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Abstract

The present study determined the neuroprotective potential of the alcoholic and aqueous extracts of Pandanus clementis
Merr. (Pandanaceae) to protect the neuroblastoma SH-SYS5Y cells against amyloid-beta,_4, (Ap) cytotoxicity. Inhibition of
AP aggregation was determined by Thioflavin T (ThT) assay, and in vitro neuroprotective cell viability, intracellular reactive
oxygen species (ROS), and mitochondrial membrane potential (MMP) were evaluated with human neuroblastoma SH-SYS5Y
cells insulted with Ap. Chromatographic separation on the alcoholic extract yielded known phytosterols. Results showed
that pretreatment of the SH-SYSY cells with the P. clementis extracts increased cell viability and MMP, and decreased ROS,

suggesting protective effects. Hence, P. clementis extract has promising neuroprotective therapeutic potential.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenera-
tive disorder prevalently affecting the elderlies and charac-
terized by memory loss, cognitive dysfunction, personality
changes, and depression (Bagyinzsky et al. 2017). The 2020
worldwide report indicated around 50 million people are
affected by the disease and is expected to reach 82 million
in 2030 and 152 million in 2050 will be affected by the
disease (Alzheimer’s Disease International, 2020). Several
pathological hallmarks are associated with AD (Taylor et al.
2016), however, the formation of amyloid plaques caused by
the aggregation of amyloid-beta (Ap) peptides showed to be
the major contributor to the advancement of AD (Burg et al.
2013; Sharma et al. 2017; Wang et al. 2017; Jamerlan and
An 2020). The AP peptides are formed from the sequential
cleavage of the transmembrane amyloid precursor protein
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(APP) by the proteolytic secretase enzymes (Panche et al.
2019). Amyloid plaques are extracellular buildup in the
brain contributed by the AP peptides (Sharma et al. 2017)
resulting in nerve cell death and tissue loss (Espargaré et al.
2017), which eventually lead to cognitive and synaptic
dysfunctions and neurodegeneration in AD (Sharma et al.
2017). Hence, the discovery of potential AP aggregation
inhibitors has attracted much attention in AD drug research
(Battisti et al. 2017; Giorgetti et al. 2018; Chowdhury et al.
2019; Phan et al. 2019).

Plants have been used to treat various diseases for thou-
sands of years in traditional folkloric medicine (Balunas and
Kinghorn 2005). They served as primary sources of com-
pounds for drug discovery (Newman and Cragg 2020) owing
to their broad spectrum of pharmacological and biological
activities including neurodegenerative diseases. Crude plant
extracts are studied as potential therapeutic agents and usu-
ally involve their chemical and pharmacological characteri-
zations. Studies related to the biological activities of plant
crude extracts are significant since the compounds contained
in the extracts are consumed as a complex mixture exhibiting
synergistic effects (Angeloni and Vauzour 2019). Several
studies have also been documented on medicinal plants as
potential anti-AD agents utilizing crude extracts, semi-puri-
fied fractions, or isolated natural products (Dey et al. 2017).

As part of our continuing search for potential anti-AD
agents exhibiting anti-amyloidogenic activity (Tan et al.
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2019, 2020), the crude extracts of Pandanus clementis Merr.
(Pandanaceae) were observed to inhibit the AP aggregation
using the ThT assay. Hence, we further explore the potential
of the P. clementis extracts to protect against AP toxicity
in vitro and chromatographically characterize the alcoholic
extract.

Materials and methods
General considerations

NMR spectra were recorded on a JEOL ECZR 600 spec-
trometer (Online Resource Material). Silica gel 7739
(Merck) for vacuum liquid chromatography (VLC), Silica
gel 7734 (Merck) or silica gel 9385 (Merck) for gravity col-
umn chromatography were used for column chromatography.
Thin-layer chromatography (TLC) was performed on alu-
minum-backed plates coated with Si gel F254 and were visu-
alized by UV254 followed by vanillin-H,SO, and warming.
Distilled technical grade MeOH and deionized H,O were
used for extraction of the plant material, while analytical
grade solvents were used for chromatography.

Plant material

Fresh leaves of P. clementis were collected in January 2019
from Lauan, Antique, Philippines. The taxonomic authenti-
cation was done at the UST Herbarium using morphological
and molecular methods. A voucher specimen was kept at the
UST-Herbarium (USTH 014475).

