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In vitro α-glucosidase inhibitory activity of compounds isolated
frommangrove Lumnitzera littorea leaves

Nguyen Thi Le Thuy1, Pham Thi Thuy2, Poul Erik Hansen3, Nguyen Kim Phi Phung2,∗

ABSTRACT
Introduction: Lumnitzera littorea grown at CanGio Mangrove Forest has been investigated. The
present study reports the isolation, characterization and evaluation of the α-glucosidase inhibitory
activity of isolated compounds from Lumnitzera littorea leaves. Methods: Their structures were
elucidated by spectroscopic methods (including MS, 1D and 2D–NMR) and comparison with val-
ues from the literature. From the n-hexane extract, nine compounds including lupeol (1), be-
tulin (2), betulinic acid (3), oleanolic acid (4), corosolic acid (5), β-sitosterol (6), β-sitosterol 3-O-
β-D-glucopyranoside (7), stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-D-glucopyranoside) (8), and
stigmast-4-ene-3-one (9) were isolated and identified. Results: The results of the α-glucosidase
inhibitory activity showed thatcorosolic acid (5) and oleanolic acid (4)were the most potent, with
IC50 values of 17.86 ± 0.42 and 18.82 ± 0.59 µg/mL, respectively. Five of the other seven com-
pounds exhibited inhibitory activity with IC50 values below 100 µg/mL, and higher than the posi-
tive control acarbose (127.64± 0.64 µg/mL).
Key words: Lumnizera littorea, mangrove plant, α-glucosidase inhibitory activity

INTRODUCTION
Diabetes is a chronic disease associated with unusu-
ally high levels of glucose in the blood. The goal of di-
abete therapy is themaintenance of normal blood glu-
cose levels after a meal. Postprandial hyperglycemia
plays an important role in the development of type 2
diabetes and its complications. One of the therapeu-
tic approaches for decreasing blood glucose rise after a
meal is to slow down the absorption of glucose by in-
hibition of carbohydrate hydrolyzing enzymes, such
as α-glucosidase. α-Glucosidase is an intestinal en-
zyme that breaks down α-1,4 linked polysaccharides
to α-glucose, which leads to the high blood sugar lev-
els. The development of an α-glucosidase inhibitor
derived from natural products is an important con-
tribution for the treatment of diabetes.
Lumnitzera littorea, a woody tree of theCombretaceae
family, grows at the Can Gio Mangrove Forest in
Vietnam. The antimicrobial activities of n-hexane,
ethyl acetate and methanol extracts of leaves of this
species were evaluated against six human pathogenic
microbes and the former extract was the most ac-
tive 1. Our published research showed that the α-
glucosidase inhibitory activity on all extracts and iso-
lated flavonoids from the leaves of Lumnitzera littorea
were very strong 2. The aim of this study was to isolate
phytoconstituents and evaluate the inhibition of α-
glucosidase activity of the compounds isolated from
the n-hexane extract of L. littorealeaves.

METHODS

Plant materials
Leaves of Lumnitzera littorea (Jack) Voigt (Combre-
taceae) Figure 1were collected at Can Gio Mangrove
Forest of Ho Chi Minh city, Viet Nam in August of
2014. The scientific name of plant was authenticated
by Dr. Pham Van Ngot, Faculty of Biology, Ho Chi
Minh City University of Pedagogy. A voucher spec-
imen (No US-B012) was deposited in the herbarium
of the Department of Organic Chemistry, University
of Science.

GENERAL EXPERIMENTAL
PROCEDURES
The NMR spectra were recorded on a Bruker Avance
III spectrometer at 500 MHz for 1H NMR and 125
MHz for 13C NMR spectra. ESI-MS were performed
on a Shimadzu +IDA TOF MS. TLC was performed
on silica gel 60 F254 (Merck, Darmstadt, Germany).
Gravity column chromatography was performed on
silica gel 60 (0.040–0.063 mm, Merck, Darmstadt,
Germany) and Sephadex LH-20 (GE Healthcare Bio-
Science AB, Uppsala, Sweden). α-Glucosidase (EC
3.2.1.20) from Saccharomyces cerevisiae (750 UN) and
p-nitrophenyl-α-D-glucopyranoside were purchased
from Sigma Chemical Co. (St. Louis, MO, USA).
Acarbose and dimethyl sulfoxide were obtained from
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Figure 1: Lumnitzera littorea (Jack) Voigt.

Merck (Darmstadt, Germany). Other chemicals were
of the highest grade available.

