
Journal of Genetic Engineering and Biotechnology 16 (2018) 711–719
Contents lists available at ScienceDirect

Journal of Genetic Engineering and Biotechnology

journal homepage: www.elsevier .com/locate / jgeb
Screening of anti-inflammatory phytocompounds from Crateva adansonii
leaf extracts and its validation by in silico modeling
https://doi.org/10.1016/j.jgeb.2018.03.004
1687-157X/� 2018 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of National Research Center, Egypt.
⇑ Corresponding authors at: Department of Biotechnology, Mahendra Arts &

Science College (Autonomous), Namakkal 637 501, Tamil Nadu, India (R. Thiru-
malaisamy).

E-mail addresses: tmalaisamy@gmail.com (R. Thirumalaisamy), asmanian68@
gmail.com (S. Ammashi).
Thirumalaisamy Rathinavel a,b,⇑, Subramanian Ammashi b,⇑, Govarthanan Muthusamy c

aDepartment of Biotechnology, Mahendra Arts & Science College (Autonomous), Namakkal 637 501, Tamil Nadu, India
bDepartment of Biochemistry, Rajah Serfoji Government College (Autonomous), Thanjavur 613 005, Tamil Nadu, India
cDepartment of Energy and Environmental Systems Engineering, University of Seoul, South Korea

a r t i c l e i n f o a b s t r a c t
Article history:
Received 27 March 2017
Received in revised form 8 March 2018
Accepted 13 March 2018
Available online 23 March 2018

Keywords:
Anti-inflammatory phytocompounds
Cyclooxygenase-2
Crateva adansonii
Inteeleukin-1b
Tumor necrosis factor a
Phytol
Anti-inflammatory phytocompounds from Crateva adansonii DC leaf extracts were identified by GCMS
analysis and its anti-inflammatory potential was evaluated by in silico molecular docking study against
inflammatory molecular targets. Three different (Aqueous, Methanol and Petroleum ether) dried leaf
extracts of Crateva adansonii were obtained from soxhlet extraction method. Preliminary phytocon-
stituents analysis of three different leaf extracts of C. adansonii confirmed the presence of various major
classes of bioactive phytoconstituents such as polyphenols (tannins and flavonoids), steroids, alkaloid,
coumarin, carbohydrate and terpenoids. Among three leaf extracts, methanolic leaf extract possess high-
est total phenolic content of 77 ± 1.65 mg gallic acid equivalent (GAE)/g of dry weight of leaf extract, sub-
sequently methanolic leaf extract also shows maximal in vitro antioxidant activity (DPPH scavenging
activity) of 71.22 ± 1.32% among three different leaf extracts. GC–MS analysis of petroleum ether leaf
extract revealed the presence of nine phytocompounds representing 95.43% peak area percentage, among
nine identified phytocompounds three phytocompounds of C. adansonii possess anti-inflammatory prop-
erty namely phytol, 1-Hexyl-2-Nitrohexane and 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-
3-Oxobutyl)-Coumarin-4-Yl Carbonate were chosen for in silico molecular docking study against four
inflammatory receptor targets (COX-2, TNFa, IL-1b and IL-6) and they shows less binding energy with
highest docking score ranging from �15.9500 to 5.0869. The present study substantially indicated and
proven that anti-inflammatory potential of phytocompounds from C. adansonii leaf extracts which can
be exploited for commercial designing of novel anti-inflammatory drug to treat various inflammatory
disorders.
� 2018 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Inflammation is a vital part of the human immune system.
Inflammation is the body’s immediate primary physiologic defense
mechanism that helps body to protect itself against infection, burn,
toxic chemicals, allergens and other noxious stimuli [1]. The
inflammatory reactions are protective and tightly regulated in
the immune system. During the inflammation process, various
inflammatory mediators including pro and anti-inflammatory
mediators are synthesized and secreted from inflammatory cells
and generate many cellular effects [2].
Inflammation is a major condition associated with various acute
and chronic diseases. Drugs which are in use presently for the
management of pain and inflammatory conditions are either ster-
oidal or NSAIDs. All of these drugs present well known side effects
and toxicity in long term uses. It is well documented that these
nonsteroidal anti-inflammatory drugs (NSAIDs) produce intestinal
tract ulcers with internal bleeding and erosions of the stomach lin-
ing for long-term users [3]. Even the new COX-2 selective inhibitor
drugs only been reported to reduce intestinal tract damage by 50%
and their toxicity to the liver and kidney is still under review [4].
Looking at the present scenario, medicinal compounds derived
from plant sources could provide an excellent lead compounds to
develop new anti-inflammatory agents, which could be served as
a more efficacious, affordable, good therapeutic index and safer
for patients.

