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Abstract

Background: This study was conducted to evaluate the analgesic activity of different extracts of Lippia alba (L. alba)
along with in silico evaluation of analgesic activity of the isolated compounds from L. alba against cyclooxygenase-2
enzyme and ADME/T analysis of isolated compounds.

Method: In vivo analgesic activity of different extracts of L. alba was evaluated by acetic acid-induced writhing, tail
immersion and hot plate on Swiss albino mice of either sex. In silico activity of the isolated compounds and ADME/T
analysis were performed by Schrödinger-Maestro (Version 10.1) and OSIRIS Data warrior (version 4.6.1) softwares.

Results: Three different extracts (Methanolic extract: ME; Petroleum ether extract: PEE; Dichloromethane extract: DCME) of
250mg/kg and 500mg/kg doses were used in the experiments to evaluate analgesic activity. In acetic acid-induced
writhing test, significant results were seen for PEE (500mg/kg) and DCME (500mg/kg), which were 53.09 ± 2.87 & 50.09 ±
4.24%, respectively. In tail immersion test, the best latency time was found at + 60min for PEE (500mg/kg) which is
(5.65 ± 0.25) sec. For hot plate test, DCME at a dose 500mg/kg showed the highest increase in latency time, which was
13.48 ± 0.33 s. In the case of in silico evaluation of analgesic activity, the compounds such as geranial, neral, (E)-
caryophyllene, caryophyllene oxide, mussaenide, and 8-epi-loganin meet the condition of Lipinski’s rule of five. Among
these safe compounds, 8-epi-loganin showed the best docking score of − 8.17 kcal/mol against cyclooxygenase-2
enzyme (PDB ID: 6COX), which was almost similar to that of the standard drug, Celecoxib (− 11.11 kcal/mol).

Conclusion: In conclusion, L. alba can be a potent source of analgesic medicine and further modification and simulation
studies are required to establish the effectiveness of 8-epi-loganin.
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Background
Pain is an advantageous tool for the immune system to
protect the area damaged by chemical, mechanical and
thermal stimuli. But it brings a lot of discomfort and
sufferings to the patients [1–4]. To manage the pain a
wide varieties of analgesic like NSAIDs (Non-Steroidal
Anti-Inflammatory Drugs), steroidal drugs as well as opi-
oid analgesics are used which have various adverse effect
such as liver damage, cardiovascular problems, renal fail-
ure, erectile dysfunction, manic depression, hypertension,
cramps and dizziness, appearance of dormant diabetes,
skin atrophy, decreased bone density, gastrointestinal tract

ulcers, dependence, constipation and respiratory problems
[5–9]. So, it’s an important concern to the world to make
sure a source of affordable alternative herbal based anal-
gesic drugs with more potent as well as less adverse effect
that may be acquired through medicinal plant.
Molecular docking is an important technique of mak-

ing plans and layout of new drugs, where it is expected
that a small molecule will show affinity and bind experi-
mentally to the binding site of the target receptor. A
successful docking methodology should correctly predict
the native ligand model to the receptor binding site (i.e.
to find the experimental ligand geometry within a cer-
tain tolerance limit) and the associated physico-chemical
molecular interactions [10, 11].
L. alba (Family: Verbenaceae) is a 1.7 cm high aro-

matic shrub that is widely distributed through the
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Caribbean, South and Central America and Tropical Africa
[12, 13]. It is widely cultivated for its ornamental value as it
has aromatic foliage and beautiful flowers [14]. The leaves
are used for flavoring agents [15] such as mole sauces from
Oaxaca, Mexico [16]. The plant is used traditionally for
colds, sedative, somatic, cough, antidepressant, dysentery,
analgesic, febrifuge and gastrointestinal ailments [17, 18]. A
review of the literature showed that L. alba has been found
to have a wide range of activities, including antioxidant, an-
tiulcer, antibacterial, antifungal, antinociceptive, antiviral,
anti-inflammatory, antiprotozoal, cytotoxic, as well as neu-
rosedative activities [18–21]. Many volatile and non-volatile
components such as neral, geranial, E-caryophyllene,
caryophyllene oxide, allo-aromadendrene, theveside, 8-
epiloganin, geniposide, mussaenoside, apigenin-7-O-glucu-
ronide, luteoline-7-O-glucuronide etc. [22, 23] have been
isolated from this plant.
Therefore, the aim of this study was to investigate the

analgesic activity of the methanolic (ME), petroleum
ether (PEE) and dichloromethane (DCME) extracts of L.
alba leaves via in vivo method and in silico identification
of potential phyto compound as an analgesic.

