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Abstract—Two chavicol derivatives (1 and 2)
and two benzyl glycosides (3 and 4) were isolated
from the leaves and stems of Piper betle using
separation and chromatographic methods.
Chemical structures of these compounds were
determined by extensive analysis of 'H-, C-,
HSQC, and HMBC spectral data as well as
comparison with those previously reported data in
the literature. This is the first report on the
isolation of neotaiwandimerol A (2) and (S)-1-
phenylethyl B-D-glucopyranoside (4) from the P.
betle plant. Both of compounds 2 and 4
significantly inhibited NO production in LPS-
activated RAW 264.7 cells with ICsq values of 47.1
and 12.4 M, respectively.
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I. INTRODUCTION

Piper betle L. (Piperaceae family) is a perennial
climbing plant and widely cultivated worldwide [1]. It
has been used in traditional medicines for thousand of
years in Asian countries such as China, India, and
Vietham [2]. The leaves are edible, having a strong
aromatic flavor and pungent taste [2]. The leaves are
also the most valued medicinal benefits which showed
anti-inflammation and anti-microbial activities [1].
Phytochemical studies on P. betle received much
attention over the past decades. Several types of
compounds including alkaloids, phenolics, glycosides
were found in this plant [3-8]. Of these, chavicol and its
derivatives such as hydroxychavicol, eugenol,
chavibitol are revealed to be major bioactive
compounds [1]. In contribution to clarify anti-
inflammatory constituents from P. betle, this paper
describes the extraction and isolation of two chavicol
derivatives, two benzyl glycosides from the leaves and
stems of P. betle. The anti-inflammatory activity of the
isolated compounds was evaluated by inhibiting nitric
oxide production in LPS activated RAW 264.7 cells.

Il. MATERIALS AND METHODS
A.  General experiment procedures

The NMR spectra were measured on a Bruker
AvanceNEO 600 MHz or a Bruker Avancelll 500 MHz.
Thin layer chromatography was carried out using
precoated plates (Silica gel 60 F,s, and/or Silica gel 60
RP18 Fus4s). Open column chromatography was

performed using silica gel (particle size 40-63 pum) and
ODS reversed phase resin (particle size 150 pm).
Semi-preparative HPLC was acquired on an Agilent
1100 system including autosampler, quaternary pump,
DAD detector, and equipped with YMC J'sphere ODS-
H80 HPLC column (20x250 mm, particle size 4um).
Isocratic solvent system was used at a flow rate of 3
mL/min and detector acquisition was set at 210 and
254 nm. Organic solvents were used at technical
grade, except for HPLC grade solvents used for semi-
preparative HPLC.

B. Plant materials

The leaves and stems of Piper betle were collected
at Phu Tho province, Vietnam in January 2024. The
fresh samples were air dried and pulverized into fine
powder.

C. Extraction and isolation

The dried and powdered plant samples (2.0 kg)
were ultrasonically extracted with methanol three times
(each time using 3 L methanol, extraction in 1 hour at
room temperature). The methanol solutions were
filtered and evaporated in vacuum to give dark solid
extract (118 g). This crude extract was then well mixed
with 1.5 L of distiled water and then successively
separated with n-hexane and ethyl acetate. The ethyl
acetate soluble fraction (31 g) was subjected on a
silica gel column chromatography and then eluted with
gradient solvent system of dichloromethane/methanol
(0-100% volume of methanol) to give eight fractions,
EA1-EAS. Fraction EA3 was repeatedly
chromatographed on a silica gel column, eluting with
n-hexanel/acetone (4/1, v/v) to give three fractions,
EA3A- EA3C. Fraction EA3B was further fractionated
on a reversed phase RP18 column chromatography,
eluting with acetone/water (2/1, v/v) to give two sub-
fractions, EA3B1 and EA3B2. Subfraction EA3B1 was
purified by  semi-preparative HPLC using
methanol/water (64% methanol in volume) to give
compound 1 (18 mg). Fraction EA5 was subjected on
a silica gel column chromatography and eluted with
dichloromethane/methanol/water (7/1/0.1, viviv) to give
five fractions, EASA-EASE. Fraction EA5B was first
chromatographed on an RP18 column, eluting with
methanol/water (1/2, v/v) and then further purified by
semi-preparative HPLC using acetonitrile/water (35%
acetonitrile in volume) to give compound 4 (12 mg).
Fraction EA5C was separated on a silica gel column,
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Fig. 1. Chemical structure of chavicol derivatives and benzyl glycosides isolated from Piper betle