Medicinal plants are known to play vital roles as sources of
active anti-inflammatory agents, which can be used to treat
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various inflammatory disorders by targeting inflammatory recep-
tors. It is obvious that numerous plants have been used in tradi-
tional medicine to treat diverse inflammatory disorders and have
been thought to possess wound curing activities [5]. Natural com-
pounds have been used extensively in the treatment of many
inflammatory diseases conditions. Natural compounds from plant
origin currently used in medicine exhibit a very wide chemical
diversity and together with their analogues and several other nat-
ural products, they demonstrate the importance of compounds
from natural sources in modern drug discovery efforts. Phytocom-
pounds and their molecular mechanisms are highly important in
the development of novel, clinically useful anti-inflammatory
agents [6]. Interest in natural compounds has grown in recent
years because of concerns about drug costs and safety in numerous
inflammatory disease conditions.

Crateva adansonii DC belonging to the family Capparidaceae. Dif-
ferent parts of the plant are extensively used in folkloric medicine
for the cure of many disease conditions. The leaf extracts of C.
adansonii are applied externally to treat various inflammatory con-
ditions associated with pain and it also used for treating ear infec-
tions. Powder of bark is used in rheumatism, itch, epilepsy, asthma,
gastrointestinal and uterine infection [7,8]. The aim of the present
study is to identify bioactive anti-inflammatory phytocompounds
of Crateva adansonii leaf extracts through phytoconstituents
screening and in silico molecular docking approaches.
2. Materials and methods

2.1. Collection and processing of plant material

Crateva adansonii leaf was collected from Salem District, Tamil
Nadu, India and authenticated by Botanical Survey of India (BSI),
Coimbatore, Tami Nadu. The plant leaf was cleansed, shade dried
and grounded into fine powder.

2.2. Preparation of plant extract

50 g of fine leaf powder of Crateva adansonii was packed with
Whatman No 1 filter paper and placed in soxhlet apparatus along
with 300 ml of methanol. Then the sample was boiled for ten soxh-
let cycles to obtain methanolic leaf extract of C. adansonii and then
evaporated under reduced pressure and dried using a rotary evap-
orator at 55 �C. The above mentioned procedure was repeated with
aqueous and petroleum ether to obtain aqueous and petroleum
ether leaf extracts of C.adansonii. Then the dried leaf extracts were
labeled and stored in sterile screw capped bottles at 5 �C in the
refrigerator for further use.

2.3. Preliminary phytoconstituents analysis

The freshly prepared three different leaf extracts of C. adansonii
were subjected to qualitative chemical tests to identify various
major classes of bioactive phytoconstituents present in the leaf
extract as per the standard method of Trease and Evans [9].

2.4. Determination of total phenolic content

Total phenolic contents of the plant extract were estimated
using Folin–Ciocalteu phenol reagent according to the method
described by Kim et al. [10] with minor modifications. Briefly, 1
ml of standard solutions of gallic acid at different concentrations
or diluted C. adansonii extracts was added to a 25 ml standard flask
containing 9 ml of sterile distilled water. Later, 1 ml of Folin Ciocal-
teu phenol reagent was added to the flask, thoroughly mixed and
incubated for another 5 minutes at room temperature. 10 ml of
sodium carbonate solution (10% w/v) was added into the above
mixture with constant stirring and immediately made up to 25
ml with sterile distilled water. The reaction mixture was incubated
at 23 �C for 1 hour and the absorbance was measured at 750 nm.
Total phenolic contents in Crateva adansonii plants were expressed
as mg gallic acid equivalents (GAE) per gram dry weight of leaf
extract [11,12]. Sterile distilled water was used as the negative
control for this experiment. All the determinations were carried
out in triplicates.

