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m-Hydroxyphenylacetic acid (mHPA), 3,4-dihydroxyphenylacetic acid (DHPA), and 4-hydroxy-3-
methoxyphenylacetic acid (HMPA) are major microbial metabolites of quercetin. After administration
of quercetin to human subjects, these metabolites are readily detected in blood and urine. mHPA,
DHPA, and HMPA are thought to exert protective biological activity within the body due to their
antioxidant properties. However, very little work has been published concerning their absorption. I
have examined the absorption characteristics of the quercetin metabolites in Caco-2 cells by a
coulometric detection method using HPLC-ECD. All of them exhibited nonsaturable transport in Caco-2
cells up to 30 mM, whereas HMPA and mHPA also showed proton-coupled polarized absorption.
The proton-coupled directional transport of HMPA and mHPA was inhibited by the substrate of the
monocarboxylic acid transporter (MCT). A considerable amount of apically loaded HMPA and mHPA
was taken up and transported through to the basolateral side, while almost all of the apically loaded
DHPA was retained on the apical side. Furthermore, the transepithelial flux of DHPA was inversely
correlated with the paracellular permeability of Caco-2 cells, although those of HMPA and mHPA
were almost constant. These results indicate that transport of DHPA was mainly via paracellular
diffusion, although HMPA and mHPA were absorbed to some extent by the MCT.
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INTRODUCTION

Dietary polyphenols found in fruit and vegetables are natural
antioxidants that are thought to contribute to the prevention of
cardiovascular diseases (1,2). The most abundant types of
polyphenol in the human diet are the flavonoids and cinnamic
acids. Flavonoids are divided into six main classes based on
the degree of oxidation of the C-ring, the hydroxylation pattern
of the ring-structure, and the substitution in the 3-position:
flavanols, flavonols, flavones, flavanones, isoflavones, and
anthocyanidins (3). Catechin and quercetin are the major
representative flavanols and flavonols, respectively. The po-
tential health benefit through regular consumption of these
compounds has been extensively studied. Catechin and quercetin
are powerful antioxidants capable of efficiently scavenging
reactive oxygen or nitrogen species in vitro and have been
reported to act as antitumor, antimutagenic, and antihypertensive
agents (4-6). However, the potential antioxidant activity of
catechin and quercetin in vivo is dependent on the intestinal
absorption and subsequent interaction with target tissues. The
absorption, metabolism, distribution, and excretion of these
compounds have been extensively studied. However, their
absorption efficiency was found to be low (7-15).

The major representative of dietary cinnamic acids is caffeic
acid, which occurs in foods mainly as chlorogenic acid
(5-caffeoylquinic acid), an ester of quinic acid. Coffee is a major
source of chlorogenic acid in the diet, the daily intake of
chlorogenic acid in coffee drinkers being∼1 g (16). Chlorogenic
acid and caffeic acid also exhibit antioxidant activities, anti-
mutagenic, and carcinogenic effects in vitro (3, 10). Indeed,
this is consistent with the reported inverse correlation between
coffee intake and colon cancer in some epidemiological studies
(17-19). Thus, the consumption of these compounds is thought
to prevent diseases associated with oxidative stress. However,
the bioactive forms of these compounds in vivo have not been
elucidated.

Recent studies have suggested that to fully assess the health
benefits of dietary polyphenols, the biological properties of both
the ingested parent compound and its microbial metabolites must
be investigated (20-24).m-Coumaric acid,m-hydroxyphenyl-
propionic acid (mHPP), and 3,4-dihydroxyphenylpropionic acid
(DHPP) are major microbial metabolites of caffeic acid or
chlorogenic acid, which possess significant antioxidant proper-
ties (20,21,24). Previously, we reported that these metabolites
are absorbed by the monocarboxylic acid transporter (MCT)
(25). The intestinal absorption of catechin was quite low (7,8)
because catechin is mainly absorbed via paracellular pathways
where it is then restricted by the epithelial tight junction (26).

* Author to whom correspondence should be addressed [telephone+81-
27-346-9441; fax+81-27-346-9985; e-mail konishiy@kirin.co.jp].

