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ABSTRACT. Two new limonoids, named nimbandiol A (1) and azatitolid E (2) were
isolated from the leaves of Azadirachta indicanglavith deoxyazadirachtolid (3), a known compound.
Their structures were determined by spectroscopéthods and compared with literatures. Three
compounds (1-3) showed moderateglucosidase inhibitory activities against Sacchaywes
cerevisiaea-glucosidase with 1€ values of 38.7M, 85.764M and 48.24uM, respectively.
INTRODUCTION in traditional medicine both for treating and

preventing diabetes. As a part of our continuing

a-Glucosidase inhibitors are oral anti- efforts in the discovery of effectivea-

diabetic drugs used for diabetes mellitus type 2 glucosidase inhibitors from natural sources, we

that work by preventing the digestive have isolated three limonoid4-8) from the

hydrolysis of carbohydrates into leaves of neem tredzadirachta indicagrown

monosaccharides such as D-glucose, which can in Ninh Thuan Province, Vietnam, and test for

be absorbed through the intestine. o, their inhibitory effect on a-glucosidase

glucosidase inhibitors reduce the impact of acitivity. This paper reports their structure

carbohydrates on blood sugarThe leaves of elucidation and a-glucosidase inhibitory

neem tree Azadirachta indica has been used

activities.

EXPERIMENTAL Optical rotations were measured on a A.

Kriss Optronic. Melting points  were

General determined on a Polytherm A hot stage

microscope. UV spectra were on
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NMR spectra were recorded on Bruker
Avance at 500 MHz'H) and 125 MHz C) at
the Institue of Chemistry, Vietnamese
Academy of Science and Technology, Cau

Giay Dist., Ha Noi, Vietnam.

HR-ESI-MS spectra were recorded on
Bruker MicrOTOF-Q Il, at Central Laboratory

of Analysis, University of Science, HCM City.
Saccharomyces cerevisiag-glucosidase,
(PNP-G)

and glutathione were purchased from Sigma

p-nitrophenyle-D-glucopyranosid

Aldrich. The other chemicals used in this study

were of analytical grade.

Plant material

The leaves ofA. indica were collected in

Ninh Thuan province, Vietnam.

Extraction and isolation

The air-dried leaves (7.5 kg) was extracted
with MeOH to give 1.30 kg residue after
removal of the solvent. This residue was
suspended in # and then extracted with
petroleum ether, ethyl acetate and n-butanol,
respectively. The petroleum ether, ethyl acetate
and n-butanol layer were concentrated after
filtration and evaporation of solvent under
reduced pressure to give 470 g, 125 g and 138
g of respective extracts. The ethyl acetate
extract was repeatedly chromatographed over
silica gel eluted with CHGIMeOH in order of
increasing polarity to give 19 fractions (Al-
A19). Compoundsdl (94 mg, fraction A16)2
(230 mg, fraction Al2 ) and3 (239 mg,

fraction A12) were obtained as white needles,

after purifying by silica gel chromatography

methods.

Assay fora-glucosidase inhibitory activities

The assay was performed according to the
Sigma Quality Control Test Procedtirélhe
enzyme inhibition studies were carried out in
test-tube. A reaction mixture containing 500
of 67 mM phosphate buffer (pH 6.8), pDof
3 mM glutathione, 20ul of 0.3 U/ml a-
glucosidase in cold deionized water and|20
of sample was pre-incubated in
thermoregulator for 5 minute at %7, and then
50 pl of 5 mM PNP-G solution was added to
the mixture. After further incubation at &7
for 30 min, the reaction was stopped by adding
2440 pl of 100 mM NaCO; (pH 9.6). The
PNP

spectrophotometrically by measuring the

released was monitored
absorbance at 400 nm. Acarbose were used as

positive control. The percentage ofi-
glucosidase enzyme inhibition by the sample
was calculated by the following formula: %
inhibition = [AC — AS]/ACx100, where AC is
the absorbance of the control and AS is the
absorbance of the tested sample. In order to
evaluate the type of inhibition using the
Lineweaver-Burk plot, this enzyme reaction
was carried out with many concentrations of

the tested sample.