Materials and methods
Plant collection and identification
The fresh leaves of L. alba were collected from section-
16 (near the rose garden) of National Botanical Garden
of Bangladesh, Mirpur-2, Dhaka. The collected plant was
identified by Sarder Nasir Uddin, Principal Scientific
Officer, Bangladesh National Herbarium (Accession
Code- 38307). A dried sample was placed in the herbar-
ium for confirming later reference.

Preparation of plant extract
The collected leaves were washed with fresh water and
dried under shade at room temperature for a period of
7 days. Then, the dried sample was ground to fine
powder by using mechanical grinder (MACSALAB 200
Cross Beater, Eriez, Erie, Pennsylvania, U.S.A.) and 40-
mesh sieve. After that the powdered leaves (83.4 g) were
extracted by using different solvents such as methanol,
petroleum ether and dichloromethane separately,
whereas hot extraction method was followed with the
help of a soxlet apparatus. In fact, 300 mL respective
solvent was used for completing the extraction process.
Moreover, the filtration was carried out for getting the
liquid extracts by using Whatman No.1 filter papers.
Next, a hot air oven (BST/HAO-1127, Bionics Scientific
Technologies Pvt. Ltd., Delhi, India) was used for drying
the individual filtrate at 40 °C. Here, the extraction yield
of ME, PEE and DCME were 4.72% (w/w), 3.88% (w/w)
and 3.53% (w/w) respectively. These extracts were then
stored at 4 °C with a view to conducting analgesic study.

Experimental animals
For the analgesic study, 120 Swiss Albino mice of either
sex, 6–7 weeks of age, weighing between 20 and 30 g,
were collected from the Animal Research Branch of the
International Center for Diarrheal Disease and Research,
Bangladesh (ICDDR, B). They were housed in groups of
5, in plastic cages having dimension of (28 × 22 × 13 cm).
Soft wood shavings were used as bedding of cages. Ani-
mals were maintained under standard environmental
conditions i.e. temperature: (27.0 ± 1.0 °C), relative hu-
midity: 55–65% and 12 h light/12 h dark cycle. Pellets of
food and water ad libitum were confirmed for mice. The
newly bought mice were given a week rest to get habitu-
ated in the room environment. The Institutional Animal
Ethical Committee of Jashore University of Science and
Technology, Jashore, Bangladesh approved the protocol
used in these experiments conducted with these animals.

Acute oral toxicity study
Some adverse effects may result within 24 h from single
or multiple exposures of materials which indicate acute
toxicity. LD50 of the test sample is found from this study
following OECD guidelines. Different concentrations of
test samples like 100, 250, 500, 1000, 2000, 3000 and
4000 mg/kg body weight were employed orally. Either
sign of any toxicity or mortality that was found after oral
administration of the samples was monitored up to 1 h.
For the next 5–6 h, animals were observed on every hour
basis. Nevertheless, the animals were reserved under ob-
servation for 2 weeks [24].

Evaluation of analgesic activity
Acetic acid induced writhing test
The writhing test was conducted according to the
method of Koster et al [25]. Fourty mice were divided
into control group (normal water), positive control or
standard group (diclofenac sodium, DS, 100 mg/kg body
weight), and test groups (ME, PEE and DCME at 250
and 500 mg/kg body weight), containing five mice in
each group. Mice in the control group, positive control
group and test groups received one dose of normal
water, diclofenac sodium, methanolic, petroleum ether
and dichloromethane extracts of L. alba leaves orally.
Forty-five minutes later, each mouse was injected intra-
peritoneally with 0.7% (v/v) acetic acid at a dose of 10
mL/kg body weight. Fifteen minutes after the adminis-
tration of acetic acid, the number of writhing responses
was recorded for each animal during a 5-min period. Be-
sides, the mean abdominal writhing for each group was
calculated.

