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Study on intermittent fasting changing fecal metabolism pattern of
mice based on metabolomics technique

XIONG Xing', XIONG Wei?, CHEN Yan?®, JU Zheng-cai*

(1. School of Pharmacy, Nantong University, Nantong 226000, China; 2. College of Animal Sciences,
Fujian Agriculture and Forestry University, Fuzhou 350000, China; 3. Teaching Experiment Center of
Shanghai University of Traditional Chinese Medicine, Shanghai 200120, China)

Abstract: Increasingly researches suggested that intermittent fasting (IF) can be part of a healthy lifestyle,
which can improve risk factors associated with obesity and diabetes. Based on LC-MS metabolomics technology,
this study preliminarily discussed the effect of IF on the metabolism of mice under normal physiological conditions
by detecting the fecal metabolites. All experiments were approved by the Animal Research Committee of Shanghai
University of Traditional Chinese Medicine. Animal welfare and the animal experimental protocols were strictly
consistent with related ethics regulations of Shanghai University of Traditional Chinese Medicine. The mice were
subjected to intermittent fasting for 10 weeks by fasting for 24 hours on alternate days, and their feces at 5 and
10 weeks were collected. The results show that the weight, food and water intake was not significant altered in
mice with IF, but fasting blood glucose level was decreased. We found that fecal metabolites change was present at
5-week, being more prominent in 10-week. Relative to the control mice, we detected 17 and 108 metabolites in two
time points, respectively. These metabolites were mainly enriched in the pathways of linoleic acid metabolism and
bile acid biosynthesis. We further found that 10 metabolites may be a close correlation with IF, which had the same
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change trend at two time points. In conclusion, the present study provides a new approach to study the metabolism

mechanism in IF treatment of related diseases.
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Figure 1 The physiological situation of intermittent fasting (IF)-
treated mice. Changes in (A) body weight, (B) food intake per
week, (C) water intake per week, and (D) fasting blood glucose.
“P < 0.01 vs CON. CON: Control; CF: Control + IF
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Figure 2 Fecal metabolome analysis of intermittent fasting-treated
mice. Fecal metabolic pattern changes in intermittent fasting-treated
(A: Positive; B: Negative) 5 weeks and (C: Positive; D: Negative)
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Figure 3 Fecal metabolic pattern analysis. The differences in metabolic patterns of intermittent fasting-treated (A: Positive; B: Negative)
5 weeks and (C: Positive; D: Negative) 10 weeks analyzed by OPLS-DA under positive mode and negative mode. Subsequently, metabolites
with VIP > 1.0 were selected and volcano plot analysis was used to identify important metabolites (P < 0.05, |log,(FC)| > 1), as highlighted
in E-H
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Figure 4 Changes of fecal metabolites in intermittent fasting-treated mice. Metabolic pathway analysis of metabolites changed in intermit-
tent fasting-treated (A) 5 weeks and (B) 10 weeks. Node color based on P value and node radius determined based on pathway impact values
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Table 1 List of differentiated compounds in the 5-week IF mice compared with CON mice. RT: Retention time; CV: Coefficient of varia-

tion of QC sample; VIP: Variable importance in projection; FC: Fold change

Compound Mass (m/z) RT/min Adduct Formula log,(FC)
3-Sulfino-L-alanine 152.00 0.7 M-H C,H,NO,S -2.73
Cholic acid 389.27 10.84 M-H,0-H cuno -1.53
Taurodeoxycholic acid 498.28 9.65 M-H C,H,NOS -2.28
Chenodeoxycholic acid 391.29 10.84 M-H C,H,0, -112
3a,12a-Dihydroxy-54-chol-6-enoate 389.30 11.41 M-H C,,H,0, 1.05
16-Hydroxypalmitate 271.23 14.62 M-H CH.,0, 1.00
Linoleate 279.23 12.59 M-H C,H,0, 4.05
cis-9,10-Epoxystearic acid 297.24 13.77 M-H CH,,0, 1.28
Icosatrienoic acid 305.25 16.08 M-H C,H,,0, 177
15-Keto-prostaglandin E2 349.20 6.38 M-H C,0H,,04 1.03
Prostaglandin E2 351.22 7.3 M-H C,oH,,0 1.99
LPA21:4 471.24 10.61 M-H C,H,;0.P 1.39
LPC13:1 489.32 7.94 M+FA-H C,H,NO,P 1.09
PE 34:9 702.58 14.96 M+Na C,H,,NOP -3.18
LPG 14:0 455.22 12.12 M-H C,H,,0,P 117
Inosine 267.07 2.18 M-H C10H12N4O -2.63
Methylmalonic acid 117.02 1.4 M-H C,HO, -1.26
Glucose 179.06 0.69 M-H C.H,,0, -1.10
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Figure 5 Fecal metabolic changes in intermittent fasting-treated mice. Butterfly diagram showing changes in 10 common features between
intermittent fasting-treated 5 weeks and 10 weeks. DCA: 3a,12a-Dihydroxy-54-chol-6-enoate. "P < 0.05, ™

