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User Benefits

@ Capable of quantifying choline, TMA, and TMAO levels in biological samples

@ Performs time-consuming sample preparation automatically.

@ Eliminates the need for manual sample preparation and reduces variability in quantitative results due to manual operations.

H Introduction

It is known that some of the choline ingested in food is partly
metabolized to trimethylamine (TMA) by intestinal bacteria and
subsequently metabolized to trimethylamine N-oxide (TMAO)
by enzymes in the liver. Reports have noted that TMAO is
associated with cardiovascular diseases such as arteriosclerosis"
and that it is useful in predicting the prognosis of heart failure?,
As a result, TMAO is now attracting interest as a new biomarker.
This article describes a system for simultaneous analysis of
choline and choline metabolites in human plasma using an
LC/MS/MS system with fully automated sample preparation
module (Fig. 1) that automatically performs deproteination of
biological samples and adds internal standards.

The samples were pretreated with the CLAM-2030, analyzed
automatically by the LCMS-8060, then calibration curves
were created, and analyte levels in the human plasma were

determined.
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Fig. 2 Preparation of Plasma Samples Using CLAM-2030

Fig. 1 LC/MS/MS System with Fully Automated Sample Preparation
Module (CLAM™-2030 + LCMS-8060)

H Fully Automated Sample Preparation of
Choline and Choline Metabolites in Plasma

The CLAM-2030 performs deproteination and other sample
preparation steps automatically by simply setting the blood
collection tubes directly into the system. Fig. 2 shows the
sample preparation process using the CLAM-2030. Sample
analysis by the LC/MS/MS system and preparation of the next
sample are performed in parallel. Hence the time required per
sample can be reduced substantially. The analysis cycle time
from plasma sample preparation to simultaneous analysis of
choline and choline metabolites by LC/MS/MS was about 5 min
per sample.

B Sample Preparation

Calibration curves were created from standard samples
prepared by serial dilution of choline (1 to 1000 nmol/L), TMA
(10 to 1000 nmol/L), and TMAO (10 to 10000 nmol/L) with water.
Water was also used to prepare 2 umol/L samples of choline-
d13, TMA-d9, and TMAO-d9 to use as ISTDs. Choline, TMA, and
TMAO levels in plasma were quantified using commercially
available human plasma.

B Analytical Conditions

HPLC and MS analytical conditions are shown in Table 1. The
MRM transitions for each compound are shown in Table 2.

Table 1 HPLC and MS Analytical Conditions

Liguid Chromatograph

System:
Column:

Temperature
Injection Volume:

Mobile Phase A:

Mobile Phase B:

Flowrate:

Gradient Program
(B conc%):

Nexera™ X2

Shim-pack Velox HILIC

(50 mm x 2.1 mm |.D., 2.7 ym)
40 °C

3uL

50 mM ammonium formate
+0.1 % formic acid —Water

Acetonitrile

0.4 mL/min
70 % (0.0 min) = 30 % (2.40 min) =»
5% (2.41 - 3.00 min) = 70 % (3.41 - 4.00 min)

Mass Spectrometer

System:
lonization:
Nebulizing Gas:
Drying Gas:
Heating Gas:

DL Temp.:

Heat Block Temp.:
Interface Temp.:

LCMS-8060
ESI (Positive)
3 L/min

10 L/min

10 L/min
250 °C

400 °C

OFF




Table 2 MRM Transitions for Choline and Choline Metabolites

Choline TMA TMAO
Compound Precursor ion 3 [ asmass
Name lon (ml2) Product ion (m/z) o F . . T
Quantitative lon 104.10 60.10 \‘ \H
Choline H ‘
Reference ion 104.10 45.10 Il ‘\
Quantitative lon 60.20 4415 [ ‘ “
TMA |
Reference ion 60.20 4505 " ‘ | " : ‘ “
|
Quantitative lon 76.00 58.20 N “ |
TMAO - [ I\
Reference ion 76.00 59.10 ‘\ \ A »‘ ‘ ‘ \
Choline-d13 Quantitative lon 117.25 66.05 A U A [ AN NN
Quantitative lon 68.90 49.15 T e T e T e
TMA-d9 Y - Py s Fig. 4 Mass Chromatograms for Standard Samples of Each Compound
elerence ion : i Left: Choline (1 nmol/L), Middle: TMA (10 nmol/L),
Quantitative lon 85.20 66.00 Right: TMAO (10 nmol/L)
TMAO-d9 -
Reference ion 85.20 68.25 . B
M Measuring Choline, TMA, and TMAO Levels

in Human Plasma

Choline, TMA, and TMAO concentrations measured in human
plasma samples (n = 3) prepared by CLAM-2030 are shown in
Table 4, and the mass chromatograms of each component are
shown in Fig. 5. Good reproducibility was obtained with human
plasma.

B Checking Calibration Curve Linearity and
Reproducibility

Linearity was confirmed after calibration curve standard

samples were analyzed three times. The calibration curve range,

coefficient of determination (R?), and reproducibility

(concentration %RSD) and accuracy of the lowest calibration

curve sample concentration are shown for each compound in Table 4 Quantitative Results from Human Plasma {n = 3)

Table 3. Fig. 3 also shows the calibration curves for each Measured Concentration Concentration
Compound Name (hmol/L) %RSD
compound and Fig. 4 shows mass chromatograms for standard
samples of each compound. Choline 938 2.8%
Table 3 Analysis Results from Standard Samples (n = 3) T™MA 685 11%
Compound Calibration Curve Coefficient of Concentration o
P Range Determination o Accuracy (%) TMAO 655 44%
Name %RSD
(nmol/L) R2
- Choline TMA TMAO
Choline 1-1000 0.999 14% 86 %
T™A 10-1000 0.997 12% 95% ] ‘\‘ oo I
| | Il
TMAO 10-10000 0999 2% 96 % “ \ “ \‘ i
I [ [
| | I
| \ \
Choline o -osmnesss R osssmres % | \‘ % ‘ | M ‘ \‘
Weighting Default (1/0) I | I'| Il
05200 Detol (ot Force [\ | || ||
Vean 8353267004 I ‘ | | |
0.4 ]5DRF:2.706873¢-004 |\ | | || ||
[ [\ |\
03 ‘ \KJ N I ] \__
Fig. 5 Mass Chromatograms of Choline, TMA, and TMAO in Human Plasma
™A oo sz cososuss g B Conclusion
006 Jms oo Sample preparation was performed using the CLAM-2030,
00 Jun 020714005 which automatically performs deproteination of biological
> samples and adds internal standards. Choline, TMA, and TMAO
levels in human plasma were quantified using LCMS-8060. The
calibration curves for each compound showed good linearity
and no reproducibility problems were encountered with human
LA A plasma samples, indicating how highly useful this analysis
system is.
TMAO 038Rt = 09997561 R=09998781
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Fig. 3 Calibration Curves for Each Compound
Top: Choline 1 to 1000 nmol/L, Middle: TMA 10 to 1000 nmol/L,
Bottom: TMAO 10 to 10000 nmol/L
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