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Constituents of Musa x paradisiaca Cultivar with the Potential
To Induce the Phase Il Enzyme, Quinone Reductase
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A new bicyclic diarylheptanoid, rel-(3S,4aR,10bR)-8-hydroxy-3-(4-hydroxyphenyl)-9-methoxy-4a,5,6,-
10b-tetrahydro-3H-naphtho[2,1-b]pyran (1), as well as four known compounds, 1,2-dihydro-1,2,3-
trihydroxy-9-(4-methoxyphenyl)phenalene (2), hydroxyanigorufone (3), 2-(4-hydroxyphenyl)naphthalic
anhydride (4), and 1,7-bis(4-hydroxyphenyl)hepta-4(E),6(E)-dien-3-one (5), were isolated from an
ethyl acetate-soluble fraction of the methanol extract of the fruits of Musa x paradisiaca cultivar,
using a bioassay based on the induction of quinone reductase (QR) in cultured Hepalclc7 mouse
hepatoma cells to monitor chromatographic fractionation. The structure and relative stereochemistry
of compound 1 were elucidated unambiguously by one- and two-dimensional NMR experiments (*H
NMR, 13C NMR, DEPT, COSY, HMQC, HMBC, and NOESY) and single-crystal X-ray diffraction
analysis. Isolates 1—5 were evaluated for their potential cancer chemopreventive properties utilizing
an in vitro assay to determine quinone reductase induction and a mouse mammary organ culture
assay.

KEYWORDS: Musa x paradisiaca cultivar; Musaceae; diarylheptanoids; phenylphenalenones; X-ray
diffraction analysis; quinone reductase; mouse mammary organ culture assay; cancer chemoprevention

INTRODUCTION such as QR and glutathior®transferase in rodent tissues, are

Musa x paradisiacal. (Musaceae), with orange-yellow Primarily responsible for the metabolic detoxification of chemi-
flowers and |ong, narrow, Starchy, edible fruitS, is the common cal CarCinOgenS and other harmful oxidants. Thel’efore, induction

name for the cultivar French Plantain, which is of hybrid origin ©f QR is a major mechanism of protection against tumor

(Musa acuminatax Musa balbisianaColla) (1). Previous initiation (10, 12).

phytochemical investigations on plants of the geMusahave Bioassay-guided fractionation of the ethyl acetate-soluble
resulted in the isolation of phenylphenalenong}, triter- fraction of the methanol extract dflusa x paradisiacacul-
penesg, 4), flavonoids 6, 6), and sterols7, 8). However, there  tjyar using the QR induction assay led to the isolation and
is only a single report on the phytochemistry bfusa x characterization of a new bicyclic diarylheptanaiel-(3S 4&R -

paradisiaca in which some anthocyanins were describ@g ( 10bR)-8-hydroxy-3-(4-hydroxypheny!)-9-methoxy-4a,5,6,10b-
In our ongoing project directed toward the discovery of novel tetrahydro-Bi-naphtho[2, 15]pyran (1), and the identification
naturally occurring cancer chemopreventive agents from plants of four constituents of p,)reviously kr,10wn structure, 1,2-dihy-
(10, 11), the fruits of Musa x paradisiaca cultivar were dro-1.2 3-trihydroxy-9-(4-methoxyphenyl)phenalené) (’hy-
chosen for a more detailed investigation, since the ethyl acetate- droxyéryligorufone?g) 2-(4-hydroxyphenylnaphthalic ar,1hy dride
soluble fraction_of the methanol extract significantly induced @, and 1 7-bis(4-f;ydroxyphenyl)-heptaEé(B(E)-dien-3-one

the enzyme quinone reductase (QR) in cultured Hepalclc7(5)l These isolates were evaluated for their potential cancer

(mouse hepatoma) cells. Phase Il drug-metabolizing enzymes, X L
chemopreventive properties in the Hepalclc7 model. Selected