2.5. In vitro antioxidant activity by DPPH radical scavenging assay

The scavenging activity for DPPH free radicals was measured
according to the method described by Blios [13]. In brief, leaf
extract of C. adansonii at various concentrations (10–160 mg/ml)
was mixed with 5 ml of 0.1 mM methanolic DPPH solution and
incubated for 20 minutes at 27 �C. After incubation, the absorbance
of the reaction mixture was measured at 517 nm using UV-visible
double beam spectrophotometer. A set of different concentrations
(10–160 mg/ml) ascorbic acid reference standard were also taken
and treated in the similar manner as sample. Sterile distilled water
was used as the negative control for this experiment. Each assay
was carried out in triplicate. The concentration of sample required
to scavenge 50% of DPPH free radical (IC50) was determined from
the curve of percent inhibitions plotted against the respective
concentration.

2.6. Identification of phytocompounds by GCMS analysis

GC–MS analysis of petroleum ether extract was carried out
using Perkin Elmer Clarus 680 gas chromatography mass spec-
trometer provided with fused silica column, packed with Elite-
5MS (5% biphenyl 95% dimethyl polysiloxane, 30 m � 0.25 mm I
D � 250 lm df) and the components were separated using Helium
as carrier gas at a constant flow of 1 ml/min. The injector temper-
ature was set at 260 �C during the chromatographic run. The 1lL of
extract sample injected into the instrument the oven temperature
was as follows: 60 �C (2 min); followed by 300 �C at 10 �C min�1;
and 300 �C, where it was held for 6 min. The mass detector condi-
tions were: transfer line temperature 240 �C; ion source tempera-
ture 240 �C; and ionization mode electron impact at 70 eV, a scan
time 0.2 sec and scan interval of 0.1 sec and the fragments from
40 to 600 Da. The major peaks were analyzed by comparing its
mass fragments pattern with standard spectra available in Perkin
Elmer GCMS NIST library.

2.7. Molecular docking study

2.7.1. Receptor and its binding site
The three dimensional structures of four inflammatory receptor

targets such as IL1b (PDBID: 5I1B), IL6 (PDBID: 1ALU), TNFa
(PDBID: 2AZ5) and COX-2(PDBID: 4COX) retrieved from PDB data-
base [14]. To determine the binding affinities between the ligand
and receptor, the amino acids with the binding pockets was pre-
dicted at Q-site finder server [15].

2.7.2. Ligand generation
Among all identified phytocompounds of C. adansonii leaf

extracts three anti-inflammatory phytocompounds such as Phytol,
1-Hexyl-2-Nitro cyclohexane and 2-Isopropyl-5-Methylcyclohexyl
3-(1-(4-Chlorophenyl)-3-Oxobutyl)-Coumarin-4-Yl Carbonate)
were chosen for in silico molecular docking analysis with inflam-
matory molecular targets and their 2D structures were drawn in
ACD-Chemsketch [16] and its SMILES notation was obtained. The
SMILES notation was submitted to ‘‘Online SMILES convertor and
Structure file generator [17] and converted into 3D SDF format.



Table 2
Total phenolic content of the plant Crateva adansonii different leaves extracts.

Plant extracts Total phenolic content mg GAE/g of extract

Aqueous Extract 34.77
Methanol Extract 42.77
Petroleum Ether Extract 29.38

Data are presented as the mean ± SD values of triplicate determinations.

Fig. 1. Total phenolic content of the Crateva adansonii leaf extracts.
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2.7.3. Flexible docking
The developed SDF structures were docked with the predicted

binding site of all eight receptor binding site by using FlexX [18]
with following parameters (i) default general docking informa-
tion’s, (ii) base placement using triangle matching, (iii) scoring of
full score contribution and threshold of 0.30 and No score contri-
bution and threshold of 0.70. (iv) Chemical parameters of clash
handling values for protein ligand clashes with maximum allowed
overlap volume of 2.9 A03 and intra-ligand clashes with clash fac-
tor of 0.6 and considering the hydrogen in internal clash tests. (v)
Default docking details values of 200 for both the maximum num-
ber of solutions per iteration and maximum number of solutions
per fragmentation.

2.7.4. Prediction of ligand- receptor interactions
The interactions of two compounds with eight receptors in the

docked complex were analyzed by the pose-view of LeadIT [19].

