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ABSTRACT
The neuroprotective properties and antioxidant potential of polyphenolic extracts from a brown seaweed Padina
australis, were evaluated by the inhibition assay against acetylcholine esterase using indoxyl acetate as the
substrate, and by the radical scavenging activity assay against 1,1-diphenyl-2-picrylhydrazyl (DPPH), ferric
reducing antioxidant power (FRAP), and ferrous ion chelating (FIC) activity assay. Methanolic (80%) crude
extracts was fractionated by different solvent partitioning, and the assays of each fraction were performed using the
microplate reader. The highest total phenolic content (TPC) was observed in n-butanol soluble fraction with a value
of 188.75±0.21 mg GAE/g. In addition, the n-butanol soluble fraction showed the highest ferric reducing power
(188.34±0.15 mg GAE/g) and the highest ferrous ion chelating ability (76.52±0.12%). The highest free radical
scavenging activity against DPPH was found in water soluble fraction with 77.5±1.82% inhibition. However, the βcarotene bleaching activity was found higher with the non-polar solvent, n-hexane extract (58.12±0.58%). A strong
positive correlation was found between the total phenolics and antioxidant activities of the fractions.
Acetylcholinesterase (AChE) inhibitory properties of all the fractions were assayed where n-butanol soluble fraction
was found to have better AChE inhibitory activity (57.94±0.17%) with an IC50 value of 1.54±0.045 mg/ml. The
results suggested that the polar fractions possess higher AChE inhibitory and antioxidant activity. It can be
concluded that Padina australis possesses an appreciable amount of polyphenols with notable antioxidant and antiAChE properties that could be promisingly used in the treatment of neurodegenerative disorders.
Keywords: Brown seaweeds; Phlorotannins; Alzheimer’s disease; Antioxidants.
_____________________________________________________________________________________________
INTRODUCTION
Alzheimer's disease (AD) is a common form of dementia among the elderly citizens. Dementia is a loss of cognitive
ability that seriously affects a person's ability to carry out simple to complex tasks in their daily life. It is not a single
disease rather a non-specific syndrome. Acetylcholine (Ach) is a major excitatory neurotransmitter found in the
neuromuscular junction and ganglionic synapses that is hydrolyzed by a powerful hydrolytic enzyme
acetylcholinesterase (AChE) into acetate and choline. The hydrolysis of ACh by AChE causes the termination of the
cholinergic neurotransmission. Therefore, the inhibition of AChE might appreciably recover the level of ACh
depleted in the Alzheimer’s patients [1]. Indeed, it was proved that the inhibitors of AChE improve the cognitive
capability of AD patients in early stage of the disease development. The Food and Drug Administration, U.S. had
currently approved five drugs for the therapeutic use that may improve the AD patient's condition. The Alzheimer’s
treatment horizon has never looked brighter. Due to the bioavailability problems and some side effects such as
gastrointestinal disorders and hepatotoxicity, there is still a great interest in finding better ChE inhibitors from
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natural resources [2]. The development of more potent disease-modifying drugs continues as to identify natural
bioactive compounds, which can be used to ameliorate the disease conditions [3].
Oceans are the richest resources with half of the total global biodiversity of fauna and flora with untouched
potentials. Among the marine organisms, marine macro algae or seaweeds have been acknowledged as an underexploited plant source. The Malaysian marine algae recorded so far comprised of 6 Cyanophyta, 93 Chlorophyta, 85
Phaeophyta and 174 Rhodophyta [4, 5] of which the Johor state has a 400 km coast-line facing South China Sea
with most diversified seaweeds represented by Rhodophytes (81 taxa), Chlorophyta (56 taxa), Orchrophyta (34 taxa)
and Cyanophyta (26 taxa) ([6]. As seaweeds have many pharmacologic properties such as antioxidant, anticoagulant, anti-viral, anti-allergic, anticancer, anti-obesity, anti-inflammatory, etc., they have been considered as
medicinal food of 21st century and researchers are being carried out to unravel their pharmacologic functions.
Padina australis Hauck, brown seaweed belongs to the family Dictyotaceae which is widely distributed throughout
the tropical marine waters and are used by common people as food additives, animal feed and fertilizers [7]. Since
cholinesterase inhibitory activities of seaweeds are still unexplored, the objective of our study was to screen the
antioxidant property and cholinesterase inhibitory activity of P. australis to be used as therapeutic agents for the
treatment of AD.
EXPERIMENTAL SECTION
2.1. Plant materials and chemicals
The brown algae Padina australis was collected from the east costal region of Penyabong, Mersing, Johor State,
Malaysia. The alga was washed in tap water to remove soil and other adhered particles, air dried under shade,
pulverized, and the powdered algae were then stored at room temperature. DPPH, Gallic acid, AChE, indoxyl
acetate, Paraoxon, β-carotene, linoleic acid, and ferrozine were purchased from Sigma, Malaysia. All other
chemicals used in this study were of analytical grade.
2.2 Extraction of seaweed
The methanolic extracts were obtained according to the methods of Yang et al. (2003) [8] using 80% MeOH instead
of 100% MeOH. A 100 g portion of the dried and powdered P. australis was extracted in 500 ml aqueous in a
conical flask by continuous shaking for 48 h at room temperature. The extract was filtered, and the MeOH was
evaporated under vacuum. The crude extract was re-dissolved in water and was sequentially partitioned with nhexane, chloroform, ethyl acetate, and n-butanol. These partitioned fractions were dried under vacuum, stored at 20°C for further use in the study of total phenolic content, antioxidant and acetylcholinesterase inhibitory activity.