* To whom correspondence should be addressed. FeQi-312-996- compounds X and 3) were then chosen for evaluation in a
0914. Fax: +01-312-996-7107. E-mail: kinghorn@uic.edu. mouse mammary organ culture assay. The structure eluci-
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MATERIALS AND METHODS
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(DMBA) between 72 and 96 h. After their exposure, glands were rinsed
and transferred to new dishes with fresh medium. We then permitted

Melting points were determined on a Kofler hot-stage apparatus and e fully differentiated glands to regress by withdrawing all hormones
are uncorrected. Optical rotations were obtained using a Perkin-EImer gy capt insulin for 14 additional days. Test compounds were present in

241 polarimeter. UV spectra were recorded with a Beckman DU-7

the medium during days-110 of culture; mammary glands were scored

spectrometer. IR spectra were recorded on an ATl Mattson Genesisior incidence of lesions.

Series FT-IR spectrometer. NMR experiments were conducted on

Bruker DPX-300 and DRX-500 MHz spectrometers with tetramethyl-
silane (TMS) as the internal standard. MS and HRMS were carried
out on a Finnigan MAT 90/95 sector-field mass spectrometer. Thin-
layer chromatographic (TLC) analysis was performed on Kieselgel 60
Fzs4 (Merck) plates (silica gel, 0.25 mm layer thickness), with
compounds visualized by dipping plates into 10% (v/y$By reagent
(Aldrich, Milwaukee, WI) followed by charring at 110C for 5-10

min. Silica gel (Merck 60A, 76230 or 206-400 mesh ASTM) and
Sorbisil Gg reversed-phase silica gel (Sigma, St. Louis, MO) were used
for column chromatography. Preparative TLC was performed on
Kieselgel 60 k=4 (Merck) plates (silica gel, 0.25 mm layer thickness).

All solvents used for chromatographic separations were purchased fromsoluble extract (D002, 3.4 g)

Fisher Scientific (Fair Lawn, NJ) and distilled before use.
X-ray crystallographic analysis data collection for compo(iveas

Extraction and Isolation. The dried and milled plant material (1.64
kg) was extracted wit 4 L of MeOH three times by maceration. The
extracts were combined and concentrated in vacuo atGlOThe
concentrated extract was suspended in 90% MeOH and then partitioned
with 1 L of petroleum ether three times to afford a petroleum ether-
soluble syrup (D001) on drying. Next, the agueous methanol extract
was concentrated and suspended y®H2 L) and partitioned again
with 1 L of EtOAc three times to give an EtOAc-soluble extract (D002)
and an aqueous residue (D003). The CD values (micrograms per
milliliter) of the MeOH extract and the solvent partitions (DG€R003)
were 1.7,>10, 1.4, and> 10, respectively.

On the basis of the activity results described above, the EtOAc-
was chromatographed over silica gel as
a stationary phase using a CH@®eOH gradient (from 1:0 to 1:1,
v/v) as mobile phase to afford 12 pooled fractions (FOB815). Of

carried out on an Enraf-Nonius Kappa CCD area detector equipped these, fractions F008 and FO10 showed the most potent QR-inducing

with a rotating anode X-ray generator and Ma Kadiation (L3). The
direct methods program SIR-924) was used to locate the non-

activity (CD values of 2.7 and 3/&g/mL, respectively). Fraction FO08
[eluted with CHCYMeOH (49:1, v/v), 195 mg] was further fractionated

hydrogen atoms. Repeated cycling with least-squares refinement onpy reversed-phase low-pressure liquid chromatography oxssilza

F2 with SHELX-97 (L5) and difference Fourier maps yielded the final
structure, and were useful in identifying hydrogen atom positions. All

non-hydrogen atoms were refined with anisotropic Gaussian displace-

ment parameters. The ORTER6] diagram was drawn with 50%
probability ellipsoids.

