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Abstract
A method has been developed for screening glyceollins and their metabolites based upon
precursor ion scanning. Under higher-energy collision conditions employing a triple quadrupole
mass spectrometer in the negative ion mode, deprotonated glyceollin precursors yield a diagnostic
radical product ion at m/z 148. We propose this resonance-stabilized radical anion, formed in
violation of the even-electron rule, to be diagnostic of glyceollins and glyceollin metabolites.
Liquid chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS)
established that scanning for precursors of m/z 148 can identify glyceollins and their metabolites
from plasma samples originating from rats dosed with glyceollins. Precursor peaks of interest
were found at m/z 337, 353, 355, 417, and 433. The peak at m/z 337 corresponds to deprotonated
glyceollins, whereas the others represent metabolites of glyceollins. Accurate mass measurement
confirmed m/z 417 to be a sulfated metabolite of glyceollins. The peak at m/z 433 is also sulfated,
but it contains an additional oxygen, as confirmed by accurate mass measurement. The latter
metabolite differs from the former likely by the replacement of a hydrogen with a hydroxyl
moiety. The peaks at m/z 353 and 355 are proposed to correspond to hydroxylated metabolites of
glyceollins wherein the latter additionally undergoes a double bond reduction.

Introduction
Soybean produces isoflavones that are known to have beneficial effects on human
health.1,2,3,4,5 In recent years, much research has been conducted on genistein, an isoflavone
that has been proposed to have anticancer activity.6,7,8 The potential chemopreventive effect
of genistein has prompted researchers to investigate soybean further for anticancer agents. A
more recently investigated type of isoflavone are the glyceollins that are produced by
soybeans under stressed conditions. The stressful conditions may include exposure to UV
light, or fungal (e.g., Aspergillus) or bacterial pathogens.9 Because they are produced by a
defense mechanism in response to pathogen invasion, glyceollins may be referred to as
phytoalexins.10
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Glyceollins exist in three isomeric forms, Glyceollin I, II and III (Scheme 1). The isomers
are derived from a daidzein precursor through several intermediate steps.11 Among the
biological effects of glyceollins are potential human health benefits including anti-fungal,
anti-oxidant, anti-inflammatory, anti-diabetic, and cancer cell anti-proliferative activity
along with other beneficial properties.12,13,14 Recently, many studies have proposed
glyceollins as prevention or therapy candidates for breast, ovarian, and prostate cancers. All
three glyceollin isomers have exhibited anti-estrogenic effects on estrogen receptor function
and estrogen-dependent tumor growth. 15, 16 Specifically, glyceollins bind to the estrogen
receptor and they inhibit estrogen-induced tumor progression of breast cancer (MCF-7) and
ovarian cancer (BG-1) cells.16 Among the three isomers, glyceollin I has the most potent
anti-estrogenic activity.17,18 Another in vivo study examining post-menopausal monkeys
suggested glyceollins reduce breast cancer biomarker expression.19 Human prostate cancer
cell research demonstrated that glyceollins have multiple effects on prostate cancer cells
(LNCaP).20 The inhibition of prostate cancer cell growth by glyceollins is similar to that
exhibited by genistein, but the former also up-regulate cyclin-dependent kinase inhibitor and
down-regulate mRNA levels for androgen-responsive genes through androgen-mediated
pathways.20 In addition to the anti-estrogenic activity, glyceollins normalize glucose
homeostasis and improve glucose utilization in adipocytes.13,21 The anti-diabetic potential
was also noted in prediabetic21 and Type 2 diabetic rats21 and mice..22 These potential
benefits of glyceollins have been well documented, but its metabolism is not well
understood.23

Several mass spectrometric approaches that use various ionization techniques such as
electron ionization (EI), fast atom bombardment (FAB), thermospray (TSP), atmospheric
pressure chemical ionization (APCI), and electrospray ionization (ESI) have been used to
investigate flavonoids.24,25,26,27,28 Tandem mass spectrometry using low-energy collision-
induced dissociation (CID) to obtain structural information regarding mass-selected
precursors has been shown to be advantageous in characterizing flavonoids28 and was
recently applied in the analysis of glyceollins from soy bean extracts.29 Given the propensity
for extensive metabolism of flavonoids following their ingestion30 and that no research has
addressed identification of glyceollins’ metabolites in animal systems, the significance of
the present research is that it investigates glyceollins in plasma and presents method
development work designed for screening of glyceollins and glyceollin-related metabolites.

