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Abstract Quercetin is the main Xavonol in the human
diet, and the most commonly used in studies of biological
activity. The major circulating forms of quercetin found in
the human plasma after consumption of food containing
distinct quercetin glycosides are glucuronides and sulfates.
In this work quercetin glucuronides have been obtained
from green beans (quercetin 3-glucuronide) and by enzy-
mic synthesis (quercetin 4�-glucuronide) using a modiWca-
tion of the method described by Plumb et al. (Methods in
polyphenol analysis, The Royal Society of Chemistry,
Cambridge, pp 187, 2003) so as to improve the original low
yields of that methodology. The method Wnally optimised
got yields of 19% in the preparation of quercetin 4�-glucu-
ronide, which allows its further isolation for their use in
biological assays. In addition, quercetin 3�-glucuronide, 3-
glucuronide and a diglucuronide were synthesised with
lower yields. The compounds prepared have been
employed to perform assays in order to obtain data for their
identiWcation by HPLC coupled to photodiode array detec-
tion and tandem mass spectrometry. It was observed that
the analysis by HPLC–ESI/MS/MS could allow the identi-
Wcation of diVerent quercetin glucuronides based on the
presence of some minor key MS2 fragments.
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Introduction

Flavonoids are polyphenolic secondary metabolites with a
widespread occurrence in the plant kingdom. Among the
major Xavonoids of dietary importance are Xavonols,
which occur ubiquitously in many commonly consumed
fruits and vegetables. Several epidemiological studies
have reported that a high Xavonol intake is associated with
a reduced incidence of major diseases, such as cancer and
cardiovascular disease [2–5]. Quercetin is the main Xavo-
nol in the human diet and the most commonly used in stud-
ies of biological activity. Much attention has been paid to
its antioxidant and free-radical scavenging properties [6]
and biological activities, such as antithrombotic and anti-
carcinogenic activities [7]. Also quercetin is an eVective
inhibitor of xanthine oxidase and lipoxygenase, enzymes
involved in processes such as inXammation, atherosclero-
sis, cancer and ageing [8, 9]. The biological activity of the
Xavonols is predicted to be highly dependent on their
structure, particularly the availability of hydroxyl groups.
It has been indicated that the higher the number of free
hydroxyl substituents, the stronger the antioxidant eVect,
thus glycosylation aVecting the antioxidant properties [6,
10, 11]. Quercetin is present in plants and food almost
exclusively in the form of �-glycosides that are little
aVected by the industrial and home processing of the prod-
ucts [12, 13]. However, these type of derivatives would
hardly be found as such at biologically signiWcant levels in
their sites of action in the organism, since they are largely
metabolised in the human body. Some quercetin glyco-
sides can be deglycosylated by endogenous �-glycosidases
in the small intestine, such as cytosolic �-glycosidase
(CBG) or lactase-phlorizin hydrolase (LPH) [14–16]. In
addition, some quercetin glucosides could be transported
by epithelial brush border membrane carriers, like sodium-
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dependent glucose transporter-1 (SGLT-1) and then degly-
cosylated in the enterocyte by intracellular �-glycosidases
[17–20]. Not all Xavonoid glycosides interact with mem-
brane transporters or are potential substrates for �-glycosi-
dases and there are also large inter-individual variations in
the activity of these enzymes, making the rate of intestinal
absorption highly variable [16]. The absorbed quercetin
aglycone is rapidly conjugated Wrstly in enterocytes and
further in the liver [21]. Methylation to isorhamnetin
(quercetin 3�-methylether) seems to be an important step
in quercetin metabolism, however, the free forms of quer-
cetin and isorhamnetin are hardly detected in plasma lead-
ing to the hypothesis that the conjugated metabolites
should play a key role in the putative healthy eVects asso-
ciated with dietary quercetin. Around 20 diVerent querce-
tin-conjugated metabolites have been described [22],
being the major circulating forms: quercetin-3-glucuro-
nide, quercetin-3�-sulphate, isorhamnetin-3-glucuronide
and an incompletely characterised quercetin-diglucuro-
nide, which are accompanied by minor levels of the 4�-
glucuronides of quercetin and isorhamnetin [23–26]. The
nature and position of the substitutions will aVect the bio-
logical activity; therefore, in order to better determine the
eVects of dietary quercetin, it is necessary to assess the
biological activity of its diVerent metabolites and to be
able to characterise their proWles in human plasma after
consumption of food containing distinct quercetin glyco-
sides. Various methods have been described to obtain con-
jugates, involving extraction from plants, isolation from
blood after consumption of the Xavonoid or chemical,
enzymic and microbiological synthesis [1, 27–29].

