Prenylated Flavanones Isolated from Flowers of Azadirachta
indica (the Neem Tree) as Antimutagenic Constituents against
Heterocyclic Amines
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Four prenylated flavanones were isolated from the methanol extract of the flowers of Azadirachta
indica (the neem tree) as potent antimutagens against Trp-P-1 (3-amino-1,4-dimethyl-5H-pyrido[4,3-
blindole) in the Salmonella typhimurium TA98 assay by activity-guided fractionation. Spectroscopic
properties revealed that those compounds were 5,7,4'-trihydroxy-8-prenylflavanone (1), 5,4'-dihydroxy-
7-methoxy-8-prenylflavanone (2), 5,7,4'-trinydroxy-3',8-diprenylflavanone (3), and 5,7,4'-trihydroxy-
3',5'-diprenylflavanone (4). All isolated compounds were found for the first time in this plant. The
antimutagenic 1Csg values of compounds 1—4 were 2.7 + 0.1, 3.7 £ 0.1, 11.1 + 0.1, and 18.6 + 0.1
uM in the preincubation mixture, respectively. These compounds also similarly inhibited the
mutagenicity of Trp-P-2 (3-amino-1-methyl-5H-pyrido[4,3-b]indole) and PhIP (2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine). All of the compounds 1—4 strongly inhibited ethoxyresorufin O-
dealkylation activity of cytochrome P450 1A isoforms, which catalyze N-hydroxylation of heterocyclic
amines. However, compounds 1—4 did not show significant inhibition against the direct-acting mutagen
NaNs. Thus, the antimutagenic effect of compounds 1—4 would be mainly based on the inhibition of
the enzymatic activation of heterocyclic amines.
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INTRODUCTION we have reported an antimutagenic effect and active constituents
of some edible Thai plant${9). The methanol extract of the
flowers of the neem tree and other plant spedidisromelum
minutum Oroxylum indicum Cuscuta chinensjd.itsea peti-

The neem treeAzadirachta indicaA. Juss (Meliaceae), is
indigenous to India, and now it is cultivated widely in tropical

areas of the world](=3). Various parts of the neem tree have ;5 anqBoesenbergia pandurat@xhibited remarkable an-
been used for food, medicine, and insecticides since anc'emtimutagenic effects against Trp-P-1 (3-amino-1,4-dimettyi-5
t|mes G._B) Many biO.aCtiVe constituents have bel.?n isqlated pyrid0[4,3b]ind0|e), Trp_P_z (3-amino-l-methylH'}pyrido[4,3-
and identified from various parts of neem tr& @Azadirachtin blindole), and PhIP (2-amino-1-methyl-6-phenylimidazo[4,5-

and other I|m_o_nO|ds oceurring in the _seeds 9f neem tree Showb]pyridine). The extract of the flowers of the neem tree inhibited
potent msegnqdal effects against a wide variety of insect pests gqo, of the mutagenic activity of Trp-P-1 at a dose of 0.1 mg
and low toxicity to humans3). The flower of the neem tree ot 4y pjant material equivalend). Kusamuran et al.10, 11)
(locally called "dok sadao” in Thai) is commonly consumed as 5, venorted the extract of the flowers of the neem tree showed
a ve_g(_atable in Thailand, and it is also known to hgve SOME hoth antimutagenic activity in bacteria and anticarcinogenic
medicinal effects4). There are some reports suggesting health activity in rats. However, the antimutagenic principles of the

uhses t?f the nlfem Itreé{—g). Ofk[;]anlyl and Ezfelrj]kWLBI reported flowers of the neem tree have not yet been elucidated. We report
that the methanol extract of the leaves of the neem tree exerts, oo he identification and properties of the antimutagenic

anti-inflammatory and antipyretic effects. In previous studies, .nqtitents of the methanol extract of the flowers of the neem

tree.
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+8T1 29 838 6358; e-mail knakahar@jircas.affrc.go.jp). MATERIALS AND METHODS
JIRCAS. . .
¥ National Food Research Institute. Chemicals.The flowers of the neem tree were purchased in a market

§ Kasetsart University. in Khon Kaen, Thailand, in 2002. Mutagens (Trp-P-1, Trp-P-2, and



