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(2), as well as 17 known compounds, americanin A (3), narcissoside (4), 2
borreriagenin, citrifolinin B epimer a, citrifolinin B epimer b, cyti

$ | borrerlagemn cytidine,
deacetylasperuloside, dehydromethoxygaertneroside, epi- dlhydrocornm mes &-D-fructofuranoside, and
methyl S-D-fructofuranoside were isolated for the first time i
was evaluated for all isolates in terms of both DPPH and O
A (3), was found to be a potent antioxidant in these assays.

Morinda citrifolia L. (Rubiaceae), commonly called Noni
or Indian mulberry, is a small evergreen tree or shrub of
Polynesian origin.! M. citrifolia bears a lumpy, green to
yellowish-white fruit, normally 5 to 10 cm in length, wit
a surface covered in polygonal-shaped sections.}? M. &
rifolia has a long history of use as a medicinal plant
parts of Southeast Asia, Polynesia, and Australia and is
considered to be the second most important medigfirs

To date, the major chemical constituents of this plant
have been found to be anthraquinones,!? flavonol glyco-

fruits have all been used medicinally to trea/a™g > dds, 3 iridoid glycosides,'®14 lipid glycosides,!® and trit-
of ailments. These include, but are not limited $q, dia erptnoids.’* In the present study, the n-BuOH-soluble
diarrhea, hypertension, malaria, pain, and topita partition part of the MeOH extract of M. citrifolia fruits
tions.14 The fruits are also eaten as a imqril) was found to have moderate antioxidant activity in a free-

only in times of famine.*
Today, the use of M. citrifolia
becoming more widespread ang

radical (DPPH) scavenging bioassay. This partition was
purified by repeated chromatography, which led to the
isolation of two new iridoid glucosides, 6a-hydroxyadoxo-
side (1) and 6p,75-epoxy-8-epi-splendoside (2), and 17
known compounds. All isolates obtained in this study were
evaluated for their antioxidant activity, and the neolignan,
americanin A (3), demonstrated significant antioxidant
activity in two antioxidant bioassays.

Compound 1, [a]?3p —50.7° (¢ 0.28, MeOH), was obtained
as a colorless gum by repeated chromatography and finally
purified by reversed-phased HPLC. A molecular formula
of C17Ho601; was established for 1 on the basis of the
observed sodiated molecular ion peak at m/z 429.1378 [M
+ Na]* in its HRESIMS (caled for C17Hg60;1Na, 429.1373).
The IR absorption bands at 3355 and 1692 cm™!, respec-

and tyro ' Y Most of these studies have

involved xude g 'OHS 0fM~ citr ifo.li?{ and the tively, indicated the presence of hydroxyl groups and a
com e biological activities have carbonyl group in the molecule. The characteristic 'H NMR
not € : addition, an in vivo study using (in CDs0D) signals at g 7.46 (1H, d, J = 1.2 Hz, H-3),

précipitate of M. citrifolia fruits, 5.15 (1H, d, J = 6.0 Hz, H-1), and 4.65 (1H, d, J = 7.9 Hz,
neally to mice with Lewis lung carcinoma Gle-1) and 3C NMR (in CD;0D) signals at dc 169.5 (C,
onstrated a significant life-prolonging C-11), 153.1 (CH, C-3), 113.0 (C, C-4), 100.6 (CH, Glc-1),
o oan and 99.1 (CH, C-1) suggested that compound 1 is an iridoid
1-614-247-8081. E-mail: kinghorn.4@osu.edu. ’ ’ glucoside.'617 The observed HMBC correlation from the
m for Collaborative Research in the Pharmaceutical Sciences. anomeric proton (Gle-1) of glucose to the acetal carbon at

l Ehe i dd‘;iZSUElEZg};‘y‘? State University. ¢ 99.1 (C-1) indicated that the location of the glucose unit
U Nature®\$finshine Products, Inc. is at C-1 in the molecule of 1. The presence of a methyl
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Notes

HO
OH

4

ester group at C-4 was readily assigned on the basis of the
chemical shifts of H-3, C-3, C-4, and C-11, as well as the
observed correlations from both H-3 (dyg 7.46) and the

in the HMBC spectrum of 1. Generally, the five- and sig
membered rings of iridoids are cis-fused,!® although a fe
trans-fused iridoids also have been reportedA51° The

taginea, and a doublet of g
constants of 3.7 and 7.8
compound.!” However, in/f

droxyadoxoside, whi
correlation from
Compound 2%

. This, in combination with the
ignals at g 5.76 (1H, s, H-1) and 4.56
d, J = 8.0 Hz, Gle-1), suggested that compound 2 is
an 1d01d glucoside.6~18 In the same manner as for
1, the logatipns of the glucose unit and the methyl ester
group in 2¥Were also determined at C-1 and C-4 on the basis
of the observed HMBC correlations from the anomeric
proton (Gle-1) of glucose to the acetal carbon at d¢ 93.8 (C-
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doside (2).

