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INTRODUCTION

 Anthocyanins are a family of flavonoids widely distribut-
ed in various plant materials.1) They present as glycosides or 
acyl-glycosides of anthocyanidins, and six major anthocyan-
idins (pelargonidin, cyanidin, delphinidin, petunidin, peoni-
din, and malvidin) are known as aglycons of anthocyanins.2) 
Acylated anthocyanins are further categorized into two groups 
depending on whether the attached acyl moieties are of the ali-
phatic or aromatic type.3)

Numerous studies on the health promotional effects of 
anthocyanins have been reported both in vitro4) and in vivo.5) 
Studies suggest that long-term consumption of anthocyanin-
containing food may prevent lifestyle-related diseases such as 
diabetes.6) The disease prevention mechanisms of anthocya-
nins were also clarified at the molecular level,7) indicating that 
anthocyanins are valuable functional food factors.

 Edible flowers such as rose,8) hibiscus,9) and butterfly pea10) 
contain anthocyanins as plant pigments in the petals. Most of 
the petals are placed in hot water that is then drunk as tea. In 
contrast, the petals of chrysanthemum are pickled in vinegar 
or cooked (boiled or fried), and different cultivars of chrysan-
themum are eaten in Japan, especially in northeast regions. For 

example, yellow cultivars of chrysanthemum, which are rich 
in biologically active components (e.g., carotenoids,11) terpe-
noids,12) flavonols,13) and chlorogenic acid derivatives),14) are 
eaten in the north of Japan.

On the other hand, red cultivars of chrysanthemum (Den-
dranthema grandiflorum) are called by different names, mot-
tenohoka, and kakinomoto, in northeast regions of Japan. The 
red cultivar of chrysanthemum contains anthocyanins as flow-
er pigments in addition to the functional components in yellow 
chrysanthemum, except carotenoids. Therefore, the anthocya-
nins in red chrysanthemum together with other bioactive com-
ponents may contribute to human health.

In the present study, we isolated two major anthocyanins 
attaching aliphatic acid as acyl groups from the petals of red 
chrysanthemum (D. grandiflorum; kakinomoto) and deter-
mined the structure of (I) and (II) to be cyanidin 3-O-β-D-(3″, 
6″-di-O-malonyl)-glucopyranoside (di-mal-Cy3G) and cyan-
idin 3-O-β-D-(6″-mono-O-malonyl)-glucopyranoside (mono-
mal-Cy3G), respectively, using tandem TOF-MS and NMR 
spectrometry. Furthermore, the gastrointestinal absorption of 
the two acylated anthocyanins derived from the petals of red 
chrysanthemum was evaluated in rats to obtain the information 
necessary for a discussion of the health promotional effects of 
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these components in vivo together with the effect of aliphatic 
acyl groups on the gastrointestinal absorption of anthocyanins.

MATERIALS AND METHODS

Reagents   HPLC-grade acetonitrile was obtained from 
Kanto Chemical Co., Ltd. (Tokyo, Japan). All other reagents, 
including trifluoroacetic acid (TFA), were purchased from Fuji 
Film Wako Pure Chemical Industry (Osaka, Japan) and used 
without further purification. HP–20 resin was purchased from 
Mitsubishi Chemical Co. (Tokyo, Japan). Sephadex LH–20 
(25–100 μm) was obtained from Amersham Biosciences, Inc. 
(Buckinghamshire, UK).

Plant Material   Red chrysanthemum, kakinomoto (D. 
grandiflorum) was grown in the Medicinal Botanical Garden 
of Niigata University of Pharmacy and Applied Life Sciences. 
The flower petals were collected during September and Octo-
ber 2003, dried at 45°C overnight and stored in a silica gel 
desiccator until used for extraction.

Preparation of Red Chrysanthemum Anthocyanin 
Fraction   Red chrysanthemum anthocyanin fraction (RCAF) 
was obtained according to the previous method with modifica-
tions.15,16) Briefly, dried petals of red chrysanthemum (400 g) 
were immersed in 6 L of 80% aqueous acetone solution over-
night at room temperature and filtered. The extract was con-
centrated to dryness in vacuo. The crude extract of the petals  
of red chrysanthemum containing anthocyanins (prepared 
above) was adsorbed on an HP–20 resin column (70 × 600 mm)  
and washed with distilled water, and RCAF was eluted with 
60% aqueous methanol solution. The eluent was concentrated 
to dryness in vacuo. The amount of RCAF recovered from 400 g  
of the petals was 1.4 g. The anthocyanin content in 100 mg of 
the RCAF used in the administration study was 9.1 mg for (I) 
and 7.8 mg for (II).

