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Abstract
This study investigated the restorative effect of Leea macrophylla ethanol root extract (LMERE) in carbon tetrachloride
(CCl4) induced hepatic injury. It also tried to unfold the underlying mechanism through ligand-receptor interactions. Prior
to conduct the CCl4 induced animal model study, the in vitro antioxidative capacities of LMERE were investigated. Gas
chromatography mass spectroscopy (GC–MS) was accomplished to identify the prevalent bioactive compounds. The molecular docking was performed using Schrödinger Suites 2017-1. Results showed the promising antioxidative potentials of
LMERE in in vitro models. Upon treatment of C
 Cl4 intoxicated animals with LMERE, serum ALT and AST were found to
be significantly (p < 0.05) reduced compared to the C
 Cl4 control while LMERE50 was noted as the best dose in restoring
the hepatic markers. Serum lipids and total protein were significantly restored compared to control. Remarkable changes of
cell necrosis, apoptosis and sinusoidal dilution were noticed in histopathological assay of liver tissue. mRNA expression for
superoxide dismutase (SOD1) and catalase was multifold increased which are statistically significant compared to reference
drug, silymarin. In docking study, octadecanoic acid showed the lowest binding energy and highest binding affinity with the
protein (ID: 1VKX) which is a crystallized structure of NF-κB p50/p65 heterodimer involved in cytokine production. The
findings demonstrate that LMERE restores the hepatic damage by the mRNA expression of antioxidative enzymes while
LMERE50, at a glance, seems the most suitable dose.
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Abbreviations
ALT	Alanine aminotransferase
AST	Aspartate aminotransferase
CHL	Cholesterol
LDL	Low density lipoprotein
TSP	Total serum protein
TG	Triglycerides
SEM	Standard error for mean
LMERE	
Leea macrophylla ethanol root extract
ROS	reactive oxygen species
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SOD1	Super oxide dismutase 1
CAT	Catalase
GAPDH	Glyceraldehyde-3-phosphate
dehydrogenase
LMERE 50	Leea macrophylla ethanol root extract
50 mg per kg body weight
LMERE 100	Leea macrophylla ethanol root extract
100 mg per kg body weight
LMERE 200	Leea macrophylla ethanol root extract
200 mg per kg body weight
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Introduction
Liver diseases are important but neglected public health problem affecting more than 844 million with a mortality rate of 2
million deaths per year (Byass 2014). There are different types
of liver diseases which include alcohol induced, non-alcoholic
fatty liver, non-alcoholic steato-hepatitis, and chronic hepatitis
among others (Marcellin and Kutala 2018). The liver is, in
many ways, the reflection of a person’s health because it is the
central organ for all metabolic processes, host defense, bile
preparation, vitamins and iron storage as well as detoxification of drugs and other xenobiotics (Kumar et al. 2011; Pastor
et al. 1995; Saleem et al. 2010). Therefore, liver diseases are
usually the end results of a variety of diseases and can have
varied clinical complications. Consequently, treatment of liver
diseases might be considered as an indirect therapeutic strategy of managing a number of other diseases.
Antioxidant therapy is currently investigated as a potential therapeutic option for the management of liver diseases
because oxidative stress is considered as the central-vital
pathological mechanism involved in the initiation and progression liver disease through reactive oxygen species (ROS)
production (Singal et al. 2011; Li et al. 2015). Medicinal
plants have been found to be very rich sources of hepato-protective anti-oxidative agents which led to the development
of about six hundred (600) commercial plant-based formulations with proposed liver protective activity across the world
(Girish et al. 2009) but little, or no, detailed pharmacological
and mechanistic studies are reported. This research focuses
the ameliorative role Leea macrophylla in Carbon tetra chloride (CCl4) induced hepatic damage which is likely to be
initiated as a result of ROS generation especially the trichloromethyl peroxyl radical (·OOCCl3) formation from C
 Cl4 by
reductive dehalogenation (Recknagel et al. 1992).
Leea macrophylla (Roxb.) ex Hornem (Leaceae) is a
medicinal herb found in various parts of the Indian subcontinent and China (Wu et al. 2007) where it is applied for
the ethnopharmacological treatment of headache, muscle
pain, toothache rheumatoid arthritis, sepsis, injuries, dysentery and male sexual dysfunctions (Nizami et al. 2012;
Subramoniam and Pushpangadan 1999; Roy et al. 2008;
Swarnkar and Katewa 2008). Scientific investigation from
our laboratory revealed that the extract of the plant has
potent anti-urolithiatic effect in rats (Meena and Rao 2010).
More importantly, all parts of the plant are also locally used
for the traditional treatment of various forms of liver diseases by the folk medicinal healers of Rajshashi district of
Bangladesh and preliminary ethnopharmacological investigation in our laboratory also supported the claim but showed
the root to be more promising as bioactive extract than the
other parts of the plant. Based on these, the present study
was aimed to conduct a more in-depth study how the L.

macrophylla root extract reverses the carbon tetrachloride
induced hepatic damage in animal model. The study also
incorporates a structure–activity interaction (ligand-receptor docking model) between the abundant compounds of L.
macrophylla and seven proteins strongly associated with
hepatic function for a potential therapeutic designing.

Materials and methods
Chemicals and reagents
Carbon tetrachloride ( CCl4), ethanol, methanol, Bouin’s
fluid, formalin, DPPH, O-phenanthroline, potassium ferricyanide, trichloroacetic acid, EDTA and sodium dihydrogen phosphate, Nitro blue tetrazolium (NBT), were procured
from Sigma-Aldrich Company Limited. Silybin (silymarin) was purchased from Square Pharmaceutical Limited,
Bangladesh. Olive oil was obtained from WELL’s Heath
Care, Spain. Aluminium chloride, Folin–Ciocalteu reagent,
potassium acetate, sodium carbonate, gallic acid, isopropyl
alcohol, Ferric chloride, Ferrous sulfate, Sodium salicylate,
hydrogen peroxide, and quercetin were supplied by Merck
Chemical Supplies (Damstadt, Germany).

Sample collection and preparation
The root samples of L. macrophylla were collected from
Bangladesh Council of Scientific and Industrial Research,
Rajshahi during the month of June–September 2015. The
materials were taxonomically authenticated by Professor
(retired) Mostafa Kamal Pasha, Department of Botany of
the University of Chittagong. A voucher specimen sample
has been deposited in the herbarium of Botany Department
bearing an accession no. ACCU-2011/07. Subsequently, the
fresh roots were shade-dried at room temperature (23 ± 5) °C
for 6 days, ground into powder (750 g) by using Willy mill
mini (Thomas Scientific, USA). The powdered sample (mesh
size 60–80) was macerated with 6 l of absolute ethanol for
7 days with mechanical shaking. The filtrate was evaporated
by rotary evaporator (RE200, Bibby Sterling, UK) under
reduced pressure and temperature below 50 °C. The darkbrown crude extract with the yield of 1.58% (11.91 g) was
preserved at 4 °C for further use.

