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Abstract: Thirty-one nortriterpenoids, including 28 limonoids (1-28) and 3 degraded limonoids (29-31),
and one diterpenoid (32), were isolated from the seed extract of Azadirachta indica (neem). Among these,
six were new compounds and their structures were established to be 15-hydroxyazadiradione (3), 7-
benzoyl-17-hydroxynimbocinol (5), 23-deoxyazadironolide (12), limocin E (13), 23-epilimocin E (14), and
7a-acetoxy-3-oxoisocopala-1,13-dien-15-oic acid (32). Upon evaluation of compounds 1-32 on the
melanogenesis in the B16 melanoma cells, five compounds, 20, 26, 27, 29, and 31, exhibited marked
inhibitory effect (74-91% reduction of melanin content at 25 ug/mL) with no or almost no toxicity to the
cells. Seven compounds, 1, 6, 9, 10, 18, 20, and 26, on evaluation for their inhibitory effect against 12-O-
tetradecanoylphorbol-13-acetate (TPA)-induced inflammation (1 pg/ear) in mice, exhibited, except for
compound 26, marked anti-inflammatory activity (IDs, values 0.09—0.26 mg/ear). In addition, all of the 32
compounds exhibited moderate or potent inhibitory effects (ICs, values of 230-501 mol ratio/32 pmol TPA)
against the Epstein-Barr virus early antigen (EBV-EA) activation induced by TPA. Furthermore, on
evaluation of azadirachtin B (21) for its anti-tumor-initiating activity on the two-stage carcinogenesis of
mouse skin tumor induced by peroxynitrite (ONOO-; PN) as an initiator and TPA as a promoter, this

exhibited marked inhibitory activity.

Key words: Azadirachta indicia, neem, limonoids, antimelanogenesis activity, anti-inflammatory activity,

chemopreventive effect

1 INTRODUCTION

The neem tree (Azadirachta indica A. Juss.; Meliaceae) is
indigenous to India, and now this tree is cultivated widely
in tropical areas of the world”.Various parts of the neem
tree have been used for food, medicine, and insecticides
since ancient times, and many bioactive constituents
including tetranortriterpenoids (limonoids) have been iso-
lated and identified from various parts of neem tree™. In
the course of our search for potential bioactive compounds
from natural sources”, we were especially interested to

undertake the investigation of A. indica. In this paper, we
present the isolation and structure elucidation of five new
limonoids (3, 5, 12-14) and one new diterpenoid (32) along
with 26 known limonoids from a MeOH extract of defatted
seeds of A. indica. In addition, we present the evaluation
of their inhibitory effects on melanogenesis in the B16
melanoma cells, on 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced inflammation in mice, and on Epstein-Barr
virus early antigen (EBV-EA) activation induced by TPA.
Further, we report the inhibitory effect of azadirachtin B
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(21) on in vivo two-stage mouse-skin carcinogenesis.

2 EXPERIMENTAL

2.1 General experimental procedures

Optical rotations were measured on a JASCO DIP-370 Dig-
ital Polarimeter (EtOH; 25 C). UV spectra, using a Shi-
madzu UV-2200 spectrometer, and IR spectra, using a
JASCO FTIR-300E spectrometer, were recorded in EtOH
and KBr disks, respectively. NMR spectra were recorded
with a JEOL ECX-500 (*H, 500 MHz; **C, 125 MHz) or with a
JEOL ECA-600 (*H, 600 MHz; *C, 150 MHz) spectrometer
in CDCl; with tetramethylsilane as an internal standard.
ESIMS and high-resolution (HR)-ESIMS were recorded
with a positive-ion mode on an Agilent 1100 LC/MSD TOF
system. Silica gel (Silica gel 60, 220-400 mesh, Merck) and
Cis silica (ODS; Chromatorex-ODS, 100-200 mesh; Fuji
Silysia Chemical, Ltd., Aichi) were used for open column
chromatography. Reversed-phase preparative HPLC was
carried out on ODS columns (25 cm x 10 mm i.d.) with the
flow rate of 3.0 mL/min of mobile phases, on a Pegasil
ODS-II 5 um column (Senshu Scientific Co., Ltd., Tokyo)
with MeCN/H,0/AcOH (50:50:1) (HPLC system 1),
MeCN/H,0 (1:1) (HPLC system II), MeOH/H,0 (11:9)
(HPLC system III), or with MeOH/H,0 (7:3) (HPLC system
IV) as the mobile phase, or on a Hypersil ODS-5 (Senshu
Scientific Co., Ltd.) with MeOH/H,O as the eluting solvent
at a ratio of 3:2 (HPLC system V) or 9:11 (HPLC system VI).

2.2 Materials

Oven-dried fruits of Azadirachta indica A. Juss. (Meli-
aceae), cultivated in Tamil Nadu province of India, were
obtained in September, 2005. The plant material was
authenticated by one (N. B.) of the authors, and a voucher
specimen (No. SH0603-1511) has been deposited in the
Research Laboratory, Ichimaru Pharcos Co. Ltd.

2.3 Chemicals and reagents

Chemicals and reagents were obtained from the following
sources. Fetal bovine serum (FBS) from Trace Scientific
Ltd (Melbourne, Australia), Eagle's minimal essential medi-
um (MEM) from Gibco (Grand Island, NY), arbutin (4-
hydroxyphenyl B-D-glucopyranoside) from Tokyo Kasei
Kogyo Co., Ltd. (Tokyo), TPA from ChemSyn Laboratories
(Lenexa, KS), thiazolyl blue tetrazolium bromide (MTT),
indomethacin, and (all-trans)-retinoic acid from Sigma
Chemical Co. (St. Louis, MO), and the EBV cell culture
reagents and n-butanoic acid from Nacalai Tesque, Inc.
(Kyoto).

