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Abstract

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder clinically characterized by loss of memory and cognition. The effec-
tive therapeutic options for AD are limited and thus there is a demand for
new drugs. Aegle marmelos (Linn.) (A. marmelos) leaves have been used in
traditional medicine to promote intellect and enhance memory. In this study,
we evaluated A. marmelos for its acetylcholinesterase (AChE) inhibitory
activity and antioxidant property in vitro in the treatment of AD.

Methods: A crude methanol extract and four fractions (petroleum ether,
chloroform, ethyl acetate and aqueous) were prepared from the leaves of
A. marmelos. The preparations were assessed for AChE inhibitory activity
by the Ellman method, and their antioxidant properties were assessed by
several assays: reducing power, scavenging of 1,1-diphenyl-2-picrylhydrazyl
free radical and hydroxyl radical, and inhibition of lipid peroxidation. Quali-
tative and quantitative analyses of endogenous substances in A. marmelos
were performed by the standard phytochemical methods.

Results: Among the different extracts tested, the ethyl acetate fraction
exhibited the highest inhibition of AChE activity. In the same way, ethyl
acetate fraction showed the highest reducing activity and radical scavenging
ability towards the 1,1-diphenyl-2-picrylhydrazyl (half maximal inhibitory
concentration = 3.84 ug/mL) and hydroxyl free radicals (half maximal inhibi-
tory concentration = 5.68 ug/mL). The antiradical activity of the ethyl acetate
fraction appeared to be similar to that of the reference standard butylated
hydroxytoluene and catechin used in this study. In addition, the ethyl acetate
fraction displayed higher inhibition of brain lipid peroxidation. Phytochemical
screening of different extractives of A. marmelos showed the presence of
phenols and flavonoids, alkaloid, saponin, glycoside, tannin and steroids.
Quantitative analysis revealed higher contents of phenolics (58.79-mg
gallic acid equivalent/g dried extract) and flavonoids (375.73-mg gallic acid
equivalent/g dried extract) in the ethyl acetate fraction.

Conclusion: The results suggest that the ethyl acetate fraction of
A. marmelos is a significant source of polyphenolic compounds with poten-
tial AChE inhibitory property and antioxidant activity and, thus, may be useful
in the treatment of AD.

Psychogeriatrics © 2014 Japanesc Psychogeriatric Society
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INTRODUCTION

Alzheimer’s disease (AD), a major cause of mortality in
elderly people, is a progressive neurodegenerative dis-
order characterized by a gradual loss of memory, cog-
nition and behavioural abnormalities. The pathological
hallmarks of AD are profound loss of cholinergic
neurons, senile plaque consisting of Abeta protein,
and neurofibrillary tangles of microtubule-associated
protein tau."® Although there has been tremendous
progress in understanding the aetiology and patho-
genesis of AD, effective drugs remain limited.

Extensive loss of cholinergic neurons, particularly in
the basal forebrain is a prominent feature observed in
AD patients that is accompanied by deficiency of ace-
tylcholine (ACh), a neurotransmitter found in the syn-
apses of the cerebral cortex.5® The loss of cholinergic
neurons and the associated decrease in levels of ACh
has been found to correlate well with the cognitive
impairment seen in AD patients.® Therefore, elevating
ACh by inhibiting acetylcholinesterase (AChE), which is
involved in the breakdown of ACh, appears to improve
the symptoms of cognitive deficit in AD and serves as
an important strategy in the development of drugs. To
date, only three cholinesterase inhibitors, donepezil,
galantamine and rivastigmine, have been approved
by the US Food and Drug Administration to treat
AD."%" These drugs have ameliorated symptoms and
improved the functioning of patients with AD, but none
can completely restrict or reverse the progression
of AD.*?

A substantial body of evidence implicates oxidative
stress in the aetioclogy and pathogenesis of AD. It has
been shown that the reactive oxygen species (ROS)
and other free radicals, which are formed and accu-
mulated during oxidative stress as a result of an imbal-
ance between their production and removal by the
antioxidant system, induce cellular and molecular
abnormalities in sporadic AD.™'® Although the exact
mechanisms underlying these deleterious effects
remain unclear, it is known that oxidative stress occurs
before the formation of neurofibrillary tangles and
senile plaques, both of which are hallmarks of AD.7"8 it
has been further demonstrated that Abeta protein, the
major component of senile plaque in the brain of AD
patients, causes an increase in free radical production
in neuronal cells, leading to oxidative stress and cell
death.’®?° Therefore, antioxidants have been sug-
gested as therapies to prevent, delay or ameliorate the
pathological changes underlying the progression of

AD.2"2 Recently, there has been increasing interest in
the natural antioxidants contained in the medicinal
plants, which are candidates to prevent oxidative
damage.??

