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For better understanding of the physiological function of anthocyanins, the absorption and metabolism
of cyanidin 3-O-$-bp-glucopyranoside (Cy3G), which is one of the major anthocyanins in colored food
materials, were precisely investigated. Combining two modalities newly developed, that is, highly
sensitive semi-micro-HPLC and vein cannulation, Cy3G and its four major metabolites (M1—M4)
were detected in the blood plasma of rats after oral administration of Cy3G (100 mg/kg of body mass).
The plasma concentration of Cy3G reached its maximum at 15 min after the ingestion. Metabolite 2
(M2) and metabolite 3 (M3) showed their maximum plasma levels at 15 and 30 min, respectively,
whereas metabolite 1 (M1) and metabolite 4 (M4) showed their maximum levels at 60 and 120 min,
respectively. The maximum plasma concentrations of the four metabolites were in the following
order: M3 (21 nM) > M4 (20 nM) > M1 (8.5 nM) > M2 (5 nM). When Cy3G was directly injected into
the neck vein, only M2 and M3 were detected in the plasma, indicating that both M1 and M4 were
produced during absorption from the gastrointestinal tract. Tandem MS analysis of the metabolites
showed that M2 and M3 were monomethylated Cy3G, while M1 and M4 were glucuronides of Cy
and methylated Cy, respectively. M3 was assigned as peonidin 3-O-f-b-glucopyranoside (Pn3G)
from the comparison of the retention time of authentic Pn3G.

KEYWORDS: Cyanidin 3- O-f-p-glucopyranoside; peonidin 3-  O-f-p-glucopyranoside; 4' -O-methylcyanidin
3-O-f-p-glucopyranoside; absorption; metabolic pathway; glucuronide

INTRODUCTION a little is known about the metabolic fate of other anthocyanins
. . : _— . (17-19), although uptake of anthocyanins from various sources
Anthocyanins are red pigments that are widely distributed in was studied in both experimental animals and humas-(

many edible plants such as blueberrig¥, plackcurrants?), : Lo . .
strawberries (3), and purple black ric#) (Many functions of 27). 'I_'w_o things restricting in vivo studies of_anthocyanlns were
the limited number and quantity of available anthocyanin

anthocyanins have been reported, such as antioxidant activity
(4—7), anticancer activityg, 9), improvement of vision 10, standards.

11), and induction of apoptosidZ). We have shown unique . In th.e. present study, we de\{eloped a mgthod to cannulate
antioxidant properties of anthocyanin in vitrd3-15), but via a silicon tube the carotid vein of rats, which allowed us to

further information including uptake, tissue distribution, and i?j?ct gntrlck)]cyantiﬁs and_ also tot S?_mpl'é bl%(.)d. pl?ﬁma to

metabolic fate are essential to elucidate its physiological eterminé the anthocyanin concentration. .omoining this sam-

functions. pling method with the hlghly sensitive seml-mlcro-HPLQ, we
We previously showed that delphinidin 3-Osgglucopyra- determined plasma profiles of cyanidirC3g-p-glucopyranoside

noside (Dp3G) is metabolized to form 4'-O-methyldelphinidin _(Cy3G) (Chart 1.) _purlfl_ed _from blackcurran_t a_fter oral af_‘d
3-0-B-p-glucopyranoside (MDp3G) in ratd ). However, only intravenous administration in rat, together with its metabolites.

MATERIALS AND METHODS
* To whom correspondence should be addressed. Ph#®d-250-25-