3. Results and discussion

3.1. Preliminary phytochemical analysis

Preliminary phytochemicals analysis was carried out on three
different leaf extracts of Crateva adansonii and their results were
presented in Table 1. The major secondary metabolites were pre-
sent in all three extracts such as alkaloid, flavanoid, tannin, phlo-
batannin, terpenoid, coumarin, steroid and carbohydrate. On the
other hand saponin is absent in aqueous and methaolic extract
however it is present in petroleum ether extract likewise anthra-
quinone is absent in methanolic extract, cardiac giycosides and
protein were absent in petroleum ether extract.

Plants contain numerous phytochemical constituents, many of
which are known to be biologically active compounds and are
responsible for exhibiting diverse pharmacological activities [20].
To explore the importance of any medicinal plant the initial step
is to screen for its phytochemicals, as it gives a broad idea regarding
the nature of compounds present in it. The results of preliminary
phytochemical testing confirmed the presence of various classes
of bioactive chemical constituents in three different extracts of
Crateva adansonii leaves including polyphenols (tannins and flavo-
noids), steroids, alkaloid, coumarin, carbohydrate and terpenoids.

3.2. Determination of Total phenolic content

Total phenolic content of three different leaf extracts of Crateva
adansoniiwas determined according to Folin-Ciocalteu method and
the results were expressed as lg of gallic acid equivalent (GAE) per
gram dry weight of leaf extract (Table 2 & Fig. 1). Total phenolic
content was found to be affected by the solvents used for extrac-
Table 1
Preliminary phytochemical screening of the plant Crateva adansonii different leaves extrac

Plant Extract Test

Alkaloid Mayer’s and Wagner’s test
Flavonoid Ammonia test, Alkaline reagent test
Tannin Ferric chloride test, Lead acetate test
Phlobatannin Hydrochloric acid test
Saponin Frothing test
Terpenoid Salkowski test
Anthraquinone Ammonia test
Cardiac Glycoside Keller-Killiani test
Coumarin Sodium Hydroxide test
Steroid Liebermann’s test, Salkowski’s test
Carbohydrate Molisch’s test
Protein Ninhydrin test

Legend: AE-Aqueous leaf Extract; ME- Methanolic leaf Extract; PE- Petroleum ether leaf
tion. The total phenolic content in the three different extracts rang-
ing from 29.38 to 42.77 lg of GAE/g. Methanol was found to be
most effective significant solvent for extraction of phenolic com-
pound than the other solvent used in the study. The total phenolic
content of methanolic leaf extracts was found to be 42.77 lg of
GAE/g than the aqueous and petroleum ether extracts which con-
sisting of total phenolic content of 34.77 lg of GAE/g and 29.38
lg of GAE/g respectively. It has been reported that total phenolic
content and antioxidant activity have significant and positive cor-
relation [21]. In plants, phenolic antioxidants are produced primar-
ily by secondary metabolism and their antioxidant properties
mainly depends on redox properties and chemical structure i.e.
number and position of hydroxyl group which play important role
in scavenging free radical, chelating transitional metals and
inhibiting lipoxygenase, a key enzyme involved in inflammatory
immune responses [22].
3.3. In vitro antioxidant activity by DPPH assay

Invitro Antioxidant activity of three different leaf extracts of
Crateva adansonii as well as reference standards was investigated
by DPPH radical scavenging activity assay. The scavenging effect
ts.

AE ME PE

++ + +
+ + +
++ + +
+ + +
� � +
+ + +
+ � +
++ + �
+ + ++
+ ++ +
+ + +
++ + �

Extract; � Negative; + Positive.



Table 3
DPPH radical scavenging activity assay of reference standards Ascorbic acid and different leaves extract of Crateva adasonii.