J. Agric. Food Chem. 2005, 53, 601−607 601

10.1021/jf048662l CCC: $30.25 © 2005 American Chemical Society
Published on Web 01/14/2005



Therefore, most ingested catechin is likely to reach the colon
intact where it is metabolized into hydroxylated phenylpropionic
acids, which are absorbed and metabolized in a manner similar
to that of caffeic or chlorogenic acids (25, 27). It was reported
that quercetin was metabolized further by colonic microflora
to give mainly 3,4-dihydroxyphenylacetic acid (DHPA), 3-hy-
droxyphenylacetic acid (mHPA), and 4-hydroxy-3-methoxyphe-
nylacetic acid (HMPA) (Figure 1) (21, 23, 24, 28). These
metabolites of quercetin also possess antioxidant activities and
exhibit physiological effects such as inhibition of platelet
aggregation (29). However, their absorption characteristics are
still obscure. This study was designed to reveal the absorption
mechanisms of the hydroxylated phenylacetic acids, such as
HMPA, mHPA, and DHPA, by directly measuring their
transepithelial transport across Caco-2 cells as an in vitro model
of intestinal absorption and metabolism (30-32).

MATERIALS AND METHODS

Materials. The human colon adenocarcinoma cell line Caco-2 was
obtained from the American Type Culture Collection (Rockville, MD).
Dulbecco’s modified Eagle’s medium (DMEM) was purchased from
Nissui Pharmaceuticals (Tokyo, Japan). Fetal calf serum, glutamine,
nonessential amino acids, penicillin (10 000 units/mL in 0.9% NaCl),
streptomycin (10 mg/mL in 0.9% NaCl), phosphate-buffered saline,
and Hank’s balanced salt solution (HBSS) were all purchased from
Invitrogen Corp. (Carlsbad, CA). Type I collagen was purchased from
Nitta Gelatin Inc. (Osaka, Japan). Plastic dishes, plates, and Transwell
inserts with 0.4-µm polycarbonate membranes (12 mm in diameter)
were obtained from Corning (Corning, NY). HMPA, mHPA, and DHPA
were from Wako Pure Chemicals Inc., Ltd. (Osaka, Japan). All other
chemicals used in this study were of analytical grade.

Cell Culture. Caco-2 cells were cultured in DMEM containing 10%
fetal calf serum, 1% nonessential amino acids, 4 mML-glutamine, 50
U/mL penicillin, and 50µg/mL streptomycin (pH 7.4). Cells were
grown in a humidified atmosphere of 5% CO2 at 37°C. All cells used
were between passages 57 and 68.

Transepithelial Transport Experiments. Cells were grown in
Transwell inserts with the semipermeable membrane first coated with
type I collagen (12-mm diameter and 0.4-µm pore size, Corning Costar,
Ithaca, NY). The cells were seeded at a density of 1× 105/cm2, and
the monolayers were formed after culturing for 2 weeks. The integrity
of the cell layer was evaluated by measurement of transepithelial
electrical resistance (TER) with Millicell-ERS equipment (Millipore,
Bedford, MA). Monolayers with a TER of more than 250Ω cm2 were
used for transepithelial transport experiments.

To measure the apical-to-basolateral permeability, 1.5 mL of HBSS
(pH 7.4, 37°C) was added to the basal chamber of the Transwell insert,
and 0.5 mL of the test solution (pH 6.0 or 7.4, 37°C) containing HMPA
(1mM), mHPA (1mM), or DHPA (5 mM) was added to the apical side.
After the desired incubation time at 37°C, the basal solution was
collected and then replaced with an equal volume of HBSS. The amount
of DHPA, mHPA, or HMPA transported by the Caco-2 cells was
determined using a HPLC-electrochemical detector (ECD) with an ESA
coulometric detection system (ESA Inc., Boston, MA). The results were
expressed in terms of specific permeability (µL/cm2), which was
calculated as the amount transported divided by the initial concentration
in the donor compartment.

To examine the basolateral-to-apical transport, HBSS (pH 6.0 or
7.4, 37°C) was added to the apical side, and 1.5 mL of the test solution
(pH 7.4, 37°C) was added to the basolateral side.

Chromatographic Conditions. HPLC-ECD fitted with a coulom-
etric detection system was used for analysis as previously reported (25-
27). Chromatographic separation was performed on a C18 column
(ODS150, MC Medical, Inc., Tokyo, Japan). The mobile phase A
(solvent A) was 50 mM sodium acetate containing 5% methanol (pH
3.0), while mobile phase B (solvent B) was 50 mM sodium acetate
containing 40% acetonitrile and 20% methanol (pH 3.5). The elution
profile (0.6 mL/min) was as follows: 0-28.5 min, linear gradient from
85% solvent A/15% solvent B to 20% solvent A/80% solvent B; 28.5-
31 min, isocratic elution 0% solvent A/100% solvent B; 31-35 min,
isocratic elution 85% solvent A/15% solvent B. Eight electrode detector
potentials (0-700 mV in increments of 100 mV) were used to measure
the amount of HMPA. Similarly, eight electrode detector potentials
(100-800 mV in increments of 100 mV) were used to measure the
amount of mHPA and DHPA.