EXTRACTION AND ISOLATION
The fresh leaves were washed under running tapwater
to remove all sandy particles and epiphytes and then
were dried and ground into fine powder. The pow-
der (15,000 g) was exhaustively extractedwith ethanol
at room temperature by the method of maceration.
After filtration, the ethanol solution was evaporated
to dryness under reduced pressure to yield a crude
ethanol residue (1,000 g). This crude was applied to a
silica gel solid phase extraction, eluted consecutively
with n-hexane, ethyl acetate, and finally with ethanol.
After evaporation under reduced pressure, three ex-
tracts were obtained: n-hexane (100 g), ethyl acetate
(250 g), and ethanol (550 g).
The n-hexane extract (100 g) was fractionated by sil-
ica gel column chromatography using a mixture of
n-hexane-ethyl acetate (98:2 to 0:100) to yield five
fractions (H1–H5). Fraction H2 (52.5 g) was ap-
plied to a silica gel column and eluted with chloro-
form:methanol (stepwise, 98:2 to 50:50) to give 6 sub-
fractions (H21–H26). Subfraction H21 was rechro-
matographed on a silica gel column using chloro-
form:ethylacetate (stepwise 98:2 to 0:100), and then
purified by Sephadex LH–20 chloroform:methanol
(1:1) to obtain compound 1 (20 mg). Subfraction
H23 was further chromatographed on Sephadex LH–
20 chloroform:methanol (1:1) to give two compound
: compound 8 (10 mg) and 9 (15 mg).
Fraction H3 was further separated on a silica gel col-
umn and eluted with chloroform:methanol (stepwise,

9:1 to 0:100) to yield four fractions (H31–H34). Sub-
fraction H31 was subjected to Sephadex LH–20 chlo-
roform:methanol (1:1), then separated on a silica gel
Rp18 with water:methanol:acetone (2:3:5) to obtain
three compounds, such as compound 2 (10mg), 3 (15
mg), and 4 (5 mg).
Fraction H4 was applied to a silica gel column and
eluted with chloroform:methanol:water (14:6:1) to
yield five fractions (H41–H45). Subfraction H41
was further separated on Sephadex LH–20 chloro-
form:methanol (1:1) to give compound 5 (15 mg) and
6 (25 mg). Subfraction H43 was rechromatographed
on a silica gel column with n-hexane:chloroform
(stepwise, 95:5 to 50:50) to obtain compound 7 (20
mg).

In vitro α-glucosidase inhibitory assay
The α-glucosidase inhibitory activity was evaluated
on all compounds according to the method of Apos-
tolidis et al. 3. A reaction mixture containing 60 µL of
100 mM phosphate buffer (pH 6.8), 20 µL of sample
(at the different concentrations), and 100 µL of 200
µM p-nitrophenyl-α-D-glucopyranoside solution (in
100 mM phosphate buffer) was incubated in 96-well
plates at 37 oC for 10 min. Then, 20 µL of 0.3 U/mL
α-glucosidase in the phosphate buffer was added to
the mixture. The reaction mixtures were incubated
at 37 oC for 10 min. Then, the reaction was stopped
by adding 20 µL of 50 mMNaOH. Absorbances were
recorded at 405 nm by a microplate reader and com-
pared to a control which had 20 µL of buffer solution
in place of the sample. Acarbose was used as a positive
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control. The α-glucosidase inhibitory activity was ex-
pressed as % inhibition and was calculated as follows:
% Inhibition= [(Acontrol - Asample) / Acontrol]*100
The inhibitory concentration (IC50) for each sample
was calculated using a regression analysis from the
graph plotting scavenging activity against concentra-
tion. All experiments were carried out in triplicate
and the results were expressed as the mean ± SD of
three determinations.

Statistical analysis
All assays were conducted in triplicate. Statistical
analyses were performed with Statgraphics Plus Pro-
fessional 16.0.03 for an analysis of variance (ANOVA),
followed by Duncan’s test. Differences at P<0.05 were
considered significant.

RESULTS
Structural elucidation
The phytochemical study of Lumnitzera littorea led to
the isolation and identification of nine compounds
whose structures are shown in Figure 2. The spec-
tral properties of these known compounds, including
1H-NMR and 13C-NMR data, were identical to those
previously described in the literature.
Lupeol (1): white powder, ESI-MSm/z: 426.0 [M]+

