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Two new fatty acid glucosides, 1,6-di-O-octanoyl-(3-D-glucopyranose (1) and 6-0-([3-D-glucopyrano-
syl)-1-0O-decanoyl-3-D-glucopyranose (2), were isolated from a methanol extract of the fruit of Morinda
citrifolia L. along with five known saccharide fatty acid esters. The structures of these compounds were
determined by combination of spectral and chemical analyses. These fatty acid glucosides exhibited
inhibitory effect against copper-induced low-density lipoprotein oxidation. Compound 2 had the
strongest effect, which was almost comparable to that of butylated hydroxytoluene.

© 2010 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.

1. Introduction

The tropical plant Morinda citrifolia, commonly known as noni,
is widely distributed in the areas of Micronesia, Hawaii, Australia,
and Southeast Asia. The genus Morinda, belonging to the family
Rubiaceae, is indigenous to tropical countries and is considered as
an important traditional folk medicine. The fruits, roots, barks, and
leaves of M. citrifolia have been used as folk medicine for the
treatment of various illnesses (Chan-Blanco et al., 2006). In
particular, noni juice, which is obtained from the M. citrifolia fruit,
is in high demand in the field of alternative medicine for the
treatment of various illnesses such as arthritis, diabetes, high blood
pressure, and cancers as well as cardiovascular diseases (Wang
et al., 2002). Thus far, the functions of M. citrifolia have not been
elucidated in detail. However, there is some evidence for biological
activities in various assay systems. The anticancer activity of M.
citrifolia fruits was evident from the prolonged survival of mice
infected with Lewis lung carcinoma (Wang et al, 2008). In
addition, a number of biological activities have been reported, such
as anti-inflammation (Akihisa et al., 2007), antioxidant (Hemwi-
mon et al., 2007; Kamiya et al., 2004), lipoxygenase inhibition
(Deng et al., 2007a,b), inhibition of cell transformation (Liu et al.,
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2001), and quinone reductase-inducing activity (Deng et al.,
2007a,b; Pawlus et al., 2005). In previous studies conducted to
ascertain the chemical constituents of M. citrifolia, several types of
compounds have been isolated from the fruits, such as fatty acid
derivatives (Akihisa et al., 2007; Dalsgaard et al., 2006; Wang et al.,
2000, 1999), flavonol glycosides (Su et al., 2005), iridoids (Su et al.,
2005; Kamiya et al., 2005; Samoylenko et al., 2006), anthraqui-
nones (Akihisa et al., 2007; Hemwimon et al., 2007; Deng et al.,
2007a,b; Pawlus et al., 2005; Kamiya et al., 2005), and lignans
(Kamiya et al., 2004; Deng et al., 2007a,b).

In the course of our search for biologically active constituents
that can be obtained from tropical organisms (Lee et al., 2009), we
tested a crude extract of the M. citrifolia fruits found in the
Federated States of Micronesia. The extract exhibited moderate
antioxidant activity. Guided by the results of the '"H NMR analysis,
fractions were obtained from the crude extract by solvent
partitioning followed by the isolation and purification of com-
pounds using different chromatographic methods including
reversed-phase vacuum flash chromatography and C;s HPLC.
Seven fatty acyl glucosides, members of a group of glycolipids,
were isolated as a result. It has previously been indicated that these
compounds possess interesting biological properties (Dembitsky,
2004). We focused on the effect of the compounds isolated from
the noni fruit on the prevention of atherosclerosis. Low-density
lipoprotein (LDL) particles are susceptible to oxidation in the
presence of free radicals and transition metal ions such as copper.
Oxidized LDL particles can be taken up by scavenger receptors on
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macrophages, resulting in the formation of foam cells. These foam
cells are the key components of the fatty streak lesions that are
symptomatic of atherosclerosis (Young and McEneny, 2001). In
this paper, we elucidated the structures of the major compounds
isolated from the methanolic extract of the noni fruit and evaluate
their inhibitory effects on copper-induced LDL oxidation.