Reference Standard & Plant Extracts DPPH (% Inhibition) IC50
Concentration (lg/ml)

10 20 40 80 160

Ascorbic acid 37.42 ± 0.74c 50.74 ± 1.30d 62.37 ± 0.90e 75.84 ± 1.39e 88.44 ± 1.23e 19.75
Aqueous Extract 15.64 ± 1.38a 23.51 ± 0.60b 34.52 ± 1.87c 43.38 ± 0.95c 62.92 ± 1.25e 102.50
Methanol Extract 18.69 ± 0.49a 27.39 ± 0.96b 36.12 ± 1.78c 54.88 ± 2.26d 71.22 ± 1.32e 72.50
Petroleum ether Extract 13.32 ± 0.98a 19.59 ± 1.23b 25.91 ± 1.73b 35.53 ± 0.82c 53.20 ± 0.87d 144.25

Data are presented as the mean ± SD values of triplicate determinations. a–d Different superscript letters for a given value within a column are significantly different from
each other (Tukeyis-HSD multiple range post hoc test, p < 0.05).

Fig. 2. Invitro Antioxidant activity by DPPH radical scavenging activity assay of reference standard ascorbic acid and Crateva adansonii leaves extracts.

Table 4
Phytocomponents identified in the petroleum ether extract of the leaves of Crateva adansonii by GC -MS.

S.NO RT Name of the Compound Peak Area% MW MF

1 18.915 Phytol 21.502 296 C20H40O
2 21.196 Heptacosane 3.332 380 C27H56

3 23.442 Tetratricontane 5.008 478 C34H70

4 26.113 Tetratetracontane 11.123 618 C44H90

5 27.573 Nonacosane 11.262 408 C29H60

6 27.793 1-Hexyl-2-Nitro cyclohexane 3.354 213 C12H23O2N
7 28.219 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-Oxobutyl)-Coumarin-4-Yl Carbonate 25.290 524 C30H33O6Cl
8 28.464 Docosane 1,22- Dibromo 4.404 466 C22H44Br2
9 29.004 1-Hexyl-2-Nitrohexane 10.186 213 C12H23O2N

Legend: RT- retention Time, MW- Molecular Weight, MF – Molecular Formula.

Fig. 3. GCMS Chromatogram of Petroleum ether leaf extract of Crateva adansonii.
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Table 5
Biological activity and uses of phytoconstituents identified in Crateva adansonii petroleum ether leaf extract by GC–MS.

S.
NO

Name of the compound Compound
nature

Biological activity/Uses

1 Phytol Diterpene
alcohol

Precursor for manufacture of Vitamin E [27], antimicrobial, anticancer, anti-inflamma-
tory, anti-diuretic, immuno stimulatory and anti-diabetic activity [28]

2 Heptacosane Aliphatic
hydrocarbon

Antibacterial activity [29]

3 Tetratricontane Alkane Antifungal, antibacterial, antioxidant activity [30]
4 Tetratetracontane Alkane Promoted an effective action in bacterial reduction with the application of laser energy

[31]
5 Nonacosane Aliphatic

hydrocarbon
Antibacterial, Pheromone of female Anopheles stephensi mosquito [32]

6 1-Hexyl-2-Nitro cyclohexane Ketone Neuroactive, anti-inflammatory, analgesic Property [33]
7 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-

Chlorophenyl)-3-Oxobutyl)-Coumarin-4-Yl
Carbonate

Benzopyrone Antioxidant, antimicrobial and anti-inflammatory activity [34]

8 Docosane 1,22- Dibromo Alkane Antibacterial activity [35]
9 1-Hexyl-2-Nitrohexane Ketone No activity Reported

Docking complex and interaction of Phytol with COX-2 (3.5892KJ/mol) 

Docking complex and interaction of 1-Hexyl-2-Nitro cyclohexane with COX-2 (-2.7203 KJ/mol) 

Docking complex and interaction of 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-
Oxobutyl)-Coumarin-4-Yl Carbonate  with COX-2 (2.2327 KJ/mol) 

Fig. 4. Docking Score and molecular interactions of anti-inflammatory phytocompounds of C. adansonii leaf extract against COX-2 inflammatory enzyme target.
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Docking complex and interaction of Phytol with TNF  (-0.2050KJ/mol)

Docking complex and interaction of 1-Hexyl-2-Nitro cyclohexane with TNF  (0.5389 KJ/mol)

Docking complex and interaction of 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-
Oxobutyl)-Coumarin-4-Yl Carbonate  with TNF  (-6.3875 KJ/mol)