1) and from both H-3 (6H
signals to the carbonyl ca

hydroxyl groups at
analysis of the chg Aining protons

pelations (H—1H

-5 to H-9 and from H-6 to H-7
‘as no correlation from H-5 to H-6

or from g the -, o-, a-, and S-orienta-
tions »9, respectively. Another key
correlqtiy NOESY spectrum (Figure 1) of

; -1 (g 5.76, 1H, s) and H-10a
4 = 11.7 Hz), which was suggestive of an
t the hydroxymethylene group at C-8. This
ith absence of the NOESY correlation from

A (8),2021 narcissoside (4),22 asperuloside,??
Asperulosidic acid,!® borreriagenin,?* citrifolinin B epimer
R citrifolinin B epimer b,!3 cytidine,?> deacetylasperulo-
)23 dehydromethoxygaertneroside,?8 epi-dihydrocornin,2’
lucose,?8 D-mannitol,?? methyl o-D-fructofuranoside,3?
methyl B-D-fructofuranoside,®® nicotifloroside,’! and f-si-
tosterol 3-O-f3-D-glucopyranoside, were also isolated in the
present study. The structures of these known compounds
were identified by comparing their physical and spectro-
scopic data ([a]p, TH NMR, 13C NMR, DEPT, 2D NMR, and
MS) with those of published values or by comparing with
an authentic sample (3-sitosterol 3-O-5-D-glucopyranoside)
directly. Americanin A (3) was initially isolated from
Phytolacca americana in 1978,20 and its structure was
revised in 1986.2! The structures of americanin A (8) and
its regioisomer, isoamericannin A, were confirmed by total
synthesis.?? The 'H and 3C NMR data of these two
neolignans are very similar.?2 Compound 3 obtained in the
present study was assigned as americanin A on the basis
of the observed key correlation from H-7 to C-4' in the
HMBC spectrum acquired on a 600 MHz NMR spectrom-
eter using a cryoprobe (Supporting Information). Among
these isolates, compound 4, borreriagenin, cytidine, deacety-
lasperuloside, dehydromethoxygaertneroside, epi-dihydro-
cornin, methyl a-D-fructofuranoside, and methyl A-D-
fructofuranoside were isolated from M. citrifolia for the first
time. One of the major compounds obtained in the present
study is an iridoid glucoside, asperuloside (~0.08% w/w).
The presence of this compound in the n-BuOH-soluble
extract was confirmed by LC-MS analysis (Supporting
Information).

The antioxidant ability of all isolates obtained in this
study to scavenge DPPH, authentic ONOO™, and 3-mor-
pholinosydnonimine (SIN-1)-derived ONOO~ was evalu-
ated. As summarized in Table 1, the neolignan, americanin
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Table 1. Antioxidant Activity of Compounds Isolated from M.
citrifolia Fruits®

peroxynitrite
SIN-1-derived
DPPH authentic ONOO~ ONOO~
compound (IC50 uM) (ICs50 uM) (IC50 uM)

3 16.9 3.3 25.8
4 ND? 3.8 9.6
gallic acid® 2.7

penicillamine® 3.3 4.4

@ All compounds obtained in this study were evaluated in both
the DPPH and peroxynitrite free-radical scavenging assays. Except
for compounds 3 and 4, all other isolates were indicated to be
inactive (ICso values over 30 uM). ® Not determined, since com-
pound 4 was not active in the DPPH assay. ¢ Positive controls used.