Optimization of the extraction procedure
Established procedure was applied to optimize the crude
extraction (Rincón et al. 2014). Briefly, the dried roots were
put through a process of extraction with methanol 98% to
(23 ± 0.5) °C. A central composition design was done in
order to evaluate the effect of the progress variables: extract
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time (T: 36 to 72 h) and solvent-root ratio (SRR: 2/1 to 4/1)
expressed as milliliter of solvent per gram of dry root. The
response variable was the crude extract yielded from each
gram of dry powder. The extract was filtered using filter
paper (Whatman, Grade 589/2) and the solvent was eliminated using a vacuum evaporator® (RE 200, Bibby Sterling
Ltd., England).

(1989). A 3.0 ml of reaction mixture was prepared with
1.0 ml of 1.5 mM F eSO 4 , 0.7 ml of 6 mM H 2 O 2 and
0.3 ml of 20 mM sodium salicylate to dilute at 50–800 µg/
ml. The mixture was read at 562 nm after 1-h incubation
at 37 °C.

Standardization and quality control of the extract

Superoxide scavenging activity of LMERE was measured by the alkaline DMSO method described by Pandey
et al. (2005) with minor modification. Briefly, the reaction mixture containing 0.1 ml of NBT (1.0 mg/ml solution in DMSO) and 0.3 ml of the extract and curcumin
(50–800 μg/ml) in DMSO, 1.0 ml of alkaline DMSO
(1.0 ml DMSO containing, 5 mM NaOH in 0.1 ml water)
was added to have a final volume of 1.4 ml. Control was
the mixture of 300 ml of plain DMSO, 0.1 ml NBT solution
and 1.0 ml alkaline DMSO. Both the sample and control
were read at 560 nm.

Ethanolic extract of L. macrophylla root (LMERE) was
standardized and under-went quality control through physicochemical evaluation of crude extract, ensuring the safety
and acute toxicity study in animal model (WHO 1996).

Assay of iron chelating effect
Iron chelating activity was measured following the method
described by Benzie and Strain (1996) with minor modification. Briefly, both the test sample and ascorbic acid
(50–800 μg/ml) were added to O-phenanthroline (0.05%)
and ferric chloride (200 μM) solution while the LMERE
was excluded in the control. The reaction mixture was read
at 510 nm after 10 min incubation at room temperature.

DPPH free radical scavenging assay
The DPPH radical scavenging effect of LMERE was assayed
by the established procedure of Sanja et al. (2009) with a
minor modification. Sample solutions of LMERE and ascorbic acid (50–800 µg/ml) in methanol were incubated with
0.5 ml 0.004 M DPPH for 30 min in dark before reading at
517 nm.

Assay of ferric reducing effect
The reducing power of LMERE was measured by the modified method of Sanja et al. (2009). Briefly, the sample and
ascorbic acid were prepared in phosphate buffer (pH 6.6) at a
concentration of 50–800 µg/ml and mixed with 1% potassium
ferricyanide to incubate at 50 °C for 20 min. After cooling,
10% trichloroacetic acid was added to the reaction mixture
and centrifuged at 3000 rpm for 10 min. Thereafter, the
supernatant was added to 2.5 ml of distilled water and 1 ml of
0.1% ferric chloride followed by 10 min incubation at room
temperature. The absorbance was read at 700 nm. Increase of
absorbance indicates an increase of reducing power.

Assay of superoxide scavenging activity

Animal care and maintenance
Seven weeks old thirty-six albino rats of unisex weighing
150–200 g were procured from Biomedical Unit of Bangladesh Council for Scientific and Industrial Research (BCSIR),
Chittagong. All rats were housed in polycarbonated cages
at (25 ± 2) °C, given tap water and standard pellet diet and
exposed to a 12/12 h light–dark cycle at 50–60% humidity
in a dedicated animal house.
Acute toxicity evaluation
Five albino rts maintained in abovementioned laboratory
condition received a single oral dose of 0.5, 1.0, 1.5, and
2.0 g/kg b.w. of PT. They were over-night fasted prior to
the dosing. After dosing, food was withheld for next 3 to
4 h. Individual animal was kept in close observation during
the first 30 min after dosing, periodically first 24 h (special
attention for the first 4 h), thereafter for a period of 3 days to
record the delayed toxicity. Once daily cage side observation
including changes in skin and fur, eyes and mucous membrane, respiratory and circulatory rate, autonomic and CNS
changes were observed. The effective therapeutic dose was
taken as one tenth of the median lethal dose ( LD50 > 2.0 g/
kg) (Zaoui et al. 2002).

Hydroxyl radical scavenging assay

Experimental procedures

Hydroxyl radical scavenging action of LMERE was determined by the method described by Smirnoff and Cumbes

The animals were randomly divided into six groups with
6 animals each. Group I was termed as normal control and
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served with 1 ml of physiological saline while Group II
(CCl4 control) received intraperitoneal injection of 3 ml/kg
of CCl4 dissolved in olive oil (1:1 v/v). Groups III, IV, V
and VI were similarly injected with CCl4 and received daily
oral treatment of silymarin, LMERE 50, LMERE 100 and
LMERE 200 respectively. The intervention was continued
for a total of 10 days. After 24 h of the last treatment, the
animals were sacrificed by halothane anesthesia to collect
the blood by cardiac puncture. Serum obtained after centrifugation at 2500 rpm for 15 min was used for biochemical estimations such as alanine amino transferase (ALT),
aspartate amino transferase (AST), total cholesterol (CHL),
triglyceride (TG), low density lipoprotein (LDL) and total
serum protein (TSP) using commercial reagent kits (Randox
Laboratories, Ireland). Dissected liver sections were partially excised for mRNA analysis and the remaining part was
fixed in Bouin’s fluid for histopathological studies.

Histopathological assay
For histopathological investigations, the liver tissue sections
were sliced and immediately transferred to 70% ethanol
from 10% formalin solution. The fixated liver tissues were
embedded in paraffin and cut into 5-micron sections and
then stained with hematoxylin and eosin (H&E) Microscopic
examination was performed at magnification 400X.