Fig. 5. Docking Score and molecular interactions of anti-inflammatory phytocompounds of C. adansonii leaf extract against TNFa inflammatory protein target.
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of leaves extracts on the DPPH free radicals were expressed as%
inhibition and they were compared with standard antioxidant
ascorbic acid. All the three extracts showed a dose dependent
scavenging activity of DPPH comparable to standard antioxidant.
The IC50 value (in lg/ml) of the extracts was found in the order
of methanol > aqueous > petroleum ether extract (Table 3 &
Fig. 2). Maximum DPPH percentage of inhibition activity was
measured at 160 lg/ml in all the extracts found to be aqueous
(62.92 ± 1.25), methanol (71.22 ± 1.32), and petroleum ether (53
.20 ± 0.87). The IC50 value for reference standards ascorbic acid
19.75 lg/ml as well as plant extracts aqueous, methanol and
petroleum ether extracts was found to be 102.50, 72.50 &
144.25 lg/ml respectively. From the results it is known that
Crateva adansonii leaf extracts possess scavenging free radicals.
Furthermore, it was noticed that the leaf extract has least pro-
nounced scavenging activity than that of the standard ascorbic
acid. Similar previous antioxidant activity work was conducted
on Crateva nurvala using DPPH radical scavenging assay and
reported that leaf extracts has least scavenging activity than
the standard [23].

The antioxidant activity of phenolic compounds is mainly due to
their reduced propertieswhich allow them to act asmetal chelators,
absorb and neutralize free radicals [24]. During the DPPH free radi-
cal reaction, the degree of discoloration (decrease in absorbance) of
the DPPH solution indicates the scavenging potentials of the sample
antioxidant. The crude extracts of Crateva adansonii contain plant
secondary metabolites such as alkaloids, tannins, saponins, glyco-
sides, etc. All these bioactive compounds have the ability to discolor
DPPH solution by their hydrogen donating ability [25].

3.4. Identification of phytocompounds by GCMS analysis

The phytocompounds of petroleum ether extract was analyzed
by using GC–MS technique. The GC–MS analysis of petroleum
ether extract had led to the identification and quantification of 9
different compounds representing 95.43% of the total extract



Docking complex and interaction of Phytol with IL-1  (-0.6714 KJ/mol)

Docking complex and interaction of 1-Hexyl-2-Nitro cyclohexane with IL-1  (-1.8360 KJ/mol)

Docking complex and interaction of 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-
Oxobutyl)-Coumarin-4-Yl Carbonate  with IL-1  (-4.2663 KJ/mol)

Fig. 6. Docking Score of anti-inflammatory phytocompounds of C. adansonii leaf extract against IL-1b inflammatory protein target.
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(Table 4) and their GCMS chromatogramwas shown in Fig. 3. These
compounds mainly comprised of hydrocarbons, diterpene, alkane,
alcohol and ketone. 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlor
ophenyl)-3-Oxobutyl)-Coumarin-4-Yl Carbonate (25.29%) and
Phytol (21.50%) was identified as a major chemical constituent
followed by Nonacosane (11.26%), Tetratetracontane (11.12%),
1-Hexyl-2-Nitrohexane (10.18%), Tetratricontane (5.00%), Doco-
sane 1,22- Dibromo (4.04%), 1-Hexyl-2-Nitro cyclohexane
(3.35%), Heptacosane (3.33%). These compounds have previously
been isolated from other medicinal plant species and were
believed to play an important role in plant defense system [26].

The identified bioactive phytocompounds of petroleum ether
leaf extract possess many biological activities and its compound
nature was presented in Table 5. The identified phytocompounds
were reported by earlier studies found to have different biological
activities such as Antioxidant, antimicrobial and anti-inflamattory
and anti-diabetic activities etc., [27–35].

Three phytocompounds with anti-inflammatory property such
as phytol, 1-Hexyl-2-Nitro cyclohexane and 2-Isopropyl-5-
Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-Oxobutyl)-Coumarin-
4-Yl Carbonate were chosen to consider for in silico molecular
docking study.

