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ABSTRACT

Objective: Garcinia atroviridis belongs to the family Clusiaceae. The whole plant was dried, extracted to obtain a xanthone-rich extract. Phytochemical 
studies of extract showed the presence of phenols, alkaloids, steroids, resins, and saponins. Alzheimer’s disease (AD) the most common form of 
dementia, a brain disorder which has been affecting the elderly. The natural sources such as plants are an abundant source having various medicinal 
properties.

Methods: In the present study, G. atroviridis has been selected to test for the acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) activity 
by Ellman’s method. The antioxidant activity has been performed by 2,2’-diphenyl-1-picrylhydrazyl radical (DPPH) assay.

Results: The results showed that the extract from G. atroviridis could inhibit the activity of AchE and BuChE. The percentage inhibition of the ethanolic 
extract for AChE was found to be 69.4%, and ethyl acetate extract was found to be 75.6%, respectively. The percentage inhibition of the ethanolic 
extract for BuChE was found to be 59.4%, and ethyl acetate extract was found to be 63.2%, respectively. The IC50 values for DPPH scavenging activity 
were significant when compared with the standard ascorbic acid.

Conclusion: The plant extract with significant antioxidant and anticholinesterase property has shown its potential to be investigated further as a 
therapeutic drug for AD.
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INTRODUCTION

Alzheimer’s disease (AD) is a slow progressive disease which is 
characterized by neurodegeneration. The degeneration is caused 
in the cortex and the limbic system along with the presence of the 
Aβ and neurofibrillary tangles. Various studies which have been 
conducted supports the cholinergic hypothesis, in which it explains 
that the dysfunction of the cholinergic system is the reason for the 
memory deficits and the cognitive decline seen in animals which are 
found to be in similarity with dementia caused in AD. These models 
indicate the characteristic degeneration of cholinergic neurons in the 
brain. The two major forms of cholinesterases are present. They are 
acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE)  [1]. 
These also produce a marked decline in the cholinergic markers, 
choline acetyltransferase, and acetylcholinesterase [2].

The neuropathology of the brain present during AD cannot be 
completely explained by the presence of cholinergic deficits. However, 
the marked evidence seen with the cholinergic neuron degeneration 
shows an avenue of exploration for the treatment of AD symptoms [3]. 
AD patients were found to have reduced levels of Ach in the cortex and 
the hippocampal region. The current approach which has been found to 
provide symptomatic relief is the utilization of cholinesterase inhibitors 
which causes inhibition of AChE which leads to the hydrolysis of ACh at 
the cholinergic synapse [4].

Oxidative stress plays a major role as a risk factor in various diseases. 
The oxidative stress is due to the presence of free radicals leading 
toward degeneration of neurons in case of idiopathic AD. The 
reactive oxygen species and reactive nitrogen species are generated 
extracellularly and intracellularly. The brain consumption of oxygen 
increases leading to the presence of high-lipid content and along with 

the decline of antioxidant compounds causes it to be more vulnerable to 
oxidative stress when compared with other tissues [5].

In brains of AD patients, there also been evidence for the presence 
of advanced glycation end-products, markers of peroxidation, 
increased levels of oxidized protein and 4-hydroxynonenal (4-
HNE). The presence of amyloid beta causes the lipoperoxidation of 
the membranes, and the lipid peroxidation products lead to protein 
modification [6]. The peroxidation process forms an aldehyde product 
which is 4-HNE. The generation of this due to the exposure of the 
neuronal membranes to the amyloid beta peptide. Further, oxidative 
damage is caused by this process with an increase in the carbonyl 
groups [7].

The aim of this study is to investigate the presence of AChE or BuChE 
inhibitors in Garcinia atroviridis [8]. The ethyl acetate extract of the 
plant was taken because of the presence of xanthones. The extract was 
then evaluated for its for its AChE, BuChE, and antioxidant activity to 
screen them for its efficacy in treating AD.

MATERIALS AND METHODS

2,2’-diphenyl-1-picrylhydrazyl radical (DPPH), acetylthiocholine 
iodide, AChE, bovine serum albumin, 5, 5′-dithiobis [2-nitrobenzoic 
acid] (DTNB), physostigmine, gallic acid, and ascorbic acid. All the other 
reagents are of analytical grade.

