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A B S T R A C T

Trimethylamine (TMA) and trimethylamine-N-oxide (TMAO) play a crucial role in many biochemical processes 
within diverse organisms including animals, plants, fungi and bacteria. Studies have linked these metabolites 
with cardiovascular and kidney diseases; however, emerging evidence demonstrates their protective properties. 
Owing to these controversies and co-existence of these metabolites in biological samples, it is crucial to accu
rately quantify these metabolites to associate their concentrations with various physiological and pathophysio
logical conditions to elucidate their potential roles. We reported interferences on TMA quantification without 
derivatizing the analyte. A combined sample preparation method, including sample derivatization with ethyl 
bromoacetate and use of ion pairing reagent (sodium heptanesulfonate), minimized these interferences and 
provided improved accuracy and precision for simultaneous quantification of TMA and TMAO. The linearity for 
TMAO ranged from 0.01 µM to 300 µM and 0.1 µM - 300 µM for TMA. With the application of this method, we 
reported that the circulating concentrations of TMA was 4 times higher in male mice (33.1 ± 5.9 µmol/L) 
compared to females (8.3 ± 1.39 µmol/L), whereas TMAO levels were 6 times lower in male (7.2 ± 0.4 µmol/L) 
than female mice (42.1 ± 4.5 µmol/L). In contrast, concentrations of TMA and TMAO in the colonic tissue did 
not differ significantly between males and females. The robust analytical method for simultaneously quantifying 
TMA and TMAO presents a significant value in facilitating investigations on TMA and TMAO biology.

1. Introduction

Trimethylamine (TMA) is produced by the gut bacteria from the 
dietary quaternary amines such as choline, betaine and carnitine. It is 
volatile (boiling point at 2.9◦C) and has a distinctive odour associated to 
rotting fish [1]. In the liver of higher vertebrates, TMA is oxidized by 
flavin-monooxygenase 3 (FMO3) to trimethylamine-N-oxide (TMAO) 
[1]. High blood levels of TMAO have been associated with cardiovas
cular risk [2] and kidney damage [3]; however, TMAO has also been 
shown to alleviate H2O2-induced oxidative stress damage of cells [4]. 
Owing to their important biological implications, it is crucial to quan
titate these metabolites in various biofluids and tissues, enabling the 
evaluation of impact of diet and the gut microbiota on TMA and TMAO 
concentrations.

Several studies have reported qualitative and quantitative mea
surement of TMAO and TMA using diverse techniques including nuclear 

magnetic resonance (NMR) spectroscopy [1,5], and gas and liquid 
chromatographic separations coupled with tandem or high resolution 
mass spectrometry (MS) [6,7]. Owing to the sensitivity limitation of 
NMR spectroscopy, it is not ideal for quantifying TMA and TMAO in 
tissue samples, in which their concentrations are low. Gas chromatog
raphy coupled with MS (GC-MS) was successfully used to measure these 
compounds [6,8], but the process was lengthy as it applied several 
extraction and derivatisation steps. On the other hand, hydrophilic 
interaction liquid chromatography coupled with tandem MS 
(HILIC-MS/MS) facilitates a better separation of TMA and TMAO and 
improves the detection by enabling the selection of specific masses [9, 
10]. Measured concentrations of TMA in plasma from healthy subjects 
differ considerably from one study to another (Table 1). Furthermore, 
some methodological details and crucial mass spectrometer specifica
tion, such as m/z detection ranges at the given acquisition rates, are 
lacking in literature, which hinders the method implementation in other 
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laboratories. In our study, we aimed to develop a simple method to 
address these limitations in simultaneously quantitating TMA and 
TMAO using LC-MS/MS.

2. Materials and methods

2.1. Biofluid and tissue sample collection

Seventeen female and 16 male Fabpl Cre ;Apc15lox/+ [11] mice 
were bred and maintained under standard conditions (room tempera
ture at 21 ± 1◦C; 12-h light-dark cycle) and provided ad libitum with 
normal chow diet and water throughout the experiment. Mice were 

Table 1 
Reported concentrations of TMA in different biological samples using GC-MS and LC-MS/MS.

