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Abstract

Overproduction of Nitric oxide (NO) and many other pro-inflammatory mediators are responsible for many pathological
disorders in humans, including Alzheimer’s disease (AD). In this study, active fractions isolated from Khaya grandifoliola
(Kg) were screened for their inhibitory activities against NO production in lipopolysaccharide (LPS)-activated microglia.
Among the 5 fractions tested, Kg25 was the most active and showed potent inhibitory activity towards NO production. The
fraction further showed inhibitory effect on iNOS’® mRNA expression and other major pro-inflammatory cytokines including
TNFa and IL1-f. Study of the effect of Kg25 on p38MAPKinase and JNK3 showed that the fraction inhibits these signaling
pathways known to be involved in cell inflammatory pathways. These observations were confirmed at the protein level with
Kg25 inhibiting iNOS and p38MAPK protein expressions in N9 cells. Analysis of Kg25 composition by HPLC identified
3 main compounds, namely: 6 phenyl, 4-(1 oxyehylphenyl) hexane, Carbamic acid, (4-methly-1-phenyl)-1, phenyl, and
Benzene, 1 1'-(oxydiethylidene) bis. The above mentionned compounds were further analyzed for their bioactivity against
the p38MAPKinase and iNOS receptors using molecular docking. MolDock results showed that 1-phenylethyl N-(4-meth-
ylphenyl)carbamate (compound 2) possesses the highest binding affinity (for iNOS); and 1-(1-phenylethoxy)ethylbenzene
(compound 3) (for pMAPK) respectively and both compounds interact well with the active site residues. Hence, these
compounds could be considered as scaffolds for further development of lead- drugs targeting neuroinflammation in AD.

Keywords Khaya grandifoliola - N9 microglia - Docking - 1-phenylethyl N-(4-methylphenyl)carbamate -
1-(1-phenylethoxy)ethylbenzene

Introduction

Medicinal plants are still considered to be one of the major
source of lead compounds for the pharmaceutical industry
(Molinski et al. 2009). Historically, natural products have
always been considered an important source of therapeutic
compounds for the development of drugs. For instance, arte-
misinin, isolated from the Chinese medicinal plant Artemisia
annua, is a drug that possess the most rapid action of all
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current drugs against Plasmodium falciparum (Chattopad-
hyay et al. 2007). It was reported that of the 175 molecules
approved for the treatment of cancer, 85 (48.6%) of these
were either natural products themselves or derived directly
from natural products (Newman and Cragg 2012).

On the other hand, compounds and extracts derived from
natural products are considered too complex and dirty to be
compatible with the new automated drug discovery meth-
odologies developed nowadays (Li and Vederas 2009). This
is the reason why the pharmaceutical industry has shifted
towards high-throughput screening technologies over
the past few decades. However, there has recently been a
renewed interest in natural product research due to the fail-
ure of alternative drug discovery methods to deliver lead
compounds in key therapeutic areas such as immunosup-
pression, neurodegenerative and metabolic diseases (Butler
2004). Therefore, the application of molecular docking and
virtual screening to compounds isolated from medicinal
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plants could emerge as efficient, rapid and inexpensive tech-
niques for the identification and optimization of potential hit
compounds (Schneider 2010).

Inflammation is a self-defensive reaction aimed at
eliminating or neutralizing injurious stimuli, and restor-
ing tissue integrity (Abdipranoto-Cowley et al. 2009). For
instance, microglial, the resident macrophages in the brain,
are believed to play an active role in brain inflammatory,
immune and degenerative processes (Minghetti and Levi
1998). Upon activation, microglia produce a variety of pro-
inflammatory mediators, including nitric oxide (NO), reac-
tive oxygen species (ROS), tumor necrosis factor (TNFa),
interleukin-1p (IL-1p) and interleukin-6 (IL-6). Activated
microglia, by secreting proinflammatory molecules, are
potential sources of harmful elements in the brain despite
the fact that they also serve immune surveillance functions
against foreign antigens (Akiyama et al. 2000). A common
feature of AD is the chronic immune activation of micro-
glia (Abdipranoto-Cowley et al. 2009). AD involves elevated
levels of a diverse range of proinflammatory molecules in
the brain. These inflammatory molecules are produced
principally by activated microglia, which are found to be
clustered within and adjacent to the senile plaques. Moreo-
ver, long-term treatment of patients with non-steroidal anti-
inflammatory drugs has been shown to reduce the risk and
incidence of AD and delay disease progression (Wilkinson
and El Khoury, 2012).