In this work, quercetin glucuronides have been obtained
from a plant source and by enzymic synthesis using a
modiWcation of the method described in Plumb et al. [1] so
as to improve the original low yields of that methodology.
Further, the compounds prepared have been employed to
perform assays in order to obtain data for their identiWca-
tion by HPLC coupled to photodiode array detection and
tandem mass spectrometry.

Materials and methods

Materials

Quercetin was purchased from Sigma–Aldrich (USA).
Isorhamnetin was purchased from Extrasynthèse (Genay,
France). HPLC-grade methanol and acetonitrile were pur-
chased from CarloErba (Italy) and Merck KGaA (Ger-
many), respectively. TriXuoroacetic acid was purchased
from Riedel-de-Haën (Germany). Analytical grade acetic
acid glacial and ammonia were purchased from Panreac
(Spain). Hepes buVer solution was obtained from Fluka

(Switzerland). Polyamide 6 was purchased from Fluka
(Germany). UDP-glucosamine sodium salt was purchased
from Sigma–Aldrich (Germany). UDP-glucuronic acid was
obtained from Fluka (USA).

Enzymic synthesis of quercetin and isorhamnetin 
glucuronides

Quercetin and isorhamnetin glucuronides were produced
enzymatically using pig liver microsomal enzymes with a
modiWcation of the methodology described by Plumb et al.
[1]. A post-lysosomal fraction was obtained from a pig liver
extract which was freshly prepared by the method of Lam-
bert [30], using 12 g of pig liver and a buVer BisTris pro-
pane solution (20 mM, pH 7.0), containing sucrose
(0.25 M) and KCl (0.15 M). The Wnal supernatant after cen-
trifugation at 4,000g during 20 min at 5°C, was mixed with
quercetin or isorhamnetin (400 �M). This mixture was incu-
bated at 37°C using diVerent reaction times: 60, 120, 180
and 240 min, in a Hepes buVer (25 mM, pH 5.5 and 7.2) or
ultra-pure water, containing in either case 10 mM MgCl2,
UDP-glucuronic acid (Wnal concentration 8 mM) and UDP-
glucosamine (Wnal concentration 4 mM). The reaction was
stopped with 100% methanol containing ascorbic acid
(1 mM) and centrifuged for 10 min at 4,000g and 5°C. The
products obtained were analysed by HPLC–DAD–MS.

