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Abstract

Background: Analgesic, anti-inflammatory, and sedative drugs are available with potential side effects such as
peptic ulcer and addiction among other things. In this regard, research is underway to find safe, effective, and
economical drugs free of these side effects. In this study, an isolated natural product from Diospyros lotus, was
tested for the aforementioned bioactivities.

Objectives: To evaluate analgesic, anti-inflammatory, and sedative potential of D. lotus extracts in animal
paradigms using BALB/c mice as experimental model.

Methods: Analgesic, anti-inflammatory and sedative activities of dinaphthodiospyrol G (1) isolated from the
chloroform fraction of D. lotus were evaluated using different experimental procedures. Anti-inflammatory effect
was evaluated using the carrageenan and histamine-induced paw edema, whereas the antinociceptive effect was
quantified by means of the hot plate analgesiometer. On the other hand, the sedative effect was determined using
animal assay for screening the locomotors effects of compound 1. Compound 1 was also subjected to molecular
modeling studies against cyclooxygenase enzymes.

Results: Results from this investigation showed that the extract is devoid of anti-inflammatory and antinociceptive
potentials but has a significant sedative effect, whereas the tested compound exhibited 55.23 and 78.34%
attenuation in paw edema by carrageenan and histamine assays, respectively. A significant (p < 0.001) and dose-
dependent antinociceptive and sedative effects were demonstrated by the isolated compound. Molecular docking
and dynamics simulation studies of the isolated compound against cyclooxygenase enzyme indicated that
compound 1 forms specific interactions with key residues in the active site of the target receptor, which validates
the potential use of the isolated compound as cyclooxygenase inhibitor.

Conclusions: Compound 1 exhibited remarkable analgesic, anti-inflammatory, and sedative activities. These
findings strongly justify the traditional use of D. lotus in the treatment of inflammation, pain, and insomnia.
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Background

Diospyros lotus, normally known as date plum, lilac per-
simmon, belongs to family Ebenaceae. It is a broadly cul-
tivated species of the Diospyros genus, and is distributed
in China, Japan, Asia, and southeast Europe, sub-tropical
(Pakistan and India) and tropical regions (America and
Africa) [1]. It grows at up to 2000 m elevation; however,
it grows best at altitudes below 600 m. Its fruits have an
exquisitely rich flavor when completely ripe, and have a
astringent taste before they ripen. D. lotus has been used
in the traditional system of medicine to treat various dis-
eases including febrifuge, promote secretions, as well as
a sedative [2]. Different parts of this plant have been
documented for multiple medical uses such as leaves as
an analgesic, fruits as a febrifuge and sedative, seeds as
carminative, and bark as a febrifuge [3]. Likewise, leaf
extracts from date plum have been used as anti-tobacco
toffees. Traditionally, Diospyros species are used as a
therapeutic medicine for the treatment of hiccups, bed-
wetting, insomnia, hypertension, dyspnea, pains (muscu-
lar and joints), intestinal worms, and fever [4, 5].
Isolated phytochemicals and various extracts from differ-
ent parts of D. lotus have also been reported to possess
strong anti-proliferative potentials [6]. Photochemistry
of D. lotus documented various classes of secondary me-
tabolites such as terpenes, steroids, phenolic compounds,
and dimeric naphthoquinones. Research findings indi-
cated that quinone molecules are the main moieties in
currently available drugs which are used for the treat-
ment of cancers [7].

Additionally, few naphthoquinones (plumbagin) iso-
lated from plant matrices of various Diospyros species
have displayed significant potent cytotoxic characteris-
tics [8]. Naphthoquinones are bioactive phytochemicals
isolated from several families of higher plants and pos-
sess redox properties in addition to being involved in
numerous biological oxidative processes [9]. Moreover,
naphthoquinones are considered fundamental structures
in the field of medicinal chemistry due to their biological
potency. They are associated with the electron transport
chain in the metabolic pathways, mostly in numerous
biological oxidative processes [9]. Among the secondary
metabolites, quinones are mainly involved in reduction
processes and can act as oxidizing agents. In folk medi-
cine, medicinal plants containing naphthoquinones have
been used to treat various diseases such as cancer, in-
flammation, and as sedative. Naphthoquinone’s deriva-
tives exhibited significant analgesic, antioxidant,
antipyretic, and anti-inflammatory activities [10-12].
Similarly, naphthoquinone’s class has been reported with
antihistaminic effect [13]. This antihistaminic type action
might be similar to H1 receptor blocker (pheniramine),
which is sedative [14]. On the basis of the preceding dis-
cussion, this study was designed to investigate the
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analgesic, anti-inflammatory, and sedative potential of
extract and compound 1 isolated from D. lotus roots.

