 <0.001
0.002 <0.001

3.507 15.403 <<0.001

2.388
3.172
3.049

2.369
2.522
2.297
2.347
2.504
2.133
3.509

3.353
2.129
2.659
2.219
2.808
2.845
2.232
2.965

2.171 <0.001
2.691 <0.001
0.384 <0.001

0.506 <0.001
0.542 <0.001
2.461 <0.001
3.846 <0.001
0.523 <0.001
2.331 <0.001
0.180 <<0.001

11.996 <0.001
0.529 <0.001
2.09 <0.001
1.974 <0.001
4.929 <0.001
6.936 <0.001
1.884 <0.001
0.450 <0.001

Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Amino acids, peptides, and analogues
Hybrid peptides

Hybrid peptides

Sulfuric acid esters

Tetracarboxylic acids and derivatives

Alkyl fluorides

1,4-benzodiazepines

Not available

Imidothiolactones

Anthracenecarboxylic acids and derivatives
Benzenediols

Benzoic acids and derivatives

Eicosanoids

Fatty acids and conjugates

Fatty acyl glycosides
Glycerophosphoserines

Glycosphingolipids

Sphingomyelin

Phosphatidylglycerol

Triazole ribonucleosides and ribonucleotides

KAPA: (8S)-8-amino-7-oxononanoic acid; PS: Phosphatidylserine; Cer: Ceramides; PGF: Prostaglandin F; PG:

Phosphatidylglycerol; VIP: Variable importance in projection; FC: Fold change.
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B2 mFEREHALE
Fig2 Volcano plot of serum metabolites
Up: Significantly increased metabolites in the heat acclimatization group; Down: Significantly decreased metabolites in the heat acclimatization

group. FC: Fold change; PA: Phosphatidic acid; PGF: Prostaglandin F; SM: Sphingomyelin; VIP: Variable importance in projection.
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Fig 3 Differential metabolite KEGG pathway analysis
KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Fig4 KEGG pathway topological analysis of differential metabolites
The impact values of top 10 KEGG pathways are labeled with the path names. KEGG: Kyoto Encyclopedia of Genes and Genomes.
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