Authors LC Separation Masses [M+H]+ Internal standard/ 
Derivatisation

Platform TMA average concentrations 
(controls)

Organism Tissue

Awwad, et al [10]. BEH-HILIC 60,44 TMA-d9/N.A LC-MS/MS 0.86 µmol/L Human Plasma
Zordoky, et al [12]. Biocrates-RP 59 N.A/N.A LC-MS/MS 26.55 (unit not reported) Human Plasma
Bain, et al [13]. SPME 58, 66 TMA-d9/N.A GC-MS/ 

MS
0.418 µmol/L Human Plasma

Hefni, et al [9]. HILIC-N 146, 117, 99 TMA-d9/EBA, IAM, IACN LC-MS/MS 0.98 µmol/L Human Plasma
Hefni, et al [9]. HILIC-N 146, 117, 99 TMA-d9/EBA, IAM, IACN LC-MS/MS 4.4 µmol/L Human Urine
Johnson, et al [14]. Direct 

infusion
146.1, 118.1 TMA-d9/EBA LC-MS/MS 0.11–1.19 mmol/mol creatinine Human Urine

Awwad, et al [10]. BEH-HILIC 60,44 TMA-d9/N.A LC-MS/MS 3.4 µmol/L Human Urine
Roggensack, et al 

[15].
BEH-HILIC 60,44 TMA-d9/N.A LC-MS/MS n.d Human ​

Veeravalli, et al [16]. ACE® C18 RP 146 TMA-d9/EBA LC-MS/MS 0.07–3.09 mM/Creatinine(mM) Mouse Urine
Hoyles, et al [17]. BEH-HILIC 146,118, 150, 

122
TMA-d9, 13C3/15N-TMA, EBA LC-MS/MS 12.5 µmol/L Mouse Plasma

Cai, et al [18]. BEH-HILIC 60,44 N.A/N.A LC-MS/MS Relative Abundance Bacteria ​

n.d: non-detectable
RP: Reverse phase; EBA: Ethyl bromoacetate; IACN: Iodo-acetonitrile; IAM: Iodo-acetonitrile-acetamide
HILIC-N: Hydrophilic interaction liquid chromatography neutral
SPME: Solid Phase Micro Extraction
ACE® C18 RP: Advanced Chromatography Technologies Trademark, eighteen carbon
BEH: Bridged ethylene particle
N.A: Non-available

Fig. 1. A flowchart of the method development involving ion pairing alone or the combined method of derivatization and ion pairing.
Created in BioRender. Abaakil, K. (2024) BioRender.com/y22y390.
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sacrificed at age of 13 weeks for male and 15 weeks for female. Tissue 
samples were collected, immediately frozen in liquid nitrogen and 
stored at − 80◦C until further analysis. Animal experiments were carried 
out under a Home Office project licence (PPL P9718F9C8). The blood 
was collected into heparin-coated capillary tubes using tail venipunc
ture, centrifuged at 11,200g for 3 min to obtain plasma. Colonic tissues 
were collected and snap-frozen in liquid nitrogen. Both plasma and 
colonic tissues were subsequently stored at − 80◦C pending for subse
quent analysis.

2.2. Analytical methods

2.2.1. Metabolite extraction from tissue samples
Each frozen tissue was taken from the container, weighted 

(50–100 mg) and placed into a 2-mL cryovial containing approximately 
100 mg of a mixture of zirconia oxide beads with diameters of 0.7, 1.4 
and 2.8 mm at a proportion ratio 1:1:1 (Bertin Corp., Rockville, MD, 
USA). A total of 500 µL of cold acetonitrile (Optima LCMS grade, Fisher, 
Leicester, UK) was added to the cryovial and homogenized in a bead 
beater (Precellys, Bertin Corp, Rockville, MD, USA) with three cycles at 
6500 rpm for 20 s per cycle. The residual homogenized sample in 
acetonitrile (approximately 400 µL) was centrifuged at 17,949 g for 
15 min at 4◦C (Eppendorf 5430 R Centrifuge, Hamburg Germany). The 
tissue extract supernatant was transferred and stored at − 80◦C in 1.5 mL 
microcentrifuge tubes until derivatization step.

2.2.2. Plasma sample extraction
Samples were thawed at room temperature and briefly vortexed. A 

total of 25 µL plasma was transferred into a 1.5 mL microcentrifuge tube 
(Eppendorf, Hamburg, Germany) containing 50 µL cold acetonitrile 
(LCMS Optima grade, Fisher, Leicester, UK) and mixed for a few seconds. 
The tube was centrifuged for 15 min at 17,949 g at 4◦C (Eppendorf 
5430 R Centrifuge, Hamburg Germany) and stored at − 80◦C until 
derivatization.