2.4 Extraction and isolation

The seeds (2.05 kg) of A. indica, separated manually from
the dried fruits, were pulverized and were extracted with
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n-hexane (2 L) under reflux (3 h) three times which gave an
n-hexane extract (280 g). The defatted residue was then
extracted with MeOH (2 L) at room temp (3 d) three times.
The MeOH extract (255 g) was mixed with H,O and
extracted with CHCl; which afforded a CHCls-soluble frac-
tion (73 g). Column chromatography on silica gel (750 g) of
the CHCI; fraction (72 g), eluted with solvents of increasing
polarity (n-hexane-ethyl acetate (EtOAc), 9:1 —0:1), afford-
ed 10 fractions, A-]J, listed in increasing order of polarity.
Fraction E (4.58 g) was passed through silica gel with n-
hexane-EtOAc (3:2) and ODS with MeOH-H,0 (2:3 — 1:0),
and the fractions obtained were purified by preparative
HPLC (HPLC system IV) to yield compounds 3 (1.7 mg), 6
(1051 mg), 7 (4.6 mg), 10 (10.1 mg), 13 (2.2 mg), 14 (2.7 mg),
17 (11.7 mg), 18 (2.3 mg), and 19 (4.0 mg). Fraction F (3421
mg), on passing through silica gel with n-hexane-EtOAc
(4:1 — 0:1), gave purified fraction F (1501 mg). Preparative
HPLC (HPLC system I) of a portion (390 mg) of this fraction
afforded compounds 4 (6.9 mg), 8 (3.8 mg), 9 (5.2 mg), and 20
(7.8 mg). A portion (3051 mg) of fraction G (4442 mg) was
chromatographed on silica gel with n-hexane-EtOAc (7:3
— 0:1) to give 12 fractions, G1-G12. Subfractions G2 (283
mg), G3 (798 mg), G4 (419 mg), G6 (144 mg), and G7 (67 mg)
were subjected to preparative HPLC (HPLC systems II, 11,
and IV) to afford compounds 1 (202.8 mg), 2 (7.9 mg), 4 (69.5
mg), 5 (1.8 mg), 8 (29.9 mg), 9 (14.7 mg), 12 (8.0 mg), 15 (1.6
mg), 20 (26.2 mg), 26 (41.4 mg), 27 (6.0 mg), 29 (1.2 mg) and
30 (1.9 mg), 31 (2.3 mg), and 32 (3.1 mg). Fraction I (2251 mg)
was passed through silica gel with n-hexane-EtOAc (2:3
— (:1) and preparative HPLC (HPLC systems V and VI) of
the fractions obtained gave compounds 11 (5.9 mg), 15 (0.7
mg), 21 (20.0 mg), 22 (3.7 mg), 23 (7.9 mg), 24 (2.9 mg), 25 (2.2
mg), and 28 (5.3 mg).

2.5 Identification and characterization

Identification of the following 23 compounds was per-
formed by 'H NMR and MS comparison with the corre-
sponding compounds in the literature: 19, 27, 4%, 6%, 77, 89,
1110)’ 1511)’ 1612)’ 1713)’ 1814)’ 197), 2015)’ 2116)’ 2217)’ 2318)y 2519),
2620, 27%Y, 282 299, 309, and 31% (For the names and struc-
tures of these compounds, refer to Table 3 and Fig. 1,
respectively.). Six compounds, 3, 5, 12-14, and 32, are new
compounds, and their characterization was performed by
spectroscopic methods. The C and 'H NMR data for the
new compounds are shown in Tables 1 and 2, respectively.
Identification of compounds 9% and 24** was undertaken
based on the NMR and mass spectral analysis because
their spectral data were unavailable in the literature.
Although compound 10 has previously been known as a
synthetic compound”, its isolation from a natural source
seems to be the first instance in this study.
2.5.1 15-Hydroxyazadiradione (3)

Compound 3 was an amorphous solid; [ +82.9 (¢ 0.20,
MeOH); UV (EtOH) A,.., (log €) 222 (3.91), 270 (3.62) nm; IR
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Table 1 “C NMR Spectroscopic Data (§ values; 125 MHz, CDCl,) for Six
Compounds from the Seeds of Azadirachta indica.

C no. 3% 5 129 13 14 32

1 156.9d 157.0d 158.1d 158.1d 158.1d 158.0d
2 1259d 1259d 125.4d 125.5d 125.5d 1259d
3 204.3 s 204.1 s 204.5 s 2045 s 204.6 s 204.8 s
4 44.1 s 44.1 s 44.1 s 44.1 s 44.1 s 44.0 s
5 46.2d 46.5d 46.2d 46.2d 46.2d 45.2d
6 229t 237 t 238 t 238 t 238 t 23.1 t
7 74.4d 74.3d 74.5d 74.5d 74.5d 74.2d
8 43.6 s 45.0 s 429 s 42.7 s 42.7 s 42.1s
9 38.9d 39.0d 38.4d 38.3d 38.6d 44.1d
10 40.0 s 40.2 s 399 s 399 s 40.2 s 39.2 s
11 16.1 t 157 t 164 t 164 t 16.5 t 174 t
12 315t 21.8 t 328 t 339 t 338 t 326t
13 43.7 s 50.5 s 473 s 46.7 s 46.6 s 139.6 s
14 1552's 193.1 s 158.7 s 158.7 s 158.7 s 1334 s
15 1442 s 120.2d 118.5d 119.0d 119.1d 170.8 s
16 199.9 s 206.0 s 340 t 353t 354t 215t
17 57.4d 80.5 s 50.8d 59.1d 58.3d 22.1q
18 27.5q 30.5q 209 q 20.2 q 19.8 q 273 q
19 18.1q 19.0q 19.0q 19.0q 19.0q 21.2¢q
20 1184 s 122.5 s 1342 s 37.8d 40.2d 18.7q
21 1414 s 141.4d 1742 s 71.8 t 70.1 t

22 111.0d 109.5d 146.4 d 39.0 t 386t

23 143.0d 142.7d 70.2 t 104.3d 105.1d

28 27.0q 27.1q 27.0q 27.0q 27.0q

29 213q 212q 213q 213q 213q

30 21.5q 25.5q 274 q 273 q 273 q

OCOMe 169.8 s 170.0 s 170.1 s 170.1 s 171.6s
OCOMe 21.1q 212 q 21.1q 213 q 21.0q
OMe 54.6 q 55.1q

