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Abstract

Neuroinflammation and deficiency of cholinergic are major factors of neurodegenerative damage correlated to cognitive impairment in
Alzheimer’s disease (AD). We investigated the anti-inflammatory and anti-acetylcholinesterase activities of apple and date vinegars
added with Centella asiatica in SH-SY5Y neuroblastoma cells. The neuroprotective effect of apple or date vinegar added with various
percentage of C. asiatica (0, 0.5, 2, 5) % w/v was determined in vitro. The methanolic extract of apple vinegar added with 2% C. asiatica
(AV-2% CA) and date vinegar added with 2% C. asiatica (DV-2% CA) -extracts showed potent neuroprotective effect. Both extracts
were subjected to liquid-liquid partitioning yielded aqueous (H,0: AV/DV-2%_CA) and ethyl acetate (EA: AV/DV-2% CA) extracts.
Anti-inflammatory response against nitric oxide (NO) of all extracts was measured in LPS-induced SH-SY5Y neuroblastoma cells and
percentage inhibition of acetylcholinesterase (AChE) was measured using commercially available test kits. It was found that EA: DV-2%
CA showed potent ameliorating effect against LPS-induced inflammation (lso: 563.5 £ 0.13pug/mL) and was also responsible in the AChE
inhibition activity (ICsy: 9.087 + 0.02). Thus, this extract is suggested to have dual properties of anti-inflammatory and anti-

acetylcholinesterase inhibition activity that could be beneficial in the treatment and prevention of neurodegenerative disease.
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1. Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder of the
central nervous system (CNS) that is associated with low levels of
acetylcholine neurotransmitter and loss of cholinergic cells in the
brain [1]. There are several pathological features identified in the
central nervous system (CNS) of AD patients such as neurofibril-
lary tangles, inflammatory processes, amyloid plaques and disrup-
tion of neurotransmitters [2]. Centella asiatica (CA) or locally
known as pegaga is one the medicinal plants used for wound heal-
ing, skin problems treatment, and brain and nerves cells revitaliza-
tion [3].

The therapeutic action of this medicinal plant is mainly attributed
due to the presence of bioactive compounds such as asiaticoside,
madecassoside, madecassic acid and asiatic acid [4]. Vinegar has
long been part of human diet as food preservative and simple rem-
edies for human and animal. There are many types of raw materi-
als used in the production of vinegar such as grapes, berry and
others [5]. It has been reported that apple vinegar contains
polyphenolic, vitamin, organic acid, flavonoids and mineral ele-
ments which contribute to variety of pharmacological functions
[6]. It is also reported that the beneficial effects of date vinegar
may in part be correlated to its polyphenolic compounds [7].
Neuroinflammation has been identified related to AD and may
contribute to neuronal injury and hyperphosphorylation [8]. In-
flammation and chronic neuro injury could weakened the brain

pathways which typically reduce and damage the synaptic trans-
mission and neural network [9].

There is limited research being done so far on the combination of
vinegar and herbs toward the anti-acetylcholinesterase and anti-
inflammatory activities. However, vinegar added with 3% of
Akebia quinata young leaves extract was demonstrated to show
excellent biological activities [10]. It is due to the presence of
phenolic compounds in both combinations of extracts.

In the present study, the SH-SY5Y neuroblastoma cell line was
selected as a model for the in vitro study of proliferation rate of
neuronal cell induced by bacterial Lipopolysaccharide (LPS). The
SH-SY5Y cell line is an ideal for in vitro model for neurotoxicity,
neuroprotective, and other factors related to the neurodegenerative
process [11].

Therefore, the aim of this study was to delineate the effects of C.
asiatica extract supplementation to apple or date vinegars on
neuroprotective role of LPS-induce inflammation in SH-SY5Y
neuroblastoma cell.

2. Materials and Methods

2.1. Preparation of extracts

Apple and date vinegars were purchased from Mahnaz Food, Kua-
la Lumpur, Malaysia. CA extract was obtained from the Atta-ur-
Rahman Institute of Natural Product Discovery (AuRlIns),
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Universiti Teknologi MARA (UiTM) Selangor (Puncak Alam
Campus), Selangor Malaysia. CA extract at four level percentages
(0, 0.5, 2, and 5% wi/v) were mixed with 200 ml of apple vinegar
(AV) liquid for one week. The mixture was filtered to obtain an
apple vinegar-C. asiatica liquid. Sodium carbonate was then add-
ed to the liquid with a 1:10 ratio. The liquid mixture was boiled
until it became 1/10" of its size and allowed to solidify to produce
apple vinegar- C. asiatica (AV-CA) powder. This method was
repeated for date vinegar -C. asiatica (DV-CA).