PhIP) were purchased from Wako Pure Chemicals (Osaka, Japan). Thed-4""), 1.65 (d,J = 1.1 Hz, H-8'), 2.81 (dd,J = 17.1, 3.0 Hz, H-3a),
S9 fraction from the liver of drug-treated Spragugawley rats (male) 3.05 (dd,J = 17.1, 12.7 Hz, H-3b), 3.21 (br &, = 7.4 Hz, H-1'),
for the Ames test was a product of Kikkoman (Noda, Japan). Acetone- 3.85 (s, 7-O-Me), 5.13 (ddqd), = 7.4, 7.4, 1.1, 0.9 Hz, H‘), 5.34
ds and CDC} were of NMR grade (Wako). Resorufin, 7-ethoxyresoru- (dd,J = 12.7, 3.0 Hz, H-2), 6.09 (s, H-6), 6.87 (@= 8.6 Hz, H-3
fin, and NADPH were purchased from Sigma-Aldrich (St. Louis, MO). and H-5), 7.33 (d,J = 8.6 Hz, H-2 and H-8); *3C NMR (CDCk,
Unless otherwise stated, all other reagents were of analytical grade. 150.90 MHz)d 17.7 (C-4'), 21.6 (C-1'), 25.8 (C-5), 43.3 (C-3), 55.9
Determination of Antimutagenic Activities. The antimutagenic (7-O-Me), 78.4 (C-2), 92.4 (C-6), 103.0 (C-4a), 109.0 (C-8), 1155
effect against Trp-P-1 iSalmonella typhimuriunTA98 was assayed (C-3 and C-5), 122.4 (C-2), 127.7 (C-2and C-6), 131.2 (C-1), 131.4
according to the Ames preincubation methg, (L3) with some minor (C-3"), 155.8 (C-4), 158.8 (C-8a), 162.6 (C-5), 165.8 (C-7), 196.5
modifications as previously described).(The activity was calculated (C-4).
using the formula defined by Kanazawa et dl)( Compound3: ESI-FTICRMS,m/z (M + H]*) 409.2007 (409.2010
Instrumental Analysis. The UV absorption spectra of the com-  calcd for GsHzgOs"); UV, Amax 292 nm (methanol, log = 4.08) and
pounds in methanol were recorded on a UV-1600 spectrophotometer332 nm (3.53);H NMR (CDCl;, 600.13 MHz)d 1.72 (m, H-4 and
(Shimadzu, Kyoto, Japan). The mass spectra were recorded on a JIMSH-5"), 1.79 (br s, H-4' and H-8"), 2.80 (ddJ = 17.1, 3.0 Hz, H-3a),
HX/HX-110A spectrometer (JEOL, Tokyo, Japan) by direct electron 3.05 (dd,J = 17.1, 13.0 Hz, H-3b), 3.31 (d,= 7.2 Hz, H-1'), 3.39
ionization (El). The molecular formula was verified by high-resolution (d, J = 7.1 Hz, H-1"), 5.21 (ddqqJ = 7.2, 7.2, 1.4, 0.8 Hz, H*2,
mass measurement using an Apexl70e electrospray ionization Fourier5.326 (dd,J = 13.0, 3.0 Hz, H-2), 5.328 (ddgqd,= 7.1, 7.1, 1.4, 0.8
transform ion cyclotron resonance mass spectrometer (ESI-FTICRMS) Hz, H-2"), 6.02 (s, H-6), 6.84 (dJ = 8.1 Hz, H-B), 7.15-7.20 (m,
(Bruker Daltonics, Billerica, MA) within an error of 4 107 u in H-2' and H-8); 13C NMR (CDCk, 150.90 MHz)é 17.8 (C-4'), 17.9
mass assignment on the sample. THENMR and3C NMR spectra (C-4m), 21.8 (C-T'), 25.8 (C-5 and C-5"), 29.8 (C-1"), 43.2 (C-3),
were recorded on a DRX 600 or Avance 800 spectrometer (Bruker 78.9 (C-2), 96.8 (C-6), 103.2 (C-4a), 106.1 (C-8), 115.9 (TB1.3
Biospin, Karlsruhe, Germany) at 298 K. HSQC and HMBC spectra (C-2'), 121.6 (C-2'), 125.5 (C-6), 127.2 (C-1), 128.0 (C-2), 130.8
were acquired using the standard Bruker software. (C-3), 134.9 (C-3), 135.4 (C-3"), 154.7 (C-4), 159.8 (C-8a), 162.3
