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INTRODUCTION

Bangladesh being in sub-tropical zone becomes a great
reservoir of thousands of medicinal plants. Glycosmis pentaphylla
(Retz.) A. DC. (Bengali name- Datmajan; Family- Rutaceae)
is an unarmed shrub or small tree up to 5.0 meters in height,
distributed throughout Bangladesh. It is also available in Sri
Lanka, Malaysia, Indonesia, Southern Indo-China, Eastern part
of India and in Eastern Australia [1].

In Ayurvedic and other traditional medicinal practices,
the plant has some prominent success for treating fever, infla-
mmation and rheumatism in addition to treat bilious complaints,
cough, worms, jaundice, anemia, etc. [2,3]. The leaf of this
plant was also reported to have anti-inflammatory activity [4].
The stem has a popular use in Bangladesh as a brush for
cleaning teeth [5]. G. pentaphylla has been reported as a rich
source of alkaloids, terpenoids, flavonoids, naphthoquinone,
etc. [6-12].
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Glycosmis pentaphyllais traditionally used for treating many diseases in Bangladesh. Anti-inflammatory and analgesic effects of Glycosmis |
pentaphylla have been reported prominently but no bioactive element has been identified so far. In order to explore its analgesic and anti- |
inflammatory compound(s), phytochemical analysis was conducted. Nine compounds were isolated from the methanol extract of leaves
of Glycosmis pentaphylla whose structures were solved as arborinine (1), vanillic acid (2), 3-hydroxy-4-methoxybenzoic acid (3), benzoic |
acid (4), p-hydroxybenzoic acid (5), stigmasterol (6), 3-amyrin (7), phytol (8) and 30,16a-dihydroxyolean-12-ene (9) by spectroscopic |
studies, including high field "H NMR analyses as well as co-TLC with authentic samples whenever possible. Among these, compounds 3 |
and 9 are the first report of their occurrence from G. pentaphylla. in silico docking studies of these metabolites with cyclooxygenase |
(COX)-2, an enzyme responsible for producing prostaglandins, were conducted. It was found that only arborinine and phytol can bind in
the active site of COX-2, which might be considered as the major responsible moieties to cause analgesic and anti-inflammatory activities. I
|

Keywords: Glycosmis pentaphylla, Arborinine, Phytol, COX-2, Docking, Anti-inflammatory.

The one noticeable thing of this plant is that it can work
well to manage inflammation and pain as discussed earlier.
So, there might be some major responsible secondary meta-
bolites to inhibit cyclooxygenase (COX-2) enzyme, which is
liable to produce prostaglandins leading to pain and infla-
mmation. With this view, as part of our ongoing studies on
medicinal plants of Bangladesh [13,14], we investigated the
leaf extract of G. pentaphylla to isolate some major secondary
metabolites. Later isolated compounds were subjected to docking
with COX-2 to screen out the major compound(s) responsible
for reducing pain and inflammation.

EXPERIMENTAL

Collection, extraction and isolation: Leaves of Glycosmis
pentaphylla were collected from Chittagong, Bangladesh
in September 2017. The plant was taxonomically identified at
Bangladesh National Herbarium, Dhaka, where a voucher
specimen has been deposited, Accession Number DACB-
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35914. The leaves were first sun dried and then ground into
a coarse powder using a grinding machine. The powdered
leaf (1 kg) was soaked in 3 L methanol for 15 days and then
filtered through a cotton plug followed by Whatman filter paper
number 1. The extract was concentrated with a rotary evaporator.
A portion (7 g) of the concentrated methanol extract was
partitioned using the modified Kupchan partitioning protocol
[15] into petroleum ether (2.3 g), dichloromethane (1.8 g),
ethyl acetate (1.2 g) and aqueous (1.5 g) soluble materials.