OCOPh 1652 s

I 129.7 s

2' 129.4d

3 128.5d

4 133.3d

5' 128.5d

6' 129.4d

a) Determined at 150 MHz.
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Table 2 'HNMR' Spectroscopic Data (8 values; 500 MHz, CDCl;) for Six Compounds from the Seeds of Azadirachta indica®.
Hno 3b) 5 12b 13 14 32

1 7.13(d, 10.4) 7.21(d, 10.3) 7.16 (d, 10.3) 7.15 (d, 10.1) 7.14 (d, 10.3) 7.18 (d, 10.3)
2 5.88 (d, 10.4) 5.91(d, 10.3) 5.85(d, 10.3) 5.85(d, 10.1) 5.85(d, 10.3) 5.89 (d, 10.3)
5 2.18 (dd, 2.6, 12.9) 2.33 (dd, 2.6, 12.9) 2.18 2.19(dd, 2.5, 13.1) 2.18(dd, 3.4, 14.4) 2.11
6 2.06 (00) 2.04 (01) 179 (a) 178 (o, dt, 14.6,2.5) 178 (o, dt, 14.6, 2.9) 1.88 (a,dd, 2.9, 9.7)

1.95 () 2.13 (B) 1.95 () 1.95 (B) 1.93 (B) 1.88 (B, dd, 2.9,9.7)
7 5.62 (t,3.1) 5.63 (t, 2.8) 5.27 (1, 2.8) 5.23 (t,2.5) 5.24 (1, 2.5) 5.28 (t,2.9)
9 2.52 2.53 (dd, 6.8, 11.7) 2.20 2.22(dd, 6.7, 12.2) 2.21 1.79
1 2.09 (00) 2.15 (00) 1.93 (a) 1.97 (a) 1.95 (0) 1.92 (0)

1.87 (B) 1.98 (B) 175 (B) 170 (B) 1.69 (B) 1.79 (B)
12 2.15 () 1.64 (0, ddd, 2.7,99,12.9)  2.04 (a) 1.72 (@) 1.72 (o) 227 (@)

1.85 (B) 2.59 () 1.77 (B) 152 (B) 1.54 (B) 227 ()
15 5.83 (s) 5.36 (dd, 1.4, 3.4) 5.28 (dd, 1.7, 3.5) 5.28 (dd, 1.7, 3.5)
16 251 (0, ddd, 1.4, 11.2,153)  2.03 (@) 2.03 () 1.83 (s)

230 (B, ddd, 3.4,7.2,153)  2.14(B,ddd, 3.5,7.5,15.7) 2.15 (B, dd, 3.5,7.2)
17 337 (s) 2.84 (br. 1, 8.8) 1.57 1.64 (dt, 7.4, 10.6) 139 (s)
18 1.04 (s) 0.95 (s) 0.86 (s) 1.01 (s) 0.98 (s) 1.05 (s)
19 125 (s) 131 (s) 1.20 (s) 117 (s) 1.17 (s) 1.08 (s)
20 2.56 2.26 1.13 (s)
21 7.45 (br. 5) 7.49 (br. s) 411 [o(pro-S), ,83]  3.96 [t (pro-S), t, 7.8]
348 [B(pro-R),,83]  3.44 b (pro-R), 1, 8.3]
2 6.25 (tlike, 1.2)  6.35 (br. 5) 722 (dd, 1.7, 3.1 1.97 [ (pro-R)] 2.24 [t (pro-R)]
154 [B (pro-S)] 149 [B (pro-S)]
23 744 (tlike, 1.2) 739 4.82 (dt, 18.0, 1.0) 492 (d, 4.9) 499 (dd, 3.7, 5.2)
4.86 (dt, 18.0, 1.0)

28 1.09 (s) 1.00 (s) 1.08 (s) 1.07 (s) 1.07 (s)
29 1.10 (s) 111 (s) 1.08 (s) 1.07 (s) 1.07 (s)
30 1.36 (s) 1.4 (s) 1.23 (s) 1.16 (s) 1.16 (s)
OCOMe  1.95 (s) 1.96 (s) 1.94 (s) 1.94 (s) 2.00 (s)
OMe 333 (s) 3.35(s)
2 7.89 (dd, 1.4, 8.6)
3 7.38
4' 7.53 (tt, 1.4,7.4)
5! 7.38
6 7.89 (dd, 1.4, 8.6)

a) J values (Hz) determined are shown in parentheses.
b) Determined at 600 MHz.
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(KBr) Vi 3423 (OH), 1736 (ester C=0), 1719 (conjugated
cyclopentenone), 1669 (conjugated cyclohexenone), 870
(furan), 826 (>C=CH-) cm; C and 'H NMR, see Tables 1
and 2, respectively; HR-ESIMS m /z 489.2269 (calculated
for CysHz,0Na [M + Nalt, 489.2253).

2.5.2 7-Benzoyl-17-hydroxynimbocinol (5)

Compound 5 was an amorphous solid; [a°p +40.3 (¢ 0.12,
EtOH); UV (EtOH) A, (log €) 231 (4.31) nm; IR (KBr) Vi
3447 (OH), 1730 (ester C=0), 1714 (conjugated cyclopen-
tenone), 1672 (conjugated cyclohexenone), 874 (furan), 820
(>C=CH-) cm!; ®*C and 'H NMR, see Tables 1 and 2,
respectively; HR-ESIMS m /z 551.2410 (calculated for
Cs3Hss06Na [M + Nal*, 551.2404).

2.5.3 17-Epi-17-hydroxyazadiradione (9)

BC (150 MHz) and *H NMR (600 MHz); C-1 [8¢ 157.1; 6y
7.05 (d, J = 10.0 Hz)], C-2 [125.8; 5.88 (d, 10.0)], C3 [204.3],
C-4[44.0], C-5[45.6; 2.16 (dd, 3.5, 10.7)], C-6 [22.6; 1.92 (2H)],
C-7[74.3; 5.29 (t, 2.7)], C-8 [42.0], C-9 [42.1; 1.93 (dd, 3.1,
10.3)], C-10 [40.7], C-11 [17.9; 2.13 (@), 1.85 (B)], C-12 [30.4;
2.16 (o), 1.86 (B)], C-13 [40.6], C-14 [57.1; 2.55 (s)], C-15
[200.4], C-16 [146.9], C-17 [140.9], C-18 [27.7; 1.44 (s)], C-19
[18.2; 1.21 (s)], C-20[117.9], C-21 [144.1; 8.02 (s)], C-22 [109.9;
6.92 (dd, 0.7, 2.1)], C-23 [143.2; 7.51 (t, 1.7)], C-28 [27.1; 1.09
(s)], C-29[21.4; 1.08 (s)], C-30[18.8; 0.94 (s)], 16-OH [5.80 ()],
7-0COMe [169.3], 7-OCOMe [21.2; 2.07 (s)]; ESIMS m/z
467 M+ HJ".