eluting with dichloromethane/acetone (1/1, v/v) to give
two sub-fractions, EA5C1 and EA5C2. Sub-fraction
EA5C2 was purified by semi-preparative HPLC,
running with acetonitrile/water (32% acetonitrile in
volume) to give compound 3 (25 mg). Fraction E5D
also load on a silica gel column chromatography and
eluted with dichloromethane/acetone (1/1, v/v) to give
three sub-fractions, E5D1- E5D3. Finally, sub-fraction
E5D3 was purified by semi-preparative HPLC, running
with acetonitrile/water (30/70, v/v) to give compound 2
(18 mg).

e Neotaiwandimerol A (1): Molecular formula:
CigH180,4; Pale yellow amorphous powder; 'H-NMR
and *C-NMR data are given in Table I.

¢  Hydroxychavicol 3-O-8-D-glucopyranoside (2):
Molecular formula: CisH007; White amorphous
powder; "H-NMR and *C-NMR data are given in Table
l.

e Benzyl alcohol O-B-D-glucopyranoside (3):
Molecular formula: Cj3H:1306; White amorphous
powder; "H-NMR and *C-NMR data are given in Table
Il.

e (S)-1-Phenylethyl B-D-glucopyranoside (4):
Molecular formula: Ci4H»Os; Pale yellow amorphous
powder; "H-NMR and **C-NMR data are given in Table
Il.

D. Nitric oxide assay

Evaluation of inhibitory effects of isolated
compounds on nitric oxide production in LPS-activated
RAW 264.7 cells was performed as previous reports
[9]. In brief, the cells were dispensed into a 96-well
plate (2x10° cells/well) and incubated at 37°C in a
humidified atmosphere (5% CO2 and 95% air). After
24 h incubation, the culture medium was replaced with
DMEM without FBS and incubated for an additional 3
h. The cells were treated with either compounds or
vehicle solution and then stimulated with LPS (1
pg/mL) in the next 2 h. After an additional 24 h
incubation, the cell culture medium (100 pL) was
mixed with an equal volume of Griess reagent for 10
minutes and the absorbance was read at 540 nm. The

amount of nitrite in the medium was calculated from a
standard curve, which was constructed by NaNO,
standard serial dilution. Dexamethasone was used as
a positive control. Cell viability was determined by
adding 10 pL MTT solution (5 mg/mL) and incubating
for 4 h. Formazan crystals were dissolved in 50 uL of
DMSO. Absorbance was read at 540 nm and
compared with the vehicle group. Experiments were
performed in triplicate and data are expressed as the
Mean + SD.

I1l. RESULTS AND DISCUSSION

The powdered leaves and stems of P. betle was
extracted with methanol and then separated with n-
hexane and ethyl acetate. The ethyl acetate extract
was then fractionated and purified to give four
compounds 1-4 (Fig. 1).