Both in vivo and in vitro studies have documented the
ability of LPS-activated microglia to secrete a variety of
cytokines, including IL-1p, IL-6, IL-10, interferon-o (INF-
a), IFN-B, TNFa, and chemokines (Lu et al. 2010). These
inflammatory products contribute to produce neuronal toxic-
ity and death. The over-activation of microglia and release
of pro-inflammatory cytokines may also lead to neuronal
death, causing neuropathological changes in CNS diseases
such as multiple sclerosis (Lu et al. 2010), Parkinson’s dis-
ease (Depino et al. 2003), AD (Aldskogius 2000) and AIDS
dementia (Glass and Wesselingh 2001). Therefore, thera-
peutic approaches focusing on inhibition of the microglia-
mediated inflammatory response offer new opportunities to
intervene in these diseases.

Khaya grandifoliola (Kg) also called "African mahog-
any" is a medicinal plant from the Meliaceae family used
in tropical areas of sub-Saharan Africa for the treatment
of malaria and neurological troubles. The plant is mainly
found in Southern, Central and Western Africa. In Came-
roon, stem barks are mainly used by traditional physicians
against jaundice and viral hepatitis. Previous studies on Kg
revealed anti-malaria activities of limonoids (Bickii et al.
2000), anti-inflammatory and trypanocidal activities of the
aqueous crude extract (Stephen et al. 2009). Furthermore,
anti-inflammatory activity of the crude extract was also
reported (Falodun et al. 2009). Previous studies from our
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research group showed that three constituents, namely,
benzene, 1,1'-(oxydiethylidene)bis (1), carbamic acid,
(4-methylphenyl)-, 1-phenyl (2), and 6-phenyl, 4-(1"-oxy-
ethylphenyl) hexene (3) were identified from the active
fraction Kg25 by GC-MS (Galani et al. 2016) and were
responsible for the antiviral activities observed in vitro
(Fig. 1).

In the present study, Kg extract was used to study anti-
inflammatory effects on N9 microglia, and the compounds
identified from the most active fraction were designed
using Molview software (3D) and docked against iNOS
and p38 MAPK targets.

Material and methods
Plant materials and solvent extraction

The plant was harvested in 2010, in the Bamun department
(West region of Cameroon). Specimen were identified by
Prof Njayou Frederic Nico of the University of Yaoundé
I, Cameroon, and deposited at the National Herbarium,
Yaoundé, Cameroon (Voucher number: 23434YA).
Afterwards, plants extracts were prepared following the
method described by Prof Njayou (Njayou et al. 2016).
Briefly, dried Kg barks were air dried, cut into small pieces
and ground. One Kg of the powder was immersed and
extracted in methylene chloride/methanol 1/1 v/v at room
temperature for 7 days. The mixture was afterwards fil-
tered, and cakes were extracted and filtered three more
times to increase the extraction yield. The procedure was
repeated until the solvent presented a clear color. The fil-
trate was concentrated under reduced pressure, and the
crude extract obtained was freeze-dried, and stored at 4 °C
until used. The crude extract was subjected to flash chro-
matography to obtain 5 fractions (Fig. 2).

Chemicals

Fetal bovine serum (FBS), antibiotics (streptomycin/peni-
cillin), and RPMI medium were purchased from Gibco
(Grand Island, NY, USA). Escherichia coli-LPS and 3-(4,
5- dimethylthiazol-2-yl) -2, 5- diphenyltetrazolium bro-
mide (MTT) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Baicalin (99%) was purchased from
Carbosynth Ltd. (Compton, Berkshire, UK). Mouse
cytokines primers (iNOS, TNFa, IL-6, and IL-1f) were
supplied by Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Antibodies for western blotting (iNOS, p38MAPK
and GADPH) were purchased from Abcam, USA.
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Fig. 1 2D structures of Compound-1 (1-(1-phenylethoxy)ethylbenzene), Compound 2 (1-phenylethyl N-(4-methylphenyl)carbamate) and Com-
pound-3 (3-(1-phenylethoxy)hex-5-enylbenzene) identified by HPLC (Galani et al. 2016)
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Fig.2 Fractionation process of the CH,CL,/MeOH extract of Khaya
grandifoliola. Bio-guided purification of fractions and sub-fractions
using flash chromatography followed by silica gel column chromatog-
raphy

In vitro cell culture

The microglia cell line N9 was used to determine the effects
of Kg on inflammation in vitro. The cells were cultured in
RPMI medium (Life Technologies) containing penicillin
(100U/ml) and 10% fetal bovine serum. Cells were cultured
at 37 °C in a humidified incubator at an atmosphere of 5%
CO, N9 cells were grown in 12-well plates at a density of
approximately 1x 10° cells per well. The plant compounds
were dissolved in dimethyl sulfoxide (DMSO) and filtered
through 0.45 um cellulose membranes.