The petroleum ether and dichloromethane soluble parti-
tionates were subjected to size exclusion chromatography using
lipophilic sephadex (LH-20) with petroleum ether-dichloro-
methane-methanol in a ratio of 2:5:1 as a solvent and a total
of 40 fractions were collected. On the basis of their TLC beha-
viour, fractions 6, 10, 15, 17 and 20 were subjected to prepara-
tive thin layer chromatography (PTLC) over silica gel (Kiselgel
F,s4) using a solvent system comprising of 3, 5, 10, 20 and 30
% ethyl acetate in toluene respectively. Arborinine (1), vanillic
acid (2), 3-hydroxy-4-methoxybenzoic acid (3) were obtained
from 10 %, benzoic acid (4) from 30 %, p-hydroxybenzoic
acid (5) from 20 %, stigmasterol (6), B-amyrin (7) and phytol
(8) from 5 % and 30,160-dihydroxyolean-12-ene (9) from 3
% solvent system.

NMR: 'H NMR spectra were acquired on Ultra Shield
Bruker 400 NMR instrument, using CDCl; and the chemical
shifts are reported in ppm with respect to TMS. All solvents
and reagents are of highest analytical grade.

Arborinine (1): Yellow gum; 'H NMR (400 MHz, CDCL):
83.92 (3H, s, N- CHa), 3.96 (3H, s, 2-OCHs), 4.00 (3H, s, 3-
OCHs), 6.25 (1H, s, H-4), 7.27 (1H, t, J = 8.8 Hz, H-7), 7.49
(1H, br.d, J = 8.8 Hz, H-5),7.71 (1H, t, J = 8.8 Hz, H-6) and
8.42 (1H, br. d, J = 8.8, 2.0 Hz, H-8).

Vanillic acid (2): Colourless mass; '"H NMR (400 MHz,
CDCl:): §3.95 (3H, s, 3-OCHj3), 6.65 (1H, d, J= 8.2 Hz, H-5),
6.99 (1H, br. s, H-2), 7.56 (1H, s, 4-OH) and 7.68 (1H, d, J =
8.2 Hz, H-6).

3-Hydroxy-4-methoxybenzoic acid (3): Colourless gum;
'H NMR (400 MHz, CDCls): & 3.98 (3H, s, 4-OCHs3), 6.96
(1H,d, J=8.0 Hz, H-5), 7.57 (1H, br. s, H-2) and 7.68 (1H, d,
J=8.0 Hz, H-6).

Benzoic acid (4): Colourless gum; 'H NMR (400 MHz,
CDCly): 6 7.47 (2H, t, J = 8.0 Hz, H-3, H-5), 7.61 (1H, t, J =
8.0 Hz, H-4) and 8.10 (2H, d, J = 8.0 Hz, H-2, H-6).

p-Hydroxybenzoic acid (5): Colourless mass; '"H NMR
(400 MHz, CDCL): § 6.81 (2H, d, J = 8.0 Hz, H-3, H-5) and
7.98 (2H, d, J = 8.0 Hz, H-2, H-6).

Stigmasterol (6): Colourless crystals; 'H NMR (400
MHz, CDCl;): § 0.67 (3H, s, H5-18), 0.80 (3H, d, J = 7.0 Hz,
Hs-27), 0.84 (3H, d, J = 7.0 Hz, H5-26), 0.92 3H,d, /=7.0
Hz, Hs-29), 1.00 (3H, s, H3-19), 1.02 (3H, d, J = 6.4 Hz, Hs-
21),3.52 (1H, m, H-3), 5.01 (1H, dd, J = 12 and 8 Hz, H-23),
5.12(1H, dd, J = 12 and 8 Hz, H-22), 5.34 (1H, d, J=7.0 Hz,
H-6).

B-Amyrin (7): Colourless mass; 'H NMR (400 MHz,
CDCl:): 8 0.78 (3H, s, H3-24), 0.83 (3H, s, H3-28), 0.85 (3H,
s, H3-29), 0.85 (3H, s, H3-30), 0.89 (3H, s, Hs-23), 0.97 (3H,
s, H3-25), 0.97 (3H, s, H3-26), 1.02 (3H, s, H3-27), 3.44 (1H,
dd,J=11.0,3.1 Hz, H-3) and 5.23 (1H, t, / = 3.5 Hz, H-12).