for C30H50O. 1H-NMR (500 MHz, CDCl3) d (ppm):
4.68 (brs, H-29a), 4.56 (brs, H-29b), 3.18 (dd, 11.5,
5.0 Hz, H-3), 1.68 (s, H-30), 1.03 (s, H-26), 0.96 (s,
H-23), 0.94 (s, H-27), 0.83 (s, H-25), 0.79 (s, H-28)
and 0.76 (s, H-24), 13C-NMR (125 MHz, CDCl3) d
(ppm): 151.1 (C-20), 109.5 (C-29), 79.1 (C-3), 55.5
(C-5), 50.6 (C-9), 48.5 (C-18), 48.1 (C-19), 43.1 (C-
14), 43.0 (C-17), 41.0 (C-8), 40.2 (C-22), 39.0 (C-4),
38.9 (C-1), 38.2 (C-13), 37.3 (C-10), 35.7 (C-16), 34.4
(C-7), 30.0 (C-21), 28.1 (C-23), 27.6 (C-2, C-15), 25.3
(C-12), 21.1 (C-11), 19.5 (C-30), 18.5 (C-6), 18.2 (C-
28), 16.3 (C-25), 16.1 (C-26), 15.5 (C-24) and 14.7 (C-
27).
Betulin (2): white powder, ESI-MSm/z: 443.44
[M+H]+ for C30H50O2. 1H-NMR (500 MHz,
DMSO-d6) d (ppm): 4.68 (d, 2.0 Hz, H-29a), 4.58
(brs, H-29b), 3.80 (d, 10.5 Hz, H-28a), 3.33 (d, 11.0
Hz, H-28b), 3.18 (dd, 11.0, 4.0 Hz, H-3), 2.38 (m, H-
18), 1.68 (brs, H-30), 1.02 (s, H-25), 0.98 (s, H-27),
0.97 (s, H-23), 0.82 (s, H-26) and 0.76 (s, H-24), 13C-
NMR (125 MHz, DMSO-d6) d (ppm): 150.6 (C-20),
109.8 (C-29), 79.1 (C-3), 60.7 (C-28), 55.5 (C-5), 50.6
(C-9), 48.9 (C-18), 47.9 (C-19, C-17), 42.9 (C-14),
41.1 (C-8), 39.0 (C-1), 38.9 (C-4), 37.5 (C-10), 37.3
(C-13), 34.4 (C-7), 34.1 (C-22), 29.9 (C-21), 29.3 (C-
16), 28.1 (C-23), 27.6 (C-2), 27.2 (C-15), 25.4 (C-12),