Methanolic extracts of AV-CA or DV-CA were obtained by ex-
tracting 10 g of AV-CA or DV-CA with methanol in a rotary
shaker for 12 h and filtered by using a Whatman No.4 filter paper.
The methanolic extracts obtained were concentrated in a rotary
evaporator at 40°C and kept at 4°C for further analysis.

Ethyl acetate and water extracts of AV-CA or DV-CA were pre-
pared by partitioning 10 g of methanol extracts of AV-CA or DV-
CA with 50 mL of distilled water and 30 mL of ethyl acetate. The
ethyl acetate filtrate was concentrated using a rotary evaporator at
60°C to obtain ethyl acetate extract of AV-CA (EA: AV-CA).
While, water layer was freeze dried for three days to obtain water
extract of AV-CA (H,0: AV-CA) and kept at 4°C for further anal-
ysis. The experiment was repeated for methanolic extract of DV-
CA to obtain ethyl acetate extract of DV-CA (EA: DV-CA) and
water extract of DV-CA (H,O: DV-CA).

2.2 Cell Culture

SH-SY5Y neuroblastoma cells were purchased from ATCC
(ATCC CRL-2266). SH-SY5Y cells was cultured in a 1:1 mixture
of Dulbecco’s Modified Eagle Medium (DMEM) and Nutrient
Mixture Ham’s F12 Medium and supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS) with 1% (v/v)
PEN/STREP and filtered through a 0.22 uM pore filter apparatus.
The cells were grown in 75 cm® flask with 10 ml medium at seed-
ing density of 1-1.5 x 10* cells.

2.3 3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium
bromide (MTT) assay

An MTT assay was performed as described previously [12]. Cell
viability was measured by MTT colorimetric assay (Sigma-
Aldrich, St. Louis, MO, USA). After incubation, 20 puL. of MTT
(5mg/mL) was added to each well and the cells were cultured for
another four hours. The medium was next removed and 100 pL of
DMSO was added to each well to dissolve the formazan. The ab-
sorbance was evaluated using a microplate reader (BMG,
LABTECH) at 540nm.

2.4 Neurotoxicity assay

SH-SY5Y neuroblastoma cells of more than 80% confluence were
used for the assay [13]. Cells were seeded in 96-microwell plate
with cell density (1 x 10%) cells per well and incubated overnight
to allow sufficient cells attachment. The medium was discarded
and the working solution (100 pL), which was diluted with the
medium to yield the final concentrations of the test solution rang-
ing from 7.813-1000 pg/mL were added into the well and incu-
bated for 24 h. As a blank, cells were cultured in just 100 pL of
medium. All treatments were done in triplicate. Viability of the
cells was determined using MTT assay according to manufactur-
er’s instruction.

2.5 Neuroprotective assay

The neuroprotective effects of methanolic AV-CA or DV-CA
extracts were investigated on LPS-induced inflammation in SH-

SY5Y cells. Cells were treated with a range of concentration of
extracts from 7.813-1000 pg/mL and for 24 h. Dexamethasone at
2.806 uM was used as a positive control. After 24 hr of pre-
treatment, cells were exposed to optimal concentration of LPS
(4.94 pg/mL) as pre-determined in this study, for 24 h. The cell
viability was measured by using MTT assay[14].

2.6 Preparation of cell lysates

SH-SY5Y cells from each well were harvested after drug treat-
ment. The well-plates containing culture medium were washed
with cold PBS, and then pallets cells were produced by centrifuga-
tion at 10,000 rpm for 10 min. The supernatant was removed and
resuspended with ice-cold RIPA lysis and extraction buffer (Milli-
pore Corporation, Billerica, MA, USA) and incubated on ice for
30 minutes.

2.7 Nitrite assay

The nitric oxide (NO) production was determined through the
indication level of nitrite in cells media. The SH-SY5Y cells were
seeded in 6 well-plates (1 x 10° cells/well) with 2 mL of cell cul-
ture media and incubated for 24 h. Then, the old media were dis-
carded and replaced with new media to maintain the cells. Various
concentration of ethyl acetate and water extracts (AV-CA and
DV-CA) from 7.8125-1000 pg/mL and the positive control of
dexamethasone  were  pre-treated with the SH-SY5Y
neuroblastoma cells. Cells were induced with LPS for all samples
for another 24 h. Then, cells were subjected to lysate preparation
by using RIPA lysis and extraction buffer according to the manu-
facturer’s protocol. Then, 100 pL of collected supernatant from
lysate were transferred into 96-well plate in triplicates. The plates
were then incubated with Griess reagent followed by Nitrite/nitrile
colorimetric assay according to the kit’s protocol (Cayman Chem-
ical) and incubated in room temperature for 10 min in dark condi-
tion. The absorbance was determined by using microplate reader
at 540 nm wavelength.