51%?\1||'g:;g)t(at?11|vi?§t350f5gﬁelar nﬁé@;igngokgggggﬁtfae'Féfé?énmc-gg-jp- Chemicals.Cy3G was purified from a blackcurrarRipes nigrum
* Tokyo University of Pharmacy and Life Sciences. ) L.) extract according to a previously described methb)j All othgr
8 Meiji Seika Kaisha Ltd. reagents were purchased from Wako Pure Chemical Industries. An
"'Mayp Co. Ltd. authentic sample of peonidin @-3-p-glucopyranoside (Pn3G) was
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Chart 1. Structure of Cyanidin 3-O-3-b-Glucopyranoside was obtained from the inferior vena cava of other healthy rats using a
oH sodium citrate (50Q:L of 10% sodium citrate for 8 mL of blood)
I containing needle and syringe under anesthesia with diethyl ether. After
withdrawal of the blood sample (6Qf.), the same volume of donor
blood was injected through the cannulated vein tube. Each blood sample
G was immediately centrifuged at 30§®@r 5 min at 4°C for HPLC
‘_ “ l analysis.
] ~F g Determination of Cy3G and Its Metabolites in the Plasma.
Ok Extraction of Cy3G and its metabolites was carried out using a Sep-
CHzOH Pak Gg cartridge light column (Waters), essentially according to a
—0 previously reported method ). Briefly, the plasma samples (30Q)
/on Y were applied to Sep-Pak;£cartridges conditioned with methanol (2
[ mL) and 3% trifluoroacetic acid (TFA) aqueous solution (2 mL). After
the sample application, the cartridges were washed successively with
2 mL of 3% TFA aqueous solution, dichloromethane, and benzene,
and then Cy3G and its metabolites were eluted with 50% acetonitrile
containing 1% TFA aqueous solution (1 mL). The eluates were

OH

purified from a bilberry specied/accinium myrtillus..) according to

previously described methods with a slight modificatiaB Briefly, evaporated to dryness in vacuo and dissolved in A5®f distilled
bilberry extract was separated on an open column packed with MCI e containing 0.5% TFA. The TFA solution was passed through
gel (4.5 emx 45 cm) by HO as the elution solutlon V,V'th |ncr¢ased Centricut (0.45m, Kurabou Co. Ltd., Japan) before HPLC injection.
amounts of methanol (0:1 to 1:0). The Pn3G-containing fraction thus p| ¢ \yas performed according to our previous report with a slight
obtained was further purified by semipreparative HPLC Wlth a Develosil modification (L). Briefly, aliquots (10Q:L) of the solutions were
O.DS. HG-5 °°'“!“” (20 mmx 250 mm, Nomura Chem_|c_al Co. L_td" injected into an HPLC system (Hitachi 7200). HPLC was carried out
Aichi, Japan) using 0.5% TFA containing 13% acetonitrile solution as on a Develosil ODS HG-5 column (Nomura, 1.0 mmi50 mm) using
the elution solvent. The peak‘ fraction was evaporated to dryness in 18% methanol containing 0.5% TFA as the elution solvent at a flow
vacuo anld stodred_ at80 °C untlll use. ks of rate of 0.1 mL/min, and the elution peaks were monitored at 520 nm
Animals and Diets. SPF male Wistar ST rats (5 weeks of age, 120 ith a UV—vis detector (Hitachi, Japan). The recovery of Cy3G and

g body mass) were purchased from Japan SLC Inc. (Hamamatsu, Japam}s metaholites in this method was checked using authentic Cy3G and
and individually housed in stainless steel wire-mesh cages &t 23 found to be 81.2%

°C for conditioning under a 12 h light/dark cycle. The rats were allowed
free access to tap water and a control diet for 7 days before the
experiment. The rats were treated in accordance with the guidelines of
the Niigata University of Pharmacy and Applied Life Sciences.
Experimental Design and Plasma PreparationAfter the 7 day
conditioning period, four rats were cannulated with a polyethylene tube
(PE-50) in a neck vein under anesthesia with diethyl ether. The tube
was guided out from the back of the rat. After starvation for 24 h,
Cy3G (100 mg/kg of body mass) dissolved in 0.1% citric acid was
orally administered. During the experiment, the rats were allowed to
move freely in the cages.
For intravenous administration, Cy3G (2 mg/kg of body mass
dissolved in saline was injected via the polyethylene tube. On the basis
of the detection limit of the present HPLC method, the dose of Cy3G RESULTS
administered was determined for both orally and intravenously admin- . .
istered experiments as described above. Blood samples were collected Figure 1 shows typical HPLC chromatograms of plasma at
via the cannulated tube using a heparinized syringe at 15, 30, 60, 120,15 and 30 min after oral administration of Cy38, C), together
240, 360, and 480 min after the Cy3G administration. Donor blood with that of authentic Cy3G (A). Four metabolite peaks (M1—

