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The effect of various solvent extracts of Gelidiella acerosa on acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE)
activities was investigated. AChE and BuChE inhibitory activities were analyzed by spectrophotometric method. Phytochemical
screening of the compounds present in the solvent extracts was done qualitatively. Characterization of the compounds present
in the benzene extract of G. acerosa was done by GC-MS analysis. The results showed that, at 487.80 μg/mL, benzene extract
showed significant (P < 0.05) inhibitory activity against both AChE and BuChE with the percentage of inhibition 54.18 ± 5.65%
(IC50 = 434.61 ± 26.53μg/mL) and 78.43 ± 0% (IC50 = 163.01 ± 85.35μg/mL), respectively. The mode of inhibition exhibited by
benzene extract against the AChE and BuChE was found to be competitive and uncompetitive type of inhibition, respectively.
Preliminary phytochemical analysis coupled with GC-MS illustrates that the benzene extract possesses high amount of terpenoids,
which could be the reason for potential cholinesterase inhibitory activity.

1. Introduction

Alzheimer’s disease (AD) is the most common neurode-
generative disorder and the prevalent cause of dementia in
elderly population [1]. It is clinically characterized by numer-
ous symptoms such as memory and language impairment,
cognitive dysfunction, and behavioral disturbances (i.e.,
depression, agitation, and psychosis), which become pro-
gressively more severe [2]. As the aged population grows, the
number of individuals worldwide with AD is expected to rise
to 34 million in the next three decades, a dramatic increase
from 7.3 million today [3]. This is an alarming prospect,
particularly in the absence of effective preventive and
therapeutic interventions. The most remarkable biochemical
change in AD patients is a reduction of acetylcholine (ACh)
levels in the hippocampus and cortex of the brain [4].
Therefore, inhibition of acetylcholinesterase (AChE), the
enzyme responsible for hydrolysis of ACh at the cholin-
ergic synapse, is currently the most established approach
for treating AD [5]. The clinical efficacy of those AChE

inhibitors is thought to result from prolonging the half-
life of ACh through inhibition of AChE [6]. Currently, five
pharmaceutical drugs representing cholinesterase inhibitors
(ChEIs), namely, galantamine, rivastigmine, donepezil, and
tacrine, are applied clinically. However they can only offer
little more than short-term palliative effects, and moreover
these inhibitors suffer from pronounced peripheral side
effects [7]. Therefore, there is still a great demand in finding
new drug candidates for AD treatment.

Marine resources are the richest source of fauna and
flora with untapped potentials. The southern coast of India
bears a luxuriant growth of seaweed, and these have been
used in Asia for more than 2000 years as a subsidiary food,
fertilizers, and animal feed [8]. Recently, edible seaweeds
have been shown to exert many positive physiological effects,
including antiviral, antitumor, anticancer, hepatoprotective,
and antiviral activity [9, 10]. Seaweeds are considered
as marine renewable sources and medicinal food of 21st
century. The proposed seaweed G. acerosa is a perennial
red algae (Rhodophyceae) widely distributed along the south
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coastal region, that is, Gulf of Mannar throughout the year.
It is widely used in the production of superior quality agar
for molecular biology studies and also for the treatment of
gastrointestinal disorders [11]. S-ACT-1 a sulfono glycolipid
of G. acerosa has potent sperm motility stimulating activity
in vitro [12]. S-PC-1 a sphingosine derivative from G.
acerosa was found to act as non-steroidal antiprogesterone
contraceptives [13]. Reports regarding the pharmacological
application of G. acerosa, especially in the treatment of neu-
rological disorder, are still at its infancy; hence, the objective
of our study is to screen for the ChE inhibitory activity of
G. acerosa, which is commonly available seaweed in southern
coast of India. Preliminary screening for antioxidant activity
of seaweed has shown that G. acerosa extract exhibited
excellent antioxidant activity [14]. As the preliminary work
was promising, we intended to study the application of this
antioxidant seaweed in inhibiting cholinesterase activity so
that it could act as safe multipotent drug for treatment of
AD.