Methods

Plant material

Roots of D. lotus were obtained in May 2009 from Raza-
gram Distt; Dir Khyber Pakhtunkhwa Pakistan. The
plant specimen was identified by Prof. Dr. Abdur Rashid,
a well-known taxonomist, Department of Botany, Uni-
versity of Peshawar, KPK, Pakistan. A voucher specimen
no [Bot. 20,036 (PUP)] was deposited at the herbarium
located at the said Department.

Extraction and isolation

Shade dried roots (13.88 kg) were powdered by using a
local grinder machine. The ground plant sample was
subjected to cold extraction using chloroform for 16
days. The obtained extract was concentrated at low
temperature and pressure to afford a combined crude
extract (198 g). The chloroform extract (198 g) was sub-
jected to soxhlet extraction to remove dyes and fatty
acids, and resulted in 166 g; the extraction process was
carried out according to published procedures [15]. This
step was followed by subjecting 30 g of the chloroform
fraction to normal phase column chromatography (CC)
using silica gel-60 (Merck-5 x 60 cm). The column was
eluted with n-hexane/ethyl acetate (100,0 to 0:100) solv-
ent system which yielded 10 sub-fractions (SM-1 to SM-
10). Based on the TLC profile, sub-fraction SM-8 (1.98
g) was further subjected to repeated normal phase col-
umn chromatography (CC) by eluting the column with
n-hexane/ethyl acetate solvent system (87,13), to afford
compound 1 (Fig. 1). Compound 1 was identified as 5,8,
4-trihydroxy-1-methoxy-6,6-dimethyl-7,3-binaphtyl-1,4,
5,8- tetraone using spectroscopic techniques, such as 1D
and 2D NMR [3].

Animals

Healthy BALB/c mice (25-30g) acquired from the Na-
tional Institute of Health (NIH) Islamabad-Pakistan were
used throughout this investigation. Animals were given
free access to standard diet and water, and were kept
under standard laboratory conditions mentioned in the
animal by laws approved by the ethical committee
(SOU/Pharm-22) of Pharmacy Department, University
of Swabi, Swabi, Pakistan. After the experimental pro-
cedure, animals were sacrificed by cervical dislocation
and disposed properly. Animals were randomly divided
into various groups with six animals each (n = 6), includ-
ing negative control treated with normal saline, positive
control and tested groups treated with our test sample.
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Fig. 1 Chemical structure of dinaphthodiospyrol G isolated from D. lots
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Anti-inflammatory screening

Anti-inflammatory effect of the chloroform extract and
compound 1 was assessed using the carrageenan and
histamine-induced paw edema according to a published
procedure [16]. In brief, animals were arbitrarily divided
into several groups of six animals each, including nega-
tive control (10 mL/kg saline) and positive control
(Diclofenac, 5mg/kg/, Loraditine 2 mg/kg)). Tested
groups were treated with chloroform extract (50, 100,
and 200 mg/kg) and compound 1 (0.5, 5, 10, and 15 mg/
kg). Thirty minutes after the intraperitoneal treatments,
1% carrageenan (0.05mL) or 0.1 mL of histamine solu-
tion (0.5%) was subcutaneously injected in the right hind
paw (sub plantar tissues) of each mouse. Inflammation
in each mouse was recorded after 1, 2, 3, 4, 5, and 6 h of
carrageenan /histamine administration through a
plethysmometer (LE 7500 plan lab S.L). Anti-
inflammatory activity (percent inhibition) against paw
edema was obtained through the following formula:

Inhibition (%) = (A - B/A) x 100

Where, A = paw edema of negative control,and B
= paw edema of tested group

Hot plate assay

In this test, animals were starved for 3 h before the start
of the test and were distributed in different groups of six
animals each. Group I was administrated with normal
saline (10 mL/kg) as control for statistical analysis, group
II was administered with tramadol (5mg/kg), and the
rest of the groups were administered with the chloro-
form extract (50, 100, and 200 mg/kg) and isolated
compound (2.5, 5, 10, and 15 mg/kg). Hot plate analgesi-
ometer (Havard apparatus) was wused for the

determination of central antinociceptive effect following
our published protocols [16]. A cut off time (25s) was
used for each animal to avoid tissue damage. After 30
min of sample administration, each animal was tested
for analgesic effect on the hot plate, and the latency time
was recorded in seconds. Latency was recorded again
after 60, 90, and 120 min, and the percent effect was de-
termined following our published method [16].

