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A new glycoside, 2-â-D-glucopyranosyloxy-4,6-dihydroxyisovalerophenone (3), was isolated from strawberry
fruit along with kaempferol-3-â-D-(6-O-trans-p-coumaroyl)glucopyranoside (1) and kaempferol-3-â-D-(6-
O-cis-p-coumaroyl)glucopyranoside (2). Compounds 1 and 2 inhibited activity of a drug-metabolizing
enzyme, CYP3A4.

Cytochrome P450 (CYP) enzymes are heme-containing
monooxygenases and constitute three families, CYP1,
CYP2, and CYP3.1 These enzymes have been mainly
expressed in liver microsomes and are recognized to be
responsible for drug metabolism, carcinogenesis, and deg-
radation of xenobiotics. CYPs are also important in the
biosynthesis of lipids, steroids, and other secondary me-
tabolites. CYP3A4 is the most abundant enzyme in human
liver microsomes; approximately 30% of the total CYP was
suggested to be CYP3A4.2 Recent investigations have
shown that more than 50% of clinically used drugs are
oxidized by CYP3A4.3,4 It is reported that concomitant oral
administration of several foods and herbs affects drug
metabolism in humans by inhibiting CYP3A4 activity and
that grapefruit juice alters the pharmacokinetics of various
drugs, including cyclosporine,5,6 midazolam,7 dihydropyri-
dine-type calcium channel blockers,8 and triazolam.9 In the
course of our study of CYP inhibitors from foods, we have
reported the isolation and structure elucidation of furano-
coumarins from grapefruit juice10-12 and bisalkaloids,
dipiperamides A-E, from the white pepper Piper ni-
grum.13,14 This paper reports the isolation, structure elu-
cidation, and CYP inhibitory activity of glycosides from the
strawberry Fragaria ananassa Duch. cv. Tochiotome.

Results and Discussion
The strawberries (2.0 kg) were obtained at a market in

Tochigi Prefecture and kept frozen until extraction with
MeOH. After evaporation of the solvent, the resulting
aqueous residue was extracted with EtOAc. The EtOAc
layer was partitioned between hexane and 90% MeOH-
H2O, and the more polar fraction showed CYP inhibitory
activity. The fraction was subjected to ODS chromatogra-
phy followed by reverse-phase HPLC to furnish a new
glycoside, 3 (2.6 mg), together with kaempferol-3-â-D-(6-
O-trans-p-coumaroyl)glucopyranoside (1, 7.5 mg)15 and its
cis isomer (2, 1.0 mg).16 Although 1 and 2 were obtained
as a mixture (2:1) from the seeds of Rosa canina16 previ-
ously, in this paper we report the isolation and character-
ization of 2 for the first time.

The molecular formula of 2 was established as C17H24O9

by HRFABMS and was identical with that of 1. The 1H
NMR spectrum (Table 1) showed the signals for a cis-
coumaroyl moiety, an AA′XX′ system for H-5′′′, 9′′′ and
H-6′′′, 8′′′ (δ 7.50, 6.67, each 2H, d, J ) 8.8 Hz), and an AX
system for H-2′′′ and H-3′′′ (δ 5.51, 6.71, each 1H, d, J )
13.2 Hz). In addition, the 1H NMR spectrum indicated
another AA′XX′ system (δ 7.95, 6.80, each 2H, d, J ) 8.8
Hz, H-2′, 6′ and H-3′, 5′), two doublets (δ 6.14, 6.26, each
1H, d, J ) 2.2 Hz, H-6 and H-8), and an anomeric signal
(δ 5.14, d, J ) 7.1 Hz, H-1′′). These data were closely
related to those of 1 except for the chemical shifts and
magnitude of the coupling constants for H-2′′′ and H-3′′′
(δ 6.06, 7.39, each 1H, d, J ) 16.0 Hz for 1), indicating
that 2 bears a cis-coumaroyl moiety instead of the trans-
coumaroyl moiety in 1. The 13C NMR spectrum of 2 was
closely related to that of 1. Therefore, the structure of 2
was determined to be kaempferol-3-â-D-(6-O-cis-p-couma-
royl)glucopyranoside, which was unambiguously confirmed
by COSY, HMQC, and HMBC data.

