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Abstract

Many chemicals found in mangroves reportedly exhibit potent anticancer, antibacterial, anti-inflammatory, antioxidant, and
antitumor properties. Several of such compounds include feature unique structures and display interesting pharmacological
effects. Few medicinal mangrove plants from Vietnam have been characterized with regard to their chemical constituents.
Aegiceras corniculatum (L.) Blanco is a mangrove shrub that exhibits activity against various types of cancer. To identify
new secondary metabolites and determine the source(s) of biological activity in Vietnamese medicinal mangrove plants, the
chemical constituents of A. corniculatum were isolated, and their structures were appropriately established using common
spectroscopic methods (1D and 2D-NMR, IR, HR-ESI-MS), and by producing derivatives by chemical reactions.
Complementarily, it is worth noting, that the anti-inflammatory effects of the isolated compounds were investigated by
measuring the production of pro-inflammatory cytokines IL-12 p40, IL-6, and TNF-« in lipopolysaccharide-stimulated bone
marrow-derived dendritic cells; in this sense, the target compounds 2 and 3 were potent inhibitors of cytokines TNF-a, IL-6,
and IL-12 p40, indicating promising anti-inflammatory effects. Furthermore, compounds 1 and 4 strongly promoted
apoptosis of BI6F10 melanoma cells. It is convenient to highlight, that the obtained results suggest that saponins from A.
corniculatum could be potential candidates for treating cancer and inflammatory illnesses.
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Introduction

Inflammation is the base symptom of several non-
communicable diseases, which kill ~40 million people
each year, 70% of all global deaths, according to the World
Health Organization (Rajendran et al. 2018). Inflammation
is an adaptive response to infection and tissue injury, which
involves the innate and adaptive immune systems. Notably,
inflammation is associated with the development and
malignant progression of most cancers (Todoric et al. 2016).
The development of bioactive compounds from natural
products continues to be an important source of therapeutic
agents for chronic inflammation and cancer (Subramaniam
et al. 2019).

TNF-a is a well-characterized, pro-inflammatory cyto-
kine that is released primarily from monocytes and macro-
phages upon invasion of a host by a wide variety of
pathogens (Neurath 2014); it plays a crucial role in host
defense and the inflammatory response. Although it has
numerous beneficial roles in immunoregulation, TNF-a has
been implicated in the pathogenesis of both acute and
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Fig. 1 The chemical structure of the isolated compound extracted from A. corniculatum leaves

chronic inflammatory diseases. IL-6 is a particularly inter-
esting molecule because it has both pro- and anti-
inflammatory effects, and has been implicated in many
inflammatory diseases in both adults and neonates (Vinh
et al. 2017). IL-12 plays a central role in the initiation and
regulation of cellular immunity (Vane et al. 1994). There-
fore, inhibiting the expression and production of powerful
cytokine mediators (e.g., IL-12 p40, IL-6, and TNF-a) by
anti-inflammatory compounds is a viable preventive or
therapeutic strategy and may aid in treatment of inflam-
matory diseases (Dinarello 2006; Vinh et al. 2019a, 2019b).

Aegiceras corniculatum (L.) Blanco is a mangrove shrub
known to exhibit anticancer effects (Ding et al. 2012). It is
important to note, that previous studies regarding the che-
mical constituents of A. corniculatum several secondary
metabolites have been identified, such as: triterpenoids,
flavonoids, phenols, and saponins (Roome et al. 2008). In
addition, an extract of A. corniculatum was found to exhibit
multiple pharmacological effects, including antioxidant,
anti-inflammatory, and anticancer activities (Luo et al.
2019). However, continuous research regarding the phar-
macological effects of these compounds is essential for the
development of effective treatments for cancer and inflam-
matory diseases. With the goal of developing new anti-
inflammatory therapeutic approaches to cancer, we report
the isolation and structural elucidation of a new triterpenoid
saponin (1), and three known compounds (2—4) from A.
corniculatum leaves (Fig. 1). In addition, the anti-
inflammatory and melanoma cytotoxic inhibiting effects
of these compounds were evaluated.