2. Results and discussion

Extracts were obtained from frozen M. citrifolia fruits (dry wt
370g) using MeOH and CH,Cl,. The combined extract was
partitioned between n-BuOH and H,O. The n-BuOH layer was
dissolved in 15% aqueous MeOH and extracted with hexane.
Further separation of the methanolic phase by ODS flash
chromatography, followed by reversed-phase HPLC, afforded
two new (1 and 2) (Fig. 1) and five known fatty acid glucosides
(3-7).

Compound 1 was obtained as a white powder (7.5 mg). The
molecular formula was deduced from the HRFABMS and the 3C
NMR data to be C55H400g. The 'H and '>C NMR spectra of 1 showed
signals consistent with a glucose and two fatty acid ester moieties.
The characteristic '"H NMR signal at 8y 5.44 (1H, d, J = 8.0 Hz) and
13C NMR signals at 8¢ 95.6 (d), 77.9 (d), 76.1 (d), 73.9 (d), 71.3 (d),
and 64.2 (t) indicated the presence of an anomeric proton from a
monosaccharide moiety with (3 configuration. The carbonyl
carbons at 8¢ 175.4 and 173.9 in the '>C NMR data, coupled with
the absorption band at 1742 cm~! in the IR spectrum, revealed the
presence of two octanoic acid esters in the molecule. The presence
of two octanoic acid esters was supported by '"H NMR signals at 8y
2.39(2H), 2.33 (2H), 1.61 (4H), 1.28-1.36 (16H), and 0.90 (6H) and
by 13C NMR signals at 8¢ 175.4 (s), 173.9 (s), 35.0 (t), 34.9 (t), 32.9
(x2,1t),30.2 (t),30.1(x2, t), 30.0 (t), 26.0 (t), 25.7 (t), 23.7 (t), 23.6
(t),and 14.4 (x2, q). The fatty acyl chain length was determined by
generating the octanoic acid through alkaline hydrolysis and LC-
MS analysis. The linkages of the two fatty acid moieties and the
glucose were established on the basis of HMBC correlations (Fig. 2).
Long-range correlations of H-1’ (§y 5.44) to C-1 (§¢c 173.9), and of
H-6’ (64 4.37,4.19) to C-1" (8¢ 175.4) showed that two fatty acids
were attached to the glucose. Compound 1 is therefore identified as
1,6-di-O-octanoyl-3-p-glucopyranose and is reported here for the
first time.

Compound 2 was obtained as a white powder (12.4 mg). The
molecular formula was deduced from the HRFABMS and the 3C
NMR data to be Cy5H4001>. The 'H and '3C NMR spectra of 2
demonstrated a fatty acid ester moiety and the presence of
decanoyl group was supported by "H NMR signals at 8y 2.39 (2H,
m), 1.62 (2H, pent, J = 6.9 Hz), 1.26-1.36 (12H, m), and 0.90 (3H, t,
J=6.8 Hz) and by '3C NMR signals at §c 174.1 (s), 34.9 (t), 33.0 (t),

Fig. 1. Chemical structures of new fatty acid glucosides (1 and 2).
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Fig. 2. Key HMBC correlations (H — C) of compounds 1 and 2.

30.5 (t), 304 (x2, t), 30.1 (t), 25.6 (t), 23.7 (t), and 144 (q). A
combination of the COSY, HSQC, and HMBC data allowed
assignment of the '3C NMR signals from the disaccharide. The
characteristic features of the two glucose moieties appeared in the
13C NMR spectra, which exhibited at 8¢ 95.6 (d), 77.8 (d), 77.7 (d),
73.9(d), 70.9 (d), and 69.5 (t) for the inner glucose and signals at ¢
104.6 (d), 78.0(x2,d), 75.1 (d), 71.5 (d), and 62.7 (t) for the second
glucose. The 'H NMR signals at 8y 5.44 (1H, d, J = 7.8 Hz) and 4.31
(1H, d,J = 7.8 Hz), and the 3C NMR signals at 8- 104.6 (d) and 95.6
(d) indicated the presence of anomeric protons and carbons in the
disaccharide moiety having a (3 configuration. The HMBC
correlation between anomeric proton §y 4.31 (H-1") and dc
69.5(C-6') connected the terminal glucose to the inner glucose. The
linkage between the fatty acid ester moiety and the disaccharide
was also established by the HMBC correlation between anomeric
proton 8y 5.44 (H-1') and the carbonyl §c 174.1 (C-1). Important
HMBC interactions of compound 2 are shown in Fig. 2. On the basis
of the above data, the structure of 2 was deduced to be 6-0-([3-D-
glucopyranosyl)-1-0-decanoyl--D-glucopyranose, a new fatty
acid ester disaccharide.