Aegle marmelos (A. marmelos), commonly known
as bael and belonging to the family Rutaceae, is a
tree widely distributed throughout Bangladesh. The
medicinal properties of A. marmelos are well described
in Ayurveda, traditional Indian medicine.?® The leaf of
this plant has a folkloric reputation for promoting intel-
lect and enhancing memory.?® Traditionally, the plant
has been used to treat fever, diabetes, diarrhoea,
abscesses and snake bites. Phytochemical investiga-
tions of A. marmelos demonstrated several active ele-
ments including marmelosin, marmelide, luvangetin,
auraptene, psoralen and tannin.?® The extract of
the plant has been reported to possess important
pharmacological effects including anti-diabetic, anti-
hyperlipidaemic, contraceptive, antidiarrhoeal, anal-
gesic, antipyretic and anti-inflammatory, antimicrobial
and anti-proliferative effects.?®3* A preliminary study
has shown that A. marmelos has 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity.?®

Although A. marmelos has important medicinal
values for the treatment of AD, no studies have yet
examined its anti-AD capabilities. Therefore, the objec-
tive of this study was to evaluate the inhibition of AChE
activity and antioxidant properties of A. marmelos
leaves in order to treat AD.

MATERIALS AND METHODS

Chemicals

Aluminium chloride, ammonium molybdate, ascorbic
acid (AA), bicinchoninic acid, DPPH, Folin-Ciocalteu
reagent, Tris-HCI and Triton X-100 were obtained from
Sigma-Aldrich (Bangalore, India). Gallic acid was
obtained from Wako Pure Chemical Company Ltd
(Osaka, Japan). 2-deoxy-D-ribose, thiobarbituric acid,
(+)-catechin, 5,5’-dithio-bis-(2-nitro) benzoic acid,
acetylthiocholine iodide and donepezil were obtained
from Sigma-Aldrich (Tokyo, Japan). Unless otherwise
specified, all other chemicals were of analytical grade.

Plant materials

The leaves of A. Marmelos were collected from the city
of Rajshahi, Bangladesh, and identified by an expert
taxonomist. A voucher specimen was submitted to the

© 2014 The Authors
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herbarium of the Department of Botany, Rajshahi
University.

Extraction

The leaves of A. marmelos were dried at room tem-
perature for 9 days, finely powdered and used for
extraction. Powdered leaves (500 g) were placed in an
amber-coloured reagent bottle and soaked in 1.5-L
methanol. The contents were sealed in the bottle for 7
days and occasionaily shaken and stirred. The whole
mixture was filtered through cotton and then through
Whatman No. 1 filters paper, and the filtrate was
concentrated with a rotary evaporator under reduced
pressure at 50°C to obtain the crude methanol extract
(CME) (13.485 g). An aliquot (10 g) of the concentrated
methanol extract was fractionated as described pre-
viously,® and the resultant soluble fractions of petro-
leum ether (PEF, 2.693 g), chloroform (CLF, 1.834 g),
ethyl acetate (EAF, 1.580g) and aqueous (AQF,
6.195 g) were obtained for the experiment.

Phytochemical screening of the plant extract

The extracts were tested to determine the presence of
various phytochemicals, including tannins, flavonoids,
alkaloids, saponins, glycosides and steroids in accor-
dance with the methods described.*®

Determination of total phenolic content

Total phenolic content of the different extracts from
A. marmelos was determined with the Folin—-Ciocalteu
reagent.® The reaction mixture contained 0.5-mL
plant extract or standard solution at different concen-
trations, 2.5-mL Folin—Ciocalteu reagent (diluted 10
times with water) and 2.5-m sodium carbonate solu-
tion (7.5%). The test tube was incubated for 20 min at
25°C to complete the reaction, and the absorbance of
the reaction mixture was measured at 760 nm. Gallic
acid was used as the standard and the results were
expressed as miligrams of gallic acid equivalent
(GAE)/g of dried extractives.

Determination of total flavonoid content

Total flavonoid content of the different A. marmelos
extracts was determined by the aluminium chloride
colorimetric method.¥” The plant extract (1.0 mL) was
added to 3.0-mL methanol, 0.2-mL 10% AICls, 0.2-mL
1 M potassium acetate and 5.6-mL distilled water. The
test tube was then incubated at room temperature for
30 min to complete the reaction. The absorbance of

© 2014 The Authors
Psychogeriatrics © 2014 Japanese Psychogeriatric Society

the solution was measured at 420 nm. Gallic acid was
used as standard and the results were expressed
as mg of gallic acid equivalent (GAE)/g of dried
extractives.