Purification of Major Anthocyanins in Red Chrysan-
themum   An aliquot (200 mg) of RCAF prepared above was 
dissolved in distilled water and chromatographed on an MCI 
column (25 × 500 mm) in the same solvent, and the antho-
cyanin fraction was eluted with 70% aqueous methanol solu-
tion and concentrated to dryness in vacuo. The anthocyanin-
rich fraction prepared above was dissolved in a 15% acetic 
acid aqueous solution, and the anthocyanins in the extract were 
isolated by semi-preparative HPLC using a Develosil ODS-5 
column (20 × 250 mm) under isocratic elution conditions.16) The 
mobile phase was a mixture of Solvent A (15% acetic acid aque-
ous solution) and Solvent B (15% acetic acid containing 50% 
acetonitrile aqueous solution) at various ratios (60%A/40%B 
to 80%A/20%B (v/v)), with a flow rate of 7 mL/min, and the 
effluent was monitored at 520 nm. After the eluent was con-
centrated to dryness, the isolated pigment was dissolved in a 
small amount of TFA and precipitated with excess diethyl ether 
to obtain TFA salts as a reddish-purple powder. The purities 
of isolated (I) and (II) were > 96.2% and > 97.4%, respective-
ly, calculated from the peak area of the HPLC chromatogram.

Structural Elucidation of Anthocyanins   The structures of 
the anthocyanins isolated from RCAF were determined with 
the previously described methods.16) Aliquots of (I) and (II) 
were dissolved in methanol and analyzed by tandem TOF-MS 
performed using a Q-Tof Ultima (Waters Corp., Milford, MA, 
USA). A syringe pump (single syringe pump; KD Scientific 
Inc., USA) was used to provide constant infusion (300 μL/h) 
of the sample into the MS ion source. The MS parameters used 

were as follows: 3.2 kV, capillary; 9.1 kV, reflection; argon gas 
at 11 psi; applied voltage, 24 kV. 1H and 13C NMR spectrosco-
py was performed using a JEOL-ECA-500 NMR spectrometer  
(JEOL Ltd., Tokyo, Japan) at magnetic field strengths of 500 
and 125 MHz, respectively, in CD3OD-d4/TFA-d1 (9:1), with 
tetramethylsilane as the internal reference.

HPLC Analysis   HPLC conditions were as described in 
our previous report with modifications.10) Briefly, aliquots  
(100 μL) of sample solutions were injected into an HPLC sys-
tem (Hitachi L-7200) equipped with a Develosil ODS-HG  
5 column (1.0 × 150 mm) using 0.5% TFA aqueous solution 
(Solvent A) and 0.5% TFA containing acetonitrile (Solvent 
B) in linear gradient elution at 40°C. The gradient conditions 
were as follows: 87% A/13% B (v/v) to 75% A/25% B (v/v) 
for 30 min and 60% A/40% B (v/v) for 20 min at a flow rate of 
0.1 mL/min. The elution profile was monitored at 520 nm with 
a UV–VIS detector (Hitachi L-7000).

Animals and Diets   SPF male Wistar ST rats (5 weeks 
old, bodyweight of 160 g) purchased from Japan SLC, Inc.  
(Hamamatsu, Japan) were individually housed in stainless-
steel wire mesh cages at 23 ± 1°C for conditioning under a 
12-h light/dark cycle. Rats were allowed ad libitum access to 
tap water and a controlled diet for 7 d before the experiment. 
Animal experiments were performed in accordance with the 
Guidelines on the Care and Use of Laboratory Animals issued 
by Niigata University of Pharmacy and Applied Life Sciences.  
The protocol was approved by the Committee on the Ethics of  
Animal Experiments of Niigata University of Pharmacy and 
Applied Life Sciences (Approval number 17-4). All efforts 
were made to minimize suffering.