Preparation of the crude alcoholic extract

Air-dried, ground leaves (2 kg) were soaked overnight with
2.5 L of distilled MeOH. The filtrates were collected and
the marc were again soaked overnight in MeOH. The pro-
cess was repeated consuming a total of 7.5 L MeOH. The
combined alcohol extracts were concentrated under reduced
pressure using a rotary evaporator until no more MeOH
distills out and the extract had a syrupy consistency. The
concentrated crude alcoholic extracts were stored in screw-
capped amber containers and stored in a refrigerator until
use.

Preparation of the crude aqueous extract

Air-dried, ground leaves (1 kg) were soaked in 1.5 L of
distilled H,O and heated at 80°C for 1 h. While still hot,
the decoction was transferred in a percolator and soaked
overnight to ensure maximum extraction of aqueous solu-
ble metabolites. The filtrates were collected, dispensed in
small bottles with 150 mL extract each, and refrigerated
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at — 80 °C. The frozen extracts were then lyophilized in
a freeze-dryer (HetoPowerdry LL.3000, Thermoscientific)
until the crude aqueous extracts were obtained. The crude
aqueous extracts were transferred in screw-capped amber
containers and stored in the refrigerator until use.

Thioflavin T (ThT) assay

ThT assay was performed based on previous protocol
(Tan et al. 2019, 2020; Xia et al. 2019). Briefly, Af,,
(Aggresure™) (10 pM) solution in PBS (pH 7.4) was incu-
bated at 37 °C for 24 h in the presence or absence of the
plant extracts or phenol red as the positive control (Wu et al.
2006; Necula et al. 2007). ThT solution (20 pL, 50 pM) in
glycine—-NaOH buffer (pH 9) was added. The fluorescence
signal was measured (Ex 450 nm; Em 510 nm) using a
PerkinElmer Victor-3® multi-plate reader. The percentage
of aggregation inhibition was calculated using the equation:
[(1=1Ig/Ig.) X 100%], where I; and Iy, are the fluorescence
absorbance with and without the inhibitors, respectively,
after subtracting the background fluorescence of the ThT
solution.

Cell viability assay

Human neuroblastoma SH-SYS5Y cells (ATCC CRL-226)
were maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% FBS, 1% kanamycin, and
1% penicillin. Cell cultures were maintained at 37 °C in
5% CO, and passaged once per week. Cells at 1 X 10° cells/
well were seeded in 96-well plate and acclimatized for 24 h.
Cells were treated with the alcoholic and aqueous extracts
(50, 20, 5 pg/mL) and incubated for 24 h. After washing
with PBS, fresh media (100 pL) was added and incubated
for another 30 min. CellTiter-Glo® luminescent reagent
(100 pL) was added and the luminescence was measured
using a PerkinElmer Victor-3® multi-plate reader (Perki-
nElmer, Waltham, MA, USA).

To assess the neuroprotective effects, SH-SYSY cells
(1x 103 cells/well) were pre-treated with the alcoholic (20,
10, 1 pg/mL) and aqueous (20, 10, 1 pg/mL) for 6 h before
incubating with Ap (5 pM) for 24 h. Other treatment groups
also include a solvent control (untreated control cells), Ap
only, and the extracts only. After incubation, the % cell via-
bilities were determined in triplicate experiments.

Measurement of reactive oxygen species (ROS)

Intracellular ROS level was evaluated using the 2',7'-dichlo-
rodihydrofluorescein diacetate (H,DCFDA) (Sigma Aldrich)
stain (Penalver et al. 2020). After incubation for 24 h, SH-
SYSY (2% 10% cells/wells) cells were exposed to the alcoholic
and aqueous extracts for 2 h before treatment with Ap (5 pM)
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for 24 h. Then, cells were treated with 25 pM H,DCFDA and
incubated for another 2 h at 37 °C. Fluorescence intensity (Ex
495 nm, Em 520 nm) was determined in a microplate reader.
The ROS level was calculated as a percentage of the control
cells (untreated) in triplicate measurements.