Sedative activity

Animals were grouped as above except for positive con-
trol where they were treated with diazepam 0.5 mg/kg.
The open field apparatus experiment was performed as
per reported methods outlined by Muhammad et al
[16]. Animals were classified in different groups. The
positive control group was treated with diazepam and
negative control group was injected with saline. The
tested groups were treated with extract and isolated
compound with different doses. According to this pro-
cedure, after 30 min of treatment, each animal was
placed in a special box and the lines crossed by each
mouse were counted. The animal with hindered move-
ment was considered to be sedated and animals that
crossed more lines were considered to be nonsedated.

Molecular dynamics simulation

Molecular docking study of compound 1 was conducted
against the anti-inflammatory target, cyclooxygenase
receptor-1 (COX-1). The crystal structure of the tar-
geted receptor was retrieved using PDB code 401Z from
protein databank (www.rcsb.org). The 3D structure of
the isolated compound was built in the molecular oper-
ating environment (MOE) using MOE-builder module
(Chemical Computing Group. Inc). The structural coor-
dinates of the target was subjected to 3D protonation
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and energy minimization up to 0.05 Gradient using
MMFF94s force field implemented in the MOE software.
Next, protonation was performed using default parame-
ters in MOE and was energy minimized to get a mini-
mum energy conformation of the target. Finally,
optimized structures were used for molecular docking
purposes, utilizing the default molecular docking stand-
ard protocol in MOE. Assessment was chosen for the
top-ranking docked complex based on the docking score
(S) and the protein-ligand interaction (PLI) profile. The
docked complex was used to performing molecular dy-
namics simulation to evaluate the stability of the com-
plex by AMBER18 software package (University of
California, San Francisco. Inc). The dinaphthodiospyrol
G isolated compound from D. lots was parameterized
using the generalized Amber force field (GAFF) [17].
Antechamber module was used for assigning the GAFF
atom type [18]. MD simulations and analysis were con-
ducted in AMBER version 2018 [19]. The LEaP module
was used to add hydrogen atoms to the complex. Next,
we have added the counter ions to preserve the system
neutrality. The system was solvated in an octahedral box
of the TIP3P water model with a cut-off 10 A buffer.
The Particle Mesh Ewald method has been used to
evaluate the distant intermolecular interactions [19]. The
ff14SB force field was used for conducting the MD simu-
lation [123], and the SHAKE Algorithm was applied to
constrain all covalent bonds involving hydrogen atoms
with a tolerance of 10 A to 5A [20, 21]. We used the
CUDA version of PMEMD to accelerate the MD simula-
tion process. The steepest descent method was used to
minimize the solvated system for 20, 000 steps, then
400 ps heating, and 200 ps equilibration in the NVT en-
semble. The temperature and pressure were combined
with a constant time of 01 ps. Finally, the Langevin’s al-
gorithm was used for the isotropic position scaling, and
a relaxation with a time of 2.0 ps [22].-.
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Statistical analysis

All obtained results of this screening are presented as
the mean * standard error of the mean (SEM) to find the
significant difference (p <0.05 or 0.01) amongst experi-
mented groups. Data were subjected to one-way analysis
of variance (ANOVA). Statistical analysis was performed
with the aid of Dunnett’s multiple assessment tests using
GraghPad prsim 5; differences were considered signifi-
cant at p <0.05.

Results

Anti-inflammatory effect

Our findings revealed that the extract exhibits a signifi-
cant impact at a higher dose in the carrageenan-induced
paw edema. At the early inflammatory phase, 25% at-
tenuation in edema was observed which was improved
with time. The maximum reduction (55.23%) was no-
ticed after the 4th h of experimental duration. On the
other hand, the anti-inflammatory effect of the tested
compound was 45.65% in the initial phase and 89.56% in
the secondary phase, as shown in Fig. 2.

In the histamine-induced paw edema, the extract
exerted a reduction in paw edema from the initial phase
(48.34%, at the first hour) and was maintained up to the
secondary phase (52.34%, at the 3rd hour). A significant
(78.34%) anti-inflammatory effect was observed against
compound 1 from the 1st hour of the experiment and
remained for the 3rd hour, as shown in Fig. 3.