2.8 Acetylcholinesterase assay

Cells were plated in 6-well plate at a density 1 x 10° cells/mL.
After incubation for two days, 10 uM all-trans-RA was added to
the medium and incubated for another two days. After 2 days of
neurite outgrowth, cells were treated with various concentrations
(0.781 to 1000pg/mL) of EA: AV-CA/EA: DV-CA and H,0: AV-
CA/H,O: DV-CA. The morphological changes in the cells were
observed under phase contrast microscope. Then, cells were sub-
jected to lysate preparation by using RIPA buffer according to the
manufacturer’s protocol. Cholinergic dysfunction was determined
by measuring acetylcholinesterase activity level using
QuantiChrom™ Acetylcholinesterase Assay Kit (BioAssay Sys-
tem, CA, USA). Eserine was used as a positive control.

2.9 Statistically analysis

Each experiment was carried out at least in triplicate and compara-
tive analysis of the triplicate data was conducted. Data are repre-
sented as mean + standard error of the mean (SEM) of 3 repli-
cates. The statistical analyses amongst different group was per-
formed by two-way analysis of variance (ANOVA) followed by
Post Hoc Tukey’s Comparison Test using GraphPad PRISM Ver-
sion 6.0, whereby positive significant results were indicated as
asterisks (*P < 0.05, **P < 0.01, ***P ,0.001, a = ***)

3. Results and Discussion
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The neurotoxicity of methanolic extracts of AV-CA or DV-CA at
the concentration of 250 pg/mL on cell viability of SH-SY5Y cells
were examined using MTT assay. Based on the result, the mean
cell viability was increased after treatment with methanolic AV-
CA and DV-CA extracts after 24 h as compared to untreated con-
trol. However, the mean cell viability was not significantly re-
duced after pre-treatment with CA alone (p < 0.001; Fig 1). MTT
assay is an accurate and defensive test, with color development
which strongly correlating with cell numbers. It is widely used in a
cytotoxicity test [15]. It was observed that methanolic extracts of
AV-CA and DV-CA showed no toxicity effects on SH-SY5Y cells
as the cell viability was increased as compared to untreated control

(Fig 1).
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Fig 1: Effect of methanolic AV-CA and DV-CA extracts [different per-
centage of CA (0, 0.5, 2, and 5% w/v)] on cell viability of SH-SY5Y cells
for 24 h, cell viability was assessed with MTT assay. Data are expressed as
mean = SD (n=3) of percentage to untreated control. ***P = 0.001 Com-
pared to untreated control.

SH-SY5Y cells were pre-treated with methanolic extracts of AV-
CA and DV-CA at a concentration of 250 pg/ml for 24 h, and cells
were then induced with LPS (42.19 pg/ml) for another 24 h. The
cell viability was determined by metabolic reduction as deter-
mined by metabolic reduction of a tetrazolium salt to a formazan
dye (MTT assay). The LPS-induced cell death (50% of viable
cells) was significantly restored by pre-treatment with AV-CA and
DV-CA added with 0.5, 2 and 5% CA. Pre-treatment with
methanolic AV-CA and DV-CA extracts could protect the cells
from the LPS-induced cell death. It has been reported that asiatic
acid found in CA has preventive effect on colon tumorigenesis and
good healing activities [3]. It was observed that pre-treatment with
methanolic extracts of AV-CA and DV-CA added with 2% CA
showed highest neuroprotective effect on LPS-induced SH-SY5Y
cells (Fig 2). Therefore, AV-CA and DV-CA added with 2% CA
were subjected to liquid-liquid extraction using ethyl acetate with
water.
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Fig 2: Neuroprotective effects of methanolic AV-CA and DV-CA extracts
[different percentage of CA (0, 0.5, 2, and 5%] on cell viability of LPS-
induced SH-SY5Y cells for 24 h, cell viability was measured by using

MTT assay. Significant differences from untreated are indicated by repre-
senting p***value < 0.001

Nitric oxide (NO), which is synthesized by enzyme nitric oxide
synthase (NOS), also plays important role in many physiological
conditions. It has been reported, LPS inducement was found to
stimulate NO production and iNOS expression [16]. The effects of
EA: AV-CA/DV-CA and H,0: AV-CA/DV-CA with [2% CA]
extracts on NO production in LPS-induced SH-SY5Y cells were
tested using NO assay. Fig 3 shows the nitrite concentration in all
extracts using NO assay. Cells were pre-treated with extracts for
24 h at various concentrations before stimulated with LPS for
additional 24 h. Results showed a significant concentration-
dependent inhibition of nitrite production in the presence of EA:
AV-CA/DV-CA and H,O: AV-CA/DV-CA [with 2% CA]. It was
found that ethyl acetate extract of AV-CA added with 2% CA [EA:
DV-CA (2% CA)] extract showed better NO production inhibition
and induced more attenuation effect on nitrite production with an
ICsp value of 563.5 + 0.13 pg/mL as compared to other extracts.
Half maximal inhibitory concentration (ICsy) of extracts along
with positive control are summarized in Table 3.1.