2.2.3. Preparation of standards and labelled internal standards
TMA 40 % solution (Sigma-Aldrich, Steinheim, Germany) and TMA- 

N-oxide•2H2O with 98–99 % purity (Fluka, Charlotte, NC, USA) were 
used to prepare standard stock solutions and serial calibration curves as 
detailed in supplementary table (Tables S1 and S2). TMA-D9-hydro
chloride (Cayman. Ann Harbor, MI, USA) and TMA-D9-N-oxide (Toronto 
Research Chemicals, North York, Ontario, Canada) were prepared in 
acetonitrile (Optima LCMS grade, Fisher, Leicester, UK) at 160 µM and 
50 µM, respectively, as labelled internal standards and stored at − 20◦C 
in silanized glass vials (Table S3).

2.2.4. Derivatization and ion pairing reactions
Derivatization using ethyl bromoacetate (EBA) was considered as 

one of the best options to obtain mass differentiation between the two 
analytes and has been successfully applied previously [9,14]. An aliquot 
of 10 µL of sample extracts or prepared standard solution was transferred 
into a 1.5 mL microcentrifuge tube, which contained 10 µL internal 
standard solution mixture prepared as described above and 45 µL of EBA 

(Sigma-Aldrich, Steinheim, Germany) solution (15 mg/mL, 1 % v/v 
ammonium hydroxide in acetonitrile). The samples were thoroughly 
mixed and incubated at room temperature for 30 min. In this derivati
zation process, TMA was derivatized, but TMAO remained in its original 
form due to the oxygen present in the structure. Subsequently, 185 µL of 
a cold solution consisting of 95 % acetonitrile and 5 % water (v/v) was 
added to the tubes to quench the reaction. Following thorough mixing, 
the tubes were centrifuged at 17,949 g for 10 min. A fraction of 100 µL of 
the supernatant was transferred to a 300-µL injection vial with a conical 
bottom (Part No. WAT094172, Waters™), followed by adding 50 µL 1 M 
sodium heptanesulphonate (ion pairing reagent) prepared in water 
(Sigma-Aldrich, Steinheim, Germany), mixing well and storing at 4◦C 
until injection (Fig. 1).

2.2.5. UPLC-MS/MS
Chromatographic separation was performed on a Waters Acquity 

Binary Management UHPLC system (Milford, CT, USA) on a Waters HSS 
T3 C18 Column with dimensions 150 mm × 2.1 mm, 1.8 µm pore size. 
Mobile phase A (MPA) was water (Optima LCMS Grade, Fisher, 
Leicester, UK) containing 0.1 % formic acid (Supelco, Bellefonte, PA, 
USA). Mobile phase B (MPB) was acetonitrile (Optima LCMS grade, 
Fisher, Leicester, UK) with 0.1 % formic acid. Chromatographic sepa
ration is described in Table S4. Column temperature was kept constant 
throughout separation at 40◦C, flow rate at 0.35 mL/min, injection loop 
volume of 2 µL and total running time of 6 min. TMA and TMAO were 
eluted at 2.51 min, their deuterated counterparts at 2.50 min, and 
derivatized TMA (146>118) and TMA-d9 (155>127) at 2.7 min 
(Table 2). All transitions were detected in positive electrospray ioniza
tion polarity (ESI+) on a Waters Xevo TQ-S (Waters, Milford, CT, USA). 
Source and desolvation temperatures were set to 150ºC and 500ºC, 
respectively. Desolvation gas flow was 800 L/hr and capillary voltage 
was 1 KV. Cone and collision energy voltages are shown in Table 2. 
Calculation of concentrations are described in the Supplementary 
Information.

2.3. Statistical analyses

GraphPad Prim 9.0 (GraphPad Prism version 9.0.0 for Windows, 
GraphPad Software, San Diego, CA, USA) was used for analysis of means 
(2 sample t-tests) and Wilcoxon tests reported with 95 % confidence 
limits. Mean results were presented with standard error of the mean (s.e. 
m) in box plots and tables. Linear regression equations from standard 
calibration curves, r-square, accuracy and precision values with coeffi
cient of variation percentages (relative standard deviation) and standard 
errors of the mean were calculated in Excel 365 (Microsoft 365, 
Microsoft Corporation, Version 16.0).