Antinociceptive effect

A significant (p <0.001) central antinociceptive effect
was noticed at various doses as presented in Table 1.
Compound 1 increased the latency time from the start
of the experiment and maintained a significant increase
(p <0.001) up to 120 min. No significant effect was no-
ticed against lower tested doses. The extract was devoid
of any pain-relieving potential.
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Fig. 2 Anti-inflammatory effect of chloroform extract (200 mg/kg) and Dinaphthodiospyrol G (15 mg/kg) isolated from D. lotus on carrageenan
paw in mice. All values are represented as mean + S.EM for all groups (n=6)
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Fig. 3 Anti-inflammatory effect of chloroform extract (200 mg/kg) and Dinaphthodiospyrol G (15 mg/kg) isolated from D. lotus on Histamine paw
edema in mice. All values are represented as mean + S.EM for all groups (n = 6)

Sedative effect

Shown in Table 2 are results related to the sedative
effectof extract and of compound 1. The extract failed to
induce sedation at any measured dose, whereas com-
pound 1 demonstrated a significant (p < 0.001) sedative
effect as shown by hindering the mobility of animals in a
special box.

Molecular dynamics simulation

Docking results revealed that the isolated compound
shows a fit-well pattern of binding in the active site
of the receptor. The protein-ligand interaction profile
(PLI) showed that the compound adopted both hydro-
gen donor (H-donor) and acceptor (H-acceptor) with
various binding energies (kcal/mol). Further, the mo-
lecular dynamics simulation results of the docked
complex revealed that compound 1 shows a very
stable behavior throughout a 50ns MD simulation
time.

Discussion

D. lotus is one of the indigenous medicinal plants which
is traditionally used as sleep inducer, analgesic, and anti-
pyretic. The crude extract of this plant has been re-
ported with significant anti-inflammatory, sedative, and
anti-nociceptive effect [23]. In addition to these effects,
researchers reported on the effect of D. lotus as antioxi-
dant [23], antipyretic [19], and anti-HIV [24]. The crude
extract of any plant contains constitutes responsible for
biological activities. Therefore, isolation of these constit-
uents followed by screening for biological actions is es-
sential to find the extracted chemical constitute
responsible for any biological activity. In the current
study, the isolated compound from D. lotus has been
tested for anti-inflammatory, anti-nociceptive, and seda-
tive effect.

Naphthaquinone derivatives with significant anal-
gesic, antipyretic, and anti-inflammatory effect [10, 11,
25, 26], have been reported. With this in mind, we
tested compound 1 for anti-inflammatory effect. The

Table 1 Analgesic activity of Dinaphthodiospyrol G isolated from D. lots

Groups (Doses Time (Minutes)
mg/kg) 30 60 90 120
Saline 10 ml/kg 9.21 £0.09 9.19 +£ 0.08 9.20 £ 0.011 9.18 £0.12
Tramadol 10 mL/kg 2461 +0.08*** 26.99 + 0.98%** 2560 + 0.88*** 2500 + 042%**
Chloroform extract 50 860+033 890 + 045 898 + 0.64 819+ 090
100 9.00+£0.54 9.55 + 052 9.70 £ 0.70 8.98 + 0.80
200 10.05+0.20 10.35 £ 0.50 10.25 + 00.55 10.00 £ 040
Dinaphthodiospyrol G 25 1611+ 044 1738 £ 0.67* 16.98 + 80 16.77 £ 1.02
5 17.84 £ 0.54* 19.01 £ 0.70** 18.50 + 0.88* 18.13 £ 1.06*
10 19.50 + 0.60** 2097 + 0.78** 20.00 + 0.80** 19.99 + 1.12%*
15 21.50 £ 0.77%** 2298 + 0.81%** 22,08 + 0.95%** 21.80 + 1.21%**

Data expressed as the mean + standard error of the mean (S.E.M.) of latency time in seconds for each group (n = 6), statistically, analysis of variance (one way) was
done followed by multiple comparison through Dunnett’s post-hoc test; Where, p < 0.05=*; p < 0.01 =*¥; p < 0.001 = ***,
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Table 2 Sedative activity of dinaphthodiospyrol G isolated from

D. lots

Treatment Doses (mg/kg) Line crossed

Diazepam 0.5 6.86 + 0.11***

Chloroform extract 50 104.54 + 2.00
100 99.60 + 2.34
200 96.20 £ 2.70

Dinaphthodiospyrol G 25 88.98 + 1.86%
5 7400 £ 1.58%*
10 62.98 + 1.32**
15 51.98 + 1.20%**

