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Abstract 
Advanced glycation end products (AGEs) upon binding to its receptor (receptor for AGEs, RAGE) trigger several pathologi-
cal processes involving oxidative stress and inflammatory pathway which play a pivotal role in various degenerative diseases 
including Alzheimer’s disease. Fimbristylis ovata (F. ovata) has long been reported to be used as a traditional herbal medi-
cine; nonetheless, very few studies have been reported. In this study, the protective effects of F. ovata extract on neurotoxicity 
of hippocampal neuronal cells (SH-SY5Y) was investigated. When compared to normal control, AGEs treatment significantly 
induced oxidative stress level and enhanced NF-κB translocation to nucleus in the neuronal cells (p < 0.05). The increase 
in NF-κB translocation leads to increase in transcription level of the target genes including RAGE and pro-inflammatory 
cytokines which include interleukin 1 beta (IL1B), tumor necrosis factor-alpha (TNFA) and interleukin 6 (IL6). Pre-treatment 
of SH-SY5Y with the extracts of F. ovata shows favorable results by significantly suppressing oxidative stress level (p < 0.05) 
as well transcriptional level of RAGE (p < 0.05) and pro-inflammatory cytokines (p < 0.05). Chemical analysis of F. ovata 
extracts using High Resolution Liquid Chromatograph Mass Spectrometer (HR-LCMS) and Gas Chromatograph with high 
resolution Mass Spectrometer (GC-HRMS) suggested some potential active phytochemical compounds. The results from 
this study may provide possible alternative treatment for prevention and/or therapy of neurodegenerative disorders by tar-
geting the above-mentioned pathways. The role of the phytochemical active ingredient (s) in inhibiting the AGEs-triggered 
signaling inflammatory pathway should be investigated in future study.
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Abbreviations
Aβ  Amyloid beta
AD  Alzheimer’s disease
AGEs  Advanced glycation end products
DHE  Dihydroethidium
F. ovata  Fimbristylis ovata (Burm.f.) Kern
GC-HRMS  Gas chromatograph with high resolution 

mass spectrometer
HR-LCMS  High resolution liquid chromatograph mass 

spectrometer
IL1B  Interleukin 1 beta
IL6  Interleukin 6
MTS  3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium) tetrazolium assay

NF-κB  Nuclear factor kappa light chain enhancer of 
activated B cells or nuclear factor kappa B

RAGE  Receptor for advanced glycation end 
products

ROS  Reactive oxygen species
SEM  Standard error of mean
SOD  Superoxide dismutase
TNFA  Tumor necrosis factor-alpha

Introduction

Brain is considered as a particular place vulnerable to oxida-
tive injury due to its high oxygen utilization. The excessive 
free radicals and disturbance of antioxidant defense mecha-
nism lead to neurotoxicity [1, 2]. Advanced glycation end-
products (AGEs) may also employ their part in neurotoxicity 
through its capability of oxidative stress induction. Moreo-
ver, AGEs regulation involving intracellular reactive oxygen 
species (ROS) generation was found to enhance receptor of 
advanced glycation end-product (RAGE) expression, cre-
ate positive feedback loops of AGEs signaling, and subse-
quently induce inflammatory reactions [3]. Previous studies 
demonstrated that AGEs levels were higher in the brain of 
Alzheimer’s disease (AD) patients compared to the normal 
one and contributed to amyloid beta (Aβ) aggregation and 
plaque deposition. The presence of AGEs in plaque enriched 
fractions isolated from frontal cortex samples of AD brains 
contained 8.9 ± 1.4 AGEs units/mg of protein which was 
significantly about threefold higher than the corresponding 
preparations from healthy controls [4, 5]. Neurotoxicity is 
a well-recognized complication in various neurodegenera-
tive disorders such as Alzheimer’s disease and Parkinson’s 
disease. Hence, the preventive and therapeutic strategy aim-
ing to alleviate neurotoxicity’s complication by suppressing 



357Toxicol Res. (2021) 37:355–367 

1 3

AGEs formation, AGEs/RAGE activation, and/or RAGE 
downstream pathway might be helpful for AD and other 
oxidative stress-induced diseases.

Fimbristylis ovata (Burm.f.) Kern (F. ovata) belongs to 
the genus Fimbristylis and family Cyperaceae. The plants in 
this family have long been reported to be used in wide range 
of medicinal and pharmacological applications according to 
the Ayurvedic system of medicine.

The usage activities including anti-oxidant property, 
wound healing activity, anti-pyretic and analgesic activity, 
anti-inflammatory activity, anti-histamine activity, anti-diar-
rheal activity, anti-hyperglycemic activity, anti-microbial 
activity, gastroprotective activity, hepatoprotective activity, 
cardioprotective and anti-hyperlipidemic, cytoprotective 
effect, hypotensive activity, anti-arthritic activity, and neu-
roprotective effect [6–8].