3. Results and discussion

3.1. Optimization of UPLC-MS method

TMA and TMAO are challenging to be retained and detected by a 
conventional chromatographic system due to their small molecular 

Table 2 
Multiple Reaction Monitoring (MRM) Parameters.

Compound Segment time (min) Retention 
Time 
(min)

Precursor ions Product ions Cone voltage (V) Collision energy 
(V)

Dwell time (s)

TMAO 2.2–3.0 2.51 76.1 58.1 5 10 0.02
2.2–3.0 2.51 76.1 59.1 5 10 0.02
2.2–3.0 2.51 76.1 76.1 5 10 0.02

TMAO-d9 2.2–3.0 2.50 85.0 66.0 5 10 0.02
2.2–3.0 2.50 85.0 68.0 5 10 0.02

TMA-ethyl-acetate 2.2–3.0 2.70 146.1 118.1 10 5 0.02
TMA-d9-ethyl-acetate 2.2–3.0 2.70 155.1 127.1 10 5 0.02
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Fig. 2. Chromatograms and mass spectra for a solution containing: A) 50 µmol/L TMAO; B) 50 µmol/L TMAO-d9; C) non-derivatized TMA; D) non-derivatized TMA- 
d9; E) 50 µmol/L derivatised TMA; and F) 50 µmol/L derivatised TMA-d9. X axis is retention time in minutes.
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weight, polarity, and different physical properties. For example, boiling 
point for TMA is 2.9◦C, whereas TMAO is at 158◦C. Owing to low boiling 
point of TMA, we observed lower response signals of both TMA and 
TMA-d9 in solutions stored at 4◦C overnight compared to those in the 
freshly prepared solution. Therefore, solutions used in the current study 
were stored at − 20◦C. To obtain a fast and reliable method to separate 
these amines, we first tested several chromatographic methods 
including HILIC and reverse phase (RP). When separating a solution that 
contained 25 µM TMA, 160 µM TMA-d9, 25 µM TMAO and 50 µM 
TMAO-d9, a HILIC BEH 2.1 ×150 mm column (Waters, Milford, USA) 
separation presented much lower peak intensity (6.1 ×104) and broad 
peak shape compared to RP columns, such as C18 HSS T3 2.1 ×150 mm 
(Waters, Milford, USA) shown in Figures S1 A&B.

Subsequently, we incorporated an ion pairing solution containing 
1 M sodium heptanesulfonate (SHS) into the samples to increase the 
retention of polar amines. SHS has been reported for improving reten
tion of ionisable structured compounds including amino acids and 
pharmaceuticals in positive mode [19,20]. The use of the ion pairing 
reagent allows to form an anionic counter-ion donor to the protonated 
TMA and TMAO (R–NH3

+ + CH3(CH2)6–SO3
− → R–NH3

+ − O3S– 
(CH2)6CH3) and increases hydrophobicity and retention. The effective
ness of ion-pairing depends firstly on the adjustment of the pH to 9.5 in 
the sample rather than incorporating it to the mobile phase, and sec
ondly, by maintaining the sample to SHS volume ratio (2:1) constant. 
We tested the sample with two RP C18 columns. The C18 HSS T3 column 
produced a better peak shape with a higher intensity of TMA signal 
compared to the CSH C18 2.1 ×100 mm (Waters, Milford, USA) column 
(Figs S1 C&D). Therefore, we opted to use the C18 HSS T3 column for 
the subsequent analyses.

3.2. Selection of ions for TMA and TMAO quantification

One of the main capabilities of a triple quadrupole (TQ) is its 
sensitivity and selectivity. In the case of TMAO (m/z = 76) and TMAO-d9 
(m/z = 85), we obtained multiple reaction monitoring (MRM) as 76 >
59 and 85>66, respectively (Figs. 2A and 2B, Table 2), which corre
sponded to values previously reported in other studies as the main 
transitions in positive (ESI+) mode [7,21,22].

However, for TMA, with 59 amu, further fragmentation was not 
possible in our instrument, due to the detection mass range starting from 
50 to 1000 amu at a rate of 10 scans per second. We observed that 
ionization for TMA formed a protonated ion at m/z = 60 (C3H9N + H), 
but its signal was small compared to m/z = 59 (C3H9N+) (Fig. 2C). 
Similarly, we observed another peak for m/z = 58 (C3H8N+), which also 
presented a much smaller signal compared to m/z = 59. Although, other 
studies reported ion transitions at 60 > 44 [18] and 60 > 45 [15,18], we 
did not detect these fragment signals nor strong signals at m/z = 60. 
Furthermore, intensities of the response for 59>58 transition was very 
low and not ideal for use of metabolite quantitation. Therefore, we 
selected ion pairs at 59 > 59 and 68>68 for quantifying TMA and 
TMA-d9, respectively (Fig. 2C & 2D).