(A) B) © )

A A — cac A o 4
Cy¥3

«——— O30 /

Identification of Cy3G and Its Metabolites. Cy3G metabolites were
separated by HPLC as described above using an ODS column (Nomura,
4.6 mmx 150 mm), and the Cy3G metabolites were identified using
TOF MS—MS spectrometry. Each sample was dissolved in methanol,
and 20uL was subjected to mass spectrometry performed with a Q-Tof
Ultima (Waters, Manchester, U.K.). The conditions for TOF W8S
are as follows: A syringe pump (single syringe pump, KD Science Inc.)
was used to provide a constant infusion (3Q0h) of the sample into
the MS ion source. MS parameters used were as follows: 3.2 kV for
capillary; 9.1 kV for reflection. Argon gas was used for collision at a
) pressure of 11 psi, and the applied voltage was 24 V.
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Figure 1. Typical HPLC chromatograms of rat plasma after administration of Cy3G: (A) authentic Cy3G, (B) plasma at 15 min after oral administration,
(C) plasma at 30 min after oral administration, (D) plasma at 15 min after intravenous injection.
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Figure 4. Plasma concentration profiles of Cy3G metabolites: @, M1;
O, M2; A, M3; A, M4. Values are means + SEM of four rats.

Figure 2. Plasma concentration profiles of Cy3G in four individual rats:
O, rat 1; @, rat 2; A, rat 3; A, rat 4.

03

four metabolites revealed thain/z (mass-to-charge) ratios as
follows: 463 for M1, 463 for M2, 463 for M3, and 477 for
M4. These results indicated that M1, M2, and M3 were
methylated Cy3G or the glucuronide of the Cy aglycon, and
that M4 was the glucuronyl conjugate of methylated Cy. For
further analysis of their structures, MS—MS analysis was
performed. From the MS fragmentation pattern showimg
463 for the molecular ion and 287 for the aglycon, respectively,
M1 was assigned as cyanidin glucuronidég(re 5A). In the
same way, M2 and M3 were assigned as Pn3G and an isomer
of Pn3G (463 for the molecular ion and 301 for the aglycon)
(Figure 5B,C). From comparison with the retention time of

Plasma Cy3G concentration (pM)

- authentic Pn3G, it was determined that M3 was Pn3G. Further,
\ 100 200 300 400 S00 M4 was assigned as a glucuronide of methylated Cy from the
Time (min) fragmentation pattern, although the methylated site remained

Figure 3. Plasma concentration profiles of Cy3G. Values are means + unclear (Figure 5D).