Extract from the plant in Cyperaceae family was revealed 
its neuroprotective potential in a rat model of cerebral 
ischemia–reperfusion which involved various pathophysi-
ological mechanisms including excitotoxicity, inflammation 
and apoptosis. This post-ischemic status has significant fore-
casts toward complications that can lead to impaired cogni-
tion and memory. The study demonstrated that treatment 
with this extract increased the glutathione content in a dose 
dependent approach, increased superoxide dismutase (SOD) 
activity in all the brain structures, reduced the neurologi-
cal deficits and reversed the anxiogenic behavior in rats [9]. 
Moreover, extract of Cyperus rotundus, one of Cyperaceae 
family, also revealed its neuroprotective potential against 
apoptotic event induced by SIN-1 (3-morpholinosydnon-
imine) [10]. Despite these vast variety studies of Cyper-
aceae family, only few studies on the effect of F. ovata were 
reported [11–13].

Previous studies of F. ovata extract which has been firstly 
reported in cultured monocytes and epithelial cells showed 
that this extract significantly decreases those inflammatory 
cytokines under oxidative stress induction [12]. Therefore, 
the role of F. ovata extract and its protective effects in SH-
SY5Y, human neuroblastoma cell line, under neurotoxicity 
circumstance induced by AGEs were reported in this study 
for the first time. Potential active phytochemical compounds 
were identified by HR-LCMS and GC-HRMS.

Materials and methods

Chemicals and reagents

Advanced Glycation End Product-bovine serum albumin 
(AGEs-BSA), dimethyl sulfoxide (DMSO), and petroleum 
ether were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). CellTiter  96®  AQueous One Solution Cell Proliferation 
Assay (MTS) was purchased from Promega (Madison, WI, 

USA). Fetal bovine serum (FBS), Penicillin/Streptomycin 
(10,000 U/mL) solution, Trypan Blue Solution, 0.4% solu-
tion, and Trypsin–EDTA (0.25%), and phenol red were pur-
chased from Gibco (Waltham, MA, USA). Ethanol, metha-
nol, isopropanol,  Muse® Oxidative Stress Kit, and  Amnis® 
NFkB Translocation Kit were purchased from Merck 
(Darmstadt, Germany). Trizol was purchased from Invit-
rogen (Carlsbad, CA, USA). Ham’s F12 Nutrient Mixture 
and Minimum Essential Media (MEM) were purchased from 
Hyclone (Logan, UT, USA).  AccuPower® CycleScript RT 
PreMix and  AccuPower® 2X GreenStar Master Mix Solution 
were purchased from Bioneer (Daejeon, Korea).

Plant material and extract preparation

F. ovata, voucher No. 013431(BCU) was collected from a 
single source in Bangkok, Thailand. The plant was identified 
by Professor Kasin Suvatabhandhu Herbarium, Department 
of Botany, Faculty of Science, Chulalongkorn University, 
Thailand. The plant was dried and ground into fine powder, 
then extracted with petroleum ether and methanol 1:10 (w/v) 
by Soxhlet extraction. The extracts were filtered and evapo-
rated. Crude extracts were dissolved in DMSO and stored as 
stock solution (100 mg/mL), at − 20 °C and protected from 
light until use.

Cell culture

Human neuroblastoma cell line, SH-SY5Y (a generous gift 
from Dr. Tewarit Sarachana, Faculty of Allied Health Sci-
ences, Chulalongkorn University, Bangkok, Thailand), was 
used for all experiments. The cells were maintained in the 
Minimum Essential Medium: Nutrient Mixture F-12 (MEM/
F12) (1:1) culture medium supplemented with 15% (v/v) 
FBS and 1% penicillin/streptomycin. The cell culture was 
incubated under a humidified 5% (v/v)  CO2-air environment 
at 37 °C. Prior to treatment with either AGEs-BSA with/
without antioxidant compounds for the indicated times, the 
cells were plated and incubated overnight, dormant stage 
was conducted by a 24-h incubation with medium supple-
mented with 5% FBS.

Determination of cell viability

CellTiter  96®  AQueous One Solution Cell Prolifera-
tion was used for 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) 
(MTS) tetrazolium assay cell viability assay. The method is 
based on the reduction capacity of mitochondrial enzymes 
in viable cells to generate a colored formazan product 
that is soluble in cell culture media. 20 µL of MTS solu-
tion was added to each well of the 96-well plate contain-
ing cell samples in 100 µL of culture medium. The plate 



358 Toxicol Res. (2021) 37:355–367

1 3

was incubated in the dark for 4 h at 37 °C in a humidified, 
5%  CO2 atmosphere. Absorbance was measured at 490 nm 
using an  EnSpire® Multimode Plate Reader (Perkin-Elmer, 
Waltham, MA, USA). All of viability tests were done after 
treatment with the designated substances (AGEs-BSA and F. 
ovata extract) for 24 h. Results are expressed as a percentage 
relative to untreated control.