Furthermore, signals of 59>59 with low intensities in blank samples 
were noted (Fig. S2A) and it is unlikely to be the residual TMA from 
previously injected samples since blanks injected prior to standard 
calibration curve samples also contained this peak. While we are not 
certain about its sources, it is possible that the reaction of acetonitrile 
and ammonium (from ammonium hydroxide added to the samples to 
adjust pH) during ionization formed a peak at m/z = 59 
((CH3CN+NH4)+) in ESI+ mode, which could elute at the same time to 
the analytes (co-elution) and contributed to the background signal. 
Additionally, we observed TMA signals of 59 > 59 when injecting pure 
solutions of TMAO and TMAO-d9 (Fig. S2B). Collectively, these obser
vations indicate that contributions from various unknown sources to 
signal 59>59 intensities could bias the quantification of TMA.

Since TMAO and TMA commonly co-exist in biological samples in 
addition to other important key metabolites that share the same nominal 

mass as TMA (such as N-methyl formamide, acetaldehyde oxime, acet
amide and 2-aminoacetaldehyde), we incorporated a derivatization step 
into the sample preparation, allowing us to accurately quantitate both 
compounds, minimizing interferences of these unknown sources on TMA 
quantification.

TMAO was not derivatised due to the oxygen present in the structure. 
Derivatized TMA-d9 as TMA-d9-ethyl-acetate and TMA as TMA-ethyl- 
acetate were detected at 2.70 min with ion transitions of 155>127 
(Fig. 2E) and 146>118 (Fig. 2F), respectively. With the introduction of 
derivatization, we selectively separated TMA and TMAO from other 
metabolites abundantly present in plasma, avoiding potentially biased 
compounds with similar masses. In our experiments, the derivatization 
rate of TMA-d9 was 99 % and for TMA was 97 %, suggesting an efficient 
TMA derivatization process. The results showed that the combination of 
ion pairing and EBA derivatization reduced these interferences on the 
quantification of TMA in plasma compared to using ion pairing alone 
(Fig. 3A), while ion pairing or this combined method showed very 
similar TMAO quantification (Wilcoxon matched pairs test, p = 0.9) 
(Fig. 3B).

3.3. Assessment of the quantification method

The combined method (EBA-ion pairing) was assessed by calculating 
response ratios of pure standard calibrators against labeled internal 
standards to compensate for matrix effects as recommended by the Food 
and Drug Administration (FDA) for clinical validation [23]. We pooled 
10 µL plasma samples from 10 mice and diluting it with deionized water 
by ten-fold. Ten-point calibration curves were generated based on the 
peak area ratios of the pure analytes and internal standards (without 
weight factor) for three consecutive days (2 calibration curves per day), 
as well as monitoring quality control samples (the pooled plasma) spiked 
with TMA and TMAO at 5 µM, 50 µM and 100 µM. Results from cali
bration curves showed great linearity for TMA (R2 > 0.993, n = 6) and 
TMAO (R2> 0.996, n = 6). Lower limits of detection (LOD) for both 
analytes were established at signal to noise ratio ≥ 10; and lower limit of 
quantitation (LLOQ) was calculated as LOD*3. The detection ranges 
were from 0.1 µM to 300 µM for TMA and from 0.01 µM to 300 µM for 
TMAO. In addition, LLOQ was evaluated from triplicate measurements 
of solution mixtures containing TMA and TMAO and the chromatograms 
are shown in Figure S3A. Coefficients of variations were <15 % for TMA 
at 0.1 µmol/L (n = 3) and 0.01 µmol/L for TMAO (n = 3) indicating 
higher sensitivity for TMAO compared to TMA. Quality control samples 
were assessed in triplicate to obtain intra (n=2) and inter-day precision 