Determination of reducing power

The reducing power of different A. marmelos extracts
was evaluated using the method employed by
Oyaizu.®® Various concentrations of plant extract or
standard solutions (1 mL) were mixed with 2.5-mL
potassium buffer (0.2 M) and 2.5-mL potassium
ferricyanide. After heating for 20 min at 50°C, 2.5-mL
trichloroacetic acid (10%) solution was added to
the test tube. The total mixture was centrifuged at
3300 g for 10 min. Next, 2.5-mL supernatant solution
was withdrawn from the mixture and mixed
with 2.5-mL distilled water and 0.5-mL ferric chloride
(0.1%) solution. The absorbance was measured at
700 nm. AA was used for comparison.

Determination of DPPH radical

scavenging activity

DPPH radical scavenging activity of the different
A. marmelos extracts was determined according to
the method reported by Choi et al. with slight modifi-
cations: 2-mL methanol solution of plant extract or
reference standard butylated hydroxytoluene at differ-
ent concentration was mixed with 3-mL methanol
solution of DPPH in the test tube.*® The test tube was
incubated at room temperature for 30 min in a dark
place to complete the reaction. The absorbance of
the solution was measured at 517 nm. DPPH free
radical scavenging ability (%) was calculated with the
following formula:

((A absorbance of control A absorbance of sample)/

A absorbance of control) x100

Determination of hydroxyl radical

scavenging activity

Hydroxyl radical scavenging activity of different A.
marmelos exiracts was determined by the method
described by Elizabeth et al. but with a slight modifi-
cation.*’ The assay is based on the quantification of the
degradation product of 2-deoxyribose by condensa-
tion with thiobarbituric acid. Hydroxyl radical was gen-
erated by the Fe*-ascorbate-EDTA-H,O, system (the
Fenton reaction). In a final volume of 1 mL, the reac-
tion mixture contained 2-deoxy-2-ribose (2.8 mM);
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KH:PO4-KOH buffer (20 mM, pH 7.4); FeCl; (100 pM);
EDTA (100 uM); H.0, (1.0 mM); ascorbic acid
(100 uM); and various concentrations of the test
sample or reference compound catechin (CA). After
incubation for 1 hat 37°C, 0.5-mL reaction mixture was
added to 1-mL 2.8% trichloroacetic acid, then 1-mL
1% aqueous thiobarbituric acid was added, and the
mixture was incubated at 90°C for 15 min to develop
the colour. After it cooled, the mixture’s absorbance
was measured at 532 nm against an appropriate blank
solution. Hydroxyl radical scavenging ability (%) was
calculated by using the formula:

((A absorbance of control — A absorbance of sample) /
Aabsorbance of comrol) x100

Determination of lipid peroxidation

inhibition activity

The inhibition of lipid peroxidation activity was deter-
mined according to the method described by Liu et al.
with a slight modification. The 150-g adult long Evan
rats were anaesthetized with sodium phenobarbitone.
The rats’ brain were dissected and homogenized
with a homogenizer in ice-cold phosphate buffer
(50 mM, pH 7.4) to produce a 1/10 homogenate. The
homogenate was centrifuged at 10 000 g for 15 min at
4°C. The supernatant was used as liposome for an
in vitro lipid peroxidation assay. The ability of plant
extract to inhibit lipid peroxidation was studied by
incubating rat brain homogenates treated with hydro-
gen peroxide (10 uM) and different concentrations
of plant extract. Hydrogen peroxide induced lipid
peroxidation in the rat brain homogenates. Lipid per-
oxides reacted with thiobarbituric acid to form a pink
product, thiobarbituric acid reacting substances,
measurable colorimetrically at 532 nm. The difference
between the control and plant extract treated sample
was the measured decrease in thiobarbituric acid
reacting substances formation, reflecting reduced
hydroxyl radical-induced lipid peroxidation. CA was
used as the reference standard for compatrison.

Determination of AChE inhibitory activity

The AChE inhibitory assay was performed according
to the colorimetric method by Ellman et al.,2 with
acetylthiocholine iodide as a substrate. For the enzyme
source, the rat brains were homogenized in a homog-
enizer with five volumes of a homogenation buffer
(10 mM Tris-HCI (pH 7.2), which contained 1 M NaCl,

50 mM MgCl; and 1% Triton X-100), and centrifuged at
10 000 g for 30 min. The resulting supernatant was
used as an enzyme source. All of the extraction steps
were carried out at 4°C. Protein concentration was
determined by using a bicinchoninic acid kit (Sigma
Co., St. Louis, MO, USA) with bovine serum atbumin as
a protein standard. The rates of hydrolysis by AChE
were monitored spectrophotometrically. Each exiract
or standard (500 pl) was mixed with an enzyme solu-
tion (500 pl) and incubated at 37°C for 15 min. Absor-
bance at 405 nm was read immediately after adding
Ellman’s reaction mixture (3.5-mL 0.5 mM acetyl-
thiocholine, 1 mM 5, 5’-dithio-bis (2-nitro benzoic
acid)) in a 50 mM sodium phosphate buffer (pH 8.0) to
the above reaction mixture. Reading was repeated for
10 min at 2 min intervals to verify that the reaction
occurred linearly. The blank reaction was measured by
substituting saline for the enzyme. Donepezil was used
as a positive control. The percentage inhibition of
AChE activity was calculated using the following
formula:

((A absorbance of control — A absorbance of sample)/
A absorbance of control) =100

Statistical analysis

All analyses were carried out in triplicate. Data were
presented as mean + SD. Free R-software version
2.15.1 (http://www.r-project.org/) and Microsoft Excel
2007 (Roselle, IL, USA) were used for the statistical
and graphical evaluations. Significant differences
(P-value <0.05) between the means were determined
using the t-test.

RESULTS

AChE inhibitory activity

Reduction of ACh in the hippocampus and cortex of
the brain is one of the most important remarkable
changes observed in AD.5® Therefore, elevation of
ACh level in the synaptic cleft by inhibition of AChE,
which is involved in the breakdown of ACh, is an
accepted therapeutic strategy for AD. The inhibitory
activity of CME derived from A. marmelos against rat
brain AChE was determined by Ellman’s method.*'
This method estimates AChE using acetylthiocholine
iodide (substrate) and dithiobis nitro benzoic acid. The
enzymatic activity was measured by the yellow colour
compound produced by thiocholine when it reacts
with dithiobis nitrobenzoate ion. The result of the

© 2014 The Authors
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Table 1 AChE inhibitory activity of different extractives from Aegle marmelos

AChE Inhibition %)

Concentration (ug/mL) CME PEF CLF EAF AQF Donepezil
50 16.20 + 2.41¢ 8.75 + 1.40° 13.48 +1.75° 23.68 + 1.63° 17.71 +1.49° 92.76 +2.15f

100 29.55 +1.72° 14.07 £ 1.312 22,06 +1.57° 36.95 £ 0.97° 31.46 + 2.00¢ 97.14 £ 0.99°

200 35.78 £ 1.56° 20.37 +1.36* 29.87 +1.84° 47.58 +1.57° 40,13 +1.74¢ 98.58 + 1.43f

AChE, acetylcholinesterase; AQF, aqueous fraction; CLF, chloroform fraction; CME, crude methanol extract; EAF, ethyl acetate fraction; PEF, petroleum ether
fraction. *'Means between columns differ significantly (P < 0.05) in each concentration.

AChHE inhibitory activity of CME is shown in Table 1.
The extract showed AChE inhibitory activity in a
concentration-dependent manner. CME was found to
inhibit AChE activity by 29% at a concentration of
100 ug/mL, while donepezil, used as the reference
standard in this study, inhibited the AChE activity
by 97% under the same experimental condition. To
further understand the activity of the plant, CME was
partitioned successively with petroleum ether, chioro-
form, ethyl acetate and water, and the resuiting frac-
tions were evaluated similarly. Among the fractions,
EAF showed the highest activity with 37% inhibition
of AChE activity followed by AQF, CLF and PEF
with 31%, 22% and 14% inhibition, respectively. Our
results demonstrate that A. marmelos has a moderate
AChE inhibitory activity.

Antioxidant activity

Reducing power assay

The reducing capacity of a compound is a significant
indicator of its potential antioxidant activity because of
its ability to break the free radical chain through dona-
tion of a hydrogen atom. The reducing capacity of
the different extracts was evaluated by the method
described by Oyaizu,*® which is based on the reduction
of the Fe®**-ferricyanide complex to the ferrous form by
donating an electron. Figure 1 depicts the reducing
power of CME, EAF, CLF, AQF, PEF and the reference
standard AA. All the test extracts showed considerable
reducing power; 100-600-mg/mL EAF, CLF, AQF, PEF
and CME gave an absorbance within the 0.025-2.835
range. All the extracts increased the absorbance sig-
nificantly, further demonstrating the antioxidant poten-
tial of A. marmelos. The reducing power of the different
extracts and reference standard was in the following
order: PEF<CME<CLF<AQF<EAF<AA.

