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In the current study, Malus baccata ethyl acetate fraction was used to assess the antioxidant and anticholinesterase activity. The ethyl acetate fraction of Malus baccata showed best antioxidant activity with
IC50 of 13.60 for ABTS and 15.11 for DPPH assays. Acetyl and Butyryl-cholinesterase enzymes were
inhibited in a dose-dependent way with various concentrations (1000-62.5μg/mL). Acetylcholinesterase
was inhibited with IC50 of 19.41 by ethyl acetate fraction of Malus baccata and Butyryl-cholinesterase
was inhibited with IC50 of 33.22. These results suggest that ethyl acetate extract possess potent
antioxidants and also have novel metabolites to inhibit cholinesterase enzyme to cure neurological
disorders as Alzheimer disease.
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INTRODUCTION
Human body is very susceptible to reactive
oxygen species (ROS) which can damage the
basic biomolecules like enzymes, proteins, RNA,
DNA etc., when ROS production goes out of
control, it badly effects the human immune system
which results in development of long lasting
sicknesses like cancer, diabetes, degeneration of
nerve system like Alzheimer’s and Parkinson’s
diseases(Amel et al., 2013). Brain nerve cells are
very sensitive to undue ROS. Susceptibility of
nerve cells to oxidative stress results in neurodegenerative diseases as Alzheimer (Belanger et
al., 2011; Butterfield, 2013). Stress is said to be
responsible for damage in cells (Yoshikawa and
naito, 2002; Veeru et al., 2009). These ROS bring
about many serious complications in body in the

absence of antioxidants; their scavenging action is
beneficial to manage these chronic diseases
including Alzheimer’s disease (Thatoi et al., 2014;
De strooper et al., 2000). Amyloid bits (deposits of
unsolvable proteins) are responsible for causing
the Alzheimer’s disease (Reddy & Beal, 2005).
Anomalies of mitochondria and RNA, DNA are
said to be related to Alzheimer’s disease (nerve
problem) (Davies et al., 1980) due to which
deficiency of neuro-transmitters like somatostatin
(Palmer et al., 1987), serotonin (Reinikainen et al.,
1990), noradrenalin (Davies et al., 1976) and
specially of acetylcholine (Voet & Voet, 1995)
occur. This deficiency collapses the synaptic
function of meiosis. The neuro-transmitter
acetylcholine proceeded the synapsis activity and
this function is ended by enzymes Alpha
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cholinesterase
and
Beta
cholinesterase
respectively (Matos et al., 2018; Knapp et al.,
1994). Substituent inhibitors to these enzymes are
needed to treat the Alzheimer’s disease (Singhal
et al., 2012). Plants are widely used preliminary to
treat diseases from simpler to complex (Tildesley
et al., 2003). Many medicinal plants are used to
treat the Alzheimer’s disease. It is reported that
Alzheimer’s disease can be treated with using wild
plants, vegetables and spices (Anekonda &
Reddy, 2005; Allain et al., 2003). As compared to
synthetic drugs, natural plant resources have
fewer adverse effects on human and have
multiple cures (Muhaman et al., 2018; Patel et al.,
2014). Curcuma longa L. (Goswami et al., 2011)
Bacopa monneiri L. (Dekosky et al., 2008), Ginkgo
biloba L. (Lannert & Hoyer, 1998), Acorus
calamus L. (Kumar et al., 2011), Withenia
somnifera L. (Sher et al., 2010), were studied to
have neuroprotective effects and help Alzheimer’s
patients to recover from the disease.
Due to ethnobotanical significance of Malus
baccata, we selected this plant for its possible
therapeutic potential in treating Alzheimer’s
disease. Malus baccata is also known for its
nutritive qualities (Re et al., 1999). To the best of
our knowledge, there is no data available about
the anticholinesterase activity of this medicinal
plant; the current study was preliminary focused
on the anticholinesterase and antioxidant
activities.
MATERIALS AND METHODS
Plant collection and extraction
The fruits of plants are used locally to
treatment diseases, these fruits were collected,
washed and oven dried. The dried sample was
powdered and extraction was carried out in
available solvent ethylacetate (Shah et al., 2014).
Antioxidant Bioassays
2,2-diphenyl-1-picrylhydrazyl (DPPH) Bioassay
The technique of Brand-Williams, et al.,
(1995) for scavenging free radicals through DPPH
was used. Plant extracts and DPPH solution were
taken in a proportion of 1:1 and incubation was
done for 30 minutes (23°C). Lastly, absorbance
was obtained (517 nm) by spectrophotometer
(thermo electron corporation USA). Ascorbic acid
was taken as standard.
The activity was measured in percent’s with
the given procedure;
Scavenging % = C.A. - S. A. / C.A. x 100,