Mitochondrial membrane potential (AWm) assay

AW¥m was measured using the tetramethylrhodamine methyl
ester (TMRE) reagent kit (Abcam) as previously described
(Alvarino et al. 2019) and following the manufacturer’s pro-
tocol. After SH-SY5Y (2 x 10* cells/well) cells were exposed
with the alcoholic and aqueous extracts for 2 h, 5 uM Ap were
added and incubated for another 24 h. Then, 1 pM TMRE was
added and incubated at 37 °C for 1 h. Fluorescence intensity
(Ex 549 nm, Em 575 nm) was read in a microplate reader. The
AW¥m was calculated as a percentage of the untreated control
cells (100%) in triplicate measurements.

Separation and purification of the crude alcoholic
extract

About 80 g of the crude alcoholic extract were subjected to
partitioning using vacuum liquid chromatography (VLC).
The crude extract was mixed with a minimal amount of
silica gel under powdery, loaded on top of the column
using silica gel, and eluted with hexane (800 mL), EtOAc
(2100 mL), and MeOH (1000 mL) obtaining the semi-crude
fractions. The EtOAc semi-crude fraction was fractionated
by VLC using 10, 30, 50% EtOAc in hexane, pure EtOAC,
and 50% EtOAc in MeOH as eluents. The process yielded 5
pooled fractions (Fr. A-E) after thin-layer chromatography
(TLC). Fr. A was purified by recrystallization using MeOH
to obtain stigmasterol (65 mg). Fr. B was subjected to grav-
ity column chromatography (GCC) (2x) by isocratic elution
(1:1 EtOAc/hexane) to afford a mixture with stigmasterol as
the major compound (46 mg). Fractionation of Fr. C by GCC
(3x) using 1:1 EtOAc/hexane gave a mixture of a-spinasterol
and sitostenone (7.7 mg). The NMR spectra are given in the
Online Resource Material.

Statistical analysis

Values were reported as mean + SD. Statistical significance
was analyzed using one-way ANOVA followed by Tukey’s
HSD test. p <0.05 was considered statistically significant.
Results and discussion

Studies on pharmacologically-active plant extracts have

been increasing as sources for nutraceutical products and
food supplements (Atanasov et al. 2015). Hence, extensive

characterization of plant extracts is essentially significant
to increase knowledge on their biological activities and key
active metabolites. Among these biological activities, the
search for plant extracts including their active chemical enti-
ties against neurodegenerative diseases including Alzhei-
mer’s disease is gaining research attention (Pohl and Kong
Thoo Lin 2018).

Among the Philippine plants screened by our group, the
extracts of P. clementis exhibited promising potential in the
inhibition of AP aggregation using the ThT assay. P. clem-
entis is an endemic species in the Philippines. The extensive
literature search also indicated dearth on biological and phy-
tochemical studies on this plant. Hence, the prospective ther-
apeutic ability of P. clementis is further evaluated in vitro
utilizing A, _4, as an insult model to human neuroblastoma
SY-SYSY cells.

Thioflavin-T (ThT) assay

Several studies have been conducted to prevent the AP
aggregation which is considered as a major cause in the
advancement of AD. The inhibition of AP aggregation was
determined by ThT assay using phenol red as the positive
control. As shown in Table 1, the alcoholic extracts at 50 and
5 pg/mL concentrations exhibited inhibitory effects rang-
ing from 45 to 86%, while the aqueous extract at 50 pg/mL
showed 65.06% inhibition.

Cell viability by ATP assay

Assessment of the toxicity of the alcoholic and aqueous
extracts was evaluated by the ATP luminescence assay
(Fig. 1). Neuroblastoma SH-SYSY cells were treated with
5-50 pg/mL crude extracts and incubated for 24 h. No sig-
nificant cytotoxicity was observed at the 5 and 20 pg/mL for
both extracts (p <0.05). However, both extracts have sig-
nificant toxic effects (p <0.05) at 50 pg/mL. Hence, for the
subsequent in vitro experiments, concentrations at 20, 10,
and 1 pg/mL were used.