Isolation of quercetin glucuronides

Quercetin glucuronides obtained in the synthesis were pre-
puriWed using a C-18 sorbent column and vacuum elution.
The column was preconditioned with methanol followed by
water. The synthesis extract was previously concentrated
under vacuum at 30°C until the methanol added for stop-
ping the synthesis was eliminated. The extract was depos-
ited onto the column and was Wrstly washed with phosphate
buVer (pH 7) and water to remove interferences. Quercetin
glucuronides were eluted with MeOH:5% acetic acid
(50:50 v/v). This fraction was concentrated under vacuum
to be further used for the isolation of compounds by semi-
preparative-HPLC in a Waters 600 chromatograph coupled
to an UV–VIS model 486 detector. The column was a
reversed-phase Supelco Ascentis C18 (5 �m packing,
250 £ 10 mm, i.d). Elution conditions were as follows:
3 ml min¡1 Xow rate; room temperature; solvent A, water/
acetic acid (95:5 v/v); solvent B, methanol (100%); elution
from 15 to 30% B in 10 min, from 30 to 50 in 20 min, and
then an isocratic step for 15 min with 50% B followed by
washing and re-equilibration of the column. The diVerent
glucuronide fractions were concentrated to dryness under
vacuum, dissolved in a small amount of water and then
freeze-dried. The purity of the quercetin glucuronides com-
pounds was checked by HPLC–DAD and MS.
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Isolation of quercetin-3-O-glucuronide from a plant source 
(green beans)

Seeds were removed and the green bean pods were homog-
enized in 70% MeOH, using a polytron homogenizer
(Kinematica, Littau, Switzerland) and then kept for 16 h at
¡18°C. Subsequently, they were centrifuged for 20 min at
4,000g and 5°C. This process was repeated twice, using
times of maceration of 4 h to complete a total of 24 h of
extraction. The extracts were combined and concentrated
under vacuum until the methanol was removed and the
resultant aqueous phase was defatted by extraction with n-
hexane in a Soxhlet apparatus. The defatted extract was
fractionated on a polyamide column that had been precon-
ditioned with methanol followed by water and phosphate
buVer (pH 7.0, 0.1 M) under vacuum according to Price
et al. [13]. The extract was washed Wrstly with phosphate
buVer to eliminate phenolic acids and further with methanol
to elute the neutral Xavonols (Xavonols containing neutral
sugars) and with methanol/ammonia (99.5:0.5 v/v) to elute
the acidic Xavonols (i.e. glucuronides). This last fraction
was evaporated under vacuum for posterior puriWcation of
the quercetin glucuronide by semipreparative-HPLC using
the same protocol above described.

HPLC–DAD–MS analysis

Quercetin glucuronides were analysed using a Hewlett-
Packard 1100 series liquid chromatograph. Separation was
achieved on an AQUA (Phenomenex, Torrance, CA)
reversed phase C18 column (5 �m, 150 mm £ 4.6 mm i.d)
thermostatted at 35°C. The solvents used were: (A) 0.1%
TFA in water, and (B) 100% HPLC-grade acetonitrile. The
gradient employed was: isocratic 10% B for 3 min, from 10
to 15% B over 12 min, isocratic 15% B for 5 min, from 15
to 18% B over 5 min, from 18 to 30% B over 20 min and
from 30 to 35% over 5 min, at a Xow rate of 0.5 ml min¡1.
Detection was carried out in a diode array detector (DAD),
using 370 and 280 nm as preferred wavelengths and in a
mass spectrometer (MS) connected to the HPLC system via
the DAD cell outlet.

MS analyses were performed in a Finningan™ LCQ
(Thermoquest, San Jose, CA) equipped with an API source,
using an electrospray ionisation (ESI) interface. Both the
sheath gas and the auxiliary gas were nitrogen at Xow rates
of 6 and 1.2 L min¡1, respectively. The capillary voltage
was 4 V and the capillary temperature 195°C. Spectra were
recorded in positive and negative ion mode between m/z
120 and 1,500. The mass spectrometer was programmed to
do a series of three consecutive scans: a full mass, a MS2

scan of the most abundant ion in the full mass, and a MS3 of
the most abundant ion in the MS2, using a normalised
energy of collision of 45%.