DPPH radical scavenging activity
Radical scavenging activities are very important to
prevent the deleterious role of free radicals in AD. The

© 2014 The Authors
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Figure 1 The reducing power of different Aegle marmelos extracts
compared with the standard. Reducing power was measured by
ferric reducing power assay. Results are mean + SD (n = 3). AA,
ascorbic acid; AQF, agueous fraction; CLF, chloroform fraction;
CME, crude methanol extract; EAF, ethyl acetate fraction; PEF,
petroleum ether fraction.

stable DPPH radical scavenging model is a widely
used method to evaluate the free radical scavenging
ability of various samples, including plant extracts,
because of the relatively short time required for analy-
sis. DPPH antioxidant assay is based on the ability of
DPPH, a stable free radical, to decolourize in the
presence of antioxidants that can be quantitatively
measured from the change in absorbance; the per-
centage of scavenging activity is then calculated. The
results of DPPH radical scavenging assays of CME,
EAF, CLF, AQF, PEF and butylated hydroxytoluene are
given in Figure 2. A significant decrease in the concen-
tration of DPPH radical was observed due to the test
extracts’ free radical scavenging ability. The percent-
age of scavenging DPPH radicals at various concen-
trations of the extracts indicated that EAF has potential
scavenging activity with a half maximal inhibitory con-
centration (ICso) value of 3.84 + 0.18 ng/mL, which is
comparable to that of the reference standard butylated
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Figure 2 DPPH radical scavenging activity of different Aegle marmelos extracts compared with the standard. DPPH radical scavenging
activity was measured spectrophotometrically using DPPH free radicals. (a) Percentage of DPPH radical scavenging by different concen-
trations of the extracts and reference standard BHT. Results represent mean + SD (n = 3). (b) ICs {(mean + SD) for DPPH radical scavenging
activity of the extracts and BHT. *Values that significantly differed (P < 0.05) from the reference standard. AQF, aqueous fraction; BHT,
butylated hydroxytoluene; CLF, chioroform fraction; CME, crude methanol extract; DPPH, 1,1-diphenyl-2-picrylhydrazyl; EAF, ethyl acetate
fraction; 1Cs, half maximal inhibitory concentration; PEF, petroleum ether fraction.

hydroxytoluene (ICs = 3.48 + 0.17 ug/mL). AQF, CME
and CLF also showed good antiradical activity with
ICso values of 7.17 + 0.36, 15.73 +£ 0.51 and 15.93 +
1.24 ug/mL, respectively. PEF had the lowest activity
with an ICso of 58.90 + 1.86 ng/mL.

Hydroxyl! radical scavenging activity

Several studies have indicated that Abeta induces
apoptosis and neuronal cell death by producing ROS,
which leads to the peroxidation of membrane lipids
and oxidative stress.™'2° Hydroxyl radicals are the
major reactive oxygen species causing lipid oxidation
and enormous biological damage.*® To determine the
extracts’ hydroxyl radical scavenging capacity, the
effect of each extract on hydroxyl radical generated in
an Fe*-ascorbate-EDTA-H,O, system (the Fenton
reaction) was analyzed by evaluating the degree of
deoxyribose degradation (Fig. 3). All the extracts
scavenged the hydroxyl radicals generated in the
reaction and prevented degradation of deoxyribose.
The hydroxyl scavenging activity of all the extracts
was significant. The results demonstrated that EAF
and AQF are strong hydroxyl radical scavengers with
respective 1Cso values of 5.68 £ 0.41 and 6.36 *
0.58 pg/mL, which appeared to be similar to that of the
reference standard CA with ICso of 6.50 + 0.27 pg/mL.
In contrast, CME, CLF and PEF showed similar activity

with ICs of 10.95 + 0.56, 11.69 + 0.69 and 13.25 +
0.56 pg/mL, respectively.

Lipid peroxidation inhibition activity

Lipid peroxidation has been reported to be elevated
in the brains of AD patients.®** Reactive oxygen
species produced by Abeta protein have numerous
pathological effects including lipid peroxidation
and cellular degeneration in AD. During lipid
peroxidation, low molecular weight end products, gen-
erally malonaldehyde, are formed by oxidation of
polyunsaturated fatty acids that may react with two
molecules of thiobarbituric acid to produce a pinkish
red chromogen.® In the lipid peroxidation assay, the
activity of A. marmelos extract against non-enzymatic
lipid peroxidation in rat brain homogenate was
evaluated (Table 2). The addition of Fe*-ascorbate
to the brain homogenate caused an increase in lipid
peroxidation. All the test extracts significantly inhibited
brain lipid peroxidation in a concentration-dependent
manner. The percentage of lipid peroxidation inhibition
at the different concentrations of the extracts indicated
that CME possessed the greatest potential inhibitory
activity. This extract inhibited lipid peroxidation by
47% at a concentration of 100 pg/mlL, while CA,
used as the reference standard, decreased the lipid
peroxidation by 59% under the same experimental
condition. Among the different fractions, EAF and
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Figure 3 Hydroxyl radical scavenging activity of different Aegle marmelos extracts compared with the standard. Hydroxyi radical scavenging

was measured by the Fenton reaction initiated deoxyribose degradation

method. (a) Percentage of hydroxy! radical scavenging by different

concentrations of the extracts and reference standard CA. Results represent mean + SD (0 = 3). (b) ICso (mean + SD) for hydroxyl radical
scavenging activity of the extracts and CA. *Values that significantly differed (P < 0.05) from the reference standard. AQF, aqueous fraction;
CA, (+) catechin; CLF, chloroform fraction; CME, crude methanol extract; EAF, ethyl acetate fraction; 1Cs, half maximal inhibitory concen-

tration; PEF, petroleum ether fraction.

