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Abstract

Background: Peltophorum pterocarpum is a plant from the family of Leguminosae and a tropical tree found in South
East Asia region. The leaves of the plant is rich in anti-oxidant polyphenols. Traditionally this plant was used to cure
intestinal disorders and as a relief for sprain, bruise, muscular pain and sores and for pain during child birth. Since
oxidative stress is a major contributing factor towards neurodegenerative diseases the leaves of this plant was explored
for its neuroprotective properties.

Method: In this study, we report the neuroprotective properties of the ethanolic extract of Peltophorum pterocarpum leaf
against oxidative stress induced cell death by H,O,, in an in vitro model of neuronally differentiated IMR32 neuroblastoma
cells. Hydrogen peroxide was used as an inducer for oxidative stress. Cell viability was determined using MTT
assay, apoptosis studies were carried out using Annexin V-FITC and Caspase 3 assays, mitochondrial membrane potential
was examined using JC1 staining. The oxidative stress induced by H,O, was determined by quantifying the intracellular
reactive oxygen species production using DCF-DA staining. Mitogen activated protein kinase signaling pathway of the
neuroprotective effect of PTE was also elucidated since oxidative stress activates this pathway signaling.

Results: Peltophorum pterocarpum leaf extract did not exhibit any cytotoxicity to differentiated IMR32 cells at the tested
concentration of 7.8 pg/ml till 250 ug/ml. Pre-treatment of differentiated IMR32 with Peltophorum pterocarpum leaf extract
prior to exposure to 300 uM hydrogen peroxide significantly ameliorated neuronal cell death and apoptosis in a dose-
dependent manner. Hydrogen peroxide induced oxidative stress caused the reduction of mitochondrial membrane
potential in differentiated IMR32 cells. Peltophorum pterocarpum leaf extract conferred neuroprotection to differentiated
IMR32 by increasing the mitochondrial membrane potential in a dose-dependent manner which was significantly
higher at 125 ug/ml and 250 pg/ml. PTE pre-treatment attenuated the increase of intracellular reactive oxygen species
induced by hydrogen peroxide in a dose-dependent manner up till concentration of 125 pg/ml. Western blot analysis
on mitogen activated protein kinases (MAPKs) revealed that neuroprotection of Peltophorum pterocarpum leaf extract
against hydrogen peroxide induced cytotoxicity was achieved by complete inhibition of the activation of phospho-
p-38 phosphorylation and attenuation of phospho-ERK1/2.

Conclusion: This study thus suggests that Peltophorum pterocarpum leaf extract has neuroprotective activity against
oxidative-stress induced neuronal cell death.
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Background

Oxidative stress due to the over production of reactive
oxygen species (ROS) during normal aerobic respiration
in the neurons play an important role in the pathophysi-
ology of many neurodegeneration diseases. Alzheimer’s
disease (AD), Parkinson’s disease (PD), Amyotropic Lat-
eral Sclerosis (ALS), and Huntington’s disease (HD) are ir-
reparable and debilitating neurodegenerative diseases that
causes gradual damage to the structure, function and fi-
nally death of neurons [1]. Neuronal cells are particularly
sensitive to oxidative stress because they are deficient in
their internal anti-oxidant defense mechanism against
damage by free radicals or ROS [2]. Since neurons are
post-mitotic cells, neuronal cell death is irreversible. Thus,
in order to prevent neuronal damage, anti-oxidant based
natural products are much sought after for use as a pre-
ventive measure to combat oxidative stress induced cell
death in neurons. There have also been a continuous ef-
fort to use natural based anti-oxidant compounds as neu-
roprotective adjunct in the prevention of neuronal cell
death. Natural compounds such as curcumin [3, 4], huper-
zine A [5] and a standardized extract from Gingko biloba
leaf (EGb761) [6] are some of the plant based compounds
that have neuroprotective effect.

Peltophorum pterocarpum is a plant from the family of
Leguminosae and a tropical tree found in South Eastern
Asia. The leaves of Peltophorum pterocarpum have been
reported to be hepatoprotective against paracetamol in-
duced liver toxicity in albino Wistar rats mainly due to
its anti-oxidant effect [7]. The methanolic extract of the
bark of this plant was found to be neuroprotective
against scopolamine induced memory loss in rats [8].
However, studies on the neuroprotective effect of the
leaves have not yet been done. In this study, the PTE ex-
tract was explored for its in vitro neuroprotective prop-
erties against H,O, induced cell death and oxidative
stress on the differentiated IMR32 neuroblastoma cells
(dIMR32).

Methods

Plant material and extraction

Fresh leaves of the Peltophorum pterocarpum were ob-
tained from Block 19 of SIRIM Bhd, Shah Alam, Malaysia.
The plant was authenticated by an herbalist from the For-
est Research Institute of Malaysia (FRIM), Kepong. The
leaves of the plant were washed with distilled water and
dried in an oven at 40 °C. The dried leaves were then pow-
derized and extraction was carried out at room
temperature for 24 h in an orbital shaker (at 200 rpm)
using absolute ethanol (analytical grade, Merck) at con-
centration of 1:20 (w/v) where 10 g of the leaves were ex-
tracted in 200 ml of ethanol. After 24 h the suspension
was filtered using a 114 Whatman filter paper and filtrate
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collected. The solvent filtrate was concentrated using a
rotary evaporator.