Isolation of Antimutagenic Compounds. The lyophilized and (C-5), 163.7 (C-7), 196.6 (C-4).
ground materials (141 g) were extracted with methanol (1.0 L) three  Compoundt: ESI-FTICRMS,m/z ([M + H]*) 409.2011 (409.2010
times at room temperature for 12 h. The extract was evaporated at 35calcd for GsH90s™); UV, Amax 288 nm (methanol, log = 4.02) and
°C, and the syrup obtained was partitioned twice with diethyl ether 323 nm (3.61)H NMR (CDCl;, 600.13 MHz)6 1.767 (d,J = 0.7
(500 mL) and water (200 mL). The major part of the activity was Hz, H-4' and H-4"), 1.773 (dJ = 1.2 Hz, H-3' and H-8"), 2.74 (dd,
recovered in the diethyl ether fraction. The diethyl ether fraction (11.9 J= 17.2, 2.9 Hz, H-3a), 3.11 (dd,= 17.2, 13.3 Hz, H-3b), 3.36 (br
g) was evaporated, dissolved in methanol, and then mixed with 100 g d, J= 7.1 Hz, H-1' and H-1""), 5.28 (dd,J = 13.3, 2.9 Hz, H-2), 5.31
of Wakogel LP-40 C18 to remove highly lipophilic substances, which (ddgq,J=7.1, 7.1, 1.2, 0.7 Hz, H*2and H-2"), 5.97 (d,J = 2.2 Hz,
sometimes interfere with the chromatographic separation in column H-8), 5.99 (dJ = 2.2 Hz, H-6), 7.05 (s, H*2and H-8), 12.1 (s, 5-OH);
chromatography. The filtrate that displayed a high activity was collected. 3C NMR (CDChk, 150.90 MHz)6 17.9 (C-4' and C-4"), 25.8 (C-%
The resin was washed with 250 mL of methanol using aetBer funnel and C-5"), 29.7 (C-1' and C-1"), 43.1 (C-3), 79.4 (C-2), 95.6 (C-8),
to increase the yield of the active compounds. The obtained fraction 96.6 (C-6), 102.9 (C-4a), 121.6 (C-2nd C-2"), 126.1 (C-2and 8),
(3.1 g) was dissolved in 500 mL of 10% methanol and subjected to 127.6 (C-3 and C-5), 129.8 (C-1), 134.8 (C-3 and C-3"), 153.3
chromatography on a 10 cx 5.0 cm i.d. column of Wakogel LP-40 (C-4), 163.4 (C-8a), 164.3 (C-5), 165.5 (C-7), 196.3 (C-4).
C18 equilibrated with 10% methanol. The column was eluted by 10, Ethoxyresorufin O-Deethylase (EROD) AssayThe EROD assay
20, 40, 60, 80, 90, and 100% methanol. The major active substancesyas performed according to the method of Burke et &f).(The
were eluted out at 80% (fraction A, 75 mg) and 90% (fraction B, 83 reaction mixture, containing S9 fraction (2.5 nmol of cytochrome P450),
mg). Fractions A and B were concentratec~®0 mL and subjected 5 uM 7-ethoxyresorufin (1QiL of a 1 mM solution in DMSO), and 1
to a semipreparative HPLC on a PX-8020 system equipped with a mM NADPH was incubated with or without compountis4 (25 ug,
photodiode array detector (Tosoh, Tokyo, Japan) with ax1a® mm dissolved in DMSO) in a total of 2 mL of 0.1 M potassium phosphate
i.d. TSK gel super-ODS column (Tosoh) maintained at°@ The buffer (pH 7.4) at 37°C. The reaction rate was determined by the
mobile phase system was a linear gradient of water and acetonitrile, increasing fluorescence of the reaction mixture recorded using a
operating at a flow rate of 3 mL/min. Wavelengths used for monitoring Shimadzu RF-5300 PC fluorospectrometer with excitation and emission

