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INTRODUCTION

In drug development, studies are performed at an early stage to 
identify the toxicity risks associated with the reactive metabolites

RESULTS AND DISCUSSION

In rapid screening, generic methods are also required for data 
acquisition The MSE mode performs the measurement while Expected metabolitesidentify the toxicity risks associated with the reactive metabolites 

generated via metabolism. A simple and rapid screening method 
for the detection of these reactive metabolites was investigated 
using the XenoScreenTM (glutathione ethyl ester: GSH-EE) 
trapping reagent in combination with a UPLC/TOF-MS system.

acquisition. The MS mode, performs the measurement while 
regularly switching between the low and the high collision 
energies (Figure 2) allowing the molecular weight and the 
fragment ion information of all the metabolites to be obtained. 
Furthermore, this is a very efficient acquisition method because 
the accurate mass of the TOF allows the extraction of 
chromatograms using a narrow window permitting very selective 
quantitative analysis (Figure 3)METHODS

Mass Spectrum

Expected metabolites

quantitative analysis (Figure 3).  METHODS

Sample Preparation
Nine commercially available compounds were screened for 
reactive metabolites. The nine compounds were first incubated 
with the GSH-EE trapping reagent (Wako Pure Chemical 
Industries Ltd ) rat liver microsomes (SEKISUI MEDICAL CO

Mass chromatogram

Figure 5. MetaboLynx XS Browser showing the 
quantitative and qualitative measurement of 
acetamidophenol and metabolites

MetaboLynx XS browser provides easy access to all metabolite 
information in one window. The expected metabolites are listed in 

Industries, Ltd.), rat liver microsomes (SEKISUI MEDICAL CO., 
LTD.) and NADPH and the reaction stopped with DTT, followed by 
deproteinization with acetonitrile and finally centrifugation. Water 
was then added to the supernatant to produce a 20% acetonitrile
solution to prepare the sample to injection. 

Data was acquired using the ACQUITY UPLC H-Class/Xevo G2-
XS QTof (Waters) system operated in the MSE mode

Low Low EnergyEnergy

High EnergyHigh Energy

the table. Mass chromatogram and mass spectrum of  an 
expected metabolite can be easily viewed by simply clicking the 
associated line in the table. 

The result of nine commercially available compounds screened
is shown in table 2.

XS QTof (Waters) system operated in the MSE mode.

Figure 2. Xevo G2-XS Qtof Mass Spectrometer instrument 
schematic.

XenoScreenTM Tube 
Water 840 μL

Rat liver microsomes 50 μL
2 mM Target Compound 10 μL

Table 2. Summary of detected  GSHEE-d5 metabolites 
g p μ

37℃, 5min
Pre incubate

Add 20 mM NADPH Na4 100 μL (on ice)

37℃, 60min

Acetamidophenol
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

1.99 443.1362 444.1432 R_2+GSHEE+O (R_2:R-C2H3NO) 2430.8 C18H25N3O8S 292.0721 -0.8
1.99 441.1206 442.1281 R_2+GSHEE+O-2H (R_2:R-C2H3NO) 1650.9 C18H23N3O8S 290.0570 -0.3
2.10 484.1628 485.1703 R+GSHEE 5348.1 C20H28N4O8S 333.0992 -0.3
2.29 442.1522 443.1599 R_1+GSHEE (R_1:R-C2H2O) 91.2 C18H26N4O7S 291.0887 -0.1
2.29 443.1362 444.1462 R_2+GSHEE+O (R_2:R-C2H3NO) 124.5 C18H25N3O8S 292.0751 2.2
2.33 442.1522 443.1601 R_1+GSHEE (R_1:R-C2H2O) 30.4 C18H26N4O7S 291.0889 0.1
2.33 443.1362 444.1454 R_2+GSHEE+O(R_2:R-C2H3NO) 45.8 C18H25N3O8S 292.0742 1.4

R: Target Compound
incubate

Reaction solution 100 μL
Add 50 mM DTT 10 μL (on ice)

