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Anthocyanins are potent antioxidants that may possess chronic disease preventive properties. Here,
rapid, reliable, and reproducible solid-phase extraction, high-performance liquid chromatography
(HPLC), and mass spectrometry techniques are described for the isolation, separation, and
identification of anthocyanins in human plasma and urine. Recoveries of cyanidin-3-glucoside (C3G)
were 91% from water, 71% from plasma, and 81% from urine. Intra- and interday variations for C3G
extraction were 9 and 9.1% in plasma and 7.1 and 9.1% in urine and were less than 15% for all
anthocyanins from a standardized bilberry extract (mirtoselect). Analysis of mirtoselect by HPLC with
UV detection produced spectra with 15 peaks compatible with anthocyanin components found in
mirtoselect within a total run time of 15 min. Chromatographic analysis of human urine obtained after
an oral dose of mirtoselect yielded 19 anthocyanin peaks. Mass spectrometric analysis employing
multiple reaction monitoring suggests the presence of unchanged anthocyanins and anthocyanidin
glucuronide metabolites.
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INTRODUCTION

Anthocyanins are a family of polyhydroxy and polymethoxy
derivatives of 2-phenylbenzoyrylium (flavylium cation) found
abundantly in nature. As glycosides or acylglycosides of
anthocyanidins, their aglycons, anthocyanins are responsible for
red and blue pigmentation in fruits, berries, and petals. Dietary
anthocyanins are thought to decrease the risk of chronic degen-
erative disorders such as cardio- and cerebrovascular disease,
atherosclerosis, cancer, diabetes, and failing vision (1-6). Such
beneficial effects on health may be associated with the strong
antioxidant characteristics of anthocyanins (7). The abundance
of anthocyanins in the diet (180-215 mg/day;8) when com-
pared with other flavonoids such as quercetin, luteolin, kaempfer-
ol, and apigenin (23 mg/day,9) warrants investigation into their
role in human health. Anthocyanins have been shown to inhibit
cancer cell growth in vitro and to decrease tumor burden in
certain experimental models of carcinogenesis (for review, see

ref 2). Bilberry (Vaccinium myrtilus), a favorable source of
dietary anthocyanins, contains 15 anthocyanins, glucosides,
galactosides, and arabinosides of delphinidin, cyanidin, petuni-
din, peonidin, and malvidin (for structures, seeFigure 1).

In order to rationalize the potential effects of anthocyanins
on human health, robust analytical techniques must be developed
to allow detection and quantitation of parent species and
metabolites in biomatrices. To our knowledge, there are five
published analytical methods describing the analysis of antho-
cyanins in bilberry and otherVaccinium spp(10-15). In one
of these methods, anthocyanins were deconjugated to antho-
cyanidins (10). There is only one report in which 25 anthocya-
nins found in low bush blueberry (Vaccinium augustifolium)
were separated, albeit not all to baseline, employing a chro-
matographic run lasting 60 min (11). This run time is typical
for most published methods. The noticeable exception is a
capillary zone electrophoresis method that separated 12 antho-
cyanin peaks with a run time of only 10 min (14). Limited
validation of some of these methods has been performed but
not for anthocyanins from plasma and urine. Here, we describe
a simple and fully validated solid-phase extraction (SPE)
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technique for the isolation from plasma and urine of cyanidin-
3-glucoside (C3G), the most abundant anthocyanin in diet, and
of anthocyanins from a standardized bilberry extract and their
metabolites. The described rapid high-performance liquid chro-
matography (HPLC) method is an improvement on previous
methods in terms of speed and/or separation. Furthermore, an
HPLC-electrospray ionization (ESI) tandem mass spectrometric
(LC/MS/MS) method is described, which confirms the presence
and identity of 15 bilberry anthocyanins and their metabolites
in human urine.