Plant Material. The fruits ofMusax paradisiacal. cultivar (syn.
Musa x sapientumL.; Musa acuminatax Musa balbisianaColla)
(known locally as “huiracucha platano”) were collected from a
plantation in Loreto Province, Peru, in October 1998 by two of us

gel (gradient from 70% MeOH in #D to 100% MeOH as the solvent),
resulting in nine subfractions (FO36-024). The new compourt(26
mg, 0.0016%, in petroleum ether/EtOAc) and the phenylphenalenone
3 (14 mg, 0.00085%, in MeOH) were obtained from fractions F023
and F020, respectively, by recrystallization. Additional chromatographic
separation of fraction F021 was carried out by preparative TLC (15%
acetone/CHGI as the developing solvent = 0.64) to afford
phenylphenalenoné (1.2 mg, 0.000073%).

Another active fraction, FO10 [eluted with CH@WeOH (97:3, v/v),

(J.S.V.and J.G.G.). A voucher specimen has been deposited at the Field 85 mg], was chromatographed over silica gel with Ci#4€ktone (99:1

Museum of Natural History, Chicago, IL (accession no. Schunke
14529).

Biological Assays for the Induction of Quinone Reductase with
Cultured Mouse Hepatoma Cells.For the evaluation of plant extracts,

— 4:1, v/v) to produce subfractions FO28033. The diarylheptanoid

5 (2.1 mg, 0.00013%) was isolated from fraction FO29 by preparative
TLC (10% EtOH/CHC} as the developing solveri®; = 0.52). Another
phenylphenalenon2 (0.8 mg, 0.000049%) was isolated from fraction

fractions, and pure isolates as inducers of quinone reductase (QR),FO30 by preparative TLC (40% EtOAehexane as the developing

cultured mouse Hepalclc7 cells (supplied by J. P. Whitlock, Jr.,

Stanford University, Stanford, CA) were used as described previously

(17-19). In brief, 2 x 1C® cells/mL were added to the wells of 96-
well plates (20Q:L/well) and incubated for 24 h. Following replacement

solvent; R = 0.56).
rel-(3S,4aR,10bR)-8-Hydroxy-3-(4-hydroxyphenyl)-9-methoxy-
4a,5,6,10b-tetrahydro-3-naphtho[2,1-b]pyran (1) was obtained as
colorless crystals: mp 195197 °C; [a]?% —292.8 (c 0.77, MeOH);

of the medium, test compounds, dissolved in 10% DMSO, were added UV (EtOH) Amax (l0g €) 240 (3.28), 269 (3.23), 294 nm (3.40); Rax

(eight serial 2-fold dilutions in a final concentration range of 6:28
ug/mL), and the plates were incubated for an additional 48 h. QR

(NaCl) 3365, 3021, 2926, 2948, 1607, 1510, 1446, 1363, 1265, 1236,
1110, 1056, 832, 756 cny EIMS m/z (relative intensity) 324 ([M,

induction activity was determined by assessing the NADPH-dependent51), 173 (100), 137 (49), 121 (11); HRCIM®/z 325.1466 ([M+

menadiol-mediated reduction of MTT [3-(4,5-dimethylthiazo-2-yl)-2,5-
diphenyltetrazolium bromide] to a blue formazan. The amount of protein
was determined by staining with crystal violet in an identical set of
test plates. The extent of induction of QR activity was calculated from
the ratio of specific enzyme activity of compound-treated cells in
comparison with a solvent control, and CD values (micrograms per
milliliter), representing the concentration to double QR induction, were
generated. Compounds with CD values<dfOo ug/mL were considered
active. IGo values (micrograms per milliliter) (half-maximal inhibitory
concentration of cell viability) were divided by CD values to obtain a
chemopreventive index (CI) valuag).

Mouse Mammary Organ Culture Assay. This assay was carried
out according to an established protoc)( In brief, BALB/c female
mice (4 weeks old; Charles River, Wilmington, MA) were pretreated
for 9 days with 1ug of estradiol and 1 mg of progesterone. On the

H]*, CaoH2104, caled 325.1440). FoH NMR, 3C NMR, and HMBC
data, se€Table 1.