Experimental
Extraction of glyceollin isomers

A mixture of glyceollins I, II, and III was obtained using a procedure developed at the
Southern Regional Research Center (ARS, USDA, New Orleans, LA). Briefly, soybean
seeds (1 kg) were sliced and inoculated with Aspergillus sojae. After 3 days, the glyceollins
were extracted from the inoculated seeds with 1 L methanol (Aldrich Chemical Co., St.
Louis, MO). The glyceollins were isolated using preparative scale HPLC using two Waters
(Milford, MA) 25 × 100 mm, 10 μm particle size μBondapak C18 radial compression
column segments that were combined using an extension tube. HPLC was performed on a
Waters 600E System Controller combined with a Waters UV-Vis 996 detector scanning
from 210-400 nm. Elution was carried out at a flow rate of 8.0 mL/min with the following
solvent system: A = acetonitrile (Aldrich Chemical Co.), B = water (Millipore system,
Billerica, MA) 5% A for 10 min, then 5% A to 90% A in 60 min followed by holding at
90% A for 20 min. The injection volume was 20 mL. The fraction containing the glyceollins
was concentrated under vacuum and freeze-dried. Confirmation of individual glyceollins
was based on matching of HPLC retention times and matching of UV-Vis absorbance
spectra with those of authentic standards isolated at SRRC17. UV-Vis spectrophotometry at
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285 nm allowed an estimation of mixture contents used in all experiments: glyceollin I
(68%), glyceollin II (21%), and glyceollin III (11%).

Glyceollin dosing of rats and plasma sample collection
The administration of glyceollins to rats and subsequent sample collection have been
previously described.21 Briefly, glyceollins were dissolved in poloxamer to administer 90
mg/kg via oral gavage (3 mL) to male ZDSD rats (PreClinOmics, Indianapolis, IN) that
were housed in a suspended wire cage and maintained on a 12:12 hr light-dark cycle. Three
hr after administration, rats (approx. 500 g wt.) were euthanized at various time points by
decapitation and trunk blood was collected into EDTA-coated tubes supplemented with
aprotinin. Plasma was separated and stored at −80 °C until analysis. Glyceollins were
extracted for mass spectrometry analysis by thawing the samples and transferring 125 μL of
plasma into a microcentrifuge tubes. An equivalent volume of acetonitrile was then added.
The mixture was vortexed and centrifuged at 10,000 rpm for 20 min. 100 μL of supernatant
was transferred into a clean microcentrifuge tube for analysis.

Liquid Chromatography-Mass Spectrometry
LC-MS and LC-MS/MS analyses were conducted on an Agilent 1200 series LC system
(Agilent, Santa Clara, CA) coupled with a 3200 QTrap triple quadrupole mass spectrometer
(Applied Biosystems/MDS SCIEX, Foster, City, CA). Separation was performed on an
Agilent Eclipse - XDB C18 column (4.6 × 150 mm ID, 5 Fm). 10 μL was injected onto the
column held at 25 °C. Mobile phase A was water with 0.1% formic acid whereas mobile
phase B was acetonitrile with 0.1% formic acid. The gradient was 0-2 min 3% B, 2-7 min
3% to 60% B, 7-14 min 60% to 100% B, 14-20 min 100% B, 20-30 min 100% to 3% B.
Flow rate was 0.500 mL/min. The UV absorbance detector was set at 210 and 282 nm.

All mass spectrometry experiments were performed in the negative ion mode. For LC-ESI-
MS and LC-ESI-MS/MS analyses, electrospray parameters were set at: curtain gas 10 psi,
ionspray voltage - 4000 V, GAS1 60 psi, GAS2 60 psi, source temperature 600 °C, CAD gas
pressure 6 psi, entrance potential −10 V, collision cell exit potential −3 V. Declustering
potential and collision energy were optimized to be −75 V and −34 eV, respectively. The
information-dependent acquisition (IDA) method was employed to perform full scan,
tandem MS and precursor ion scans sequentially (1 sec/scan).

Direct Infusion ESI-MS
Direct infusion parameters were the same as above except for GAS1, GAS2 and source
temperature, which were set at 20 psi, 0 psi, and 50 °C, respectively. Samples were infused
for 2 min at a flow rate of 4 μL/min. Direct infusion data was acquired using multiple-
channel acquisition (MCA).