i.e. C.A. = Control Absorbance; S.A. =
Sample Absorbance
ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6sulfonic acid))Assay
Antioxidant potency of selected medicinal
plants fractions were explored through ABTS
assay (Re et al., 1999). 7 mM of ABTS and 2.45
mM of potassium per-sulfate solutions were
arranged and mixed up well. The mixture was
retained in dark for 10-12hrs at normal
temperature to produce free radicals. Dilutions of
the ABTS solution was made using Phosphate
buffer (0.01 M), at pH 7.4. (Re et al., 1999)
The absorbance of ABTS solution was
attuned to 0.7 at 745 nm by mixing methanol
(50%). Scavenging potency of the extract was
examined by mixing 300μl of extract with ABTS
solution of 3.0ml in a cuvette. The absorbance
was calculated with spectrophotometer for 6 mins.
Ascorbic acid was taken as standard. The assay
was triplicated. The activity was measured in
percent with following formula;
Scavenging percentage = C.A. - S.A. / C.A. x 100
Where C.A. =Control Absorbance; S.A. = Sample
Absorbance
Anti-cholinesterase assays
Acetylcholinesterase (AchE) from electric eel
and butyrylcholinesterase (BChE) from equine
serum were used to check the inhibition of
enzymes potency of the extract using Ellman’s
assay (Tundis et al., 2009). In this assay
hydrolysis of acetylcholine iodide or butyryl
thiocholine iodide by the particular enzymes, to
form 5-thio-2nitrobenzoate anion couple with
complexation with DTNB to produce a yellow color
compound to be checked with spectrophotometer.
Preparation of Solution
The extract was dissolved in phosphate buffer
(0.1M) using concentrations (1000-62.5μg/ml). For
preparing 0.1M and 8.0±0.1pH phosphate buffer
solution, K2HPO4 (17.4g/L) and KH2PO4 (13.6g/L)
were prepared and mixed with 94% and 6% ratio
individually. Potassium hydroxide was taken as to
calibrate the pH. The AChE (518 U/mg) and
BChE (7-16 U/mg) were dissolved in newly
prepared buffer with 8.0 pH till to get a final
concentration of 0.03U/ml and 0.01 U/ml
respectively. DTNB solution of (0.0002273M) and
ATChI and BTChI (0.0005M) were made in
distilled water and put in Eppendorf tubes in
fridge. Galathamine was used as standard.
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Spectroscopic Analysis
5μl enzyme solution was added to a cuvette
and 205 μl of sample solution was added to it with
5μl of DTNB reagent. The mixture was kept for 15
min. at 30oC in water bath and 5μl of the substrate
solution was added. Absorbance was measured
at 412nm. The experiment was repeated three
times and activity measured as enzyme inhibition
with the given formula; (V = ΔAbs /Δt) as follow;
V ¼ ΔAbs=Δt
% enzyme activity ¼ V=Vmax _ 100
% enzyme inhibition ¼ 100‐% enzyme activity
IC50 Values
Excel program was used to get the IC50
values of the extracts. It is the concentration at
which 50% inhibition was observed.
Statistical analysis
The experiment was repeated three times and
values were written as means±. P value less than
0.05 was considered as significant.
RESULTS
Antioxidant Activity
Antioxidant activity in the present study was
determined by ABTS and DPPH assays with IC50.
Ascorbic acid was used as standard drug for the
activity (Table 1).
Ethyl acetate fraction of the Malus baccata
was used for ABTS and DPPH scavenging
assays. At 1000 μg/ml concentration the
scavenging activity of ABTS and DPPH was