Tail immersion test
The method of Toma et al [26] was used to assess the
central analgesic activity. Also for this study, fourty mice
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were divided into control group (normal water), positive
control or standard group (diclofenac sodium, DS, 100
mg/kg body weight), and test groups (ME, PEE and
DCME at 250 and 500 mg/kg body weight), containing
five mice in each group. Here the painful reactions in
animals were generated by thermal stimulus through
dipping the tip of the tail in hot water. Mice were
grouped and treated as described before. Morphin (5
mg/kg) was used as the reference drug. After the treat-
ment of each group, the basal reaction time was mea-
sured by immersing the tail tips of the mice (last 1–2
cm) in hot water of (55 ± 1) °C. The flick response of
mice, i.e., time taken (in second) to withdraw it from hot
water source was calculated and results were compared
with the control group. A latency period of 15 s was set
as the cut-off point to avoid injury to mice. The latent
period of the tail-flick response was determined before
30 min and after 30, 60 and 90 min of drug and extract
administration.

Hot plate method
Fourty mice were divided into control group (normal
water), positive control or standard group (diclofenac so-
dium, DS, 100 mg/kg body weight), and test groups (ME,
PEE and DCME at 250 and 500 mg/kg body weight),
containing five mice in each group as well for the study
of hot plate method. The paws of mice are very sensitive
to temperature at 55 ± 0.5 °C, which are not damaging to
the skin. The animals were placed on hot plate kept at a
temperature of 55 ± 0.5 °C. A cut off period of 20s [26]
was observed to avoid damage to the paw. Reaction time
was recorded when animals licked their fore or hind
paws or jumped at 0 (before 30 min of drug administra-
tion), + 30, + 60 and + 90min after oral administration of
the samples. The animals of test groups received test
samples of different extracts at the doses of 250 and 500
mg/kg body weight. Positive control group or standard
group and control group were treated with morphine (5
mg/kg b.w.) and water (10 ml/kg), respectively.

In silico molecular docking analysis
For molecular docking study, Glide of Schrödinger-
Maestro (Version 10.1) was used to predict the potent
active compounds isolated from L. alba compared to
standard drug celecoxib against the active inhibitory site
of Cyclooxygenase enzyme.

Ligand and protein preparation
The 3D structure of the enzyme Cyclooxygenase-2 was
obtained from protein data bank in PDB format (PDB
ID: 6COX) [27]. In the beginning, the protein structure
was purified in discovery studio v 4.45 by removing the
B chain and bound ligands to B chain and protoporphy-
rin IX containing Fe & N-acetyl-D-glucosamine bound

to A chain. The purified structure was saved in PDB
format (Discovery Studio is a suite of software for simu-
lating small molecule and macromolecule systems. It is
developed and distributed by Accelrys). Protein Prepar-
ation Wizard of Schrödinger-Maestro v 10.1 was used to
make the protein compatible for Glide module. In this
process, in primary stage, bond order was assigned,
hydrogen molecules were added, zero-order bonds with
metal were created, disulfide bonds were created and
selenomethionines were converted to methionines. In
protein refinement stage, hydrogen bonds were assigned
using the PROPKA module at pH 7, water molecules
with less than three hydrogen bonds to non-water mole-
cules were removed and at last energy minimization was
carried out using OPLS 2005 force field setting the max-
imum heavy atom RMSD to 30 Å [28].

Grid generation
Glide version 6.6 was used for receptor grid generation.
Glide is a module which is used for excluding the ligand
from ligand-protein complex and defining a box where
the desired ligands can be added as a compex. In this
study, van der waals radius scaling was set to default of
scaling factor 1.00 Å and charge cut-off 0.25 Å. A cubic
box of specific dimensions centered on the centroid of
the active site residues was generated for the receptor.
The bounding box was set to 14 Å × 14 Å × 10 Å and it’s
essential to identify the active binding site in the target
protein [29].