Table 2 Inhibition of hydrogen peroxide-induced lipid peroxidation in rat brain homogenates by different extracts of Aegle marmelos

Inhibition %)

Concentration (ug/mL) CME PEF CLF EAF AQF Catechin

50 23.39 +1.63° 18.75 +1.40° 21.79£1.99 25.77 + 1.67° 31.28 +1.69¢ 47.34 £ 2.57°
100 47.81 +2.32° 24.50 £ 1.83° 30.17 £2.52° 37.61 £ 2.28° 40.29 + 1.88¢ 59.85 + 4.37°
200 53.95 +1.96° 25.77 +1.36° 30.67 £2.14° 39.55 £ 2.57°¢ 42.19 + 2.65¢ 65.54 +2.271

AQF, aqueous fraction; CLF, chloroform fraction; CME, crude methanol extract; EAF, ethyl acetate fraction; PEF, petroleum ether fraction. *'Means between

columns differ significantly (P < 0.05) in each concentration.

AQF exhibited higher inhibitory activity that reduced
lipid peroxidation by 38% and 40%, respectively, at the
same concentration.

Phytochemical screening

The phytochemical screening of different A. marmelos
extracts was done to ascertain the presence or
absence of bioactive components; qualitative resuits
are shown in the Table 3. The analyses revealed the
presence of tannins, alkaloids, flavonoids, saponins,
glycosides and steroids. Quantitative analysis of
phenolics and flavonoids revealed that CLF had the
highest total phenolic content (61.67-mg GAE/g dried
extract), followed by EAF (58.79-mg GAE/g dried
extract), PEF (40.70-mg GAE/g dried extract) and AQF
(26.55-mg GAE/g dried extract) (Table 4). Similarly,
the highest total flavonoid content was observed
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Table 3 Qualitative phytochemical screening of different extrac-
tives from Aegle marmelos

CME PEF CLF EAF AQF
Tannins + - - - ++
Flavonoids + + i ++ ++
Phenolic compounds + + ++ ++ +
Alkaloids + - - - ++
Saponins + - - +H+
Steroids +++ + + - -
Glycosides + ++ + + ENEN

AQF, aqueous fraction; CLF, chloroform fraction; CME, crude methanol
extract; EAF, ethyl acetate fraction; PEF, petroleum ether fraction.

in CLF (410.4-mg GAE/g dried extract), followed by
EAF (375.73-mg GAE/g dried extract), PEF (234-mg
GAE/g dried extract) and AQF (204.35-mg GAE/g
dried extract). Our results clearly demonstrated that
EAF, which was found to possess the highest AChE
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Table 4 Total phenolic and flavonoid contents of different extrac-
tives from Aegle marmelos

Total flavonoid content
(mg GAE/g dried extract)

Total phenolic content (mg
GAE/g dried extract)

CME 46.73 £ 0.51° 246.13 +3.60°
PEF 40.70 £ 1.77° 234.00 +3.38°
CLF 61.67 +3.74° 410.40 £5.77°
EAF 58.79 + 5.07¢ 375.73 +4.01¢
AQF 26.55 + 2.04° 204.35 +6.27°

AQF, aqueous fraction; CLF, chloroform fraction; CME, crude methanol
extract; EAF, ethyl acetate fraction; GAE, gallic acid equivalent; PEF, petro-
leum ether fraction. *'Means between columns differ significantly differ sig-
nificantly (P < 0.05).

inhibitory activity and antioxidant property, contained a
large amount of phenolics and flavonoids.

DISCUSSION

AD is a severe neurodegenerative disease and a
leading cause of death among the elderly. Although
a number of factors have been identified, oxidative
stress and cholinergic dysfunction have been impli-
cated as major contributing factors in the patho-
genesis of AD.™® Therefore, it has been suggested
that the compounds, either plant or plant-derived
molecules, that modulate cholinesterase activity
and multiple components of the oxidative stress
pathway would be an effective candidates for
potential drugs that restrict the development of
AD. A. marmelos has been reported to possess
anti-diabetic, anti-hyperlipidaemic, gastroprotective,
antidiarrhoeal, radioprotective, antimicrobial and anti-
proliferative properties.?>* QOur findings indicate that
A. marmelos also possesses AChE inhibitory proper-
ties and antioxidative activities.