3.5. Molecular docking study

In silico molecular docking analysis of three anti-inflammatory
phytocompounds from C. adansonii were screened against four
inflammatory receptor targets and their results were presented
in Figs. 4 to 7 and Table 6. Among three phytocompounds cou-
marin derivative (2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chloro
phenyl)-3-Oxobutyl)-Coumarin-4-Yl Carbonate) exhibits highest
docking score and lowest binding energy with TNF a (-6.3875 KJ/-
mol) and Il-1b (-4.2663 KJ/mol) whereas 1-Hexyl-2-Nitro cyclo-
hexane exhibit highest docking score against COX-2 and IL-6 (-
2.7203 KJ/mol & -15.9500 KJ/mol) respectively.

Molecular interaction results between ligand and four anti-
inflammatory protein targets were presented in Table 7. Coumarin
derivatives exhibits maximal molecular interaction with least



Docking complex and interaction of Phytol with IL-6 (5.0869 KJ/mol)

Docking complex and interaction of 1-Hexyl-2-Nitro cyclohexane with IL-6 (-15.9500 KJ/mol)

Docking complex and interaction of 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-
Oxobutyl)-Coumarin-4-Yl Carbonate  with IL-6 (-3.4091 KJ/mol)

Fig. 7. Docking Score of anti-inflammatory phytocompounds of C. adansonii leaf extract against IL-6 inflammatory protein target.

Table 6
Docking Score of Anti-inflammatory phytocompounds from petroleum ether leaf extract of C.adansonii with four inflammatory receptor targets.

S.No Phytocompounds Binding Affinity KJ /mol

COX-2 TNF-a IL-1b IL-6

1. Phytol 3.5892 �0.2050 �0.6714 5.0869
2. 1-Hexyl-2-Nitro cyclohexane �2.7203 0.5389 �1.8360 �15.9500
3. 2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-3-Oxobutyl)-Coumarin-4-Yl Carbonate 2.2327 �6.3875 �4.2663 �3.4091
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docking score 5.0869 KJ/mol against COX-2 inflammatory target
whereas reverse in the case with 1-Hexyl-2-Nitro cyclohexane
against IL-6.Similar previous docking results was reported [36] in
leaf extracts of C. adansonii phytocompounds have the ability to
bind with different inflammatory molecular targets which will
clearly proven the anti-inflammatory potential of phytocom-
pounds from C. adansonii leaf extracts.
4. Conclusion

The present study revealed that important bioactive phytocom-
pounds of C. adansonii resolved by GC–MS analysis possess anti-
inflammatory potential against inflammatory molecular targets.
Thus this type of combinatorial analysis (In vitro Phytoconstituents
analysis and In silico molecular docking study) helps to understand
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Table 7
Molecular interactions of Anti-inflammatory phytocompounds from petroleum ether leaf extract of C.adansonii with four inflammatory receptor targets.

S.
No

Inflammatory Receptor
Targets

Phytocompounds of C. adansonii

PHY HEX ISO

1. COX-2 Asn87, Thr88, Tyr91, Phe96, Pro514 &
#Asn87

#Lys97*, Gly354, Tyr355, His356
& Lys358

Thr88, Asn89, His90, Tyr91, Thr94, #His 95*, Lys511,
Arg513 & Pro514

2. TNF-a Tyr 59, #Tyr 119*, Leu 120, Gly121 & Tyr
151

Tyr119, Leu120 & #Gly121* Tyr59, Ser60*, Tyr119, #Leu120*, Gly121 & Tyr151

3. IL-1b Tyr24, Glu25, Leu26*, Leu80, Gln81,
Ser84 & Val132*

Tyr24, Glu25, Leu80, Gln81 &
Leu82*

Tyr24, Glu25, Thr79, Leu80, #Gln81*, Leu82* & Glu83

4. IL-6 Lys27, Arg30, #Tyr31* & Asp34 #Arg168* & Lys171* Tyr31, Asp34, Gly35, Ala38, #Gln111* & Val115

Legend: *Hbond residues; #* Hbond & non bonded interaction; PHY- Phytol; HEX-1-Hexyl-2-Nitro cyclohexane; ISO -2-Isopropyl-5-Methylcyclohexyl 3-(1-(4-Chlorophenyl)-
3-Oxobutyl)-Coumarin-4-Yl Carbonate.
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and reveal the bioactive principles of the medicinal plants, which
will be useful for further fruitful logical research towards designing
novel anti-inflammatory phytocompounds against multiple
inflammatory molecular targets.
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