Compound 3 has the molecular formula C17H24O9 as
established by HRFABMS and 13C NMR data. The 1H NMR
spectrum showed two methyl doublets (δ 0.92, d, J ) 6.8
Hz, H-4′; δ 0.96, d, J ) 6.8 Hz, H-5′), a methine signal (δ
2.24, heptet, J ) 6.8 Hz, H-3′), and a geminally coupled
methylene spin system (δ 2.87, dd, J ) 15.6, 6.8 Hz, H-2′;
δ 3.16, dd, J ) 15.6, 6.8 Hz, H-2′). This indicated a
2-methylpropyl moiety, as established by COSY data.
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HMBC correlations between the methine and methylene
signals of H-3′ and H2-2′ and a keto carbon signal of C-1′
(δ 207.9, s), and hence the presence of a 3-methylbutanone
group. The 1H and 13C NMR spectra revealed anomeric
signals (δ 5.01, d, J ) 7.7 Hz; δ 102.7, d) of a sugar moiety.
Analysis of the COSY data showed the sequential correla-
tion of signals at δ 5.01 (d, J ) 7.7 Hz, H-1′′), 3.53 (dd, J
) 9.0, 7.7 Hz, H-2′′), 3.46 (t, J ) 9.0 Hz, H-3′′), 3.39 (t, J )
9.0 Hz, H-4′′), 3.45 (m, H-5′′), 3.71 (dd, J ) 12.2, 5.6 Hz,
H-6′′), and 3.91 (dd, J ) 12.2, 2.1 Hz, H-6′′), which indicated
the presence of a â-glucopyranosyl moiety by judging from
the coupling constants. The 1H NMR spectrum revealed
two meta-coupled aromatic doublets (δ 5.93, 6.15, each 1H,
J ) 2.1 Hz, H-5 and H-3). The HMQC data suggested that
these hydrogens were connected to carbons at δ 99.3 (C-5)
and 96.4 (C-3). HMBC correlations between the aromatic
signal of H-3 and carbons C-1 (δ 107.7, s), C-2 (δ 162.9, s),
C-4 (δ 167.3), and C-5 (δ 99.3) and between H-5 and
carbons C-1, C-3, C-4, and C-6 (δ 168.4, s) implied that 3
contained a phloroglucinol moiety linked with a substituent
at C-1, which was supported by the upfield resonances of
C-3 and C-5. An HMBC cross-peak for the anomeric signal
of H-1′′ and C-2 suggested that the â-glucopyranosyl moiety
was linked to an oxygen atom at C-2. The HMBC spectrum
measured at an optimized J value of 3.3 Hz exhibited a
correlation of H-2′ (δ 2.86)/C-1, which revealed the 3-me-
thylbutanone group was attached to C-1. Thus, the struc-
ture of 3 was established as 2-â-D-glucopyranosyloxy-4,6-
dihydroxyisovalerophenone. Previously, 2-â-D-glucopyranos-
yloxy-4,6-dihydroxyacetophenone (4), showing choleretic
activity, was isolated from the rhizome of Curcuma comos,17

and the NMR data of 3 were almost superimposable on

those of 4 except for the 2-methylpropyl group in 3.
Although several compounds have been isolated from
strawberries, e.g., pelargonidin 3-glucoside18 as a pigment,
2,5-dimethyl-4-hydroxy-3(2H)-furanone19 as an aroma com-
pound, and 1-O-trans-cinnamoyl-â-D-glucopyranose,20 this
is the first paper on the study of CYP inhibitors in
strawberry fruit.

CYP3A4 activity was monitored by nifedipine oxidation
with expressed human CYP3A4. Compounds 1 and 2
exhibited significantly potent inhibition of CYP3A4 with
IC50 values of 0.7 µM, while the IC50 value of 3 was 120
µM.

Experimental Section

General Experimental Conditions. Optical rotations
were determined with a Horiba SEPA-300 high-sensitive
polarimeter. UV spectra were measured on a Shimadzu UV-
1600 UV-visible spectrometer. IR spectra were recorded on a
Shimadzu IR-460 infrared spectrophotometer. NMR spectra
were recorded on a JEOL GSX500 and a Bruker Avance500
NMR spectrometers in CD3OD. Chemical shifts were refer-
enced to the residual solvent peaks (δH 3.30 and δC 49.8). Mass
spectra were measured on a JEOL SX-102 mass spectrometer.