21.0 (C-11), 19.2 (C-30), 18.5 (C-6), 16.3 (C-25), 16.1
(C-26), 15.5 (C-24) and 14.9 (C-27).
Betulinic acid (3): white powder, ESI-MSm/z: 455.38
[M-H]− corresponding for C30H48O3. 1H-NMR
(500 MHz, CDCl3) d (ppm): 4.74 (brs, H-29a), 4.61
(brs, H-29b), 3.19 (dd, 11.0, 4.5 Hz, H-3), 3.00 (m, H-
19), 1.69 (s, H-30), 0.98 (s, H-26), 0.96 (s, H-27), 0.93
(s, H-23), 0.82 (s, H-25) and 0.75 (s, H-24), 13C-NMR
(125 MHz, CDCl3) d (ppm): 180.5 (C-28), 150.6 (C-
20), 109.8 (C-29), 79.2 (C-3), 56.5 (C-17), 55.5 (C-5),
50.7 (C-9), 49.4 (C-19), 47.1 (C-18), 42.6 (C-14), 40.9
(C-8), 39.0 (C-4), 38.9 (C-1), 38.6 (C-13), 37.4 (C-10),
37.2 (C-22), 34.5 (C-7), 32.3 (C-16), 30.7 (C-15), 29.9
(C-21), 28.1 (C-23), 27.6 (C-2), 25.7 (C-12), 21.0 (C-
11), 19.5 (C-30), 18.4 (C-6), 16.3 (C-26), 16.2 (C-25),
15.5 (C-24) and 14.9 (C-27).
Oleanolic acid (4): white powder, C30H48O3. 1H-
NMR (500MHz, CDCl3) d (ppm): 5.29 (t, 3.5 Hz, H-
12), 3.22 (dd, 11.5, 4.0Hz, H-3), 1.14 (s, H-27), 0.99 (s,
H-29), 0.93 (s, H-30), 0.91 (s, H-23, H-25), 0.78 (s, H-
24) and 0.77 (s, H-26), 13C-NMR (125 MHz, CDCl3)
d (ppm): 177.8 (C-28), 143.7 (C-13), 122.9 (C-12),
79.2 (C-3), 55.4 (C-5), 47.8 (C-9), 46.6 (C-17), 46.1
(C-19), 41.9 (C-14), 41.3 (C-18), 39.5 (C-8), 38.9 (C-
1), 38.6 (C-4), 37.3 (C-10), 34.0 (C-21), 33.2 (C-29),
32.9 (C-22), 32.6 (C-7), 30.8 (C-20), 28.3 (C-23), 27.9
(C-15), 27.4 (C-2), 26.1 (C-27), 23.7 (C-30), 23.6 (C-
16), 23.2 (C-11), 18.5 (C-6), 17.2 (C-26), 15.7 (C-24)
and 15.5 (C-25).
Corosolic acid (5): white powder, ESI-MSm/z: 471.43
[M-H]− corresponding for C30H48O4. 1H-NMR
(500 MHz, CDCl3) d (ppm): 5.15 (d, 14.5 Hz, H-
12), 3.41 (m, H-2), 2.74 (d, 9.5 Hz, H-3), 2.11 (d, 11.5
Hz, H-18), 1.04 (s, H-27), 0.92 (s, H-23, H25), 0.91
(d, 7.0 Hz, H-30), 0.82 (d, 6.0 Hz, H-29), 0.75 (s, H-
26), 0.71 (s, H-24), 13C-NMR (125 MHz, CDCl3) d
(ppm): 178.4 (C-28), 138.3 (C-13), 124.5 (C-12), 82.3
(C-3), 67.2 (C-2), 54.8 (C-5), 52.4 (C-18), 47.1 (C-17),
47.0 (C-9), 46.8 (C-1), 41.7 (C-14), 38.9 (C-8), 38.5
(C-4, C-19 &C-20), 37.6 (C-10), 36.3 (C-22), 32.6 (C-
7), 30.2 (C-21), 28.8 (C-23), 27.5 (C-15), 25.6 (C-16),
23.3 (C-27), 22.9 (C-11), 21.1 (C-30), 18.0 (C-6), 17.2
(C-29), 17.0 (C-26), 16.9 (C-25) and 16.4 (C-24).
β-Sitosterol (6): white powder, C29H50O. 1H-NMR
(500 MHz, CDCl3) d (ppm): 5.35 (d, 5.0 Hz, H-6),
3.52 (m, H-3), 1.01 (s, H-18), 0.92 (d, 6.5 Hz, H-21),
0.85 (d, 7.5 Hz, H-29), 0.83 (d, 6.5 Hz, H-27), 0.81 (d,
7.0, Hz, H-26), 0.68 (s, H-19), 13C-NMR (125 MHz,
CDCl3) d (ppm): 140.9 (C-5), 121.9 (C-6), 72.0 (C-
3), 56.9 (C-14), 56.2 (C-17), 50.3 (C-9), 46.0 (C-24),
42.5 (C-4 & C-13), 39.9 (C-12), 37.4 (C-1), 36.7 (C-
10), 36.3 (C-20), 34.1 (C-22), 32.1 (C-7 & C-8), 31.8
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Figure 2: The chemical structures of isolatedcompounds from Lumnitzera littorea leaves.

(C-2), 29.3 (C-25), 28.4 (C-16), 26.3 (C-15), 24.5 (C-
23), 23.2 (C-28), 21.2 (C-11), 20.0 (C-27), 19.5 (C-26),
19.2 (C-21), 18.9 (C-19), 12.1 (C-29) and 12.0 (C-18).
β-Sitosterol 3-O-β-D-glucopyranoside (7): white
powder, C35H60O6. 1H-NMR (500 MHz, DMSO-
d6) d (ppm): 5.32, (brs, H-6), 4.21 (d, 8.0 Hz, H-1’),
3.12 (m, H-3), 2.89-3.15 (m, H-2’-6’), 0.95 (s, H-19),
0.89 (d, 6.5, H-21), 0.82 (d, 7.0 Hz, H-29), 0.81 (d, 7.0
Hz, H-26), 0.79 (d, 7.5 Hz, H-27), 0.64 (s, H-18), 13C-
NMR (125 MHz, DMSO-d6) d (ppm): 140.5 (C-5),
121.3 (C-6), 100.9 (C-1’), 77.1 (C-3 & C-3’), 76.8 (C-
5’), 73.5 (C-2’), 70.2 (C-4’), 61.2 (C-6’), 56.3 (C-14),
55.5 (C-17), 49.7 (C-9), 45.2 (C-24), 41.9 (C-13), 39.0
(C-4), 38.4 (C-12), 36.9 (C-1), 36.3 (C-10), 35.6 (C-
20), 33.4 (C-22), 31.5 (C-7 & C-8), 29.3 (C-2), 28.8
(C-25), 27.9 (C-16), 25.5 (C-23), 24.0 (C-15), 22.7 (C-
28), 20.9 (C-11), 19.8 (C-26), 19.2 (C-19), 19.0 (C-27),
18.7 (C-21), 11.9 (C-29) and 11.8 (C-18).
Stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-D-
glucopyranoside) (8):white powder, C51H90O7.
1H-NMR (500 MHz, CDCl3) d (ppm): 5.37 (d, 5.0
Hz, H-6), 4.50 (dd, 12.0, 4.5 Hz, H-6’a), 4.38 (d, 8.0
Hz, H-1’), 4.26 (dd, 12.0, 2.0 Hz, H-6’b), 3.56 (m,
H-3), 3.34-3.59 (m, H-2’-5’), 2.35 (t, 7.5 Hz, H-22),
1.01 (s, H-19), 0.92 (d, 6.5 Hz, H-21), 0.89 (d, 7.0 Hz,
H-29), 0.84 (d, 1.5 Hz, H-26), 0.82 (d, 4.0 Hz, H-27)
and 0.68 (s, H-18), 13C-NMR (125 MHz, CDCl3)
d (ppm): 174.9 (C-12), 140.5 (C-5), 122.3 (C-6),
101.4 (C-1’), 79.7 (C-3), 76.1 (C-3’), 74.2 (C-5’), 73.8
(C-2’), 70.3 (C-4’), 63.3 (C-6’), 56.9 (C-14), 56.3