HPLC profiling of PTE Extract

The HPLC profiling of ethanolic extract of Peltophorum
pterocarpum leaves (PTE) was carried using Shimadzu
HPLC instrument with UV visible PDA detector at
254 nm. Chromatographic separation was accomplished
by injecting the sample onto a Novapak C18 column
(250 x 4.6 mm, 5-um). The mobile phase consisted of
solvent A: 0.1% formic acid in water and solvent B: 0.1%
formic acid in acetonitrile; gradient starting from 10% B
and 90% A for 14mins, 100% B and 0% A for 11 min, 10%
B and 90% A for another 5 min; then re-equilibrating
prior to the next injection. The detection wavelength was
254 nm with a flow rate of 0.8 ml / min and an injection
volume of 10 pl was used.

IMR32 cell culture and differentiation

IMR32 (ATCC® CCL-127"™) neuroblastoma cell line, was
purchased from ATCC. IMR32 cells were routinely main-
tained in complete Eagle’s Minimum Essential Medium
(EMEM, GIBCO) supplemented with 1 mM sodium pyru-
vate, 1 mM non-essential amino acids (NEAA, GIBCO),
10% fetal bovine growth serum (FBS, HyClone) and 1X
antibiotic/antimycotic (HyClone) containing 10,000 units
of penicillin, 10,000 pg of streptomycin, and 25 pg of
Amphotericin B per milliliter. The cells were maintained
in humidified 5% CO, incubator and passaged according
to the recommended dilutions and confluency by ATCC.
Differentiation of the IMR32 cells were carried out using
RPMI medium (Gibco) supplemented with 1 mM sodium
pyruvate, 1 mM non-essential amino acids (NEAA,
GIBCO), 2% FBS, Penicillin/Streptomycin and Ampho-
terin. Differentiation to neuronal phenotype was induced
using 2.5 uM 5Brdu (Sigma Aldrich) for 15 days with fre-
quent change of medium every 48 h. All subsequent cell
culture analysis was done ut with the 15 days differenti-
ated IMR32 (dIMR32) cells.

Immunocytochemistry (ICC) to confirm neuronal
phenotype in differentiated IMR32

The neuronally differentiated IMR32 cells (dIMR32) were
fixed in 4% paraformaldehyde at room temperature for
30 min. After PFA fixing and washing with 1xPBS, the
neurons were permeabilized in permeabilization solution
(1% Triton-X in 1x PBS) at room temperature for 15 min
and washed again in PBS. They were then blocked in
blocking solution (0.3% BSA, 1% goat serum, 0.1% Tween
20) at room temperature for 30 min. After that, the cells
of each well were incubated separately with the primary
antibodies of class III beta tubulin (marker for post-
mitotic neurons), and choline acetyltransferase / ChAT
(marker for cholinergic neurons) both diluted in blocking
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buffer at dilution (1:200; Abcam) and incubated overnight
at 4 °C. The next day, the cells were rinsed 3 times with
1x PBS and incubated with secondary antibodies, Alexa
Fluor 488 goat anti-rabbit IgG (1:200; Abcam) for green
fluorescence and Alexa Fluor 594 goat anti-rabbit IgG
(1:200; Abcam) for red fluorescence, at room temperature
in the dark for 2 h. Nuclei were counterstained with 1 pg/
ul propidium iodide (PI) or DAPI (5 pg/ml, Molecular
Probes) for 10 min and washed 3 times with 1x PBS. The
cells were then viewed under Olympus IX51 inverted
fluorescence microscope.

Treatment of the differentiated IMR32 neurons (dIMR32)
and MTT assay

Cells were seeded at 5 x 10* cells/ml in 24 well plates
(Corning® CellBIND® Surface cell culture flasks) for bet-
ter attachment of cells and the cells grown to 70% con-
fluence in complete EMEM for 48 h. After 48 h, the
IMR32 cells were differentiated with 2.5 pM for 15 days.
On the 15th day, the differentiated cells were treated
with serially diluted concentrations of PTE, starting from
250 pg/ml to 8 pg/ml for 24 h to determine the viability
of differentiated (dIMR32). To study the neuroprotective
effect of PTE against H,O, cytotoxicity, the dIMR32
cells were pretreated for 24 h with the above concentra-
tions of PTE, and then treated with the 300 uM of H,O,
for 24 h. All the treatments were done in RPMI medium
without serum and sodium pyruvate. Sodium pyruvate
was omitted from the medium because it is neuroprotec-
tive to dIMR32 cells and will interfere with the viability
assay of the extracts. MTT assay to test the viability of
the dIMR32 after treatment was carried out by adding
0.25 mg/ml MTT to the cells for 3 h. The medium was
removed and the formazan formed was dissolved in
DMSO and the absorbance was measured using a multi-
plate reader at 570 nm wavelength (Tecan, Austria). All
experiments were done in triplicates. Results were
expressed as percentage of the untreated cells.

Cell Viability (%) = ODsyonmtreatment x 100%
ODs7onmuntreated

Apoptosis assay using annexin V FITC/ propidium iodide
assay kit

Apoptosis assay was conducted using Annexin V FITC
Assay kit from Cayman Chemical, USA according to the
manufacturer’s protocol. Briefly after the required treat-
ment, the dIMR32 cells were collected from each well
and centrifuged at 120 0 rpm for 5 min. The pellet was
then re-suspended in 200 ul binding buffer and then
centrifuged again at 1200 rpm for 5 min and the super-
natant removed. The pellet is re-suspended in 50 pl of
the Annexin V FITC/PI staining solution and kept in
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dark for 10 min. The cells were centrifuged again, super-
natant discarded and the pellet was re-suspended in
150 ul of 1x binding buffer and immediately analyzed
using FACS Calibur Flowcytometer and Cell Quest Pro
software (BD Biosciences, USA).