Plant materials
The plant materials were procured from Rajesh Chemicals, Mumbai. 
It is authenticated by Prof. P. Jayaraman, Plant Anatomy Research 
Center, Tambaram. The registration number of the certificate is 
PARC/2017/3578.
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Preparation of extract of G. atroviridis
Extracts were prepared by the maceration method at 60°C for 72 h 
using ethanol 70% and ethyl acetate. The extracted samples were 
evaporated using a water bath. The thick extract obtained is made into 
various concentrations for the study (5, 25, 100, and 200 µg/l).

Preliminary phytochemical analysis
The plant extract was used for preliminary screening of active 
constituents such as phenols, alkaloids, steroids, resins, proteins, 
carbohydrates, and saponins [9]. The phytochemical analysis was 
performed using the standard procedures to investigate the constituents 
present in the plant [10,11].

Determination of antioxidant activity by scavenging effect on DPPH
The antioxidant potential of the ethyl acetate extract was estimated 
using modified DPPH free radical scavenging assay. The stock solution 
of the ethyl acetate extracts was prepared in 1 mg/ml in methanol. Each 
well was filled in with 200 µl extract in methanol at 1000 µg/ml.

Then, 5 µl of the DPPH solution (2.5  mg/ml in methanol) was added 
to each well. The plate is allowed to develop in the dark for 30 min. 
The optical density of the plate was read using a microplate reader at 
517 nm. Percentage inhibition was calculated using:

% Inhibition = 1 OD (DPPH + Sample)/OD(DPPH)×100

The percentage inhibition of free radical activity was plotted against the 
concentration of the ethyl acetate extract, and IC50 concentration for 
50% inhibition was obtained. The percentage inhibition was compared 
with ascorbic acid which was the positive control [12,13].

Determination of AChE and butyrylcholinesterase inhibitory 
activity using microplate assay
AChE activity was measured using a modified 96-well microplate 
assay which is based on the Ellman’s method [12,13]. In this assay, 
the enzyme hydrolyzes the acetylthiocholine or butyrylthiocholine 
resulting in the formation of thiocholine on its reaction with Ellman’s 
reagent (DTNB) produces 2-nitrobenzoate-5-mercapto thiocholine and 
5-thio-2-nitrobenzoate which is detected at 412 nm [14].

The reaction volume is made of 220 μl which comprises 170 μl 
(0.1 mol/l) sodium phosphate buffer, 10 μl of the extract solution, 10 μl 
DTNB, 20 ul of AChE/BuChE (0.45 U/ml), and 10 μl of acetylthiocholine 
iodide/butyrylthiocholine iodide (concentration 0.68 mmol/l)

The methanolic and ethanolic extracts were tested for the BuChE and 
AChE inhibitory activity from concentrations 5, 25, 100, and 200 μg/ml, 
respectively. They are prepared using phosphate buffer. Galanthamine 
was used a positive control with the same concentrations. The buffer, 
extract, and enzyme were incubated 15  min at 40°C. The reaction is 
initiated by the addition DTNB and substrate. It is incubated at 25°C 
for 30 min, and absorbance is read at 405 nm. The blank consists of a 
buffer and enzyme without the test extracts. The percentage inhibition 
is calculated using the following formula:

% inhibition = (E S)/E×100

E=Activity of enzyme without extract
S=Activity of enzyme with extract
IC50 was calculated from the % inhibition values of the plant extract.

Statistical analysis
Data were expressed as mean±standard deviation for separate groups 
for determinations in triplicates. IC50 values were calculated using 
GraphPad Prism v 5.0 (GraphPad Software Inc., USA).

RESULTS

Free Radical Scavenging Activity of the Extracts using the DPPH Assay
The anti-oxidant activity of the ethyl acetate fractions was determined 
by using free radical 1,1-diphenyl-2- picrylhydrazyl (DPPH) performed 

by the addition of various concentrations of extracts with DPPH. The 
DPPH amount which is remaining was determined at 30 minutes based 
on the absorbance at 517 nm. IC50 values for DPPH scavenging activity 
was calculated for concentrations of the extract. The IC50 values are 
shown in Table 2 [15]. The IC50 values of the ethanolic extract was found 
to be 19.78 and for Ethyl acetate extract 13.38 [Fig. 1]. It exhibited good 
activity for DPPH scavenging when compared with that of the standard 
Ascorbic acid with an IC50 value of 4.28. [16,17]

Acetylcholinesterase and Butyrylcholinesterase Inhibitory 
Activity of the Extracts
The ethyl acetate fraction has been utilized for AChE inhibitory activity 
using Ellman’s colorimetric assay using 96 well plate. [18,19] Results are 
shown in Table 1. Galanthamine was used as the standard AChE inhibitor 
in this study which showed a % inhibition of AChE at 87.6%. [20]

The percentage inhibition of the e extract for BuChE was found to be 
59.4 % and Ethylacetate extract was found to be 63.2 % respectively 
[Fig. 2].