Phytol (8): Colourless mass; 'HNMR (400 MHz, CDCL;):
50.83 (6H, d, J=6.8 Hz, 7-CH3, 11-CH;), 0.85 (3H, d, J=6.8
Hz, 15-CHz), 1.66 (3H, s, 3-CHs), 1.66 (1H, m, H-7), 1.66 (1H,
m, H-11), 1.66 (1H, m, H-15), 1.98 (1H, t, J = 7.0 Hz, H-4),
4.14(1H,d,J=6.8 Hz,H-1) and 5.40 (1H, t, /= 6.8 Hz, H-2).

3a,160-Dihydroxyolean-12-ene (9): Colourless gum; 'H
NMR (400 MHz, CDCl3): § 0.75 (3H, s, 28-CHs), 0.76 (3H, s,
24-CH;3), 0.81 (3H, s, 29-CHj3), 0.87 (3H, s, 30-CHj3), 0.95
(3H, s, 23-CHj3), 1.04 (3H, s, 26-CH3), 1.05 (3H, s, 25-CHs),
1.24 (3H, s, 27-CHs), 3.42 (1H, s, H-3), 4.65 (1H, br. s, H-16)
and 5.25 (1H, t, J = 3.2 Hz, H-12).

Preparation of target COX-2 X-ray structure: The crystal
structure of mammalian COX-2 complexed with celecoxib
(PDB code: 3LN1)[16] was selected. Water molecules, ligands
and chain B, C and D of 3LN1 were removed and polar hydro-
gen atoms were added to the proteins using PyMOL (Version
1.7.4.4, Schrodinger). Energy minimization was performed
by applying YASARA force field level of theory in YASARA
Energy Minimization Server (http://www.yasara.org/
minimizationserver.htm).

Preparation of ligands: The initial structure of celecoxib,
arborinine (1), vanillic acid (2), 3-hydroxy-4-methoxybenzoic
acid (3), benzoic acid (4), p-hydroxybenzoic acid (5), stigma-
sterol (6), B-amyrin (7), phytol (8) and 3c,160-dihydroxy-
olean-12-ene (9) were obtained from PubChem (https://
pubchem.ncbi.nlm.nih.gov/search/). Molecular geometry was
optimized with MMFF94 level of theory using in Open Babel
[17]. The optimized structure of ligands was then converted
to pdbqt (Protein Data Bank, Partial Charge (Q) & Atom Type
(T)) format for docking study.

Protein-ligand docking: The docking of target protein
with the ligand was conducted using AutoDock vina [18]. The
docking was performed using a box of volume (25.00x 25.00
%x25.00) A® with a center of (34.913,-28.985,-9.511). Ligands
with lowest binding affinity and promising binding pose were
chosen as the best conformation. The interactions of different
residues of COX-2 with ligands were analyzed by PyMOL
[19]. Before screening the ligands, the docking protocol was
validated by re-docking celecoxib into the binding pocket of
3LNTI to get the docked pose displaying the root mean square
deviation (RMSD) less than 1.

RESULTS AND DISCUSSION

Characterization of isolated compounds: Nine com-
pounds were isolated from the leaf extract through various
chromatographic methods. The '"H NMR spectrum (400 MHz,
CDCl;) of compound 1 revealed proton signals characteristic
of a polycyclic acridone-type alkaloid, where two of the three
hydroxyl groups were methylated (-OMe). The spectrum dis-
played a highly characteristic ABCD spin system with four
aromatic proton resonances at 8 7.49,7.71,7.27 and 8.42, which
could be ascribed to four adjacent protons at C-5, C-6, C-7
and C-8, respectively. The sharp singlet at  6.25 was attri-
butable to the aromatic proton at C-4 of ring A. On the other
hand, the singlet of three proton intensity at & 3.92 could be
assigned to N-CHs. Two sharp singlets, each integrating for
three protons, at § 3.96 and 4.00 were assigned to two methoxyl
groups. Thus, the structure of compound 1 was solved as arbo-
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rinine which was further supported by comparing its 'H NMR
spectral data with reported values [20] as well as by co-TLC
with an authentic sample.