Table 3.1: In vitro anti-inflammatory and anti-acetylcholinesterase activi-
ties of AV-CA and DV-CA extracts

Extracts 1C50 Values (pg/mL)
Nitrite assay Acetylcholinesterase assay
EA: AV-CA (2%) 817.0 £ 0.09 815.6 + 0.84
H,0: AV-CA (2%) 803.1 +0.06 49.3+1.61
EA: DV-CA (2%) 563.5+0.13 9.087 £ 0.02
H,O: DV-CA (2%) > 1000 11.5+0.03
Dexamethasone 2.113£0.06 ND
Eserine ND 6.62 +0.04

ND: Not Determined
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Fig 3: Effect of EA: AV-CA/DV-CA and H,0: AV-CA/DV-CA at [2%

CA] extracts on LPS-Induced nitrite production in SH-SY5Y
neuroblastoma cells. After treated by LPS (42.19 mg/mL) with or without
extracts (7.8125-1000 mg/mL), the amount of nitrite in the culture super-
natants were measured by the griess reaction assay. Each column repre-
sents the mean £ SEM. The experimental results are statistically analyzed
in comparisons with untreated control; Where *p = 0.001.

Acetycholinesterase (AChE) is one of the most required enzymes
in the group of serine hydrolyses which responsible in cognition
and memory, where it will catalyze the breakdown of neurotrans-
mitter acetylcholine. This enzyme is also well known in neural
transmission. The deficiency of cholinergic is the main cause of
AD [17]. EA: AV-CA/DV-CA and H,0: AV-CA/DV-CA [2% CA]
extracts were tested against AChE enzyme inhibition activity and
the percentage inhibition was evaluated. Inhibitory concentration
data of extracts revealed that the strongest AChE inhibition activi-
ty was exhibited by EA: DV-CA (2% CA) extract with IC5 =
9.087 pg/ml which was better than H,O: DV-CA (2%) extract
with IC5o = 11.55 pg/ml (Table 3.1). Meanwhile, inhibitory con-
centration data of H,O: AV-CA (2% ) showed stronger inhibition
with IC5y = 49.30 pg/ml as compared to EA: AV-CA (2%) with
ICsp = 815.6 pg/ml. All extracts were compared with standard
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drug of Eserine with ICsy = 5.905 pg/ml. Results from AChE en-
zyme inhibition activity clearly indicated that EA: DV-CA (2% )
showed a potent inhibition followed by H,O: DV-CA (2%) with
moderate activity when compared to control (Fig 4).
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Fig 4: Effects of EA: AV-CA/DV-CA and H,0: AV-CA/DV-CA at [2%
CA] on AChE activity in SH-SY5Y neuroblastoma cells. Each column
represents the Mean + SEM. The experimental results are statistically
analyzed in comparisons with untreated control ; Where %p = 0.001

The inhibition of enzyme AChE by the ethylacetate extract of date
vinegar added with 2% CA [EA: DV-CA (2% CA)] might be able
to increase the level of neurotransmitter acetylcholine and thus
improve synaptic transmission in AD brain. It is well understood
that the most remarkable changes in AD patients is reduction of
acetylcholine (ACh) levels in the cortex and hippocampus of the
brain. Therefore, inhibition of AChE, in which the enzyme re-
sponsible for hydrolysis of ACh at the cholinergic synapse interac-
tion can be the appropriate target in the treatment of AD [18].

EA: DV-CA (2%) showed potent ameliorating effect against LPS-
induced inflammation and was responsible in the AChE inhibition
activity. Thus, this extract has dual properties of anti-
inflammatory and anti-acetylcholinesterase inhibition. Therefore,
neuroprotective effect of EA: DV-CA (2%) extract could be bene-

ficial in the treatment and prevention of neurodegenerative disease.

The presence of polyphenols and nutrients such as amino acids,
peptides, vitamins and minerals could enhance the health benefits
of apple and date vinegars fortified with Centella asiatica.

4. Conclusion

The ethyl acetate extract of date vinegar added with 2% CA [EA:
DV-CA (2%)] showed potent ameliorating effect against LPS-
induced inflammation and was responsible in the AChE inhibition
activity. Thus, this extract has dual properties of anti-
inflammatory and anti-acetylcholinesterase inhibition. Therefore,
the presence of semi polar and polar compounds with neuroprotec-
tive activity in the EA: DV-CA (2%) extract could be beneficial in
the treatment and prevention of neurodegenerative disease.
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