MATERIALS AND METHODS

Extracts, Biomatrices, and Consumption of Bilberry Anthocya-
nins. C3G was purified from blackberries using a countercurrent
chromatographic method as described previously (16). Mirtoselect, a
bilberry extract suitable for human consumption and standardized for
anthocyanin content, was provided by Indena S.p.A (Milan, Italy, see
http://www.indena.it/pdf/mirtoselect.pdf). The extract comprises 36%
anthocyanins consisting of 15 different components, i.e., glucosides,
galactosides, and arabinosides of delphinidin, cyanidin, petunidin,
peonidin, and malvidin (for structures, seeFigure 1). Identities of these
anthocyanin components, as provided by the manufacturer, were
confirmed by LC/MS/MS analysis (see below) employing specific

multiple reaction monitoring (MRM) transitions (Figure 2). Reagents
used in the chemical analysis were purchased from Fisher Scientific
UK (Loughborough, United Kingdom).

A healthy male volunteer provided human urine for method
development purposes. Human plasma was obtained from the National
Blood Transfusion Centre (Sheffield, United Kingdom). To assess the
ability of these methods to analyze anthocyanin content in biomatrices,
urine was also collected from a healthy male volunteer (37 years old,
105 kg) who had imbibed 450 mL of a 1% (w/v) solution of mirtoselect
(containing 1.62 g of anthocyanins). Urine was collected before and
30, 60, 90, 120, 180, 360, and 420 min after administration.

Extraction of Anthocyanins from Biomatrices. The extraction
method for urine or plasma was validated for extraction efficiency (n
) 20), intraday (n ) 5), and interday (n ) 3 × 5) variability. Urine
and plasma were spiked with 5 ng/mL of C3G or 50 ng/mL mirtoselect,
respectively. Aliquots of spiked plasma (1 mL) or urine (1 mL) were
centrifuged (16000g, 5 min) to remove particulates. Oasis HLB SPE
cartridges (1 mL; Waters, Elstree, United Kingdom) were conditioned
sequentially with 1 mL of acetone:formic acid (9:1) and 1 mL of water:
formic acid (9:1). Analytical samples (1 mL) were loaded and eluted
at a flow rate of 1 mL/min. Anthocyanins were eluted sequentially
with 0.2 and then 0.1 mL of acetone:formic acid (9:1). At all stages of
the solid-phase extraction procedure, a vacuum was used to draw
solvents through the cartridge until it was dry. Pooled eluants were

Figure 1. Structures of anthocyanins present in standardized bilberry extract (mirtoselect).

Figure 2. LC/MS/MS analysis of anthocyanins in mirtoselect. The following species were identified utilizing MRM transitions (values in m/z) obtained by
loss of the sugar moiety: Peaks 1 and 2, delphinidin-3-galactoside/delphinidin-3-glucoside (465 > 303); peaks 3 and 5, cyanidin-3-galactoside/C3G (449
> 287); peak 4, delphinidin-3-arabinoside (435 > 303); peaks 6 and 8, petunidin-3-galactoside/petunidin-3-glucoside (479 > 317); peak 7, cyanidin-3-
arabinoside (419 > 287); peaks 9 and 11, peonidin-3-galactoside/peonidin-3-glucoside (463 > 301); peak 10, petunidin-3-arabinoside (449 > 317); peaks
12 and 14, malvidin-3-galactoside/malvidin-3-glucoside (493 > 331); peak 13, peonidin-3-arabinoside (433 > 301); and peak 15, malvidin-3-arabinoside
(463 > 331). Chromatograms are representative of five analyses.
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evaporated to dryness (stream of nitrogen). Residues were reconstituted
in water:formic acid (9:1, 75µL) and centrifuged (16000g, 10 min, 4
°C) prior to analysis.

Separation of Bilberry Anthocyanins by HPLC. Mirtoselect and
human biomatrices were analyzed for anthocyanin content by HPLC
with UV-visible detection (520 nm). The HPLC system (Varian
Analytical Instruments, Oxford, United Kingdom) comprised a Varian
230 pump, Varian 410 autosampler, and Varian 325 UV-vis detector.
Separation of anthocyanins was performed using an Xterra Phenyl
column (Waters; 4.6 mm× 150 mm, 5µm) with guard column (Waters,
4.6 mm× 10 mm, 5µm) at 40°C with a flow rate of 1.5 mL/min.
The gradient elution system comprised two solvents: A, 9:1 water:
formic acid, pH= 1.6; and B, acetonitrile. The gradient employed was
as follows: 99 to 97% A for 5 min, 97 to 90% A for 3 min, unchanged
for 4 min, increase of A up to 70% within 1 min, and then maintained
for 2 min.