P <0.001 vs CON
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Table 2  List of differentiated compounds in the 10-week IF mice compared with CON mice

Compound Mass (m/z) RT/min Adduct Formula log,(FC)

L-Carnitine 144.1 0.74 M-H,0+H C,H.NO, -2.15
L-Phenylalanine 166.09 2.82 M+H C,H,,NO, -2.03
Tyrosine 180.07 1.35 M-H C,H,,NO, -1.92
3-Oxo0-5f-cholanate 373.27 14.4 M-H C,,H,0, -1.52
3a,12a-Dihydroxy-54-chol-6-enoate 389.3 14.9 M-H C,H,0, 1.64
14a-Hydroxy-54-cholest-7-ene-3,6-dione 415.32 10.8 M+H C,,H,,0, 2.84
4a-Methylcholesta-8-en-34-ol 423.36 14.6 M+Na C,H,0 -3.34
20a,22/3-Dihydroxycholesterol 417.34 15.83 M-H C,,H,0, 2.19
5a-Cholest-8-en-3bg-ol 409.35 16.48 M+Na C,,H,O -1.54
Chenodeoxycholic acid 391.28 12.27 M-H C,H,0, 1.17
Taurohyodeoxycholic acid 498.29 8.49 M-H C,sH,sNOS -1.42
Taurodeoxycholic acid 498.29 9.65 M-H C,sH,sNOS -1.58
Taurocholic acid 514.28 7.61 M-H C,sH,sNO,S -1.09
Prostaglandin E2 351.22 7.3 M-H C,,H.,0; 2.63
3p,7a-Dihydroxy-5-cholestenoate 450.36 10.8 M+NH, C,H,0O, 2.87
Cholest-5-ene-3/,7a,25-triol 441.33 17.22 M+Na C,;H,0, -1.33
Stearidonic acid 275.2 14.58 M-H CH,0, -3.16
16-Hydroxypalmitate 271.23 14.64 M-H CH.,0, 1.27
Icosatrienoic acid 305.25 16.08 M-H C,H.,0, 2.92
Octadecenoic acid 247.24 15.76 M-2H,0+H C,H..0, 1.52
Octadecatrienoic acid 279.22 15.06 M-H C,H..0, -2.51
Dihydroxyhexadecanoic acid 269.21 13.57 M-H,0-H C,H.,0, 2.28
12,13-EODE 295.23 14.17 M-H C,H,,0, -2.1

13-HPODE 311.22 11.58 M-H C,H,,0, -3.15
8-HPODE 293.21 13.57 M-H,0-H C,H,,0, -3.34
9(10)-EpOME 297.24 14.03 M+H C,H,,0, -1.75
9,10-DHOME 295.23 13.18 M-H,0-H CH;,0, -141
9,10-DiIHOME 313.24 12.27 M-H C,H;,0, -2.02
9,10-EODE 295.23 12.98 M-H CH,,0, -2.85
9-cis,11-trans-Octadecadienoate 263.24 14.62 M-H,0+H C,H,,0, 1.65
9-HODE 295.23 13.42 M-H CH.,0, -2.62
a-Linolenic acid 277.22 15.06 M-H CH,,0, -2.68
Arachidonate 322.27 13.84 M+NH, CyH3,0, -2.73
cis-9,10-Epoxystearic acid 321.24 14.62 M+Na C,H.,0, 1.55
Hexadecanoic acid 279.23 16.38 M+Na C,H.,0, -1.43
Isopropylmalic acid 175.06 3.97 M-H C,H,,0, -2.54
Linoleate 279.23 12.59 M-H C,H.,0, 1.74
L-Palmitoylcarnitine 400.34 13.94 M+H C,H,NO, 1.22
LPA21:4 471.24 10.61 M-H C,H, 0P 3.69
LPC 15:0 473.32 10.16 M-H C,H,NO,P 1.94
LPE17:0 466.29 13.41 M-H C,,HNO,P 1.37
LPG 17:0 497.29 13.53 M-H C,H,;0,P 1.58
PG 16:0 490.25 9.85 M-H C,,H,;0,P 175
LPI16:0 571.29 12.711 M-H C,sH, 0P -2.61
PS17:1 515.3 9.53 M-H C,,H,,NO, P 1.34
Inosine 267.07 2.18 M-H C H,N,Of -5.35
Methylmalonic acid 117.02 14 M-H C,HO, -3.55
Malic acid 114.99 0.57 M-H,0-H C,H.O, -1.43
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