Caspase 3 activity using fluorescence assay

Caspases belong to the aspartic specific cysteinyl protease
family and caspase 3 is an effector caspase and its activity
is involved in both external and internal apoptosis. Cas-
pase 3 assay is carried out using Cayman Chemical Fluor-
escence based assay kit. This kit utilizes a specific caspase
3 substrate N-Ac-DEVD-N'-MC-R110 which upon cleav-
age by active caspase 3, generates a highly fluorescent
product that is measured at excitation 485 and emission
535. Briefly, after treatment cells were harvested, washed
in 200 pl caspase 3 assay buffer, centrifuged at 1000 rpm
for 5 min and the supernatant was discarded. The cell pel-
lets were then lysed in ice cold 1X Cell Lysis Buffer
(10 mM Tris-HCI at pH 7.5, 10 mM NaH,PO,/NaHPO,,
130 mM NaCl, 1% Triton X-100, 10 mM sodium pyro-
phosphate) for 30 min with occasional vortexing. After
centrifugation at 12,000 rpm, 4 °C for 5 min, 90 pl cell lys-
ate was added to 10 pl of caspase assay buffer and 100 pl
of caspase substrate solution. Caspase 3 substrate solution
contains 100 pl of caspase 3 substrate, 400 pl dithiothrei-
tol (DTT) and 9.5 ml Caspase 3 assay buffer. The mixture
was incubated at 37 °C for 30 min and fluorescence was
read at an excitation wavelength of 485 nm and an emis-
sion wavelength of 535 nm using fluorescence plate reader
(Tecan). Caspase 3 activity expressed in relative fluores-
cence unit (RFU) was normalized against protein concen-
tration of the cell lysates which was determined using
Bradford Assay. The results are expressed as relative fluor-
escence unit per microgram of protein (RFU/ug protein).

Mitochondrial membrane potential (AWm) assay using
JC-1 kit

The changes in Mitochondrial Membrane Potential
(MMP or A¥Ym) were measured using JC-1 Mitochon-
drial Membrane Potential Assay Kit (Cayman Chemical.
USA) as described in the manufacturer’s protocol. After
the required treatment, the cells were washed with the
provided assay buffer and centrifuged at 1000 rpm for
5 min and the supernatant was discarded. JC1 staining
solution was prepared by diluting the stock in culture
medium at 1:10 dilution ratio. The cell pellet was re-
suspended in 100 pl of the JC1 staining solution and in-
cubated in the dark at 37 °C for 30 min. The cells were
then centrifuged at 1200 rpm for 5 min and supernatant
removed. The pellet was then re-suspended in the 100 pl
assay buffer. The cells were then analyzed using black
well plate and fluorescence plate reader at excitation
485 nm and emission 535 nm for green apoptotic cells
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and at emission 590 nm for red healthy cells using
TECAN fluorescence plate reader. The ratio between
healthy/apoptotic fluorescence readings was calculated.
The ratio of the reading at 595 nm to the reading at
535 nm was considered as the relative AYm value.

Intracellular ROS detection using DCFH-DA assay

The degree of ROS generation in dIMR32 cells were mea-
sured using fluorescence assay with 2',7"-dichlorodihydro-
fluorescein diacetate (H2DCFDA, Sigma). Briefly, after
treatment the cells were scraped and washed in PBS and
the pellet re-suspended in 200 ul of PBS loaded with
10 uM H 2 DCFH-DA at 37 °C for 30 min and then the
cells were washed twice with PBS and centrifuged at
1000 rpm for 5 min. Finally, the pellet was re-suspended
in 200 pl PBS and the fluorescence’s intensity of DCF was
measured with BD Biosciences Accuri C6 flow cytometer.

Western blot analysis

Briefly, after treatment as above, dIMR32 cells were har-
vested, cells were washed with PBS, centrifuged at
1000 rpm for 10 min, the supernatant was discarded and
200 pl of iced-cold 1xRIPA buffer was added to the cell pel-
let in order to lyse the cells for protein extraction. The cells
in the 1x RIPA buffer were placed on ice for 30 min with
occasional vortexing. The samples were centrifuged at
12000 rpm at 4 °C for 15 min. The soluble proteins that
were in the supernatant were transferred to a new 1.5 ml
centrifuge tubes. The protein concentration was quantified
using the commercial Bradford Assay. The cell lysates sam-
ples were stored at —-80 °C for further use. Proteins were
separated on a 12% SDS—polyacrylamide gel, and then
transferred onto a polyvinylidene difluoride transfer mem-
brane blots (Amersham Hybond P). The blots were blocked
with 5% BSA in TBST buffer (25 mM Tris-HCI, 140 mM
NaCl, 2 mM KCl, 0.05% (v/v) Tween 20) for 1 h at room
temperature. The blots were then washed 3x for 10 min
each time, with TBS-T. The blots were subsequently incu-
bated with the primary antibody (Cell Signaling) overnight
at 4 °C diluted in blocking buffer (each antibody at a dilu-
tion of 1:1000; phospho-JNK (Thr183/Tyr185), JNK,
phospho-p38 (Thr180/Tyr182), p38, phospho-ERK 1/2
(Thr202/Tyr204) at 1:2000 and ERK1/2 (1:1000)). Beta
Actin (Cell Signaling) was used as loading control with di-
lution (1:1000). After overnight incubation, the blots were
then washed 3x (each 10 min) with TBS-T and incubated
at room temperature for 1 h with horseradish peroxidase
conjugated anti-rabbit IgG secondary antibody (1:5000) di-
luted in TBS-T. The blots were washed again 3x each
10 min with TBS-T and developed using Amersham ECL
Prime Western Blotting Detection Reagent at ratio of 1:1
(GE Healthcare Life Sciences). Protein bands were quanti-
fied by densitometric analysis using Image ] software 1.46
(National Institute of Health, USA).