Experimental Design   After 7 d of adaptation, five rats 
were cannulated with a polyethylene tube (PE 50) into a neck 
vein under anesthesia with a mixed solution of medetomidine 
hydrochloride (0.15 mg/kg), midazolam (2 mg/kg), and butor-
phanol tartrate (2.5 mg/kg) by intraperitoneal injection as we 
described previously with modifications.10) Briefly, the neck 
vein was isolated, and a small hole was cut with scissors to 
insert the PE 50. Once the tube was inserted, the vein and tube 
were occluded, and the tube was guided out from the back of 
the rats. After starving for 24 h, 500 mg/kg of body weight of  
RCAF dissolved in 0.1% aqueous citric acid solution was 
administered orally to the five rats. The doses of (I) and (II) 
were 45.5 mg and 39.0 mg, respectively, in 500 mg of RCAF. 
During the experiment, the rats were allowed to move freely 
in the cages. Blood samples were collected via the cannulated  
tube using a heparinized syringe at 0, 15, 30, 60, 120, 240, 
and 480 min. Donor blood was collected from other healthy 
rats under anesthesia by venipuncture of the inferior vena cava 
into a sodium citrate solution (500 μL of 10% sodium citrate 
per 8 mL of blood). After the blood was withdrawn (600 μL), 
the same volume of donor blood was injected through the can-
nulated vein tube. Each blood sample was immediately centri-
fuged at 3000 × g, 4°C for 5 min to prepare plasma samples 
for HPLC analysis.

Plasma Preparation   Anthocyanins were extracted from 
blood plasma using a Sep-Pak C18 Light Cartridge (Waters) 
as we previously reported.10) Briefly, plasma (300 μL) samples 
were applied to the Sep-Pak C18 Light Cartridges conditioned 
with methanol (2 mL) and 3% aqueous TFA solution (2 mL). 
The cartridges were then washed successively with 2 mL of 
3% aqueous TFA solution, dichloromethane, and benzene, and 
anthocyanins were eluted with 50% aqueous acetonitrile solu-
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tion containing 1% TFA. The eluent was concentrated to dry-
ness in vacuo and dissolved in 150 μL of 0.5% aqueous TFA 
solution. The dissolved sample was passed through a Centri-
cut ultra-membrane filter (0.45 μm; Kurabo Co. Ltd., Osaka,  
Japan) before HPLC injection. The percentage of anthocyanins  
recovered by this method was 88.7% for (I) and 89.3% for (II), 
as verified by spiking purified anthocyanins into the normal  
blood plasma.

Statistical Analysis   Significant differences among param-
eters of anthocyanins in blood plasma were determined by 
one-way ANOVA, followed by Tukey’s multiple comparison  
test (P < 0.05). All statistical analyses were performed with 
EZR (Saitama Medical Center, Jichi Medical University,  
Saitama, Japan), which is a graphical user interface for R (The 
R Foundation for Statistical Computing, Vienna, Austria, ver-
sion 4.0.3). More precisely, it is a modified version of R com-
mander (version 2.7-1) containing statistical functions fre-
quently used in biostatistics.

RESULTS

Structural Determination of Anthocyanins in Petals of  
Red Chrysanthemum   Figure 1A shows a typical HPLC 
chromatogram of RCAF detected at 520 nm, and the two major 
pigments ((I) and (II)) were observed in RCAF. These compo-
nents were purified by repeating column chromatography and 
semi-preparative HPLC. The m/z values of the molecular and 
product ion pairs of (I) (621/287) agreed well with those of di-
malonyl-cyanidin-glycoside, whereas those of the molecular 
and product ion pairs of (II) (535/287) agreed well with those 
of mono-malonyl-cyanidin-glycoside (Table 1). To determine 
the malonylation positions of (I) and (II), 1H and 13C NMR 
spectroscopy was performed, and the summaries are shown 
in Table 1. Further, 2D NMR analysis revealed that malonyl 
moieties were attached on both the position 3″ and 6″ of the 
glucopyranosyl moiety of cyanidin 3-O-β-D-glucopyranoside 
(Cy3G) for (I) and on the position 6″ of the glucopyranosyl 
moiety of Cy3G for (II). Therefore, the structures of (I) and 
(II) derived from the petals of red chrysanthemum, kakinomo-
to were determined to be di-mal-Cy3G and mono-mal-Cy3G, 
as shown in Fig. 2. The amounts of mono-mal-Cy3G and di-
mal-Cy3G recovered from 200 mg of RCAF (57 g of dried 
petals) were 5.8 mg and 6.2 mg, respectively.