The "H NMR spectrum (400 MHz, CDCls) of compound
2 exhibited a broad singlet at 8 6.99 assignable to H-2. Two
doublets (J = 8.2 Hz) centered at & 6.95 and 7.68 could be
ascribed to H-5 and H-6, respectively. A sharp singlet at &
3.95 was attributed to the methoxy group at C-3. It also showed
a singlet at § 7.56, which suggested a hydroxyl proton at C-4.
On the basis of the above spectral data, compound 2 was
characterized as vanillic acid (4-hydroxy-3-methoxybenzoic
acid) which has been confirmed by comparing its spectral data
with reported values [21].

The "H NMR spectrum (400 MHz, CDCl5) of compound
3 displayed a broad singlet at 8 7.57, which could be assigned
to H-2. Two doublets (J = 8.0 Hz), centered at 4 6.96 and 7.68
could be ascribed to H-5 and H-6, respectively. The sharp singlet
of three proton intensity at § 3.98 was attributed to the methoxy
group at C-4. By comparing the above spectral features with
those of the 3-hydroxy-4-methoxybenzoic acid [22], compound
3 was characterized.

The 'H NMR spectrum (400 MHz, CDCI;) of compound 4
displayed a doublet (J = 8.0 Hz) for two protons at & 8.10 that
could be assigned to H-2 and H-6 having the same environ-
ment. A triplet (/= 8.0 Hz) for two protons at 8 7.47 could simi-
larly be ascribed to H-3 and H-5. On the other hand, another
triplet of one proton intensity resonating at 8 7.61 (/= 8.0 Hz)
was characteristic of H-4. Thus the identity of compound 4 as
benzoic acid was confirmed by comparing its spectral data
with previously reported values [23].

The "H NMR spectrum (400 MHz, CDCls) of compound
5 showed doublet of two proton intensity at & 7.98 (J = 8.0
Hz), which could be ascribed to H-2 and H-6 having the same
environment. Another doublet with J value 8.0 Hz at § 6.81
could be assigned to H-3 and H-5. Therefore, compound 5 was
characterized as p-hydroxybenzoic acid [24,25].

The "H NMR (400 MHz, CDCl;) spectrum of compound
6 displayed a one proton multiplet at  3.52, the position and
multiplicity of which was indicative to H-3 of a steroidal nucleus.
The typical olefinic H-6 of the steroidal skeleton was evident
as adoublet (J=7.0 Hz) at § 5.34 that integrated for one proton.
It also showed olefinic protons at § 5.12 and 5.01 (H-22 and
H-23). The spectrum also revealed signals at § 0.67 and & 1.00
(3H each) assignable to two tertiary methyl groups at C-13
(H5-18) and C-10 (H3-19), respectively. Two doublets (J = 7.0
Hz) centered at 8 0.84 (H;-26) and 0.85 (H;-27) which could
be ascribed to the methyl groups at C-25. The doublets (J =
6.4 Hz) at § 1.02 (Hs-21) was assignable to the methyl group
at C-20. On the other hand, the doublet (J = 7.0 Hz) of three
proton intensity at & 0.92 (H3-29) could be ascribed to the
primary methyl attached to C-28. Two singlets of three proton
intensity each at § 0.67 and 1.00 could be assigned to the
primary methyl group attached to C-18 and C-19, respectively.
Co-TLC of the compound with previously isolated authentic
stigmasterol, confirmed the identity of compound 6 as stigmasterol
which has previously been reported from G. pentaphylla [26].

The "H NMR spectrum (400 MHz, CDCls) of compound
7 displayed the presence of eight methyl singlets at § 0.89,

0.78,0.97,0.97, 1.02, 0.83, 0.85 and 0.85 for Me-23, Me-24,
Me-25, Me-26, Me-27, Me-28, Me-29 and Me-30, a characte-
ristic triplet (/= 3.5 Hz) at § 5.23 for H-12 and a double doublet
(J=11.0, 3.1 Hz) of one proton intensity at d 3.44 was typical
for the oxymethine proton (H-3) of the pentacyclic triterpene.
On this basis, compound 7 was characterized as 3-amyrin, the
identity of which was confirmed by comparing its spectral
data with published values [27] as well as co-TLC with authentic
sample.