2. Materials and Methods

2.1. Sample Collection. Seaweed G. acerosa was collected
along the South Indian coastal area, Tamil Nadu, and the
species were identified according to Oza and Zaidu [15]
and Krishnamurthy and Joshi [16] and further confirmed
by Dr. M. Ganesan, Scientist, CSMCRI, Mandapam Camp,
Tamil Nadu, and the voucher specimen was deposited at
Department of Biotechnology, Alagappa University, under
the accession number AUDBTGA20100101.

2.2. Preparation of Crude Extracts. The seaweeds were
washed with alcohol and water and dried under shade. The
dried seaweeds were stored in an airtight container, which
was stable for at least 12 months. The air dried seaweeds were
powdered and successively extracted with different solvents:
petroleum ether, hexane, benzene, dichloromethane, chloro-
form, ethyl acetate, acetone, methanol, and water in Soxhlet
apparatus. The extracts were dried under reduced pressure in
vacuum dessicator until dryness and the percentage of yield
was calculated. The dried extract was dissolved in distilled
water containing less than 0.02% of methanol or Tween
20 as solvents and used for further analysis. The extraction
procedures were done at temperature less than 40◦C to avoid
thermal degradation of the compounds. Yield of the extract
was calculated as below:

Yield of the extract

=Wt. of the beaker with extract−Wt. of the empty beaker
Wt. of the sample in grams

× 100.
(1)

2.3. Chemicals. Electric eel AChE (Type-VI-S, EC 3.1.1.7,
Sigma) and horse serum BuChE (EC 3.1.1.8, Sigma) were
used as enzyme source, while acetylthiocholine iodide
(ATCI) and butyrylthiocholine iodide (BuTCI) (Himedia

laboratories, Mumbai, India) were employed as substrates
of the reaction. 5,5′-Dithio-bis(2-nitrobenzoic)acid (DTNB)
(Himedia laboratories, Mumbai, India) was used as chro-
mogen for the measurement of the cholinesterase activity.
All other chemicals used were of highest purity grade and
commercially available.

2.4. Determination of AChE and BuChE Inhibitory Activities.
AChE and BuChE inhibitory activities were measured by
slightly modifying the spectrophotometric method devel-
oped by Ellman et al. [17] and Ingkaninan et al. [18].
Briefly, 10 μL (0.09 U/mL) of AChE/BuChE solution was
incubated with 10–50 μL of various concentrations of G.
acerosa extract (97.56, 195.12, 292.68, 390.24, 487.80 μg/mL)
in 0.05 M Tris-HCl buffer (pH 8.0) for 45 min at RT. After
incubation, 125 μL of 3 mM DTNB was added, and the
total volume was made up to l mL with Tris-HCl buffer
(pH 8.0). Enzyme activity was initiated with the addition of
25 μL of 15 mM ATCI/BuTCI. The hydrolysis of ATCI and
BuTCI was monitored by the formation of yellow 5-thio-
2-nitrobenzoate anion as a result of the reaction of DTNB
with thiocholine, catalyzed by the enzyme at a wavelength
of 405 nm utilizing UV-Visible spectrophotometer (U-2800,
Hitachi, Japan). Percentage of inhibition of AChE/BuChE
was determined by comparison of rates of reaction of
samples relative to blank sample (Tris-HCl buffer) using the
formula (E − S)/E × 100, where E is the activity of enzyme
without test sample and S is the activity of enzyme with test
sample. The experiments were done in triplicates. Donepezil
(currently employed anticholinesterase drug) was used as
standard.

2.5. Phytochemical Analysis. Preliminary phytochemical
analysis was carried out on various solvent extracts of
G. acerosa using standard procedures to identify the
constituents as described by Trease and Evans [19], Sofowora
[20], and Harborne [21, 22].

2.5.1. Test for Tannins. A few drops of 0.1% ferric chloride
were added to the sample and observed for the formation of
brownish green or a blue-black coloration.

2.5.2. Test for Flavonoids. About five volumes of dilute
ammonia solution were added to a portion of the sample
followed by addition of concentrated H2SO4. A yellow
coloration that was observed indicated the presence of
flavonoids. The yellow coloration disappeared on standing.

2.5.3. Test for Terpenoids (Salkowski Test). Five mL of each
extract was mixed in 2 mL of chloroform, and concentrated
H2SO4 (3 mL) was carefully added to form a layer. A reddish
brown coloration at the interface was formed to show
positive results for the presence of terpenoids.