Total RNA extraction and mRNA expression of liver
anti‑oxidative enzymes: Superoxide dismutase 1
and Catalase
Excised liver sample (approx. 500 mg) was added to 1 ml
of TRIzol reagent (Invitrogen, Ambion, USA) and homogenized using a Tissue homogenizer (IKA, UltraTurrax, Germany). A 1 ml of the tissue homogenate was transferred to
a microfuge tube to extract the total RNA by adding 0.2 ml
chloroform and vigorously vortexed for 15 s before incubation for 3 min at room temperature. After centrifugation at
12,000×g for 15 min at 4 °C, the aqueous phase containing
RNA was transferred to new tubes and the RNA was precipitated by mixing the aqueous phase with 0.5 ml isopropyl alcohol and incubating at room temperature for 10 min.
After centrifugation at 12,000×g for 10 min at 4 °C, the
RNA pellets were washed by mixing and vortexing with
1 ml 75% ethanol and re-centrifuged at 7500×g for 5 min
at 4 °C. Thereafter, the RNA pellets were resuspended in
nuclease-free water (Invitrogen, Ambion, USA) and the
RNA concentration and purity were estimated by ND2000
(Thermo Scientific, USA). The cDNA was prepared from
2 μg of total RNA using a Reverse Transcription System Kit
(Promega) and a SimpliAMP Thermal Cycler (Life Technologies, Applied Biosystem, USA). Briefly, the total RNA
was activated at 70 °C for 10 min, and a 20 μl reaction mix

was created using 2.5 μl M
 gCl2, 4 μl of reverse transcription
10 × buffer, 1 μl of 10 mM dNTTP mixture, ribonuclease
inhibitor (0.5 μl), oligo DT (1 μl), 1 μl of GoScript reverse
transcriptase enzyme, 1 ng RNA and nuclease-free water
to a final volume of 20 μl. Then, the reaction mixture was
incubated at 25 °C for 5 min, 42 °C for 60 min followed by
incubation at 70 °C for 15 min. The cDNA was diluted up to
50 μl with nuclease-free water for PCR amplification. The
RT-qPCR was done using a SYBR Green PCR Master Mix
kit (Promega), and specific primers for the following antioxidant enzymes-related genes: catalase (CAT) and superoxide
dismutase 1 (SOD1). Each 18 μl reaction contained 9 μl of
master mix, 1.5 μl of forward primer (10 μM/l), 1.5 μl of
reverse primer (10 μM/l) and 6 μl of cDNA. The cycling
parameters were: initial incubation at 95 °C for 3 min, 40
cycles of 95 °C for 30 s, 51 °C for 15 s, and 72 °C for 30 s,
with a final extension at 72 °C for 10 min. The specificity
of the obtained products was confirmed by analysis of the
amplified product dissociation curves. The data obtained
were analyzed using the 2−∆∆CT method. The target genes
were then normalized to GAPDH within each sample.

Measurement of total phenolics
The total phenolic content in the (LMERE) was assessed
according to the Folin–Ciocalteu method using gallic acid as
a standard (Lin and Tang 2007). Briefly, each reaction tube
contained 20 µl LMERE (5 mg/ml), distilled water, 150 µl
Folin–Ciocalteu reagent (1:4 reagent: water) and 7.5% of
300 µl Na2CO3. The solution was read at 765 nm after the
20 min incubation at room temperature. The total phenolic
content was expressed as GAE in milligram per gram dry
extract.

Quantitation of total flavonoid
Total flavonoid was quantitated following aluminium chloride colorimetric method with slight modification. Root
extract (5 mg/ml) in ethanol was mixed with 10% aluminium
chloride, potassium acetate (1 M) and distilled water (Lin
and Tang 2007). The reaction mixture was read at 420 nm
after 30 min incubation at the room temperature. Amount
of total flavonoid was expressed as milligram quercetin per
g of dry extract.

GC–MS analysis of root extract
The bioactive compounds root extract was analyzed by
GC–MS with electron impact ionization (EI) method on
a gas chromatography (GC-17A, Shimadzu Corporation,
Kyoto, Japan) coupled to a mass spectrometer (GC–MS TQ
8040, Shimadzu Corporation, Kyoto, Japan). A fused silica
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capillary column (Rxi-5 ms; 0.25 m film, 30 m long and
internal diameter 0.32 mm) was coated with DB-1 (J&W).
The inlet temperature was 260 °C and the oven temperature
was set at 70 °C (0 min); 10 °C, 150 °C (5 min); 12 °C,
200 °C (15 min); 12 °C, 220 °C (5 min) with a hold time of
10 min. The flow rate of the column was 0.6 ml/min Helium
gas at a constant pressure of 90 kPa. The aux (GC to MS
interface) temperature was 280 °C. The MS was set with a
scan mode with a scanning range of 40-350 amu while the
ionization mode was electron ionization (EI) type and the
mass range was set within 50–550 m/z. One μl of the sample
was injected in split fewer modes. Total GC–MS running
time was set for 35 min and the compounds in the peak areas
were identified by comparison with those in the database of
the GC–MS library version NIST 08-S.