Compound 1 was isolated as a pale yellow
amorphous powder. The 'H-NMR spectrum of 1
showed proton signals corresponding for an ABX
aromatic proton coupled system [0y 6.82 (1H, d, J =
1.8 Hz) 6.69 (1H, d, J = 7.8 Hz) 6.66 (1H, dd, J = 1.8
and 7.8 Hz)], an AX aromatic proton coupled system
[64 6.61 (1H, s) and 6.56 (1H, s)], five olefinic protons
[0y 6.18 (1H, d, J = 15.6 Hz), 6.07 (1H, dt, J = 15.6, 7.2
Hz), 5.94 (1H, m), 5.01 (1H, d, J = 11.2 Hz), 4.97 (1H,
d, J = 16.4 Hz), ], and two methylene groups [64 3.34
(2H, d, 7.2 Hz) and 3.28 (2H, d, J = 6.6 Hz)]. The **C-
NMR spectrum of 1 contained signals of 18 carbons
including 16 sp? hybridized carbons (8¢ 113.6 to 146.2)
and two saturated methylene carbons (6c 37.5 and
36.7). Based on the HSQC analysis, the above carbon
signals were assigned into seven non-protonated
carbons, eight olefinic methines, one olefinic
methylene, and two saturated methylene groups.
Above NMR data suggested that 1 to be a bis-
phenylpropanoid. The HMBC correlations between H-
9 (o4 5.01 and 4.97) and C-8 (8¢ 139.2)/ C-7 (dc 37.5)
indicated the presence of prop-2-en-1-yl group. Then,
the HMBC correlations between H,-7 (&4 3.28) and C-
1 (©c 130.4) C-2 (dc 117.8)/ C-6 (Oc 131.0)
demonstrated the prop-2-en-1-yl group linked to C-1 of
an AX coupled benzene ring. The HMBC correlations
between H-2 (6y 6.56) and C-3 (&¢ 144.4)/ C-4 (&¢
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TABLE I. 1H- AND 13C-NMR SPECTROSCOPIC DATA OF COMPOUNDS 1 AND 2 IN CD3;0D
No 1 2
) %S¢ °5 (mult., J in Hz) D¢ %5y (mult., J in Hz)
1 130.4 - 133.2 -
2 117.8  6.56 (s) 119.3  7.05(d, 2.0)
3 1444 - 146.6 -
4 1444 - 146.6 -
5 117.9  6.61(s) 117.0  6.78(d, 8.0)
6 131.0 - 124.8  6.75(dd, 8.0, 2.0)
7 375  3.28(d, 6.6) 405  3.29(d, 7.0)
8 139.2  5.94 (m) 139.2  5.96 (ddd, 16.0, 10.0, 6.5)
9 115.3  4.97 (d, 16.4) 115.6  5.06 (dd, 16.0, 2.0)
5.01 (d, 11.2) 5.02 (dd, 10.0, 2.0)
1’ 1315 - 1045  4.75(d, 7.5)
2' 113.6  6.82(d, 1.8) 749  3.44-3.51 (m)
3 146.2 - 78.3  3.44-3.51 (m)
4’ 145.7 - 71.3  3.44-3.51 (m)
5' 116.3  6.69 (d, 7.8) 77.7  3.44-3.51 (m)
6' 119.3 3.90 (dd, 12.0, 2.0)
6.66 (dd, 1.8, 7.8) 624 S, (dd. 12.0. 6.0)
7' 131.5  6.18 (d, 15.6)
8' 127.6  6.07 (dt, 15.6, 7.2)
9' 36.7 3.34(d, 7.2)

Measured at 150 MHz, 600 MHz, 9125 MHz, 500 MHz.

144.4) and deshielded-carbon signals of C-3 (&¢
144.4) and C-4 (O¢ 144.4) indicated the presence of
hydroxy groups at C-3 and C-4. Next, in an ABX-
coupled benzene ring, the HMBC correlations between
H-2' (5 6.82)/ H-6' (04 6.66) and C-4' (d¢ 145.7), H-5'
(64 6.69) and C-1" (8¢ 131.5)/ C-3' (&¢ 146.2), together
with deshielded-carbon signals of C-3' (¢ 146.2) and
C-4' (¢ 145.7) also indicated the presence of other
hydroxy groups at C-3' and C-4. The HMBC
correlations between H-2' (6, 6.82)/ H-6" (dy 6.66) and
C-7' indicated a double bond at C-7'/C-8' and linkage
between C-7' and C-1'. Additionally, a coupling
constant value between H-7' and H-8' (J = 15.6 Hz)
confrmed the E-geometric configuration of double
bond C-7/C-8'. Finally, the HMBC correlations
between H,-9' (04 3.34) and C-7' (8¢ 131.5)/ C-8' (O¢
127.6)/ C-1 (8¢ 130.4)/ C-5 (d¢ 117.9)/ C-6 (dc 131.0)
established linkage between two phenylpropanoid
moieties by C-9/C-6. Therefore, the chemical structure
of 1 was determined to be neotaiwandimerol A. This is
a bis-phenylpropanoid and previously isolated from
Piper species such as P. taiwanense and P.
hymenophyllum [10, 11]. However, this is the first
report on the isolation of this compound from P. betle.
Compound 2 was isolated as a white amorphous
powder. The "H-NMR spectrum of 2 showed signals
including an ABX aromatic coupled protons [0y 7.05
(1H, d, J = 2.0 Hz), 6.78 (1H, d, J = 8.0 Hz), 6.75 (1H,
dd, J = 8.0 and 2.0 Hz)], three olefinic protons [0y 5.96
(1H, ddd, J = 16.0, 10.0, and 6.5 Hz), 5.06 (1H, dd, J =
16.0 and 2.0 Hz), 5.02 (1H, dd, J = 10.0 and 2.0 Hz)],
a methylene group [64 3.29 (2H, d, J = 7.0 Hz)], an
anomeric proton [6y 4.75 (1H, d, J = 7.5 Hz)], and
other carbinol protons [6y 3.44-3.51 (4H, m), 3.90 (1H,
dd, J = 12.0 and 2.0 Hz), 3.74 (1H, dd, J = 12.0 and
6.0 Hz)]. The **C-NMR spectrum of 2 observed signals