2.5.4. Test for Cardiac Glycosides (Keller-Kiliani Test). Five
mL of each extract was treated with 2 mL of glacial acetic
acid containing one drop of ferric chloride solution. This was
underlaid with 1 mL of concentrated sulphuric acid. A brown
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ring at the interface indicates a deoxy sugar characteristic of
cardenolides. A violet ring may appear below the brown ring,
while in the acetic acid layer, a greenish ring may form just
gradually throughout thin layer.

2.5.5. Test for Alkaloids (Dragendorff ’s Reagent). 1.5 mL of
10% HCl was added to about 5 mL of the extract, and the
mixture was heated for 20 min. It was cooled and filtered.
1 mL of Dragendorff ’s reagent was added. Formation of a
reddish or orange colored precipitate indicates the presence
of alkaloids [22].

2.6. Thin Layer Chromatography (TLC) Identification. Pre-
liminary phytochemical screening was further confirmed by
TLC analysis. TLC was performed using Silica gel 60 F254
plates (Merck). For the detection of alkaloids in benzene
extract, chloroform/methanol/glacial acetic acid 6 : 1 : 0.1
was used as running solvent, and the plates were detected
using Dragendorff ’s reagent. In the case of terpenoids, sep-
aration of benzene extract was performed using petroleum
ether/benzene/dichloromethane 3 : 2 : 5 as running solvents.
Plates were visualized by spraying with Vanillin-sulphuric
acid reagent, heated at 100◦C for 10 min, and then evaluated
in visible light [23]. Presence of terpenoids was further con-
firmed using p-anisaldehyde sulphuric acid as spraying agent
using petroleum ether/benzene/dichloromethane 2 : 2 : 6 as
running solvents. The color spots detected after spraying
with reagents were documented.

2.7. GC-MS Analysis. The components of benzene extract
were analyzed by GC-MS (GC Clarus 500 Perkin Elmer)
instrument with capillary column of Elite-5MS [(5%
Diphenyl/95% Dimethyl poly siloxane), 30 × 0.25 mm ×
0.25 μm df]. The inlet oven temperature was kept at 110◦C
initially. The injector temperature was kept at 250◦C. 2 μL
of sample was injected into GC-MS instrument for analysis.
For detection, an electron ionization system with ionization
energy of 70 eV was used. Helium was used as carrier gas
at flow rate of 1 mL/min. The chemical components of the
extract were identified by comparing their retention indices
(RI) and mass fragmentation patterns with those on the
stored NIST library (National Institute of Standards and
Technology).

2.8. Kinetic Studies. To evaluate the type of inhibition, in
which the extract inhibits the enzyme activity, the parameters
Km,Vmax, and Ki values were determined. AChE and BuChE
were incubated with different concentrations of benzene
extract of G. acerosa with increasing substrate concentration,
and the assay was performed as mentioned earlier. All the
kinetic parameters were calculated by using the software EZ-
Fit model (Perella Scientific Inc, USA).

2.9. Calculation of IC50. Various concentrations of seaweed
extracts were taken for the study, and IC50 value (which
shows 50% inhibition) was calculated by probit analysis
method.

Table 1: Percentage of yields (W/W) of different solvent extracts of
Gelidiella acerosa.

S. No Solvent extracts Yield of extract

1 Petroleum ether 0.06%

2 Hexane 0.06%

3 Benzene 0.06%

4 Dichloromethane 0.24%

5 Chloroform 0.06%

6 Ethyl acetate 0.03%

7 Acetone 0.41%

8 Methanol 4.99%

9 Water 5.01%

2.10. Statistical Analysis. Experimental results concerning
this study were represented as mean ± S.D. of three parallel
measurements. Analysis of variance was performed by one-
way ANOVA. Significant differences between means were
determined by Duncan’s multiple range tests. P values <0.05
were regarded as significant and P values <0.01 as very
significant.