2.5.4 7-Acetyl-16,17-dehydro-16-hydroxyneotrichi lenone
(10)

BC (150 MHz) and *H NMR (600 MHz); C-1 [8¢ 157.1; 6y
7.05 (d, J = 10.0 Hz)], C-2 [125.8; 5.88 (d, 10.0)], C-3 [204.3],
C-4[44.0], C-5[45.6; 2.16 (dd, 3.5, 10.7)], C-6 [22.6; 1.92 (2H)],
C-7[74.3; 5.29 (t, 2.7)], C-8 [42.0], C-9 [42.1; 1.93 (dd, 3.1,
10.3)], C-10 [40.7], C-11 [17.9; 2.13 (@), 1.85 (B)], C-12 [30.4;
2.16 (o), 1.86 (B)], C-13 [40.6], C-14 [57.1; 2.55 (s)], C-15
[200.4], C-16 [146.9], C-17 [140.9], C-18 [27.7; 1.44 (s)], C-19
[18.2; 1.21 (s)], C-20[117.9], C-21 [144.1; 8.02 (s)], C-22 [109.9;
6.92 (dd, 0.7, 2.1)], C-23 [143.2; 7.51 (t, 1.7)], C-28 [27.1; 1.09
(s)], C-29[21.4; 1.08 (s)], C-30[18.8; 0.94 (s)], 16-OH [5.80 ()],
7-0COMe [169.3], 7-OCOMe [21.2; 2.07 (s)]; ESIMS m/z
467 M+ HJ".

2.5.5 3-Dehydroxyazadironolide (12)

Compound 12 was an amorphous solid; [e°p +49.6 (¢ 0.25,
CHCly); UV (EtOH) A (log €) 210 (4.16) nm; IR (KBT) Via
1745 (a,B-unsaturated y-lactone), 1728 (ester C=0), 1670
(conjugated cyclohexenone), 827 >C=CH-) cm’; ®*C and ‘H
NMR, see Tables 1 and 2, respectively; HR-ESIMS m /z
453.2629 (calculated for CosHs,05 [M + HJ", 453.2640).

2.5.6 Limocin E (13)

Compound 13 was an amorphous solid; [e”°p +33.5 (¢ 0.18,
EtOH); UV (EtOH) A, (log €) 226 (4.03) nm; IR (KBT) Vi
1738 (ester C=0), 1672 (conjugated cyclohexenone), 822
(>C=CH-) cm’; *C and 'H NMR, see Tables 1 and 2,
respectively; HR-ESIMS m/z 471.3100 (calculated for
CyoHys05 [M + H]', 471.3115).

586

2.5.7 23-Epilimocin E (14)

Compound 14 was an amorphous solid; [a[®p -43.6 (¢ 0.20,
EtOH); UV (EtOH) Ay (og €) 228 (4.01) nm; IR (KBY) Vi
1738 (ester C=0), 1672 (conjugated cyclohexenone) cm™;
BC and *H NMR, see Tables 1 and 2, respectively; HR-
ESIMS m/z 471.3093 (calculated for CsH,305 [M + HT,
471.3105).

2.5.8 23-Epivepaol (24)

BC (125 MHz) and *H NMR (500 MHz); C-1 [8¢ 70.6; 8y 4.77
(t, J = 2.9 Hz)], C-2[29.8; 2.23 (e, dt, 3.3, 16.9), 2.34 (B)], C-3
[67.0; 5.51 (t, 2.9)], C-4 [125.3], C-5[37.1; 3.38 (d, 12.6)], C-6
[73.9; 4.60 (dd, 2.6, 12.6)], C-7 [74.2; 4.71 (d, 2.6)], C-8 [52.5],
C-9[44.8; 3.32 (s)], C-10 [50.2], C-11 [104.2], C-12 [171.8], C-
13 [68.4], C-14 [69.5], C-15 [77.2; 4.69 (d, 3.2)], C-16 [24.5;
143 (e, d, 12.9), 1.69 (B)], C-17[49.0; 2.45 (d, 5.5)], C-18 [18.4;
2.00 (s)], C-19 [69.1; 3.62 (e, d, 9.7), 4.15 (B, d, 9.7)], C-20
[80.0], C-21 [106.7; 5.54 (s)], C-22 [45.6; 2.07 (e, d, 14.3), 2.32
(B, C-23[104.0; 5.14 (t, 4.9)], C-28 [73.1; 3.76 (e, d, 8.9), 4.07
(B, d, 9.1)], C-29 [173.4], C-30 [21.4; 1.75 (s)], 3-OCOMe
[169.6], 3-OCOMe [20.8; 1.93 ()], 12-COOMe [53.3; 3.68 (s)],
23-OMe [55.0; 3.39 (s)], 29-COOMe [52.7; 3.79 (s)], C-1’
[166.2], C-2" [128.6], C-3" [137.7; 6.94 (dg-like)], C-4
[14.3; 1.77 (d, 6.0)], C-5" [11.9; 1.85 (s)]; HR-ESIMS m/z
775.2768 (calculated for CysH,s017,Na [M + Na]", 775.2783).
2.5.9 7o-Acetoxy-3-oxoisocopala-1,13-dien-15-oic acid (32)

Compound 32 was an amorphous solid; [e°r —31.7 (¢ 0.19,
EtOH); UV (EtOH) A, (log &) 224 (4.06) nm; IR (KBr) v
1739 (ester C=0), 1723 (carboxyl), 1671 (cyclohexenone) cm’
1 13C and 'H NMR, see Tables 1 and 2, respectively; HR-
ESIMS m /z 397.1989 (calculated for C»,H3,0sNa [M + Na]”,
397.1985).