Evaluation of Gastrointestinal Absorption of Two 
Major Acylated Anthocyanins Derived from Petals of Red  
Chrysanthemum in Rats   As shown in Fig. 1B, the two major 
anthocyanins in RCAF, mono-mal-Cy3G, and di-mal-Cy3G, 
were directly absorbed from the gastrointestinal tract and pre-
sent in rat blood plasma in their original acylated forms at  
15 min after the oral administration of RCAF at a dose of  
500 mg/kg body weight (0.0729 mmol/kg bodyweight for 
mono-mal-Cy3G and 0.0733 mmol/kg bodyweight for di-mal- 
Cy3G). Figure 1C shows an HPLC chromatogram of rat blood 
plasma at 15 min after the oral administration of purified 
Cy3G. As shown in Fig. 1B, a significant amount of Cy3G 
was not detected as a de-malonylated metabolite of mono-mal-
Cy3G and di-mal-Cy3G in HPLC chromatogram of rat blood 
plasma after the oral administration of the RCAF. On the oth-
er hand, several minor peaks which eluted faster than di-mal-
Cy3G were detected in hydrophilic area in HPLC chromato-
gram of rat blood plasma received RCAF (Fig. 1B), although, 
structural information of these peaks was not obtained.

Figure 3 shows the plasma concentration profiles of mono-
mal-Cy3G and di-mal-Cy3G after the oral administration of 
RCAF. The maximum plasma concentrations (Cmax) of mono-
mal-Cy3G and di-mal-Cy3G were 0.113 ± 0.009 μM and 
0.203 ± 0.016 μM, respectively, at 15 min after oral admin-
istration (Table 2). The area under the plasma concentration 
curve values during the 8 h after oral administration (AUC0–8)  
obtained from the plasma concentration profile of mono-mal-
Cy3G and di-mal-Cy3G was 15.01 ± 1.06 μM·min and 27.67 ±  
2.18 μM·min, respectively (Table 2). Because the doses of 
mono-mal-Cy3G and di-mal-Cy3G in RCAF were different, 
both the AUC0–8 and the Cmax of mono-mal-Cy3G and di-mal-
Cy3G were normalized by an orally administered dose of the 
corresponding anthocyanins (AUC0–8/Dose and Cmax/Dose) 
for the comparison of their amounts in blood plasma, and 
the results are summarized in Table 2 together with those in 
the previous report of Cy3G.17) The AUC0–8/Dose values, indi-
cating the bioavailability of the individual anthocyanins, 
were 205.95 ± 14.54 μM·min/mmol/kg for mono-mal-Cy3G,  
377.72 ± 29.86 μM·min/mmol/kg for di-mal-Cy3G, and  
108.87 ± 33.65 μM·min/mmol/kg for Cy3G. The Cmax/Dose 
values were 1.55 ± 0.12 μM/mmol/kg for mono-mal-Cy3G, 
2.78 ± 0.23 μM/mmol/kg for di-mal-Cy3G, and 0.82 ±  
0.11 μM/mmol/kg for Cy3G.

Fig. 1.   Typical HPLC Chromatogram of RCAF and Rat Blood Plasma
A: Original RCAF. B: Rat blood plasma 15 min after oral administration of RCAF. Peak numbers correspond to the compounds as follows: I, cyanidin 3-O-β-D-(3″, 

6″-di-O-malonyl)-glucopyranoside; II, cyanidin 3-O-β-D-(6″-mono-O-malonyl)-glucopyranoside. C: Rat blood plasma 15 min after oral administration of cyanidin 3-O-β-D-
glucopyranoside.
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  DISCUSSION  

   A fl ower pigment in the petals of red chrysanthemum named 
chrysanthemin was isolated as a major anthocyanin in 1916, 
and its structure was determined to be Cy3G.  18)  On the oth-
er hand, a variety of acylated anthocyanins were later identi-
fi ed as major pigments from the petals of fl owers,  19)  suggesting 
that the main original anthocyanin in the petals of red chrysan-
themum might not be Cy3G. Major pigments have been iso-

lated from one of the cultivars of red chrysanthemum ( akane ) 
grown in the western region of Japan, and their structures were 
elucidated to be acylated anthocyanins attaching malonic acid 
as acyl groups.  20,21)  Because the aliphatic acyl groups of acylat-
ed anthocyanins are easily hydrolyzed during long-term expo-
sure in acidic conditions, such as extraction and isolation pro-
cedures, anthocyanins were extracted from the dried petals of 
red chrysanthemum with 80% aqueous acetone solution to pre-
vent the acid-catalyzed hydrolysis of malonyl groups.  15)  Two 