3. Results

3.1. Acetylcholinesterase (AChE) and Butyrylcholinesterase
(BChE) Inhibitory Activity. The percentage of yield of dif-
ferent solvent extracts of G. acerosa is illustrated in Table 1.
Various concentrations (97.56–487.80 μg/mL) of different
solvent extracts of G. acerosa were analyzed for AChE
inhibitory activity under in vitro condition, and the results
are shown in Table 2. Results showed that benzene, ethyl
acetate, petroleum ether, chloroform, and acetone showed
inhibitory activity against AChE in concentration-dependent
manner while hexane, dichloromethane, methanol, and
aqueous extract showed no activity against AChE. At
487.80 μg/mL benzene and ethyl acetate extract showed
significant (P < 0.05) inhibitory activity of 54.18 ± 5.65 and
53.57 ± 9.49% when compared to control, but significantly
less when compared to standard drug donepezil whose
percentage of inhibition is 98.26 ± 0.236% (IC50 value
−5.09± 0.004μg/mL). IC50 values of benzene and ethyl
acetate extract were observed as 434.61 ± 26.53μg/mL and
444.44±11.63μg/mL, respectively. Chloroform, acetone, and
petroleum ether extract showed moderate inhibitory activity
of 37.6±1.17, 45.92±0.679, and 41.36±1.68%, respectively.

In the case of BuChE, at 487.80 μg/mL benzene,
chloroform, ethyl acetate, and petroleum ether showed
inhibitory activity when compared to control. Hexane,
dichloromethane, methanol, and water extracts showed
no inhibitory activity against BuChE (Table 3). Of all the
extracts benzene and chloroform extract showed significantly
(P < 0.05) higher inhibition of 78.43 ± 0% and 56.78 ±
2.13% when compared to control with IC50 values of
163.01 ± 85.35μg/mL and 375 ± 17.170μg/mL, respectively.
Donepezil, a positive control, showed, significantly higher
inhibition of 91.57 ± 2.41% (IC50−7.266 ± 0.0065μg/mL)
when compared to seaweed extract. Petroleum ether and
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Table 2: Acetylcholinesterase inhibitory activity of different solvent extracts of Gelidiella acerosa.

S. no. Solvent extract
% of inhibition ± S.Da

IC50 (μg/mL)
97.56 μg/mL 195.12 μg/mL 292.68 μg/mL 390.24 μg/mL 487.80 μg/mL

1 Donepezil 98.05 ± 0.23 98.05 ± 0.12 98.05 ± 0.30 98.39 ± 0.34 98.26 ± 0.23∗∗ 5.0985 ± 0.0046

2 Petroleum ether 9.95 ± 0.65 21.93 ± 2.49 29.20 ± 1.42 36.31 ± 1.18 41.36 ± 1.68 Nil

3 Hexane NIb NIb NIb NIb NIb Nil

4 Benzene 14 ± 1.5 40 ± 3.05 40 ± 8.08 46 ± 3.46 54.18 ± 5.65∗∗ 434.61 ± 26.53

5 Dichloromethane NIb NIb NIb 1.99 ± 0.05 4.34 ± 0.29 Nil

6 Chloroform 26.28 ± 0.95 30.21 ± 0.36 33.44 ± 0.81 35.51 ± 0.67 37.60 ± 1.17 Nil

7 Ethyl acetate 39.28 ± 2.02 42.85 ± 0.68 46.42 ± 0.68 50 ± 0.68 53.57 ± 9.49∗ 444.44 ± 11.63

8 Acetone 0.19 ± 0.33 15.88 ± 1.45 31.51 ± 2.07 36.84 ± 0.21 45.92 ± 0.67 Nil

9 Methanol 9.8 ± 0.84 9.95 ± 0.34 10.02 ± 0.55 12.37 ± 3.40 14.82 ± 1.70 Nil

10 Water NIb NIb NIb NIb 6 ± 0.001 Nil
aResults were expressed as mean ± SD (n = 3).
bNI: no inhibition.
∗P < 0.05.
∗∗P < 0.01.

Table 3: Butyrylcholinesterase inhibitory activities of different solvent extracts of Gelidiella acerosa.