Page 4 of 13

Statistical analysis

Results were expressed as the mean + SEM performed in
triplicates. Graphs were plotted and data were analyzed by
one-way analysis of variance ANOVA (Dunnett’s test)
using GraphPad Prism 6.0 software. The differences be-
tween the means of treated and untreated groups were
considered significant at p < 0.05.

Results

HPLC profiling of the ethanolic extract of Peltophorum
pterocarpum leaf (PTE)

The results in Fig. 1 show the HPLC profile of PTE and it
was found that the major bioactive peak is at the retention
time 8.52 min. As reported earlier the major compounds
that are present in the leaves are the derivatives of quercetin
among which are the (Fig. 1b) quercetin-3-O-f-D-galacto-
side [9] and Quercetin-3-O-B-D-glucuronide (Fig. 1c)
(identified by our group in an unpublished earlier research).

Immunocytochemistry (ICC) of differentiated IMR32
neurons

Human neuroblastoma IMR32 cells were differentiated
into neuronal-like cells by using 5-Bromo-2’-deoxyuridine
(5Brdu). Undifferentiated IMR32 cells consists of two types
of cells which are the N type cells consisting of small round
neuroblast cells with poor cell adherence to the surface
(green arrows in Fig. 2a) and large adherent fibroblast cells
(red arrows in Fig. 2a). When differentiated with 2.5 M
5Brdu in a low serum (2%) medium, the cells stops prolifer-
ating and forms extensive network of neurites (red arrows
in Fig. 2b) together with connected clumps of cells (green
arrow in Fig. 2b). This differentiated IMR32 (dIMR32) cells
express post mitotic neuronal marker of class III - tubulin
III (Fig. 2¢) and also express the ChAT (Choline Acetyl-
transferase) cholinergic neuronal cell marker (Fig. 2d).

In vitro neuroprotective effect of ethanolic extract of
Peltophorum pterocarpum leaf (PTE)

Initial experiments were conducted to determine whether
PTE extract was toxic to differentiated IMR32 (dIMR32).
Figure 3a shows that treatment of dIMR32 with various
concentration of PTE from (8 pg/ml till 250 pg/ml) did
not show any cytotoxicity in the dIMR32 cells where its
viability ranges from (84, 92, 92, 94, 98 and 95%) respect-
ively. Consequently, the neuroprotective effect of PTE
against H,O, induced neurotoxicity were investigated.
Differentiated IMR32 cells (AIMR32) were pretreated with
various concentrations of PTE for 24 h followed by treat-
ment with 300 uM H,0, for 24 h. As shown as in Fig. 3c,
H,0, induced loss of cell viability (64%) was significantly
attenuated by PTE pretreatment in a dose dependent
manner with cell viability of 82, 94, 116, 139, 124 and
103% at PTE concentrations of 8 pg/ml, 16 pg/ml, 31 pg/ml,
63 pg/ml, 125 pg/ml and 250 pg/ml respectively.
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Fig. 1 a HPLC Profile of ethanolic extract of Peltophorum pterocarpoum leaf (PTE) with detection at 254 nm using PDA detector. The major bioactive
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Effect of PTE against H,0, induced apoptosis

Apoptosis study was conducted using the Annexin V
FITC/PI assay where Annexin binds to the intracellular
phosphatidylserine (PS) in a calcium-dependent manner.
In this study, PTE treatment (Fig. 4a) alone only exhib-
ited minimal apoptosis in dIMR32 and the viability of
the cells were above 74.3% on all tested concentrations
of PTE which confirms the earlier MTT results that
PTE is not cytotoxic to the dIMR32. The percentage of
viable cells in the untreated group was 93.4%, and from
the group that was 24 h treated with PTE from concen-
tration of 8 upg/ml, 16 pg/ml, 31 pg/ml, 63 upg/ml,
125 pg/ml and 250 pg/ml were 90.8, 93.4, 86.8, 90.6,
79.9 and 74.3%, respectively. Nevertheless, PTE treat-
ment for 24 h increased the percentage of total apoptotic
cells in a concentration dependent manner where in the
untreated group total apoptotic cells (which include the
early apoptotic, late apoptotic and necrotic cells) were

6.6% and the PTE treated group from concentration of
8 pg/ml, 16 pg/ml, 31 pg/ml, 63 pg/ml, 125 pug/ml and
250 upg/ml, the total apoptotic cells were 9.2, 6.6,
13.29.420.1and 25.7% respectively.

The effect of PTE pre-treatment and then subsequent
treatment with 300 uM H,O, on apoptosis status of
dIMR32 were evaluated (Fig. 4b). In the absence of
H,O, or in the untreated group, the majority (93.4%) of
the cells were viable and non-apoptotic (Annexin V™PI
7). However, in the H,O, treated group the viable cells
were reduced to 51.9% cells and total apoptotic cells
were at 48.1%. The viable cells in the PTE pre-treated
cells prior to HyO, insult, increased in a concentration
dependent manner (8 pg/ml, 16 pg/ml, 31 ug/ml, 63 pg/
ml, 125 pg/ml and 250 pg/ml) from 56.2, 62.7, 69.2,
79.8, 50.6 and 71.4%. PTE pre-treatment prior to
300 uM H,O, insult significantly reduced the percentage
of total apoptosis cells in a concentration dependent
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Fig. 2 Images of IMR32 cells. a Phase contrast image of undifferentiated human neuroblastoma IMR32 cells. Its shows proliferating cells. The red color
arrows indicate fibroblast type cells and green. Color arrow indicate neuroblast type cells. b 2.5 uM Brdu differentiated human IMR32 cells (Div15 days).
It shows neuron like properties including neuritic outgrowth and morphological changes. Red arrows shows the elongated neurites, green arrows
connected clumps of cells. ¢ ICC image of the expression of class Ill Beta-tubulin neuron marker in Div15 dIMR32 cells. Nuclei stained in Propidium
iodide (Pl red) and post mitotic neurons staining with class Ill 3-tubulin (green). d Expression of ChAT (Choline Acetyltransferase) cholinergic neuron cell
marker in dIMR32 cells. Nuclei stained with DAPI (blue) and cholinergic neurons stained with ChAT (red)