SEM of four rats.
DISCUSSION

M4) were detected in the blood plasma at 15 min after oral Anthocyanins are a family of flavonoids which have a variety
administration, although several hydrophilic peaks were also of physiological functions4—12). However, few studies have
observedFigure 2 shows the plasma Cy3G profiles obtained been carried out on the biotransformation of anthocyanins after
independently for each of four rats. It was remarkable that both oral administration, although catechins were reported to be taken
the peak time and plasma level diverged considerably from rat Up after a glycolytic process, and are thus determined as the
to rat. The peak plasma level appeared in the time range fromglucuronate or sulfate in the plasm29( 30). It has recently
15 to 60 min after oral administration, and the maximum been reported that a glucuronyl conjugate was formed from
concentration in the plasma varied from 0.12 to Q:#among Cy3G, and both glucuronyl and sulfate conjugates were formed
the four rats.Figure 3 shows the averaged plasma profile of from pelargonidin 7,18). On the other hand, we showed that
Cy3G in the rats. Cy3G showed its maximum concentration of Dp3G was absorbed as an intact glucoside form and metabolized
0.18uM at 15 min, and then the concentration decreased with to 4'-O-methyl-Dp3G (16). These results indicate that the
time. metabolic fate of anthocyanins may differ depending on their
Figure 4 shows the averaged plasma concentration profile aglycon structure. Among the anthocyanins, the metabolism of
of the four detected metabolites. Metabolite 2 (M2) and Cy3G has been studied most extensively because it is rich in
metabolite 3 (M3) showed their plasma peaks at 15 and 30 min, nature, and thus, and authentic sample is available. However,
respectively, whereas metabolite 1 (M1) and metabolite 4 (M4) the results obtained to date are not consistéit 19). In the
showed their peaks at 60 and 120 min, respectively. The present study, we determined four metabolites of Cy3G in
maximum plasma concentrations as Cy3G equivalents calculatedPlasma, and their structures were assigned by tandem MS
from the peak areas determined at 520 nm absorbance were agnalysis.
follows: M3 (21 nM) > M4 (20 nM) > M1 (8.5 nM) > M2 Since the plasma level of orally administered anthocyanins
(5 nM). is relatively low compared to that of catechins, the rats must
When Cy3G was directly injected into the neck vein (2 mg/ be sacrificed for each data point to collect a sufficient blood
kg of body mass), only M2 and M3 were observed in the plasma, sample to analyze the metabolites. Moreover, large amounts of
indicating that M1 and M4 were produced during the process anthocyanins (400 mg/kg of body mass) had to be administered.
of gastrointestinal absorptioffrigure 1D). MS analysis of the In the present study, a highly sensitive method for determining
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Figure 5. MS-MS spectra of Cy3G metabolites: (A) M1, (B) M2, (C) M3, (D) M4.

anthocyanin and its metabolites was developed for blood plasmaassigned as'40-methyl-Cy3G on the basis of the following
using an HPLC system equipped with a semi-microcolumn. discussion. A spectroscopic shift after methylation is similar to
Moreover, by combining the carotid vein cannulation for both that for Dp3G when it was transformed t6-@-methyl-Dp3G
anthocyanin injection and plasma sampling, we were able to was observed1). The retention time of'40-methyl-Dp3G
determine the time course change of the plasma level of orally was shorter than that of 3'-O-methyl-Dp3G (petunidin 3-O-/3-
administered anthocyanin in individual rats. The present study p-glucopyranoside (Pt3G), our observation). Zimman et al. also
:je%ealzd thdatlthl? plasma proﬂl;_of thezz;\ngmc;;]anln g eacg rat observed a similar HPLC behavioral change for Pt3G)(

iffered widely from rat to rat Kigure 2), but the average -
plasma profile of Cy3G obtained from the four individual rats f In the present study, severgl h%/dro?hmc peaks were aflso
was almost the same as those reported elsewhere, and theOund to be.g.enejrated even in the plasma at 15 min after
maximum plasma level was approximately 01 at 15 min |ntraven_ous injection. It was noted that the numbers of these
after oral administration (Figure 3). metqbolltes were essen.tla.llly the same for the plasma samples

In the plasma, we found two groups of metabolite peaks, the obtained from orally administered ratigure 1B—D), aIth_ough
metabolites that migrated faster than Cy3G and those thatth? produced amogljts Of. these peaks were smaller in the case
migrated slower. We first focused our attention, in the present ©f intravenous administration. Further, these peaks became larger
study, on the four hydrophobic metabolites (M#4) that were at SQ mlnlthan at 15 mln_after oral admlnlstrathn, indicating
eluted more slowly than Cy3G. the mte_stlnal tract contributed to the production of these

When Cy3G was directly injected into the neck vein, only metabolites. Although the data are not shown, we ha_ve observed
M2 and M3 were detectedFigure 1D), indicating that M1 and that about. 10% of anthocyanin mtrave'n.ously admllnlstered was
M4 were formed during the absorption process in the gas- €xcreted in bile. Hence, the hydrophilic metabolites detected
trointestinal tract. The slower plasma peak appearance of thesdn the plasma of intravenously administered rats were expected
metabolites (M1 and M4) also supports this idea. Indeed, the t0 be produced either in the liver or in the intestinal tract.
MS analysis revealed that M1 and M4 are glucuronyl conjugates Therefore, it is strongly indicated that they were extended
of Cy and methylated Cy, respectively. On the other hand, both glucuronide or sulfate conjugates of Cy3G and its methylated
M2 and M3 are methylated metabolites of Cy3G. metabolites. Recently, Wu et al. reported the production of the