(C-17), 50.4 (C-9), 46.0 (C-24), 42.5 (C-13), 39.9
(C-4), 39.1 (C-12), 37.4 (C-11), 36.9 (C-10), 36.3
(C-20), 34.4 (C-22), 34.1 (C-22), 32.1 (C-7, C-8 &
C-32), 29.7 (C-1), 29.3 (C-25), 29.3-29.7 (C-42-132),
28.4 (C-16), 26.3 (C-23), 25.1 (C-142), 24.5 (C-15),
23.3 (C-28), 22.8 (C-152), 21.3 (C-2), 20.0 (C-29),
19.5 (C-19), 19.2 (C-27), 19.0 (C-21), 14.3 (C-162),
12.1 (C-26) and 12.0 (C-18).
Stigmast-4-ene-3-one (9): white powder, ESI-
MSm/z: 413.26 [M+H]+ for C29H48O. 1H-NMR
(500 MHz, CDCl3) d (ppm): 5.72 (s, H-4), 1.18 (s,
H-19), 0.91 (d, 6.5 Hz, H-21), 0.84 (t, 7.5 Hz, H-29),
0.83 (d, 7.0 Hz, H-26), 0.81 (d, 7.0 Hz, H-27) and 0.71
(s, H-18), 13C-NMR (125 MHz, CDCl3) d (ppm):
199.8 (C-3), 171.9 (C-5), 123.9 (C-4), 56.2 (C-17),
56.0 (C-14), 54.0 (C-9), 46.0 (C-24), 42.5 (C-13), 39.8
(C-12), 38.8 (C-10), 36.3 (C-20), 35.8 (C-1 & C-8),
34.1 (C-22), 34.0 (C-2), 33.1 (C-6), 32.2 (C-7), 29.3
(C-25), 28.3 (C-16), 26.2 (C-23), 24.3 (C-15), 23.2
(C-28), 21.2 (C-11), 20.0 (C-26), 18.9 (C-21 & C-27),
17.5 (C-19) and 12.1 (C-18 & C-29).

In vitro α-glucosidase inhibitory assay
The α-glucosidase inhibitory effects of the isolated
compounds (1–9) were evaluated. The inhibition %
and IC50 values of all compounds are shown in Ta-
ble 1.
The resulting IC50 values indicated that all the com-
pounds, except 8, showed stronger α-glucosidase
inhibitory activity than acarbose (IC50 127.64 ±
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Table 1: In vitroα-glucosidase inhibitory activity of compounds isolated from Lumnitzera littorea

Compound Concentration
n (μg/mL)

5 25 50 75 100 IC50

(μg/mL)

1 Inhibition (%) 30.22 ±
0.48

36.27 ±
0.43

39.38 ±
0.340

41.45 ±
0.75

53.02 ±
0.62

97.95± 0.58

2 17.81 ±
0.54

46.79 ±
0.68

60.25 ±
0.72

70.81 ±
0.35

>100 38.74± 0.63

3 24.02 ±
0.28

53.00 ±
0.43

72.67 ±
0.27

89.03 ±
0.18

>100 28.12± 0.37

4 38.51 ±
0.43

55.07 ±
0.53

80.95 ±
0.75

94.41 ±
0.61

>100 18.82± 0.59

5 43.16 ±
0.16

50.76 ±
0.37

84.98 ±
0.43

>100 >100 17.86± 0.42

6 31.30 ±
0.27

38.30 ±
0.63

63.19 ±
0.21

74.81 ±
0.18

>100 34.45± 0.34

9 28.24 ±
0.17

43.20 ±
0.26

62.75 ±
0.34

78.32 ±
0.53

92.98 ±
0.48

38.18± 0.45

Concentration
n (μg/mL)