It is now well accepted that inhibition of AChE
activity can ameliorate the symptoms and improve the
functioning of patients with AD."®"" The results of this
in vitro study revealed that CME of A. marmelos inhib-
ited rat brain AChE in a dose-dependent manner
(Table 1). To further understand the activity of the
plant, CME was partitioned successively with petro-
leum ether, chloroform, ethyl acetate and water, and
the resulting fractions were evaluated similarly. The
highest activity (37%) was found in EAF and was
higher than the activity of CME (29%). Under the same
experimental condition, donepezil, an anti-AD drug
with potential AChE inhibitory activity, inhibited the
activity by 97%, which is consistent with results pub-

lished earlier.*” However, our results demonstrated the
moderate AChE inhibitory activity of A. marmelos.

The antioxidant potential of the different
A. marmelos extracts was evaluated by several in vitro
assays, including DPPH radical scavenging assay,
hydroxyl radical scavenging assay and lipid peroxid-
ation assay, as no single assay reflects the antioxidant
property. As a preliminary study to estimate the anti-
oxidant abilities of the test extracts, several assays that
are not biologically relevant, such as reducing capacity
and DPPH free radical scavenging assays, were per-
formed. All the extracts showed radical scavenging
activity and iron reducing ability in a concentration-
dependent manner (Figs. 1,2). Among the different
extracts, EAF showed the highest activity, and the
activity of the other three fractions was in the following
order: AQF>CLF>PEF.

Extensive evidence indicates that the ROS, which
are formed during oxidative stress, induce cellular and
molecular abnormalities in sporadic AD."**® Hydroxyl
radicals are the major ROS and are highly toxic;
they greatly contribute to oxidative stress and are
known contributors to neuronal damage in AD.*® The
results revealed that all the extracts possessed
potential hydroxyl radical scavenging activity (Fig. 3).
Among the extracts, EAF showed the highest activity
with a IG5 of 5.68 pg/mL, which appeared to be more
potent than that of the reference standard used in this
study, CA with a ICs of 6.5 pg/mL under the same
condition.

Lipid peroxidation is the mechanism by which lipids
are attacked by ROS to form a carbon radical that
reacts with oxygen, resulting in a peroxy! radical and
thus generating lipid peroxides.’s444 Due to the high
lipid content and unusually high concentration of poly-
unsaturated fatty acids that are particularly susceptible
to oxidation, the brain is an important target of oxida-
tive stress. The brains of individuals with AD have
increased levels of lipid peroxidation products, such
as 4-hydroxynonenal or 2-propenal, and enhanced
lipid peroxidation has been detected in the cere-
brospinal fluid and plasma of individuals with AD.*
Lipid peroxidation products can be measured by
using thiobarbituric acid.*® The results of an in vitro
assay revealed that, induced by hydrogen peroxide
in a concentration-dependent manner, CME of
A. marmelos inhibited peroxidation of brain lipid
(Table 2). The activity of CME was found to be higher
than the other four fractions, indicating the presence of
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inhibitors of lipid peroxidation acting additively or syn-
ergistically in the mother CME.

The AChE inhibitory property and antioxidant activ-
ity of A. marmelos were supported by the presence
of endogeneous polyphenols and flavoncids, tannin,
alkaloids, and steroids (Table 3). Polyphenols are the
most abundant antioxidants in the plant kingdom, and
it is claimed they have neuroprotective effect.® The
antioxidant activity of the polyphenolic compound is
believed to result from their redox properties, which
play an important role in adsorbing and neutralizing
free radicals. Flavonoids are the most ubiquitous
groups of plant secondary metabolites and have good
antioxidant potential.>' The mechanism of action of
flavonoids is through the scavenging of free radicals.
Numerous ployphenolic and flavonoid compounds
have been isolated from plants that reduce oxidative
stress and inhibit AChE.%?%¢ Qur results indicate that
EAF derviced from A. marmelos is a significant source
of phenolics and flavonoids, which may contribute to
inhibition of AChE and antioxidant activity (Table 4).

Conclusion

The results suggest that EAF derived from
A. marmelos effectively inhibits AChE activity and
multiple components of the oxidative stress pathway
that can contribute to Alzheimer’'s pathology. As a
result, EAF has the potential to be an effective and
safe treatment for AD. The validity of this plant as
folkloric medicine is now being evaluated critically in
cell-free systems.

REFERENCES

Masters CL, Selkoe DJ. Biochemistry of amyloid f3-protein and
amyloid deposits in alzheimer disease. Cold Spring Harb
Perspect Med 2012; 2: 1-24.

2 Igbal K, Wang X, Blanchard J, Liu F, Gong CX, Grundke-lgbal 1.
Alzheimer's disease neurofibrillary degeneration: pivotal and
multifactorial. Biochem Soc Trans 2010; 38: 962-966.

3 Kudo T, Tanii H, Takeda M. Neurodegerative dementias involv-
ing aberrant protein aggregation. Psychogeriatrics 2007; 7: 114~
117.