X-ray Crystallography of Compound 1. A colorless crystal was
obtained from petroleum ether/EtOAc (1:1) and selected for data
collection. The crystal size was 0.17 mm0.30 mmx 0.35 mm. Cell
parameters were as followst = 7.8164(2) Ab = 8.4462(2) Ac =
13.1755(4) A,p = 91.8028(12), V = 869.40(4) R, Z = 2, Dear =
1.308 g/crd, T = 150(2) K,4 = 0.71073 A,P2; space groupy(Mo
Ka) = 0.093 mnt?, and F(000) = 364.0; refinement with 10 277
reflections (3562 with > 2¢)) led to final R, R (all), and GOF values
of 0.0331, 0.0388, and 1.057, respectively. Crystallographic data
(excluding structure factors) for the structure of this compound have
been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC 184410. Copies of the data
can be obtained, free of charge, upon application to CCDC, 12 Union

10th day, the mice were sacrificed and the second pair of thoracic Road, Cambridge CB2 1EZ, U.K.
mammary glands was dissected on silk and transferred to 60 mm culture  1,2-Dihydro-1,2,3-trihydroxy-9-(4-methoxyphenyl)phenalene (2)

dishes containing 5 mL of Waymouth’'s 752/1 MB medium supple-
mented with streptomycin, penicillin, anelglutamine. The glands were
incubated for 10 days (37C, 95% Q and 5% CQ) in the presence of
growth-promoting hormones (&g of insulin, 5ug of prolactin, 1ug

of aldosterone, and &g of hydrocortisone per milliliter of medium).
Glands were exposed to 2g/mL 7,12-dimethylbenZ]anthracene

was obtained as a pale yellow solidx]{% —20.C¢° (c 0.04, CHC});
EIMS m/z (relative intensity) 322 (M}, 54), 304 (21), 287 (100), 271
(20), 202 (20), 180 (12)*H and *C NMR data were in agreement
with the reported literature value2l, 22).

Hydroxyanigorufone (3) was obtained as orange crystals: mp-201
204°C; EIMS vz (relative intensity) 287 ([M— H]*, 100), 271 (19),
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Table 1. NMR Data for Compound 1

position Oc? On multiplicity [J (Hz)]° HMBC correlations®

1 130.4,d  6.21,ddd (10.3,3.8,2.1)  C-3, C-4a, C-10a, C-10b

2 128.6,d  5.82,dt(10.3,2.1) C-3,C-10b

3 73.7,d 5.07,d(2.1) C-4a, C-1', C-2'l6"

4a 69.8,d 4.14,m C-3, C-5, C-6, C-10a

5 27.3,t  1.80,m;1.99,m C-4a, C-6, C-6a, C-10b

6 27.0,t 2.52,m; 2.79, m C-4a, C-5, C-6a, C-7, C-10a OH

6a 130.0, s o

7 116.0,d  6.53,s C-6, C-6a, C-8, C-9, C-10a OH OO ° OH
8 1458, s

- seadiice

10 1129,d  6.82,s C-8, C-9, C-10b

10a 129.9,s

100 383,d 340, brs C-10a 3 4

1' 1332, o

26" 130.6,d  7.23,d (85) C3,C-1, C-4, C-3/C5 o

35 1162,d  6.78,d (85) C-1', C-2/C6, C-4'

¥ 158.4, s O 5 O
OMe-9  56.7,q 3.83,s C-19 HO OH

Figure 1. Structures of compounds 1-5 isolated from Musa x paradisiaca.

2 The spectrum was recorded in CD30D at 75 MHz, and values are reported

in parts per million relative to TMS. Multiplicities were determined by a DEPT 13C H @/OH
NMR experiment, and are designated as follows: s, singlet; d, doublet; t, triplet; o

g, quartet. ® Spectra were recorded in CD;OD at 300 MHz. Coupling constants /_\ ~H

are reported in hertz. Multiplicities are as follows: ddd, doublet of double doublets; H,CO

dt, doublet of triplets; m, multiplet; brs, broad singlet. Assignments are based on

COSY, HMQC, and HMBC experiments. HO

201 (11).'H and*3C NMR data were in agreement with the reported ~ Figure 2. Selected correlations observed in the NOESY spectrum of 1.
literature valuesZ3).