Compounds 3 and 4 were deduced to have the molecular
formulas C5oH36012 and C;gH3,045 based on the HRFABMS and '3C
NMR data, respectively. The '"H NMR spectra of 3 and 4 resembled
those of 2, except for the integrations of protons in the region Sy
1.26-1.36. The '3C NMR spectra of 3 and 4 suggested that
compounds 3 and 4 contained the octanoyl and hexanoyl group,
respectively, instead of the decanoyl group found in 2. On the basis
of these data, compound 3 and 4 were identified as 6-O-([3-D-
glucopyranosyl)-1-0-octanoyl-3-D-glucopyranose and 6-0-([3-D-
glucopyranosyl)-1-0-hexanoyl-3-D-glucopyranose, respectively.
These compound were previously isolated from M. citrifolia (Wang
et al., 2000).

In addition, a disaccharide fatty acid ester, 2-O-([3-D-glucopyr-
anosyl)-1-0-octanoyl-3-p-gluropyranose (5), and two trisaccharide
fatty acid esters, 2,6-di-O-([3-p-glucopyranosyl)-1-O-octanoyl-(3-D-
glucopyranose (6) and 2,6-di-O-(3-D-glucopyranosyl)-1-0-hexa-
noyl-3-D-glucopyranose (7) were isolated from the other fraction of
the MeOH extract and were identified as the known compounds
(Akihisa et al., 2007). All these compounds have been fully
characterized and their purity was checked by HPLC.

The noni fruit juice has been promoted for the prevention and
cure of various diseases. We have focused on the potential effect of
the compounds obtained from the noni fruit on atherosclerosis.
The development of atherosclerosis is closely related to the
oxidation of LDL. Kamiya et al. tested several different fractions of
noni fruit and the MeOH extract, and it was found that the EtOAc-
and n-BuOH soluble phases had a remarkable inhibitory effect on
copper-induced LDL oxidation. Six lignans were isolated from
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Fig. 3. Inhibition of LDL oxidation by methanol extract [M] and fatty acid glucosides
[1-7] from noni fruit. LDL (100 pg/ml) was incubated with 25 wM CuSO,4 at 37 °C
for 6 h in the presence of each sample and BHT (50 pg/ml). Values are means + SEM
of triplicate incubation (n=3) and means with different letters are different by
Duncan’s multiple range test, p < 0.05.

EtOAc-soluble phase and identified as biologically active com-
pounds (Kamiya et al., 2004). Based on our preliminary data on
antioxidant activity of the crude MeOH extract, we tested the effect
of the seven fatty acid glucosides purified from the MeOH extract
on copper-induced LDL oxidation. All the compounds exhibited an
inhibitory effect against copper-induced LDL oxidation and the
effect was significantly stronger than that of the crude MeOH
extract alone. Compound 2 had the strongest effect, almost
comparable to that of BHT (Fig. 3). Considering that the MeOH
extract had an activity comparable to that of the EtOAc-soluble
fraction, our results demonstrated that the fatty acid glucosides
from MeOH extract as well as the lignin from the EtOAc-soluble
fraction had significant inhibitory effect on LDL oxidation.

3. Materials and methods
3.1. General experimental procedure

The melting points were measured with a Fisher-Johns melting
point apparatus and were uncorrected. The IR spectra were
recorded using a JASCO FT/IR-4100 spectrophotometer as thin
films. Optical rotations were measured using a JASCO DIP-370
automatic polarimeter. The '"H NMR spectra were recorded using a
Varian Unity 500 spectrometer at 500 MHz and the >C NMR
spectra were recorded on the same instrument at 125 MHz.
Chemical shifts were expressed on a § (ppm) scale and CD50D ('H,
3.30 ppm; '3C, 49.0 ppm) was used as internal standards. Mass
spectra were obtained with a Micromass Auto Spec spectrometer.