manner from 8 pg/ml, 16 pg/ml, 31 pg/ml, 63 pg/ml
which were 43.8, 31.2, 30.8 and 20.2% respectively as
compared to the percentage total apoptotic cells of
48.1% in 300 pM H,0, treated group (Fig. 4b). However,
there was higher percentage of total apoptotic cells
(40.5%) at 125 pg/ml PTE pretreated group as compared
to 28.6% at 250 pg/ml PTE pre-treated group.

Neuroprotective effect of PTE against H,O, cytotoxicity
on caspase 3 activity
Caspase 3 is the major executioner caspase that is in-
volved both in mitochondrial mediated apoptosis and
the extrinsic apoptosis. The effect of PTE pretreatment
on the H,O, induced caspase 3 activity in dIMR32 cells
were evaluated. Figure 5 shows the Caspase 3 activity (in
terms of RFU/pg protein) after pretreatment with PTE
for 24 h and then treatment with H,O, for 24 h. How-
ever, contrary to what was expected, H,O, treatment
(with caspase 3 activity of 420 RFU / ug protein) did not
significantly increase caspase 3 activity as compared to
untreated cells (with caspase 3 activity of 437 RFU / pg
protein). It might be possible that H,O, caused revers-
ible inactivation of caspase 3 activity [10].

There was no significant decrease in the caspase 3 activ-
ity in the cells pre-treated with PTE from concentration of

8 pg/ml, 16 pg/ml, 31 pg/ml, 63 pg/ml and 125 pg/ml.
The caspase 3 activity in these concentration were 487,
465, 529, 582 and 594 RFU/pg protein. The caspase 3 ac-
tivity was significantly high at 250 pg/ml pre-treated cells
at 931.5 RFU / pg protein as opposed to 420 RFU / pg
protein in H,O, treated cells.

Effect of PTE pre-treatment on H,0, induced reduction of
Mitochondrial Membrane Potential (MMP) Apm

Mitochondria is the major organelle where oxidative
stress happens and it is the major source of ROS pro-
duction which is produced during mitochondrial elec-
tron transport. Mitochondrial dysfunction leads to the
loss of mitochondrial trans-membrane potential (MMP)
which changes the permeability of mitochondrial and
thus release soluble proteins such as cytochrome C or
other apoptotic related proteins and activate caspase
cascade [11]. Loss of MMP is an early sign of apoptosis.
In this study, JC1 a cationic dye that accumulates in
healthy or energized mitochondria was used. When
mitochondria has low Aym due to apoptosis, JC-1 is pre-
dominantly a monomer that yields green fluorescence
with emission of (530 + 15 nm) and when it has high
Aym and healthy the dye enters the mitochondria and
aggregates, thus vyielding a red to orange colored
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Fig. 3 a Effect of PTE on dIMR32 cells viability after exposure for 24 h. No statistical difference were observed between doses. b Effect of H,0O, on
dIMR32 cells viability after exposure for 24 h. There is a dose-dependent reduction in viability of dIMR32 cells. ¢ Neuroprotective effect of PTE pre-
treatment (24 h) against H,0, induced cytotoxicity in dIMR32 cells. The data are expressed as mean + SEM, n = 3. Statistical significance was ana-
lyzed with one-way analysis of variance followed by Dunnett's multiple comparison post-hoc test. Differences with p value less than 0.0001 and p

value less than 0.05 against 300 uM H-,0O, treatment were considered statistically significant. ****p < 0.0001 and **p < 0.05

emission (590 + 17.5 nm). Therefore, depolarization hap-
pens when the aggregate (healthy cells) red fluorescent
count decrease whereas hyperpolarization happens when
the red fluorescent count increase. In this study, H,O, in-
duced cells have significantly lower Aym based on the
lower RFU ratio between red/green fluorescent (Fig. 6).
However, pretreatment with PTE increased the Aym by
the increase in ratio (in arbitrary units) of red/green fluor-
escent in a dose-dependent manner where it is signifi-
cantly higher at 250 and 125 pg/ml (091 and 0.82,
respectively) as opposed to 0.46 in H,O, treated cells.

Effect of PTE pre-treatment on the intracellular ROS
detection production

H,O, induced cytotoxicity causes mitochondrial dys-
function and leads to the production of reactive oxida-
tive species (ROS) which subsequently activates the
apoptosis cascade. ROS generation in dIMR32 cells was
determined using ROS-sensitive fluorescence indicator
DCFH-DA. Figure 7 shows that exposure of dIMR32 to
300 uM of H,O, significantly increased the ROS produc-
tion to 54% as compared to the untreated cells (38%).
The pre-treatment of PTE reduced the production ROS
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Fig. 4 a Effect of PTE treatment for 24 h on dIMR32 cells apoptosis. b Effect of PTE pre-treatment (24 h) against H,O, induced apoptosis in dIMR32
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cells. The data are expressed as mean + SEM, n = 3. The label UT = untreated control cells. Statistical significance was analyzed with one way ANOVA
followed by Dunnett's multiple comparison post-hoc test. There was significant differences with the number of apoptotic cells between 300 uM H,0,
treated cells and PTE pre-treated cells for all the tested concentration with p < 0.0001
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Fig. 5 Effect of PTE pre-treatment (24 h) prior to H,0, induced cyto-
toxicity on the Caspase 3 activity in dIMR32 cells. The data are
expressed as mean + SEM, n = 3. The label UT = untreated control
cells. Data represented as relative fluorescence unit (RFU) / ug
protein. Statistical significance was analyzed with one way ANOVA
followed by Dunnett's multiple comparison post-hoc test. Differences
with ****p < 0.0001 as against to H,0, treated cells were considered
statistically significant