10 50 100 150 200 IC50
(μg/mL)

7 Inhibition (%) 9.92 ±
0.39

32.52 ±
0.26

49.31 ±
0.17

63.19 ±
0.63

74.81 ±
0.72

114.19 ±
0.61

8 2.56 ±
0.39

15.63 ±
0.76

32.67 ±
0.35

45.81 ±
0.49

53.67 ±
0.39

174.51 ±
0.58

Acarbose
(Positive
control)

4.65 ±
0.35

10.47 ±
0.21

39.54 ±
0.67

62.40 ±
0.64

79.07 ±
0.51

127.64 ±
0.64

Data are presented as mean± SD values of triplicate determinations. A one-way analysis of variance (ANOVA) and positive analysis were done
using Duncan’s multiple test; significance was set at P<0.05.

0.64 mg/mL). Particularly, one ursane-type triter-
pene (compound 5) and one oleanane-type triterpene
(compound 4) showed outstanding α-glucosidase in-
hibition activities, with IC50 values of 17.86 ± 0.42
and 18.82 ± 0.59 µg/mL, respectively. Meanwhile,
the other compounds displayedα-glucosidase inhibi-
tion activities with IC50 values ranging fromof 34.00–
115.00 µg/mL.

DISCUSSION
The 1H NMR spectrum of compounds 1-5 showed
the presence of several singlet signals in the high
shielded region at d 0.71-1.69, that was characteris-
tic of methyl protons. The 13C NMR spectrum of
compounds 1-5 revealed 30 carbon signals, includ-
ing seven methyl carbons, nine methylene carbons,
seven methine carbons, and seven non-hydrogenated
carbons. The result showed characteristic of a penta-
cyclic triterpenoid. On the other hand, the skeleton
of 1 was recognized to be lupane triterpenoid by the

NMR spectra, with the typical olefinic proton signals
at d 4.56 (s, H-29b) and 4.68 (brs, H-29a) in the 1H
NMR spectrum and two olefinic carbons of the exo-
cyclic double bond at d 109.5 (C-29) and 151.1 (C-20)
in the 13CNMR spectrum. Moreover, the assignment
of the hydroxyl group at C-3 was performed by the
presence of one secondary hydroxyl proton signal at
d 3.18 (dd, 11.5, 5.0 Hz, H-3), correlating with a car-
bon signal at d 79.1 (C-3). Thus, 1 was determined as
lupeol that was consistent with the reported values in
the literature 4.
The NMR spectra of 2 were similar to those of 1,
including the proton and carbon signals for the ter-
penoid of lupane skeleton. The 1HNMR spectrum of
2 differed from that of 1 by having a pair of proton sig-
nals at d 3.33 (d, 11.0 Hz, H-28b) and 3.80 (d, 10.5 Hz,
H-28a), instead of a methyl proton signal at d 0.79 (s,
H-28) as in 1. In the 13CNMR spectrum of 2, besides
an oxygenated methine carbon signal at d 79.1 (C-3),
compound 2 had another oxygenated methylene car-
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bon signal at d 60.7 (C-28), thus confirming that there
was a second hydroxyl group at C-28 in the structure
of 2. Comparison of the spectroscopic data of 2 with
those in the literature suggested 2 was betulin 4.
Similar to the NMR spectra of 2, the 1H NMR and
13C NMR spectra of 3 also possessed the signals of
a lupane skeleton. However, the 1H NMR spectrum
of 3 differed from that of 2 in the absence of a pair of
proton signals at d 3.30-3.80 of H-28 position. It cor-
responded to the presence of a carboxyl carbon signal
at d 180.5, instead of an oxygenated methylene car-
bon signal at d 60.7 (C-28) as in 2. Thus, compound
3 was betulinic acid whose NMR data were in good
compatibility with those in the literature 5.
The 1HNMR spectrum of compound 4 displayed one
olefinic proton signal at d 5.29 (t, 3.5 Hz, H-12), to-
gether with a signal at d 2.83 (dd, 13.5, 4.0 Hz, H-18)
which indicated the oleanan-12-ene skeleton. One
methine proton signal at d 3.22 (dd, 11.5, 4.0 Hz, H-
3) showed that 4 had one hydroxyl group. The 13C
NMR spectral data exhibited signals at d 122.9 and
143.7, corresponding to the carbons C-12 and C-13,
respectively. The signal at d 177.8 was assigned to the
carboxyl group at C-28. This data allowed the identi-
fication of compound 4 as oleanolic acid which is iso-
lated for the first time from Lumnitzera littorea.
The 1H NMR spectrum of compound 5 showed the
presence of two doublet methyl signals at d 0.82 (d,
6.0 Hz, H-29) and 0.91(d, 7.0 Hz, H-30), which were
characteristics for ursane skeleton. Furthermore, the
olefinic proton signal was observed at d 5.15 (td, 14.5,
3.6 Hz, H-12) along with one methine proton signal
at d 2.11 (d, 11.5 Hz, H-18). Two oxygenated methine
proton signals at d 2.74 (d, 9.5 Hz) and 3.41 (m, over-
lapped with the solvent signal) were assigned to H-
3 and H-2, respectively. In the 13C NMR spectrum
of 5 showed two oxygenated carbons at d 67.2 (C-2)
and 82.3 (C-3), two disubstituted double carbons at d
124.5 (C-12) and 138.3 (C-13), and one carbonyl car-
bon d 178.4 (C-28). The spectral data were similar to
the ones reported for corosolic acid 6.
The 1H NMR spectrum of compound 6 revealed the
presence of six methyl proton signals, including two
methyl singlets at d 0.68 (s, H-19) and 1.01 (s, H-18),
four methyl doublets at d 0.81 (d, 7.0 Hz, H-26), 0.83
(d, 6.5 Hz, H-27), 0.85 (d, 7.5 Hz, H-29), and 0.92 (d,
6.5 Hz, H-21). The olefinic proton signal d 5.35 (d, 5.0
Hz, H-6) appeared to be characteristic of the sterols.
Furthermore, the proton signal connected to the C-3
hydroxyl group appeared as a multiplet at d 3.52 (m,
H-3). The 13C NMR spectrum exhibited 29 carbon
signals, including two carbon signals at d 121.9 (C-6)
and 140.9 (C-5), characteristic of a double bond and