Table 1.      NMR and Tandem MS Data of Anthocyanins Isolated from Petals of Red Chrysanthemum 
cyanidin 3-O-β-D-(3",6"-di-O-malonyl)-glucopyranoside  (I) cyanidin 3-O-β-D-(6"-O-malonyl)-glucopyranoside  (II)

aglycon δΗ δC δΗ δC

2 162.2 162.2
3 144.2 144.6
4 8.86 (s) 135.0 8.85 (s) 134.8
5 157.8 157.8
6 6.73 (d, J = 2 Hz) 102.6 6.75 (d, J = 2 Hz) 102.7
7 168.7 168.7
8 6.93 (d, J = 2 Hz) 94.5 6.93 (d, J = 2 Hz) 94.6
4a 112.0 112.1
8a 156.3 156.3
1' 119.8 120.0
2' 7.96 (d, J = 2.5 Hz) 117.6 8.02 (d, J = 2.3 Hz) 117.8
3' 146.5 146.5
4' 154.7 154.7
5' 7.04 (d, J = 8.6 Hz) 117.0 7.06 (d, J = 8.9 Hz) 117.1
6' 8.22 (dd, J = 2.5, 8.6 Hz) 127.4 8.27 (dd, J = 2.3, 8.9 Hz) 127.5

3-O-glucosyl
1 5.59 (d, J = 7.8 Hz) 101.4 5.43 (d, J = 7.8 Hz) 102.1
2 3.75 (dd, J = 7.8, 9.5 Hz) 71.1 3.56 (dd, t = 8 Hz) 73.3
3 5.06 (t, J = 9.5 Hz) 78.3 3.44 (t, J = 8 Hz) 76.5
4 3.52 (t, J = 9.5 Hz) 67.9 3.28 (t, J = 8 Hz) 70.2
5 3.99 (m) 74.2 3.86 (m) 74.7

6
4.42 (br d, J = 12 Hz)

64.2
4.49 (br d, J = 12 Hz)

64.8
4.19 (dd, J = 7.3, 12 Hz) 4.16 (dd, J = 7.8, 12 Hz)

malonyl

CH2
3.47 (2H, s) 41.5, 41.9 41.6

3.35, 3.39 (each 1H, d, J = 15.8 Hz) 3.38, 3.42 (each 1H, d, J = 16 Hz)
COO 166.9, 167.3 167.5
COOH 168.3 (2C) 168.4
Molecular and product ion 621/287 535/287

Fig. 2.       Structure of Major Acylated Anthocyanins in Petals of Red Chrysanthemum and Cyanidin 3- O -β-D-glucopyranoside 
  (I) : cyanidin 3- O -β-D-(3″, 6″-di- O -malonyl)-glucopyranoside .   (II) : cyanidin 3- O -β-D-(6″-mono- O -malonyl)-glucopyranoside . 
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anthocyanins were successfully isolated from the petals of 
one of the cultivars of red chrysanthemum (kakinomoto), and 
their structures were determined using tandem TOF-MS and 
NMR spectrometry. The m/z values of the molecular ion of 
535 and 621 showed good agreement with those of mono-mal-
Cy3G and di-mal-Cy3G. Similar to the previous reports,20,21) 
the fragment ion of 535 (mono-malonyl cyanidin-glycoside) 
was not observed for di-mal-Cy3G, and that of 449 (cyanidin-
glycoside) was not observed for either mono-mal-Cy3G or di-
mal-Cy3G, although, the fragment ion of 287 (cyanidin) was 
observed for mono-mal-Cy3G and di-mal-Cy3G. The 1H NMR 
data for mono-mal-Cy3G and di-mal-Cy3G reported here 
show good agreement with those for DMSO-d6/TFA-d1 (9:1) 
previously reported.20,21) The positions of malonylation were 
confirmed with 2D NMR analysis (1H-1H COSY and 1H-13C 
COSY). The structures of the two major anthocyanins isolated 
from the petals of red chrysanthemum were finally determined 
to be mono-mal-Cy3G and di-mal-Cy3G.

The two malonyl anthocyanins, mono-mal-Cy3G and di-
mal-Cy3G have been reported in the various cultivars of red 
to purple chrysanthemum as major pigments and the profile of 
both anthocyanins in chrysanthemum was well correlated with 
flower color.22) Various types of malonyl anthocyanins also 
have been reported in the petals of other flowers.19) Further-
more, anthocyanin malonyl transferase was isolated from the 
petals of flowers such as salvia23) and dahlia,24) and the gene 
encoding of anthocyanin malonyl transferase was also eluci-
dated.23) Therefore, malonylation is a general metabolic route 
for flavonoids-glycosides including anthocyanins in plant cells.