Molecular docking analysis
Docking tools
The molecular docking was performed using Schrödinger
Suites 2017-1. Ligands were prepared using LigPrep (2017)
producing high quality, low-energy 3D structures with correct
chiralities for each imported structure. A force field of OPLS
3 was implemented to study the conformational energy of the
system (Harder et al. 2015). Possible tautomeric and ionization states were generated using Epik Version 3.9 at target pH
of 7.0 ± 2.0 employing Hammett and Taft empirical equations
(Shelley et al. 2007). To generate stereochemical isomers and
retaining specific chiralities, stereoizer was used. The output
structures were saved as Maestro format. The enlisted compounds used for molecular docking namely, n-Hexadecanoic
acid (PubChem CID: 985), Octadecanoic acid (PubChem CID:
5281), Glyceryl Trielaidate (PubChem CID: 5364673), Progesterone (PubChem CID: 5994), Resveratrol (PubChem CID:
445154), Iguratimod (PubChem CID: 124246), 2-Benzoxepine
(PubChem CID: 20256803), Estradiol (PubChem CID: 5757),
Citric acid (PubChem CID: 311), Thalidomide (PubChem CID:
5426) were retrieved from PubChem database in SDF format.
Protein preparation
Proteins were chosen pertaining to the hepatotoxic activity
based on various literature surveys (Dutta et al. 2018). The
X-ray crystallographic structures of PDB IDs 1ILG, 1N3U,
1NFI, 1VKX, 2JOD, 7API, 3I7H were collected from RCSB
Protein Data Bank (PDB). Structures from PDB are not suitable for molecular modelling calculations hence Protein Preparation wizard is used to prepare the proteins. Protein Preparation wizard takes protein from its raw state (missing hydrogen
atoms, incorrect bond order assignments, orientation and
charge states) to a properly prepared state suitable for use by
Glide version 7.4 (Sastry et al. 2013). Imported structures are
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preprocessed under series of stages which address structural
issues. This includes assigning bond orders for untemplated
residues, addition of explicit hydrogens, addition of zero order
bonds to metals and nearby atoms, creating disulfide bonds,
adding and optimizing missing side chains and filling missing
loops by running Prime Job from Schrödinger Release 20171: Prime, Schrödinger, LLC, New York, NY, 2017, deleting
waters beyond 5 Å, generating probable ionization and tautomeric state for het groups using Epik at pH 7.0 ± 2.0. The next
stage involved optimization of hydrogen bonding network by
reorienting water molecules, amide groups of asparagine
(Asn) and glutamine (Gln) and the imidazole ring in histidine
(His), hydroxyl and thiol groups using Protein Preparation
Wizard 2017-1; Epik version 3.9, Schrödinger, LLC, 2017
and to determine the protonation states and predict the PKa
values of protein residues PROPKA is used at the specified
pH by Schrödinger Release 2017-1: SiteMap, Schrödinger,
LLC, 2017 (Olsson et al. 2011; Søndergaard et al. 2011). Following the refinement of hydrogen bonding network, water
molecules with fewer than 3 H-bonds to non-waters were
removed. The final step included refinement of the structure
through restrained minimization where heavy atoms are converged to RMSD of 0.30 Å using force field OPLS 3.
SiteMap: prediction of active sites
Proteins retrieved from PDB had no known binding sites for
protein–ligand interactions hence SiteMap (Nayal and Honig
2006) was used which allows to locate the likely binding sites
and potential allosteric binding sites and predict whether
respective protein is likely to bind to ligand tightly (Halgren
2007). SiteMap calculation determines regions on or near the
protein surface suitable for binding a ligand to the receptor.
Site maps are generated resulting in hydrophobic and hydrophilic (donor, acceptor, and metal-binding regions) maps. Each
active site is then evaluated by calculating properties such as
SiteScore and Druggability score (Dscore) involving parameters compromised of site size, volume, exposure, enclosure,
contact, Hydrophobic and hydrophilic character, balance (phobic/philic ratio) and donor/acceptor of hydrogen bond therefore characterizing the binding sites (Halgren 2009). SiteScore
ranks potential binding sites in co-crystallized complexes distinguishing drug binding and non-drug-binding sites whereas
Dscore distinguishes undruggable targets from druggable ones
by using Glide, version 7.4, Schrödinger, LLC, 2017.
Receptor grid generation
Binding sites determined by SiteMap were used to define
the receptor and the entry is selected as potential active site.
Glide 7.4 (Friesner et al. 2004) searches for favorable interaction between a ligand and a protein and represented on
a Grid providing accurate scoring of the ligand poses. To
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were computed from linear regression analysis of percentage scavenging activities or inhibitions against the log of the
respective concentrations (Table 1). From the data, it was
evident that LMERE had a very potent anti-oxidative activities especially in the DPPH and hydroxyl radicals scavenging
activities where the I C50 values for the LMERE were significantly (p < 0.05) lower than those of ascorbic acid. Indeed,
the low I C50 values of 1.81 ± 0.11 and 1.47 ± 0.10 µg/ml
shown by LMERE in the DPPH and hydroxyl radicals scavenging assays were remarkable (Table 1). The anti-oxidative
activity of the standards was significantly higher (p < 0.05)
than LMERE in the remaining models. Although, even with
this observation, the IC50 values of the LMERE were in the
micro quantities in the remaining three models.

soften the potential for non-polar part of the receptors Van
der Waals radius scaling was kept at default setting of scaling factor 1.0 and partial charge cutoff 0.25. A force field of
OPLS3 was used for grid generation and others parameters
like site, constraints, rotatable groups, and excluded volumes
were set to default setting as provided by Maestro 11.1.
Glide ligand molecular docking
After performing prerequisite procedures, the protein and
ligands are suitable for docking. Scaling of van der Waals
radii for nonpolar parts of the ligand was set to scaling factor
0.80 and partial charge cutoff 0.15. Standard docking precision was selected for screening ligands of unknown quality,
and ligands are docked flexibly. During conformer generation (non-ring) nitrogen inversions and ring conformation
was included and energy window for ring sampling was set
2.5 kcal/mol. For initial phase of docking 5000 poses per
ligand were kept to pass through the initial Glide screens.
Scoring window for keeping initial poses and best poses
per ligand for energy minimization was set to 100 and 400
respectively. Post docking minimization was performed keeping 5 number of poses per ligand. Threshold for strain correction was set to 4.00 kcal/mol with scaling factor for excess
strain energy to 0.25. All other parameters were kept to their
default setting (Halgren et al. 2004; Friesner et al. 2006).

Statistical analysis
All the data are presented Mean ± SD. Data were analyzed
by the software statistical package for social science (SPSS,
version 20.0, IBM corporation, NY) using one-way analysis
of variance (ANOVA), followed by Tukey’s post hoc test.
p < 0.05 was regarded as statistically significant.

Results
In vitro antioxidative effects
The data for the in vitro anti-oxidative effects of LMERE
across the five models are presented as I C50 values which
Table 1  Antioxidative potentials
of LMERE obtained from five
different in vitro models

Effect of LMERE on biochemical parameters of CCl4
intoxicated rats
Due to acute liver damage by CCl4, the level of serum ALT
was significantly (p < 0.05) increased in CCl4 control group
as compared to the normal control. This marked elevation in the serum ALT level was significantly (p < 0.0001)
decreased by the treatment of LMERE at different dosages
(Fig. 1). Among the treatment groups, LMERE 50 (50 mg/
kg body weight) showed the best protective effect against
C Cl 4 induced liver damage. Furthermore, the marked
increase of serum AST in the C
 Cl4 induced experimental
animals (156.25 ± 8.05 U/l) compared to the normal control group (113.47 ± 4.97 U/l) was potentially restored by
LMERE treatments while LMERE 50 displayed the significant changes (p < 0.005) in normalizing the serum AST.
Experimental results showed that cholesterol level in
normal control was 35.67 ± 4.64 mg/dl which was elevated
to 83.71 ± 4.76 mg/dl in the C
 Cl4 control animals. However, a significant (p < 0.0001) and dose dependent decrease
was observed in LMERE treated groups which was also
significant (p < 0.0001) in comparison with the silymarin
treated group (82.13 ± 4.13 mg/dl) (Table 2). Throughout
the experiment, it was observed that the level of TG was
markedly increase (111.15 ± 12.63 mg/dl) in C
 Cl4 control
group with respect to the normal group (56.40 ± 5.58 mg/
dl) (p < 0.05). The LMERE treatments (LMERE 100 and

S. no.

In vitro antioxidative models

Inhibiting concentration
for LMERE ( IC50 µg/ml)

Inhibition concentration for reference standards ( IC50, µg/ml)

1.
2.
3.
4.
5.