89.04±0.45% and 92.99±0.06% with IC50 (Table.
2) of 13.60 and 15.11 respectively as shown in
Figure 1.
Acetylcholinesterase
(AChE)
and
butyrylcholinesterase (BChE) enzyme inhibition
assay
Inhibiting the enzymes AcetylCholinesterase
and
ButyrylCholinesterase
to
break
into
acetylcholine and butyrylcholine which are said to
be effective targets in the cure of many neural
complaints
specially
Alzheimer’s
disease,
senescent dementia and Myasthenia gravis.
Medicinal Plants are conventionally used to
improve cerebral activity and bring ease to
illnesses like Alzheimer’s disease (Roy, 2018).
The extract exhibited a good inhibition percentage
of the enzymes Acetylcholinesterase and
ButyrylCholinesterase which occur in dosedependent manner. Galantamine is used as
standard drug (Table 3). At high concentrations
the
plant
extract
have
good
antiAcetylcholinesterase
and
antiButyrylCholinesterase activity.
Ethyl acetate fraction of Malus baccata inhibit
acetylcholine with 88.39±0.72 percent and
butyrylcholine with 86.83±1.15 percent at 1000
(μg/mL)
concentration,
while
at
lowest
concentration of 62.5 the extract inhibit
Acetylcholinesterase 63.80±0.81 percent and
butyrylcholinesterase 58.61±0.78 percent (Figure
2). IC50 value of different concentrations of ethyl
acetate fraction of Malus baccata for acetylcholine
is 19.41 and for butyrylcholine is 33.22.

Table 1; Ascorbic acid as Standard
Samples
Ascorbic acid

Conc.
(μg/ml)

% ABTS inhibition
(mean ±SEM)

1000
500
250
125
62.5

87.68±0.35
81.73±0.53
77.52±0.21
71.65±0.34
64.67±0.28

ABTS IC50
(μg/ml)

% DPPH inhibition
(mean ±SEM)

15.70

89.23±0.30
81.47±0.37
75.04±0.26
71.46±0.41
67.82±0.37

DPPH IC50
(μg/ml)
13.324

ABTS and DPPH free Radical scavenging assay of Malus baccata
Table 2: ABTS and DPPH IC50 (μg/ml) of Malus baccata.
Samples

ABTS IC50
(μg/ml)

DPPH IC50
(μg/ml)

Malus baccata E.A
Ascorbic acid

13.60
15.70

15.11
13.324
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Figure 1: Antioxidant activity of Malus baccata

Table 3. Percent inhibition of AChE and BChE by Galantamine standard drug.
Conc.
(μg/ml)
1000
500
250
125
62.5

Standard
Galantamine

100

AChE IC50
(μg/ml)

23.89

BChE% inhibition
(mean ±SEM)
96.82±0.17
87.93±0.13
79.27±0.09
73.07±0.14
67.51±0.29

BChE IC50
(μg/ml)

27.18

y = 0.0239x + 65.081
R² = 0.9637

80

% Inhibition

ACHE% inhibition
(mean ±SEM)
93.20±0.12
86.82±0.25
78.67±0.18
71.56±0.30
66.40±0.32

60
y = 0.027x + 60.821
R² = 0.9403

40
20
AChE % inhibition

0
0

200

400

BChE % inhibition

600
800
Conc. (μg/mL)