of 15 carbons. Of these, an anomeric carbon (&c
104.5) and five carbinol carbons (&¢ 78.3, 77.7, 74.9,
71.3, 62.4) suggested the presence of glucopyranosyl
group. Additionally, a coupling constant value of
anomeric proton J = 7.5 Hz indicated for gG-
glucopyranosyl linkage. Other nine carbons including
eight sp® hybridized carbons and a saturated
methylene group suggested for a phenylpropanoid
backbone. The signals of three olefinic protons (&4
5.96, 5.06, and 5.02) were assigned for a vinyl group,
indicating a double bond at C-8/C-9. Moreover, signals
of ABX benzene ring and two deshielded carbons (&c
146.6 and 146.6) expected that aglycone of 2 to be
hydroxychavicol. The sugar moiety, therefore, should
be linked to aglycone by O-glycosidic linkage either at
C-3 or C-4. Later, comparison of the **C-NMR data of
2 with those reported in the literature confirmed the
structure of 2 to be hydroxychavicol 3-O-B-D-
glucopyranoside [12]. This compound was previously
isolated from the leaves of P. betle [4].

The "H-NMR spectrum of compound 3 revealed the
presence of phenyl group by appearance of five
aromatic proton signals [y 7.44 (2H, d, J = 8.0 Hz),
7.34 (2H,t, J = 8.0 Hz), 7.27 (1H, t, J = 8.0 Hz)]. The
3C-NMR spectrum of 3 showed signal of 13 carbons
including six carbons of glucopyranosyl group (&¢c
103.3, 78.1, 78.0, 75.1, 62.8), six carbons of a phenyl
group (0c 139.1, 129.3x2C, 129.2x2C, and 128.7) and
an oxygenated methylene (8¢ 71.7). Thus, the
structure of 3 was established to be benzyl alcohol O-
B-D-glucopyranoside. The NMR data of 3 consisted
with those reported in the literature [13].

The 'H and *C-NMR spectra of 4 showed closely
similar with those of 3 by signals of a glucopyranosyl
group and a phenyl group. The NMR spectral data of 4
exhibited signals of methyl group [6¢ 24.6 and &y 1.48
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TABLE Il 1H- AND 13C-NMR SPECTROSCOPIC DATA OF COMPOUNDS 3 AND 4 IN CD3;0D
No 3 4
) %S¢ °5 (mult., J in Hz) B¢ °5 (mult., J in Hz)

1 139.1 - 1440 -

2 129.2  7.44(d, 8.0) 127.9  7.44(d, 8.0)

3 129.3  7.34(t, 8.0) 129.4  7.34(t,8.0)

4 128.7  7.27 (t,8.0) 128.6  7.25(t, 8.0)

5 129.3  7.34(t, 8.0) 129.4  7.34(t,8.0)

6 129.2  7.44(d, 8.0) 127.9  7.44(d, 8.0)

7 71.7  4.69(d, 12.0) 76.0 5.07(q,7.5)

4.95 (d, 12.0)