A (3), was found to be a potent antioxidant in these
bioassays. The flavonol glycoside, narcissoside (4), exhibited
evident scavenging activity against both authentic ONOO~
and SIN-1-derived ONOO~. However, another structurally
similar flavonol glycoside, nicotifloroside (unsubstituted
instead of having a methoxy group at C-3' as in 4), was
found to be inactive. The isolation and characterization of
3 as an antioxidant constituent of M. citrifolia fruits thus
provides a basis for the previous literature reports of the
antioxidant effects of extracts of this species.®33 Several
lignans and neolignans including compound 3 were re-
ported from M. citrifolia fruits very recently.?* The copper-
induced low-density lipoprotein oxidation inhibition activi-
ties of these isolates were determined.?*

Experimental Section

General Experimental Procedures. Melting points were
determined on a Fisher-Johns melting point appgra
are uncorrected. Optical rotations were measured d
Elmer 241 automatic polarimeter. The UV Ap

CIMS, EIMS, and ESI
90/95 sector-field magt g

filtratiomN\ang evaporation of the solvent under reduced pres-
sure, the combined crude methanolic extract was suspended
in H2O (800 mL), then partitioned in turn with petroleum ether
(3 x 1000 mL), CHCl;3 (4 x 1000 mL), and n-BuOH (4 x 500

Notes

mL), to afford dried petroleum ether- (102 g), CHCls- (12.5 g),
n-BuOH (41.2 g), and H2O-soluble (~55 g) extracts. The
n-BuOH-soluble partition part of the MeOH extract wa found

scavenging bioassay.

Therefore, the n-BuOH-soluble extract
chromatography over a silica gel column (
with CHCl;—MeOH (15:1 to 1:1, then puld
seven fractions (FO1—F07). Compound 3
w/w) was obtained as a white amorphou
CHC13 MeOH mlxture (ca. 10 Do

borreriagenin (200 »
0. 0058% w/w), ang

{ ) Asperu1051de (750 mg; 0. 075%
g white amorphous powder from a
) 8:1) of F0402 as a major compo—

ilica gel column (5 x 40 cm),

050201—F050203). F050201 was finally

icgtifloroside (tg = 35.0 min, 16 mg; 0.0016% w/w) and
compound 4 (tg = 39 min, 11 mg; 0.0011% w/w). 5-Sitosterol
3-0--D-glucopyranoside (58 mg; 0.0058% w/w) was obtained
as an amorphous solid from a CHCls;—MeOH (~6:1) solution
of F0504. Fraction F06, eluted with CHCl3—MeOH (4:1), was
separated over a Sephadex LH-20 column (2.8 x 45 cm), eluted
with MeOH, and afforded three subfractions (F0601—-F0603).
F0602 was then purified by semipreparative HPLC using
MeOH—-H;0 (30:70; 7 mL/min) as eluent, to afford compound
1 (tg = 16.7 min, 7.5 mg; 0.00075% w/w) and asperulosidic acid
(tg = 22.0 min, 35 mg; total yield 0.0435% w/w; an additional
400 mg was isolated from F05). F0O603 was chromatographed
over a silica gel column (5.0 x 40 ¢cm) using CHCl;—MeOH~—
H50 (from 8:1:0.05 to 2:1:0.1) as solvent system, to give methyl
o-D-fructofuranoside (35 mg; 0.0035% w/w) and methyl -D-
fructofuranoside (105 mg; 0.011% w/w), five subfractions
(F060301—-F060305), and the mixture of o- and $-D-glucopy-
ranoses (250 mg; 0.025% w/w) in a ratio of 10:3 (based on the
integrations of 'H NMR spectra in DMSO-dg), in order of
polarity. F060302 was finally purified by semipreparative
HPLC using MeOH—H,0 (30:70; 6 mL/min) as solvent, to give
deacetylasperuloside (¢g = 19.5 min, 13 mg; 0.0013% w/w) and
compound 2 (tg = 21.5 min, 1.8 mg; 0.00018% w/w). D-Mannitol
(180 mg; 0.018% w/w) was obtained as colorless needles from
a CHCIs—MeOH (ca. 2:1) solution of fraction FO7.
60-Hydroxyadoxoside (1): colorless gum; [a]?*p —50.7° (¢
0.28, MeOH); UV (MeOH) Amax (log €) 231 (3.55) nm; IR (dried
film) vmax 3355, 1692, 1635, 1294, 1077, 807 cm™'; 'TH NMR
(360 MHz, in CD3;0D, TMS) ¢ 7.46 (1H, d, J = 1.2 Hz, H-3),
5.15 (1H, d, J = 6.0 Hz, H-1), 4.65 (1H, d, J = 7.9 Hz, Glc-1),
4.29 (1H, brs, H-6), 3.87 (1H, dd, J = 12.2, 1.5 Hz, Glc-6a),
3.79 (2H, brd, J = 5.4 Hz, H»-10), 3.69 (3H, s, —COOMe), 3.66
(1H, dd, J = 12.2, 5.6 Hz, Glc-6b), 3.35 (1H, m, Gle-5), 3.27—
3.31 (Gle-3 and Gle-4, overlapped with solvent signal), 3.19
(1H, dd, J = 9.0, 7.9 Hz, Glc-2), 3.13 (1H, m, H-8), 2.26 (1H,
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m, H-7a), 2.04—2.09 (2H, m, H-5, and H-9), 1.54 (1H, m, H-7b);
1BC NMR (90 MHz, in CD30D, TMS) 6 169.5 (C, C-11), 153.1
(CH, C-3), 113.0 (C, C-4), 100.6 (CH, Glec-1), 99.1 (CH, C-1),
78.3 (CH, Gle-3), 78.0 (CH, Glc-5), 74.7 (CH, Glec-2), 73.2 (CH,
C-6), 71.5 (CH, Gle-4), 62.7 (CHg, Glc-6), 62.3 (CH;, C-10), 51.7
(CHs, —COOMe), 49.9 (CH, C-9), 43.1 (CH,, C-7), 42.4 (CH,
C-8), 35.5 (CH, C-5); LRESIMS m/z 835 (100) [2M + Nal*, 429
(55) [M + Nal*, 360 (15), 339 (13); HRESIMS m/z 429.1378
[M + Na]* (caled for C17Hz6011Na, 429.1373).