Extraction and Isolation. The frozen strawberries (2.0
kg) were extracted with MeOH. The extract was concentrated
under reduced pressure and extracted with EtOAc. The EtOAc
layer (18.4 g) was partitioned between hexane and 90%
MeOH-H2O. The aqueous MeOH fraction (3.35 g) was sub-
jected to ODS chromatography with a stepwise gradient of
MeOH-H2O. The fraction (0.13 g) eluted with 60% MeOH-
H2O was purified by reverse-phase HPLC with 50% MeOH-
H2O to afford 1 (7.5 mg, 3.8 × 10-4%), 2 (1.0 mg, 5.0 × 10-5%),
and 3 (2.6 mg, 1.3 × 10-4%).

Table 1. NMR Data for 1 and 2 in CD3OD

1 2

no. δH δC HMBC δH δC HMBC

2 160.1 s 159.9 s
3 136.0 s 135.9 s
4 180.1 s 179.9 s
5 163.7 s 163.7 s
6 6.11 br s 101.1 d C-5, C-7, C-10 6.14 d 2.2 101.7 d C-10
7 167.6 s 166.3 s
8 6.28 br s 95.8 d C-6, C-7, C-9, C-10 6.26 d 2.2 96.3 d C-6, C-9, C-10
9 159.3 s 159.5 s
10 106.2 s 105.1 s
1′ 123.6 s 123.6 s
2′ 7.98 d 8.8 133.0 d C-2, C-3′, C-4′, 7.95 d 8.8 133.0 d C-2, C-4′, C-6′

C-5′, C-6′
3′ 6.80 d 8.8 116.8 d C-1′, C-4′, C-5′ 6.80 d 8.8 116.8 d C-1′, C-4′, C-5′
4′ 162.3 s 162.3 s
5′ 6.80 d 8.8 116.8 d C-1′, C-3′, C-4′ 6.80 d 8.8 116.8 d C-1′, C-3′, C-4′
6′ 7.98 d 8.8 133.0 d C-2, C-9, C-2′, 7.95 d 8.8 133.0 d C-2, C-2′, C-4′

C-3′, C-4′, C-5′
1′′ 5.22 d 7.1 104.9 d C-3, C-2′′, C-3′′ 5.14 d 7.1 105.1 d C-3
2′′ 3.45 m 78.8 d C-1′′, C-3′′ 3.41 dd 9.9, 7.1 78.9 d C-1′′, C-3′′, C-4′′
3′′ 3.44 m 76.5 d C-2′′ 3.44 m 76.5 d C-1′′, C-2′′
4′′ 3.31 m 72.5 d C-3′′, C-5′′, C-6′′ 3.27 t 9.9 72.4 d C-2′′
5′′ 3.45 m 76.6 d C-3′′ 3.39 m 76.4 d C-3′′
6′′ 4.18 dd 11.6, 6.6 65.1 t C-4′′, C-5′′, C-1′′′ 4.15 dd 12.5, 6.0 64.9 t C-5′′, C-1′′′

4.29 dd 11.6, 2.2 C-4′′, C-1′′′ 4.19 dd 12.5, 2.2 C-5′′, C-1′′′
1′′′ 169.6 s 168.6 s
2′′′ 6.06 d 16.0 115.6 d C-1′′′, C-4′′′ 5.51 d 13.2 117.0 d C-4′′′
3”′ 7.39 d 16.0 147.4 d C-1′′′, C-2′′′, C-4′′′, 6.71 d 13.2 146.2 d C-5′′′

C-5′′′, C-9′′′
4′′′ 127.9 s 128.4 s
5′′′ 7.30 d 8.8 132.0 d C-3′′′, C-6′′′, C-7′′′, 7.50 d 8.8 134.5 d C-3′′′, C-7′′′, C-9′′′

C-8′′′
6′′′ 6.79 d 8.8 117.6 d C-4′′′, C-7′′′, C-8′′′ 6.67 d 8.8 116.5 d C-4′′′, C-8′′′
7”′ 162.0 s 160.9 s
8′′′ 6.79 d 8.8 117.6 d C-4′′′, C-6′′′, C-7′′′ 6.67 d 8.8 116.5 d C-4′′′, C-6′′′
9′′′ 7.30 d 8.8 132.0 d C-3′′′, C-5′′′, C-6′′′, 7.50 d 8.8 134.5 d C-3′′′, C-5′′′, C-7′′′

C-7′′′, C-8′′′
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Kaempferol-3-â-D-(6-O-trans-p-coumaryl)glucopyrano-
side (1): [R]26

D -62° (c 0.28, MeOH); NMR data, see Table 1;
FABMS (positive) m/z 595 [M + H]+.