8 246  1.48(d, 7.5)

1’ 103.3  4.38(d, 7.5) 101.1  4.09 (d, 7.5)

2' 751  3.36(dd, 9.0, 7.5) 75.2  3.25(dd, 9.0, 7.5)
3 781  3.33(t, 9.0) 77.9  3.27(t, 9.0)

4' 71.7  3.35(t, 9.0) 71.8  3.26(t, 9.0)

5' 78.0  3.34(m) 78.0  3.11(m)

6' 62.8  3.71(dd, 5.0, 11.5) 3.68 (dd, 5.5, 12.0)

3.91 (dd, 2.0, 11.5)

628 389 (dd. 2.0, 12.0)

Measured at ?125 MHz and ”500 MHz.

(3H, d, J = 7.5 Hz)] and oxygenated methine group [0¢
76.0 and &y 5.07 (1H, g, J = 7.5 Hz)] instead of an
oxygenated methylene group as in compound 3. This
evidence suggested aglycone of 4 to be 1-
phenylethanol. The carbon chemical shift values of C-7
(0¢c 76.0), C-8 (Oc 24.6), and C-1' (¢ 101.1) indicated
for 7S-configuration which were similar with those
previously reported data recorded in the same
deuterated solvent CD;0D [reported for S-isomer: &¢.;
76.0, 8cg 24.6, and Oc.4 101.1; and for R-isomer: O¢c.7
77.7, 0cg 22.3, and Oc ¢ 102.5] [14]. Consequently,
compound 4 was determined to be (S)-1-phenylethyl
B-D-glucopyranoside. Both abovementioned S and R
form of 4 have been isolated from natural sources [14].
But this is also the first report on the isolation of this
compound from Piper genus.

Compounds 1-4 were evaluated for their anti-
inflammatory activity by inhibition of nitric oxide
production in the LPS-activated RAW 264.7 cells.
Firstly, the effects of these compounds on the RAW
264.7 cells were examined at concentration as high as
100 pM. Compounds 1-4 did not significantly show
cytotoxic effects (percentage of cell viability over 95%).
The inhibitory activity of the compounds on the NO
production was then investigated at diluted
concentrations in range of 0.2-100 uM. Compounds 1
and 2 significantly inhibited NO production with 1C50
values of 47.1+1.6 and 12.4+0.7 pM, respectively.
Compounds 3 and 4 were inactivity (ICso values over
100 M)

In summary, two hydroxychavicol derivatives [
neotaiwandimerol A (1) and hydroxychavicol 3-O-8-D-
glucopyranoside (2)] and two benzyl glycosides [
benzyl alcohol O-B-D-glucopyranoside (3) and (S)-1-
phenylethyl B-D-glucopyranoside (4)] were isolated
from the leaves and stems of P. betle. This is the first
report on the isolation of compounds 1 and 4 from the
species P. betle. Compounds 1 and 2 inhibited NO
production in LPS activated RAW 264.7 cells with 1Cs
values of 47.1 and 12.4 uM, respectively. The results

consisted with previous reports that hydroxychavicol
derivatives could be active ingredients of P. betle in
the NO inhibitory activity.

ACKNOWLEDGMENT

This research was supported by Hanoi University of
Natural Resources and Environment under Grant
number 13.01.24.H.01.

REFERENCES

[1] M. Madhumita, P. Guha, A. Nag, "Bio-actives
of betel leaf ( L.): A comprehensive review on
extraction, isolation, characterization, and biological
activity," Phytother Res, vol 34, pp. 2609-2627 (2020).

[2] B. Patra, S.K. Deep, R. Rosalin, S.N.
Pradhan, "Flavored food additives on the leaves of
Piper betle L.: A human health perspective,” Appl
Biochem Biotech, vol 194, pp. 4439-4461 (2022).

[3] D. Gupta, R. Yadav, N. Agrawal, S. Saxena,
R. Goel, S. Saxena, "Phytochemical screening and
evaluation of anti-inflammatory activity of Piper betle,"
Eur Chem Bull, vol 12, pp. 6313-6334 (2023).