in a dose-dependent manner from concentration of
7.8 pug/ml to 125 pg/ml of PTE. However, pre-treatment
with 250 pg/ml of PTE increased the ROS production to
68%. This could be due to presence of certain com-
pounds in the PTE that could have contributed to extra
free radicals in cells on top of the oxidative stress
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induced by H,O,. This was also observed in Fig. 4b,
where total apoptotic cells (28.6%) were higher at
250 pg/ml PTE pre-treated cells even though the viable
cells were at 71.4%.

Effect of PTE pre-treatment on phosphorylation of MAPKs
MAPKs play an important role in responding to various
biological stimulus which includes oxidative stress in
neuronal cells and thus regulate cell death or survival.
Hence, western blot analysis of MAPKs protein was uti-
lized to study the mechanism by which PTE pre-
treatment protects dIMR32 cells against neuronal cell
death induced by H,O,. The p38 protein is generally ac-
tivated in neuronal cells via phosphorylation during oxi-
dative stress and other extracellular stimulus. In this
study, high level of phospho-p38, phospho-ERK and
phospho-JNK in untreated cells as compared to 2 h
H,0, treated cells were observed as in Fig. 8a—c. This
may be the result of the IMR32 neuronal differentiation,
as p38, ERK and JNK also regulate differentiation [12].
However, PTE pre-treatment completely inhibited the
phosphorylation of p38 as compared to 2 h H,O, treated
dIMR32 cells (Fig. 8d). PTE pre-treatment also signifi-
cantly attenuated the phosphorylation of ERK1/2 as
compared to H,O, treated IMR32 cells at both the con-
centrations of PTE (Fig. 8e). This suggests that PTE pro-
vides protection to dIMR32 via inhibiting the p38
phosphorylation and decreasing the activation of the
ERK1/2 signaling protein. PTE pre-treatment also exhib-
ited a decreasing trend in phospho-JNK (Fig. 8f).

-

1.5

o
=]
1

Ratio Viable'Apoptotic
JC1
Arbitary Units
g
T

0.0-

UT H202 8

16 31 63 125 250

PTE (pg/ml)

Fig. 6 Effect of PTE pre-treatment (24 h) on H,0, induced decrease in Mitochondrial Membrane Potential (MMP) in dIMR32 cells. Data reported
as Ratio between relative fluorescence unit (RFU) of viable cells / RFU of apoptotic cells. The ratio is an arbitrary unit. The label UT = untreated
control cells. The higher ratio shows healthy cells and lower ratio shows apoptotic cells. The data are expressed as mean + SEM, n = 3. Statistical
significance was analyzed with one-way ANOVA followed by a Dunnett’s multiple comparison post-hoc test. Differences with p value less than
0.05 and less than 0.001 were considered statistically significant. **p < 0.05 and ***p < 0.001 compared with H,0, treated cells

300 M H,0,
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Fig. 7 Effect of PTE pretreatment (24 h) on ROS production by H,0, in dIMR32 cells. The data are expressed as mean + SEM, n = 3. The label
UT = untreated control cells. Statistical significance was analyzed with one-way ANOVA followed by Dunnett's multiple comparison post-hoc
test. Differences with p value less than p < 0.0001, p < 0.001 and p < 0.05 against 300 uM H,O,treatment were considered statistically significant.

D < 00001, **p < 0001 and **p < 0.05

Discussion

This study used differentiated human neuroblastoma cell
line IMR32 (dIMR32) as an in vitro model to study the
neuroprotective effect of PTE extract against oxidative
stress induced cytotoxicity (Fig. 2a and b). The results
showed that IMR32 cells differentiated for 15 days
(Div15) with 2.5 uM 5Brdu induced formation of exten-
sive network of neurites which expressed the post-
mitotic neuronal protein marker of class III B-tubulin
and also the ChAT (choline acetyltransferase) choliner-
gic neuronal marker (Fig. 2c and d). Choline acetyltrans-
ferase is the enzyme that regulates the synthesis of
neurotransmitter acetylcholine. It catalyzes the transfer
of acetyl group from the acetyl-CoA to choline and pro-
duces acetylcholine. ChAT is produced in the body of
neurons and is transported to the nerve terminal [13].
Among its other functions, acetylcholine is pivotal in the
development and maintenance of memory and cognitive
function in the brain [14]. Thus, this suggest that
dIMR32 cells can serve an in vitro model to study neu-
roprotective effect of plant bioactives that affects the
memory function in the brain.

Peltophorum pterocarpum leaves have been reported
to have many anti-oxidant based bioactive compounds
such as quercetin 3-O-galactoside, methyl derivatives of
quercetin, naringenin, luteolin and various other anti-
oxidant based compounds [9, 15]. Thus, it was used in
this study as a bioactive extract to determine its neuro-
protective effect against H,O, induced oxidative stress
and cytotoxicity. Based on our HPLC profiling Fig. 1b

and ¢ we have found the presence of quercetin deriva-
tives of Hyperoside and Miquelianin that can act as anti-
oxidative neuroprotective agents against H,O, induced
cytotoxicity. The study identified that treatment with
PTE extract alone did not exhibit cytotoxicity towards
the dIMR32 cells and showed neuroprotection against
H,0, induced cytotoxicity (Fig. 3ac, bc & c). H,O, is
widely used an as inducer of oxidative stress in many re-
search involving the study of neuroprotection by phyto-
chemicals as it has high membrane permeability and can
induce cytotoxicity in the cells [16, 17].