Accurate mass measurements by ESI-FT-ICR-MS
Accurate mass measurements to determine metabolite empirical formulas were performed
on a Solarix 7T fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer
(Bruker Daltonics, Bremen, Germany). An ESI voltage of 4500 V was used with 2 Bar
nebulizer gas pressure; drying gas was delivered at 4 L/min and 200 °C drying temperature.
Peaks at m/z 113, 432, and 602 from ESI Tuning Mix (Agilent Technologies, Santa Clara,
CA) were used as internal standards in mass spectra consisting of 40 averaged acquisitions.
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Results and Discussion
Collision-Induced Dissociations of Glyceollins

Isomeric glyceollin I, II, and III standards and plasma samples obtained from rats dosed with
glyceollins were analyzed and characterized by negative ion MS and tandem MS. [M-H]−

peaks corresponding to deprotonated forms of glyceollin isomers were observed at m/z 337.
Low-energy CID of these [M-H]− precursors (Figure 1) produced product ion peaks similar
to those reported by Gruppen et al.29 For instance, m/z 319, 215, 187, 175, 161, 149 were all
present in high abundances. In addition, low abundance peaks reported by Gruppen et al.29

(m/z 322, 309, and 293) were also observed. Surprisingly, under higher-energy conditions in
the negative ion mode, a previously unreported CID peak emerged at m/z 148 with such a
strong signal that it became the base peak in the product ion spectrum (Figure 1).31 We
attribute the dominance of this open-shell fragment in the product ion mass spectrum of
glyceollins to its exceptional stability as supported by the extensive delocalization of both
the charge and the radical over the aromatic ring system (see inset, Figure 1). Indeed,
fragmentation to form this product constitutes a violation of the even-electron rule,32 i.e.,
normally formation of a radical product ion plus a radical neutral is forbidden from
decompositions of an even-electron precursor. However, homolytic cleavage of even-
electron ions has been documented to occur especially in cases where exceptional stability is
acquired by the formed radical ion and radical neutral.32,33,34,35 Because the m/z 148
product ion is formed from the portion of the molecule that is conserved in all of the
glyceollin isomers, we propose to use the appearance of this unique radical ion in MS/MS
spectra as a product ion diagnostic of all glyceollins.31 Thus, the presence of this product ion
can be used as a signature to identify glyceollins and their related metabolites. As a single
caveat, in cases where the D or B rings become modified, the m/z 148 ion could be shifted
to another even m/z value with a possible decrease in intensity. Notably, this product ion
was also observed during low-energy sustained off-resonance irradiation (SORI) - CID in a
FT-ICR mass spectrometer. The empirical formula (C8H4O3) of the resonance stabilized m/z
148 ion was confirmed by accurate mass measurement.

Optimization of CID conditions
CID conditions for the triple quadrupole, including the “declustering potential” (V, also
known as nozzle-skimmer potential) and the collision energy (eV, Elab) were serially
adjusted to maximize the intensity of the diagnostic product ion at m/z 148 formed from
glyceollin [M-H]− precursors. Other MS conditions such as ion spray voltage, curtain,
nebulizing and turbo gases were maintained at constant values (see Experimental section).
The declustering potential value for precursor m/z 337 was optimized (by ramping up its
voltage) to obtain the highest intensity of m/z 148 in product ion mode. The optimum
declustering potential yielding the maximum intensity of m/z 148 was −75 V. Tandem MS
of m/z 337 was then performed using a fixed declustering potential of −75 V, while ramping
up the collision energy. The highest signal for m/z 148 was observed at an Elab value of −34
eV. Figure 2 shows the automated infusion “quantitative optimization” of the declustering
potential (Figure 2a, m/z 148 only) and Elab (Figure 2b, 3 highest intensity fragments: m/z
148, m/z 149 and m/z 319). The breakdown curves shown in Figure 2b clearly indicate that
upon decomposition of m/z 337, m/z 149 has a lower appearance energy than m/z 148. This
finding can be rationalized by considering that for these closely related fragments,
production of even-electron m/z 149 (with formation of an additional carbon-hydrogen bond
and resulting stabilization) requires less energy than formation of odd-electron m/z 148.
However, as the internal energy uptake is increased, the rate constant of m/z 148 formation
becomes more favorable and the curves for formation of the respective products cross
(Figure 2b inset). This curve-crossing is a classic example36,37 of competitive ion formation
where the fragment with the lower appearance threshold dominates under lower energy
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collisions (e.g., conditions used by Gruppen et al.29, m/z 149 is favored), whereas the
fragment formed by the higher frequency factor32 process dominates at higher collision
energies (m/z 148, see Figure 1).