Table 1 Inhibition activities of Pandanus clementis on Ap,_4, aggre-
gation (ThT assay)

Sample % inhibition®

Alcoholic extract (50 pg/mL) 86.54 +7.46%
Alcoholic extract (5 pg/mL) 45.43+6.97*
Aqueous extract (50 pg/mL) 65.06 +6.84%
Aqueous extract (5 pg/mL) 28.07 +4.23°
Phenol Red® (50 uM) 69.85+0.29%

“The values are expressed as mean + SD of three trial experiments
The positive control

##&@gymbols indicate statistically significant differences at p <0.05
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Fig. 1 Cytotoxicty effects of the Pandanus clementis crude extracts
as determined by the ATP luminescence assay. Cells were incu-
bated with the crude extracts for 24 h. The values represent the
mean + standard deviation of three independent experiments. The (*)
indicates significant differences with the control group (p <0.05)

Assessment of the neuroprotective effects of the alcoholic
and aqueous extracts was done by pretreating the SH-SYS5Y
cells with the extracts for 6 h and incubating them with
5 uM AB. At 5 pM, the AP showed a 51.78% cell viability.
As shown in Fig. 2, cell viability of the alcoholic extract
at 20 pg/mL (78.92%), 10 pg/mL (77.03%), and 1 pg/mL
(74.73%), and the aqueous extract at 20 pg/mL (65.03%)
increased significantly (p <0.05) when compared to the cells
treated with AP only, which indicated that the extracts at
these concentrations had a protective effect on the SH-SY5Y
cells insulted with 5 puM Ap.

Measurement of the intracellular reactive oxygen
species (ROS)

Assessment of the intracellular ROS was measured using
2", 7'-dichlorodihydrofluorescein diacetate (H,DCFDA)
reagent. For the “With Oxidative Stress” groups, SH-SY5Y

Fig.2 Protective effects of
the Pandanus clementis crude
extracts on Af;_4,-induced
neuroblastoma SH-SYSY cells

120

as determined by the ATP 100
luminescence assay. The values
represent the mean + standard
deviation of three independent 80
experiments. The (*) indicates %
significant differences with the €
control group (p <0.05) @
®
40
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cells were pre-treated with the extracts for 2 h and incubated
with 5 pM AP for 24 h, while cells were treated for 24 h
with the extracts only for the “No Oxidative Stress” groups.
As shown in Figs. 3 and 4, cells treated with 5 pM A only
showed a significant increase (p <0.05) in the level of ROS
(149.32%) when compared to the control cells. In Fig. 3, the
alcoholic extract-protected SH-SYSY cells (With Oxidative
Stress) significantly reduced (p < 0.05) the oxygen free radi-
cals at 20 pg/mL (119.64%), 10 pg/mL (121.78%), and 1 pg/
mL (125.67%) when compared to the cells treated with Ap
only. Figure 4 showed that the cells protected with aqueous
extract at 20 pg/mL significantly decreased the ROS level
(129.67%) when compared to the Af-treated only cells at
p<0.05.

ROS of Alcoholic Extract on AB-induced SH-SY5Y cells

ROS Level (% of Control)
b @ e BB BB B
& 8 888 &8 8 8
H
H
—
H %

N
5y

o

Control Abeta (5uM) 20uM 10uM

W No Oxidative Stress ™ With Oxidative Stress

Fig.3 Effects of the Pandanus clementis alcoholic extracts on
the intracellular ROS. SH-SYS5Y cells were pretreated with the
extracts for 2 h, incubated with the A for 24 h, and measured using
2',7’-dichlorodihydrofluorescein diacetate (H,DCFDA) reagent. The
no oxidative stress indicates treatment of the SH-SYSY cells only
with the extracts. The % ROS levels were expressed as the mean +SD
of triplicate experiments. The (*) represents statistical difference
(p<0.05) of the % ROS versus the Ap-treated only cells

AB-induced SH-SY5Y Cytotoxicity

20uM 10um 20uM + Abeta 10uM + Abeta 1uM + Abeta

o Alcoholic Extract m Aqueous Extract
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Fig.4 Effects of the Pandanus

clementis aqueous extracts on

the intracellular ROS. SH- 180
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ments. The (¥) represents statis-
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Measurement of mitochondrial membrane potential
(AWm)