Vortex mixing
iceing

g p
Dicrofenac
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

3.68 610.1500 611.1562 R_1+GSHEE+O (R_1:R-Cl+H) 596.2 C26H31ClN4O9S 315.1317 -1.6
3.81 644.1111 645.1143 R+GSHEE+O 694.0 C26H30Cl2N4O9S 349.0898 -4.6
3.97 644.1111 645.1151 R+GSHEE+O 55.0 C26H30Cl2N4O9S 349.0906 -3.8

R: Target Compound
Clozapine
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

1.40 406.1522 407.1588 R_10+GSHEE+O-2H (R_10:R-C15H10N3Cl) 203.4 C15H26N4O7S 80.0212 -1.2
2.58 659.2293 660.2343 R+GSHEE 43.0 C30H38ClN7O6S 333.0967 -2.8
2.63 645.2136 646.2171 R_0+GSHEE (R_0:R-CH2) 115.3 C29H36ClN7O6S 319.0795 -4.3
2.69 659.2293 660.2341 R+GSHEE 1088.0 C30H38ClN7O6S 333.0964 -3.0
2 81 675 2242 676 2321 R+GSHEE+O 17 4 C30H38ClN7O7S 349 0944 0 1

Figure 3. Mass chromatograms and Mass Spectra with 
MSe mode (Upper: High collision energy, Lower: Low 

Add acetonitrile 200 μL
Centrifuging 

(14,000 rpm, 4℃, 5 min) 

Supernatant 100 μL

2.81 675.2242 676.2321 R+GSHEE+O 17.4 C30H38ClN7O7S 349.0944 0.1
R: Target Compound

Imipramine
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

3.85 542.1835 543.1902 R_2+GSHEE+O-2H (R_2:R-C5H11N) 95.9 C26H30N4O7S 261.9884 -1.1
3.91 542.1835 543.1910 R_2+GSHEE+O-2H (R_2:R-C5H11N) 194.6 C26H30N4O7S 261.9893 -0.3

R: Target Compound
Ticlopidine
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

0.56 610.1323 611.1368 R+GSHEE+O-2H 25.9 C26H31ClN4O7S2 347.0755 -3.3
1.43 610.1323 611.1396 R+GSHEE+O-2H 27.5 C26H31ClN4O7S2 347.0782 -0.5
1.49 610.1323 611.1404 R+GSHEE+O-2H 21.6 C26H31ClN4O7S2 347.0791 0.3
2.97 608.1166 609.1251 R+GSHEE+O-4H 30.8 C26H29ClN4O7S2 345.0638 0.7

The MSE data from the Tof system was analyzed using the 
MetaboLynx XS Application Manager. The GSH-EE trapping 
reagent allows measurements to be made using the ion intensity 
ratio between the non-deuterated and deuterated forms of the

( pp g gy,
collision energy)

Figure 1  sample preparation workflow

Supernatant 100 μL
Add Water 230 μL

LC/MS

3.35 608.1166 609.1243 R+GSHEE+O-4H 31.0 C26H29ClN4O7S2 345.0629 -0.1
4.16 612.1479 613.1555 R+GSHEE+O 188.7 C26H33ClN4O7S2 349.0942 -0.2

R: Target Compound
Omeprazole
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

1.74 532.1662 533.1736 R_4+GSHEE (R_4:R-C8H6N2O) 105.1 C21H32N4O8S2 187.0511 -0.4
1.81 495.1424 496.1531 R_7+GSHEE+O-2H (R_7:R-C9H11NO2S) 725.0 C20H25N5O8S 150.0306 2.9
2.16 481.1631 482.1707 R_7+GSHEE (R_7:R-C9H11NO2S) 750.2 C20H27N5O7S 136.0482 -0.2
2.23 678.1778 679.1859 R_0+GSHEE+O-2H (R_0:R-CH2) 86.6 C28H34N6O10S2 333.0633 0.3
2.34 648.2036 649.2118 R_2+GSHEE (R_2:R-CH2O) 15.4 C28H36N6O8S2 303.0893 0.4
2.41 648.2036 649.2119 R_2+GSHEE (R_2:R-CH2O) 438.3 C28H36N6O8S2 303.0894 0.5
2.42 678.2142 679.2223 R+GSHEE 930.3 C29H38N6O9S2 333.0998 0.3
2 73 660 1672 661 1758 R 2+GSHEE+O-4H (R 2:R-CH2O) 51 6 C28H32N6O9S2 315 0533 0 8ratio between the non deuterated and deuterated forms of the 