Precursor Ion Scan of m/z 148
Upon optimization of CID conditions, m/z 148 was observed as the base peak in the product
ion mass spectra of [M-H]− precursors from each purified standard of glyceollin I, II, and
III. To follow through on the idea of using m/z 148 as a diagnostic product ion for
glyceollins, the above optimized CID conditions maximizing m/z 148 production were used
to obtain precursor ion scans of m/z 148 using glyceollin mixtures. As expected, [M-H]− at
m/z 337 was detected in high intensity, thus confirming that precursor ion scans of the
diagnostic radical m/z 148 can be used to detect glyceollins and glyceollin related
compounds. In principle, one could also consider using m/z 149 for precursor ion scans, but
in practice, this would be a poor choice because a wide variety of phtahlate esters
(ubiquitous plasticizers) produce m/z 149 upon ESI-MS/MS.38

LC-ESI-MS and LC-ESI-MS/MS analyses of glyceollins and their metabolites in rat plasma
To test the validity of this method to identify glyceollins and their metabolites, it was
applied to the analysis of plasma samples derived from rats dosed with glyceollins. For these
LC-ESI-MS and LC-ESI-MS/MS experiments, the MS data acquisition method cycled
through a full MS scan, a CID precursor ion scan of m/z 148, and a CID product ion
spectrum of m/z 337. Once the precursors of m/z 148 were identified, in subsequent runs,
the CID product ion scans of those precursors were added to the acquisition scan cycle. In a
plasma sample taken at 20 min following a 90 mg/kg dose of glyceollins, the precursor ion
scan of m/z 148 showed eluting peaks at 10.5 and 12.5 min (Figure 3a). The peak at 12.5
min corresponds to (unmetabolized) deprotonated glyceollins (m/z 337) as shown in the
averaged mass spectrum corresponding to this chromatographic peak (Figure 3 inset). The
earlier eluting peak (10.5 min) corresponds to an apparent metabolite of glyceollins which
gave a base peak at m/z 417 (Figure 3 inset). Notably, the employed CID conditions
produced enough internal energy uptake to cause consecutive decomposition of this
metabolite to produce m/z 337 (deprotonated glyceollins). In a different rat plasma sample
taken at 4 hrs following the dose of glyceollins (90 mg/kg), precursor ion scanning of m/z
148 resulted in the appearance of glyceollin metabolites eluting at 3.9, 4.2 and 9.6 min
(Figure 4). These chromatographic peaks correspond to metabolites of m/z 451, 433, and
417, respectively (see inset Figure 4). Again, consecutive decomposition of the m/z 417
metabolite was observed to produce m/z 337. It appears that metabolism was extensive in
this case because unmodified glyceollins were not detected in this sample.

Identification of glyceollins’ metabolites using LC-ESI-MS and LC-ESI-MS/MS
The CID product ion spectrum of the m/z 417 precursor (Figure 5) shows many of the same
fragments as observed in the CID product ion spectrum of m/z 337 (Figure 1). In
considering the mass increase of this metabolite, in general, an addition of 80 Da in a
biological medium may correspond to either a sulfation or a phosphorylation process. The
metabolism of glyceollins in the digestive tract is not well documented23 and to our
knowledge there have not been any reports of glyceollins’ metabolites. However, another
isoflavone, genistein, has been extensively studied, and it has been reported to undergo
phase II metabolism by glucuronidation, sulfation, and methylation in small intestine and
liver.30,39,40 Based on these reports of genistein metabolism, and interpretation of the
obtained CID spectrum of m/z 417 (Figure 5), the peak was tentatively assigned as the
sulfated metabolite of glyceollins. However, because m/z 417 could correspond to either the
sulfated or the phosphorylated metabolite (deprotonated forms), to definitively identify m/z
417, accurate mass analysis was performed on this ion. The addition of a phosphate group
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implies a molecular formula of C20H18O8P with an exact m/z of 417.074478, whereas
sulfated glyceollins have the molecular formula C20H17O8S with an exact m/z of
417.064962. The accurate mass measurement by FT-ICR gave m/z 417.064812 confirming
the assignment of m/z 417 as a sulfated metabolite of glyceollins (0.360 ppm error). Because
the CID product ion spectrum of m/z 417 (Figure 5) shows similar fragments as the CID
product ion spectrum of m/z 337 (Figure 1), and because there are no fragment ions that are
shifted by 80 m/z units in the former spectrum relative to the latter, we conclude that the
sulfate group is the most labile moiety of the m/z 417 metabolite. Thus, the first step in
decompostion of m/z 417 is loss of SO3 neutral to form deprotonated glyceollins at m/z 337.
All of the lower m/z fragments in Figure 5 are proposed to be formed by consecutive
decompositions of m/z 337. Notably, at the constant Elab collision energy (− 34 eV)
employed throughout this paper, energy is consumed in the decomposition of m/z 417
leading to m/z 337. The m/z 337 ions thereby formed have less internal energy available to
induce consecutive decompositions as compared to m/z 337 precursors that are subjected
directly to −34 eV collisions in the central quadrupole. This loss of internal energy in the
first step of decomposition results in more favorable kinetics for m/z 149 formation as
compared to m/z 148 (see Figure 2b inset) in consecutive decompositions.