an oxymethine carbon signal at d 72.0 (C-3). Thus,
the structure of 6was assigned as β-sitosterol andwas
consistent with values reported in the literature 7.
Detailed analysis of NMR spectra of 7 indicated that
it also possessed the proton and carbon signals of a β-
sitosterol skeleton. Additionally, the 1H NMR spec-
trum of 7 confirmed the presence of one β-glucose
unit through a doublet signal at d 4.21 (d, 8.0 Hz, H-
1’), assigned for anomeric proton, and multiplet sig-
nals from d 2.89 to 3.15, assigned for the carbinol pro-
tons of the sugar part. In the 13C NMR spectrum
which displayed an anomeric carbon signal at d 100.9
(C-1’), an oxygenated methylene carbon signal at d
61.2 (C-6’) and four oxymethine carbon signals at d
70.2-77.1 (C-2’-5’) of sugar unit were observed. These
data confirm that compound 7 was β- itosterol 3-O-
β-D-glucopyranoside 8.
Similar to the NMR spectra of 7, the 1H NMR and
13C NMR spectra of 8 indicated that it possessed a
similar structure to that of β-sitosterol glucoside. The
difference was the presence of signals for a palmi-
toyl moiety in 8. The 1H NMR spectrum observed
one methylene proton signal adjacent to a carboxyl
group at d 2.35 (t, 7.5 Hz, H-22), other methylene
proton signals at d 1.20-1.50 (characteristic for a long
aliphatic chain), and one terminal methyl proton sig-
nal at d 0.89 (d, 7.0 Hz, H-162). Moreover, the 13C
NMR spectrum revealed 51 carbon signals, including
29 carbons of a β- itosterol skeleton and 6 carbons of
a glucose unit. The assignment of 1 carbon signal at d
174.9 (C-12) was determined by the presence of a car-
boxyl group, as well as carbon signals at d 29.3-29.7
of the methylene carbons and at d 14.3 of a terminal
methyl group. Besides that, theHMBC correlations of
methylene protons at d 4.26 (dd, 12.0, 2.0 Hz, H-6¢b)
and 4.50 (dd, 12.0, 4.5 Hz, H-6’a) with the carbonyl
carbon at d 174.9 (C-12) indicated an attachment of
the palmitoylmoiety at C-6’ of the glucose unit. Com-
parison of spectroscopic data of 8 with those in the
literature suggested that 8 was stigmast-5-ene-3β-O-
(6-O-hexadecanoyl-β-D-glucopyranoside) 4.
The 1H NMR spectrum of 9 closely resembled that
of 6. In addition, the 1H NMR spectrum confirmed
the presence of one olefinic proton signal at d 5.72 (s,
H-4) and the absence of a multiplet proton signal at
d 3.10-3.60 of H-3 position. The 13C NMR spectrum
showed the carbonyl carbon signal at d 199.8 (C-3)
and two olefinic carbon signals at d 171.9 (C-5) and
123.9 (C-4). Based on the spectral data obtained and
comparisonwith literature data, the structure of 9was
confirmed as stigmast-4-ene-3-one 9.
Although 1–5, 8,and 9 are known compounds, this is
the first time their presence in leaves of Lumnitzera
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littorea has been reported. α-Glucosidases are a se-
ries of enzymes located on the human intestine. The
most important carbohydrates in food are hydrolyzed
to monosaccharide by α-glucosidase, then absorbed
into the blood to increase blood glucose level. This
is the reason for development of diabetes. The α-
Glucosidase inhibitors may have the potential to de-
lay or prevent the rise of blood glucose level. How-
ever, the mechanism of the inhibitions against α-
glucosidase has not yet clear.
In our experiments, five compounds of triterpenoids
and four compounds of steroids from Lumnitzera lit-
torea showed different activity against α-glucosidase
(Table 1). From the structures of compounds 1–3, we
can infer that the α-glucosidase inhibitory acitvity is
strengthened when the methylene group at C–28 is
altered to an oxygenated methylene or a carboxylic
group. As the result, the IC50 values of lupeol (1),
betulin (2) and betulinic acid (3) were 97.95 ± 0.85,
38.74 ± 0.63 and 28.82 ± 0.37 µg/mL, respectively.
Furthermore, a carboxylic acid group or a CH2–OH
group at C–17 is important for the action of com-
pounds 2–5.
Comparison of the chemical structures and the α-
glucosidase inhibitory activity indicates that the pres-
ence of a hydroxyl group at C–3 plays an impor-
tant role in the α-glucosidase inhibitory activity.
Thus, the data from this study also demonstrated
that the IC50 values of compounds 2–6 were lower
than those of compounds 7 and 8–9.Of note, it is in-
teresting that for 9 it is not an –OH group but an
=O group. However, an oxygen is not enough at
7 and 8 have low activity. This could be ascribed
to the more bulky structure of the inhibitor. Thus,
the presence of one β-glucose unit at C–3 of β-
sitosterol 3-O-β-D-glucopyranoside (7) or the attach-
ment of the palmitoyl moiety at C-6’ of the glucose
unit of stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-
D-glucopyranoside) (8) decreased the α-glucosidase
inhibitory activity. This demonstrated that the IC50