The '"H NMR spectrum (400 MHz, CDCls) of compound
8 exhibited a doublet of two proton intensity at 8 4.14 (J = 6.8
Hz), which could be assigned to H-1. A broad triplet for one
proton observed at § 5.40, was attributed to the olefinic methine
(=CH-). The triplet at § 1.98 of two proton intensity was
ascribed to H-4. A multiplet at 8 1.07 indicated the presence
of two protons at H-7 and H-11. The proton attached to the
terminal methyls at C-15 were observed as a multiplet at &
1.66. A doublet at  0.83 for another six methyl protons was
assigned to the positions at C-7 and C-11. In addition, a doublet
at 8 0.85 (J = 6.8 Hz) for six methyl protons was attributed
to two methyl groups attached to C-15. The above spectral
features were comparable to those of phytol [28].

The '"H NMR spectrum (400 MHz, CDCls) of compound
9 showed an olefinic proton signal at § 5.25 (t, J = 3.2 Hz).
The chemical shift of this proton suggested its placement at
C-12. The broad singlet at § 3.42 could be assigned to an
oxymethine proton at C-3. The absence of any visible coupling
suggested that the proton was at 3-position and thus OH-3
was o-oriented. A characteristic broad singlet of one proton
intensity at 8 4.65 revealed the presence of another oxymethine
proton at C-16 of the triterpenoid skeleton. Here, the oxyge-
nated substituent (-OH) at C-16 was o-oriented. The "H NMR
spectrum also displayed eight methyl group resonances as
singlets at 8 0.93, 0.76, 1.05, 1.04, 1.24, 0.75, 0.81 and 0.87.
The above spectral features are in close agreement to those
observed for 3a,16p-dihydroxyolean-12-ene [29] and thus,
compound 9 was characterized as 30.,160-dihydroxyolean-
12-ene.

Molecular docking study: G. pentaphylla was reported
earlier to have anti-inflammatory and analgesic potentials. In
order to determine the principal bioactive molecule(s), the
isolated compounds were subjected to docking study with
COX-2. It revealed that among all the ligands, arborinine and
phytol bind at the binding pocket of COX-2 with strong binding
affinity (i.e. -8.2 Kcal/mol and -7.5 Kcal/mol, respectively).
The structural analysis showed that arborinine forms hydro-
gen bonding with SER339 and METS508 (Fig. 1A). The binding
of ligand at the binding pocket is further stabilized by van der
Waals interactions with Vall02, Val335, Leu338, Tyr341,
Phe367, Leu370, Tyr371, Trp373, Phe504, Val509, Ala513,
Ser516 and Leu517. The binding position of arborinine can
be considered very close to that of celcecoxib, a standard COX-
2 inhibitor drug (Fig. 1C). The structural analysis of COX-2-
phytol complex revealed that phytol makes one hydrogen
bonding with Ser339 and interact with the side chain of Val102,
Val335, Leu338, Trp341, Leu345, Trp373, Ala502, Phe504,
Met508, Val509, Ala513, Ser516 and Leu517 through van der
Waals interactions (Fig. 1B). Phytol is positioned within 4.0
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(©)

(D)

Fig. 1. Arborinine (cyan) (A) and phytol (cyan) (B) interacting with different residues (white) of COX-2 at the binding pocket. Blue dash
indicates hydrogen bonding. Superimposed binding position of celecoxib (green) & arborinine (cyan) (C) and celecoxib (green) &

phytol (cyan) (D) at the active site of COX-2

A from the Thr79, Gly340, GInl178, Arg499 and Gly512 at
the binding pocket. As phytol can insert a functional group
into the side pocket of COX-2 like celecoxib, it may exert its
analgesic action by selectively inhibiting COX-2 enzyme (Fig.
1D).

Conclusion

The isolation work on leaves of G. pentaphylla furnished
nine compounds, arborinine (1), vanillic acid (2), 3-hydroxy-
4-methoxybenzoic acid (3), benzoic acid (4), p-hydroxybenzoic
acid (5), stigmasterol (6), B-amyrin (7), phytol (8) and 30,1601
dihydroxyolean-12-ene (9). Among these, in silico docking
studies identified arborinine and phytol as bioactive metabolites

having COX-2 inhibitory potentials, which might explain the
use of the leaves of this plant as analgesic and anti-inflamma-
tory drugs.
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