3.2. Plant material and chemicals

The specimens of M. citrifolia (Sample No. 07KS-NF) were
collected from Kosrae, Federated States of Micronesia, in July 2007.
A voucher specimen is currently deposited at the Natural
Medicines Research Center, Korea Research Institute of Bioscience
and Biotechnology, Korea under the curatorship of J. Lee.

Trichloroacetic acid (TCA), 2-thiobarbituric acid (TBA), and LDL
from human plasma were purchased from Sigma-Aldrich Co. (St.
Louis, MO).

3.3. Extraction and isolation

The fruit of M. citrifolia (noni) was crushed immediately after
collection and stored at —25 °C until the time of the analysis. The

air-dried fruit (dry wt 370 g) of M. citrifolia was extracted twice with
600 mL portions of MeOH and once with 700 mL of CH,Cl,. The
resulting extracts were pooled, filtered, and concentrated under
reduced pressure to yield a residue of 35.6 g (9.6%) of crude extract.
This residue was partitioned between H,O and n-BuOH toyield 7.9 g
of organic-soluble material. The n-BuOH phase was re-partitioned
with 15% aqueous MeOH (4.82 g, 1.3%) and n-hexane (2.73 g, 0.74%).
The residue of the aqueous MeOH layer was subjected to Cig
reversed-phase flash chromatography using a gradient mixture of
MeOH and H;0. The fraction eluted with 10% aqueous MeOH was
dried (100 mg) and separated by reversed-phase HPLC (YMC ODS-A
column, 1 cm x 25 cm) with a mobile phase of 20% aqueous MeOH
to give 7.5 mg of compound 1 as a major product. The fraction eluted
with 30% aqueous MeOH was dried (0.75g) and separated by
reversed-phase HPLC (YMC ODS-A column, 1 cm x 25 cm) with a
mobile phase of 40% aqueous MeOH to give 12.4 mg of compound 2
as a major product. The fraction eluted with 40% aqueous was dried
(1.05g) and separated by reversed-phase HPLC (YMC ODS-A
column, 1cm x 25 cm, 50% aqueous MeOH) to give 98.1 mg of
compound 6 and 116 mg of a mixture. Further purification of the
mixture was carried out by reversed-phase HPLC (YMC ODS-AQ
column, 1cm x 25cm, 65% aqueous CH3CN) to give 17.1 and
31.9 mg of pure compounds 3 and 5, respectively. An aliquot (1.67 g)
of the fraction eluted with 50% aqueous MeOH (2.45 g)was dried and
separated by reversed-phase HPLC (YMC ODS-A column,
1cm x 25cm, 70% aqueous MeOH) to give 354 mg of pure
compound 7 and 105 mg of pure compound 4.

3.3.1. 1,6-Di-O-octanoyl-B-D-glucopyranose (1)

White powder; mp 68-70 °C; [at]p +22.3°(c 0.16 MeOH); IR (film)
3355 (OH), 2927, 2857, 1742 (CO), 1168, 1065 cm™'; 'H NMR
(CDs0D, 500 MHz) 8 5.44 (1H, d, J=8.0 Hz, H-1"), 437 (1H, dd,
J=11.5, 1.0 Hz, H-6'), 4.19 (1H, dd, J = 11.5, 5.0 Hz, H-6'), 3.55 (1H,
m), 3.39 (1H, m), 3.34-3.31 (2H, m), 2.39 (2H, m), 2.33 (2H, m) 1.61
(4H, m), 1.28-1.36 (16H, m), 0.90 (6H, m); '*C NMR (CDsOD,
125 MHz) 8 175.4(C-1"),173.9(C-1),95.6 (C-1/),77.9(C-3'), 76.1 (C-
5'), 73.9 (C-2'), 71.3 (C-4'), 64.2 (C-6'), 35.0, 34.9, 32.9 (x2), 30.2,
30.1(x2), 30.0, 26.0, 25.7, 23.7, 23.6, 144 (x2, C-8, C-8");
HRESIMS(+) m/z 455.2614 (M+Na), (calcd for CyH40OgNa, m/z
4552615).