Identification of Anthocyanins and Metabolites by LC/MS/MS.
LC/MS/MS analysis was performed using an API2000 mass spectrom-
eter (Applied Biosystems, Warrington, United Kingdom) with sample
delivery via an 1100 series HPLC instrument (Agilent Technologies
UK Ltd., South Queensferry, United Kingdom). The HPLC separation
used was essentially as described above with the following modifica-
tions: Xterra phenyl column (2.1 mm× 150 mm, 3.5µm) with guard
(2.1 mm× 20 mm, 3.5µm), solvent system A was held at 90% for an
additional 5 min, and the flow rate was reduced to 0.31 mL/min to
allow direct injection into the mass spectrometer without the need for
eluant splitting. Mass spectrometric analyses were performed in positive
ion mode under the following conditions: declustering potential, 55
V, focusing potential, 380 V; entrance potential, 10 V; collision energy,
50 V; collision energy exit potential, 16 V; ion spray voltage, 5000 V;
and temperature, 450°C. Anthocyanins were identified by MRM for
fragments generated by the loss of the sugar moiety, glucuronides by
monitoring of fragments that had lost glucuronic acid (176 amu), and
anthocyanin glucuronides by combined loss of sugar and glucuronic
acid. The presence of anthocyanidins was determined by specific MRM
transitions as follows: delphinidin (303> 229), cyanidin (287> 137),
petunidin (317> 217), peonidin (301> 201), and malvidin (331>
242).

RESULTS AND DISCUSSION

Validation of Anthocyanin Extraction. Efficiency of extrac-
tion from human plasma for C3G was 71%, with intra- and
interday variations of 9.0 and 9.1%, respectively. The efficiency
of extraction from human urine was 81% with 7.1 and 9.1%
for intra- and interday variations, respectively. Extraction
efficiencies for bilberry anthocyanins averaged 91% and varied
from 65% for peonidin-3-glucoside to 102% for malvidin-3-
glycosides. These recoveries are in agreement with previously
published data. Mazza et al. (11), using a SPE method, retrieved
70-84% of blueberry anthocyanins from human serum (1.5
mL). Although the method described here has no advantage over
the earlier method (11) with respect to recovery, it is consider-
ably more rapid, and as compared with evaporating 7 mL of
methanol used to elute anthocyanins in the earlier paper,
evaporation of 300µL of acetone is quicker.

Separation of Anthocyanins in Bilberry Extract and
Detection of Unchanged Anthocyanins and Their Metabolites
in Human Urine. Analysis of an aqueous solution of mirtoselect
using the HPLC method employed here was capable of resolving
15 anthocyanins within a run time of 15 min (Figure 3A). When
the anthocyanins from mirtoselect were extracted by SPE and
reconstituted for analysis by HPLC, the resultant chromatograms
showed no discernible differences in terms of anthocyanin peaks
between the original solution of authentic mirtoselect and the
SPE eluant (Figure 3B). Hence, the SPE method did not
introduce any significant bias in terms of extraction efficiency
for any individual anthocyanins. The retention time of C3G (4.6