Measurement of intracellular superoxide radicals

The  Muse® Oxidative Stress Kit was used to measure intra-
cellular superoxide radicals in cells undergoing oxidative 
stress. The method is based on dihydroethidium (DHE) dye, 
a fluorescence dye which can permeate the cell membrane. 
Once this dye reacts to superoxide radicals, the red fluores-
cence of DNA-binding fluorophore ethidium bromide will be 
formed. The product was then analyzed on the Muse™ Cell 
Analyzer according to the manufacturer’s procedure. Briefly, 
SH-SY5Y cells were seeded in a density of 4 × 105 cell/mL 
in 12-well plates. After 24 h, the medium was changed to 
fresh 5% FBS medium. The cells were then treated with 
either AGEs-BSA with or without antioxidant compounds 
pre-treatment for the indicated times before proceeding to 
manufacture’s protocol with slight modification. Pre-treat-
ment with F. ovata and treatment with AGEs-BSA period 
were done for 3 h and an hour, respectively. Harvested cell 
samples were prepared at 1 × 106 cell in 100 μL of 1X assay 
buffer, 10 μL of prepared cell sample was used. 190 μL of 
 Muse® oxidative stress intermediate solution was added to 
the prepared sample, then incubated for 30 min at 37 °C 
before being processed through Muse™ Cell Analyzer. 
100 μM of  H2O2 was used as a positive control.

Measurement of nuclear factor kappa light chain 
enhancer of activated B cells (NF‑κB) translocation

Amnis® NFkB Translocation Kit was used to test the acti-
vation of NF-κB and its translocation to the nucleus. The 
quantitative measurement of NF-κB translocation from the 
cytoplasm to the nucleus was performed using the combi-
nation of flow cytometry and microscopic performance in 
one system to generate a quantitative result together with 
image data. This NF-κB translocation analysis is detected 
based on the correlation of the nuclear 7AAD (7-aminoac-
tinomycin D) image to the anti-Hu NF-κB Alexa  Fluor® 488 
image. Briefly, SH-SY5Y cells were seeded in a density of 
1 × 106 cell/mL in 6-well plates. After 24 h, the medium was 
changed to fresh 5% FBS medium. The cells were pretreated 
with either vehicle or F. ovata extracts for 3 h then incubated 
with 200 µg/mL of AGEs-BSA for 3 h before being trypsi-
nized and proceeded to next step following manufacture’s 
protocol with minor modification. The harvested cell sam-
ples were fixed with 1X fixation buffer for 10 min at room 

temperature, then washed with 1X assay buffer. Pellets were 
collected and incubated with anti-Hu NF-κB Alexa  Fluor® 
488/permeabilization buffer working solution for 30 min at 
room temperature. After that, washed and collected pellets. 
Resuspended the collected pellets in 0.25X fixation buffer, 
then incubated in 7AAD for 5 min. Next, the cell samples 
were analyzed by  Amnis®  Flowsight® and  ImageStream® 
combined with the Nuclear Localization Wizard in the 
 Amnis®  IDEAS® software.

Ribonucleic acid (RNA) isolation and quantitative 
real‑time polymerase chain reaction (real‑time PCR)

Briefly, SH-SY5Y cells were seeded in a density of 
1 × 106 cell/mL in 6-well plates. After 24 h, the medium was 
changed to fresh 5% FBS medium. The cells were pretreated 
with either vehicle or F. ovata extracts for 3 h then incubated 
with 200 µg/mL of AGEs-BSA for 24 h before total RNA 
isolation. Trizol reagent was used for total RNA extrac-
tion according to manufacturer’s instructions with minimal 
adjustment. The amount of total RNA was assessed using a 
NanoDrop 1000 spectrophotometer (Thermo Fisher Scien-
tific, Wilmington, DE, USA). 1 μg of total RNA as a tem-
plate was reversely transcribed into complementary deoxy-
ribonucleic acid (cDNA) using  AccuPower® CycleScript RT 
PreMix reverse transcription system. The cDNA products 
were then amplified with each gene-specific primer pairs 
and quantitated using  AccuPower® 2X GreenStar Master 
Mix Solution, a SYBR Green based Exicycler™ 96 Real-
Time Quantitative Thermal Block system according to the 
protocol provided. The mRNA levels were then normalized 
with β-actin and calculated; the expression level was quan-
tified as fold-change using the ΔΔCt method (2−ΔΔCt) . The 
specific primer pairs using for all experiments were shown 
in Table 1. The thermal cycling conditions composed of an 
initial denaturation step at 95 °C for 10 min, followed by 35 
cycles at 95 °C for 15 s and 62 °C for 30 s.