Results and discussion

Enzymic synthesis of quercetin glucuronides

In vitro glucuronidation of quercetin and isorhamnetin were
performed using a freshly prepared post-lysosomal fraction
of pig liver, to obtain glucuronides analogous to those
formed in vivo. With this aim, minor modiWcations were
introduced in the method described in Plumb et al. [1] in
order to try to improve the yields of metabolites obtained
when the original protocol was applied. Thus, diVerent pH
values (5.5 and 7.2 in Hepes buVer, and 8.3 in water) incu-
bation times ranging from 60 to 240 min were checked. In
all cases, similar proWle of metabolites was produced
(Fig. 1) but with diVerent yields. Four peaks corresponding
to glucuronides were formed that in a Wrst approach were
identiWed based on their absorption and mass spectra and
elution proWle compared to the results previously obtained
by other authors [1, 27, 31]. Peak 1 showed �max at 370 nm
and a pseudo-molecular ion [M-H]¡ at m/z 653. Its MS2

gave a fragment at m/z 477 ([M-176]¡, loss of a glucuro-
nide moiety) whose MS3 produced a signal at m/z 301
([M-176]¡, loss of a second glucuronide moiety) corre-
sponding to quercetin. The compound was thus identiWed as
a quercetin diglucuronide. Peaks 2, 3, 4 showed �max at
365 nm and the same pseudo-molecular ion in negative
mode at m/z 477. Their MS2 gave always one fragment at
m/z 301 ([M-176]¡, loss of a glucuronide moiety). These
three compounds were respectively assigned to quercetin 3-
glucuronide, quercetin 4�-glucuronide and quercetin 3�-glu-
curonide according to their retention characteristics in
HPLC [1]. Peak 5 corresponded to quercetin as showed by
its �max (370 nm) and molecular ion at m/z 301. Quercetin
monoglucuronides presented a hypsochromic shift of about

Fig. 1 HPLC chromatogram recorded at 370 nm showing the proWle
of quercetin glucuronides obtained using a post lysosomal fraction of
pig liver after 2 h of incubation. Peak identiWcation: 1 quercetin
diglucuronide; 2 quercetin 3-glucuronide; 3 quercetin 4�-glucuronide;
4 quercetin 3�-glucuronide; 5 quercetin
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5 nm in their �max in the visible region of their absorption
spectra with regard to the parent aglycone as also found by
Justino et al. [32].

Figure 2 shows the levels of quercetin metabolites
formed at diVerent pH values using an incubation time of
240 min. A similar distribution was obtained at the three
pH values assayed being always quercetin 4�-glucuronide
the predominant compound followed by quercetin 3�-glu-
curonide. No relevant diVerences were found in the distri-
bution of the diVerent products in the syntheses carried out
in Hepes buVer at pH 5.5 and 7.2, with similar yields in the
production of quercetin 4�-glucuronide and 3�-glucuronide
of around 16 and 5%, respectively. These yields improved
when the synthesis was carried out at pH 8.3 in water up to
19% for quercetin 4�-glucuronide and 7% for the 3�-glucu-
ronide. Lower yields were obtained for the other two
metabolites: »1% for the diglucuronide at all pH values
and »3% for the 3 glucuronide at pH 8.3. DiVerent incuba-
tion times were also checked. Maximum amounts for the
3�and 4�glucuronides were produced at 180 min, whereas
better yields of the quercetin diglucuronide and 3-glucuro-
nide were obtained at shorter times of incubation (60 min).
At 240 min, the concentrations of all the metabolites
slightly decreased probably due to the hydrolysis of the glu-
curonide moieties, as observed for the increase in the peak
of quercetin in the HPLC chromatograms.

In the light of these observations, further syntheses
were carried out in water (Wnal pH 8.3 without further
adjustment) using an incubation time of 180 min. The use

of water instead of Hepes buVer makes the synthesis much
cheaper, which is relevant, taking into account that it is
necessary to use large volumes of buVer when suYcient
quantities of metabolites have to be prepared for their use
in assays of biological activity in in vitro and animal mod-
els. Once synthesised, the glucuronides were isolated by
semi-preparative-HPLC after pre-puriWcation on a C-18
column. This step was important to clean up crude
extracts from side compounds and remove the excess of
free quercetin.