min) was characterized by a coefficient of variation of 1.23
(based on 10 injections;Table 1). In 10 repeated injections of
mirtoselect, the retention times of the individual anthocyanins
had coefficients of variation between 0.33 and 1.68, and their
retention indices, as compared with C3G, displayed coefficients
of variation between 0.19 and 1.15 (Table 1). Analysis of spiked
human plasma (1 mL) furnished lower limits of detection (LOD;
S/N > 3) and quantitation (LOQ; S/N> 10) of 0.5 and 1.5
ng/mL (1 and 3 nM), respectively. Extraction from spiked urine
or aqueous solution gave LOD and LOQ values of 0.25 and
1.0 ng/mL (0.5 and 2 nM), respectively. These numbers suggest
good sensitivity when compared to previously published meth-
ods of extraction of anthocyanins from bilberry (10). The LOD
and LOQ values determined here for urinary anthocyanins are
comparable to those described before for anthocyanins ingested
with foodstuffs other than bilberries (18, 19). Detection was
linear over the range 1-1000 ng/mL (r2 ) 0.999) for C3G in
plasma and urine; accuracy was 100( 9 and 100( 6% for
plasma and urine, respectively.

In order to demonstrate the practical application of the
techniques described above, urine from a healthy volunteer who
had consumed mirtoselect was investigated for anthocyanin
content. Analysis of urine by HPLC yielded 19 peaks (Figure
3D). The majority of these peaks had retention times comparable
to those of parent anthocyanins found in mirtoselect, but the
relative ratios of individual anthocyanins were different from

Figure 3. Analysis by HPLC of extracts containing bilberry anthocyanins
(mirtoselect) from the following matrices: (A) aqueous solution of
mirtoselect (10 µg/mL) prior to SPE, (B) aqueous solution of mirtoselect
(350 ng/mL), (C) human urine sample collected prior to mirtoselect
consumption, (D) urine sample collected 6 h after a bolus dose of 4.5 g
of mirtoselect, (E) human plasma, and (F) human plasma spiked with
350 ng/mL mirtoselect. Extracts B−F underwent SPE. Urine and plasma
collection and anthocyanin extraction and separation were as described
in the Materials and Methods. Peaks 1−15 are those described in Figure
2. Chromatograms are representative of three separate analyses.
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those observed with authentic mirtoselect (Figure 3A,B). The
retention times of the predominant anthocyanins in human urine
are indicative of methylated cogeners, peonidin and malvidin
glycosides. The largest peak had a retention time similar to that
of peonidin-3-glucoside (Figure 3D). In contrast, in the urine
of mice, which had received mirtoselect in their diet, malvidin-
3-galactoside was the predominant anthocyanin species (20).
Levels of total anthocyanins excreted in urine (Figure 4) were
consistent with those previously observed in humans taking
elderberry or grape anthocyanins (17, 18, 21-23). In the
individual studied here, maximal excretion was slightly later
than that described in earlier studies of elderberry and grape
extracts wheretmax was between 1 and 2 h (16, 17, 20-22).

Identification of Anthocyanin Species in Human Urine.
Urine obtained from a human who had consumed mirtoselect
was investigated by LC/MS/MS in MRM mode. The pres-
ence of unmodified parent compounds was unequivocally
demonstrated (Figure 5A), and the predominant anthocyanin
species was identified as a glucuronide of peonidin (Figure 5B),
consistent with the results obtained by HPLC (Figure 3D)
Given the complicated mixture of anthocyanins in mirtoselect,
LC/MS/MS analysis of human urine after consumption of
mirtoselect detected several anthocyanin metabolites (Figure
5B). Upon the basis of their MRM transitions, the predominant

metabolites at all time points were glucuronides of the following
species: peonidin arabinoside (m/z609> 301), malvidin (m/z
507 > 331), cyanidin (m/z463 > 287), petunidin (m/z493 >
317), and peonidin (m/z477 > 301) (Figure 5B). Metabolites
of bilberry anthocyanins observed at the limits of detection were
delphinidin glucuronide (m/z479> 303), malvidin arabinoside
glucuronide (m/z639> 331), peonidin glycoside glucuronides
(m/z639> 301), malvidin glycoside glucuronides (m/z669>
331), and petunidin glycoside glucuronides (m/z655 > 317).
Further studies are required to unequivocally identify these
glucuronide metabolites. The results are in agreement with
previous investigations of anthocyanin bioavailability in humans,
according to which anthocyanins are excreted unchanged (12,
17-18,21-23). The metabolite profile in rodents, which have
ingested anthocyanins, has been reported to be dominated by
methylated and glucuronidated metabolites (19, 24-26). The
occurrence of anthocyanidin glucuronides in the urine of
humans, who have ingested anthocyanins, described here and
previously (18,23), is consistent with the notion that antho-
cyanins can undergo deconjugation to their aglycons, which are
then further biotransformed. The intermediate metabolic forma-