MTT assay for measuring cell proliferation

The cytotoxic effect of Kg crude extract and fractions was
evaluated using the MTT assay. 3-(4, 5- dimethylthiazol-
2-yl) -2, 5- diphenyltetrazolium bromide (MTT) is a pale-
yellow substrate that is reduced by living cells to yield a
dark blue formazan product. This process requires active
mitochondria, and only dead cells do not reduce signifi-
cant amounts of MTT. Cells were seeded in 12-well plates
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(1x 10° cells/well) and incubated for 24 h. After this incuba-
tion period, they were treated with various concentrations
of Kg (0.01, 0.1, 1, 10, and 100 pg/ml), Baicalin (used as
positive control at 5 pg/ml) and LPS (1 pg/ml) at 37 °C in
5% CO, for 24 h. After treatment, 100 pL of MTT (5 mg/
ml) dissolved in RPMI was added to each well, followed
by incubation for 3 h. The medium was aspirated, and the
formazan crystals were dissolved in 500 pL of DMSO for
15 min. The optical density of each well was measured at
540 nm using a microplate reader.

Determination of nitric oxide production

Production of NO was determined by measuring the accu-
mulated levels of nitrite, an indicator of NO in the superna-
tant after 24 h of LPS treatment with or without different
concentrations of plant material and Baicalin. After pre-
incubation of cells (1 x 10° cells) for 24 h, Baicalin (5 pg/
ml), or Kg (0.05, 0.5, 5, and 50 pg/ml) were added, together
with LPS (1 pg/ml). The cells were further incubated at
37 °C, 5% CO, for 24 h. The quantity of nitrite in the cul-
ture medium was measured as an indicator of NO produc-
tion. Amounts of nitrite, a stable metabolite of NO, were
measured using Griess reagent (1% sulfanilamide and 0.1%
naphthyl ethylene diamine dihydrochloride in 2.5% phos-
phoric acid). Briefly, 50 pl of cell culture medium was mixed
with 100 pl of Griess reagent. Subsequently, the mixture was
incubated at room temperature for 10 min and the absorb-
ance at 570 nm was measured in a microplate reader. Fresh
culture medium was used as a blank in every experiment.
The quantity of nitrite was determined from a sodium nitrite
standard curve.

RNA Extraction and Reverse
Transcription-Polymerase Chain Reaction (RT-PCR)

NO cells were treated with Baicalin, Kg and LPS (1 pg/ml)
for 24 h. Total RNA from LPS-treated microglia was pre-
pared using the innuPREP RNA Mini kit (QIAGEN GmbH,
Hilden, Germany) according to the manufacturer’s proto-
col. cDNA (1 pg/ml) was synthesized from 1 pg of total
RNA and was used to perform RT-PCR. After initial dena-
turation for 2 min at 95 °C, thirty amplification cycles were
performed for iNOS (1 min of 95 °C denaturation, 1 min
of 60 °C annealing, and 1.5 min 72 °C extension), TNF-a
(1 min of 95 °C denaturation, 1 min of 55 °C annealing, and
1 min 72 °C extension), IL-1f (1 min of 94 °C denaturation,
1 min of 60 °C annealing, and 1 min 72 °C extension), IL-6
(1 min of 94 °C denaturation, 1 min of 60 °C annealing, and
1 min 72 °C extension) and GADPH (1 min of 94 °C dena-
turation, 1 min of 60 °C annealing, and 1 min 72 °C exten-
sion). The primer sequences used for quantification of iNOS,
TNF a, IL-1 B, IL-6, GADPH and the PCR conditions are
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Table 1 Primers used for RT-PCR analysis (F: forward, R: reverse)

Gene Primer sequences

TNFa F 5 TTGACCTCAGCGCTGAGTTG-3'
R 5'-CCTGTAGCCCACGTCGTAGC-3'

IL-1B F5'-CAGGATGAGGACATGAGCACC-3'

R 5-CTCTGCAGACTCAAACTCCAC-3'

IL6 F5'-GTACTCCAGAAGACCAGAGG-3'
R 5 TGCTGGTGACAACCACGGCC-3'

iNOS F5'-CCCTTCCGAAGTTTCTGGCAGCAGC-3'
R5'-GGCTGTCAGAGCCTCGTGGCTTTGG-3'
B-actin F5'-CCGTCTTCCCCTCCATCGT-3’

R5"-ATCGTCCCAGTTGGTTACAATGC-3’

described in the Table 1. PCR products were separated by
1.5% agarose gel electrophoresis containing 10 mg/ml eth-
idium bromide, photographed using UVsolo system (What-
man Biometra, Goettingen, Germany) and densitometric
analysis was performed with the software BioDocAnalyze
(Whatman Biometra). Results were calculated as levels of
target mRNAs relative to those of GADPH.