To deduce the methylation site in M2 and M3, they were extended glucuronyl conjugate of Cy3G, which might cor-
cochromatographed with authentic Pn3G. The results clearly respond to one of the hydrophilic peaks observed h&. (
showed that M3 is Pn3G. This is consistent with the observation Further studies are needed to clarify the chemical structures of
reported by Miyazawa et al. (19). On the other hand, M2 was these metabolites. Taking all these pieces of information
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Scheme 1. Possible Pathway of Cy3G Metabolism

Cy (aglycon) * Cy-glucuronide (M1)
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together, we summarized a metabolic fate of orally administered administered gave rise to botha&@id 4'-O-methyl-Cy3G as the
Cy3G as shown irscheme 1. metabolites, but the amount of-@-methyl metabolite was
Cy3G orally administered was absorbed in the gastrointestinal greater than that of 4D-methyl metabolite, consistent with our
tract, appeared in the plasma, and then was metabolized to fornmprevious suggestion. However, it was noted that the amount of
Pn3G (M3) and 40-methyl-Cy3G (M2), probably by catechol  4'-O-methyl metabolites found in the plasma after intravenous
O-methyltransferase (COMT) in the liver. At the same time administration of Cy3G was as high as that ¢fGBmethyl
Cy3G reaching the intestine was cleaved to a certain extent bymetabolites. These results suggest that the methylation site and
B-glucosidase to release the aglycon. So, it is reasonable tothe extent might be affected by not only the anthocyanin B ring
deduce that the released aglycon might be subjected to glucu-structure but also the tissue where anthocyanin is methylated
ronidation by UDP glucuronyltransferase in the intestinal tract gych as the liver or intestine. An additional factor affecting the
to form metabolite M1 and then taken up. The cyanidin metapolic fate of anthocyanin is the stability of the aglycon.
glucuronide thus taken up in the plasma was further metabolized,¢ present study, thus, indicated that metabolic studies are

to M4 (peonidin glucuronide or'4-methylcyanidin glucu- gggsential to elucidate functional roles of anthocyanins in vivo.
ronide) by COMT in the liver. It is hard to consider that released

anthocyanidin, the aglycon, was absorbed and glucuronidated
in the liver because the aglycon is very unstable under LITERATURE CITED
physiological conditions, and no aglycon was observed in the

) . . 1) Ichiyanagi, T.; Hatano, Y.; Matsugo, S.; Konishi, T. Structural
blood plasma in the present study. Another possible mechanism @) vanag g

dependence of HPLC separation pattern of anthocyanins from

for the production of M4 is that methylated Cy3G (M2 and bilberry (Vaccinium myrtillusL.). Chem Pharm Bull. 2004 52,

M3) produced in the liver was excreted into the jejunum by 628—630.

enterohepatic circulation via the bile duct and further glucu-  (2) Matsumoto, H.; Hanamura, S.; Kawakami, T.; Sato, Y.; Hiraya-
ronidation occurred similarly to the case of Cy3G discussed ma, M. Preparative-scale isolation of four anthocyanin compo-
above. This was supported by the observation that the plasma nents of black currantRibes nigrumL.) fruits. J. Agric. Food
peak time of M4 was slower than those for M2 and M3. We Chem.2001,49, 1541—1545.

also confirmed in our previous study that part of the Dp3G  (3) Garcia-Viguera, C.; Zafrilla, P.; Tomas-Barveran, A. The use
moved down to the small intestine after 15 min of oral of acetone as extraction solvent for anthocyanins from strawberry
administration of 100 mg/kg Dp3G. This also suggests that the fruit. PhytochemAnal. 1998,9, 274—277.

(4) Ichikawa, H.; Ichiyanagi, T,; Xu, B.; Yoshii, Y.; Nakajima, M.;
Konishi, T. Antioxidant activity of anthocyanin extract from
purple black riceJ. Med. Food 2001,4, 211—218.