Results and discussion

Dried leaves of A. corniculatum (2.0kg) were extracted
with 80% aqueous MeOH (5L x 3 times) overnight at 50 °C.
Evaporation of the solvent under reduced pressure yielded a
tarry MeOH residue (200g). The MeOH residue was

resuspended in H,O and successively partitioned with n-
hexane and EtOAc to produce an n-hexane extract (15.8 g),
an EtOAc extract (25.6 g), and a water layer after removal
of the respective solvents. The EtOAc fraction showed a
strong inhibitory effect on the production of pro-
inflammatory cytokines IL-12, IL-6, and TNF-a. Thus, the
EtOAc fraction was selected for further separation and
purification, to identify the biologically active components;
in this sense, the isolation of a new saponin (1) and three
known compounds (2—4, Fig. 1), namely (3f4,16a,20a)-
3,16,28-trihydroxyolean-12-en-29-oic acid 3-{O-p-D-glu-
copyranosyl (1 — 2)-O-[#-D-glucopyranosyl (1 — 4)]-a-L-
arabinopyranoside} (2), aegicoroside A (3), and sakur-
asosaponin (4). The known compounds were identified
using modern spectroscopic methods and by correlating
previously reported data.

Compound 1 was isolated as a white amorphous powder,
with [o]?) - 18.8 (¢ 0.1); in regard of its structural attribution
the following discussion is provided. The elemental com-
position, CgH;00O07, was achieved by HR-ESI-TOF-MS;
this compound showed a molecular ion sodium adduct
[M + Na] " observed at m/z 1287.6350, (calcd. 1287.6344,
error 0.0006 m/z units). The IR spectrum clearly showed the
presence of ester (1724 cm™ '), and hydroxyl (3395 cm ™)
groups. The "H-NMR spectrum of 1 (pyridine-ds) exhibited
typical signals corresponding to seven tertiary methyl
groups 6 ppm: 0.82, 0.99, 1.06, 1.09, 1.14, 1.34, and 1.57
(each 3H, s); these signals showed correlation in the HMQC
spectrum with corresponding carbon signals § ppm: 16.9,
25.6, 17.0, 34.4, 28.4, 19.1, and 20.2, respectively. In
addition, five anomeric protons were observed at § ppm
4.87 (d, J=7.0Hz, H-1') 5.84 (d, J=7.5Hz, H-1"), 5.92
(brs, H-1""""), 6.15 (d, J=7.8 Hz, H-1""), and 6.18 (brs,
H-1""") (Table 1). The *C-NMR and HSQC spectra of 1
confirmed 30 aglycon signals and 30 sugar moiety signals.
The chemical shifts of the aglycon moiety in the '*C-NMR
spectrum were conveniently correlated to those of sakur-
asosaponin in the same NMR solvent (Ohtani et al. 1993).
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Table 1 'H-NMR (600 MHz) and '3C-NMR (150 MHz) spectroscopic

data, & ppm, of compound 1

Position 1
oc oy (J in Hz)
1 39.5 0.93 m/1.49 m
2 27.2 1.18 m/1.85 m
3 92.1 426 m
4 40.2 -
5 56.0 1.50 m
6 18.3 1.39 m/1.80 m
7 34.5 1.34 m/1.65m
8 435 -
9 50.7 1.71m
10 37.3 -
11 19.5 1.93m/2.09 m
12 323 548 brs
13 88.5 -
14 45.4 -
15 37.5 1.18 m/1.82m
16 78.3 1.17m/2.16 m
17 45.5 -
18 52.5 3.31 dd (3.5, 14.0)
19 40.7 1.29m/1.81 m
20 32.5 -
21 36.3 1.86 m/2.17 m
22 25.7 1.83 m/2.05 m
23 28.4 1.14s
24 17.0 1.06 s
25 16.9 0.82s
26 19.1 1.34s
27 20.2 1.57s
28 75.7 3.56 d (8.4)/3.94 d (8.4)
29 344 1.09s
30 25.6 0.99 s
Sugar
GlcA
1 105.9 4.87 d (7.0)
2! 80.0 4.07
3/ 82.8 4.23 t(9.0)
4 72.8 441t (9.0
5! 76.5 4.50*
6 171.8 -
CH; 52.8 3.74s
Glc
1" 103.3 5.84 d (7.5)
2" 76.5 4.94m
3" 72.3 527 m
47 71.2 5.13m

@ Springer

Table 1 (continued)