RESULTS AND DISCUSSION

Isolation of Chemical Constituents
The molecular formula of 1 was

established to be sgH3,09 by (+)-HR-ESI-MS
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with an [M+H]" ion signal atwz 489.2157 (the
theoretical ion GH330," is atm/z 489.2119),
mp. 192-198C, [a]*°, +452 (c 0.2, MeOH).
The 'H-NMR data were indicative of the
terpenoidal nature ol with the presence of
four tertiary methyl singlets &1.77 (3H, s, H-
18); 1.22 (3H, s, H-19); 1.59 (3H, s, H-29);
1.32 (3H, s, H-30), an —OMe singlet&B.75
(3H, s, 12-OMe); a pair of doublets of an AB
system atd 5.75 (1H, d, J=10.5Hz, H-2) and
6.54 (1H, d, J=10.5Hz, H-3) could be assigned
to the olefinic protons of the enone system in
ring A. The 'H-NMR further showed the
presence of signals &t5.38 (1H, brs, H-15),
4.01 (1H, d, H-7) along with signals of carbon
in ®C-NMR atd 86.6 and 88.0 attributable to
C-15 and C-7, respectively. These signals
indicated the presence of the ether bridge
between C-15 and C-7 id. Moreover, the

signals of a furan ring, the characteristic feature

of limonoids were missing in the NMR spectra
(*H and **C-NMR, Table 1) and, instead, the
signals of a hydroxybutenolide ring were
observed. A critical comparison of the spectral
data of 1 with those of two C-seco
nortriterpenes nimbarfaand isomargosinolide
isolated fromA. indicasuggested thdt is a C-
seco nortriterpene with hydroxybutenolide ring.
However, the signal at C-28 were missing in
the NMR spectra' and**C-NMR, Table 1),
HMBC

presence of a hydroxyl function at C-4 in

instead, spectrum indicated the
compound 1l which has been confirmed by
signal atd 71.2 (C-4). Its'H and **C-NMR
assignments were made through 2D-NMR
studies including HMBC, HSQC antH -'H
COSY data. This is enabled its identification as
a C-seco limonoid withy-hydroxybutenolide
ring, According to SciFinder, this compound
had not been reported before, so it is a new

natural compound and named nimbandiol A.

Figure 1. HMBC correlation of 1 and 2

The molecular formula of 2 was
determined to be £H440; by (+)-HR-ESI-MS
with a [M+H]" signal atmvz 529.3210 (the

theoretical ion GH4O; is atm/z 529.3159),

mp. 168.6-172%C, [a]®, -359.4 (c 0.22,
MeOH). The *H-NMR data were indicative of
the terpenoidal nature @fwith the presence of

four tertiary methyl singlets aly 0.97 (3H, s,
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H-18); 0.97 (3H, s, H-19); 1.07 (3H, s, H-30)
and 1.14 (3H, s,
substituent is present at C-d4[4.95 (1H, t, H-
1); 5.72 (1H, s, H-2; 1.92 (3H, s, H-3; 2.22
(3H, s, H-B); 6c 72.6 (C-1), 164.7 (C*}, 115.1
(C-2), 159.5 (C-3), 27.5 (C-4), 20.4 (C-5)]
and the oxygen at C-6 now forms an ether
linkage between C-6 and C-2&8,[4.13 (1H, m,
H-6), 3.61 (1H, d, J=7.5, H-28a), 4.08 (1H, d,
J=7.5, H-28b);56c 73.9 (C-6), 78.1 (C-28)].
Furthermore, the'H-NMR spectrum showed

H-29)and a senecioyl

resonances for a olefinic hydrogeds 5.50
(1H, d, H-15); methylene hydrogens bonded to
oxygenated carbon${ 3.91 (1H, t, J=9.5 Hz,
H-21a), 4.40 (1H, t, J=8.0 Hz, H-21b)] and

methine hydrogens bonded to oxygenated
carbons §y 3.84 (1H, H-3), 4.15 (1H, H-7)]
(Tabale 1). Thé®C- and DEPT-NMR spectra
gave the following other functionalities, a
carbonyl of a lactone ab: 176.6 (C-23), a
carbonyl of a conjugated esterét 164.7 (C-
1), two oxygenated methine carbonbaf1.3
(C-3), 73.1 (C-7), a oxygenated methylene
carbons & 72.4 (C-21), a non-protonated
olefins atdc 159.6 (C-14). The interactions of
H-1 with C-1 in the HMBC plot displayed the
senecioyl moiety at C-1 (Fig 1). The foregoing
account of the spectral data led to elucidate the

structure of azadirachtolid E as

Table 1.'H- and**C-NMR Spectral Data of Compounds 1 and 2

1 (CDCl; and CROD) 2 (CDCly)
He a & a &
1 - 203.4 4.95 (1H, t, J=2.5) 72.6
2 5.75 (1H, d, J = 10.0) 124.8 2.00 (1H, dt, J5 3600) 30.4