2.6 Cell culture

B16 murine melanoma cells purchased from Riken Cell
Bank (Tsukuba, Japan) were cultured in MEM supplement-
ed with 5% FBS, 100 units/mL penicillin, and 100 ug/mL
streptomycin at 37 C in a humidified CO, controlled (5%)
incubator.

2.7 Determination of cell proliferation

Cell proliferation was assessed using the MTT based col-
orimetric assay. After 72 h incubation with test com-
pounds, MTT (100 uL, 5 mg/mL in phosphate-buffered
saline) solution was added to the wells. After 3 h of incuba-
tion, the medium was removed, and 2-propanol containing
0.04 M HCI was added to dissolve the formazan produced
in the cells. The absorbance of each well was then read at
570 nm (reference, 620 nm) by using microplate reader
(Labsystem Multiskan MS-UV). The optical density of for-
mazan formed by control cells was used as a reference
(assumed to be 100%).

2.8 Assay of melanin content
Test samples dissolved in dimethylsulfoxide (DMSO) were
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added to the cell culture at final concentration of 25
ug/mL. B16 cells, plated at 2 X 10° cells in a culture dish
(60 mm i.d.), were pre-incubated for 24 h. After then, the
medium was transferred into 5 mL of fresh medium con-
taining the test sample and cultured for 3 d. The cells were
harvested by trypsinization. The samples were dissolved in
1mL of 1 M NaOH containing 10% DMSO, and the amount
of melanin was determined spectrophotometrically by
absorbance at 420 nm using microplate reader. The optical
density of control cells was assumed to be 100%.

2.9 Assay of TPA-induced inflammation ear edema in mice
For the protocol for this in vivo assay, refer to previous

article®,

2.10 In vitro EBV-EA activation experiment
For the protocol for this in vitro assay, refer to previous

article®,

2.11 In vivo two-stage mouse skin carcinogenesis assay
initiated by PN
For the protocol for this in vivo assay, refer to previous

articles®?”.

3 RESULTS AND DISCUSSION

Twenty-eight limonoids, including 15 azadirone-type
(1-15), one vilasinin-type (16), 4 gedunin-type (17-20), 5
azadirachtin-type (21-25), and 3 nimbin-type (26-28)
limonoids, 3 degraded limonoids (29-31), and one diter-
penoid (32), were isolated from a CHCls-soluble fraction of a
MeOH extract of the defatted seeds of Azadirachta indica
(Fig. 1). Among these, six compounds, 3, 5, 12-14, and 32,
are new compounds.

The molecular formula of compound 3 was determined to
be CysHs,05 on the basis of its HR-ESIMS (M + Nal*, m/z
489.2269). The UV spectrum showed absorption maximum
at 222 nm consistent with an «,f-unsaturated ketone sys-
tem while IR spectrum indicated the presence of hydroxyl
(3423 cm™), ester carbonyl (1736 cm™), conjugated cyclopen-
tenone (1719 cm™), conjugated cyclohexenone (1669 cm™),
and furan ring (870 cm?) groups. The *C NMR spectrum
(Table 1) indicated the presence of 6 methyls, 3
methylenes, 4 sp® methines of which one was an oxyme-
thine (8¢ 74.4), 3 carbonyls including 2 ketones, 4 double
bonds of which 2 are due to a furan ring, and 4 sp® quater-
nary carbons. The 'H NMR spectrum showed the presence
of 5 tertiary methyls (8 1.04, 1.09, 1.10, 1.25, and 1.36), one
acetate methyl (8 1.95), one oxymethine (8y 5.62), and a 8-
substituted furan ring (8 6.25, 7.44, and 7.45, 1H each)®.
The *C NMR signals of C-1 (8¢ 156.9), C-2 (8¢ 125.9), and C-
3 (8¢ 204.3) and the '"H NMR signals of a pair of AB doublets
at 8y 5.88 and 7.13 (J = 104 Hz) suggested that the A-ring

of 3 possesses a 1-en-3-one system®. In the HMBC spec-
trum, the cross-correlation between 8y 5.62 (H-7) and &¢
169.8 demonstrated that the acetoxyl group is attached to
C-7. In addition, diagnostic HMBC cross-correlations for
H-17 (with C-12, C-13, C-16, C-20, C-21, and C-22) suggest-
ed the presence of a cyclopentenone group in the D-ring.
The *C and 'H NMR spectra of 3 were very similar to
those of azadiradione (1)%%, except for the absence of a
methine signal due to H-15, suggesting that 3 was a C-15
hydroxyl derivative of 1. This was supported by the signifi-
cant down-field shift of a-carbon (C-15) (5. 144.2 for 3 vs. 8¢
123.5 for 19) and up-field shift of B-carbon (C-14) (8 155.2
for 3 vs. 8¢ 192.2 for 19) signals in the vinyl alcohol system
of 3%, The above evidence, coupled with the analysis of
'H-'H COSY, HMQC, and HMBC spectra, indicated that 3
possesses a T7o-acetoxy-21,23-epoxy-15-hydroxy-
24,25,26,27-tetranorapotirucalla-1,14,20,22-tetraene-3,16-
dione (15-hydroxyazadiradione). The relative configuration
was deduced from NOESY (Fig. 2) and molecular model-
ing‘w.

Compound 5 gave a [M + NaJ' ion in the HR-ESIMS at
m/z 551.2410, consistent with molecular formula Cs3H3505.
Its IR spectrum exhibited absorption bands for hydroxyl,
ester carbonyl, conjugated cyclopentenone, conjugated
cyclohexenone, and furan ring groups. The *C NMR spec-
trum (Table 1) indicated the presence of 5 methyls, 3
methylenes, 3 sp’ methines of which one was an oxyme-
thine (8¢ 74.3), 3 carbonyls including 2 ketones, 7 double
bonds of which 5 are due to a phenyl and a furan rings, and
5 sp® quaternary carbons of which one was an oxygen bear-
ing carbon (8¢ 80.5). The 'H NMR spectrum of 5 was very
similar to that of 7-benzoylnimbocinol (2)”, except for the
absence of a methine signal arising from H-17, which sug-
gested that 5 was a 17-hydroxyl derivative of 2. Thus, the
structure of 5 was 7a-benzoyloxy-21,23-epoxy-173-
hydroxy-24,25,26,27-tetranorapotirucalla-1,14,20,22-
tetraene-3,16-dione (7-benzoyl-17-hydroxynimbocinol)
which was supported from the analysis of 'H-'H COSY,
HMQC, HMBC, and NOESY (Fig. 2) spectra.