Position 1
oc 6y (J in Hz)

5" 77.0 3.77m

6" 61.9 4.06 m/4.39 m
Gal

1" 101.6 6.15 d (8.0)

2 76.5 3.80 m

3 72.3 493 m

4 71.2 5.38m

5 77.0 3.89m

6" 61.9 4.09 m/4.16 m
Rhal

1 101.7 6.19 br s

21 78.4 476 m

R 72.4 4.88 m

4 74.2 446 m

5 69.8 5.04 m

6" 18.4 1.42 d (6.0)
Rha2

1 104.2 592 brs

20 79.5 4.84 dd

R 73.1 4.58 m

4 74.5 4.30m

50 70.5 4.55m

6" 18.6 1.65 d (6.0)

Assignments were confirmed by COSY, HSQC, HMBC, and NOESY
experiments

*Overlapped signals

Furthermore, the sugar proton signals of 1 were appro-
priately established by 'H-"H COSY and HMBC data; in
this regard. COSY correlations are provided in Fig. S3
(Supplementary data). The pentasaccharide chain of 1 was
identified as a-L-rhamnopyranosyl-(1—2)-a-L-rhamno-
pyranosyl-(1—2)-p-D-galactopyranosyl-(1—3)-f-D-gluco-
pyranosyl-(1—-2)-$-D-(6'-O-methyl)-glucuronopyranoside
(Table 1) (Ohtani et al. 1993). In addition, the absolute
configurations, of the sugar residues provided by acid
hydrolysis of 1, specified their identification as D-
glucuronic acid, D-glucose, D-galactose, and L-rhamnose,
in addition accompanied by TLC and GC analyses, by
comparison with authentic samples. The HMBC spectrum
of 1 (Figs 2 and S5) showed appropriated correlations
between oxygen-base methyl protons § ppm 3.74 (3H, s)
and the carbonyl group of the glucuronic moiety at 171.8
ppm, in agreement with the presence of a methyl p-D-glu-
curonate moiety (Me-GlIcA). Considering all the previously
evidence, the structure of compound 1 was appropriately
established as  3-O-[a-L-rhamnopyranosyl-(1—2)-a-L-
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Fig. 2 The key of COSY and HMBC correlations of 1

Cytotoxic assay
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Fig. 3 Cytotoxicity of compounds 1, and 4 on B16F10 cells. B16F10
cells treated with either DMSO (negative control), mitomycin C
(MMC, positive control), compounds 1 or 4 for 24 h. Then the cyto-
toxic effect was assessed by MTT assay. Data represent of three
independent experiments performed in triplicate. (P value between
compound 1 and DMSO/MMC is 0.0040/0.0346; P value between
compound 4 and DMSO/MMC is 0.0043/0.0378, respectively, *P <
0.05; **P <0.01)

rhamnopyranosyl-(1—2)-f-D-galactopyranosyl-(1—3)-4-D-
glucopyranosyl-(1—-2)-4-D-(6’-O-methyl)glucuronopyr-
anosyl]-13p,28-epoxy-3p,16a-dihydroxy-olean. To the
best of our knowledge, this is the first instance of com-
pound 1 found as a natural product.

Saponin derivatives likely induce cell death by triggering
apoptosis (Luo et al. 2019). To determine whether the
saponin compounds found in A. corniculatum were able to
trigger apoptosis, B16F10 cells were treated with each
compound (10 uM), and then analyzed using an Annexin V
apoptosis assay in a time-dependent manner. Figures 3 and 4
show a clear change in the growth stage histogram in B16F10
cells after treatment. The late apoptosis ratio of B16F10 cells
increased 8- or 7-fold after treatment for 6 or 24 h, respec-
tively, compared to a DMSO control. The total late apoptotic
and dead cells increased 8- or 9-fold, compared to a DMSO
control. These results indicate that the compounds 1 or 4
induced apoptosis in BI16F10 cancer cells at 10pM.

However, in the case of compound 4, no signal of viable cells
was detected at 24 h, but only 60% of them were labeled by
Annexin V and 7-ADD. Taken together, our data implied that
not only apoptosis was triggered by these compounds. The
involvement of other cells dead pathway such as necrosis or
autophagy in this system must be examined. In addition, the
signaling pathways by those compounds 1 and 4 induced
apoptosis need to be further studied.