P38 MAPKinase and JNK3 inhibition assays

The inhibition of p38 MAPKinase and JNK3 were real-
ized as described by (Goettert et al. 2012). Briefly, 96-well
plates were coated with ATF-2, overnight, at 4 °C. Block-
ing buffer was added at room temperature and the plates
were incubated for 30 min before the addition of the kinase
reaction mix containing the enzyme, with or without test
compounds. The p38a and JNK3 reactions were carried out
by using kinase (12 ng per well), ATP (100 pM), for 45 min
at 37 °C. The ATF-2 phosphorylation was detected with a
specific anti-phospho ATF-2 (Thr69/71) antibody (60 min
at 37 °C). After each incubation time, the plate was washed
three times with double distilled water. The optical density
was measured after the addition of the substrate at 450 nm,
using a plate reader. The inhibitors SB203580 and SP600125
were used as reference compounds for p38MAPK and JNK3
assays, respectively.

Western blot analysis

In order to study the effect of Kg25 on iNOS and p38MAPK
protein expressions, N9 microglia stimulated or not with
LPS were treated with Kg25. Different protein samples were
obtained from cell lysates, and the protein concentrations
were determined. Thereafter, the protein samples were sepa-
rated by SDS-PAGE, transferred to a PVDF membrane and
blocked with TBS containing 0.05% Tween-20 (TBST) and
5% nonfat milk (in TBST) for 1 h. After this incubation
time, the membranes were incubated with primary antibod-
ies (INOS, p38MAPK and GADPH) overnight at 4 °C. On
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the following day, the membranes were washed 3 X 5 min
with TBST and incubated with corresponding secondary
antibodies for 1 h at room temperature. Finally, the protein
samples were visualized using a chemiluminescence instru-
ment (Biorad).

Docking tools

We have used Molview for 3D structure generation, PyMOL
for structure preparation and data analysis, and MolDock
workflow for virtual screening (VS).

Protein structure preparation

The 3D structure of the different receptors was retrieved
from the protein data bank (PDB) (http://www.rcsb.org). We
have chosen respectively: p38MAPK (PDB ID: 10UK), and
iNOS (PDB ID: 2NOS). The proteins had one or two poly-
peptides and were co-crystallized with the ligand. The tar-
gets were visually inspected, and reference ligand identified
for each receptor. Components to be excluded from docking
were removed (10UK: we removed water molecules and
S02 HETATOM, iNOS: we removed water molecules).
Receptors were prepared for docking by removal of water
molecules, ligands, cofactors and assigning bonds, bond
order, hybridization and charges using the MVD software
(Dubey and Dubey 2020).

Fig.3 Kg25 suppression of LPS
induced iNOS and p38 MAPK
proteins in N9 microglias.
(Left): Representative images
of the western blot showing
protein expression of iNOS and

Ligand preparation

Compounds were identified from PubChem chemical data-
base. The structure was drawn using Molview software
(Fig. 3) and energy minimization was performed using the
MM2 force field. Three natural compounds were identified
from K. grandifoliola after HPLC analysis. The 2D and 3D
representations were generated using Molview. The struc-
ture files were stored along with reference ligands as.MOL
formats. The missing charges and hybridization states of dif-
ferent compounds were assigned with the help of the MVD
software.

Docking search algorithm and scoring functions

MVD uses PLP (Piecewise Linear Potential) algorithm as
scoring function for computational screening. In this study,
the MolDock simplex evolution search algorithm was used
for docking. In practice, the number of receptor cavities was
limited to four and using the cavity prediction wizard, the
cavity with large volume was selected. Docking of com-
pounds in different receptors was performed and the best
poses generated were used based on the docking scores.

Parameters for scoring functions

MVD software uses two scoring functions: the MolDock
score and the ReRank score, where the MolDock score is an
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E score (docking scoring function) defined as: E score=E
inter +E intra.

E inter: Sum of ligand—protein interaction energy, ligand-
water interaction energy and ligand-cofactor interaction
energy (Heble et al. 2016).

E intra: internal energy of the ligand.

ReRank score provides an estimation of the ligand-recep-
tor interaction strength (Madhuri et al. 2014).

Statistical analysis

All experiments were reiterated at least three times in trip-
licate. The results of multiple observations are expressed as
the mean + SD. Statistical significance was determined by
one-way analysis of variance (ANOVA) using Graph Pad
Prism 5.0 for windows. For all statistical analyses, signifi-
cance levels were set at P <0.05.