Distribution of HMPA, mHPA, and DHPA after Transport
Experiments. At the end of the transport experiments, the level of
HMPA, mHPA, or DHPA in the apical and basolateral solutions was
measured. The monolayer cells were rinsed with HBSS (pH 6.0 or 7.4)
and extracted with methanol/solvent A (10:1, v/v) for 30 min. HMPA,
mHPA, or DHPA in this extract was measured and used as an index
of the intracellular fractions taken up by the Caco-2 cells.

Data Analysis. The permeation rate [nmol min-1 (mg protein)-1],
J, was evaluated from the slope of the initial linear part of the plot of
the amount transported [nmol min-1 (mg protein)-1] against time (in
minutes), calculated by linear regression analysis. The kinetic param-
eters for saturable transport across Caco-2 cells were estimated by the
fitting of eq 1 with use of the nonlinear least-squares regression analysis
program, MULTI (33):

whereC is the initial concentration of the substrate,Jmax is the maximum
permeation rate, andKt is the Michaelis-Menten constant. Results are
expressed as the means( SD. Statistical analysis was done with
student’s two-tailedt-test, and differences withP < 0.01 were
considered significant.

RESULTS

HPLC Analysis of HMPA, mHPA, and DHPA Trans-
ported across Caco-2 Cell Monolayers.Representative chro-
matograms of HMPA, mHPA, and DHPA transported into the
basolateral solution are presented inFigure 2. HMPA, mHPA,
and DHPA were determined at a detection limit<0.5 pmol on
the column. The results were reproducible without requiring
any sample pretreatment. Purity of the peaks was assessed using

Figure 1. Metabolic pathway of quercetin by the gut microflora.

J ) Jmax[C]/(Kt + [C]) (1)
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peak area ratio accuracies for the adjacent oxidation channels
(lower or upper) to the dominant oxidation channel. The
voltammetric response of the analyte across these channels was
unique for each compound. Greater than 70% ratio accuracy
was considered to support the peak purity (34). The retention
time (RT) and dominant oxidation potential for HMPA, mHPA,
or DHPA were 11.9 min, 400 mV, 12.0 min, 700 mV, and 7.3
min, 200 mV, respectively.

Characteristics of Transepithelial Transport of HMPA,
mHPA, and DHPA. Bi-directional permeation of HMPA (1
mM), mHPA (1 mM), and DHPA (5 mM) across Caco-2 cell
monolayers was examined in the presence and absence of an
inwardly directed proton gradient (Figure 3). HMPA and mHPA
exhibited pH-dependent directional transport from the apical
to the basolateral side (Japfbl and Jblfap being 1.83 and 0.12
nmol/min/mg protein for HMPA, 1.17 and 0.09 nmol/min/mg
protein for mHPA, with an apical pH, 6.0; basolateral pH, 7.4).
However, in the absence of a proton gradient (apical pH, 7.4;
basolateral pH, 7.4),Japfbl of HMPA (0.17 nmol/min/mg
protein) was almost the same as that ofJblfap (0.11 nmol/min/
mg protein), whereasJapfbl of mHPA and DHPA (0.24 or 0.74

nmol/min/mg protein) was slightly greater than that ofJblfap

(0.08 or 0.29 nmol/min/mg protein). This is characteristic of
polarized transport.

Distribution of HMPA, mHPA, and DHPA. After the
transport experiments in the absence of a proton gradient (apical
pH, 7.4; basolateral pH, 7.4),>99% of apically loaded HMPA,
mHPA, or DHPA was retained on the apical side, suggesting
they were restricted by the tight junctions (Table 1). In the
presence of a proton gradient (apical pH, 6.0; basolateral pH,
7.4), a considerable amount of HMPA and mHPA was
transported into the basolateral side, although transported DHPA
was much less than that of HMPA and mHPA. HMPA and
mHPA are likely to be taken up and transported into the
basolateral side according to a pH gradient, whereas DHPA
seems to be restricted by the tight junction.

Concentration Dependence of HMPA, mHPA, and DHPA
Transport. Figure 4 shows the relationship between the initial
permeation rate of HMPA, mHPA, and DHPA, and their
concentrations (apical pH, 6.0; basolateral pH, 7.4). The
permeation rate of HMPA, mHPA, and DHPA increased linearly
with concentration (∼30 mM), indicating nonsaturable transport.