The molecular formula of compound 12 was determined to
be CysHs0s5 on the basis of its HR-ESIMS (M + H]", m/z
453.2629). The IR spectrum of 12 showed the absorption
bands for ester carbonyl, conjugated cyclohexenone, and
trisubstituted double bond groups. The **C (Table 1) and *H
NMR spectra (Table 2) exhibited the presence of 5 tertiary
methyls [8y 0.86, 1.08 (2 x Me), 1.20, and 1.23], one acetate
methyl (8 1.96), one oxymethine (8¢ 74.5, 8y 5.27), one vinyl
methine (8¢ 118.5, 8y 5.36), and the ring-A 1-en-3-one sys-
tem [AB doublets at &y 7.16 (H-1) and 5.85 (H-2) (J = 10.3
Hz); 8¢ 158.1 (C-1), 1254 (C-2), and 204.5 (C-3)I%, suggesting
that 12 possesses the tetracyclic skeleton and substituents
identical to those of azadirone (7o-acetoxy-21,23-epoxy-
24,25,26,27-tetranorapotirucalla-1,14,20,22-tetraen-3-one)”.
The IR spectrum of 12 further showed absorption band at
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Fig. 2 Major NOE Correlations («—) for Compounds 3, 5, 12—14, and 32.*¥

Vimax 1745 cm? for o,B-unsaturated y-lactone'’. This sug-
gested the presence of the y-lactone group attached to C-
17 in 12 which was supported by the *C (Table 1) [6. 134.2
(s, C-20), 174.2 (s, C-21), 146.4 (d, C-22), 70.2 (t, C-23)] and 'H
NMR spectra (Table 2) [8; 7.22 (1H, dd, J = 1.7, 3.1 Hz; H-
22) and 4.82 and 4.86 (each 1H and dt, J = 18.0, 1.0 Hz; H-
23)1%. All the assignments of *C and 'H NMR spectra of 12
were confirmed by DEPT, 'H-'H COSY, HMQC, and HMBC
spectra. Hence, the structure of 12 was 7o-acetoxy-21,23-
epoxy-24,25,26,27-tetranorapotirucalla-1,14,20(22)-triene-
3,21-dione (23-deoxyazadironolide). The NOESY experi-
ment (Fig. 2) and molecular modeling® supported the rela-
tive configuration of 12.

The molecular formula of 13 was determined to be

588

CyoH,,05 from its HR-ESIMS (M + HJ*, m /z 471.3100). The
IR spectrum showed absorption bands for ester carbonyl,
conjugated cyclohexenone, and trisubstituted double bond
groups. The *C (Table 1) and '"H NMR spectra (Table 2)
exhibited the presence of 5 tertirary methyls, one acetate
methyl, one oxymethine, and the ring-A 1-en-3-one system.
These suggested that compound 13 possesses the tetra-
cyclic skeleton and substituents identical to those of com-
pound 12. The side-chain of 13 was indicated to formulate
an acetal structure®” with a methoxyl group (Sc 54.6, &y
3.33) at C-23 by analysis of '"H-'"H COSY, HMQC, and
HMBC spectra. Thus, diagnostic HMBC cross-correla-
tions were observed for H-23 with C-20, C-21, and OCHj;-
23, and OCH;-23 with C-23. Further, the stereochemistry
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of the acetal side-chain moiety was established by NOESY
spectral analysis (Fig. 2) and molecular modeling®. The
NOESY spectrum of 13 exhibited significant NOE correla-
tions between [H-18 (13a-Me)-H-16¢; H-18-H-20-H-
2la(pro-S); and H-20-H-22a(pro-R)] on the a-face of the
molecule, and [H-168-H-17-H-21B(pro-R)-H-22B(pro-S)-H-
23] on the B-face of the molecule which suggested that the
side-chain at C-17 is a-oriented with 17S- and 20S-chirari-
ties and S-chirality at C-23 by orienting the methoxyl
group down from the acetal ring plane on the global mini-
mum energy conformation of 13*”. These NOE correlations
were confirmed by one-dimensional difference NOE experi-
ment. Hence, the structure of 13 was elucidated as
(208,23S)-7o-acetoxy-21,23-epoxy-23-methoxy-24,25,26,27-
tetranorapotirucalla-1,14-dien-3-one, which we named
limocin E.

Compound 14 gave a [M + HJ" ion in the HR-ESIMS at
m/z 471.3093, consistent with molecular formula CyH,50s.
The UV and IR spectra, and *C (Table 1) and ‘H NMR
spectra (Table 2) of 14 were very similar to those of 13, and
the former was assigned to possess the same planar struc-
ture as that of the latter by the analysis of '"H-"H COSY,
HMQC, and HMBC spectra. The NOESY spectrum of 14
showed significant NOE correlations (Fig. 2) between [H-18
(13a-Me)-H-160-H-20-H-21adpro-S) and H-22a(pro-R)-H-
23] on the a-face of the molecule, and [H-168-H-17-H-
21B(pro-R)-H-22B(pro-S)] on the B-face of the molecule sug-
gesting that the side-chain at C-17 is o-oriented with 17S-
and 20S-chirarities while R-chirarity at C-23 by orienting
the methoxyl group up from the acetal ring plane on the
global minimum energy conformation of 14%. These NOE
correlations were confirmed by one-dimensional difference
NOE experiment. Thus, compound 14 was the stereoiso-
mer at C-23 of compound 13, and possesses the structure
(208,23R)-7Ta-acetoxy-21,23-epoxy-23-methoxy-24,25,26,27-
tetranorapotirucalla-1,14-dien-3-one (23-epilimocin E).