were 240 and 255 nm. Fraction A was chromatographed using a gradientwavelengths at 530 and 585 nm, respectively. Resorufin was used as
elution of 40-50% acetonitrile, 620 min, by which compound& standard for quantification.

and2 were obtained. Fraction B was chromatographed using a gradient
elution of 50-65% acetonitrile, 820 min, by which compound3—4
were obtained. Compounds-4 were further purified by repeating RESULTS AND DISCUSSION

semipreparative HPLC. Finally, the active fractidns4 were purified Identification of Antimutagenic Constituents of the Flow-
to homogeneity ¥ 99% by HPLC) and identified as antimutagens. The ers of the Neem Tree.Activity-guided fractionation of the

g\gﬁ;?ﬁgﬁg 'g?lcﬂgorgggssﬁitgogépgggﬂfc4,\\IIV&'E @Zr?tc%dnf?rioe‘z' methanol extract of freeze-dried flowers of the neem tree by
by 2D NMR analyses, HSQC, and HMBC. reversed phase column chromatography led to the isolation of
CompoundL: ESI-FTICRMS,mz (M + H]*) 341.1390 (341.1384  four antimutagenic compoundd<4). Final yields of com-

calcd for GoH2105%); UV, Amax 294 nm (methanol, log = 4.25) and poundsl—4 from 141 g of the plant material were 15.8 mg

338 nm (3.74)*H NMR (acetoneds, 800.03 MHz)d 1.606 (br s, H-4), (0.011%), 11.2 mg (0.008%), 30.9 mg (0.022%), and 27.7 mg
1.610 (d,J = 0.9 Hz, H-8"), 2.76 (dd,J = 17.0, 3.0 Hz, H-3a), 3.14  (0.020%), respectively.

(dd, J = 17.0, 12.7 Hz, H-3b), 3.22 (br dl = 7.4 Hz, H-T), 5.19 1H NMR [0 2.74-2.81 (Ha-3),0 3.05-3.14 (Hb-3), and
(ddgq,J = 7.4, 7.4, 0.9, 0.7 Hz, H), 5.45 (dd,J = 12.0, 3.0 Hz,  528-545 (H-2)], 13C NMR [0 43.14-43.45 (C-3) andd
H-2), 6.04 (s, H-6), 6.91 (d] =8.6 Hz, H-3 and H-3), 7.41 (dJ =" 78 43-79.74 (C-2)], and UV fmax around 290 nm and

8.6 Hz, H-2 and H-8); 13C NMR (acetoneds, 201.19 MHz)6 17.9 .
(C-2"). 22.3 (C-T'), 25.9 (C-5), 43.5 (C-3), 79.7 (C-2), 96.4 (C-6), 323-338 nm) spectroscopic data revealed compoured to

be flavanone derivatives. Sets 1 NMR signals [1.66-1.78
103.3 (C-4a), 108.3 (C-8), 116.1 (C-@&d C-B), 123.7 (C-2), 128.9
(C_z and C-G), 131.1 (C-l), 131.2 (C_g), 158.6 (C-4), 161.1 (tWO methyl grOUpS), 3.243.36 (Cl‘b), and 5.19-5.32 (CH,
(C-8a), 163.0 (C-5), 165.1 (C-7), 197.5 (C-4). coupled with two methyl groups and GH indicated the
Compound®: ESI-FTICRMS,m/z (M + H]*) 355.1542 (355.1540  Presence of prenyl groups in the structures of compotnds
calcd for GiH2505"); UV, Amax 291 nm (methanol, log = 4.11) and IH NMR spectra and molecular formulas of compourdst
338 nm (3.74)!H NMR (CDCls, 600.13 MHz)0 1.61 (d,J = 0.9 Hz, corresponding to ESI-FTICRMS data suggested that compounds
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Figure 1. Antimutagenic compounds (1-4) isolated from A. indica.

OH

Figure 2. HMBC analyses to determine the position of the prenyl group
on the A ring of compounds 1-3.

1 and?2 possessed one prenyl group and that compoGraiwl
4 had two prenyl groups in a molecu(Eigure 1).

IH NMR and®*C NMR spectra of compountiwere closely
similar to those of both 5,7 4rihydroxy-6-prenylflavanone and
5,7,4-trihydroxy-8-prenylflavanone (sophoraflavanone(Big-
ure 1) previously isolated from hopsl@). As Mizobuchi has

Table 1. Antimutagenic Activity of Isolated Compounds 1-4 against
Trp-P-1, Trp-P-2, and PhIP

% inhibition of mutagenesis?

compound® Trp-P-1 Trp-P-2 PhiP
(0.03 umol/plate) (50 ng/plate) (20 ng/plate) (250 ng/plate)
1 92 94 99
2 89 81 94
3 92 90 99
4 79 74 89

2 Means of four independent experiments. ® Compounds were dissolved in DMSO
(50 wl).

Compound4 was identified as 5,7,4rihydroxy-3,5-dipren-
ylflavanone (abyssinone \(Figure 1), previously isolated from
Erythrina sigmoideandErythrina burttii, by comparing spec-
troscopic datad7, 28). HSQC and HMBC correlations in the
2D-NMR analyses of compound agreed well with the
attributed structure of abyssinone ¥7( 28). Biological activity
of abyssinone V has not previously been reported.