Glide standard precision (SP) ligand docking
After completing the preliminary steps, the glide 6.6
module of Schrödinger-Maestro v 10.1 was used for de-
termining the docking scores of desired complex. Glide
is designed to assist in high-throughput screening of po-
tential ligands based on binding mode and affinity for a
given receptor molecule. We can compare ligand scores
with those of other test ligands, or compare ligand
geometries with those of a reference ligand. Additionally,
we can use Glide to generate one or more plausible
binding modes for a newly designed ligand. In this study,
Flexible ligand docking was performed with Glide of
Schrödinger-Maestro (version 10.1) [30, 31] within
which penalties were applied to non-cis/trans amide
bonds. Glide standard precision docking was performed
with these molecules, and hits above 4 kcal/mol based
on docking score with COX-2 enzyme in XP mode,
keeping all docking parameters as default. No bonding
constraints were given during docking calculations.
Using Monte Carlo random search algorithm, ligand
poses were generated for each input molecule, and bind-
ing affinity of these molecules to the COX-2 enzyme
were predicted regarding Glide docking score. Post-
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docking minimization was performed with OPLS 2005
force field, and one pose per ligand was saved.

ADME and toxicity analysis
The appropriate physicochemical properties of a mol-
ecule to pass a orally active drug molecule depends upon
certain physical and chemical parameters also known
Lipinski’s rule of five or simply the Rule of Five (RO5).
The rule describes the physicochemical properties im-
portant for a drugs pharmacokinetic in the human body
such as absorption, distribution, metabolism and excre-
tion (ADME) but the rule cannot confirm the pharmaco-
dynamics property of the drug molecule [32]. In our
study, to evaluate the ADME and toxicity properties of
the isolated compounds from L. alba, we used OSIRIS
Data warrior v 4.6.1 software. In this software, we used
the chemical structure feature to calculate the desired
properties for ADME/T analysis.

Statistical analysis
All results are expressed as mean ± standard error of
mean (SEM). All the tests were analyzed statistically by
one-way ANOVA (Analysis of Variance) followed by
Dunnett’s t test and Post Hoc Tuckey’s test. In addition,
the results of tail immersion test and Hot Plate test were
analyzed by using repeated measure ANOVA (RM-
ANOVA). P < 0.05 was considered to be statistically
significant. P < 0.05 was considered to be statistically
significant. All data were analyzed using SPSS software
(version 17; IBM Corporation, New York, USA).

Results
In vivo analgesic activity
In the acetic acid induced writhing test, all mice dis-
played significant number of writhing compared to con-
trol. Treatment with diclofenac sodium showed the
lowest number of writhing compared to any other

treatment groups with extract. Among the treatment
groups with extract PEE (500 mg/kg) and DCME (500
mg/kg) showed significant inhibition (%) which is
(53.09 ± 2.87) % & (50.09 ± 4.24) % respectively. The re-
sults are presented in Table 1.
In Table 2, the results of tail immersion test of anal-

gesic activity evaluation are represented. Here we can
see that at + 60 min all the extracts except DCME (250
mg/kg) displayed significant increase in latency time.
Table 3 represents the results of hot plate taste. At

time + 90 min all the extracts along with standard drug
displayed significant increase in latency time compared
to control group. Among the extracts DCME (500mg/
kg) showed the best increased latency time which is
(13.48 ± 0.33) sec.