Table 1  Specific primer pairs for amplification of RAGE, IL1B, IL6, 
TNFA and β-actin

Gene Primer pairs

RAGE Forward: 5′-CAG CAT CAG CAT CAT CGA ACCA-3′
Reverse: 5′-CGC CTT TGC CAC AAG ATG ACC-3′

IL1B Forward: 5′-AGT ACC TGA GCT CGC CAG TG-3′
Reverse: 5′-GGT CCT GGA AGG AGC ACT TCAT-3′

IL6 Forward: 5′-CTT CTC CAC AAG CGC CTT CG-3′
Reverse: 5′-TGT GGG GCG GCT ACA TCT TT-3′

TNFA Forward: 5′-GCT GCA CTT TGG AGT GAT CGG-3′
Reverse: 5′-CTC AGC TTG AGG GTT TGC TACA-3′

β-actin Forward: 5′-CTT CCT GGG CAT GGA GTC CTGT-3′
Reverse: 5′-CTT TGC GGA TGT CCA CGT CAC-3′
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Qualitative phytochemical screening

Phytochemical analysis of plant extracts was performed 
to identify the active components by High Resolution 
Liquid Chromatograph Mass Spectrometer (HR-LCMS) 
and Gas Chromatograph with high resolution Mass Spec-
trometer (GC-HRMS) using the service of Sophisticated 
Analytical Instrument Facility (SAIF), IIT-Bombay, India. 
The methanol extract of F. ovata was analyzed using HR-
LCMS under the Agilent 6200 Series TOF and 6500 Series 
Q-TOF LC/MS system. HR-LCMS was performed in the 
electrospray ionization positive mode (+ESI mode). Puta-
tive compounds identification was assessed by compar-
ing mass-to-charge ratio (m/z) values obtained from the 
experiment with SAIF library sources. Besides, the MET-
LIN and the KNApSAcK databases as well as with the 
theoretical mass values from previously published data 
available were considered. A difference of less than 30 
parts-per-million (ppm) was accepted.

The petroleum ether extract of F. ovata was analyzed 
using GC-HRMS. A Shimadzu GC-QP2010 with an auto-
injector (AOC 20i) was used for this method. The separa-
tion was performed on a DB-5 column with 0.25 mm ID 
and 0.25 μm film thickness (Supelco) with an initial tem-
perature set at 100 °C for 4 min. Followed by an increasing 
rate of 5 °C/min to 280 °C, which was held for 12 min at 
250 °C was set for an injector temperature with 1 μL of an 
injection volume. The mass spectrometer was set to scan 
m/z range 50–600. The peaks were detected on the total 
ion chromatogram (TIC). NIST08.LIB9 and WILEY8.
LIB10 library sources were used to identified mass spec-
tra and the detected peaks. The instrument was operated in 
electron impact (EI +) positive ionization mode.

Statistical analysis

All experiments were performed at least in triplicate. Data 
were analyzed using SPSS statistical software. The data are 
shown as the mean ± SEM. Two-tailed Student’s t test was 
used to determine the statistical significance of differences 
between two groups. Differences between the values were 
considered significant at p-values less than 0.05.

Results

Cell viability of human neuroblastoma cells, 
SH‑SY5Y, which were exposed to AGEs or F. ovata 
extracts

To determine cell viability upon AGEs-BSA or F. ovata 
extracts treatment, MTS tetrazolium assay was used. SH-
SY5Y cells were exposed to AGEs-BSA at various concen-
trations ranging from 100 to 800 µg/mL for 24 h. Result 
showed that cell viability was greater than 80% in all treat-
ments (Fig. 1). Result from 24 h’ exposure of SH-SY5Y to 
various concentrations of F. ovata extracts (either petroleum 
ether or methanol extract) ranging from 3.125 to 100 µg/mL 
demonstrated that the cells viability was greater than 80% in 
all treatments (Fig. 2).

F. ovata protects SH‑SY5Y against AGEs‑induced 
oxidative stress

In this part, the cellular populations undergoing oxidative 
stress with either  H2O2 (positive control) or AGEs-BSA 
(200, 400, and 600 μg/mL) were measured quantitatively by 
flow cytometer based on a relative detection of superoxide 

Fig. 1  The effect of AGEs 
treatment on SH-SY5Y cells 
viability. SH-SY5Y cells were 
incubated with AGEs-BSA at 
various concentrations ranging 
from 100 to 800 µg/mL for 24 h 
to test on AGEs-BSA toxicity 
by MTS assay. The differences 
in the mean values among the 
treatment groups are reported 
as clustered columns with their 
standard error of mean (SEM) 
(mean ± SEM). All experiments 
were done in at least three inde-
pendent experiments
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radical production in cellular population using DHE-based 
assay (Fig. 3). The results show that AGEs significantly 
increase intracellular superoxide radical production at 200, 
400, and 600 μg/mL in a dose-dependent manner (p < 0.05). 
We hypothesized that F. ovata might exert its role as a pro-
tective agent against oxidative stress condition induced by 
AGEs-BSA. SH-SY5Y cells were pretreated with either F. 
ovata petroleum ether extract, F. ovata (pet.) or F. ovata 

methanol extract, F. ovata (met.) at 100 μg/mL for 3 h. The 
cells were then incubated with 200 μg/mL AGEs-BSA for 
an hour. The results showed that F. ovata obtained from 
both petroleum ether and methanol fractions significantly 
decreased oxidative stress induced by AGEs-BSA (p < 0.05) 
(Fig. 4). This result suggests that F. ovata protects against 
AGEs-induced cytotoxicity as being demonstrated by 
decrease in intracellular superoxide radical production. 