Iron chelating effect
DPPH free radical scavenging effect
Ferric Chloride reducing effect
Hydroxyl radical scavenging effect
Superoxide radical scavenging effect

61.34 ± 0.95a
1.81 ± 0.11a
147.58 ± 1.39a
1.47 ± 0.10a
413.79 ± 2.52a

8.26 ± 0.89b
8.96 ± 0.87b
8.72 ± 0.56b
8.26 ± 0.89b
0.64 ± 0.10b

Ascorbic acid was used for in vitro models no. 1–4 and curcumin for the 5 as reference standards
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spaces, inflammation, edema, and hemorrhage of liver tissue
in CCl4 induction (Fig. 2). A comprehensive scoring of damage and recovery has been summarized in Table 3. Severe
effect on normalizing the dilution of sinusoidal spaces, hemorrhage and edema was found to be made by LMERE 50
whereas moderate effect on centrilobular necrosis, dilution
of sinusoidal spaces, inflammation, odema and single cell
necrosis were mediated by LMERE 200. LMERE showed
very mild or no effects in most of the cases.
Fig. 1  Effect of LMERE in hepatic enzymatic parameters: ALT and
AST. Values are expressed as Mean ± SEM for triplicate. Data were
processed by one-way ANOVA-test analysis using GraphPad Prism
7.3 version for Windows (GraphPad Software, San Diego, CA) followed by Tukey’s post hoc test. a–bsuperscript letters are statistically
significant to each other. Values with p < 0.05 are considered as statically significant

200) slightly decreased the level of TG compared with C
 Cl4
control (Table 2). However, LMERE 50 showed a marked
increase (132.00 ± 6.60 mg/dl) (p < 0.0001) above the C
 Cl4
control group as well as normal control.
The normal control group had an LDL value of
32.61 ± 0.97 mg/dl which was increased to 60.83 ± 2.82 mg/
dl through CCl4 induction. Among the treatment groups,
LMERE 100 and LMERE 200 effectively normalized the
LDL level (Table 2). On the other hand, normal control group
was found to have a TSP value of 5.20 ± 0.26 g/dl which was
reduced to 4.49 ± 0.54 g/dl in the CCl4 control group but
treatment with LMERE significantly (p < 0.005) increased
the serum level of total protein compared to CCl4 control
group. However, LMERE 200 was more potent because it
restored the TSP level 6.7 ± 0.4 g/dl which was significant
(p < 0.005) compared to normal animals (Table 2).

Histopathological changes
Histopathological investigation revealed a severe hepatic
damage in context of cellular necrosis, dilution of sinusoidal
Table 2  Effect of LMERE on
the serum lipid profile of CCl4
intoxicated rats

Antioxidant gene expression in liver
The RT-qPCR was accomplished using a QuantiFast SYBR
Green PCR Master Mix kit (QIAGEN), and specific primers
for the following antioxidant enzymes-related genes: CAT
and SOD1 (Table 4). RT-qPCR was performed to see the
expression of CAT and SOD1 because that can also support the visible changes in the functions of these antioxidant enzymes. According to the Fig. 3, downregulation in
the relative mRNA expression levels had been observed
for both CAT (27%) and SOD1 (17%) in the C
 Cl4 control
group compared to the normal control. The level of SOD1
transcripts was markedly elevated (> 2 folds) in all the
LMERE treatment groups in relation to the normal control.
Among the treatment groups, LMERE 50 had the significant
(p < 0.005) elevation in SOD1 mRNA expression (Fig. 3).
However, although increased, the expression levels of CAT
in LMERE + CCl4-treated animals did not reach those of the
normal control.

Quantitative phenolic determination and GC–MS
analysis
A considerable level of phenolic compounds in terms of
total phenolics (270.20 ± 0.80 mg GAE/g LMERE) and
total flavonoids (289.00 ± 6.60 mg GAE/g LMERE) had
been observed in LMERE (Table 5). The GC–MS spectrum (Fig. 4) for the identified compounds from LMERE
by GC–MS/MS revealed the order through which the

Groups

CHL (mg/dl)

TG (mg/dl)

LDL (mg/dl)

TSP (g/dl)

Normal control
CCl4 control
Silymarin control
LMERE 50
LMERE 100
LMERE 200.

35.67 ± 4.64a
83.71 ± 4.76b
82.13 ± 4.13b
76.11 ± 3.66c
62.47 ± 1.36d
54.84 ± 3.92e

56.40 ± 5.88a
111.15 ± 12.63b
107.94 ± 5.26b
132.00 ± 6.60c
94.56 ± 5.89d
99.71 ± 3.79d

32.61 ± 0.97a
60.83 ± 2.82b
16.6 ± 0.63c
54.88 ± 2.52d
33.75 ± 2.14e
36.44 ± 3.54e

5.20 ± 0.26a
4.49 ± 0.54a
5.80 ± 0.25a
6.10 ± 0.31a
4.35 ± 0.15b
6.70 ± 0.40a

Data are shown as mean ± SD of 6 animals. a–eValues with different superscript letters in the Table 3 for
the parameters are significantly different from each other group of animals (Tukey’s multiple range post
hoc test, p < 0.05). Normal control; CCl4 control; Silymarin control, positive control; LMERE50, Leea
macrophylla root extract 50 mg/kg bw; LMERE100, Leea macrophylla root extract 100 mg/kg bw; and
LMERE200. Leea macrophylla root extract 100 mg/kg bw
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plant sample, other groups compounds made up the remaining 9.12% (Table 6).

B

A

SD

SN

CV
CV
IF
AP

C

D

CV

CV

F

E

CV

CV

Fig. 2  Histopathological images of liver tissue sections. a Normal
liver tissue sections with no damage in the hepatic cell architecture;
b hepatic control confirms the hepatocellular damage through various types of inflammations: necrosis, sinusoidal dilution, apoptosis,
hemorrhage etc.; c in reference control, a reference drug (silymarin)
to treat liver injury used to compare the protective effect of LMEREs;
In the treatment groups d LMERE 50, e LMERE 100 and f LMERE
200, tissue sections with less inflammation, centrilobular necrosis
and sinusoidal dilution showed a positive restoration of liver cells
from injury. Liver tissues were embedded in paraffin cubes and cut
with microtome and then stained with H&E (hematoxylin and eosin).
The arrow indicates the central lobular position of hepatic cells.
SN = single cell necrosis; SD = sinusoidal dilution; CV = central vein;
Ap = apoptosis; IF = inflammation

compounds were eluted from the column. The respective
mass spectral data were used to identify the constituents
through comparison from the library of authentic compounds. The major components were fatty acids and their
derivatives as well as triterpenes and their derivatives
(Table 6). Among the fatty acids, n-hexadecanoic acid
(37.15%) was the most abundant while γ-sitosterol (4.13%)
was the most abundant triterpene followed by stigmasterol
(1.58%). Apart from the afore-mentioned classes of compounds which represent 90.88% of the total composition of

Molecular interaction
The prepared proteins (PDB IDs: 1ILG, 1N3U, 1NFI,
1VKX, 2JOD, 7API, 3I7H) subjected to SiteMap analysis
yielded different active sites. Depending on the Sitescore
and Dscore, sites with best scores were chosen for molecular
docking analysis (Table 7) and their respective graphical
feedback is illustrated based on site points and hydrophobic (yellow), hydrogen-bond donor (blue), and hydrogenbond acceptor (red) maps (Fig. 5). Site score of 1 and 0.8
determines a site of particular promise and distinguishes
precisely between drug binding and non-drug-binding sites
respectively. Predicting and understanding the potential
protein active sites is a cornerstone for drug-design. SiteMap’s highly effective algorithm for identifying and evaluating binding sites can help scientists accelerate the drugdiscovery process which counterparts lead optimization
and docking. In silico docking results of phytochemicals,
namely, n-Hexadecanoic acid, Octadecanoic acid, Glyceryl
Trielaidate and standard drugs, Progesterone, Resveratrol,
Iguratimod, 2-Benzoxepine, Estradiol, Citric acid, and Thalidomide complementary to the receptors for comparative
analysis were conducted using Glide-SP protocol which is
depicted in Table 8 and their individual protein–ligand interaction along with binding mode is illustrated in Fig. 6.