In silico study for the evaluation of analgesic activity
Table 4 represents the physicochemical properties re-
quired for ADME/T analysis of the isolated compounds

Table 1 Effects of different extracts of L. alba in acetic acid-
induced writhing test

Treatment group Dose n Number of writhing Inhibition (%)

Control 10 ml/kg 5 56.5 ± 5.80 –

Standard
(Diclofenac Sodium)

100mg/kg 5 10.75 ± 3.83* 78.61 ± 9.60*

ME 250mg/kg 5 37.50 ± 1.70*a 31.94 ± 5.80*

ME 500mg/kg 5 27.00 ± 1.87*a 49.30 ± 9.48*

PEE 250mg/kg 5 36.25 ± 0.85*a 33.89 ± 6.40*

PEE 500mg/kg 5 26.00 ± 1.35*a 53.09 ± 2.87*

DCME 250mg/kg 5 37.5 ± 2.10*a 30.89 ± 9.80*

DCME 500mg/kg 5 27.50 ± 1.19*a 50.09 ± 4.24*

Number of writhing is present as mean ± standard error of mean. *P < 0.05, vs
control (Dunnett’s t test); aP < 0.05, vs Standard group (pair-wise comparison
by post-hoc Tukey’s HSD test). ME: methanolic extract; PEE: petroleum ether
extract; DCME: dichloromethane extract

Table 2 Effects of different extracts of L. alba in tail immersion test

Treatment
group

Dose n Latency Time (s)

0 min + 30 min + 60min + 90 min

Control 10 ml/kg 5 2.39 ± 0.21 3.85 ± 0.05 3.53 ± 0.10 3.02 ± 0.14

Morphin 5 mg/kg 5 4.59 ± 0.29* 11.31 ± 0.19* 11.55 ± 0.21* 11.26 ± 0.37*

ME 250mg/kg 5 3.68 ± 0.29* 2.92 ± 0.42 2.94 ± 0.20* 3.43 ± 0.15

ME 500mg/kg 5 4.25 ± 0.07* 4.53 ± 0.12 4.68 ± 0.15* 3.15 ± 0.15

PEE 250mg/kg 5 3.11 ± 0.12 3.14 ± 0.33 4.46 ± 0.18* 3.02 ± 0.14

PEE 500mg/kg 5 4.08 ± 0.32 3.87 ± 0.42 5.65 ± 0.25* 5.25 ± 0.79*

DCME 250mg/kg 5 3.63 ± 0.33* 3.57 ± 0.36 3.35 ± 0.13 3.39 ± 0.18

DCME 500mg/kg 5 4.29 ± 0.23* 3.96 ± 0.25 4.80 ± 0.32* 3.39 ± 0.79

Latency time values are present as mean ± standard error of mean. 0 min means 30 min before drug administration, + 30 min, + 60 min and + 90min indicate 30,
60 and 90 min after the administration of drug and extract, respectively. Tests of within-subjects effects reveal that for the factor ‘Time’ calculated F = 13.55 for all
methods and P value = 0.000 in every case. So time is highly significant at any level of significance. *P < 0.05, vs control. Repeated measure analysis of variance
with Dunnett’s multiple comparison was performed to analyze this data set. ME: methanolic extract; PEE: petroleum ether extract; DCME: dichloromethane extract
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of L. alba. From this table, by analyzing the obtained
value we can predict the eligibility of a compound to
pass as a safe compound. We can see that Theve-
side, Apigenin 7-O-glucuronide and Luteolin 7-O-
glucuronide made violations to Lipinski’s rule of five
but all other molecules met the conditions to pass
as a drug molecule according to the rule.
In Table 5, the identification number for the safe iso-

lated compounds are presented as InChI key format and
also the docking score, glide e model and glide energy of
the isolated compounds along with standard drug Cele-
coxib is represented. From the table we can see that 8-
epiloganin has the lowest docking score − 8.17 kcal/mol.
Interactions of this compound and standard drug Cele-
coxib with cyclooxygenase-2 protein, their binding inter-
action with the specific amino acids of the inhibitory site
of the protein is displayed in Figs. 1, 2, 3.