Biological functions of acylated anthocyanins, such as anti-

oxidant activity have been extensively reported in vitro.25–27) 
Results indicate that attached acyl groups are critical fac-
tors for enhancing the biological activity of acylated anthocy-
anins.25–27) However, studies on the bioavailability of acylated 
anthocyanins are necessary to clarify whether acylated antho-
cyanins are possessed their functions in biological systems. In 
the present study, the gastrointestinal absorption of mono-mal-
Cy3G and di-mal-Cy3G was evaluated after the oral adminis-
tration of RCAF as the anthocyanin source. The results demon-
strated that both anthocyanins were quickly absorbed from the 
gastrointestinal tract and detected in rat blood plasma in their 
original acylated forms at 15 min after the oral administration of 
RCAF, similar to the case of other acylated anthocyanins.10,25,28)

On the other hand, a significant amount of Cy3G was not 
detected in the HPLC chromatogram of rat blood plasma after 
the oral administration of the RCAF. This indicates de-mal-
onylation of mono-mal-Cy3G was presumed to be a minor 
metabolism. This is partially supported by the result that acid-
catalyzed cleavage of the malonyl groups of mono-mal-Cy3G 
and di-mal-Cy3G was not observed when both anthocya-
nins were incubated in 0.1 M HCl at 37°C for 2 h (data not 
shown). Also, it was proved that the intestinal hydrolysis of acyl 
groups did not occur by a direct visualization technique guid-
ed with matrix-assisted laser desorption ionization MS after 
the oral administration of acylated cyanidin-glucoside attach-
ing aromatic acyl groups derived from black carrot.29) Similar-
ly, de-malonylation of di-mal-Cy3G to mono-mal-Cy3G was 
presumed to be a minor metabolic route. Thus, it was con-
cluded that the hydrolysis of the malonyl moieties of mono-
mal-Cy3G and di-mal-Cy3G is a minor metabolism in the  
gastrointestinal tract, although absorption studies using puri-
fied mono-mal-Cy3G and di-mal-Cy3G were necessary to 
clarify this point.

As the intravenous administration of anthocyanins was 
not performed, both AUC0–8 and Cmax values were normalized  
to the orally administered dose (0.0729 mmol/kg body-
weight mono-mal-Cy3G and 0.0733 mmol/kg bodyweight 
for di-mal-Cy3G) to evaluate the gastrointestinal absorption  
of the two major acylated anthocyanins derived from the pet-
als of red chrysanthemum, and the results were compared  
with those of the previous reports of various anthocyanins  
including Cy3G.10,17,25,28,30) We have previously reported that 
acylated anthocyanins attaching aromatic acyl groups, such 
as nasunin25) (delphinidin 3-O-(6-O-(4-O-p-coumaroyl-
α-L-rhamnopyranosyl)-β-D-glucopyranoside)-5-O-β-D-
glucopyranoside) derived from eggplant (Solanum melongena) 
and ternatins10) (malonylated delphinidin 3,3′,5′-triglucoside, 
with 3′ and 5′ side chains containing replacing glucosyl and 
p-coumaroyl units) derived from the petals of butterfly pea 
(Clitoria ternatea L.), showed higher absorption, despite their 
large molecular weight, than that of a non-acylated anthocy-

Table 2.   Orally Administered Dose and Plasma Parameters of Anthocyanins

Anthocyanin Cmax 

(µM)
tmax

(min)
AUC0-8 

(µM min)
Dose 

(mmol/kg)
Cmax/Dose

 (µM/mmol/kg)
AUC0-8/Dose

 (µM min/mmol/kg)
di-mal-Cy3G 0.203 ± 0.016 15 27.67 ± 2.18 0.0733 2.78 ± 0.23a,b 377.72 ± 29.86d,e

mono-mal-Cy3G 0.113 ± 0.009 15 15.01 ± 1.06 0.0729 1.55 ± 0.12a,c 205.95 ± 14.54d

Cy3G 0.183 ± 0.025 15 24.25 ± 7.50 0.2227 0.82 ± 0.11b,c 108.87 ± 33.65e

Values are the means ± SEM of five rats for di-mal-Cy3G and mono-mal-Cy3G and four rats for Cy3G.
Cmax, maximum plasma concentration; tmax, time at which maximum plasma concentration was reached; AUC0-8, area under the plasma concentration curve 
during the 8-h period after oral administration.
Values of Cy3G were cited from reference 17 of our previous report for the comparison.
The same lowercase letters on the values indicate a significant difference (P < 0.05).