Results

Effect of K. grandifoliola crude extract and fractions
on cell viability

Kg at the tested concentrations (up to 100 ug/ml) did not
significantly affect the cell viability, as it resulted in 95% cell
viability (Fig. 4). The study of the effect of Kg extract and
fractions on N9 cells revealed that the crude extract and the
5 fractions obtained did not show any cytotoxic effect on the
cells. Moreover, observation of cell’s morphology did not
show any change due to the treatment with LPS and extracts
up to 48 h of treatment (data not shown).

Inhibition of LPS-induced nitric oxide production by Kg
crude extract and fractions.

To further assess whether Kg could activate microglia,
we assessed NO production in N9 cells. The cells were
treated with LPS (1 pg/ml) for 24 h and after this time, the

nitrite concentration in the medium increased remarkably
by about twofold (data not shown). After treating the cells
with different concentrations of the samples together with
LPS (1 pg/ml), a significant concentration-dependent inhibi-
tion of nitric oxide was detected in the medium. The results
showed that the crude extract and the fractions inhibited
NO production in a dose dependent manner (Fig. SA and
B). However, fraction Kg25 was the most efficient with an
ICy, value of 8.545 pg/ml in comparison to the crude extract
and the other fractions (Fig. 5C). For further experiments,
this fraction was chosen because of its inhibitory effect on
LPS-induced NO production on N9 cells.

Inhibitory effect of the fraction Kg25 on iNOS mRNA
expression

We have obtained that Kg25 inhibited NO production from
LPS-activated microglia. We now wanted to see if this inhi-
bition was due to an inhibition of iNOS mRNA expression
in these cells. For this purpose, N9 cells were incubated in
the presence of increasing concentrations of the plant. The
results shown in Fig. 5D indicated that after treatment with
LPS (1 pg/ml), a significant decrease in iNOS mRNA levels
was observed after 24 h of treatment. Moreover, Kg25 sig-
nificantly inhibited iNOS mRNA levels at all the concentra-
tions tested, as did Baicalin.

Inhibitory effect of the fraction Kg25
on pro-inflammatory cytokines mRNA expression

The effect of Kg25 on pro-inflammatory cytokines mRNA
expression was also evaluated. The results obtained showed
that 1 pg/ml LPS significantly increased the mRNA levels
of TNFa and IL1-P. After treatment, Kg25 significantly
inhibited mRNA expression of IL-1f at 0.5, 5, and 50 pg/ml
(Fig. 6A), and TNFa at all concentrations tested (Fig. 6B).

MTT (%viability)

Fig.4 Effect of K. grandifoliola A
crude extract A and fractions B 104 -
on the viability of LPS-induced
microglia. N9 cells 5.10%cells/
ml were incubated with the :>:~. 102 re
indicated concentrations of Kg, = :::::
in the presence or absence of o r
LPS 1 pg/ml for 24 h. The cell > 100- =
viability was then determined § E:E:E
by MTT assay as described in -
the Materials and Methods E 98-

96

3
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Fig.5 Effect K. grandifoliola crude extract (A), fractions at 50 pg/ml
(B) and fraction Kg25 (C) on Nitric Oxide production. N9 cells were
grown in complete RPMI 1640 medium containing penicillin, strepto-
mycin, and 10 per cent FCS at 37 °C and 5 percent CO,. 5.10° cells
were seeded into 24-well cell culture plates and cultured for 24 h.
Afterward, cells were harvested and centrifuged, and supernatants

Inhibitory effect of the fraction Kg25 on p38
MAPKinase and JNK3

Kg25 and the sub-fractions obtained after fractionation
were tested for their ability to inhibit p38MAPKinase
and JNK3. The inhibitors SB203580 and SP600125 were
used for p38MAPK and JNK3, respectively. The results of
p38MAPK are presented in Table 2 and showed that Kg25
has a better ICs, value in comparison to Baicalin and the
sub-fractions.

As indicated in Fig. 4C, Kg25 also significantly inhibited
the activity of JNK3, even though an incredibly low inhibi-
tion was observed with Baicalin.

Expression of iNOS and p38MAPK proteins in N9
cells treated with Kg25

Our aim was to study the effect of Kg25 on iNOS and
p38MAPK protein expression in N9 microglia with or with-
out stimulation with LPS. iNOS and p38MAPK proteins
expression were high in LPS treated cells but lower or highly

w
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Pt
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GADFH

collected for the analysis of NO concentrations by a standard Griess
assay. D: Kg25 reduced LPS-induced iNOS gene expression in micro-
glia cell line. The cells were incubated without or with LPS 1 pg-ml
together with the indicated concentrations of Kg25. After 24 h iNOS
mRNA was quantified by RT-PCR. *P<0.05, ***P <(0.01 compared
with LPS group

inhibited at different concentrations after treatment with Kg
(Fig. 3).