Discussion
In spite of the great ethnobotanical use of L. macrophylla
in the management of liver diseases in a Bangladeshi community, the dearth in detailed ethnopharmocological studies clearly suggest the need for comprehensive studies on
this medicinal plant for anti-oxidative and hepato-protective
potentials. The present study demonstrated that the ethanolic extract of L. macrophylla had potent hepato-protective
activity which is mediated through the upregulation of gene
expression of liver antioxidant enzymes.
Cell has multifaceted defense enzymatic systems (superoxide anion dismutase, catalase, GSH peroxidases, peroriredoxins, glutaredoxins, thuoredoxins, sulfiredoxins) and
non-enzymatic antioxidants (vitamins A, C, and E, GSH,
urate, bilirubin) to prevent oxidative stress (Marí et al.
2010). Natural polyphenols possess a variety of pharmacological effects on oxidative stress, lipid metabolism, insulin
resistance, and inflammation, which are the most important pathological processes in the etiology of liver diseases
(Domitrovic and Potocnjak 2016). The DPPH free radical
scavenging activity is a frequently used model for preliminary radical scavenging activity of a compound or a plant
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Table 3  Histopathological
scoring of liver tissue sections
for the effects of LMERE

Name of the parameters

Normal CCl4 control Silycontrol
marin
control

LMERE 50 LMERE 100 LMERE 200

Centrilobular necrosis
Dilution of sinusoidal spaces
Hemorrhage
Inflammation
Odema
Single cell necrosis
Apoptosis

−
−
−
−
−
−
−

++
+++
+++
−
+++
++
−

++
++
+
+
++
+
++

−
+
−
−
−
−
−

+
−
+
−
+
+
−

++
++
−
++
++
++
−

The severity of various features of hepatic injury was evaluated based on those following scoring scheme:
(−) normal, (+) mild effect, (++) moderate effect, (+++) Severe effect
Table 4  Name and sequences of the primers used for qRT-PCR
Gene symbol
GAPDHa

Gene description
Glyceraldehyde-3-phosphate
dehydrogenase

CAT

Catalase

SOD1

Superoxide dismutase 1

a

Sequence (5′ → 3′)
F
GGTGAAGTTCGGAGTCAACGGA
R
GAGGGATCTCGCTCCTGGAAGA
F
ACGAGATGGCACACTTTGACAG
R
TGGGTTTCTCTTCTGGCTATGG
F
AAGAAACATGGCGGTCCAG
R
CCACCATAGTACGGCCAATG

Gene Bank accession no.
NM_017008.4
NM_012520.2
NM_000454

Housekeeping gene

Fig. 3  Effect of LMERE on CAT and SOD1 mRNA levels in liver.
Total RNAs were isolated from rat hepatocytes. RNA-derived cDNA
was used for the qRT-PCR analysis of mRNA levels using 40 cycles
of real-time PCR program. The relative ratios of mRNA levels were
calculated using the 2−∆∆CT method normalized with GAPDH CT
value as the internal control and the control as the calibrator. Values

are means (n = 3) and values at the same time point with different
lower-case letters (a–b) displayed above the columns of the figure are
significantly different at p < 0.05. (The arrow line indicates the significant comparison between the corresponding groups while the capped
line denotes the significant comparison among the groups within it)

extract. Moreover, the superoxide anion contributes to the
generation of more reactive species such as hydroxyl radical and singlet oxygen, which induce oxidative damage in
lipids, proteins, and DNA (Parejo et al. 2002). Thus, an
antioxidant candidate that proves promising in the DPPH

scavenging assay along with superoxide scavenging activity and hydroxyl radical scavenging assay, would provide
an optimistic scaffold for prospective in vivo studies. In the
present study, LMERE extract showed potent activities in
these regards. Again, LMERE showed good reducing power
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(Fe3+ to Fe2+) through electron transfer and could promote
hydrogen peroxide decomposition.
In our study, CCl4 was used to induce hepatocellular
damage because it is bio-activated by cytochrome P-450
dependent monooxygenases and cause production of reactive oxygen species (ROS) and other free radicals such as
trichloromethyl (CCl3) and trichloromethyl peroxy radicals
(CCl3OO). These free radicals eventually lead to oxidation
of various cellular macromolecules like lipids and proteins
(Sahreen et al. 2011) leading to the damage of hepatocellular
membranes, causing inflammation and necrosis the hepatocytes thereby causing the leakage of cytosolic enzymes such
as AST and ALT into the blood circulation (Thabrew et al.
1987). It was interesting to observe that the administration of

the LMERE for 10 days protected the CCl4 induced increase
in these enzymes which could suggest good protective ability against liver disease possibly through an improvement
in the function of normal liver parenchyma and the reformation of hepatocytes (Jahn et al. 1985). Moreover, the
observation might indicate that LMERE protected the liver
from the free radicals-mediated oxidative attack that might
breakdown macromolecules such as the lipids. Indeed, the
foregoing assertion might further be supported by the ability
of the LMERE to greatly protect the animals from the C
 Cl4
induced rise in serum lipids. This is because lipid metabolism is affected due to injury in hepatic parenchymal cells
and results hypercholesterolemia in CCl4 intoxicated rats
(Sahreen et al. 2011) while lipid peroxidation, through a
cascade mechanism, destroys membrane lipids to generate
endogenous toxicants. Apart from lipids, the levels of vital
proteins in liver was also decreased upon liver injury in
humans and animals (Ruot et al. 2002) and the oral administration of LMERE made positive change in the total protein
level and showed recovery from the C
 Cl4 hepatic injury This
further indicates that LMERE plays key role in liver protection against the CCl4 mediated oxidative damage which is
known to attack the proteins (Sahreen et al. 2011) and lower
their levels. In fact, the observed protective ability of the
LMERE towards the liver damage was clearly manifested

