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Gamma-Glutamyldehydroalanylglycine (EdAG) is a dethiolated, electrophilic metabolite of glutathione (GSH) derived 
from the Phase II conjugation of GSH with busulfan catalyzed by glutathione S-transferase (GST), specifically isoform 

D
ru

g 
M

et
ab

ol
is

m
 R

ev
ie

w
s 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
D

C
 I

nf
or

m
at

io
n 

C
en

tr
e 

on
 1

0/
27

/1
0

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



130    Abstracts

A1-1. Electrophilic substrates of GST, such as ethacrynic acid and 1-chloro-2,4-dinitrobenzene, have been shown to 
be irreversible inhibitors of glutathione transferase activity at high concentrations in vitro. EdAG at high concentration 
(10 mM) was found to be an irreversible inhibitor of human GSTA1-1, and at lower concentrations showed noncompeti-
tive inhibition (Ki = 11 µM). Conversion of GSH to EdAG represents a loss of thiol-related redox properties and the gain of 
a dehydroalanine group with the potential to scavenge ROS. EdAG competed with DMPO for hydroxyl radical generated 
in the Fenton reaction in a concentration-dependent manner. The results suggest a stabilized carbon-based captoda-
tive radical intermediate in the reaction of EdAG with hydroxyl radical. In support of a captodative mechanism was the 
identification of a dimerized gamma-glutamylserylglycine as a product in the reaction of hydroxyl radical with EdAG. In 
summary, it was determined here that EdAG can inhibit GSTA1-1 and also scavenge hydroxyl radical in vitro through a 
proposed captodative mechanism. The results indicate that the chemical instability of a busulfan metabolite results in the 
conversion of GSH into EdAG, a reactive compound that is a Michael acceptor and free radical scavenger. The biological 
implications of EdAG reactivity may have an impact on GSH biochemistry, cellular free radical reactivity, and busulfan 
toxicology.

265. Alternative non-targeted methods for metabolite screening and identification on a rapid 
scanning linear ion Trap/QqQ mass spectrometer
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Conventional non-targeted approaches commonly use high-resolution MS 4 detection followed by data mining software 
processing, usually comparing one sample vs. control at a time. This process is time consuming and can lack the ability to 
directly compare multiple data sets. 

Alternative non-targeted metabolomics approaches presented here are applicable for finding metabolites in com-
plex biological matrices (in vivo rat plasma and urine) and in vitro samples. The data are processed by batch, group 
or subject by statistical analysis (PCA or t-tests). This approach does not predict or introduce any user-bias into the 
selection process, and is simple and easy to implement. Linking the urine, plasma, bile study information as well as 
comparing cross-species studies, dosage levels and semi-quantification of metabolites could be very useful to investi-
gators, when data are processed together in one file format. 

Method: We present two different non-targeted approaches; the first method uses a MIM1 experiment as the survey 
covering a broad mass range in either positive or negative ion mode. The second method uses full-scan positive/nega-
tive switching surveys. Both methods then trigger ion-trap dependent scans of ER (enhanced resolution for isotope 
definition) and EPI (enhanced product ion scan) for product ion spectra. The increased scanning speed of a hybrid 
linear ion trap mass spectrometer allows for full-scan survey MSMS experiments in one second cycle times. 

Dosage and sample extraction: Male Spraque-Dawley rats were dosed orally with carbamazepine at a level of  3 mg/
kg. Blood samples were collected via the jugular vein catheter and urine samples were also taken at t = 0 and t = 8 hrs 
post-dose. Preliminary Data: Preliminary data shows good coverage of xenobiotic metabolites found compared to 
literature2, 3 (or targeted approaches), using both the MIM and Full Scan as surveys. 

Triplicate injections were performed on each set of plasma samples (control and post-dosed time course samples). 
Statistical analysis (PCA) software was utilized to mine the large amount of data generated for metabolites. DMPK pro-
files of the parent carbamazepine as well as the major metabolites, including an iminoquinone (MW 207) and sulfona-
tion-oxidation (MW 332) metabolites were profiled over the time course study. Metabolite identification software was 
used to provide fast confirmation for the presence of the xenobiotics as well as to give potential structural formula for 
those metabolites based on the MS/MS spectra generated. The metabolite list comparing the MIM approach and the 
pos/neg approach showed similar number of major metabolites (> 1% total peak area) and also similar sensitivity.

Novel Aspect: Non-targeted metabolomics approaches to metabolite analysis using either a broad range MIM survey 
or a positive/negative full-scan surveys in a fast-scanning mass spectrometer coupled with high-resolution LC.

References:

1.  Yao, M, Duchoslav, E, Zhu, M, Rapid Commun. Mass Spectrom. 2009; 23; 1683-1693.
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