Docking of compounds identified from Kg25

The 3D structures obtained with Molview are represented
in Fig. 7. Compounds 1 and 2 were already identified in
PubChem under ID 62,342 and 57,234, respectively. The
results were obtained after docking the reference com-
pounds identified from PDB database. Tables 3 and 4 give
the binding energies obtained with test compounds and
SB203580 which is the reference compound used in in vitro
experiments.

After performing docking analysis, the results obtained
in Tables 1, 2 and Fig. 7 indicated that the tested com-
pounds fit perfectly at the active sites of 2nos and 1louk,
respectively. For 2nos (iNOS), the binding involved com-
plex interactions with seven amino acids including Leu 2,
Lys 6, Phe 5, Phe 65, Trp 19, Tyr 3 and Tyr 64. Moreover,
the binding of compounds to 2nos receptor was stabilized
by 2, 4 and 1 hydrogen bonds respectively for compounds
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Fig.6 Effect of Kg25 on LPS-induced expression of IL1p A and
TNFa B mRNA in microglia. N9 cells were pretreated with differ-
ent concentrations of Kg25, with or without LPS for a stimulation
period of 24 h. Total RNAs were isolated, and mRNA levels of IL1§
and TNFa were measured by RT-PCR. GADPH expression was used

Table 2 Effect of Kg25

N 1 Compounds ICs, values

and its sub fractions on

p38MAPKinase inhibition Kg25 2,71 pg/ml
Baicalin 3,43 pg/ml
SF1 11,35 pg/ml
SF2 51,58 pg/ml
SF3 14,17 pg/ml
SB203580 0.035 uM

1, 2 and 3. Thel ouk receptor established 1 hydrogen bond
with compound 1, 1 with compound 2 and 1 with com-
pound 3. For SB203580, the reference inhibitor for 2nos
and louk, amino acids involved in the binding process
included Arg 657, Asp 655, Glu 68, Lys 654, Phe 218, Ser
67, Lys 101, Ser 102, Ser 104 and Val 103, and the bind-
ing was stabilized with 4 hydrogen bonds for 2nos and 3
hydrogen bonds for louk Tables 5 and 6.

The docking scores indicated that the highest bind-
ing for 2nos is obtained with compound 2 (MolDock
score: —77.099, ReRank score: —62.866) and refer-
ence compound (MolDock score: —91.145, ReRank
score: —76.593). As far as louk is concerned, the high-
est score was obtained with compound 3 (MolDock
score: —94.926, ReRank score: —80.559) with reference
compound having (MolDock score: —136.343, ReRank
score: —115.795).
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as an internal control. *P<0.05, ***P<0.01 compared with LPS
group. 4C: Inhibition of JNK3 activity by Kg25 fraction. The inhibi-
tory potential of Kg25 and Baicalin was evaluated using ELISA.
SP600125 was used as reference compound

Fig.7 3D representation of the active ligands isolated from Kg25.
Molview software was used to generate the structures obtained after
HLPC analysis
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Table 3 p38MAPK binding energy FlexX

S.no Ligand Protein  MolDock ReRank  Hbond
1 Compound 1~ 2NOS -57.278 -48.662  -3.420
2 Compound2  2NOS —77.099 -62.866 000

3 Compound 3  2NOS —75.863 -64.296 0000
4 SB203580 2NOS -91.145 -76.593  -3.555
Table 4 iNOS binding energy FlexX

S.no Ligand Protein  MolDock  ReRank Hbond
1 Compound1 10UK  -85.494 —76.258 000

2 Compound2 10UK  -89.548 —81.685 -1.943
3 Compound3 10UK  -94.926 —-80.559 -2.500
4 SB203580 IO0UK  -136.343 -115.795 -0.509

Table 5 Binding scores for virtual screening with PyRx 10UK

S.no  Ligand Protein  MolDock  ReRank  Hbond
1 Compound1  2NOS -57.278 -48.662  -3.420
2 Compound2  2NOS —77.099 -62.866 000

3 Compound 3 2NOS —-75.863 -64.296 0000
4 SB203580 2NOS —-91.145 -76.593  -3.555

Table 6 Binding scores for virtual screening with PyRx 2NOS

S.no Ligand Protein  MolDock  ReRank Hbond
1 Compound1 10UK  -85.494 -76.258 000

2 Compound2 10UK  -89.548 —81.685 -1.943
3 Compound3 10UK  -94.926 —-80.559 -2.500
4 SB203580 I0UK  -136.343 -115.795 -0.509
Discussion