We further studied the neuroprotective mechanism of
PTE against HyO, induced oxidative stress and cytotox-
icity by exploring its effect on the apoptosis in the
dIMR32 cells. Apoptosis mediated cell death causes the
externalization of phosphatidylserine (PS) on the plasma
membrane and thus causing an increase in Annexin V
and propidium iodide (PI) stained cells in Flow cytome-
try analysis [18]. H,O, treatment is known to cause cell
death via apoptosis [19, 20] and our results showed that
PTE pre-treatment substantially attenuated the H,O, in-
duced apoptosis in dIMR32 cells in a dose-dependent
manner (from 8 pg/ml to 250 pg/ml) except at the con-
centration of 125 pg/ml (Fig. 4a & b). This discrepancy
in our opinion could have been attributed to the stress
that might have occurred during handling of cells while
harvesting the cells for the assay. Nevertheless, the re-
sults suggest that pretreatment of dIMR32 cells with
PTE exerts a neuroprotective effects onto the dIMR32
through inhibition of H,O, induced apoptotic cell death.
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Fig. 8 a, b ¢ shows the western blot bands of p38, ERK1/2 and JNK respectively. d Effect of PTE pre-treatment (24 h) prior to 2 h H,0, treatment on
the expression of phospho-p38 in dIMR32 cells. e Effect of PTE pre-treatment (24 h) prior to 2 h H,O, treatment on the expression of phospho-ERK1/2
in dIMR32 cells. f Effect of PTE pre-treatment (24 h) prior to 2 h H,0, treatment on the expression of phospho- JNK in dIMR32 cells. The ratio between
density of the bands between phospho-p38/total p- 38 were calculated (Arbitary Unit). The data are expressed as mean + SEM, n = 3. The label UT = -
untreated control cells. Statistical significance was analyzed with one-way ANOVA followed by Dunnett's multiple comparison post host test. The western
blot density of each protein band was quantified using the ImageJ software. There was significant difference between treatment ** p < 0.05 and
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H,0, induced apoptosis generally leads to the activa-
tion of the cysteine protease caspase cascade. Among
them the caspase 3 activity is most commonly studied
upon in neuronal cells [21]. Caspase 3 is the main ef-
fector caspase that is involved in both external and in-
ternal apoptosis pathway and it is the most abundant
caspase in the brain [22]. Most research have shown that
during H,O, treatment of neuronal cells, the caspase 3
activity is increased and this leads to the apoptotic cell
death of neurons. For example in SKNSH neuroblast-
oma cells, treatment with 150 uM H,O, significantly in-
creased the caspase 3 activity [23]. However, in our

study, contrasting results were observed where treat-
ment with 300 uM H,O, did not increase the caspase 3
activity and PTE pre-treatment did not have any effect
on the caspase 3 activity except at the highest concentra-
tion (Fig. 5). These results indicate that PTE pre-
treatment does not affect the caspase 3 activity in
dIMR32 cells and the mechanism of neuroprotection
might be caspase independent. The possible reason why
H,O, treated dIMR32 cells did not show increase in cas-
pase 3 activity could be because 300 uM of H,O, might
have caused necrosis to the cells. Necrotic cells do not
express caspase 3 activity because caspases are sensitive



Masilamani et al. Clinical Phytoscience (2017) 3:16

to oxidative inactivation [24]. This kind of phenomena
was observed in Jurkat-T-Lymphocytes where at low con-
centration of HyO, (50 pM) the cells goes through apop-
tosis by activating caspase 3 activity starting at 3 h and
peaking at 6 h [25]. However, higher concentrations of
above 200 uM H,O, decreased caspase 3 activity because
cells were undergoing necrosis and high concentration of
H,0, also can directly inhibits cysteine-dependent caspase
(10, 26].

Mitochondria plays an important role in H,O, induced
apoptosis and cell death. Mitochondrial dysfunction
caused by H,O, causes the collapse of the electrochemical
gradient or mitochondrial membrane potential (referred
to as A¥Ym or MMP) across the mitochondrial membrane.
This releases into the cytosol key apoptogenic proteins
that triggers cell demise via apoptosis [27, 28]. Mitochon-
drial permeability transition pore (MPTP) is a voltage sen-
sitive ion channel that resides in the inner mitochondrial
membrane. This channel opens up under oxidative stress
thus permitting the movement of large molecular weight
solutes between the mitochondrial matrix and cytoplasm
[27]. Thus, H,O, induced oxidative stress in cells causes
the inner membrane of mitochondria (which is normally
impermeable) to become permeable, leading to a “large
amplitude swelling” (permeability transition) and the loss
of the mitochondrial membrane potential. The results in
this study show that PTE pre-treatment attenuated the
loss of MMP induced by H,O, in a dose-dependent man-
ner and the reduction was significant at the highest con-
centration of 125 pg/ml and 250 pg/ml of PTE (Fig. 6).
The results suggest that PTE is neuroprotective against
H,0, induced oxidative stress and cytotoxicity in dIMR32
cells via the mitochondrial pathway by altering the mito-
chondrial membrane potential and thus reducing cascade
of events that leads to apoptosis.