Table 1. Repeatability of Retention Time (tR) and Retention Index (iR)
Relative to C3G for Anthocyanins in a Standardized Extract of
Bilberrya

peak anthocyanin n
tR ± SD

(min) CV iR ± SD CV

C3G standard
5 C3G 10 4.64 ± 0.06 1.23 n/a n/a

bilberry extract
1 delphinidin-3-galactoside 10 3.01 ± 0.04 1.30 0.65 ± 0.00 0.68
2 delphinidin-3-glucoside 10 3.40 ± 0.05 1.34 0.74 ± 0.00 0.52
3 cyanidin-3-galactoside 10 3.94 ± 0.05 1.28 0.86 ± 0.00 0.22
4 delphinidin-3-arabinoside 10 4.20 ± 0.06 1.39 0.91 ± 0.00 0.19
5 C3G 10 4.60 ± 0.06 1.28 1.00 ± 0.00 0.00
6 petunidin-3-galactoside 10 5.29 ± 0.06 1.08 1.15 ± 0.01 0.78
7 cyanidin-3-arabinoside 10 5.47 ± 0.06 1.04 1.19 ± 0.01 0.38
8 petunidin-3-glucoside 10 6.09 ± 0.07 1.19 1.32 ± 0.01 0.53
9 peonidin-3-galactoside 10 6.89 ± 0.12 1.68 1.50 ± 0.02 1.14
10 petunidin-3-arabinoside 10 7.42 ± 0.08 1.06 1.61 ± 0.01 0.78
11 peonidin-3-glucoside 10 8.21 ± 0.06 0.74 1.78 ± 0.02 0.97
12 malvidin-3-galactoside 10 8.60 ± 0.05 0.57 1.87 ± 0.02 1.02
13 peonidin-3-arabinoside 10 9.02 ± 0.04 0.45 1.96 ± 0.02 1.07
14 malvidin-3-glucoside 10 9.34 ± 0.04 0.38 2.03 ± 0.02 1.09
15 malvidin-3-arabinoside 10 10.0 ± 0.03 0.33 2.18 ± 0.03 1.15

a n, number of samples; SD, standard deviation; CV, coefficient of variation
{(SD/mean) × 100}.

Figure 4. Time-dependent excretion of anthocyanin species in the urine
of a human who ingested a single oral dose of 4.5 g of mirtoselect. Analysis
was by HPLC as described in the Materials and Methods, and
concentrations of all anthocyanin species are calculated based on
standards of authentic C3G. Results are the means of three replicates.

Figure 5. Analysis for anthocyanin species by LC/MS/MS of samples of
urine from a human 3 h after ingestion of 4.5 g of mirtoselect. (A) Spectra
of unchanged anthocyanins contained in mirtoselect; (B) spectra of
anthocyanin metabolites peonidin arabinoside glucuronides (609 > 301),
malvidin glucuronides (507 > 331), cyanidin glucuronides (463 > 287),
petunidin glucuronides (493 > 317), and peonidin glucuronides (477 >
301). Analyses were performed as described in the Materials and Methods
using MRM; spectra are representative of at least three analyses.
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tion of anthocyanidins from anthocyanins has been buttressed
by analytical results in rodents (19, 25). Anthocyanidins are
suspected to exert more potent pharmacological activity than
their glycosidic precursors (2).

In conclusion, the methods described here seem suitable for
application in the analysis of anthocyanins in bilberry extract
and in mammalian biomatrices after ingestion of dietary
anthocyanins. The advantages of these methods over previously
published ones are speed and resolution of analytes and lack of
utilization of organic solvents. These methods may therefore
be useful in the clinical evaluation of the effects of anthocyanins
on health.
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