Fig. 2  The effects of Fimbri-
stylis ovata extracts on cell 
viability in human neuroblas-
toma SH-SY5Y. The cells were 
exposed to either 0.1% DMSO 
vehicle control or extraction 
of F. ovata; F. ovata (pet.; 
petroleum ether) or F. ovata 
(met.; methanol) extracts rang-
ing from 3.125 to 100 µg/mL 
for 24 h, then were determined 
by MTS assay. The differences 
in the mean values among the 
treatment groups are reported 
as clustered columns with their 
standard error of mean (SEM) 
(mean ± SEM). All experiments 
were done in at least three inde-
pendent experiments

Fig. 3  Effect of AGEs at various concentrations on intracellular 
superoxide radical levels. The relative percentage of cells exhibiting 
intracellular superoxide radical was determined after SH-SY5Y cells 
undergoing AGEs-BSA treatment for an hour.  H2O2 was used as a 
positive control. Flow cytometry analyzer was used based on dihydro-
ethidium (DHE) reagent detection. The differences in the mean values 

among the treatment groups are reported as clustered columns with 
their standard error of mean (SEM) (mean ± SEM). All experiments 
were done in at least three independent experiments; statistical dif-
ference will be considered when p < 0.05. When compared to control, 
 H2O2 and AGEs-treated cell at various concentrations were given 
p = 0.0177*, 0.0440*, 0.0408*, and 0.0174*, respectively
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NF‑κB translocation determination in response 
to AGEs treatment on SH‑SY5Y cells

The activation of NF-κB and its translocation to the 
nucleus plays a crucial role in regulating many key pro-
cesses in mammalian cells which led us to studying cellu-
lar function, signal transduction pathways, disease mecha-
nisms and drug discovery. NF-κB p50/p65 heterodimer, 
the most abundant form, is kept in inactive state by its 
inhibitor (inhibitor of NF-κB; IκB). Once the IκB is phos-
phorylated, NF-κB complex becomes activated and trans-
located into nucleus which can be detected by the Anti-Hu 
NF-κB Alexa  Fluor® 488 antibody in correlation to the 
nuclear 7AAD dye (Fig. 5). We found that SH-SY5Y cells 
exposed to 200 μg/mL AGEs-BSA for 3 h significantly 
increased NF-κB translocation to nucleus compared to the 
vehicle control. Unexpectedly, pretreatment with either 
100 μg/mL of F. ovata petroleum ether extracts (pet.) or 
F. ovata methanol extracts (met.) for 3 h prior to AGEs 
exposure also showed a significant enhancement of trans-
located NF-κB in the nucleus compared to AGEs treatment 
alone (p < 0.05) (Fig. 6). 

F. ovata extract suppress mRNA expression of RAGE 
and pro‑inflammatory cytokines in AGEs‑treated 
SH‑SY5Y

In this part, SH-SY5Y cells were pretreated with either vehi-
cle control containing 0.1% DMSO or F. ovata extracts for 
3 h, then treated with 200 μg/mL AGEs-BSA for 24 h. The 
result showed that exposure to 200 μg/mL of AGEs-BSA 
for 24 h significantly increase mRNA expression levels of 
RAGE, interleukin 1 beta (IL1B), interleukin 6 (IL6), and 
tumor necrosis factor alpha (TNFA) (p < 0.05). When the 
cells were pre-treated with either petroleum ether or metha-
nol extracts of F. ovata, RAGE, IL6, and TNFA expression 
levels were significantly decreased (p < 0.05). IL1B was sig-
nificantly reduced by pretreatment with methanol extracts 
(p < 0.05), as well with petroleum ether extract but not sig-
nificantly (Fig. 7). Hence, these results demonstrate that F. 
ovata extract provides a suppressing action against RAGE 
expression and inflammatory response induced by AGEs 
treatment.

Phytochemical constituents of F. ovata

HR-LCMS analysis of methanol extract of F. ovata and GC-
HRMS analysis of petroleum ether extract of F. ovata were 
carried out in order to identify the active phytochemical 
constituents which were mainly focused on the compounds 
responsible for neuroprotective and/or anti-aging event. 
Based on m/z values in the positive mode obtained from 
total ion chromatogram (TIC), each spectrum peak was iden-
tified and compared to databases and literatures. According 
to the result obtained from HR-LCMS analysis of methanol 
extract of F. ovata, we reported 9 potential peaks indicat-
ing phytochemical constituents in charge of neuroprotective 
and/or anti-aging properties (Fig. 8). The identified com-
pounds are 2-amino-3-methyl-1-butanol, tranexamic acid, 
neuraminic acid, 4-hydroxystyrene, swietenine, isorham-
netin, crocetin, khayanthone, and trandolapril glucuronide 
(Table 2). Thirteen isolated peaks were found in GC-HRMS 
analysis of petroleum ether extract of F. ovata. We reported 
five candidate compounds having the possible role as a neu-
roprotective and/or anti-aging substance (Fig. 9). The iden-
tified compounds are 2-pentadecanone, 6,10,14-trimethyl-, 
n-hexadecanoic acid, phytol, 9,12,15-octadecatrienoic acid, 
[Z,Z,Z]-, and octadecanoic acid (Table 3).