(5) Kahkonen, M. P.; Heinonen, M. Antioxidant activity of antho-
cyanins and their aglycond. Agric. Food Chem2003,51, 628—

glucuronides formed in the intestinal tract from Cy and methyl-
Cy, aglycons formed by glycolysis, are absorbed from the
intestine even after 15 min of oral administration.

As we previously showed, Dp3G was metabolized to only

one metabolite which was assigned &©4methyl-Dp3G 28), 633.

but neither Dp (the aglycon) nor its glucuronyl conjugates were (6) Serraino, I.; Dugo, L.; Dugo, P.; Mondello, L.; Mazzon, E.; Dugo,
detected (16). Therefore, we proposed a hypothesis that fla- G.; Caputi, A. P.; Cuzzocrea, S. Protective effects of cyanidin-
vonoids having pyrogallol in the B ring are predominantly 3-0-4-p-glucoside from blackberry extract against peroxynitrite-
methylated at 40H compare to those having a catechol B ring induced endothelial dysfunction and vascular failuriée Sci.

structure. In the present study, we showed that Cy3G orally 2003,73, 1097—-1114.



150 J. Agric. Food Chem., Vol. 53, No. 1, 2005

(7) Noda, Y.; Kaneyuki, T.; Mori, A.; Packer, L. Antioxidant
activities of pomegranate fruit extract and its anthocyanidins:
delphinidin, cyanidin, and pelargonidid. Agric. Food Chem.
2002,50, 166—171.

(8) Bomser, J.; Madhavi, D. L.; Singletary, K.; Smith, M. A. L. In
vitro anticancer activity of fruit extracts froiacciniumspecies.
Planta Med.1996,41, 212—-216.

(9) Hou, D. X. Potential mechanisms of cancer chemoprevention
by anthocyaninsCurr. Mol. Med. 2003, 3, 149—159.

(10) Mercier, A.; Perdriel, G.; Rozier, J.; Cheraleraud, J. Note
concerning the action of anthocyanin glycosides on the human
electroretinogramBull. Soc.Ophthalmol.Fr. 1965,65, 1049—
1053.

(11) Matsumoto, H.; Nakamura, Y.; Tachibanaki, S.; Kawamura, S.;
Hirayama, M. Stimulatory effect of cyanidin 3-glycosides on
the regeneration of rhodopsid. Agric. Food Chem2003,51,
3560—3563.

(12) Katsube, N.; lwashita, K.; Tsushida, T.; Yamaki, K.; Kobori,
M. Induction of apoptosis in cancer cells by bilbergagcinium
myrtillus) and the anthocyaning. Agric. Food Chem2003 51,
68—75.

(13) Ichiyanagi, T.; Hatano, Y.; Matsugo, S.; Konishi, T. Comparison
of anthocyanin reactivity towards hydroxyl radical, superoxide
anion and singlet oxygenTE Lett. 2003,4, 788—793.

(14) Ichiyanagi, T.; Hatano, Y.; Matsugo, S.; Konishi, T. Kinetic
comparison of anthocyanin reactivity towards AAPH radical,
hydrogen peroxide and t-buthylhydroperoxide using capillary
zone electrophoresi€hem.Pharm.Bull. 2004,52, 434—438.

(15) Ichiyanagi, T.; Hatano, Y.; Matsugo, S.; Konishi, T. Simultaneous
comparison of relative reactivities of twelve major anthocyanins
in bilberry towards reactive nitrogen speci€hem.Pharm.Bull.
2004, in press.

(16) Ichiyanagi, T.; Rahman, M. M.; Kashiwada, K.; lkeshiro, Y.;
Shida, Y.; Hatano, Y.; Matsumoto, H.; Hirayama, M.; Tsuda,
T.; Konishi, T. Absorption and metabolism of delphinidin 3-O-
B-b-glucopyranoside in rat$iree Radical Biol Med.2004,36,
930—-937.

(17) Wu, X.; Cao, G.; Prior, R. L. Absorption and metabolism of
anthocyanins in elderly women after consumption of elderberry
or blueberry.J. Nutr. 2002,132, 1865—1871.

