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Abstract: [ Objective] The aim of this study was to investigate the variations of endogenous metabolites in the urine
and plasma of 2,4, 6-trinitro benzene sulfonic acid (TNBS)-induced colitis model rats on the base of untargeted and tar-
geted metabolomics techniques. [ Methods] A total of 16 male SD rats were randomly and equally divided into control group
and model group. The rats in the model group were treated with TNBS enema to establish experimental colitis rat model.
The urinary metabolites of rats in the both two groups were detected by employing 'H nuclear magnetic resonance ('H
NMR). The levels of amino acids in urine and plasma of above rats were investigated by hydrophilic interaction ultra—high—
performance liquid chromatography—tandem mass spectrometry (HILIC-UPLC-MS/MS). Multivariate statistical analysis
was combined to analyze the metabolic profile additionally. [Results] Compared with the control group, the 'H NMR re-
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sults showed that the metabolic profile of urine in the model rats was significantly changed, including increased levels of

pyruvate, formate, methylamine and citrate, decreased levels of trimethylamine oxide and malonate (all P < 0.05). Mean-

while, the HILIC-UPLC-MS/MS results indicated that the levels of phenylalanine and histidine were significantly in-

creased in the urine of model rats, the contents of lysine, arginine, phenylalanine, leucine, glycine, tryptophan, proline,

histidine and tyrosine were markedly elevated while glutamine, valine, alanine and isoleucine were notably reduced in the

plasma of model rats (all P < 0.05). [ Conclusions] The metabolic pathways including energy metabolism, amine metabo-

lism and amino acid metabolism were interfered in colitis rats induced by TNBS. The multivariate metabolomics methods

based on'H NMR and HILIC-UPLC-MS/MS revealed the metabolic alterations of urine and plasma in the colitis rats, pro-

viding new perspective for the mechanism research of inflammatory bowel disease (IBD) and the exploration of related bio-

markers.
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A: Macroscopic scores of colon in the control and model groups at day 7. B: MPO activity of the control and model groups at day 7. C: Histological

observations in the control and model groups at day 3 and 7, original magnification X100. 1) ¢ = 10.28, P < 0.001 vs. control; 2) t = 3.013, P = 0.013 vs.

control, n = 6.
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Fig.1 Evaluation of TNBS—induced colitis model in rats



508 HlR AR 2 (R AR ) a2k

f

27

20

1 1

P %2 |

i i
1

i Model :

: !

1 1

1 1

1 1

| 40 i

1 e | <

1 1

43 W 38 :

1 /

: 49 ‘ Pl

I

! A2 47 9 33 Y

i | )

i

i Control

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1 r

1

1

1

13 39

Il

48 l46L 9 45

FI NN Ny
T T T T T 7/

95 90 85 80 75 7.0 65 e.oi

__________________________________________

T/ T T T
50 45 40 35 30 25 20 15 1.0 ppm

A
16
|
15 Model
[ ]
12
17 1
Control
M JJU
T T T T - 1
2if 2.6 2.5 2.4 ppm

A: The spectral region of 8 0.50-9.50. B: The spectral region of 8 8.45-8.48. C: The spectral region of 8 2.30-2.75.
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Fig.2 Representative 'H NMR spectra of urine in the control and model groups at day 3
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A: The OPLS-DA trajectory plot of urine in the model group at different time intervals. B: OPLS=DA loading plot of urine in the model group at day

3, the points marked red represented the variables which VIP value was more than 1.00, (n = 6).
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Fig.3 Metabolic trajectory plot and loading plot of urine in the model group based on OPLS-DA
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A: OPLS-DA score plot of urine in the control and model groups at day 3. B: OPLS=DA score plot of plasma in the control and model groups at day
7. C: OPLS-DA standardized coefficients plots of urine (blue) and plasma (red) metabolites in the model group as compared to the control group. Posi-
tive bars (£ SEM) illustrated metabolites significantly increase in the model group, negative bars (+ SEM) illustrated metabolites significantly decrease

in the model group, (n = 6).
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Fig.4 Score plots and standardized coefficients plots of urine and plasma in the control and model groups based on OPLS-DA
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Table 1 Differential metabolites and its variation

tendency of urine and plasma in the model group

Metabolites Trend? P Samples
Pyruvate" 1 0.008* Urine
Formate" 1 0.008* Urine
Methylamine" 1 0.016” Urine
Phenylalanine 1 0.030” Urine
Histidine T 0.038” Urine
Citrate" T 0.047” Urine
Malonate" ! 0.009" Urine
TMAO" ! 0.009" Urine
Lysine 1 0.000" Plasma
Arginine 1 0.000" Plasma
Phenylalanine 1 0.000* Plasma
Leucine 1 0.000" Plasma
Glycine 1 0.000" Plasma
Tryptophan 1 0.000" Plasma
Proline 1 0.006" Plasma
Histidine 1 0.026% Plasma
Tyrosine 1 0.041% Plasma
Glutamine l 0.000" Plasma
Valine ! 0.000" Plasma
Alanine l 0.000" Plasma
Isoleucine ! 0.000" Plasma

TMAO: trimethylamine oxide; 1) Differential metabolites
identified by "H NMR; 2) T : Increased in the model group; | :
Decreased in the model group; 3) P < 0.05 vs. control; 4) P < 0.01

vs. control; (n=6).
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Fig. 5 Metabolic pathways influenced by TNBS induction in rats
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