The hydroxyl sites of glyceollins are preferred sites of sulfation. We assign sulfation to the
hydroxyl site of the phenol group (see inset, Figure 5) based upon the observed facile loss of
SO3 neutral which, in this case, leaves a resonance stabilized phenoxy anion (corresponding
to deprotonated glyceollins at m/z 337). The loss of SO3 neutral from glyceollins sulfated at
the alkyl hydroxide would be expected to be less favorable. As glyceollins are known to
exhibit competitive behavior with estrogens, this assignment is supported by the
documented preferential sulfation of the 3-phenolic hydroxyl relative to the 16-aliphatic
hydroxyl in estriol.41

Another metabolite appearing in Figure 4 (retention time 4.2 min corresponding to m/z 433)
was investigated further. The composition of m/z 433 was established to be C20H17O9S by
accurate mass measurement (m/z 433.059649, 0.524 ppm error). This peak at m/z 433 is
proposed to correspond to a (deprotonated) sulfated metabolite of glyceollins that contains
one additional oxygen relative to m/z 417 discussed above. The LC-ESI-MS/MS low-energy
CID product ion spectrum of the m/z 433 precursor (Figure 6) reveals the B fragment peaks
(m/z 148, 149) to be the same as those in the product ion spectrum of deprotonated
glyceollins (m/z 337, Figure 1) whereas A fragments are shifted by 16 m/z units (i.e., m/z
175 and 227 are shifted to 191 and 243, respectively), plus m/z 337 is shifted to 353. This
different behavior of A and B fragments allows us to narrow down the potential sites of
hydrogen replacement with a hydroxyl group that accounts for the 16 Da shift in the mass of
the metabolized molecule. All possible hydroxylation sites are marked with asterisks on the
structure of m/z 433 shown in Figure 6.

Screening of glyceollins’ metabolites by direct infusion
LC separation prior to ESI-MS or ESI-MS/MS analyses offers the theoretical advantage that
each analyte species may enter the ESI source of the mass spectrometer free from
interferences. Even so, the sequential isolation and analysis steps of tandem mass
spectrometry can enable direct mixture analyses in the absence of chromatographic
separation. When very complex mixtures are under investigation, however, analyte
desorption behavior may be affected by competing sample species. It is well documented
that in ESI-MS, surface-active species tend to be desorbed most efficiently, whereas the less
surface-active molecules tend to experience signal suppression.42 To compare the
performance of our precursor ion scanning approach in the presence and absence of
chromatographic separation, the same rat plasma mixture as used above was employed,
except that this time precursor ion scans of m/z 148 were performed directly on the complex
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mixture with no prior LC separation. Direct infusion of the acetonitrile extracts of a rat
plasma mixture resulted in the detection of m/z 148 precursor ions at m/z 337, 353, 355,
417, 433, 451, and 469 (Figure 7). The peak at m/z 337 once again represents unmetabolized
deprotonated glyceollins. The peaks at m/z 417 and 433 were previously assigned as the
sulfated metabolite of glyceollins, and the sulfated metabolite of glyceollins with one
additional oxygen, respectively. It is fair to say that neither the m/z 417 nor the m/z 433
signal was suppressed during ESI-MS/MS direct mixture analysis. This may be rationalized
by considering that the sulfated conjugates of glyceollins have substantial surfactant
character, which can explain the favorable signal response relative to other components of
the complex mixture.