Regarding the anti-inflammatory effects of compounds
isolated from A. corniculatum, compound 2 significantly
inhibited TNF-a, IL-6, and IL-12 p40 production in
lipopolysaccharide-stimulated bone marrow-derived den-
dritic cells; its ICsq values were 2.38 £0.31, 5.12 +0.58,
and 2.37 +£0.46 uM, respectively (Table 2). Compound 3
was particularly potent, with ICsy values of 0.40 =0.05,
0.79 £0.16, and 1.58 £0.38 uM, respectively. SB203580,
an inhibitor of cytokine suppressive binding protein/p38
kinase, was used as a positive control. SB203580 inhib-
ited TNF-a, IL-6, and IL-12 production with ICs, values
of 7.20+0.08, 3.50+0.01, and 5.00 £0.02 uM, respec-
tively. Therefore, compounds 2 and 3 significantly
inhibited the production of multiple pro-inflammatory
cytokines (Fig. 5).

Secondary metabolites reportedly play important roles in
controlling inflammatory response pathways. Oleanane tri-
terpene saponins are structurally diverse and often exhibit
noteworthy bioactivity. These are generally abundant in both
classical medicinal herbs and marine organisms and have
been shown to possess various pharmacological effects
including anticancer, antidiabetic, anti-cardiovascular, anti-
inflammatory, antioxidant, and antitumor activities (Vinh
et al. 2019a). In particular, triterpene saponins have been
identified as the primary constituents responsible for the
biological activities of Panax ginseng (Vinh et al. 2017),
Gynostemma pentaphyllum (Ky et al. 2010), Glycyrrhiza
uralensis (Song et al. 2014), and Gymnema sylvestre (Pham
et al. 2018). Our study indicates that saponins 1 and 4
strongly promoted the apoptosis of B16F10 melanoma cells.
Moreover, saponins 2 and 3 were potent inhibitors of pro-
inflammatory cytokines TNF-a, IL-6, and IL-12 p40 in
lipopolysaccharide-stimulated bone marrow-derived den-
dritic cells. In conclusion, the findings of this study
demonstrate that several triterpene saponins found in the
leaves of A. corniculatum might be useful for the treatment
of inflammatory diseases and other related ailments.

Material and methods
General experimental procedures

The optical rotation values were recorded with a Jasco
P-1020 polarimeter with MeOH as the solvent. FT-IR
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Table 2 Anti-inflammatory effects of compounds on LPS-stimulated
bone marrow-derived dendritic cells

Compounds 1C5y (uM)

IL-12 p40 IL-6 TNF-a

2.37+0.46
1.58 +0.38
5.00+0.02

5.12+0.58
0.79+0.16
3.50+0.01

2.38+0.31
0.40+0.05
7.20+0.08

Compound 2
Compound 3
SB203580?

Data presented is the mean + SD of samples runs in triplicate

2SB203580 was used as a positive control

spectra were obtained on a JASCO Report 100 infrared
spectrophotometer. All NMR spectra were measured at
Bruker Avance III 600 spectrometers with TMS as the
internal standard. The HR-ESI-MS were obtained from an
Agilent 6530 Accurate-Mass Q-TOF LC/MS system. Gas
chromatography spectra were recorded on a Shidmazu-2010
spectrometer (Shimadzu, Kyoto, Japan). Silica gel (70-230,
230-400 mesh, Merck, Whitehouse Station, NJ), YMC RP-
18 resins (75 um, Fuji Silysia Chemical Ltd., Kasugai,
Japan) were used as absorbents in the column chromato-
graphy. Thin-layer chromatography (TLC) plates (silica gel
60 F,s4 and RP-18 F,s4, 0.25 um, Merck) were purchased
from Merck KGaA (Darmstadt, Germany). Spots were
detected under UV radiation (254 and 365nm) and by
spraying the plates with 10% H,SO, followed by heating
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Fig. 5 Effect of compounds 2 and 3 on IL-12p40, IL-6, and TNF-o
production in LPS-stimulated BMDCs. The data were presented as
inhibition rate (%) compared to the value of vehicle-treated DCs.
SB203580 was used as positive control. Data are representative of
three independent experiments. *P <0.05, **P <0.01 versus com-
pound untreated BMDCs in the presence of LPS

with a heat gun. All solvents used were provided by SK
chemicals Korea. All chemicals and reagents were pur-
chased from Sigma-Aldrich.
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Biological material

The plant material of A. corniculatum was harvested at
Quang Ninh Province, Vietnam in July 2016, and were
identified by Prof. Young Ho Kim. The voucher specimens
(PTCB-HSB 15) have been deposited at the herbarium of
Institute of Marine Biochemistry, VAST, Vietnam.