Discussion
Phytoconstituents are obtained by extraction of plant
parts and may be responsible for wide range of thera-
peutic activity when they are used in medicinal purpose
[33]. Secondary metabolites are mainly responsible for
pharmacological action. Though primary metabolites are
found in almost all plants, not all secondary metabolites
are found in every plant but they differ from one plant
to another. For this very reason, not all plants shows
every kind of pharmacologic or therapeutic action [34]
and as a consequence in the field of drug discovery,
identifying the phytoconstituents is a major step [35].
In the acetic acid induced writhing test, injection of

0.7% acetic acid i.p. induces localized inflammation by
the discharge of arachidonic acid from tissue phospholid,
which is a pain stimuli [36]. It is proved that peripheral
pain is induced by either peritoneal mast cells [37] or

Table 3 Effects of different extracts of L. alba in hot plate test

Treatment
group

Dose n Latency Time (s)

0 min + 30 min + 60min + 90 min

Control 10 ml/kg 5 6.67 ± 0.08 6.90 ± 0.38 9.77 ± 0.40 9.18 ± 0.16

Morphine 5 mg/kg 5 8.52 ± 0.08* 10.50 ± 0.42* 11.99 ± 0.31* 13.96 ± 0.10*

ME 250mg/kg 5 6.35 ± 0.14 8.36 ± 0.31 10.58 ± 0.98 12.09 ± 0.26*

ME 500mg/kg 5 6.91 ± 0.10 9.36 ± 0.38* 10.49 ± 0.56 13.13 ± 0.53*

PEE 250mg/kg 5 6.90 ± 0.10 8.29 ± 0.49 10.42 ± 0.38 10.94 ± 0.58*

PEE 500mg/kg 5 7.20 ± 0.14 9.31 ± 0.19* 11.86 ± 0.26* 13.25 ± 0.45*

DCME 250mg/kg 5 5.53 ± 0.34 7.71 ± 0.42 10.77 ± 0.29 13.16 ± 0.51*

DCME 500mg/kg 5 5.84 ± 0.50 9.41 ± 0.20* 12.00 ± 0.17* 13.48 ± 0.33*

Latency time values are present as mean ± standard error of mean. 0 min means 30 min before drug administration, + 30 min, + 60 min and + 90min indicate 30,
60 and 90 min after drug and extract administration, respectively. Tests of within-subjects effects reveal that for the factor ‘Time’ calculated F = 38.472 for all
methods and P value = 0.000 in every case. So time is highly significant at any level of significance. *P < 0.05, vs control. Repeated measure analysis of variance
with Dunnett’s multiple comparison was performed to analyze this data set. ME: methanolic extract; PEE: petroleum ether extract; DCME: dichloromethane extract

Table 4 ADME and toxicity analysis of the phytoconstituents isolated from L. alba OSIRIS Data warrior

Chemical name MW (g/mol) HBA HBD c logP Molar Refractivity No of violations

Geranial 152.23 1 0 3.27 49.44 0

Neral 152.23 1 0 3.27 49.44 0

(E)-Caryophyllene 204.35 0 0 5.49 68.78 0

Caryophyllene Oxide 220.35 1 0 4.06 68.27 0

Allo-aromadendrene epoxide 220.35 1 0 2.92 66.63 0

Theveside 390.34 11 7 −3.40 83.77 1

8-epi-loganin 390.38 10 5 −1.97 87.37 0

Mussaenoside 390.38 10 5 −1.94 87.40 0

Apigenin 7-O-glucuronide 446.36 11 6 −0.0032 106.72 2

Luteolin 7-O-glucuronide 462.36 12 7 −0.35 108.74 2

Molecular weight (MW) acceptable range < 500
Hydrogen bond acceptor (HBA) range ≤ 10
Hydrogen bond donor (HBD) range ≤ 5
High lipophilicity (expressed as c logP, acceptable range < 5)
Molar refractivity should be between 40 to 130
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acid sensing ion channels [38] or PG pathway [39]. Table
1 represents the peripheral analgesic effect of different
extracts of L. alba.
Tail immersion and hot plate taste are another method

for determining peripheral analgesic activity [26]. Cen-
trally acting analgesics and opoid receptor agonists are
more effectively evaluated by these two methods. Opoid
receptor agonists act through spinal and supra spinal re-
ceptors and among these receptors μ receptor agonist is
most effective against thermal induced nociception [40,
41]. And for this, tail immersion and hot plate are very
effective to evaluate the peripheral analgesic activity. Ta-
bles 2 and 3 represents the analgesic activity of L. alba
in tail immersion test and hot plate taste.