Discussion

The receptor for advanced glycation end products (RAGE 
or AGER) is a major receptor for AGEs, its interaction 
with AGEs activates several signaling pathways in dif-
ferent cell types including p38 mitogen-activated protein 

Fig. 4  Effect of F. ovata extracts on protection of AGEs-treated neu-
ronal cells (SH-SY5Y). Using the cultured SH-SY5Y cells, vehicle 
control containing 0.1% DMSO or 100 μg/mL of either F. ovata (pet.; 
petroleum ether) or F. ovata (met.; methanol) extract was added and 
incubated as a pre-treatment, followed by addition and incubation 
with 200 μg/mL AGEs-BSA. The relative percentage of cells exhibit-
ing intracellular superoxide radical was evaluated. The differences in 
the mean values among the treatment groups are reported as clustered 
columns with their standard error of mean (SEM) (mean ± SEM). 
All experiments were done in at least three independent experi-
ments; statistical difference when #p < 0.05 vs 0.1% DMSO vehicle 
control; *p < 0.05 vs AGEs-induced. When compare to vehicle con-
trol, AGEs-induced cells gave p = 0.0138#. When compare F. ovata 
extracts (pet. and met.) pre-treated cells with AGEs-induced cells, the 
results showed p = 0.0127*, and 0.0421*, respectively
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kinase (MAPK), NF-κB, cell division control protein 42/
Ras-related C3 botulinum toxin substrate (CDC42/Rac), 
stress-activated protein kinase/c-Jun N-terminal kinases 
(SAPK/JNK), and Janus kinase/signal transducer and acti-
vator of transcription (JAK/STAT) pathways [14]. Increased 
free radicals and disturbance of antioxidant defense mecha-
nism in brain lead to neurotoxicity. Results from this study 
demonstrates that oxidative stress level was induced by 
AGEs treatment. Translocated NF-κB was also increased 
upon exposure to AGEs, this perhaps due to the elevation 
of oxidative stress level or directly by RAGE activation. 
The major feature of this event is NF-κB and SP1 elements 
which are located on RAGE gene promoter [15]. These 
transcription elements are responding to pro-inflammatory 
cellular signaling by increased RAGE expression. Hence, a 
positive feedback mechanism driven by cell-surface RAGE/
ligand interaction is set up. Moreover, the increase in NF-κB 
translocation leads to the additional transcription level of 
the target genes including RAGE and pro-inflammatory 
cytokines (IL1B, IL6, and TNFA). The results revealed that 
oxidative stress level and transcriptional level of RAGE and 

pro-inflammatory cytokines which were induced by AGEs 
were suppressed by F. ovata extract treatment.

The activation of NF-κB and its translocation from the 
cytoplasm to the nucleus regulates many cellular processes 
including proliferation, differentiation, inflammation, 
apoptosis, and survival. Moreover, this transcription fac-
tor involves in brain-specific processes such as the synaptic 
signaling that underlies learning and memory, these func-
tions have been reviewed previously [16, 17]. NF-κB is acti-
vated by a wide variety of stimuli, and its dysregulation is 
often implicated in inflammation. An increase in cytokines 
production such as IL1B, TNFA, IL6 is common media-
tors and associated with neuronal injury that altered central 
nervous system (CNS) function during inflammatory states 
in both acute and chronic age-related neurodegenerative 
diseases such as colitis, multiple sclerosis, acute liver fail-
ure, amyotrophic lateral sclerosis, and Alzheimer’s disease 
[18, 19]. Our study showed that translocated NF-κB and 
transcriptional pro-inflammatory cytokines were increased 
upon exposure to AGEs. The treatment with F. ovata signifi-
cantly reduced pro-inflammatory cytokines level but did not 

Fig. 5  Translocation of NF-κB in AGEs-treated SH-SY5Y. The ×40 
composite images of the anti-Hu NF-κB Alexa  Fluor® 488 (green) 
and the nuclear 7AAD (red) is delivered from  Amnis®  Flowsight® 
and  ImageStream® combined with the Nuclear Localization Wizard 
in the  Amnis®  IDEAS® software. Following data acquisition, the 
pixel intensity correlation between the anti-Hu NF-κB Alexa  Fluor® 

488 (green) and the nuclear image  7AAD (red) was calculated as 
similarity score for every cell. Cells with low similarity scores indi-
cate a dissimilar between the image (un-translocated cell; control) (a), 
while cells with high similarity scores indicate a positive correlation 
between the image (translocated cell; AGEs-treated SH-SY5Y) (b)
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suppress NF-κB translocation. This perhaps due to another 
involving element which leads to the inhibition of NF-κB 
transcriptional activity. For example, p50/p50 homodimers 
which compete for κB sites with p50/p65 resulting in gene 
activation inhibition, IκB-α, inhibitors of κB-α, which 
inhibit NF-κB transcriptional activity by interacts with p50/
p65 in the nucleus, CREB-binding protein (CBT) which sig-
nificantly decreased the efficiency of NF-κB transcription 
but not NF-κB nuclear translocation, by disruption of its 
interaction with NF-κB encountered with the elevation of 
intracellular cyclic AMP (cAMP) and activation of protein 
kinase A (PKA) [20, 21].