Extraction and isolation

The dried leaves of A. corniculatum (2kg) were extracted
three times (each SL) with MeOH by sonication for 1 h. The
MeOH extract was concentrated under reduced pressure to
obtain a residue (200 g). This residue was suspended in
water (3 L) and successively partitioned with n-hexane (4 x
3L) and EtOAc (3x3L) to give: n-hexane (H, 15g),
EtOAc (E, 25¢g) and a water layer after removal of the
solvents.

The EtOAC fraction (E, 25 g) was separated by VLC
using gradient concentrations of MeOH in CH,Cl, (from 0
to 100%) to give six fractions (E1 to E6). Fraction E4 (9 g)
was separated into four subfractions (E4.1-E4.4) using
silica gel column chromatography (CC) with CH,Cl,
—MeOH—-H,0 (3.5:1:0.07, v/v). Subfraction E4.3 (3 g) was
separated by YMC RP-18 and Sephadex LH-20 CC using
as the eluent acetone—H,O (1:1, v/v) and further purified by
silica gel CC with CH,Cl,—MeOH—H,0 (2.5:1:0.1, v/v) to
afford compounds 1 (30 mg), and 4 (200 mg). Repeating the
same steps as for subfraction E4.3, compounds 2 (39 mg),
and 3 (47 mg) were obtained from subfraction E4.4 (2 g).

Physical and spectroscopic data of isolated compounds

3-0-[a-L-rhamnopyranosyl-(1—2)-a-L-rhamnopyranosyl-
(1-2)-p-D-galactopyranosyl-(1—3)-p-D-glucopyranosyl-
(1-2)-p-D-(6'-O-methyl)glucuronopyranosyl]-134,28-
epoxy-3f,16a-dihydroxy-olean (1). White amorphous
powder, o3 - 18.8 (¢ 0.1, MeOH). IR (KBr) vy 3395,
2972, 1724, and 1044 cm™'. 'H (CsDsN, 600 MHz) and
3C-NMR (CsDsN, 150 MHz) data are given in the Table 1;
HR QTOF MS m/z 1287.6350 [M 4+ Na]t (caled for
C61H100N3027+, 12876344)

(34,162,20)-3,16,28-trihydroxyolean-12-en-29-oic acid
3-{O-p-D-glucopyranosyl (1 — 2)-O-[f-D-glucopyranosyl
(1 - 4)]-a-L-arabinopyranoside} (2). White amorphous
powder, (]t -3.00 (c 0.6, MeOH). IR (KBr) vy 3400,
2970, 1730, and 1070cm™'. 'H (CsDsN, 600 MHz) and
BC-NMR (CsDsN, 150 MHz) data, see Figs S7-S11; HR
QTOF MS m/7 967.4861 [M + H] " (calcd for C47H;cNaO;o"
967.4847).

Aegicoroside A (3). White amorphous powder, [o]f) -
34.8 (c 0.1, MeOH). IR (KBr) vyax 3349, 2931, 1306, and
1079 cm™'. 'H (CsDsN, 600 MHz) and '*C-NMR (CsDsN,

150 MHz) data, see Figs S12-S15; HR QTOF MS m/z
1109.5496 [M+Na]t (caled for Cs4HggNaO,,™,
1109.5503).

Sakurasosaponin (4). White amorphous powder, [ochO +
44.8 (c 0.1, MeOH). IR (KBr) vy, 3400, 2950, 1730, and
1077 cm™'. 'H (CsDsN, 600 MHz) and "*C-NMR (CsDsN,
150 MHz) data, see Figs S16-S21; HR QTOF MS m/z
1249.6217 [M-H]™ (calcd for CgHg70,7~, 1249.6223).