Fig. 3. Measured concentrations of TMA (A) and TMAO (B) in mouse plasma 
using ion pairing (IP) alone or combination of IP and derivatization with ethyl 
bromoacetate (combined). Wilcoxon matched pairs test. **** indicate p <
0.001; ns: not statistically significant. Data presented as mean ± s.e.m.
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values in three consecutive days (n=6) with 0.96 – 4.73 % for inter-day, 
and 0.15–5.79 % for intra-day precision (Table 3). Inter-day accuracy 
values ranged from 3.62 % to 16.21 % and intra-day accuracy from 
0.65 % to 13.86 % (Table 3). Carry over effects were monitored for both 
TMAO and TMA by comparing their peak areas against a blank sample 
(sample that did not contain analyte or internal standards) injected after 
the largest calibration standard at 300 µM. The peaks for both com
pounds were below 1 % to the peak area obtained for the largest cali
brator at 300 µM. The sensitivity, accuracy and precision values suggest 
a robust and repeatable method capable to quantitate TMA and TMAO in 
biological samples.

3.4. Quantification of TMA and TMAO in plasma and colonic extracts

TMA and TMAO concentrations were quantified using the combined 
method in plasma and colonic tissue obtained from male and female 
mice. Plasma TMA in males (n= 11) mean value was significantly higher 
(p = 0.027) at 33.1 ± 5.9 µmol/L compared to females (n = 4) at 8.3 ±
1.39 µmol/L (Fig. 4A). In contrast, TMAO concentrations were signifi
cantly (p < 0.0001) lower in male (7.2 ± 0.4 µmol/L) compared to fe
males (42.1 ± 4.5 µmol/L) (Fig. 4A). The chromatograms of plasma and 
colonic tissue are shown in Figures S3B and S3C. These results agree 
with previously reported levels of TMA and TMAO in mice [24,25]. The 
higher level of TMAO in female mice is likely owing to higher expression 
levels of flavin monooxygenases (FMOs), which convert TMA to TMAO 
in the liver in female than in male mice, and male mice suppress TMAO 
formation in the liver due to the presence of sex steroids [24].

We measured TMA and TMAO concentrations in the colon tissue and 
found no statistically significant difference (Mann Whitney test p =
0.17) between male (n = 16) at 0.53 ± 0.1 µmol/g and female mice 
(n=16) at 0.45 ± 0.1 µmol/g (Fig. 4B). Similarly, there were no statis
tically significant differences (Mann Whitney test, p = 0.468) in TMAO 
levels between male (n = 16) at 8.9 ± 1.6 nmol/g, and female (n = 16) 
mice at 10.6 ± 1.6 nmol/g (Fig. 4B).

4. Conclusions

This study demonstrated that the caution should be paid to the po
tential interferences of other compounds on TMA quantification. We 
reported that a combined method, applying both derivatization with 
EBA and an ion-pairing reagent, yielded superior results in terms of TMA 
and TMAO quantification in biological samples with high accuracy and 
precision. This method will facilitate further biological investigations on 
these compounds.
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Table 3 
Inter- and intra-day precision and accuracy of quality control samples for method validation.

​ TMA Inter-day (n ¼ 6) ​ TMAO Inter-day (n ¼ 6)
Nominal concentration Observed concentration Precision Accuracy ​ Observed concentration Precision Accuracy

QC µM µM ​ s.e.m % % ​ µM ​ s.e.m % %
Low 5 5.18 ± 0.03 5.78 103.62 ​ 5.52 ± 0.01 1.91 110.37
Medium 10 10.73 ± 0.01 0.96 107.31 ​ 11.19 ± 0.04 3.55 111.92
High 50 58.10 ± 0.14 2.08 116.21 ​ 54.96 ± 0.29 4.73 109.93

​ TMA Intra-day (n ¼ 2) ​ TMAO Intra-day (n ¼ 2)
Nominal concentration Observed concentration Precision Accuracy ​ Observed concentration Precision Accuracy

QC µM µM ​ s.e.m % % ​ µM ​ s.e.m % %
Low 5 5.03 ± 0.00 0.15 100.65 ​ 5.67 ± 0.02 1.74 113.30
Medium 10 10.18 ± 0.08 3.19 101.79 ​ 11.39 ± 0.06 1.96 113.86
High 50 56.15 ± 0.40 2.83 112.30 ​ 55.14 ± 0.80 5.79 110.27

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Fig. 4. Measurement of TMA and TMAO concentrations in (A) plasma and (B) 
colonic tissue extracts of male and female mice using the combined method of 
derivatisation with EBA and ion-pairing. Mann Whitney test. * p<0.05; **** 
p<0.001; ns, not statistically significant. Data are presented as mean ± s.e.m.
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