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3, 3-Dimethyl-1-butanol attenuates ulcerative colitis and secondary liver injury

by reducing trimethylamine production
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Abstract Ulcerative colitis (UC) is a chronic intestinal disease caused by a variety of factors. Severe intestinal
inflammation can also cause liver injury. Based on the previous research, microbial dysbiosis in the inflammatory
state leads to the conversion of excess choline into trimethylamine (TMA) by the intestinal flora, which competes
with the host for the use of the nutrient choline, and induces liver injury. 3, 3-dimethyl-1-butanol (DMB), a
structural analogue of choline, can reduce TMA levels from choline conversion. The aim of this study was to
investigate the protective effect and possible mechanism of DMB on UC and secondary liver injury. Dextran
sulfate sodium-induced acute colitis model in mice was established. The weight of mice, and collected serum,
liver and intestinal contents after mice sacrifice were measured. The morphological changes of colon and liver
were observed; liver function was detected with the kit of biochemical indexes; UHPLC-MS/MS was applied to
detect changes in choline metabolism in vivo. The experimental results showed that DMB could attenuate body
weight loss index, improve colonic inflammation, and reduce liver injury in UC mice. The detection of choline-
related metabolites in serum, intestinal contents and liver showed that DMB could effectively inhibit the
production of trimethylamine in the intestine, improve the availability of host choline, effectively alleviate colitis
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deterioration, and reduce liver damage caused by severe intestinal lesions.
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Figure 1 Pathways for the choline metabolism; 3,3-dimethyl-1-butanol(DMB) suppress trimethylamine(TMA) levels from choline conversion
ChAT:Choline acetyltransferase; CHDH:Choline dehydrogenase;CK:Choline kinase;CPT:Choline phosphotransferase;CT:Phosphocholine cytidyly

transferase; FMO3:Flavin monooxygenase; PLD:Phospholipase D
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Table 1 MRM transition parameters, LLOD, LLOQ, and RSD for the targeted analytes in choline metabolism
Sensitivity
Analyte MRM DP* CE’ LLOD/ RSD LLOQ/ RSD
(ng/mL) (ng/mL)

TMA 60.1>45.1 25 20 2 16.95 5 10.34
TMAO 75.9>59.1 40 30 0.5 16.39 2 7.74
CHO 104.0>45.0 100 35 0.005 19.05 0.05 14.24
CHO-D9 (IS) 113.1>69.0 100 35

ACH 147.2>88.0 70 20 0.05 14.69 0.1 14.91
Bet 118.1>59.1 120 30 0.1 8.46 0.5 7.97
PC 758.2>86.0 130 40 5 14.56 10 12.66
DMPC (IS) 678.4>86.0 130 40

a:Declustering potential;b:Collision energy

TMA: Trimethylamine; TMAO: Trimethylamine N-oxide; CHO: Choline; Bet: Betaine; PC: Phosphatidylcholine; ACH: Acetylcholine; CHO-D9:
Chloride-(trimethy-d9) choline; DMPC: 1 2-Dimyristoyl-sn-glycero-3-phosphocholine
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A: Percentage change chart of body weight; B: Mean colon length of each group; C: Representative images in each group; D: DAI score of each group
(‘P<0.05,"P<0.01, P <0.001 vs control group; “P < 0.05, P < 0.01, P < 0.001 vs model group; n = 6)

TR 2 /N RS I B 2 B A TR A, 2525
a5 K Fe I A5 3N W] 2 23 . DMB 555 20 1 /)N
AR EAR — W, BEA BEEER.
3.2 DMB K &% W X R0 4 W = 32
TEH T HRZH /NS A RIS | R AR 5 4, s
IEH I B AT WVF AR AN M, AT )2 AR 2 1 &
HAHED# ST, R W AR AR, JTCAR R, UC
FERUZH /N FR A5 B Al 2R BN P S5 R AR, B R 2
RAE, RIUN R WIE, 50050 0 0 A8, 26 -
B kAt HARIR 20 A ™ E AR, JF HAUZ B & 4