2-(4-Hydroxyphenyl)naphthalic anhydride (4) was obtained asa  showed two ortho-coupled doublets centered &78 (2H,J
yellowish powder: mp 249252°C; EIMS m/z (relative intensity) 290 = 8.5 Hz) and 7.23 (2H,J = 8.5 Hz), indicative of the protons
(IMI™", 100), 246 (17), 218 (36), 189 (43H and'*C NMR datawere  of a para-substituted benzene ring. Two additional singlet
in agreement with the reported literature valugé)( aromatic proton signals at6.53 and 6.82 were also observed,

1,7-Bis(4-hydroxyphenyl)hepta-4E),6(E)-dien-3-one (5)was ob- . o .
tained as g ye)I/Iow grgorpgo)us I[s)olid;E )EII\(A%Z (relative intEarzsity) 294 suggesting the presence of an additional tetrasubsiituted benzene
(IM]*, 58), 200 (22), 187 (54), 173 (100), 146 (66), 107 (6&)and ring. Signals for an isolated double bond were observed as a

13C NMR data were in agreement with the reported literature values double double-doublet resonancede.21 (1H,J = 10.3, 3.8,

(25). 2.1 Hz) and a double-triplet resonance)d&.82 (1H,J = 10.3,
2.1 Hz), and demonstrated that this double bond was connected
RESULTS AND DISCUSSION to methine carbons C-3 5.07, d,J = 2.1 Hz, H-3) and C-10b

(0n 3.40, brs, H-10b). An AM>X spin system resonance, with
the A, part represented by the multiplet signal®)&.52 andd
2.79 (each 1H, H-6), the Mpart by the multiplet signals at
1.80 and 1.99 (each 1H, H-5), and the X part by one-proton

known compounds, 1,2-dihydro-1,2,3-trinydroxy-9-(4-methoxy- m_ultlp_let S|gn_als ap 314 (H-4a), was also observed in the
phenyl)phenalene?f (21, 22), hydroxyanigorufone 3) (23), high-field region of the't NMR spec?rum.
2-(4-hydroxyphenyl)naphthalic anhydridd) (24), and 1,7-bis- From the HMBC spectrum, it was mf_errec_i that_compoand
(4-hydroxyphenyl)-hepta-&),6(E)-dien-3-one %) (Figure 1) contains a tetrahydronaphthopyran moiety, in which the double
(25). Compounds has not been isolated fromMusaspecies bond is connected to a para-substituted benzene ring bearing a
previously. The structures of the known compounds were hydroxyl group and the #M2X spin system is connected to
identified by physical (melting point andJp) and spectroscopic  the tetrasubstituted benzene ring having a hydroxyl group and
(*H NMR, 13C NMR, two-dimensional NMR, and MS) mea- @ methoxyl group. The positions of the hydroxyl group and
surement and by comparison with published values. methoxyl group in the tetrasubstituted benzene ring were con-
Compoundl was obtained as colorless crystals and gave a firmed, and the relative configurations of the protons (H-10b,
protonated molecular ion ([M- H]™) by HRCIMS, consistent H-4a, and H-3) were determined on the basis of the key NOESY
with an elemental formula of £H2104. Assignments of the  correlations fromoy 3.83 (3H, s, MeO-9) ta)y 6.82 (1H, s,
resonances of all of the hydrogen and carbon atoms in theH-10), and froméy 3.40 (H-10b) tooy 4.14 (1H, m, H-4a)
molecule Table 1) were made by application of one- and two-  (Figure 2). All of these data were in accordance with the assign-
dimensional homo- and heteronuclear NMR experimehtis ( ment of1 asrel-(3S54eR, 10kR)-8-hydroxy-3-(4-hydroxyphenyl)-
NMR, 13C NMR, DEPT, COSY, NOESY, HMQC, and HMBC).  9-methoxy-4a,5,6,10b-tetrahydrétraphtho[2,18]pyran, and
Thus, 13C NMR and DEPT experiments with showed the its structure and stereochemistry were confirmed unambiguously
presence of signals for 11 methine groups, with two of thém ( by X-ray diffraction analysisKigure 3). Although the number-
73.7 and 69.8) bearing oxygen atoms, as well as two methyleneing system ofl used inFigure 3 does not follow that of
groups ¢ 27.3 and 27.0), one methoxyl group $6.7), and Chemical Abstractsthis molecule is arranged in the same
six quaternary carbons, with three of the lati®145.8, 147.9, orientation as shown ifrigures 1 and2. To the best of our
and 158.4) also bearing an oxygen atom. TH&MR spectrum knowledge, there is just one prior report of a diarylheptanoid