Acid hydrolysis and sugar identification

Compound 1 (3.0 mg) was dissolved in 3 mL of 10% HCI
1M-dioxan (1:1, v/v) and then heated at 60 °C for 2 h. After
the solvent was removed in vacuo, the residue was parti-
tioned successively with CH,Cl, and H,O to give the
aglycon and the sugar, respectively. The aqueous phase was
concentrated to provide a residue. After drying, the residue
was dissolved in anhydrous pyridine (100 uL) and then
mixed with a pyridine-ds solution of 0.1 M L-cysteine
methyl ester hydrochloride (100 uL). The reaction mixture
was heated at 60 °C for 2 h, and 0.1 mL of trimethylsilyli-
midazole solution was added, followed by heating at 60 °C
for 1.5 h. The dried product was partitioned with n-hexane
and H,O (0.1 mL, each), and the organic layer was analyzed
by gas-liquid chromatography (GC): Column: column SPB-1
(0.25 mm x 30 m); detector FID, column temp 210 °C,
injector temperature 270 °C, detector temperature 300 °C,
carrier gas He. The absolute configuration of the mono-
saccharide for compound 1 was confirmed to be D-
glucuronic acid, D-glucose, D-galactose, and L-rhamnose,
respectively (Thao et al. 2016; Vinh et al. 2017).

In vitro anti-tumoral activity of isolated compounds
MTT viability assay

5x 10* cells were plated on 96-well plates. After seeding,
cells were treated with compounds (10 uM). MMC (10 uM)
was treated as a positive control and DMSO (0.1%) was
used as a negative control. The cells were cultured for 24 h
and the viability of cells was determined by MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay. Cells were then solubilized in 100ul 0.04 N HCl
isopropanol. The absorbance reading was obtained using a
SpectraMax ABS Plus Microplate Reader (Molecular
devices, CA, USA). The amount of MTT dye reduction was
calculated on the basis of the difference between the
absorbances at 570 nm. The cell viability in treated cells
was expressed as the amount of dye reduction relative to
that in DMSO treated control cells. In addition, the cyto-
toxicity of compounds 1-4 toward BMDCs was evaluated
using MTT colorimetric assay at the concentration of 25 uM
(Ali et al. 2017). Compounds 1 and 4 showed cytotoxicity
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toward BMDCs, while the other compounds 2 and 3 dis-
played no notable cytotoxicity.

Apoptotic assay

The percentage of cells that actively underwent apoptosis
was analyzed using Annexin V-phycoerythrin-based
immunofluorescence according to the user guide of the
Muse Annexin V & Dead Cell Kit. The cells were incubated
in six-well plates (5x 10° cells/well) overnight. The cells
were then treated with DMSO, or 1 (10 uM) for 6 h, or 4
(10 uM) for 24 h. Adherent and floating cells were col-
lected, washed in cold phosphate-buffered saline (PBS)
twice, and then stained with the MuseAnnexin V & Dead
Cell reagent. Apoptosis was identified using a Muse Cell
Analyzer (Millipore Corporation, Hayward, CA, USA).

In vitro anti-inflammatory activity of isolated
compounds

Cell cultures and measurement of cytokine production

To grow BMDCs, wild-type 6-week-old female C57BL/6
mice bone marrow was used as previously described (Ali
et al. 2017). All animal procedures were approved by and
performed according to the guidelines of the Institutional
Animal Care and Use Committee of Jeju National Uni-
versity, Jeju, South Korea (#2016-0059). Briefly, bone
marrow cells were allowed to differentiate in RPMI 1640
(BD, Grand Island, NY) medium containing granulocyte-
macrophage colony-stimulating factor for DCs generation.
For BMDCs, on day 6 of incubation the cells were har-
vested and seeded in 48-well plates at a density of 1 x 10°
cells/0.5 mL, and then treated with the compound for 1h
before stimulation with LPS. Supernatants were harvested
18 h after stimulation. Concentrations of murine IL-12 p40,
IL-6, and TNF-a in the culture supernatants were measured
by enzyme-linked immunosorbent assay (ELISA) (BD
PharMingen, San Jose, CA).

Statistical analysis

All assays were repeated in at least three independent
experiments. Statistical significance was indicated by one-
way ANOVA or T-test and was performed using Graph Pad
Prism ver. 5.01 (GraphPad Software, San Diego,
CA, USA).
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