Similar methodology was applied using isorhamnetin (3-
O-methylquercetin) as substrate for the synthesis, with the
aim of obtaining isorhamnetin glucuronides. In this case,
the yields were much lower than those obtained for querce-
tin and did not exceed 1% for the majority metabolite
(isorhamnetin 4�-glucuronide), which might be either
attributed to destabilisation factors involved with regard to
the accommodation of the substrate into the active site of
the enzyme or by the sterical restrictions imposed by the
presence of the methyl group at 3� position of the aglycone.

A relevant observation was that the yield in the synthesis
of glucuronides was highly aVected by the microsomal
preparations of pig liver used. Freezing and further thawing
of the liver notably reduces the yields, especially after a
long storage in cold. Thus, it was very important to use
recently obtained fresh liver and even in that case great var-
iability could be obtained depending on the animal.
Another observation made was that some quercetin was
released due to glucuronide cleavage during evaporation of
the metabolites fractions catalysed by acetic acid, as also
pointed out by Needs and Kroon [28]. In the pre-puriWca-
tion step this could be prevented by substituting acetic acid
by water, although the use of the acid could not be avoided
for the eYcient separation of compounds by semi-prep
HPLC. Addition of water to the extracts prior to evapora-
tion reduced glucuronide cleavage, although a second puri-
Wcation by column chromatography might still be necessary
in case that some quercetin was released.

Using the optimised protocol, reasonable amounts
(yields around 19%) of quercetin 4�-glucuronide could be
obtained and puriWed, as well as some quercetin 3�-glucuro-
nide. However, we failed in the production of satisfactory
amounts of the quercetin diglucuronide and quercetin 3-
glucuronide, this latter being identiWed as a major metabo-
lite in the human body. For that reason, we tried its isola-
tion from green beans, in which its presence had been
previously described [13]. Extraction of the plant material
with 70% methanol followed by fractionation on a polyam-
ide and further isolation by semipreparative HPLC allowed
us to obtain that glucuronide with satisfactory yields in an
easy and cheaper way (around 7 mg of quercetin 3-glucuro-
nide per kilogram of plant material). The compound iso-
lated also served for the conWrmation of the identity of the

Fig. 2 Quercetin glucuronides concentrations formed at diVerent pH
values using an incubation time of 240 min
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peak assigned to quercetin 3-glucuronide in the crude
extracts obtained after enzymic synthesis.

ESI/MS–MS analyses of quercetin glucuronides

DiVerent ESI/MS–MS experiments were Wrst performed by
direct infusion of the quercetin 3-glucuronide isolated from
green bean in the mass spectrometer in positive and nega-
tive ion mode, in order to determine the best conditions for
the analysis of glucuronides. It was observed that the frag-
mentation proWle obtained in positive ion mode diVered
according to the collision energy employed. However,
more reproducible fragmentation was obtained in negative
mode. Furthermore, it was reported that negative ionisation
was about ten times more sensitive than positive one for
quercetin and its derivatives [25, 33]. Thus, the following
assays were carried out using negative ionisation.

Experiments were then carried out with direct infusion in
ESI/MS–MS of quercetin 3-glucuronide and quercetin 4�-
glucuronide in negative ion mode using increasing collision
energies. No fragmentation patterns were obtained that
could be useful for the assignment of the substitution posi-
tion of the glucuronide moiety onto the aglycone, neither
on the basis of some characteristic key fragments nor on
diVerences in the relative abundance. Davis et al. [34] using
direct-infusion ESI/MS–MS also concluded that collision-
induced dissociation (CID) of the deprotonated Xavonoid
glucuronides did not provide a distinctive fragmentation
pattern indicative of a particular site of glucuronidation. In
his case only one ion corresponding to the cleavage of the
bonds 0 and 3 in the glucuronide residue (m/z at 373) as sig-
niWcant product ion (>5% relative abundance) was
described. This fragment was not observed in our case,
where three fragments that could be attributed to cleavage
of the glucuronide moiety were obtained at m/z 383, 363
and 341 and the main product ion was always the corres-
ponding to the aglycone at m/z 301.