Compound 32 was assigned the molecular formula
CyH3y0s5 from its HR-ESIMS (M + NaJ*, m /z 397.1989). Its
IR spectrum exhibited absorption bands for an ester car-
bonyl, carboxyl (vm. 1723 cm™), and conjugated cyclo-
hexenone groups. The **C (Table 1) and 'H NMR spectra
(Table 2) exhibited the presence of 4 tertiary methyls, one
acetate methyl, one vinyl methyl, one carboxyl, one oxyme-
thine, one tetrasubstituted double bond, and the ring-A 1-
en-3-one system. The above evidence, coupled with a NMR
comparison with compound 1°?*, and analysis of '‘H-'H
COSY, HMQC, HMBC, and NOESY (Fig. 2) spectra, con-
firmed that 32 was a diterpene acid possessing an isoco-
palane-type skeleton, i.e., 7o-acetoxy-3-oxoisocopala-1,13-
dien-15-oic acid. This diterpene is corresponded to a ring-
D cleavage product of azadirone- and azadiradione-type
limonoids.

All of the 32 compounds isolated from A. indica seeds
were evaluated for their melanogenesis inhibitory activity.

By addition of these compounds at the concentration of 25
ug/mL to an incubation medium of the B16 melanoma cell,
all of the compounds, except for 16 and 21, inhibited the
melanogenesis with the melanin content 2.9-66.9% (Table
3). These were more inhibitive than a reference arbutin
(melanin content 76.4%) which has been recognized as a
useful depigmentation compound for skin whitening in the
cosmetic industry*?. Although most of the inhibitory activ-
ity of these compounds is thought to be due to their cyto-
toxic action since they reduced significantly cell viability
(1.1-73.1% of cell viability at 25 ug/mL), 5 compounds,
including one gedunin-type (20) and 2 nimbin-type (26 and
27) limonoids, and 2 degraded limonoids (enneanortriter-
penoids) (29 and 31), showed remarkable inhibition of
melanogenesis (melanin content 9.5-26.0% at 25 ug/mL)
with no or almost no toxicity to the cells because cell via-
bilities were 85.8-108.1%.

Seven compounds, 1, 6, 9, 10, 18, 20, and 21, were evaluat-
ed with respect to their anti-inflammatory activity against
TPA-induced inflammation in mice, and the inhibitory
effects were compared with that of a commercially avail-
able anti-inflammatory drug, indomethacin. As shown in
Table 4, all of the compounds, except for compound 26,
exhibited marked anti-inflammatory activity with a 50%
inhibitory dose (IDs,) of 0.09-0.26 mg/ear, which being
more inhibitory than indomethacin (ID5, = 0.30 mg/ear).

The inhibitory effect on EBV-EA activation induced by
TPA was further examined as a preliminary evaluation of
the potential anti-tumor-promoting effects®™ for all of the
32 compounds. The results are shown in Table 4, together
with comparable data for retinoic acid (one of the retinoids
that has been shown to have chemopreventive activity for
a number of tumors **.). All compounds tested allowed high
viability (60-70%) of Raji cells even at 32 nmol (mol ratio of
compound to TPA = 1000:1), indicating their low cytotoxic-
ity to the cells at this high concentration. Each compound
tested showed an inhibitory effect, with an ICs, value (con-
centration of 50% inhibition with respect to positive con-
trol) of 230-501 mol ratio/32 pmol TPA. As such, these
compounds were more potent than or almost equipotent to
the reference retinoic acid (482 mol ratio/32 pmol TPA). Of
the compounds tested, compounds 6, 10, 21-25, 29, and 31
(318-398 mol ratio/32 pmol TPA), and especially an isoco-
palane-type diterpenoid, 32 (230 mol ratio/32 pmol TPA),
exhibited more potent inhibitory effects than the others.
Since the inhibitory effects on EBV-EA induction have
been demonstrated to correlate with those against tumor
promotion in vivo™, these compounds may be considered
potential anti-tumor-promoters.

Subsequently, we evaluated the inhibitory effect of com-
pound 21 in a tumor model in mouse skin. The incidence
(%) of papilloma-bearing mice and the average numbers of
papillomas per mouse in a two-stage carcinogenesis test in
mouse skin using peroxynitrite (ONOO-; PN) as an initiator
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Table 3 Melanogenesis Inhibitory Activities and Cytotoxicities in B16 Mouse Melanoma Cells of the
Extracts of Azadirachta indica Seeds and the Compounds Isolated from the Extracts.

melanogenesis inhibitory activity and

cytotoxicity
mean * S.E. (%)?

compound melanin content® cell viability®
control (100% DMSO) 100.0 + 1.35 100.0 = 2.50
1 azadiradione 5.1 =£0.79 15.5 +0.83
2 7-benzoylnimbocinol 4.8 £ 0.68 8.8 = 0.58
3 15-hydroxyazadiradione 15.0 = 0.62 30.1 = 0.46
4 17-hydroxyazadiradione 19.1 = 1.33 65.8 =443
5 7-benzoyl-17-hydroxynimbocinol 83 + 1.58 3.5+ 0.15
6 epoxyazadiradione 2.9 +0.52 2.2 £+ 0.07
7 7-deacetyl-7-benzoylepoxyazadiradione 4.6 £0.03 1.1 £0.04
8 17-epiazadiradione 12.8 =042 4.0 £0.13
9 17-epi-17-hydroxyazadiradione 9.0 = 1.44 30.2 + 0.96
10 7-acetyl-16,17-dehydro-16-hydroxyneotrichilenone 6.8 = 0.49 59.6 + 1.28
11 azadiradionolide 31.6 = 1.21 68.5 + 1.57
12 23-deoxyazadironolide 6.4 +0.29 15.7 £ 0.76
13 limocin E 109 + 1.25 3.7 £0.12
14 23-epilimocin E 94 + 1.76 7.1 £0.13
15 20,21,22,23-tetrahydro-23-oxoazadirone 10.4 £ 0.42 30.2 £ 1.21
16 3-acetyl-7-tigloylvilasinin lactone 84.8 = 0.78 68.0 £ 1.08
17 gedunin 7.4 £+ 0.39 12.6 = 0.43
18 7-deacetylgedunin 6.5+ 0.03 21.6 = 0.86
19 7-deacetyl-7-benzoylgedunin 52 +0.54 59 +0.44
20 nimolicinol 9.5+ 0.20 97.8 = 3.09
21 azadirachtin B 101.6 = 1.42 89.2 £ 1.24
22 11-epiazadirachtin D 36.2 = 1.81 68.7 = 2.27
23 vepaol 43.7 + 1.88 714 + 227
24 23-epivepaol 33.5 + 0.08 67.5 +1.83
25 3-acetyl-11-methoxy-1-tigloylazadirachtinin 66.9 = 1.54 55.8 = 0.99
26 nimbin 20.9 + 1.05 96.3 + 2.87
27 6-deacetylnimbin 26.0 + 1.40 91.9 £2.74
28 6-acetylnimbandiol 499 + 7.39 73.1 = 1.25
29 a-nimolactone 18.3 = 1.00 108.1 = 4.34
30 B-nimolactone 6.1 £ 0.67 53.9 £ 1.50
31 desfuranoazadiradione 13.6 = 1.08 85.8 = 3.25
32 7a-acetoxy-3-oxoisocopala-1,13-dien-15-oic acidarbutin 10.8 = 1.02 75.5 = 1.50
arbutin® 85.2 + 535 100.1 £ 4.80