PR AR . SERZH AR e, DMB = I & T
T /N RS R AR S R AT, G5 R RE I J2 7K g
5%, RN I Bz 20 MR 52 56 B 3T AT DL o3 AR 4
fitl, DMB il RE B B psi 2 25 s 2 RO (141 3) o
3.3 DMB Zi& &K -&4 M ¥ R oG IE% 22 5 AT Ik
A AT AR

A A g B B, OE 2 A0 M o A 48
HEZIE R, 4 MR A T 40 rh g, A2 P ks 8
B & SR A0 K b, /N 25 R 2L, TR
PHEE; AP, et . pezs | PR 2E, T4t



9555 W 2 W

LA, 3, 3- -1 T R 38— P e A T G 5 MRS I 2R S Ak R VE TS A 251

3-

)
1

Histological score

Figure 3 Hematoxylin and eosin staining of colon tissues and histological score in each group
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Table 2 Solvent-only and matrix-matched calibration curves and R’ of samples

Solvent-only

Matrix-matched

Dynamic range/

Compd. Calibration curves R Calibration curves R (ng/mL)
Intestinal contents
TMA y=0.0017x+0.0057 0.9953 »=0.0015x+0.0349 0.998 0 3.75-375
TMAO y=0.0143x +0.037 0.998 9 y=0.0130x +0.0393 0.998 0 1.25-125
CHO y=0.0115x-0.0073 0.999 7 y=0.0112x+1.9279 0.9978 5-500
ACH »=0.0028x—0.001 0.998 0 »=0.0027x +0.0025 0.9931 0.5-50
Bet y=0.0383x +0.0576 0.9993 y=0.0343x +0.9758 0.999 0 1-100
PC y=0.7703x + 0.0217 0.9975 y=0.5176x +1.1683 0.9939 12.5-12500
Liver
TMA y=0.0095x +0.0038 0.9997 y=0.0089x +0.1968 0.9972 1.25-125
TMAO y=0.0162x +0.0402 0.9988 y=0.0150x +0.0329 0.9988 1.25-125
CHO y=0.0116x+0.0227 0.9999 y=0.0118x+1.8986 0.9976 10-1000
ACH y=10.0013x-0.0007 0.9992 y=0.0013x+0.0021 0.9937 1.25-125
Bet y=0.0181x+0.0481 0.9993 y=0.0176x +5.1867 0.9955 4-400
PC y=0.4209x +0.1404 0.9943 y=0.3533x+11.624 0.9918 300-30000
Serum
TMA y=0.0057x +0.0197 0.9955 y=0.0053x+0.0192 0.998 0 1.8-180
TMAO y=0.0159x+0.076 1 0.9982 »=0.0150x+0.0502 0.9998 2.25-225
CHO y=0.0129x +0.006 8 0.9999 y=0.0134x +0.9229 0.9995 6.75-675
ACH y=0.0028x - 0.0006 0.998 1 y=10.0028x + 0.0005 0.998 0 0.9-90
Bet y=10.0395x+0.1593 0.9986 »=0.0371x+0.801 1 0.9997 4.5-450
PC y=10.0006x +0.0775 0.9950 »=0.0004x +3.3674 0.9967 90-9000
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Table 3 Methodological observations including precision and accuracy, recovery and matrix effects results

Added/ Matrix effect Recovery Intraday Interday

Analyte — —
(ng/mL) t-value Mean/% RSD/% Accuracy/% Precision/% Accuracy/% Precision/%