Inhibition of Directional Transport of HMPA and mHPA.
To investigate the transport characteristics responsible for
proton-coupled polarized transport of HMPA or mHPA (apical
pH, 6.0; basolateral pH, 7.4), I added 0.5 mM HMPA and 1
mM mHPA to the apical chamber, and the effects of various
compounds on permeation were examined (Table 2). A
metabolic inhibitor, NaN3 (10 mM), strongly reduced the
permeation of HMPA and mHPA. The substrates for MCTs (10
mM), such as benzoic acid and acetic acid, significantly inhibited

Figure 2. Chromatograms of HMPA (A), mHPA (B), and DHPA (C)
transported across Caco-2 cell monolayers.

Table 1. Distribution of HMPA, mHPA, and DHPA after Transepithelial
Transport Experiments in the Presence and Absence of a Proton
Gradienta

% compound recovered fromsample
pH gradient apical side basolateral side cells

HMPA
6.0/7.4 94.22 ± 0.11 5.51 ± 0.11 0.27 ± 0.01
7.4/7.4 99.04 ± 0.11 0.83 ± 0.13 0.13 ± 0.03

mHPA
6.0/7.4 96.93 ± 0.67 2.67 ± 0.56 0.40 ± 0.18
7.4/7.4 99.40 ± 0.14 0.49 ± 0.13 0.11 ± 0.06

DHPA
6.0/7.4 99.25 ± 0.04 0.31 ± 0.04 0.43 ± 0.07
7.4/7.4 99.65 ± 0.05 0.22 ± 0.06 0.13 ± 0.05

a Transepithelial transport experiments were done as described in the Materials
and Methods in the presence and absence of a proton gradient (apical pH, 6.0 or
7.4; basolateral pH, 7.4). Values are the mean ± SD of three or more experiments.

Table 2. Effects of Various Compounds on HMPA and mHPA
Transport across Caco-2 Cell Monolayers in the Presence of a Proton
Gradienta

relative permeation (% of control)

HMPA mHPA

NaN3, 10 mM 16.8 ± 2.1b 13.6 ± 1.1b

benzoic acid, 10 mM 18.8 ± 2.2b 20.6 ± 2.8b

lactic acid, 10 mM 113.0 ± 9.5 88.9 ± 9.1
acetic acid, 10 mM 38.4 ± 2.4b 50.0 ± 4.7b

a The amount of HMPA or mHPA transported was measured at 37 °C for 40
min by incubating Caco-2 cells in the absence or presence of each compound at
the concentration indicated (apical pH, 6.0; basolateral pH, 7.4). Each value
represents the mean ± SD of three or more experiments. b P < 0.01.
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permeation, although lactic acid, a good substrate for MCT1-
MCT4 (35), seemed to have no effect. The order of the
inhibitory activity of the MCT substrates was benzoic acid>
acetic acid> lactic acid. This order was the same as that for
ferulic and p-coumaric acids, clearly demonstra-
ting that they are transported, at least in part, by MCT (36,37).

Paracellualr Transport of DHPA across the Caco-2 Cell
Monolayers.Caco-2 cell monolayers exhibiting different TER
values were prepared by treating the cells with cytochalasin D
(38). Using these monolayers, the apical-to-basolateral transport

of DHPA was then characterized by comparison to that of
HMPA and mHPA (apical pH, 6.0; basolateral pH, 7.4). As
illustrated inFigure 5, the transepithelial flux of DHPA was
inversely correlated with the TER, whereas the transepithelial
flux of HMPA and mHPA was almost constant irrespective of
the TER. These findings suggest that DHPA permeates across
Caco-2 cells via the paracellular pathways, while HMPA and
mHPA permeate across via the transcellular pathways. This
result matched the MCT-mediated transport of HMPA and
mHPA mentioned above.

Figure 3. Characteristics of transepithelial transport of HMPA, mHPA, and DHPA across Caco-2 cell monolayers in the presence (A) or absence (B) of
a proton gradient. Permeation of HMPA (1 mM), mHPA (1 mM), and DHPA (5 mM) from the apical to the basolateral side (O) and from the basolateral
to the apical side (b) was measured at 37 °C in the presence (A) and absence (B) of a proton gradient (apical pH, 6.0 or 7.4; basolateral pH, 7.4). Each
point is the mean ± SD of three experiments.