S. no. Solvent extract
% of inhibition ± S.Da

IC50 (μg/mL)
97.56 μg/mL 195.12 μg/mL 292.68 μg/mL 390.24 μg/mL 487.80 μg/mL

1 Donepezil 67.71 ± 1.09 85.61 ± 8.50 85.96 ± 1.84 96.65 ± 2.64 91.57 ± 2.41∗∗ 7.266 ± 0.0065

2 Petroleum ether 22.17 ± 3.96 24.46 ± 2.28 25.22 ± 4.76 30.57 ± 1.32 32.85 ± 4.76 Nil

3 Hexane NIb NIb NIb NIb NIb Nil

4 Benzene 43.13 ± 7.67 54.9 ± 9.31 56.86 ± 10.19 70.58 ± 4.76 78.43 ± 0.00∗∗ 163.01 ± 85.35

5 Dichloromethane NIb NIb NIb 2.91 ± 0 4.49 ± 1.36 Nil

6 Chloroform 24.68 ± 8.5 39.28 ± 0 45.14 ± 2.71 47.56 ± 0.99 56.78 ± 2.13∗∗ 375 ± 17.170

7 Ethyl acetate 15.332 ± 2.03 23.06 ± 4.75 30.39 ± 5.71 32.24 ± 1.58 37.74 ± 4.19 Nil

8 Acetone 12.87 ± 2.5 13.61 ± 2.38 19.51 ± 1.27 23.21 ± 3.38 29.11 ± 3.83 Nil

9 Methanol NIb NIb 1.79 ± 1.27 2.53 ± 0.004 16.44 ± 3.43 Nil

10 Water NIb NIb NIb NIb NIb Nil
a
Results were expressed as mean ± SD (n = 3).

bNI: no inhibition.
∗P < 0.05.
∗∗P < 0.01.

ethyl acetate extract exhibited moderate inhibitory activity of
32.85±4.76 and 37.74±4.19%, respectively. From the above
results it is clear that of the entire extracts studied, benzene
extract inhibited both AChE and BuChE to greater extent
while ethyl acetate extract showed moderate activity against
both the ChEs (dual cholinergic effect).

3.2. Phytochemical Screening. Preliminary phytochemical
analysis of different solvent extracts of G. acerosa was
performed, and the results are tabulated in Table 4. Benzene
and ethyl acetate extract showed positive results for the
presence of terpenoids, cardiac glycosides, alkaloids, and
tannins. Negative results were observed for the presence of
steroids, flavonoids, and anthraquinones.

3.3. Identification of Chemical Constituents of the Benzene
Extract. Since the benzene extract showed the highest ChE

(AChE and BuChE) inhibitory activity, the chemical con-
stituents were further analyzed by TLC and GC-MS for
identifying the compounds responsible for the activity exhib-
ited. In classical TLC analysis, spots with chromatographic
behavior identical to terpenoids (purple color when exposed
to vanillin-sulphuric acid and violet color when sprayed with
p-anisaldehyde reagent) were observed for benzene extract
(Figure 1). Orange red colored spots were seen in plates
treated with Dragendorff ’s reagent, which is a positive test for
alkaloids (Figure 1) [23, 24]. TLC findings were in agreement
with the data of qualitative chemical tests, and the spots
characteristic for terpenoids and alkaloids were observed in
benzene extract.

A high-resolution mass spectrum equipped with a
data system in combination with gas chromatography
was used for chemical analysis of benzene extract of
G. acerosa. A total of 24 compounds were identified
from the benzene extract (Table 5). The extract con-
tained a complex mixture consisting of monoterpene
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Table 4: Preliminary phytochemical screening of different solvent extracts of Gelidiella acerosa.

S. no. Compounds Petroleum ether Hexane Benzene Dichloromethane Chloroform Ethyl acetate Acetone Methanol Water DMSO

1 Alkaloids ++ ++ ++ ++ ++ ++ − − − −
2 Terpenoids + − ++ + − + ++ − − −
3 Ketonic terpenoids − − + − ++ − ++ − − −
4 Cardiac glycosides ++ + ++ ++ ++ ++ + + − −
5 Tannins + + + + + + ++ ++ ++ ++

6 Flavonoids − − − − − − − − − −
7 Steroids − − − − − − − − − −
8 Anthraquinones − − − − − − − − − −
−: No response; +: low content; ++: high content.