3.3.2. 6-0-(B-D-glucopyranosyl)-1-0-decanoyl-B-D-glucopyranose
(2)

White powder; mp 150-152 °C; [a]p +24.0° (c 0.13 MeOH); IR
(film) 3367 (OH), 2927, 2857, 1742 (CO), 1168, 1065 cm™!; 'H
NMR (CD30D, 500 MHz) 6§ 5.44 (1H, d,] = 7.8 Hz, H-1'),4.31 (1H, d,
J=7.8Hz, H-1"), 414 (1H, dd, J = 11.7, 2.0 Hz, H-6'), 3.84 (1H, dd,
J=12.2,2.2 Hz,H-6"),3.76 (1H, dd,J = 11.2,4.9 Hz, H-6), 3.66 (1H,
dd, J=11.7, 5.4 Hz, H-6""), 3.53 (1H, m, H-5'), 3.43 (1H, m, H-4"),
3.41 (1H, m, H-3'),3.34 (1H, m, H-3"), 3.32 (1H, m, H-2’), 3.28 (1H,
m, H-4""), 3.25 (1H, m, H-5""), 3.20 (1H, m, H-2"), 2.39 (2H, m, H-2),
1.62 (2H, pent, J = 6.9 Hz, H-3), 1.26-1.36 (12H, m, H-4, H-5, H-6,
H-7, H-8, H-9), 0.90 (3H, t, J=6.8 Hz, H-10); '3C NMR (CD0D,
125 MHz) § 174.1 (C-1),104.6 (C-1"),95.6 (C-1"), 78.0 (x2,C-3", C-
5"),77.8(C-3'),77.7 (C-5'),75.1 (C-2"),73.9(C-2"),71.5(C-4"),70.9
(C-4'),69.5(C-6'),62.7(C-6"),34.9(C-2),33.0(C-8),30.5(C-7),30.4
(x2, C-5, C-6), 30.1 (C-4), 25.6 (C-3), 23.7 (C-9), 14.4 (C-10);
HRFABMS(+) m/z 519.2416 (M+Na), (calcd for C5H40012Na, m/z
519.2417).

3.4. Basic hydrolysis of compound 1

Compound 1 (2.3 mg) was dissolved in 2 mL of methanol and
treated with 5% NaOH-H,O solution (1.0 mL) under stirring at
room temperature for 24 h. The solvent was evaporated and the
aqueous suspension acidified with dilute HCl. Extraction with
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CH,Cl, gave octanoic acid. The octanoic acid was identified by LC-
MS based on the comparison with an authentic sample: ESIMS(-)
m/z 143.25 (M—H).

3.5. Copper-induced LDL oxidation

3.5.1. Evaluation of inhibitory effects against copper-induced LDL
oxidation

The inhibition of LDL oxidation was measured by the reported
method (Kamiya et al., 2004). LDL (100 p.g/mL) was incubated in a
phosphate-buffered saline (pH 7.4, 1 mL) containing 25 .M CuSQyg,in
the absence (control) or presence of purified fatty acid glucosides
(50 pg/mL) for 6 h at 37 °C. The reaction mixture (1 mL) (15% TCA,
0.375% TBA and 0.25 N hydrochloric acid) was added to the LDL
mixture prepared as above. The resultant mixture was heated for
30 min at 95 °C. After cooling, the absorbance of the pink chromo-
phore was measured at 515 nm. A similar amount of 2,6-di-tert-
butyl-4-methylphenol (BHT) was used as a reference compound.

3.5.2. Statistical analysis

Data were analyzed using SAS software (version 9.1; Cary NC).
Values are expressed as means + SEM and one-way ANOVA was
used to determine significant difference of compound treatments.
Differences among treatment means were determined by Duncan’s
multiple range test and a p value of <0.05 was considered significant.
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