[4] L.T.T. Hang, N.Q. Huy, T.T.T. Tam, L.T.
Huong, P.H. Nam, N.H. Dang, P. Quyet-Tien, D.T.
Trang, S.Y. Yang, B.H. Tai, "Four new N-
phenethylbenzamide derivatives from the stems of
Piper betle and their antimicrobial activity," Nat Prod
Res, vol 37, pp. 1969-1977 (2023).

[5] T.T. San, Y.H. Wang, D.B. Hu, J. Yang, D.D.
Zhang, M.Y. Xia, X.F. Yang, Y.P. Yang, "A new
sesquineolignan and four new neolignans isolated
from the leaves of Piper betle, a traditional medicinal
plant in Myanmar," Bioorg Med Chem Lett, vol 31, pp.
127682 (2021).

[6] Z.L. Sun, J.M. He, S.Y. Wang, R. Ma, P.
Khondkar, G.W. Kaatz, S. Gibbons, Q. Mu,
"Benzocyclohexane oxide derivatives and neolignans
from Piper betle inhibit efflux-related resistance in
Staphylococcus aureus," RSC Adv., vol 6, pp. 43518-
43525 (2016).

Www.jmest.org

JMESTN42354423

17047


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 11 Issue 7, July - 2024

[71 S. Tamura, A. Miyoshi, T. Kawano, T. Horii, S.
Itagaki, N. Murakami, "Structure-activity relationship of
anti-malarial allylpyrocatechol isolated from Piper
betle,” Chem Pharm Bull, vol 68, pp. 784-790 (2020).

[8] C.Y. Xiao, Z.L. Sun, J. Huang, R.S. Li, J.M.
He, S. Gibbons, D.W. Ju, Q. Mu, "Neolignans from
Piper betle have synergistic activity against antibiotic-
resistant Staphylococcus aureus,” J Org Chem, vol
86, pp. 11072-11085 (2021).

[91 N.H. Hoang, P.H. Yen, D.T. Trang, D.T.
Dung, N.T. Cuc, N.A. Bang, B.T.N. Trang, N.X.
Nhiem, B.H. Tai, P.V. Kiem, "Four steroidal saponins
from the trunks of Dracaena cambodiana with
Inhibition of NO production in LPS activated RAW
264.7 Cells,” Chem Biodiversity, vol 21, pp.
€202301764 (2024).

[10] S. Chen, H.Y. Huang, M.J. Cheng, C.C. Wu,
T. Ishikawa, C.F. Peng, H.S. Chang, C.J. Wang, S.L.
Wong, I.S. Chen, "Neolignans and phenylpropanoids
from the roots of Piper taiwanense and their
antiplatelet and antitubercular activities,"
Phytochemistry, vol 93, pp. 203-209 (2013).

[11] H.V. Dung, T.D. Cuong, M.C. Nguyen, D.
Quyen, J.S. Byeon, J.A. Kim, M.H. Woo, J.S. Chai,
B.S. Min, "Cholinesterase inhibitors from the aerial
part of Piper hymenophyllum," Bull Korean Chem Soc,
vol 35, pp. 655-658 (2014).

[12] T.N. Ly, R. Yamauchi, M. Shimoyamada, K.
Kato, "Isolation and structural elucidation of some
glycosides from the rhizomes of smaller galanga
(Alpinia officinarum Hance)," J Agric Food Chem, vol
50, pp. 4919-4924 (2002).

[13] M. Coen, R. Engel, A. Nahrstedt, "Chavicol 3-
d-glucoside, a phenylpropanoid heteroside, benzyl-f-
d-glucoside and glycosidically bound volatiles from
subspecies of Cedronella canariensis,"
Phytochemistry, vol 40, pp. 149-155 (1995).

[14] Y. Zhou, F. Dong, A. Kunimasa, Y. Zhang, S.
Cheng, J. Lu, L. Zhang, A. Murata, F. Mayer, P.
Fleischmann, N. Watanabe, Z. Yang, "Occurrence of
glycosidically conjugated 1-phenylethanol and its
hydrolase B-primeverosidase in tea (Camellia
sinensis) Flowers," J Agric Food Chem, vol 62, pp.
8042-8050 (2014).

WWW.jmest.org

JMESTN42354423

17048


http://www.jmest.org/