Figure 1: TLC chromatogram of benzene extract showing plates
sprayed with (a) p-anisaldehyde sulphuric acid, (b) vanillin-
sulphuric acid reagent, and (c) Dragendorff ’s reagent.

and sesquiterpene hydrocarbons. The major compounds
detected were 5-Amino-2-methoxyphenol; Eicosane; 2-
Pentadecanone,6,10,14-trimethyl-; 1,2-Benzenedicarboxylic
acid, diisooctyl ester; 9-Octadecenoic acid, 12-(acetyloxy)-
, methyl ester, [R-(Z)]-; Phytol and Lanosta-7,9(11)-diene-
3a,18,20-triol. The anticholinesterase activity observed in the
benzene extract might be attributed to the presence of the
above-mentioned compounds.

3.4. Computation of Kinetic Parameters. Kinetic studies were
performed using IC50 and IC25 of benzene extract of G.
acerosa, and the results were tabulated in Table 6. The results
suggest that both AChE and BuChE showed maximum
enzyme velocity at the concentration of 15 mM. Km, Vmax

and Ki values were determined by plotting Lineweaver-Burk
plot. In the case of AChE, an increase in the Km value (1.729±
0.56 nM) was observed without showing any significant
change in the Vmax (0.005 ± 0.0002 nmoles/min/mg of pro-
tein) when compared to the control (Km−0.8774± 0.41 nM,
Vmax − 0.0047 ± 0.0002 nmoles/min/mg of protein), which
suggests that the type of inhibition involved might be of
competitive type [25]. The Ki value obtained for the extract
was 202.18 ± 72.20μg/mL. In the case of BuChE, a decrease

in the Km value (1.086 ± 0.60 nM) was observed when
compared to control (3.12 ± 0.87 nM). A slight decrease in
the Vmax value (0.0024 ± 0.0001 nmoles/min/mg of protein)
was also observed when compared to control (0.0027 ±
0.0002 nmoles/min/mg of protein). The Ki value obtained
for the extract was 162.94 ± 71.52μg/mL. Therefore the
results suggest that the type of inhibition involved might be
uncompetitive [26].

4. Discussion

AD is a progressive neurodegenerative disorder character-
ized by deficit in cholinergic neurotransmission in basal
forebrain. ChEIs represent the most promising therapeutic
agents for AD type dementia patients, as shown by the
clinical studies on the effects of these drugs on cognition
(memory and concentration) and behavioral symptoms
(apathy and motor agitation) [27]. Many investigations have
previously attempted to develop ChEIs for the treatment
of AD, either synthetically or via the exploitation of plants
and fungi used in traditional medicine, but research into
an effective agent from marine algae is still in its infancy.
Preliminary screening studies revealed that only crude
methanol extract of G. acerosa exhibited antioxidant activity
among the various seaweed types used for evaluation [14].
In the present study, we extended this observation to further
investigate ChE inhibitory activity using different solvent
extracts of G. acerosa in cell-free in vitro assays.

The main finding of the present study was that benzene
extract of G. acerosa showed significant dual cholinergic
activity; that is, it is active against both AChE and BuChE.
Plant extracts, which have dual anti-ChE activity, may be
appropriate to patients in moderate stage of AD [27].
Moreover, Hodges [28] demonstrated that inhibition of
AChE plays a key role not only in enhancing the cholinergic
neurotransmission in the brain but also in reducing the
aggregation of β-amyloid the key factor in AD. Donepezil
the currently used ChEI has been reported to activate α-
secretase and promote non-amyloidogenic pathway [29].
A recent report also demonstrated that selective BuChE
inhibitors reduced amyloid precursor protein processing and
Aβ level in vivo and in vitro [30]. These data suggest that the
effects may arise from the interaction of these drugs with
amyloid cascade, influencing the expression and metabolic
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Table 5: GC-MS profile of benzene extract of Gelidiella acerosa.