The diVerent glucuronides isolated were then separately
analysed by HPLC–ESI/MS–MS with quite diVerent results
to those obtained by direct infusion. The results are shown
in Table 1. The use of diVerent collision energies yielded
common fragments for the quercetin diglucuronide ([M-
H]¡ at m/z 653) at m/z 477 [M-176]¡ and 301 [M-352]¡

corresponding to losses of the two glucuronide units. The
successive losses of both moieties indicate that the two glu-
curonyl units are linked at diVerent positions on the querce-
tin skeleton. If they were linked at the same position (i.e.
constituting a disaccharide) only one fragment correspond-
ing to the aglycone should have been observed [35]. There
were diVerences in the relative abundance among the distri-
bution of the fragment ions at m/z 477 and 301; in all cases
the abundance of ion at m/z 477 was 100%, however the ion
at m/z 301 presented decreased relative abundances with

higher collision energies. A product ion at m/z 501 was
only observed at 25 and 30% relative collision energies,
which was assigned to the Retro Diels-Alder Wssion (RDA)
of quercetin [36], and another fragment at m/z 516 appeared
at 35 and 45% collision energies, attributed to the loss of
137 amu from the cleavage of two C–C bonds at positions
0/2 of the C ring of quercetin. Although the relative abun-
dance of these fragments was <2%, they are quite interest-
ing since they indicate that the two glucuronide moieties
were located on the ring A of the quercetin; although no
further information could be obtained to decide about the
precise location of each moiety, it can be supposed that
they could be located on positions 5 and 7 on that ring.

The main fragment obtained for quercetin 3-glucuronide
at all the collision energies was at m/z 301 corresponding to
the aglycone. The rest of the fragments formed derived
from quercetin. Signal at m/z 273 would correspond to the
loss of the CO group [M-28]¡, m/z at 257 to the loss of
CO2, and m/z at 229 to the loss of both. This latter fragment
was only observed at the highest collision energies assayed
(40 and 45%). These unusual losses of CO and CO2 appear
to be characteristic of the negative ion mode [36] and the
fragment at m/z 229 was considered to be characteristic of
quercetin [24, 37]. Other characteristic fragments of quer-
cetin are those at m/z 151 and 179 corresponding respec-
tively to the A¡ ring fragment released after RDA Wssion
and the retrocyclization after Wssion on bonds 1 and 2
(Fig. 3). The fragment at m/z 175 ([M-126]¡) is attributed
to the loss of a phloroglucinol moiety from the loss of the
ring A after cleavage of bonds 1 and 4 in C-ring (Fig. 3).
Fragments at m/z 255, 229 and 151 have been used by some
authors to identify quercetin glucuronides in urine and
plasma samples, when its concentration was negligible [22,
24, 25].

Some fragments that did not appear for quercetin 3-glu-
curonide were observed for the isomers at 3� and 4�. In par-
ticular, signals at m/z 343, which corresponds to the
cleavage of the bonds 1 and 5 in the glucuronide residue
([M-134]¡), and at m/z 415 that may be attributed to the
elimination of a water molecule from the ion at m/z 433. It
was observed that the relative abundance of ion at m/z 415
increased at higher collision energies, whereas the ion at
m/z 433 disappeared. The appearance of these fragments sug-
gests that a strong linkage of the glucuronide moiety exists
when it is located on the quercetin B ring, thus they could
be considered characteristic of substitution of that ring. A
distinctive characteristic of quercetin 3�-glucuronide seems
to be that a higher number of fragments appear than for the
isomers at 3 and 4�positions. The fragment at m/z 327
would correspond to the cleavage of bonds 1 and 3 in the
quercetin moiety (1,3A¡) and can be explained by the mech-
anism proposed for protonated Xavonols by Ma et al. [37],
who reported that this loss together with the cleavage of the
123
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Table 1 Principal MS2 ions (in 
abundance order) formed in neg-
ative ion mode at diVerent colli-
sion energies for glucuronide 
metabolites following HPLC–
ESI/MS–MS analysis