The presence of compountls4 in A. indicais reported here
for the first time. A prenylated flavanone (nimbaflavone,'8,3
di-isoprenyl-5,7-dihydroxy-4methoxyflavanone) has previously
been isolated from the leaves of the neem tree grown in India
(29). Because nimbaflavone has a structure very similar to that
of compoundsl—4, particularly compound, it might exhibit
antimutagenic activity. However, nimbaflavone was not found
in activity-guided fractionation of the present study. It is well
recognized that the chemical composition of the same plant
varies depending on many factors including the culture variety
and growing conditions30).

Antimutagenic Properties of Compounds 4. The anti-
mutagenic Gy values, which are concentrations in 1 mL of
the preincubation mixture for 50% inhibition against mutagen-
esis in the presence of 50 ng of Trp-P-1, of compouhdd
were 2.7+ 0.1, 3.7+ 0.1, 11.1+ 0.1, and 18.6+ 0.1 uM,

reported 17), several classical methods such as the Gibbs testrespectively. The antimutagenicdévalues for all of them were

(18), UV shift (19), acid cyclization 20), and chemical shifts
on 1D-NMR @1) are not fully reliable in determining the
position of substitution by the prenyl group at C-6 or C-8. In
this study, we confirmed the position of substitution by the
prenyl group on the flavanone skeleton Hy—13C HMBC
analysis. The HMBC correlation between H-2 %.45) and a
quaternary carbony(108.3) was attributed to C-8, and another
HMBC correlation between H*1land the C-8 was also observed
(Figure 2). Thus, compound. was identified as sophorafla-
vanone B(Figure 1). Antimicrobial activity and inhibitory
activity against cyclooxygenase 2 of this compound were
reported previously1, 22).

Compound2 was identified as 5;4rihydroxy-7-methoxy-
8-prenylflavanone (munduleaflavanone @jigure 1), which
was previously isolated froftlundulea suberos@3) because
both compounds showed identical molecular formulas and UV,
IH NMR, and13C NMR spectra 23). The positions of the
methoxy and prenyl groups were revealed by HMBC analysis
(Figure 2). Biological activity of munduleaflavanone B has not
previously been reported.

Compound3 was identified as 5,7 4rihydroxy-8,3-dipre-
nylflavanoneg(Figure 1), isolated fromEuchresta japonicand
reported as euchrestaflavanone 24,(24—26). The positions
of two prenyl groups were revealed by HMBC analyses as
previously reported25). An antifungal activity of euchrestafla-
vanone A towardCladosporium herbarunmas been reported
(26).

quite low, ranging from 10 to 1078 M, comparable to that of
other flavonoid antimutagen81, 32). Therefore, these com-
pounds would be the major components responsible for the
antimutagenicity of the extract from flowers of the neem tree.
Compoundsl—4 showed strong inhibitory effect against the
other cooked food mutagens, Trp-P-2 and PhIP, at a dose of
0.03 umol/plate (Table 1). Antimutagenic compounds previ-
ously isolated from some edible Thai plangs-Q) also showed
strong inhibition against these mutagens at similar concentra-
tions.

Inhibitory Effects of Compounds 1—4 on Ethoxyresorufin
O-Deethylase.Antimutagens are classified into two groups,
desmutagens and bioantimutagens, on the basis of the mode of
action B3). Desmutagens neutralize mutagens before or during
attack of DNA, and bioantimutagens activate DNA repair
processes. If the compounds were bioantimutagens, the inhibi-
tory effect would be detected when direct-acting mutagens are
used in the Ames test. In the previous study, we found the crude
methanol extract of the flowers of the neem tree showed a weak
inhibition toward enzymatically activated Trp-P-9).(Kusamu-
ran et al. £0) also reported that the methanol extract of neem
leaves exhibited a weak antimutagenicity against direct-acting
mutagens AF-2 and Naj\at a dose of 5 mg/plate. However,
the isolated compound$—4 showed little or no inhibition
toward the mutagenicity of Naj\at a dose of 3@&M. Hence,
compoundd—4 could not be bioantimutagens but desmutagens,
and constituents responsible for the bioantimutagenic activity
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