Purification of the ethyl acetate-soluble fraction of the
methanol extract of the fruits dflusa x paradisiacacultivar,
using a quinone reductase assay to monitor fractionation, led
to the isolation of a new diarylheptanoidl)( along with four
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Figure 3. X-ray ORTEP structure of compound 1.

Table 2. Biological Activity of Compounds 1-5 from Musa x
paradisiaca in the Quinone Reductase (QR) Induction and Mouse
Mammary Organ Culture (MMOC) Bioassays

QR®

compound CD (ug/mL) ICso (ug/mL) Cl MMOC (%)°
1 9.3 >20 >22  556(36.5)
2 53 >20 >3.8 NDe
3 3.8 6.5 17 63.0(44.4)
4 >10 4.0 <0.4 ND
5 1.9 12.2 6.4 ND
sulforaphane? 0.087 2.1 24.1 83.7

2 QR activity was determined with the designated cell lines as described in
Materials and Methods. CD is the concentration required to double QR activity.
ICsp is the concentration inhibiting cell growth by 50%. Cl is the chemoprevention
index (=ICso/CD). © Inhibition of 7,12-dimethylbenz[a]anthracene-induced preneo-
plastic lesions in a mouse mammary organ culture model. Selected compounds
from M. sapientium were tested at concentrations of 10 and 1 wg/mL (in
parentheses). On the basis of historical controls, inhibition of >60% (at 10 «g/mL)
is considered significant. ¢ Not determined since the amount of available compound
was insufficient. 4 Sulforaphane was used as a positive control, and was tested at
a concentration of 1 ug/mL (18, 19).

functionalized in a similar manner, which was isolated from
Alnus hirsutaTurcz. (Betulaceae)2g).

The potential of compounds—5 to induce QR activity in
Hepalclc7 cells is summarized ihable 2. The known
compound 2-(4-hydroxyphenyl)naphthalic anhydridg \Was
cytotoxic in this test system. However, all of the other four
compounds significantly induced QR activity, with CD values
ranging from 1.9 to 9.3:,g/mL. Of these, 1,7-bis(4-hydroxy-
phenyl)hepta-4),6(E)-dien-3-one ) exhibited the most potent
QR-inducing activity (CD value of 1.2g/mL), although the
amount that was obtained was insufficient for further biological
testing. Among the three phenylphenalon2s4), hydroxy-
anigorufone 8) was the most active (CD value of 3.8/mL),
whereas 1,2-dihydro-1,2,3-trinydroxy-9-(4-methoxyphenyl)phen-
alene ) was the least cytotoxic (Kg > 20ug/mL and Cl value
> 3.8). Compoundd and 3 were chosen for evaluation in a

mouse mammary organ culture assay to evaluate the potential

of inhibiting carcinogen-induced preneoplastic lesion forma-
tion (20). As a result, 2-(4-hydroxyphenyl)naphthalic anhy-
dride () was shown to mediate a significant response (63%
inhibition at 10ug/mL), and the new compountl was mar-
ginally active (55.6% inhibition at 1@g/mL) (Table 2). Thus,
compound3 will be considered further for its potential as a

J. Agric. Food Chem., Vol. 50, No. 22, 2002 6333

cancer chemopreventive agent through additional biological
evaluation.
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