To identify potential compounds isolated from L. alba
for analgesic activity, at first, we analyzed the compati-
bility of the compounds to be used as drug molecule.
For this purpose, we analyzed some parameters such as
molecular weight (< 500 g/mol), hydrogen bond acceptor
(≤ 10), hydrogen bond donor (≤ 5), clogP (< 5), molar re-
fractivity (40–130) of the isolated compounds and in
Table 4 we can see that seven compounds out of the ten
considered compounds, have the potentiality to be used
as a drug candidate.
Next, we demonstrated molecular docking score as

well as glide e model score and glide energy score of the
isolate compounds of L. alba with cyclooxygenase-2 en-
zyme to evaluate the analgesic activity of the plant in

Table 5 Docking result of Celecoxib and phytoconstituents isolated from L. alba with Cyclo-oxygenase-2 (PDB: 6COX) for analgesic
activity

Isolated compounds InChI Key Docking Score (kcal/mol) Glide e model (kcal/mol) Glide energy (kcal/mol)

Celecoxib RZEKVGVHFLEQIL-UHFFFAOYSA-N −11.11 −88.78 −56.89

Geranial WTEVQBCEXWBHNA-JXMROGBWSA-N −4.64 −30.92 −24.31

Neral WTEVQBCEXWBHNA-YFHOEESVSA-N −4.27 −29.83 −23.98

(E)-Caryophyllene NPNUFJAVOOONJE-GFUGXAQUSA-N −7.61 −25.64 −18.35

Caryophyllene Oxide NVEQFIOZRFFVFW-RGCMKSIDSA-N −6.77 −33.25 − 3.11

Allo-aromadendrene epoxide XPGWKKLDFXNBPJ-PVNZKTJZSA-N −7.97 −38.98 −21.11

8-epi-loganin AMBQHHVBBHTQBF-OZIIXKNCSA-N −8.17 − 38.66 −32.41

Mussaenoside XBGJTRDIWPEIMG-DUMNYRKASA-N −7.28 −34.58 −22.13

Fig. 1 3D view of Celecoxib and 8-epi-loganin with inhibitory site of COX-2 protein
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Fig. 2 2D and 3D binding types of Celecoxib binding with specific amino acids of cyclooxygenase-2 enzyme

Fig. 3 2D and 3D binding types of 8-epi-loganin binding with specific amino acids of cyclooxygenase-2 enzyme
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molecular level which is demonstrated in Table 5.
Cyclooxygenase-2 enzyme is mainly responsible for
acute pain and selective cox-2 inhibitors are a better
choice to stop the pain stimulating action [42] but cox-2
inhibitors are associated with a wide range of side effects
[43] and for this finding replacement of selective cox-2
inhibitors or coxib drugs to selectively antagonize cox-2
enzyme is necessary. In our study, 8-epi-loganin showed
good docking score (− 8.17 kcal/mol) against cox-2 en-
zyme whereas our standard drug Celecoxib showed
docking score of − 11.11 kcal/mol, which is comparable
to our compounds. So, it may be possible that this com-
pound may act as a promising hit for selective cox-2
inhibition.

Conclusion
Medicinal plants are the best source of medication for
human kinds with a wide range of activity. It is up to us
to find out the necessary plants and isolate the respon-
sible phytochemicals for the desired activity and
optimize them to make them better with less side effects
and better potency. In this purpose, different extracts of
L. alba were evaluated for analgesic activity and we
found that it has significant analgesic property in vivo.
Moreover, in silico docking and ADME/T analysis was
performed to find out the possible responsible molecule
for conducting analgesia. In our study, we found that 8-
epi-loganin had the possibility to act as a selective cox-2
(responsible for acute pain) inhibitor. B, as this is a
crude study, so, further rigorous study is required to es-
tablish this compound as a potent analgesic druggable
molecule.
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