Figure 4. Concentration dependence of HMPA (O), mHPA (b), and DHPA (2) transport across Caco-2 cell monolayers in the presence of a proton
gradient. The initial permeation rate is shown. Values are the mean ± SD of three or more experiments.

Figure 5. Correlation between TER and the transepithelial flux of HMPA, mHPA, and DHPA. HMPA (1 mM), mHPA (1 mM), or DHPA (5 mM) was
loaded in the apical side, and the flux from the apical side to the basolateral side was measured at 37 °C (apical pH, 6.0; basolateral pH, 7.4). TER
values are indicated as follows: (HMPA) high, 962 ± 44; low, 246 ± 42; (mHPA) high, 975 ± 17; low, 266 ± 31; (DHPA) high, 1046 ± 41; low, 285 ±
25. Each point is the mean ± SD of three experiments.
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DISCUSSION

Recently, we developed a means of identifying compounds
that can be transported by the MCT in Caco-2 cells (38). This
technique measures the competitive effect of dietary substances
on the transport of fluorescein, a known substrate of the MCT.
MCT-mediated transport of dietary phenolic acids, such as
ferulic acid andp-coumaric acid, was demonstrated using this
method (36,37). Furthermore, we have reported thatm-coumaric
acid and mHPP, major microbial metabolites of caffeic acid,
are also absorbed by the MCT in Caco-2 cells (25, 27). The
key components of a substrate for MCTs are thought to be
monoanionic carboxyl group and a nonpolar side chain or
aromatic hydrophobic moiety (39). The major metabolites of
quercetin (HMPA, mHPA, and DHPA) fulfill the structural
criteria for an MCT substrate, but it was not known whether
MCT in Caco-2 cells recognizes and transports these com-
pounds. Hence, the mechanism for their intestinal transport was
investigated (Figure 3).

The apical-to-basolateral flux (Japfbl) of 1 mM HMPA or
mHPA in the presence of a proton gradient (1.83 nmol/min/
mg‚protein for HMPA, 1.17 nmol/min/mg‚protein for mHPA)
were lower than those of 1 mMm-coumaric acid,mHPP, ferulic
acid, and p-coumaric acid (7.23 nmol/min/mg‚protein for
m-coumaric acid, 7.47 nmol/min/mg‚protein formHPP, 9.79
nmol/min/mg‚protein for ferulic acid, 3.73 nmol/min/mg‚protein
for p-coumaric acid) (25,36, 37). TheJapfbl of HMPA and
mHPA in the presence of the proton gradient was 5-11-fold
Japfbl of each in the absence of the proton gradient (0.17 nmol/
min/mg‚protein for HMPA, 0.24 nmol/min/mg‚protein for
mHPA). TheJapfbl of HMPA and mHPA was 13-15-fold the
basolateral-to-apical flux (Jblfap) of that of each in the presence
of the proton gradient (0.12 nmol/min/mg‚protein for HMPA,
0.09 nmol/min/mg‚protein for mHPA). Thus, the proton-coupled
polarized transport of HMPA and mHPA is consistent with MCT
substrates, such as ferulic andp-coumaric acids, although their

affinity for MCT is likely to be lower. The results of the
distribution study of HMPA and mHPA (Table 1) also indicate
a lower absorption efficiency than those of other MCT substrate
(e.g., ferulic andp-coumaric acids). Specific inhibition of
polarized transport of HMPA and mHPA by the MCT substrate
(Table 2) suggests that transport is mediated by the MCT, as
is the case for ferulic andp-coumaric acids (36, 37). Saturable
transport of HMPA and mHPA was not observed at concentra-
tions up to 30 mM (Figure 4), which might be due to the low
affinity for MCT.

Directional transport of mHPA (1 mM) or DHPA (5 mM) in
the apical-to-basolateral direction was observed in the absence
of the inwardly directed proton gradient (Figure 3). The reason
for this polarized transport is not clear. NaN3 (10 mM), DIDS
(2 mM), benzoic acid (10 mM), and HCO3- (10 mM) did not
inhibit the transport of mHPA or DHPA, suggesting a specific
transport system was not involved.