2.28 (1H, dt, J= 2.5; 16.0)
3 | 6.54(1H,d, J=10.0) 152.5 3.84 (1H, m) 71.3
4 - 71.2 - 43.8
5 |265(1H,d, J=115) 49.7 2.55 (1H, m) 38.6
6 | 4.26 (1H, dd, J = 3.0; 12.0) 66.7 4.13 (1H, m) 973
7 | 4.01(1H, d,J=2.50) 88.0 4.15 (1H, m) 73.1
8 - 49.6 - 45.4
9 | 262 (1H, brs) 38.9 2.44 (1H,dd,J=5.0; 11.5 33.6
10 - 48.3 - 39.7
11 | 2.19(1H, dd, J = 4.0; 16.5) 345 1.34 (1H, m) 15.4
2.88 (1H, dd, J = 5.5; 17.0) 1.51 (1H, m)

12 | - 174.8 1.43-1.50 (2H, m) 34.2
13 - 132.1 - 46.6
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14 - 150.1 - 159.6
15 | 5.38 (1Hbr.s) 86.6 5.50 (1H, d, J = 1.5) 120.2
16 2.05 (1H, dt, J = 3.0; 8.%; 38.6 2.1-2.2 (2H, m) 34.7
12.0)
2.36 (1H, dd, J = 6.5; 12.0)
17 | 3.68(1H,s) 51.8 1.71 (1H, m) 58.1
18 1.77 (3H, s) 12.9 0.97 (3H, s) 20.5
19 1.22 (3H, s) 15.9 0.97 (3H, s) 15.3
20 - 170.2 2.69 (1H, m) 37.5
21 6.00 (1H, s) 98.8 3.91 (1H,t,J=9,5) 72.4
4.40 (1H, t, J= 8.0)
22 | 5.87 (1H,s) 118.1 251 (1H, t, J= 9.5) 34.0
2.24 (1H, m)
23 - 171.0 - 176.6
28 - - 4.08 (1H, d, J=7.5) 78.1
3.61 (1H, d, J=7.5)
29 [ 1.59(3H,s) 22.9 1.14 (3H, s) 19.8
30 1.32 (3H, s) 17.4 1.07 (3H, s) 26.1
12- [ 3.75(3H, s) 52.1 - -
OMe
T - - - 164.7
2 |- - 5.72 (1H, s) 115.1
' - - - 159.5
4 |- - 1.92 (3H, s) 27.5
5 |- - 2.22 (3H, s) 20.4
comparable to that of acarbose {JC360.0
Compounds 3 were identified as

deoxyazadirachtolide®n the basis of extensive

spectroscopic studies including 1BH¢, **C-
NMR) and 2D (COSY, HSQC, HMBC) NMR

and comparison with the literatures.

Assay fora-glucosidase inhibitory activity

Three compoundd, 2 and 3 showedin

vitro a-glucosidase inhibitory activities with
ICso0f 38.7, 85.76 and 48.24M, respectively,

UM), a clinically used drug for type-2 diabetes.
The significant activity ofl is probably due to
the C-seco structure and it may the presence of
two hydroxyl groups at C-4 and C-6. However,
the activity of compound® and3 showed that
the hydroxyl group at C-3 may reduce the
glucosidase inhibitory activities of compound
2.
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Table 2.Inhibitory activity of compounds 1-3 and acarbogaiasta-glucosidase

Compounds IC 50 (UM)
Acarbose 360.0
Compound 1 38.7
Compound 2 85.76
Compound 3 48.24

CAC HQP CHAT UC CHE ENZYME a-GLUCOSIDASE PUQC CO LAP TU LA
AZADIRACHTA INDICA A.JUSS TRONG O TiNH NINH THU AN.

Nguyén Thi Y Nhi, Tran L& Quan, Tran Kim Qui
Truong bai hoc Khoa lvec Ty Nhién,PHQG-HCM

TOM TAT: Hai hgp chit limonoid n#i, azadirachtolid D (1) va azadirachtolid E (2) aginei
mgt hop chit @& biét 1a azdirachtolid (3)da duwoc cd kip tr 14 cAy azadirachta indica A.Juss. Baph
chdt 1, 2 va 3 cho iy c6 khi nang irc ché enzymen-glucosidase. Gu trdc aia cac lp chit diroc xac

dinh hing cac plrong phap ph nghiém va so sanhdi cac tai lisu tham kho.

aco™”
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