The percentage inhibition of the Ethanolic extract for AChE was found to 
be 69.4% and Ethylacetate extract was found to be 75.6 % respectively 
[Fig. 3].

DISCUSSION

Deficits seen in the levels of acetylcholine is one of the contributing 
factors seen in AD such as memory impairment and cognitive decline. 
As a characteristic feature seen in AD, there is a reduction in the levels 
of acetylcholine and butyrylcholine. Treatment of the disease includes 
rivastigmine, donepezil, galanthamine, etc. which can be used for the 
cholinergic decline. The AChE inhibitors which are utilized for the 
treatment include side effects such as tolerability, toxicity, and loss of 
efficiency. These unwanted effects along with the low efficacy of the 
drugs make the treatment to be questionable. Therefore, drugs from 
natural sources are well worthy of their investigation [21].

Fig. 1: Determination of antioxidant activity by 2,2’-diphenyl-1-
picrylhydrazyl radical assay

Fig. 2: Determination of acetylcholinesterase inhibition by 
Ellman’s method
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The current study utilized the ethanolic and ethyl acetate extract of 
the plant G. atroviridis. It has been selected based on the presence of 
xanthones. Xanthones being an important phytoconstituent for which 
the pharmacological actions have been a point of investigation in the 
recent times. G. atroviridis containing xanthones has been proven to have 
various pharmacological actions such as anti-inflammatory, anticancer, etc. 
[22,23]. G.hanburyi contains various phytoconstituents such as Xanthones, 
Flavonoids, polyphenols etc which may consists of anti-oxidants. These 
antioxidants can counter free radical damage produced during metabolism 
and also the radical levels may be increased in Alzheimer’s disease [24]. 
Since these extracts contain a variety of phytochemical constituents, they 
contain secondary metabolites which can interact for the biological activity. 
The activity which has been demonstrated by the extract may be due to the 
presence of xanthones which are the major dominant constituent.

CONCLUSION

The various biological activities which were examined in the present 
study such as anti-oxidant, anti-AChE and BuChE property for the 
plant Garcinia atroviridis. These activities which were examined in the 
present study warrants further investigation. The results which have 
been obtained has indicated that the anti-oxidant activity and inhibition 
of acetylcholine esterase and butyrylcholinesterase can make them to 
be evaluated as an effective, new therapeutic agent for the treatment 
of Alzheimer’s disease. The extract which is analyzed can be further 
investigated either as a single isolated compound or as an extract to be 
used as a therapeutic agent.
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Fig. 3: Determination of butyrylcholinesterase inhibition by 
Ellman’s method

Table 1: Determination of antioxidant activity by DPPH assay

Method Sample Concentration (μg/ml) Activity (%) IC50
DPPH Methanolic extract 5 22.12 19.780*

25 67.14
100 88.74
200 89.11

Ascorbic acid 5 20.14 19.526
25 57.78
100 63.22
200 93.91

Ethyl acetate extract 5 14.9 13.388**
25 65.24
100 79.14
200 88.40

Ascorbic acid 5 21.16 4.280
25 77.68
100 80.22
200 81.91

Values are mean±SD (n=3). **p<0.01 versus control, * P<0.05 versus galanthamine. One way ANOVA followed by Tukey’s test. SD: Standard deviation,  
DPPH: 2,2’‑diphenyl‑1‑picrylhydrazyl radical

Table 2: Determination of AChE and BuChE inhibition by Ellman’s method

Treatment Concentration (μg/ml) % BuChE inhibition %AChE inhibition
Methanolic extract 5 11.4±0.4 54.5±2.0

25 18.3±0.3 51.2±2.7
100 22.4±0.4 64.5±9.2
200 59.7±0.1 69.4±9.3*

Ethyl acetate extract 5 3.0±0.1 52.8±0.9
25 18.6±0.5 65.7±3.6
100 60.80±3.5* 67.4±4.1*
200 63.2±4.2** 75.6±2.4**

Galanthamine 5 17.1 19.4
25 28.1 32.2
100 34.3 54.3
200 42.3 87.6

Values are mean±SD (n=3) **p<0.01 versus control, *p<0.05 versus galanthamine. One way ANOVA followed by Tukey’s test. SD: Standard deviation, AChE: 
Acetylcholinesterase, BuChE: Butyrylcholinesterase
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