This study reports for the first time that a fraction puri-
fied from Kg has anti-inflammatory effects on N9 micro-
glia in vitro. The fraction Kg25 was purified from the
crude extract and showed inhibition of NO production
and iNOS mRNA expression in LPS-activated microglia.
Moreover, the fraction reduced mRNA expression of pro-
inflammatory cytokines (TNFa and IL1-p). P38MAPK and
NO inhibition assays showed that Kg25 has a better ICy
value in comparison to the other fractions. HPLC analy-
sis of Kg25 performed in our research group identified
3 main compounds in the fraction, namely 3-(1-pheny-
lethoxy)hex-5-enylbenzene, 1-phenylethyl N-(4-methyl-
phenyl)carbamate, and 1-(1-phenylethoxy)ethylben-
zene [36]. Docking studies with the 3 ligands showed

that 1-phenylethyl N-(4-methylphenyl)carbamate, and
1-(1-phenylethoxy)ethylbenzene bind well in the bind-
ing site of p38MAPK and iNOS receptors, and this may
explain the anti-inflammatory effect observed. In fur-
ther experiment, Kg25 inhibitory effects on iNOS and
p38MAPK protein expression was analyzed.

Microglia, also known as brain macrophages are the first
immune cells to recognize invading pathogens and partici-
pate in both cell mediated and humoral immunity (Korns
et al. 2011). When activated by an external stimuli, micro-
glia upregulate the production of nitric oxide (NO) and
various pro-inflammatory cytokines (Aktan, 2004). NO is
an important cellular signaling transmitter of the immune
system in response to pathogens, and is generated from
the transformation of L-arginine to L-citrulline through
the actions of an enzyme, the nitric oxide synthase (iNOS)
(Aktan, 2004). NO is reported to mediate a diverse set of
cellular functions, including vasodilatation (Groot et al.
2015) and elimination of pathogens by phagocytosis (Bran-
donisio et al. 2002). Moreover, NO has been identified as a
major effector molecule in the destruction of cancer cells by
macrophages (Blackwell et al. 2011). However, imbalances
due to over-production of pro-inflammatory cytokines by
microglia can be harmful to the body and cause pathologi-
cal conditions including AD and rheumatoid arthritis (Ell-
wardt and Zipp 2014) (Kaur and Halliwell 1994). As seen
in Fig. 4, the results showed that microglia activated by LPS
(1 pug/ml) displayed significant induction of NO production
in the culture medium. When incubated with Kg extract up
to 50 ug/ml, we noticed a decrease in NO production from
NO cells with the crude extract and fractions. The treatment
of LPS-activated microglia with the plant compounds almost
completely suppressed NO production induced by LPS as
seen in Fig. 4C. Because the fraction Kg25 had the best ICs
value in comparison with the crude extract and the 4 other
fractions, this fraction was used for further analysis. Analy-
sis of iINOS mRNA expression showed an inhibition at all
the concentrations of Kg25 and the same with Baicalin, the
reference compound used (Fig. 4D). This result suggests that
inhibition of NO production by microglia is due to the reduc-
tion of iNOS mRNA expression and not to cell mortality as
confirmed by MTT viability assay (Fig. 2). Direct inhibi-
tion of NO by many plant extracts and polyphenols through
inhibition of iNOS expression was reported in many other
studies (Cheng et al. 2014; Aktan 2004; Lechner et al. 2005).

Next, we determined the expression of pro-inflammatory
cytokines by LPS-activated microglia. TNF-a is known as
one of the major pro- inflammatory cytokines secreted by
microglia upon the acute phase of inflammation (Matsuno
et al. 2002). Compared to LPS-treated group, Kg25 was
found to inhibit the expression of TNF-a from 9.560 + 1.3
to 1.3+2.1 based on RT-PCR analysis of TNF-a expres-
sion (Fig. 6B). The IL-1p cytokine secreted by activated
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microglia after stimulation by LPS is known to play a major
role in neuroinflammation (Cai et al. 2014), while IL-6 is
responsible for fever in autoimmune, infectious and non-
infectious diseases (Iliopoulos et al. 2009). The induction
of IL-1p mRNA expression in microglia was significantly
increased upon treatment with LPS (Fig. 6A). Kg25 treat-
ment of microglia seems to inhibit mRNA expression of
IL1-p at all the concentrations tested (Fig. 6A).