In this study, phytochemical constituents’ analysis of 
F. ovata was determined by HR-LCMS for the methanol 
extract and GC-HRMS for the petroleum ether extract. Var-
ious interesting compounds were identified. For example, 
2-Amino-3-methyl-1-butanol or Valinol is part of numerous 
pharmaceuticals including drugs for inhibition of HIV (as 
integrase inhibitors), treatment of hepatitis C virus (as HCV 
inhibitor), treatment of diabetes and obesity (as PPRAG 
modulators) as well as non-opioid analgesic agents [22]. 
Tranexamic acid, a known antifibrinolytic agent, has been 

previously demonstrated to exert its role in anti-inflamma-
tory properties by suppressing IL6 and TNFA levels [23, 
24]. Neuraminic acid is a sialic acid which abundantly found 
in mammalian brain but decline gradually over time. Its 
crucial roles have been identified in many neural structures 
and functions such as neuronal survival, neural growth and 
brain development, synaptic plasticity and memory [25, 26]. 
Swietenine is a triterpenoid which has been reported for its 
antifeedant activity, and antidiabetic activity (by increasing 
the translocation of Glucose transporter type 4 (GLUT4) to 
the plasma membrane) [27, 28]. The relationship between 
type 2 diabetes mellitus (DM) and neurodegenerative disor-
ders such as Alzheimer’s disease has been reported in sev-
eral types of studies. The decrease in GLUT4 translocation 
has been described as a one of related causative events to 
the alteration in both AD and DM. Therefore, Swietenine 
is possibly a curative agent for these disease via GLUT4 
signaling [29, 30]. Isorhamnetin, a methylated metabolite 
of quercetin, has been reported to take a role in anti-inflam-
matory (by decreasing TNFA, IL1B, and IL6 concentration), 
antioxidant, learning and memory [31–33]. Crocetin is a dit-
erpenoid and a natural carotenoid. Its properties have been 
possessed in cognitive function improvement, anti-inflam-
mation (by increasing TNFA, IL1B, IL8, and IL6, while 
increasing IL10), anti-apoptosis, and neuroprotective agent 
[34–36]. Phytol is a diterpenoid which abundantly found as 
a constituent of chlorophyll and commonly used as a pre-
cursor for the manufacture of synthetic forms of vitamin 
E and vitamin K [37, 38]. 9,12,15-Octadecatrienoic acid, 
[Z,Z,Z]- or linolenic acid, an essential fatty acid belonged 
to the omega-3 fatty acids group. It possessed properties 
in brain development and function. A dietary supplement 
of this fatty acid gave favorable result in neuropsychiatric 
disorders, particularly depression, as well as in dementia, 
notably Alzheimer’s disease prevention [39]. Octadecanoic 
acid or stearic acid is a saturated long-chain fatty acid with 
an 18-carbon backbone which has influence in neurogenesis. 
Thus, this agent was suggested to be used to control neurode-
velopmental syndromes, cognitive decline during aging, and 
various psychiatric disorders [40].

In conclusion, AGEs which enhance oxidative stress 
level in neuronal cells may contribute to neurodegenerative 
disease such as AD by intervening ROS balance and pro-
inflammatory cytokine over-production. In particular, oxida-
tive damage is one of the earlier causative event occurring 
in age-related dementia [41, 42]. As well, excessive inflam-
matory cytokine response plays a crucial part in the disease 
complication which is unfavorable for the diseases [43]. The 
present results give an insight into the possible new agent 
aiming for the strategy of reducing oxidative damage and 
inflammation in AD.