Kaempferol-3-â-D-(6-O-cis-p-coumaryl)glucopyrano-
side (2): [R]26

D -57° (c 0.045, MeOH); UV (MeOH) λmax (log ε)
315.5 (4.5), 267.5 (4.4), 227.0 (4.3), 208.0 nm (4.4, sh); IR (film)
νmax 3300, 1700, 1660 cm-1; NMR data, see Table 1; HRFABMS
(positive) m/z 595.1084 [M + H]+ (calcd for C29H23O14, ∆ -0.4
mmu).

2-â-D-Glucopyranosyloxy-4,6-dihydroxyisovalerophe-
none (3): [R]26

D -55° (c 0.14, MeOH); UV (MeOH) λmax (log ε)
285.5 (4.2), 225.0 nm (4.0); IR (film) νmax 3400, 1630 cm-1; NMR
data, see Table 2; HRFABMS (positive) m/z 373.1508 [M +
H]+ (calcd for C17H25O9, ∆ +1.0 mmu).

Assay of CYP Inhibition. CYP activity was based on
nifedipine oxidation. Various amounts (0-10 µM, final con-
centration) of samples in 1 µL of DMSO were added to 192 µL
of solution containing 100 mM phosphate buffer (pH 7.4)
containing 50 µM nifedipine (Wako Pure Chemical Industries,
Ltd. (Osaka, Japan)), 5 mM glucose-6-phosphate (Oriental
Yeast Co., Ltd. (Tokyo, Japan)), 0.5 mM â-NADP+ (Oriental
Yeast Co., Ltd.), 0.5 mM MgCl2, and 4.3 µg/mL glucose-6-
phosphate dehydrogenase (Oriental Yeast Co., Ltd.) and
incubated at 37 °C for 5 min. CYP3A4 (Gentest Co. (Woburn,
MA)) was also preincubated in 7 µL of the buffer at 37 °C for
5 min and added to the sample solution. After the incubation
at 37 °C for 1 h, the reaction was quenched by the addition of
100 µL of MeOH. After adding 3.7 µg of 6-methoxycarbonyl-

5-methyl-7-(2-nitrophenyl)-4,7-dihydrofuro[3,4-b]pyridin-1-
(3H)-one in 1 µL of DMSO as an internal standard, the reaction
mixture was extracted with 1 mL of ether, and the ether layer
was evaporated. The residue was dissolved in 100 µL of MeOH,
and an aliquot (20 µL) was analyzed by reverse-phase HPLC
(column, TSK-gel ODS-120T, 4.6 mm i.d. × 150 mm; mobile
phase, 64% MeOH-H2O; flow rate, 1.0 mL/min; detection, UV
254 nm); retention times: 2.9 min for the internal standard,
4.0 min for the nifedipine metabolite (nifedipine pyridine), and
5.5 min for nifedipine. The value of IC50, the concentration
required for 50% inhibition of CYP3A4 activity, was calculated
from the data of duplicate measurements.
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Table 2. NMR Data for 3 in CD3OD

no. δH δC HMBCa

1 107.7 s
2 162.9 s
3 6.15 d 2.1 96.4 d C-1, C-2, C-4, C-5
4 167.3 s
5 5.93 d 2.1 99.3 d C-1, C-3, C-4, C-6
6 168.4 s
1′ 207.9 s
2′ 2.87 dd 15.6, 6.8 54.9 t C-1′, C-3′, C-4′, C-5′

3.16 dd 15.6, 6.8 C-1′, C-3′, C-4′, C-5′
3′ 2.24 heptet 6.8 27.1 d C-2′, C-4′, C-5′
4′ 0.92 (3H) d 6.8 23.7 q C-2′, C-3′
5′ 0.96 (3H) d 6.8 24.2 q C-2′, C-3′
1′′ 5.01 d 7.7 102.7 d C-2
2′′ 3.53 dd 9.0, 7.7 75.7 d C-1′′, C-3′′
3′′ 3.46 t 9.0 79.4 d C-2′′, C-4′′
4′′ 3.39 t 9.0 72.0 d C-2′′, C-3′′, C-5′′, C-6′′
5′′ 3.45 m 79.2 d C-4′′
6′′ 3.71 dd 12.2, 5.6 63.3 t C-4′′, C-5′′

3.91 dd 12.2, 2.1 C-4′′, C-5′′
a Measured at an optimized J value of 7.6 Hz.
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