4 Tanaka T, Tomioka M, Sadik G, Takeda M. 13th Congress of the
International Psychogeriatric Association and recent expansion
of research into psychogeriatrics. Psychogeriatrics 2007; 7: 1-3.

5 Terry AV Jr, Buccafusco JJ. The cholinergic hypothesis of age
and Alzheimer's disease- related cognitive deficits: recent
challenges and their implications for novel drug development.
J Pharmacol Exp Ther 2003; 306: 821-827.

6 Davies P, Maloney AJF. Selective loss of central cholinergic

neurons in Alzheimer’s disease. Lancet 1976; 2: 1403.

-

© 2014 The Authors
Psychogeriatrics © 2014 Japanese Psychogeriatric Socicty

7 Perry EK, Perry RH, Blessed G, Tomlinson BE. Necropsy evi-
dence of central cholinergic deficits in senile dementia. Lancet
1977; 1: 189.

8 Whitehouse PJ, Price DL, Struble RG, Clark AW, Coyle JT,
Delon MR. Alzheimer's disease and senile dementia: loss
of neurons in the basal forebrain. Science 1982; 215: 1237-
1239.

9 Bierer LM, Haroutunian V, Gabriel S et al. Neurochemical cor-
relates of dementia severity in Alzheimer's disease: relative
importance of the cholinergic deficits. J Neurochemn 1995; 64:
749-760.

10 Massoud F, Gauthier S. Update on the pharmacological treat-

ment of Alzheimer's disease. Curr Neuropharmacol 2010; 8:
69-80.

11 Neugroschl J, Sano M. Current treatment and recent clinical

research in Alzheimer’s disease. Mt Sinai J Med 2010; 77: 3-16.

12 Tanaka T, Kazui H, Morihara T, Sadik G, Kudo T, Takeda M. Post

marketing survey of donepezil Hydrochloride in Japanese
patients with Alzheimer’s disease with behavioral and psycho-
logical symptoms of dementia (BPSD). Psychogeriatrics 2008;
8: 114-123.

13 Bonda DJ, Wang X, Perry G et al. Oxidative stress in Alzheimer

disease: a possibility for prevention. Neuropharmacology 2010;
59: 200-294.

14 Galasko D, Montine TJ. Biomarkers of oxidative damage and

inflammation in Alzheimer's disease. Biomark Med 2010; 4:
27-36.

15 Lyras L, Cairns NJ, Jenner A et al. An assessment of oxidative

damage to proteins, lipids, and DNA in brain from patients with
Alzheimer’s disease. J Neurochem 1997; 68: 2061-2069.

16 Lovell MA, Gabbita SP, Markesbery WR. Increased DNA oxida-

tion and decreased levels of repair products in Alzheimer's
disease ventricular CSF. J Neurochem 1999; 72: 771-776.

17 Sultana R, Butterfield DA. Role of oxidative stress in the pro-

gression of Alzheimer’s disease. J Alzheimers Dis 2010; 19:
341-353.

18 Butterfield DA, Perluigi M, Sultana R. Oxidative stress in

Alzheimer’s disease brain: new insights from redox proteomics.
Eur J Pharmacol 2006; §45: 39-50.

19 Kadowaki H, Nishitoh H, Urano F et al. Amyloid beta induces

neuronal cell death through ROS-mediated ASK1 activation.
Cell Death Differ 2005; 12: 19-24.

20 Sponne |, Fifre A, Drouet B et al. Apoptotic neuronal cell death

induced by the non-fibrillar amyloid-beta peptide proceeds
through an early reactive oxygen species-dependent cytoskel-
eton perturbation. J Biol Chem 2003; 78: 3437-3445.

21 Commenges D, Scotet V, Renaud S, Jacgmin-Gadda H,

Barberger-Gateau P, Dartigues JF. intake of flavonoids and risk
of dementia. Eur J Epidemiol 2000; 16: 357-363.

22 Morris MC, Beckett LA, Scherr PA, Hebert LE, Bennett DA et al.

Vitamin E and vitamin C supplement use and risk of incident
Alzheimer disease. Alzheimer Dis Assoc Disord 1998; 12: 121-
126.

23 Atmani D, Chaher N, Atmani D. Flavonoids in human health:

from structure to biological activity. Curr Nutr Food Sci 2009; 5:
225-237.

24 Darvesh AS, Carroll RT, Bishayee A et al. Oxidative stress and

Alzheimer’s disease: dietary polyphenols as potential therapeu-
tic agents. Expert Rev Neurother 2010; 10: 729-745.

25 Kirtikar KR, Basu BD. Indian Medicinal Plants, 2nd edn.

Dehradun: International Book Distributors, 1999.

26 Bhattacharya S. Chironjib Bonoushodhi, 7th edn. Kolkata:

Anondo Publishers, 1991.

— 136 —