(18) Felgines, C.; Talavera, S.; Gothier, M. P.; Texier, O.; Scalbert,
A.; Lamaison, J. |.; Remesy, C. Strawberry anthocyanins are
recovered in urine as glucuoro- and sulfoconjugates in humans.
J. Nutr. 2003,133, 1296—1301.

(19) Miyazawa, T.; Nakagawa, K.; Kudo, M.; Muraishi, K.; Someya,
K. Direct intestinal absorption of red fruit anthocyanins, cyanidin-
3-glucoside and cyanidin-3,5-diglucoside, into rats and humans.
J. Agric. Food Chem1999,47, 1083—1091.

(20) Mazza, G.; Kay, C. D.; Caottrell, T.; Holub, B. J. Absorption of
anthocyanins from blueberries and serum antioxidant status in
human subjects]. Agric. Food Chem2002,50, 7731—7737.

Ichiyanagi et al.

(21) Bub, A.; Watzl, B.; Heeb, D.; Rechkemmer, G.; Briviba, K.
Malvidin-3-glucoside bioavailability in humans after ingestion
of red wine, dealcoholized red wine and red grape juiae. J.
Nutr. 2001,40, 113—120.

Netzel, M.; Strass, G.; Janssen, M.; Bitsch, I.; Bitsch, R. Bioactive

anthocyanins detected in human urine after ingestion of black-

currant juiceJ. Environ. Pathol Toxicol Oncol 2001, 20, 89—

95.

Cao, G.; Muccitelli, H. U.; Sanchez-Moreno, C.; Prior, R. L.

Anthocyanins are absorbed in glycated forms in elderly

women: a pharmacokinetic studgm.J. Clin. Nutr. 2001,73,

920—926.

Suda, I.; Oki, T.; Masuda, M.; Nishiba, Y.; Furuta, S.; Mat-

sugano, K.; Sugita, K.; Terahara, N. Direct absorption of acylated

anthocyanin in purple-fleshed sweet potato into ratsAgric.

Food Chem2002,50, 1672—1676.

Morazzoni, P.; Livio, S.; Scilingo, A.; Malandrino, Baccinium

myrtillus anthocyanosides pharmacokinetics in r&szneim.-

Forsch.1991,41, 128—131.

(26) Felgines, C.; Texier, O.; Besson, C.; Fraisse, D.; Lamaison, J.

L.; Remesy, C. Blackberry anthocyanins are slightly bioavailable

in rats.J. Nutr. 2002,132, 1249—1253.

Matsumoto, H.; Inaba, H.; Kishi, M.; Tominaga, S.; Hirayama,

M.; Tsuda, T. Orally administered delphinidin 3-rutinoside and

cyanidin 3-rutinoside are directly absorbed in rats and humans

and appear in the blood as the intact forthsAgric. Food Chem

2001,49, 1546—1551.

Ichiyanagi, T.; Kashiwada, Y.; Ikeshiro, Y.; Shida, Y.; Horie,

M.; Matsugo, S.; Konishi, T. Complete assignment of bilberry

(Vaccinium muyrtillusL.) anthocyanins separated by capillary

zone electrophoresi€hem.Pharm.Bull. 2004,52, 226—229.

Kohori, T.; Matsumoto, N.; Yamakawa, M.; Suzuki, M.; Nanjo,

F.; Hara, Y.; Oku, N. Metabolic fate of-()-[4-(3)H]epigallo-

catechin gallate in rats after oral administratidnAgric. Food

Chem.2001,49, 4102—-4112.

(30) Vaidyanathan, J. B.; Walle, T. Glucuronidation and sulfation of
the tea flavonoid<{)-epicatechin by the human and rat enzymes.
Drug Metab.Dispos.2002,30, 897—903.

(31) Zzimman, A.; Waterhouse, A. L. Enzymatic synthesis Q3
methyl-(3)H]malvidin-3-glucoside from petunidin-3-glucoside.
J. Agric. Food Chem2002,50, 2429—2431.

(22)

(23)

(24)

(25)

@7

(28)

(29)

Received for review August 25, 2004. Revised manuscript received
October 20, 2004. Accepted October 25, 2004.

JF0485943