Notably, peaks at m/z 353, 355, and 469 were detected in direct infusion mixture analysis
that were absent in LC-ESI-MS/MS. The precursor peaks at m/z 353 and 355 are most likely
hydroxylated metabolites of glyceollins, wherein the latter contains an additional reduced
double bond. The improved detectability in direct infusion ESI-MS/MS may be rationalized
if one considers the additional acquisition time afforded by direct infusion that serves to
improve signal-to-noise (S/N) ratios. Moreover, in LC-MS/MS experiments, the (S/N) ratios
may not be maximized if spectra are averaged across the entire width of the
chromatographic peak (due to weaker signals away from the center of the peak).43 A
literature example reports a 20-fold gain in sensitivity observed with direct infusion of LC
fractions using multichannel acquisition, as compared to LC/MS.44 Therefore, we suspect
that the conditions employed for LC-ESI-MS/MS resulted in a detection limit just above the
threshold for observation of these m/z 353, 355, and 469 signals.

Conclusion
A precursor ion scan method based on m/z 148 product ion formation was developed and
optimized to screen for glyceollins and glyceollin related compounds, including metabolites.
LC-ESI-MS/MS analyses with both precursor ion and product ion scans were carried out on
a triple quadrupole to identify glyceollins and their metabolites in rat plasma. Precursor ion
scanning of m/z 148 allowed the characterization of glyceollins’ metabolites at m/z 417,
433, 353, and 355. After inspection and interpretation of obtained tandem mass spectra,
accurate mass measurements of m/z 417 and 433 were performed, thus, confirming the in
vivo sulfation, and sulfation plus oxygen addition, respectively, of glyceollins in rats. In
addition, metabolites at m/z 353 and 355 were observed and were proposed to represent
hydroxylated forms of glyceollins wherein the latter has one less double bond. Along with
developing a method to screen for glyceollins and its related compounds, this study is the
first to establish hydroxylation and sulfation metabolic pathways of glyceollins in dosed
animals.
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Figure 1.
Negative ion electrospray product ion mass spectrum (−75 eV CID ) of [M-H]− precursor of
glyceollin (m/z 337). Under these higher-energy conditions, the product ion at m/z 148
appears in high abundance.

Quadri et al. Page 10

Anal Chem. Author manuscript; available in PMC 2014 February 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
(a) The optimum declustering potential value to produce m/z 148 from CID of m/z 337
precursors was determined by ramping the declustering potential in product ion mode. The
maximum intensity of m/z 148 was observed at −75 V. (b) Optimization of collision energy
for m/z product ion formation at fixed declustering potential of −75 V. Abundances of three
strong peaks: m/z 148, 149, 319 are shown as a function of collision energy. The highest
signal for m/z 148 was observed at −34 eV (Elab). The inset schematically shows the rates of
formation of m/z 148 and 149 as a function of internal energy of m/z 337.
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Figure 3.
LC-MS/MS precursor ion scans showing total ion current of all precursors of m/z 148 from
glyceollins dosed rats. The insets show the precursor ion spectra of m/z 148 averaged over
the width of the peaks eluting at 10.5 and 12.5 min showing the presence of a metabolite and
unmetabolized glyceollins, respectively.
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Figure 4.
LC-MS/MS precursor ion scan showing total ion current of all precursors of m/z 148 from
glyceollins dosed rat plasma. Inset are the averaged mass spectra obtained across the three
observed chromatographic peaks.
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Figure 5.
LC-MS/MS product ion mass spectrum of m/z 417 precursors from rats dosed with
glyceollins. The m/z 417 metabolite was assigned as a sulfated form of glyceollins.
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Figure 6.
Negative ion low-energy CID product ion mass spectrum of m/z 433 from rats dosed with
glyceollins. Potential sites of replacement of a hydrogen with a hydroxyl group are marked
with asterisks. The labeling of the ring system has been adopted from Gruppen et al.29
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Figure 7.
Direct infusion negative ion electrospray −75 V CID precursor ion scan of m/z 148 from rat
plasma derived from rats.
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Scheme 1.
Structures of Glyceollin isomers
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