Fig. 3.   Plasma Concentration Profiles of Acylated Anthocyanins After Oral 
Administration of RCAF

Open circles and closed circles indicate cyanidin 3-O-β-D-(3″, 6″-di-O-malonyl)-
glucopyranoside and cyanidin 3-O-β-D-(6″-mono-O-malonyl)-glucopyranoside, re-
spectively. Values are the means ± SEM of five rats.
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anin, delphinidin 3-O-β-D-glucopyranoside (Dp3G).30) The 
AUC0–8/Dose value of di-mal-Cy3G (377.72 μM·min/mmol/kg)  
was higher than those in the previous results of acylated antho-
cyanins comprising delphinidin as the aglycon: total terna-
tin (311.15 μM·min/mmol/kg)10) and nasunin (280.9 μM·min/
mmol/kg),25) and no structural correlations were observed. In 
contrast, mono-mal-Cy3G showed a relatively low AUC0–8/
Dose value (205.95 μM·min/mmol/kg).

When the AUC0–8/Dose values were compared among antho-
cyanins comprising cyanidin as the aglycon, the results were 
in the following order with significance (0.05 < P): di-mal-
Cy3G (377.72 ± 29.86 μM·min/mmol/kg) > mono-mal-
Cy3G (205.95 ± 14.54 μM·min/mmol/kg) > Cy3G (108.87 ±  
33.65 μM·min/mmol/kg).17) The Cmax/Dose values also showed 
a similar trend with significance (0.05 < P): di-mal-Cy3G (2.78 
± 0.23 μM/mmol/kg) > mono-mal-Cy3G (1.55 ± 0.12 μM/ 
mmol/kg) > Cy3G (0.82 ± 0.11 μM/mmol/kg).17) Higher absorp-
tion of mono-mal-Cy3G than Cy3G was previously reported  
in rats after the oral administration of red-orange juice as  
the anthocyanin source.31) Here, for the first time, we revealed 
that the additional malonylation of the glucopyranosyl moie-
ty of mono-mal-Cy3G enhanced the gastrointestinal absorp-
tion of anthocyanin. Both Cmax/Dose and AUC0–8/Dose levels  
increased twofold when the number of malonylation sites 
increased, suggesting that additional acylation with other types 
of aliphatic acyl groups increases the gastrointestinal absorp-
tion of anthocyanin. Further studies on the intestinal absorp-
tion of acylated anthocyanins attaching other aliphatic acyl 
groups, such as oxalic, succinic, or malic acid, are required to 
clarify this point.

Considering both the present and previous results,10,25) the 
acyl moieties of acylated anthocyanins enhanced the gastro-
intestinal absorption of anthocyanins independent of aliphat-
ic or aromatic type. However, certain types of acylated antho-
cyanins attaching aromatic acyl groups, for example, peonidin 
3-O-β-(6′′-O-caffeoyl)-sophoroside-5-O-β-D-glucopyranoside 
derived from purple sweet potato (Ipomoea batatas L.), showed 
exceptionally poor AUC0–8/Dose values (72.34 μM·min/ 
mmol/kg)28) compared with that of large molecular, heaven-
ly blue anthocyanin (peonidin 3-O-(2′′-O-(6′′′-O-(3-O-(β-D-
glucopyranosyl)-caffeoyl)-β-D-glucopyranosyl)-6′′-O-(4-O-(6-
O-(3-O-(β-D-glucopyranosyl)-caffeoyl)-β-D-glucopyranosyl)-
caffeoyl)-β-D-glucopyranoside)-5-O-β-D-glucopyranoside) 
(409.51 μM·min/mmol/kg)32) isolated from the petals of morn-
ing glory (Pharbitis nil L.). Therefore, the structural factors 
modulating the absorption of acylated anthocyanins, such as 
combinations of organic acids and sugars and attached posi-
tions of acyl groups on sugar moieties, should be considered.