a) Sample concentration determined was 25 plg/mL. Melanin contents (%) and cell viability (%) were determined based on
the absorbances at 420 and 570-620 nm, respectively, by comparison with those for DMSO (100%). The absorbances at
420 and 570-620 nm of DMSO were 0.523 and 0.520, respectively.

b) Values of fourfold experiments. Concentration of DMSO in the sample solution was 5 uL/mL.

¢) Reference compound.
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Table 4 Inhibitory Effects of Compounds from Azadirachta indica Seeds and Reference
Compounds on TPA-induced Inflammation in Mice and on the Induction of

Epstein-Barr Virus Early Antigen.

inhibition of

. . percentage of EBV-EA induction® 1C50%
inflammation

1D, concentration (mol ratio/ 32 pmol TPA) (mol ratio/32
compound (mg/ ear) 1000 500 100 10 pmol TPA)
1 0.09 13.8 (70) 63.2 81.2 100 498
2 17.3 (70) 65.3 83.2 100 501
3 10.3 (60) 47.3 75.9 100 465
4 12.3 (60) 49.7 75.3 100 477
5 11.8 (60) 52.1 81.6 100 475
6 0.17 9.5 (70) 33.6 80.6 100 372
7 13.1 (60) 53.8 82.9 100 482
8 13.7 (60) 49.9 76.8 100 479
9 0.16 6.5 (70) 452 77.1 100 481
10 0.26 7.1 (70) 30.4 79.2 100 369
11 11.2 (60) 49.9 74.1 100 471
12 9.7 (70) 50.1 80.6 100 487
13 11.9 (60) 51.3 81.0 100 473
14 11.0 (60) 51.1 80.2 100 470
15 9.0 (70) 48.9 79.1 100 484
16 0 (60) 44.3 75.0 98.3 393
17 10.0 (70) 58.6 78.4 100 492
18 0.16 8.7 (70) 573 76.3 100 488
19 10.1 (70) 58.1 77.9 100 491
20 0.12 12.3 (70) 60.6 80.6 100 493
21 0 (70) 41.5 74.1 98.3 384
22 0 (70) 429 73.6 97.9 382
23 0 (70) 41.0 71.0 96.5 379
24 0 (70) 41.3 72.4 97.4 380
25 0 (70) 44.7 76.2 99.2 398
26 0.51 14.2 (60) 634 81.6 100 499
27 4.7 (70) 46.2 88.8 100 489
28 3.2(70) 443 76.2 100 406
29 0 (70) 24.7 71.1 954 318
30 11.5 (60) 50.0 79.8 100 471
31 3.8 (70) 28.6 75.9 100 359
32 1.3 (60) 23.6 71.0 95.3 230
indomethacin® 0.30
retinoic acidd 21.6 (60) 49.3 76.3 100 482

a) IDs0: 50% inhibitory dose.

b) Values represent percentages relative to the positive control value. TPA (32 pmol, 20 ng) = 100%. Values
in parentheses are viability percentages of Raji cells.

¢) ICsg represents the molar ratio to TPA that inhibits 50% of positive control (100%) activated with 32

pmol of TPA.
d) Reference compound.

J. Oleo Sci. 58, (11) 581-594 (2009)
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and TPA as a promoter are presented in Figs. 3A and 3B,
respectively. In the positive control group, the first papillo-
ma appeared after 7 weeks, and the incidence of the papil-
loma bearing mice was 100% after 14 weeks (Fig. 3A). Oral
administration of 21 exhibited a significant inhibitory
effect in the PN-induced and TPA-promoted experiment in
mice. When 21 (780 nmol) in drinking water was adminis-
tered, from one week before to one week after the initiation
treatment, whereas the first papilloma appeared after 9
weeks, the incidence of the papilloma bearing mice was
87% even after 20 weeks of promotion. In the average num-
ber of papillomas per mouse (Fig. 3B), 21 reduced the num-
ber of papillomas compared to the control group. Whereas
ca. 7 papillomas per mouse were observed after 20 weeks
of promotion in group I, only ca. 4 papillomas were
observed after the same period of promotion in group II.
From these results, 21 appears effective for the inhibition
of PN-initiated carcinogenesis on mouse skin. PN
(ONOO-), which is produced by the reaction of NO with
superoxide, is a potent tumor-initiating agent®, as well as
an oxidant, and nitrating and hydroxylating agent. Com-
pound 21 might be suggested to intercept, and neutralize,
potent chemical carcinogens, such as reactive oxygen
species (ROS; superoxide, and peroxy and hydroxyl radi-
cals) and NO donors.

Our data suggest that some of the nortriterpenoid
(limonoid) and diterpenoid constituents of A. indica seeds
are useful as skin whitening agents, anti-inflammatory
agents, and cancer chemopreventive agents.

Papillomas bearers (%)

0 5 10 15 20
Promation period (weeks)
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