The potential benefit of flavonoids in nutrition has attracted
huge research interest over the past decade. Many studies have
focused on the absorption and metabolism to examine their
bioactive compound in vivo and the mechanism by which they
might exert physiological effects. Unlike flavonoids, phenolic
acids have not been extensively studied and are not considered
to be of great nutritional interest. Phenolic acids are present in
many foods including grains, vegetables, and fruits (40). It has
been shown that certain phenolic acids, such as ferulic or
p-coumaric acids, are absorbed by MCT in Caco-2 cells (36,
37). However, dihydroxy and trihydroxy derivatives of benzoic
or cinnamic acids, such as caffeic and gallic acids, have a lower
affinity for MCT and are mainly absorbed via paracellular
diffusion (27, 37). Indeed, the relative oral bioavailability of
p-coumaric acid against gallic acid is∼70 in rats after oral
administration. This significant difference in bioavailability
illustrates the high absorption efficiency of MCT-mediated
transport in vivo (41). The finding that phenolic acids are rapidly

Figure 6. Proposed pathways for intestinal absorption of ingested polyphenols.
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absorbed and distributed intact within the body has focused
significant research effort toward understanding the nutritional
value of these compounds.

Researchers are interested in studying the biological effect
of the microbial metabolites of ingested polyphenols, in
particular those that are poorly absorbed in the small intestine
(i.e., catechin, quercetin, and caffeic acid) (20-23). In general,
the phenolic degradation products formed by gut microflora can
be classified as hydroxylated phenylpropionic acids or hydroxy-
lated phenylacetic acids, depending on the structural charac-
teristics of the parent polyphenols (23). For instance, it has been
reported that the hydroxylated phenylpropionic acids, such as
mHPP and DHPP, can be formed from caffeic acid, catechin,
or procyanidin and naringin, while quercetin was metabolized
to give hydroxylated phenylacetic acids, such as HMPA, mHPA,
and DHPA (20-24,28,42). These bioactive metabolites could
be responsible for the health effects of dietary polyphenols.
Currently, there is a paucity of data on their absorption and
distribution within the body. The results obtained in this study,
together with our previous work (25,27,36,37,41), give new
insight into the absorption characteristics of dietary polyphenols
and their microbial metabolites (Figure 6). This work also
exemplifies the physiological significance of MCT-mediated
absorption to give a fuller understanding of the health benefits
of dietary polyphenols.

Currently, nine isoforms of MCT have been identified (43),
but only MCT1-MCT4 are characterized in terms of their
substrate and inhibitor kinetics. Each MCT isoform is likely to
have a unique biological role, which is related to the different
tissue distribution. MCT1 is the most well-studied isoform and
is found in almost all tissues, that is, heart, skeletal muscle,
small intestine, colon, liver, brain, spinal cord, testis, ovary,
placenta, and adrenal gland (44), which would imply a physi-
ological significance for humans. Short-chain fatty acids
(SCFA), such as acetate, propionate, and butyrate, are the most
abundant organic anions in the colonic lumen. SCFA are
microbial metabolites of undigested carbohydrates and proteins,
as well as poorly absorbed polyphenols. Butyrate is the principal
energy source in colonic epithelial cells (45), exerting a number
of biological effects to induce cell differentiation and regulate
growth and proliferation of the colonic mucosal epithelia (46,
47). The mechanism of absorption of butyrate is still not fully
resolved. MCT1 can recognize and transport butyrate (48),
although the nonelectrogenic SCFA-/HCO3- antiporter is also
implicated in its absorption (49). SCFA and hydroxylated-
phenylpropionic or -phenylacetic acids are colonic microbial
metabolites of poorly absorbed food materials that exert various
biological activities. I therefore propose to call them “metabo-
nutrients” because this nomenclature distinguishes them from
classical nutrients, such as sugars, lipids, amino acids, minerals,
and vitamins. Until recently, research concerning the physi-
ological function of food has focused on the biologically active
constituents of the food itself. In the future, the metabo-nutrients,
which are generated by colonic microflora from ingested food
materials, should also be investigated for their health benefits.
It is possible that MCT-mediated absorption plays a major role
in metabo-nutrient uptake.

In conclusion, I have demonstrated that MCT is involved in
the absorption of the principal microbial metabolites of quer-
cetin. HMPA and mHPA are absorbed by MCT to a lesser
extent, although DHPA is mainly transported via the paracellular
pathways. This highlights the physiological significance of the
MCT-mediated absorption of dietary components. Further
studies to investigate the MCT-mediated absorption and the

distribution of dietary bioactive components will help to assess
the health benefits of specific foods and beverages.

ABBREVIATIONS USED

HBSS, Hanks’ balanced salt solution; TER, transepithelial
electrical resistance; MCT, monocarboxylic acid transporter;
ECD, electrochemical detector; SCFA, short-chain fatty acid.
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