Oxidative stress induced by exogenous H,O, not only
causes apoptosis mediated cytotoxicity and mitochondrial
dysfunction, it also leads to the generation of intracellular
reactive oxygen species (ROS) in the cells. The ROS gen-
erated by the cells are determined by using the non-ionic
and non-polar fluorescent dye 2,7-dichlorfluorescein-
diacetate (DCFH-DA). The ROS that is produced during
the oxidative stress converts the DCFH-DA into DCF
which emits fluorescence that is directly proportional to
the amount of ROS generated. Our studies show that PTE
pre-treatment prior to H,O, induced oxidative stress
attenuated the production of ROS in dIMR32 cells in a
dose-dependent manner (Fig. 7) except at the highest con-
centration of 250 pg/ml even though the cells did not
show cytotoxicity at this concentration as reported earlier
in Fig. 3a. However, based on the apoptosis results in
Fig. 4a, the percentage of apoptotic cells were 28.6% at this
concentration and thus could have contributed to the
higher ROS production in the PTE pre-treated cells. The
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higher ROS production at this concentration could also be
due to the presence of certain polyphenols and anti-
oxidants that is present in PTE which could have
undergone redox recycling and thus produced more H,O,
which contribute to higher ROS [29-31]. Some com-
pounds such as L-Dopa, dopamine, epigallocatechin, cat-
echin, quercetin and epigallocatechin gallate can react
with many cell culture medium and generate H,O, [29,
32-34]. In fact, the results correlate with the higher cas-
pase 3 activity at 250 pg/ml PTE pre-treated cells as
shown earlier in Fig. 5.

H,0, induced oxidative stress in cells regulates many
intracellular signaling pathway and among them are the
MAPKs which consist of the extra cellular signal regu-
lated kinase (ERK1/2), stress activated p38 and JNK.
H,0, normally stimulates the activation of MAPKs via
phosphorylation and thus regulate the intracellular sig-
naling pathway, which results either in cell survival or
cell death [35]. However, in this work, H,O, treated
dIMR32 cells had lower level of phospho p-38, ERK1/2
and JNK (Fig. 8 d, e and f) as compared to untreated
cells. This is because MAPKs are activated during neur-
onal differentiation process of cells [36, 37]. ERK1/2 or
p44/42 is usually activated during cell growth, cell differ-
entiation, cell survival, and motility. ERKs are highly
expressed in post-mitotic neurons and in differentiated
cells and involved in adaptive responses such as long-
term potentiation in post mitotic neurons and in regu-
lating synaptic plasticity of the hippocampus [38—40].
Thus, activation of the ERK1/2 can either lead to prolif-
eration or differentiation of cells subjected to the
strength and duration of the stimulation [41, 42]. On the
other hand, p38 is phosphorylated during inflammation,
cell cycle, cell death, development, cell differentiation,
senescence, and tumorigenesis. JNK is also activated
during many cellular events, such as growth control,
transformation, and apoptosis [43—-45].

Our results showed (Fig. 8d, e and f) that PTE pre-
treatment prior to inducing oxidative stress with H,O,,
completely inhibited the activation or phosphorylation
of p-38 as compared to the H,O, treated cells. It also at-
tenuated the phosphorylation of ERK1/2 and showed a
decreasing trend of phospho-JNK, even though it was
not statistically significant. The p-38 and JNK are stress
activated MAPKs and they also regulate stress induced
apoptosis [46]. On the contrary, ERK1/2 is a MAPKs
that is generally activated for survival of cells. Neverthe-
less, it is also activated in some neuronal cells under
H,0O, induced oxidative stress [47]. The effect of ERK1/
2 activation on the pro-survival or pro-apoptotic roles in
the cells depends on the kinetics, duration, stimulus and
cell type [42, 48, 49].

Oxidative stress induced by H,O, activates the phos-
phorylation of ERK1/2 signaling protein in many neuronal
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studies that leads to apoptosis of the cells. In primary cor-
tical cells, H,O, was reported to have activated both ERK1/
2 and p-38 MAP kinase signaling protein in a concentra-
tion and time dependent manner [49]. Studies on plant bio-
actives such as kukoamine B and loganin in human
neuroblastoma ShSy5y cells, have been reported to provide
neuroprotection against HO, induced oxidative stress via
attenuation of phospho-ERK1/2 [50, 51]. Some earlier stud-
ies in differentiated and undifferentiated Shsy5y cells have
shown that treatment with H,O, increased the phosphoryl-
ation of ERK1/2 in a time and concentration dependent
manner (up to 1.25 mM H,0O,) where it increased as the
concentration of H,O,. This activation of ERK1/2 leads to
the neuronal cell death via apoptosis [52]. In concordance
to that, our study demonstrated that PTE pre-treatment
prior to H,O, injury to cells protected the dIMR32 cells by
attenuating the activation of ERK1/2.

Conclusion

In this study, it was established that the ethanolic extract
of Peltophorum pterocarpum (PTE) did not exhibit cyto-
toxicity towards neuronally differentiated IMR32 cells
(dIMR32) and only induced minimal apoptosis in the cells.
PTE also exhibited neuroprotection in dIMR32 cells by
ameliorating oxidative stress and apoptosis induced by
H>0, in a dose-dependent manner. This neuroprotection
was achieved by increasing the mitochondrial membrane
potential (MMP) and by attenuating the production of
ROS in a dose dependent manner. However, PTE failed to
reduce the caspase 3 activity suggesting caspase independ-
ent neuroprotection by PTE. Studies on the MAPKs path-
way revealed that PTE was protective in dIMR32 cells by
inhibiting the activation of stress activated p38 and by at-
tenuating the phosphorylation of ERK1/2 and showed a
decreasing trend in the activation of JNK. The results sug-
gest that PTE can be further explored as an alternative
preventive therapeutics for neurodegenerative diseases.
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