Fig. 4  Gas chromatography-mass spectrometry profile of LMERE
was obtained from GC–MS with electron impact ionization (EI)
method on a gas chromatograph (GC-17A, Shimadzu Corporation,
Kyoto, Japan) coupled to a mass spectrometer (GC–MS TQ 8040,
Shimadzu Corporation, Kyoto, Japan). A fused silica capillary column (Rxi-5 ms; 0.25 m film thickness) is coated with DB-1 (J&W).
The inlet temperature was set at 260 °C and the oven temperature was

programmed as 70 °C (0 min); 10 °C, 150 °C (5 min); 12 °C, 200 °C
(15 min); 12 °C, 220 °C (5 min). The column flow rate was 0.6 ml/
min Helium gas at a constant pressure of 90 kPa. The aux (GC to
MS interface) temperature was set to 280 °C. The MS was set in scan
mode with a scanning range of 40–350 amu; the ionization mode was
EI (electron ionization) type. The mass range was set in the range of
50–550 m/z

Table 5  Quantitative analysis of anti-oxidant relevant phytochemicals
of ethanol extract of L. macrophylla root (LMERE)
Antioxidative indices

Quantity

Total phenolic content (mg GAE/g LMERE)
Total flavonoid content (mg QE/g LMERE)
Total antioxidant capacity

270.20 ± 0.80
289.00 ± 6.60
36.11 ± 5.09

LMERE = Leea macrophylla ethanol root extract
Data are expressed as mean ± standard deviation (n = 3)
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Table 6  Compounds identified in the ethanol extract of L. macrophylla root by GC–MS
S.no.

Name of the Compound

RT

Peak area (%)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

2,2-Bis (chloromethyl)-1-propanol
2H-Pyran-2-one, tetrahydro-4-hydroxy-6-pentylButylated Hydroxytoluene
Benzaldehyde, 3-ethoxyTetradecanoic acid
Pentadecanoic acid
n-Hexadecanoic acid
l-(+)-Ascorbic acid 2,6-dihexadecanoate
9-Octadecenoic acid, 1,2,3-propanetriyl ester, (E,E,E)Octadecanoic acid
12,13-Epoxy-octadec-9-enoic acid, DMOX derivative
Eicosanoic acid
Docosanal
2-Hydroxy-4-methoxy-7-methyl-7,8,9,10,11,12,13,14-octahydro-6-oxabenzocyclododecen-5-one
7-Methoxy-3-(3,4-dimethoxyphenyl)-4H-chromen-4-one
Tetrapentacontane, 1,54-dibromo2,2-Dimethyl-6-methylene-1-[3,5-dihydroxy-1-pentenyl]cyclohexan-1-perhydrol
Stigmasta-4,7,22-trien-3.beta.-ol
Cholesta-4, 6-dien-3-ol, (3.beta.)Stigmasterol
γ-Sitosterol
Ergosta-4,6,8(14),22-tetraen-3-one
4,22-Cholestadien-3-one
Cyclopropa[5,6]-33-norgorgostan-3-ol, 3′,6-dihydro-, (3.beta.,5.beta.,6.alpha.,22.xi.,23.xi.)γ-Sitostenone
Cholesterol epoxide

3.620
9.051
9.227
11.725
12.053
13.163
14.364
15.266
16.092
16.300
17.014
18.077
18.645
19.140
20.257
20.787
20.978
23.852
24.464
26.768
27.654
28.798
28.959
29.351
30.088
30.528

0.43
1.36
0.59
0.99
0.76
0.44
37.15
0.72
18.87
12.56
0.38
0.45
0.32
1.40
0.35
0.63
0.31
0.29
0.72
1.58
4.13
1.15
2.64
1.21
5.88
2.95

Table 7  Active site prediction of enlisted proteins using SiteMap
Protein (PDB ID)

SiteScore

Size

Dscore

Volume

Exposure

Enclosure

Contact

phobic

Philic

Balance

don/acc

1ILG
1N3U
1NFI
1VKX
2JOD
7API
3I7H

1.231
1.242
1.04
1.023
0.637
0.994
1.110

179
87
153
99
33
131
229

1.288
1.312
1.068
1.051
0.547
0.946
1.020

413.315
127.939
596.134
153.321
83.006
192.423
602.308

0.358
0.4
0.633
0.459
0.612
0.476
0.405

0.928
0.959
0.736
0.714
0.622
0.689
0.862

1.185
1.25
0.906
1.03
0.899
0.953
1.049

2.425
3.169
0.244
0.738
0.51
0.245
0.558

0.642
0.43
0.962
0.958
1.123
1.249
1.340

3.776
7.363
0.254
0.77
0.454
0.196
0.416

1.331
1.738
1.208
0.707
1.237
0.7
0.782

Only the top ranked scores are mentioned on the table for each protein

in the histopathological analyses of the liver where all the
major CCl4 induced pathological alterations such as hepatocellular necrosis, and lymphocytes infiltration were reversed
to near normal by the LMERE treatment. As described earlier, all these observations might be linked to the potent
in vitro anti-oxidative activity of the extract considering the
role of oxidative stress in the induction of hepatocellular
damage during C
 Cl4 intoxication as well as in all forms of
liver diseases.
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In order to confirm the involvement of the anti-oxidative system in the observed hepato-protective ability of the LMERE, the gene expression profile of some
antioxidant enzymes was monitored. According to the
study, C Cl 4 significantly decreased the expression of
CAT and SOD1 genes possibly due to the induction of
the oxidative stress. Interestingly however, administration
of the LMERE to the C
 Cl4 intoxicated animals upregulated the expression profile of these genes suggesting
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Fig. 5  Illustrations of Site points, hydrophobic, hydrogen-bond donor
and acceptor maps for each receptor a (1ILG), b (1N3U), c (1NFI),
d (1VKX), e (2JOD), f (7API), g (3I7H). Hydrophobic map—yel-

low mesh, Hydrogen-bond donor map—blue mesh, Hydrogen-bond
acceptor map—red mesh. (Color figure online)

that the hepato-protective effects of LMERE was mediated through an anti-oxidant dependent event. In fact,
the observed increase of SOD1 expression by 2 folds
was remarkable because it might suggest a very rapid
anti-oxidative response caused by the LMERE. Similar
observation with other extracts has been reported (Gilmore 2006) which was attributed to the potent antioxidant
phytochemicals as observed in LMERE.