64,74-Epoxy-8-epi-splendoside (2): colorless gum; [a]?3p
—108.4° (¢ 0.17, MeOH); UV (MeOH) Amax (log €) 232 (4.00),
280 (3.05) nm; IR (dried film) vmax 3397, 1700, 1639, 1440,
1293, 1178 em~'; '"H NMR (400 MHz, in CD30D, TMS) ¢ 7.48
(1H,d,J = 1.5 Hz, H-3),5.76 (1H, s, H-1), 4.56 (1H, d, J = 8.0
Hz, Gle-1), 3.87 (1H, dd, J = 11.9, 1.8 Hz, Glc-6a), 3.80 (1H, d,
J =2.5Hz, H-6), 3.73 (3H, s, ~-COOMe), 3.68 (1H, d, J = 11.7
Hz, H-10a), 3.65 (1H, dd, J = 11.9, 5.8 Hz, Glc-6b), 3.50 (1H,
d, J = 2.6 Hz, H-7), 3.47 (1H, d, J = 11.7 Hz, H-10b), 3.23—
3.33 (H-5, Glc-3, Glec-4, and Gle-5, overlapped with solvent
signal), 3.13 (1H, dd, J = 8.9, 8.1 Hz, Glc-2), 2.32 (1H, d, J =
8.8 Hz, H-9); *C NMR (100 MHz, in CDsOD, TMS) 6 168.5
(C, C-11), 154.2 (CH, C-3), 107.7 (C, C-4), 99.9 (CH, Glec-1),
93.8 (CH, C-1), 80.7 (C, C-8), 78.4 (CH, Glc-3), 78.0 (CH, Gle-
5), 74.6 (CH, Glc-2), 71.6 (CH, Glc-4), 65.2 (CH,, C-10), 62.8
(CH;, Gle-6), 60.8 (CH, C-7), 57.9 (CH, C-6), 51.9 (CHs,
—COOMe), 46.4 (CH, C-9), 33.3 (CH, C-5); LRCIMS m/z 438
(80) [M + NH,]*, 258 (55), 241 (15), 198 (35), 180 (40), 75 (100);
HRFABMS m/z 443.1147 [M + Nal* (caled for C17H34012Na,
443.1166).

Measurement of DPPH Free-Radical Scavenging Ac-
tivity. This assay used the stable free radical 1,1-diphenyl-
2-picrylhydrazyl (DPPH) to determine the potential scavenging
activity of extracts and pure compounds, as previously de-

ug/mL and incubated in 200 uM DPPH in EtOH at 37 °C fox
30 min in the dark DMSO was used as the negative control

Active compounds were tested in triplicate in th 2
at final concentrations of 2.5, 5, 10, and 20 ug/mD»
Values were obtalned through extrapola 6

mtrogen was
ing solution

of 485 and 530 nm, respec-
fluorescent 1ntens1t1es were
ent with or without native

by decomposition of SIN-1 gradually
ynative ONOO™ rapidly oxidized DHR 123
eent intensity being stable over time on
X 123 oxidation by ONOO™. Penicillamine
sed as a positive control.
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