1000

1200

Figure 2 : Percent Inhibition of AChE and BChE by Malus baccata.
etc. which are used as effective antioxidants,
antiaging agents, as memory restorative agent’s
DISCUSSION
etc (Adedayo et al., 2015). Chemical constituents
The Medicinal and Aromatic Plants (MAPs)
like flavonoids are present in many plants. The
consumption increased in the recent era due to
flavonoids are suggested to have a significant role
in brain cells (De Andrade et al., 2018; Rabiei et
more side effects of the synthetic drugs. Medicinal
al., 2015). Alzheimer is a disease specially related
plants possess a variety of secondary metabolites
like alkaloids, terpenoids, phenols, and flavonoids
with memory loss and generally affecting the daily
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routine. Researchers all over the world are
actively involved in screening medicinal plants to
get some novel and potential compounds to treat
the Alzheimer’s disease effectively. Acetylcholine
deficiency lead to deficiency of cholinergic
neurotransmitter which is said to be involved in
short term memory loss (Liu et al., 2018).
Production of free radicals is also considered to
be a causal agent of Alzheimer’s disease. In the
current study antioxidant activity of Malus baccata
was also carried out. Various concentrations were
used to assess the activity (1000 μg/mL -62.5
μg/mL). Malus baccata ethyl acetate fraction
scavenged free radicals 89.04±0.45% through
ABTS and 92.99±0.06% at 1000 μg/mL
concentration through DPPH assay. ABTS and
DPPH assay have been mostly used to check the
antioxidants potential of samples (Hajipour et al.,
2017). Along with the use of green plants, oxidenanoparticles of selenium, cerium and melanin
also not only used as antioxidant but they also
restore the mitochondrial function which is also a
causal agent of surplus production of ROS. These
potent oxides might be the future drugs to treat
stress associated diseases like Anxiety,
Alzheimer’s Disease (Liu et al., 2017; Gutzmann
& Hadler, 1998). Disease treatment with
antioxidants found very well in enhancing the
cerebral function and communicative shortfalls
found in individuals suffering from Alzheimer
Disease (Mukherjee et al., 2007). Plants are
thought to be the largest fountain for treating
Alzheimer’s disease through antioxidants with
proper inhibition of enzyme cholinesterases (Gil et
al., 2000; Hartman et al., 2006).
Currently, the ethyl acetate fractions of Malus
baccata inhibit the enzyme acetylcholinesterase
with IC50 of 19.41 and also inhibit the enzyme
butyryl cholinesterase with IC50 of 33.22. The IC50
values of the E.A. fraction of Malus baccata is
good as compared to the standard Galantamine
which gave IC50 of 23.89 for enzyme acetyl
cholinesterase and 27.18 for enzyme butyryl
cholinesterase. Punica granatum L. fruit extracts
also possess anticholinesterase activity with good
IC50 value of 77±6.2µg/ml showed to improve the
cognitive abilities (Hartman et al., 2006; Mantle et
al., 2000). It assists the present findings. Some
reports
showed
that
the
inhibitors
of
acetylcholinesterase
enzyme
are
mostly
nitrogenous compounds which are alkaloids in
nature. So the plant Malus baccata extract might
have strong alkaloids to inhibit the enzyme (Oh et
al., 2004; Sarris et al., 2007; Corbett et al., 2013).
Rivastigmine and galantamine like plant derived

compounds were used as cholinesterase
inhibitors (Munoz, 2008; Syad et al., 2014). Some
analyses on AChEIs have been focused on
alkaloids. More than 35 alkaloids have been
purified from plants so far with AChEI activity
(Hajimehdipoor et al., 2014). The plant Malus
baccata ethyl acetate fraction might have strong
alkaloids that make inhibition of the enzyme
acetylcholinesterase.
CONCLUSION
It is perceived from the present project that
antioxidants play a very crucial role in the
treatment of chronic diseases like Alzheimer’s
disease which is the resultant of excessive
production of free radicals (ROS) in the body due
to damaged mitochondrial activity. Further, it is
suggested that these medicinal plants should be
screened comprehensively for the treatment of
Alzheimer’s disease which will result in the
identification and isolation of new compounds that
will help in the development of new drugs to treat
Alzheimer’s disease specifically.
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