Fig. 6  Effect of F. ovata extracts on NF-κB translocation under AGEs 
treatment condition. SH-SY5Y cells were pretreated with either 0.1% 
DMSO (as vehicle control) or F. ovata (pet.; petroleum ether) or F. 
ovata (met.; methanol) extracts for 3 h, then treated with 200 μg/mL 
AGEs-BSA for 3 h. F. ovata extracts from both petroleum ether and 
methanol fractions at 100  μg/mL can significantly increase NF-κB 
translocation. The similarity scores (translocated cell score) were cre-
ated using the Nuclear Localization Wizard in the  Amnis®  IDEAS® 
software showing the similarity feature which calculates a pixel by 
pixel of the correlation between the anti-Hu NF-κB Alexa  Fluor® 488 
and the nuclear 7AAD. The differences in the mean values among the 
treatment groups are reported as clustered columns with their stand-
ard error of mean (SEM) (mean ± SEM). All experiments were done 
in at least three independent experiments; statistical difference when 
#p < 0.05 vs 0.1% DMSO control; *p < 0.05 vs AGEs-induced. When 
compare to vehicle control, AGEs-induced cells gave p = 0.0229#. 
When compare F. ovata extracts (pet. and met.) pre-treated cells with 
AGEs-induced cells, the results showed p = 0.0311*, and 0.0414*, 
respectively
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Fig. 7  Effect of F. ovata extracts on mRNA expression of RAGE and 
pro-inflammatory cytokines induced by AGEs. Normalized expres-
sion ratio of each gene against housekeeping genes (β actin) is shown 
on the primary vertical axis comparing SH-SY5Y cells which were 
pretreated with either 0.1% DMSO vehicle control or F. ovata (either 
pet.; petroleum ether or met.; methanol) extracts for 3 h, then treated 
with 200  μg/mL AGEs-BSA for 24  h. The differences in the mean 
values among the treatment groups are reported as clustered columns 
with their standard error of mean (SEM) (mean ± SEM). All experi-

ments were done in at least three independent experiments; statisti-
cal difference when #p < 0.05 vs 0.1% DMSO control; *p < 0.05 vs 
AGEs-induced. When compare to vehicle control, AGEs-induced 
cells gave p = 0.0044#, 0.0039#, 0.0036#, and 0.0002# for RAGE, 
IL1B, IL6, and TNFA, respectively. When compare F. ovata extracts 
(pet. and met.) pre-treated cells with AGEs-induced cells, for RAGE; 
p = 0.0067*, and 0.0010*, for IL1B; p = 0.1529, and 0.0020*, for IL6; 
p = 0.0023*, and 0.0015*, for TNFA; p = 0.0017*, and 0.0004*

Fig. 8  HR-LCMS chromatogram analysis of F. ovata methanol extract. 
An analysis of F. ovata methanol extract by HR-LCMS is presented as 
chromatogram of mass spectrum and retention time of each fragment. 
The structures of compound 1 (Cpd 1: 2-amino-3-methyl-1-butanol), 

18 (Cpd 18: tranexamic acid), 22 (Cpd 22: neuraminic acid), 33 (Cpd 
33: 4-hydroxystyrene), 124 (Cpd 124: swietenine), 152 (Cpd 152: isor-
hamnetin), 175 (Cpd 175: crocetin), 185 (Cpd 185: khayanthone), and 
201 (Cpd 201: trandolapril glucuronide) are displayed
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Table 2  Proposed 
phytochemical constituents in 
methanol extract of F. ovata 

Putative compounds identification was assessed by comparing m/z values obtained from the experiment 
with those from the databases. Database difference (DB diff) of less than 30 parts-per-million (ppm) was 
accepted

No. Compound label RT (min) Mass DB diff (ppm)

1 Cpd 1: 2-amino-3-methyl-1-butanol 0.499 103.10 6.97
2 Cpd 18: tranexamic acid 0.717 157.11 6.04
3 Cpd 22: neuraminic acid 0.747 267.09 2.91
4 Cpd 33: 4-hydroxystyrene 1.284 120.06 6.52
5 Cpd 124: swietenine 9.405 568.27 − 6.66
6 Cpd 152: isorhamnetin 11.822 316.06 5.39
7 Cpd 175: crocetin 17.974 328.17 5.25
8 Cpd 185: khayanthone 19.151 570.28 − 0.87
9 Cpd 201: trandolapril glucuronide 20.816 606.28 − 4.00

Fig. 9  GC-HRMS chromatogram analysis of F. ovata petroleum ether 
extract. An analysis of F. ovata petroleum ether extract by GC-HRMS 
is presented as chromatogram of mass spectrum and retention time 
of each fragment. The structures of compound 5 (Cpd 5: 2-pentade-

canone, 6,10,14-trimethyl-), 6 (Cpd 6: n-hexadecanoic acid), 8 (Cpd 
8: phytol), 9 (Cpd 9: 9,12,15-octadecatrienoic acid, [Z,Z,Z]-), and 10 
(Cpd 10: octadecanoic acid) are displayed

Table 3  Proposed 
phytochemical constituents in 
petroleum ether of F. ovata 

The peaks were detected on the total ion chromatogram (TIC). NIST08.LIB9 and WILEY8.LIB10 library 
sources were used to identify mass spectra and the detected peaks

No. Compound label RT (min) Mass %Match

1 Cpd 5: 2-pentadecanone, 6,10,14-trimethyl- 17.69 268 92.7
2 Cpd 6: n-hexadecanoic acid 19.84 256 82.3
3 Cpd 8: phytol 22.63 296 77.8
4 Cpd 9: 9,12,15-octadecatrienoic acid, [Z,Z,Z]- 23.32 278 43.5
5 Cpd 10: octadecanoic acid 23.62 284 44.6
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