Having confirmed that the hepato-protective effects of
LMERE was through an anti-oxidant dependent mechanism,
it was worthwhile to investigate the bioactive compounds
of the extract. The quantitative analysis revealed that the
extract contains a lot of phenolics and especially flavonoids
which are known antioxidant agents (Genie et al. 2014) and
might account for the observed effects. However, contrary
to these, the GC–MS analysis revealed that the LMERE
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Table 8  Binding energy, glide emodel and glide energy among proteins and different ligand compounds. Measuring unit of mentioned
scores are in Kcal/mol
Compounds

1ILG
Docking score Glide emodel Glide energy

n-Hexadecanoic acid
Octadecanoic acid
Progestrone
n-Hexadecanoic acid
Octadecanoic acid
Reservatol
1NFI
n-Hexadecanoic acid
Octadecanoic acid
Iguratimod
1VKX
n-Hexadecanoic acid
Octadecanoic acid
2-Benzoxepine
2JOD
n-Hexadecanoic acid
Octadecanoic acid
Estradiol
7API
n-Hexadecanoic acid
Octadecanoic acid
Citric acid
317H
n-Hexadecanoic acid
Octadecanoic acid
Thalidomide

− 0.945
− 1.095
− 7.093
1N3U
+ 0.573
+ 0.784
− 6.27

− 34.085
− 38.673
− 51.016

− 35.23
− 38.542
− 36.416

− 20.345
− 20.852
− 25.812

− 24.843
− 25.063
− 22.17

− 0.887
− 0.53
− 4.498

− 27.498
− 31.547
− 53.699

− 29.222
− 32.559
− 42.875

− 0.419
− 1.57
− 5.783

− 34.172
− 39.023
− 34.41

− 34.93
− 38.149
− 25.153

+ 2.711
+ 2.056
− 4.167

− 18.856
− 19.197
− 34.313

− 26.612
− 26.736
− 27.001

+ 1.149
+ 0.204
− 3.567

− 24.844
− 31.263
− 2.648

− 30.078
− 36.398
− 5.741

− 0.154
+ 1.093
− 8.048

− 34.157
− 30.446
− 55.553

− 36.863
− 35.566
− 42.233

mainly contains fatty acids and triterpenes derivatives but
this could, to some extent, be linked to the inherent limitation of GC–MS for not always detecting highly polar compounds. Despite these observations, some of the detected
fatty acids such as octadecanoic acid have been reported to
inhibit the development of fibrosis in the hepatocytes and
its long-term supplementation could attenuate cholestasisrelated liver injury suggesting hepatoprotective ability
(Wang et al. 2007). Furthermore, octadecanoic acid exhibits protection against oxidative stress through an increase in
the activity of SOD and CAT in cultured cortical neurons
to exert a neuroprotective effect (Wang et al. 2007). On the
other hand, among the triterpenes, stigmasterol decreases
the level of serum AST, ALT and ALP and bilirubin in
7,12-dimethylbenz[a]anthracene (DMBA)-induced skin cancer in animal model increasing the level of glutathione, SOD
and CAT suggesting some in vivo anti-oxidative potentials
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Fig. 6  Protein-ligands interaction profile (left) and binding mode of ▸
ligands (right) into series of receptors. Interaction profile diagram
of Human Pregnane × Receptor (PDB ID: 1ILG) complexed to a
n-Hexadecanoic acid, b octadecanoic acid, c progesterone; interaction
profile diagram of human heme oxygenase 1 (PDB ID: 1N3U) complexed to d n-Hexadecanoic acid, e Octadecanoic acid, f reservatol;
Interaction profile diagram of I-KAPPA-B-ALPHA/NF-KAPPA-B
COMPLEX (PDB ID: 1NFI) complexed to g n-hexadecanoic acid, h
octadecanoic acid, i iguratimod; interaction profile diagram of NFKB
P50/P65 HETERODIMER (PDB ID: 1VKX) complexed to j n-Hexadecanoic acid, k octadecanoic acid, l 2-benzoxepine; interaction
profile diagram of adenylate cyclase (PDB ID: 2JOD) complexed to
m n-Hexadecanoic acid, n octadecanoic acid, o estradiol; interaction
profile diagram of HUMAN ALPHA1-ANTITRYPSIN (PDB ID:
7API) complexed to p n-hexadecanoic acid, q octadecanoic acid, r
citric acid; interaction profile diagram of DNA damage-binding protein 1 (PDB ID: 3I7H) complexed to s n-hexadecanoic acid, t octadecanoic acid, u thalidomide

(Ali et al. 2015). Based on the above, it is thus likely that
the observed effect of LMERE was due to some phenolic
compounds, triterpenes and fatty acids acting individually
or synergistically.
Predicting and understanding the potential protein active
sites is a cornerstone for drug-design. SiteMap’s highly
effective algorithm for identifying and evaluating binding sites can help scientists accelerate the drug-discovery
process which counterparts lead optimization and docking
(Halgren 2009). In silico docking results of phytochemicals,
namely, n-Hexadecanoic acid, Octadecanoic acid, Glyceryl
Trielaidate and standard drugs, Progesterone, Resveratrol,
Iguratimod, 2-Benzoxepine, Estradiol, Citric acid and Thalidomide complementary to the receptors for comparative
analysis were conducted using Glide-SP protocol. The chosen proteins have strong association with the health of the
liver and hence acted as receptors for molecular docking.
In our current study, upon observation of protein–ligand
interactions it was found that each ligand exhibited different
binding affinity corresponding to their receptors. The inhibitors were ranked based on docking score, Glide Emodel and
Glide energy. It is seen that Octadecanoic acid has the lowest binding energy and showed highest interactions on average than n-Hexadecanoic acid. Furthermore, Glyceryl Trielaidate failed to dock to any of the proteins aforementioned
thus no pose was displayed on the workspace. Octadecanoic
acid exhibited highest binding affinity with a protein (PDB
ID: 1VKX) which is the crystallized structure of NF-κB p50/
p65 heterodimer (Fig. 6k) involved in cytokine production,
cell survival. Faulty regulation of NF-κB also causes cancer,
inflammatory and auto immune diseases (Gilmore 2006).
Octadecanoic acid displayed docking score of − 1.57 kcal/
mol, glide energy of − 38.149 kcal/mol and glide emodel
score of − 39.023 kcal/mol. Residues HIP B:364 and GLY
B:365 showed hydrogen bonding interactions and residues LEU B: 367, PRO B: 362, VAL B: 358, TYR B: 357,
PHE B: 353 demonstrated hydrophobic interactions. Thus,
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Fig. 6  (continued)
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blocking this protein can reduce the chances of NF-κB associated liver diseases. For a stable system, a lower negative
energy is preferred which suggests a stable binding interaction between Octadecanoic acid and NF-κB receptor. In
discovery and development of newer novel drugs, indeed,
search for potential inhibitors is crucial in treatment of diseases. To save huge amount of money and time, structurebased drug design in structural biology, essential tools such
as molecular docking plays an imperative role (Singh et al.
2003; DiMasi et al. 2003).
From the data of the study, it was evident that the standardized ethanol of extract L. macrophylla could confer protection against liver damage which is mediated via upregulating the expression of liver anti-oxidative enzymes.
Additionally, few of the active metabolites of LMERE could
be very effective for their strong ligand-receptor interaction
with NF-κB receptor of (PDB ID: 1VKX) protein involved
in liver function.
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