Intestinal contents

15 101.01 8.87 —6.23 6.60 -3.61 14.45
TMA 112.5 0.2703 100.50 4.12 9.05 5.27 8.29 5.21
187.5 105.43 6.29 9.60 7.95 10.40 9.62
5 90.90 10.79 4.12 6.33 2.30 6.03
TMAO 37.5 0.1574 102.91 4.94 7.61 7.39 6.44 6.95
62.5 105.53 7.33 3.58 2.92 4.43 4.52
20 103.49 6.02 -9.57 3.31 —6.62 2.92
CHO 150 0.0221 97.78 9.96 —8.75 4.37 -9.17 3.24
250 90.76 6.10 —2.45 4.87 —5.47 5.08
2 105.14 6.73 -1.71 13.33 5.14 4.67
ACH 15 0.0493 101.74 5.70 1.74 5.33 1.74 5.37
25 116.08 4.01 18.63 3.69 17.33 4.45
4 89.97 9.39 -17.39 2.62 —14.80 2.64
BET 30 0.2426 97.01 4.44 -1.92 1.76 1.97 3.97
50 101.98 6.18 3.11 4.42 -2.73 2.17
50 95.34 9.21 14.74 7.99 -9.03 8.34
PC 375 0.3543 86.83 6.45 —-0.83 8.41 4.89 8.25
625 108.79 9.52 —5.41 3.40 -12.20 2.45

Liver
5 102.47 10.80 —-18.76 8.67 -9.70 5.82
TMA 37.5 0.1256 89.42 7.39 -1.78 5.43 —0.49 4.72
62.5 100.64 5.70 —13.82 12.16 —16.83 11.10
5 97.05 7.78 7.09 5.16 8.26 4.79
TMAO 37.5 0.1275 96.94 4.75 -3.98 5.12 —2.98 421
62.5 93.64 3.49 -3.90 3.65 —4.63 3.05
40 112.08 5.20 17.38 6.02 11.81 2.68
CHO 300 0.0248 101.53 2.61 —5.49 1.76 —5.32 1.80
500 101.44 2.09 -9.76 1.80 -9.39 1.71
5 114.08 6.74 17.77 7.92 14.91 5.56
ACH 37.5 0.0160 98.90 9.06 —2.11 8.36 -1.26 8.33
2 96.19 5.70 =723 12.01 —6.09 12.78
16 87.37 8.87 421 3.15 13.73 3.27
BET 120 0.0392 102.23 5.56 —4.06 3.93 —5.54 3.65
200 94.45 9.36 -2.06 3.01 2.23 1.63
1200 104.40 11.21 —8.68 11.10 —14.11 11.17
PC 9000 0.1895 89.23 6.76 0.25 9.22 —8.62 8.02
15000 100.80 13.85 7.64 6.81 0.97 6.05

Serum
7.2 80.61 9.82 —8.49 7.33 —11.82 4.36
TMA 54 0.1574 89.53 1.90 —8.46 1.73 —8.36 1.91
90 96.75 4.49 —2.05 4.26 -0.62 2.45
9 94.67 6.13 —4.87 4.39 —3.41 3.55

TMAO 67.5 0.2001 97.22 2.93 -2.71 2.79 -3.37 242
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(Continued)
Analyte Added/ Matrix effect Recovery Intraday Interday
(ng/mL) t-value Mean/% RSD/% Accuracy/% Precision/% Accuracy/% Precision/%
112.5 99.08 1.48 —0.87 1.44 —0.75 1.53
27 90.24 12.61 —9.60 5.87 7.13 10.52
CHO 202.5 0.0580 97.89 2.75 —0.67 2.02 0.17 1.21
337.5 99.75 2.07 0.60 1.70 0.85 1.76
3.6 82.76 10.97 —17.24 10.35 -17.42 7.98
ACH 27 0.0000 97.06 3.61 -2.93 3.59 —4.00 2.26
45 97.24 5.02 —2.75 5.00 —2.86 5.16
18 95.90 5.94 —4.09 2.63 —3.40 2.73
BET 135 0.1404 99.76 2.40 -0.23 2.07 —0.49 2.17
225 101.85 2.44 1.85 2.23 1.77 2.44
360 86.66 4.24 —10.91 3.58 4.86 3.27
PC 2700 0.5438 95.69 9.71 0.03 2.25 2.25 1.90
4500 111.36 11.95 14.75 5.98 18.58 5.36
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Figure 5 Bar graph of choline metabolism-associated metabolites quantification

A Intestinal contents; B: Liver; C: Serum

P <0.05,"P<0.01, P <0.001 vs control group; “P < 0.05, "P <0.01, *P < 0.001 vs model group; n = 6 per group
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