Mitochondrial dysfunction is the effect of the formation
of oxygen free radicals, thus, decreasing the cell’s mito-
chondrial membrane potential. The A¥m was evaluated
by pretreating the cells with the crude extracts for 2 h, fol-
lowed by incubation with 5 pM AP for 24 h, and staining
with the TMRE (Fig. 5). The A¥m level showed a signifi-
cant decrease (p <0.05) in the Ap-treated SY-SYSY cells
(63.03%) when compared to the control group. For the
alcoholic extract +Ap groups, the AYm level SH-SYSY
cells increased significantly (p <0.05) using 20 pg/mL
(75.32%) and 10 pg/mL (74.23%) concentrations. How-
ever, the aqueous extract did not improve the level of
AW¥m. These results disclose that the P. clementis alcoholic

Fig.5 Effects of the Pandanus
clementis crude extracts on the

mitochondrial membrane poten- 120
tial (AWm). SH-SYS5Y cells
were pretreated with extracts for 100
2 h, followed by 5 pM Ap treat- -
ment for 24 h, and staining with ° 80
tetramethylrhodamine, methyl 'g
ester (TMRE). The A¥m levels ot
(% of the control cells) were g 60
expressed as the mean+SD in ‘é’
triplicate experiments). The (*) 3 40
indicates statistical difference <
(p<0.05) with the Ap-treated 20
only cells

0

Control

Abeta (5uM)

ROS of Aqueous Extract on AB-induced SH-SY5Y cells

. T =
*
I
* * *
Abeta (5uM) 20uM 10umMm 1uM

7 With Oxidative Stress

extract protected SH-SYSY cells from the reduction in
mitochondrial membrane potential induced by AP, _,.

Phytochemical analysis on the alcoholic extract

In vitro protective results on P. clementis crude extracts
revealed a more active preference for the alcoholic extract.
The alcoholic extract was initially separated by partition-
ing using VLC to yield the EtOAc extract. Further chro-
matographic separation and spectroscopic analysis of the
pure TLC isolates yielded the phytosterols stigmasterol and
a-spinasterol and f-sitostetone mixture (Online Resource
Material) (Fig. 6). Stigmasterol and p-sitostetone were pre-
viously isolated from the genus Pandanus, while this is the
first report of a-spinasterol from Pandanus species.

The isolated compounds were not subjected to bio-
logical experiments, however, several studies suggest the

Mitochondrial membrane potential (AWm)

20uM 10uM 20uM + 10uM + 1uM+
Abeta Abeta Abeta

m Alcoholic Extract  m Aqueous Extract
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HO
Stigmasterol

Sitostenone

Fig. 6 Structures of phytosterols isolated from the alcoholic extract of Pandanus clementis

therapeutic potentials of phytosterols against AD. Stigmas-
terol showed the in vitro reduction of AP generation while
beneficial results were obtained to prevent AD when mice
were fed with a stigmasterol-rich diet (Burg et al. 2013).
Stigmasterol also showed progressive effects on biochemical
parameters related to AD, while a mixture of stigmasterol
and B-spinasterol showed increasing exploration and latency
effects in BALB/c mice (Adebiji et al. 2018). p-sitosterol, a
congener of stigmasterol and previously isolated from Pan-
danus species (Tan et al. 2008), showed cholinesterase and
oxidant inhibitions in vitro and corrects behavioral aberra-
tions in vivo (Ayaz et al. 2017).

Hence, our study revealed that P. clementis is a new bio-
logically active material with substantial neuroprotective
effects in neuroblastoma SH-SYSY cells. This is also the
first report on biological activity related to anti-AD on the
genus Pandanus. Future research perspectives include the
standardization of the extracts for the major constituents or
the bioassay-guided isolation of the active natural products
both in the crude alcoholic and aqueous extracts. The use of
other microglial cell lines, in vitro or in vivo experiments,
and other mechanistic assays to further validate its neuropro-
tective potential against AD are also warranted.

Conclusion

In this study, we report for the first time the neuroprotective
effects of P. clementis alcoholic and aqueous extracts using
Ap-induced human neuroblastoma SH-SYSY cells. This
study has demonstrated that the alcoholic extract is more
active compared to the aqueous extract and possesses inhibi-
tory effects on AP aggregation and protection on SH-SY5Y
cells by decreasing the ROS and mitochondrial dysfunction.
Hence, P. clementis could be further pharmacologically vali-
dated as a therapeutic agent against AD and to determine the
bioactive constituents responsible for such activities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13205-021-02889-3.
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