Focusing on the metabolism of anthocyanins, traces of 
O-methyl metabolites were observed in rat blood plasma after 
the oral administration of anthocyanins carrying catechol or 
pyrogallol groups such as Cy3G17) and Dp3G.30) O-methyl 
metabolites of mono-mal-Cy3G and di-mal-Cy3G were not 
observed in HPLC chromatograms of rat blood plasma dur-
ing the 8 h after the oral administration of RCAF. Because 
O-methyl metabolites were the main forms distributed in tis-
sues,33) O-methyl metabolites of mono-mal-Cy3G and di-mal-
Cy3G may be produced by hepatic metabolism and further 
excreted in rat urine after the administration of RCAF. The 
excretion of O-methyl metabolites of mono-mal-Cy3G was 
observed in rat urine after the administration of red-orange 
juice,31) indicating that the mono malonylation of the glucosyl 

moiety did not inhibit the O-methyl metabolism of anthocy-
anins. This contrasts with the finding that acylated anthocya-
nins attaching aromatic acyl groups (e.g., nasunin) could not 
be the substrate for O-methyl metabolism.25) The effect of the 
additional malonylation of the glucosyl moiety on O-methyl 
metabolism remains unclear.

Glucuronides of anthocyanidin (anthocyanidin-glucuron-
ides) and glucuronides of anthocyanin (anthocyanidin-glyco-
side-glucuronides) are known as other predominant metabo-
lites of non-acylated anthocyanins.17,34–37) In the present study, 
trace amounts of new peaks which eluted faster than di-mal-
Cy3G were detected in rat blood plasma. These peaks might 
be glucuronyl metabolites of mono-mal-Cy3G or di-mal-
Cy3G (glucuronide of mono-mal-Cy3G or di-mal-Cy3G),36,37) 
although, further structural information is necessary. Contra-
ry to this, intestinal hydrolysis of the glucosyl moiety of Cy3G 
is required for the production of cyanidin-glucuronide.17) How-
ever, significant cyanidin-glucuronide (anthocyanidin-glucu-
ronide) and cyanidin (anthocyanidin) were not observed in  
the HPLC chromatograms of rat blood plasma detected at  
520 nm after the administration of the RCAF. The present result  
suggests that the malonylation of glucopyranose inhibits the 
intestinal hydrolysis of the glucosyl linkage of acylated antho-
cyanins. The same results were obtained for acylated anthocy-
anins attaching aromatic acyl groups in which anthocyanidin-
glucuronide was not detected in rat blood plasma.25) Therefore, 
it could be concluded hydrolysis of the glucosyl linkage of 
acylated anthocyanins was a minor metabolism for acylated 
anthocyanins.

Collectively, the present and previous results on the metab-
olism of acylated anthocyanins indicate that glucuronidation 
is not the major metabolic pathway for acylated anthocyanins 
attaching aromatic and aliphatic groups, although O-methyla-
tion could occur for mono-acylated anthocyanins attaching ali-
phatic acyl groups.

It was reported that a typical non-acylate anthocyanin,  
Cy3G, is transported via intestinal glucose transporter 2  
(GLUT-2)38) and is in part transported via organic anion  
transporting polypeptide (OATP).29) In contrast, acylated antho-
cyanins attaching aromatic acid as acyl groups (e.g., cyani-
din 3-O-(6-O-(6-O-feruloyl-β-D-glucopyranosyl)-(2-O-β-D-
xylopyranosyl))-β-D-galactopyranoside) are transported via 
OATP alone.29) Because the terminal feruloyl moiety of arab-
inoxylan oligosaccharide inhibits its GLUT-2-mediated trans-
port,39) acylated anthocyanins attaching the feruloyl moiety or 
other aromatic acyl groups may similarly inhibit the GLUT-
2-mediated self-transport of acylated anthocyanins. In contrast, 
as relatively small malonyl parts do not inhibit the intestinal 
GLUT-2-mediated transport, mono-mal-Cy3G and di-mal-
Cy3G may be absorbed similarly to Cy3G via the GLUT-2 
route. Furthermore, it was presumed di-mal-Cy3G attaching 
two malonyl groups on position 3″ and 6″ could be strongly 
recognized by OATP compared with mono-mal-Cy3G attach-
ing sole malonyl group on position 6″, leading to the higher 
intestinal absorption of di-mal-Cy3G than mono-mal-Cy3G.

In conclusion, this is the first report to show that addition-
al malonylation enhances the absorption of acylated anthocy-
anins from the gastrointestinal tract in their original acylated 
forms. Further studies on the absorption mechanism of acylat-
ed anthocyanins attaching aliphatic acyl groups from the gas-
trointestinal tract via various transporters, such as OATP and 
GLUT-2, are required.
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