With the aim of analyzing and purifying the Kg25 frac-
tion, it was further subjected to silica gel chromatography.
The 3 sub-fractions obtained were used, together with Kg25
to analyze the inhibition of p38MAPKinase. The family
members of the mitogen-activated protein (MAP) kinases
mediate a wide variety of cellular behaviors in response to
extracellular stimuli (Zarubin and Han 2005). P38 kinase
appears to be involved in the release of IL-1p (Lee et al.
2000) and the inhibition of p38MAPKinases is reported to
be a therapeutic strategy against cancer and neuroinflam-
matory diseases (Lee et al. 2000). The results obtained in
Table 2 showed that Kg25 IC5,=2.71 ug/ml is higher than
the ICs, of Baicalin IC5y=3.43 pg/ml and the 3 sub-frac-
tions (IC50=11.35, 51.58 and 14.17 for SF1, SF2 and SF3
respectively).

The cJun NH(2)-terminal kinase (JNK) signaling pathway
is another signaling protein that contributes to inflammation
and plays a key role in the metabolic response to obesity,
including insulin resistance (Han et al. 2013). Kg25 also
inhibited JNK3 as reported in Fig. 6C. This result, together
with the results of NO inhibition by Kg25 and its sub-frac-
tions shows that further fractionation of Kg25 decreases its
inhibitory effect.

Analysis of Kg25 by HPLC identified 3 major com-
pounds. These compounds are therefore considered to be
potential hit compounds for the discovery of lead candidates
for anti-inflammatory diseases. Indeed, despite considerable
progress in genome- and proteome-based high-throughput
screening methods and in rational drug design, natural prod-
ucts remain an important source of new leads for the drug
market (Csermely et al. 2013).

Of the 3 compounds identified from Kg25 active frac-
tion, compounds 1 and 2 are already known in the literature,
whereas compound 3 is identified for the first time. Kg25
fraction showed prominent results in vitro on p38MAPK,
and iNOS assays, respectively. Therefore, we have used
molecular docking and virtual screening to have an idea of
the effect of our compounds directly on the receptors and to
have basic ideas on potential drug development issues. After
generating the 3D structures of the compounds, we first had
to remove water molecules which are not involved in the
binding process. These molecules and others like SO2 were
therefore deleted to make computations easier and clear the
binding pocket of possible molecules that could distort the
pose search. In docking we typically search for molecules
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that can create multiple favorable contacts to the protein, and
water molecules might confound this procedure. However, if
it is known that one or more water molecules are involved in
the binding of molecules to the target and its activity, those
water molecules should be preserved. The docking results
showed that compound 2 was the most efficient in inhibiting
iNOS. The score obtained for iNOS inhibition with com-
pound 2 was higher than the one obtained in a similar study
investigating compounds from Phaseolus Vulgari against
Nitric Oxide Synthase (Petchiammal et al. 2011). Based
on these results, we suggest that compounds 2/3 may be
the major compounds responsible for the anti-inflammatory
activities observed in vitro with Kg25, because they bind
well to the receptors investigated. The molecular interac-
tions like hydrogen bonds, hydrophobic interactions, Van der
Waal interaction and ionic bonds also play important roles.
Visualization of the compound 2-iNOS complex showed 4
hydrogen bonds between the C—OH group of compound2
and the carboxy group of Argl193 and Phe 363. Moreover,
the complex is stabilized by hydrophobic interactions with
amino acids residues Tyr483, Met349, Alal91 and Val346.

Kg25 fraction showed many other activities on different
cell models. The fraction was reported to have antioxidant
and cytoprotective effects and induced nuclear translocation
of Nrf2 in a human hepatocyte cell line (Njayou et al. 2015).
At 100 pg/mL, Kg25 had a high inhibitory effect on HCV
replication, comparable to that of 0.01 uM daclatasvir or
1 uM telaprevir (Galani et al. 2016). The results obtained
in this study suggest that the fraction acts on N9 activated
microglia by inhibiting the overproduction of NO and pro-
inflammatory cytokines, through an inhibition of p38MAP-
Kinase and JNK3 signaling pathways.

One of the most difficult tasks in drug design is to find out
if the compounds/ligands are synthesizable. Our group has
already synthesized Compounds 2 and 3 for further investi-
gation against neuroinflammation Fig. 8.

Conclusion

The present study has revealed that Kg25, a fraction puri-
fied from Kg crude extract has anti-inflammatory activi-
ties on N9 microglia by inhibiting the NO and pro-inflam-
matory cytokines induced by LPS in vitro. Moreover, the
fraction inhibited p38MAPKinase and JNK3 which are
important proteins involved in inflammatory cell signal-
ing pathways. + Docking of compounds identified in Kg25
showed that 1-phenylethyl N-(4-methylphenyl)carbamate
and 1-(1-phenylethoxy)ethylbenzene (compound 3) bind
well to p38MAPKinase and iNOS receptors, with binding
scores comparable to their respective reference ligands.
These results suggest that compounds 2 and 3 are potential
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lead compounds for the treatment of neuro-inflammatory
related diseases.
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