values of compounds 6–8 had increased to 34.45 ±
0.34, 114.19± 0.61 and 174.51± 0.58 µg/mL, respec-
tively.
When the methylene group at C–2 was altered to a
hydroxyl group, the α-glucosidase inhibitory activ-
ity increased. This also indicated that IC50 values of
corosolic acid (5), as the most effective compound,
displayed a significantly inhibitory activity against α-
glucosidase with IC50 values of 17.86± 0.42 µg/mL.

CONCLUSIONS
In the investigation of the chemical constituents of
Lumnitzera littorea leaves, nine compounds were iso-

lated. There were five triterpenoids: lupeol (1), be-
tulin (2), betulinic acid (3), oleanolic acid (4), and
corosolic acid (5). Aswell, therewere four steroids: β-
sitosterol (6), β-sitosterol 3-O-β-D-glucopyranoside
(7), stigmast-5-ene-3β-O-(6-O-hexadecanoyl-β-D-
glucopyranoside) (8), and stigmast-4-ene-3-one (9).
Although these compounds were already known in
other species, this is the first time they were reported
in Lumnitzera littorea. All of them were evaluated
forα-glucosidase inhibitory activity and among them,
corosolic acid was themost potent inhibitor with IC50

values of 17.86 ± 0.42 µg/mL, closely followed by
oleanolic acid. Based on our report, one may expect
compound 4 (with a hydroxyl group added at C–3) to
be very active.

ABBREVIATIONS
13C NMR: Carbon-13 nuclear magnetic resonance
1HNMR: Proton nuclear magnetic resonance
CC: column chromatography
CDCl3: chloroform-d.
DMSO: Dimethyl sulfoxide (CD3SOCD3)
HMBC: Heteronuclear multiple bond correlation
TLC: Thin layer chromatography
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