Data expressed as the mean + standard error of the mean (S.E.M.) of number
of lines crossed for each group (n = 6), statistically, analysis of variance (one
way) was done followed by multiple comparison through Dunnett’s post-hoc
test; Where, p <0.05=%; p <0.01 =**; p <0.001 = ***,

tested compound attenuated inflammation in both
models, i.e. carrageenan and histamine-induced paw
edema. Carrageenan induces inflammation in two
phases [11, 12], the initial phase edema is attributed
to the local release of histamine, bradykinins, and
serotonin while the other phase is due to overproduc-
tion of prostaglandins (PG). Our findings indicate that
the chloroform fraction was devoid of any anti-
inflammatory potential which might be due to agonist
and antagonist chemical constitutes in plants extracts
[27]. The extract failed to resist the edema in all
tested doses. However, compound 1 inhibited the bi-
phasic edema induced by carrageenan, which is an in-
dication that this isolated molecule is a histamine and
PG blocker.

Similarly, naphthaquinones have been reported with
antihistaminic effect [28—31]. This antihistaminic type
action might be similar to H; receptor blocker (phe-
niramine), which is sedative [13] because, in the
current work, our tested compound is a significant
sedative. PG is the product of arachidonic acid by cy-
clooxygenase (COX). The majority of COX inhibitors
are painkiller, antipyretic, and anti-inflammatory with
a potential side-effect to the stomach. Therefore, the
discovery of new, safe, and effective COX inhibitor is
a big challenge to researchers. In the thermal induced
pain paradigm, no antinociceptive effect was revealed
by the extract, but a significant effect was observed
for the tested compound.
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Docking results revealed several critical interactions
including H-donor and H-acceptor with key residues
which might have a role in the enhancement of the cor-
responding activity.

Details of the critical interactive residues are shown in
Table 3 and Fig. 4a. A total of 50 ns MD simulations
were performed to check the stability of the complex in
an explicit water environment. The root-mean-square-
deviation (RMSd) was calculated to determine the stabil-
ity validation of the complex, which was a key parameter
for evaluating the equilibrium of the MD trajectory for
the primary chain atoms of the protein system along
with the MD simulation. Results indicated that the
RMSd value of the isolated compound increases (12 ns)
and suffers from high fluctuation but becomes stable
after 17 ns. The gradual increase in RMSd of the com-
plex might be due to grasping the stable states where
first they attained the exited state and then oscillated
afterward. The average coordinate was extracted from a
total of 50 ns MD simulations and showed that the com-
pound is stable with adopted several key interactions
with active site residues. The following analysis was ob-
tained from the 50 ns trajectory calculations, which show
that the stable behavior of the isolated compound
strongly inhibited the target and bonded explicitly to the
binding site (Fig. 4b).

We analyzed the fluctuations of residues in terms of
root-mean-square fluctuation (RMSf) to determine how
compound 1 affected the side chain of the target recep-
tor residues. RMSf results revealed a high fluctuation in
the binding site residue where compound 1 adopted fa-
vorable interactions with critical residues, while other re-
gions showed local fluctuation (Fig. 4c). These results
delineate that compound 1 showed a very stable behav-
ior against the target receptor and gives us a clue regard-
ing the best potential of this compound against the
targeted receptor. The significant anti-inflammatory,
anti-nociceptive, and sedative effects of compound 1
provide a strong scientific justification to the traditional
uses of D. lotus in the treatment of inflammation, pain,
and insomnia.

Conclusions

D. lotus is traditionally used as painkiller, anti-inflam-
matory, and sedative. Results from this investigation
indicated that 5,8,4-trihydroxy-1-methoxy-6,6-dimethyl-

Table 3 The protein-ligand interaction (PLI) profile for an isolated compound

Ligand Receptor Interaction Distance E (kcal/mol) Docking Score
c19 SD MET 113 H-donor 373 -08 —8.83694744
022 O ILE 523 H-donor 324 -13
024 OG SER 530 H-acceptor 281 -0.7
029 NH2 ARG 120 H-acceptor 371 -1.1
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7,3-binaphtyl-1,4,5,8- tetraone (1) from the chloroform
fraction exhibits significant anti-inflammatory, anti-
nociceptive, and sedative effects. Thus our findings pro-
vided scientific rational to the traditional use of D.
lotus for the treatment of various diseases. Addition-
ally, compound 1 is a novel candidate for further de-
tailed screening to ascertain its clinical use. However,
more detailed studies are required to establish the
safety and efficacy of compound 1 and the extract.
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