EC (%) Quercetin 
diglucuronide

Quercetin-
3-glucuronide

Quercetin-4� 
glucuronide

Quercetin-3� 
glucuronide

Isorhamnetin 
4�-glucuronide

Molecular ions Molecular ions Molecular ions Molecular ions Molecular ions

20 477 301 301 301 315

494 477 175 459 175

536 175a 477a 175 473

301 343a 433 491

653 257a 415 431a

371a

477a

25 477 301 301 301 315

301 477a 415 371 175

536 273a 175 415 473

494 179a 175 491a

501a 175a 343a

653a 151a 327a

477a

30 477 301 301 301 315

301 179 175 459 175

494 151 343 415 431a

501a 273a 151a 371a

343a

327a

175a

35 477 301 301 301 315

494 179 343 179 175

301 151 179 175 357

516a 273 151 459 399

371 473a

415

151

327

433a

40 477 301 301 301 315

301 273 343 415 473

494 175 175 459 175

536 151 151 179 151

593 257a 415 371 399a

501 229a 151 357a

175a

45 477 301 301 301 315

301 179 343 415 175

494 151 179 327 431

516 273 273 179 151a

536a 257a 151 151

229a 415 373

343

175

257aa Relative abundance ·2%
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bonds 0 and 2 in the Xavonol could be a characteristic fea-
ture of Xavonol aglycones. Fragment at m/z 371 may be
attributed to the elimination of 2H and cleavage of the
bonds 0 and 3 in the glucuronide residue [M-104]¡. Signals
at m/z 459 and m/z 433 would correspond to the loss of
water [M-18]¡ and a carboxyl group [M-44]¡, respectively.

Another quercetin metabolite usually identiWed in
plasma and urine is isorhamnetin 4�-glucuronide. It was
also enzymatically synthesised and isolated in the same
way as quercetin glucuronides and submitted to HPLC–
ESI/MS–MS analysis. This compound presented a pseudo-

molecular ion [M-H]¡ at m/z 491, 14 amu higher than quer-
cetin glucuronides. One fragment at m/z 315 was obtained
at all the collision energies used, with an abundance rela-
tive of 100%, corresponding to the aglycone. Other frag-
ments were obtained at m/z 473 (loss of a water molecule),
m/z 431 (loss of CH3OH and CO, [M-60]¡). Fragments at
m/z 175 and 151 were also observed as for the quercetin
glucuronides. The fragment at m/z 175 would correspond to
the loss of two CO groups and C4H4O2 [M-140]¡, and that
at m/z 151 is considered to originate from cleavage of bonds
0 and 2 of the of the heterocyclic ring (0,2B¡) [M-166]¡.

Fig. 3 Main fragmentations of quercetin glucuronides in negative ion mode
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Both fragments were also observed for the isorhamnetin
aglycone by Ma et al. [37].

Conclusion

The results obtained pointed out that it could be possible to
draw conclusions about the substitution position of the glu-
curonides by HPLC–ESI–MS/MS based on some minor
product ions released after MS–MS fragmentation. Thus,
the observation of a quercetin RDA Wssion fragment in the
case of the diglucuronide allowed locating these moieties
on the quercetin A ring. Also, the appearance of a fragment
at m/z 343, corresponding to the cleavage of the bonds 1
and 5 in the glucuronide residue, can be considered charac-
teristic of glucuronide substitution on ring B. Further,
greater number of fragment ions are produced in the case of
quercetin 3�-glucuronide compared to quercetin 4�-glucuro-
nide, which allows distinguishing between them.
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