S. no. Retention time Name of the compound Molecular formula Molecular weight

1 4.70 5-Amino-2-methoxyphenol C7H9NO2 139

2 8.46 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- C11H16O2 180

3 8.82 2(1H)-Pyridinethione, 3-hydroxy- C5H5NOS 127

4 10.17 Eicosane C20H42 282

5 11.72 2-Pentadecanone,6,10,14-trimethyl- C18H36O 268

6 12.55 Lanosta-7,9(11)-diene-3a,18,20-triol C30H50O3 458.71

7 12.67 9-Octadecenoic acid, 12-(acetyloxy)-, methyl ester, [R-(Z)]- C21H38O4 354

8 14.87 Cyclopentanol, 2,4,4-trimethyl- C8H16O 128

9 15.00 Phytol C20H40O 296

10 15.21 Undecanoic acid, 2-methyl- C12H24O2 200

11 16.01 2-Piperidinone, N-[4-bromo-n-butyl]- C9H16BrNO 233

12 19.29 2,4-Nonadienal C9H14O 138.21

13 20.90 1,2-Benzenedicarboxylic acid, diisooctyl ester C27H46O 386

14 21.22 n-Decanoic acid C10H20O2 172.26

15 23.16 Heptanal C7H14O 114.19

16 23.77 Acetophenone C8H8O 120.15

17 24.86 Benzeneacetic acid, alpha hydroxy-alpha methyl C9H10O3 166.17

18 26.61 Hexanal C6H12O 100.16

19 26.71 Octane C8H18 114.23

20 27.19 Dodecane, 1,2-dibromo C12H24Br2 328.13

21 27.66 Benzoic acid, 4-[(trimethylsilyl)oxy]-, trimethylsilyl ester C13H22O3Si2 282.48298

22 29.32 n-Hexadecanoic acid C16H32O2 256.4241

23 29.46 3-Undecene, 3-methyl- C12H24 168.323

24 30.02 Nonanal C9H18O 142.24

Table 6: Evaluation of kinetic parameters for AChE and BuChE inhibitory activity of benzene extract of G. acerosa.

AChE BuChE

Parameters Control Treated Control Treated

Km (nM) 0.8774 ± 0.41 1.729 ± 0.56 3.12 ± 0.87 1.086 ± 0.60

Vmax (nmoles/min/mg of protein) 0.0047 ± 0.0002 0.005 ± 0.0002 0.0027 ± 0.0002 0.0024 ± 0.0001

Ki (μg/mL) 202.18 ± 72.20 162.94 ± 71.52

processing of APP and slowing down the major pathological
consequences of aggregation [31]. Therefore ChEIs not only
increase the level of ACh but also prevent the formation of
β-amyloidal plaques thereby protecting the neurons from
neurodegeneration.

In terrestrial plants the majority of ChEIs were identified
to be alkaloids and terpenoids [5, 32] whereas reports
regarding ChEI activity of seaweeds are still in its infancy.
TLC analysis of benzene extract showed the presence of
alkaloids and terpenoids. GC-MS analysis also showed that
benzene extract of G. acerosa possesses considerable amount
of different types of terpenoids. Terpenoids are secondary
metabolites synthesized by seaweeds and represent a form
of essential oils and are classified according to their isoprene
unit such as mono-, sesqui-, di-, and triterpene [33]. They

possess higher therapeutic potentials like anticancer, antiox-
idant, and anti-inflammatory activities either independently
or synergistically [34]. Recent findings reveal that terpenoids
have potential neuroprotective effects against ischemic and
glutamatergic neurotoxicity, 6-hydroxydopamine toxicity,
and oxidative stress [33]. Studies on ethanolic extract of
Salvia potentillifolia show that the essential oils containing
mono- and sesquiterpenoids obtained from them exhibit
excellent cholinesterase inhibitory activity in in vitro condi-
tion [35]. Shiomi [36] demonstrated the anticholinesterase
activity of monoterpenes isolated from fungi. These ter-
penoids, on the other hand, due to their small molecular
size and lipophilicity, readily cross the blood-brain barrier
and are effective in the treatment of AD [37]. Hence the
observed cholinesterase inhibitory activity of G. acerosa
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extract might be attributed to the presence of the different
types of terpenoids.

5. Conclusion

The results obtained from this study clearly indicate that
benzene extract of G. acerosa has a powerful ChE inhibitory
activity under in vitro condition. The most probable reason
for their potential ChEI activity might be related to the
presence of terpenoids. The significance of natural ChEIs
from G. acerosa will be further characterized, and they will
be evaluated for their bioavailability and potential toxicity in
vivo.
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