metabolite that are 5 amu apart.  Furthermore, by setting the 
structure information, dealkylated structures (Figure 4) are also 
considered during the search for the compound-derived 
metabolites, improving the efficiency of the analysis. The results  
are shown in the MetaboLynx XS Browser (Figure 5).

LC conditions
UPLC separation was performed through an ACQUITY CSH C18 
column (2.1 × 100 mm, 1.7 μm, Waters) with a gradient using 
(A)0.05% formic acid in water and (B) 0.05% formic acid in 
acetonitrile.

Figure 1. sample preparation workflow 2.73 660.1672 661.1758 R_2+GSHEE+O 4H (R_2:R CH2O) 51.6 C28H32N6O9S2 315.0533 0.8
2.89 662.1829 663.1904 R_2+GSHEE+O-2H (R_2:R-CH2O) 54.8 C28H34N6O9S2 317.0679 -0.3
3.00 678.1778 679.1857 R_0+GSHEE+O-2H (R_0:R-CH2) 1373.2 C28H34N6O10S2 333.0632 0.1
3.27 498.1784 499.1855 R_6+GSHEE+O-2H (R_6:R-C8H6N2O2S) 539.6 C21H30N4O8S 153.0630 -0.7
3.51 498.1784 499.1855 R_6+GSHEE+O-2H (R_6:R-C8H6N2O2S) 67.3 C21H30N4O8S 153.0630 -0.7

R: Target Compound
Quercetin
Time Mass m/z Found Metabolite Name Area Abs Formula Mass Difference mDa

2.30 651.1370 652.1464 R+GSHEE+O 58.6 C27H29N3O14S 349.0959 1.6
2.77 651.1370 652.1453 R+GSHEE+O 115.0 C27H29N3O14S 349.0948 0.5
2.81 651.1370 652.1454 R+GSHEE+O 76.5 C27H29N3O14S 349.0950 0.6
2.91 635.1421 636.1496 R+GSHEE 49.6 C27H29N3O13S 333.0991 -0.3
3.02 635.1421 636.1497 R+GSHEE 2270.5 C27H29N3O13S 333.0993 -0.2acetonitrile. 

CONCLUSIONS

Time
(min)

Flow Rate
(mL/min) %A %B Curve

Initial 0.5 95 5 Initial
3 0.5 60 40 6

Table 1. Gradient Table

3.26 635.1421 636.1495 R+GSHEE 122.1 C27H29N3O13S 333.0991 -0.4
R: Target Compound

Testosterone
N.D.

Midazolam
N.D.

Curve 6= Linear gradient
Curve 11= Step gradient

CONCLUSIONS

After reaction with the XenoScreenTM trapping reagent, the 
sample was prepared for measurement using a simple pre-
treatment: dilution and deproteinization. The detection of the 
metabolites using the UPLC / TOF system operated in MSE, not 
only provided qualitative but also quantitative data. The analysis 

4 0.5 9 95 6
4.5 0.5 95 5 11
6.0 0.5 95 5 6

MS conditions
Ion mode: ESI positive
Resolution: Sensitivity mode
Desolvation Temp.: 500℃
Desolvation Gas: 1200 L/hr
Scan Range: m/z 50-1200
Scan Time: 0 1 sec

can be performed by simply setting the structure to identify the 
dealkylated candidate structures automatically improving the 
screening efficiency.
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Figure 4. Acetamidophenol result with the dealkylation
Tool (in silico tools): The dealkylation tool is the first step 
in the processing of the MSE data.
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