2.3 Total phenolics content
Total phenolic content was determined by using Folin-Ciocalteu reagent as described by Zhang et al. (2007) [9] in a
96-well micro titer plate. A definite amount of the fractions were dissolved separately in DMSO and 20 µl of each
fraction and the serially diluted (0-100 µg/ml) standard Gallic acid solutions were placed in different well. Then 100
µl of the diluted (1:10 v/v) Folin-Ciocalteu reagent was added to each well, mixed and incubated for 5 min at room
temperature. Subsequently, 80 µl of 7.5% sodium carbonate solution was added and mixed well. The plate was
covered and kept in the dark at room temperature for 30 min. Each fraction and Gallic acid standard were run in
triplicate. The absorbance was measured at 750 nm with a spectrophotometric microplate reader (Infinite Pro200,
TECAN, Switzerland). TPC was expressed as mg GAE (Gallic acid equivalent)/g.
2.4 Antioxidant activities (AOA)
2.4.1 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
DPPH radical scavenging assay was performed according to the method of Brand-Williams et al. (1995) [10].
Instead of reading samples spectrophotometrically, the assay was performed with a microplate reader. Briefly, A 50
µl of each fraction and 200 µl of DPPH solution (150 µM in 80% methanol) was added in different wells of a 96well flat-bottom micro titer plate (Corning Inc. U.S.A.). Serially diluted ascorbic acid was used as standard and each
sample was run in triplicate. The plate was covered and kept in dark at room temperature (27 °C). After 30 min, the
plate was read in an Infinite 200 pro (TECAN, Switzerland) plate reader using a 520 nm filter. The percent free
radical scavenging activity was calculated as follows:
% Antiradical activity = [(Acontrol - Asample) / Acontrol] × 100
2.4.2 Ferric- reducing antioxidant power (FRAP)
The FRAP assay was done following the method of Chew et al. (2008) [11]. A 50 µl portion of 0.1 M potassium
phosphate buffer (pH 6.6) and 50 µl of 1% (w/v) potassium ferricyanide were mixed with 20 µl of each fraction (1
mg/ml) in the wells of a micro titer plate and incubated at 50 °C in a water bath. After 20 min, 50 µl of 10% (w/v)
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trichloroacetic acid was added. To 50 µl of the above reaction mixture, 50 µl of deionized water and 10 µl of 0.1%
(w/v) ferric chloride was added. The reaction mixture was incubated at room temperature for 30 min for color
development. The absorbance was measured at 700 nm and the FRAP value was expressed as mg GAE/g.
2.4.3 Ferrous ion chelating (FIC) assay
The FIC assay was performed following the method of Singh and Ranjini (2004) [12]. A 50 µl portions of each of
0.1 mM ferrous sulphate and sample fractions (1000 µg/ml) were mixed together and 50 µl of 0.25 mM ferrozine
was added to the mixture in a micro titer plate and incubated for 10 min. The reactions were run in triplicate, and
absorbance was measured at 562 nm. The percentage of chelating ability was calculated by using the following
equation:
Chelating ability (%) = [(Acontrol – Asample)/ Acontrol] × 100
2.4.4 Beta carotene bleaching (BCB) assay
The β-carotene bleaching assay was performed using the method of Kumazawa et al. (2002) [13]. A 3 ml portion of
β-carotene (0.1 mg/ml in chloroform) was added to 40 mg of linoleic acid and 400 mg of Tween 40 in a conical
flask. The chloroform was evaporated, and 100 ml of deionized ultra-pure water was added into the dried mixture
and mixed well. The β-carotene/linoleic acid emulsion was then mixed well, and the initial absorbance of the
emulsion was measured at 470 and 700 nm. An aliquot of 250 µl of the emulsion was added to 10-100 µl of the
sample fractions, incubated at 50 °C. After 60 min absorbance of the reaction mixtures were measured at 470 and
700 nm. The absorbance at 700 nm (due to haze) was subtracted from the absorbance at 470 nm.
The percentage of AOA, calculated as follows:
Degradation rate (DR) of β-carotene = – ln (Ainitial/ Asample)/ 60
Antioxidant activity (% AOA) = [(DRcontrol – DRsample)/ DRcontrol] × 100
2.5 Acetylcholinesterase inhibitory activity
The cholinesterase activity was measured by the method of Pohanka et al. (2011) [14] using indoxyl acetate as the
chromogenic substrate. A 25 µl portion of each fraction (in DMSO) was mixed with 50 µl of PBS and 5 µl of AChE
solution added and mixed gently. The reaction was started by the addition of 20 µl of indoxyl acetate (in 5%
ethanol). Paraoxon (a para-sympathomimetic drug) was used as standard. Absorbance was measured at 670 nm after
30 min. The percent inhibition of cholinesterase activity was calculated as follows:
% Anti-AChE activity = [(Acontrol - Asample) / Acontrol] × 100
2.6 Statistical Analysis
All the experiments were conducted in triplicates (n=3) and Pearson's correlation coefficient (using OriginPro v.8.6
statistical software) was calculated to compare the mean values of each experiment. Significant differences between
the means of parameters were determined by using the 2-tailed test of significance (P < 0.05).
RESULTS AND DISCUSSION
3.1. Phenolic composition
Fig. 1 demonstrates the total phenolic content of different fractions of P. australis extract. It is evident in the figure
that n-butanol fraction possesses the highest total polyphenol. Polyphenols are highly soluble in high polar solvents
which can be evidenced from the results obtained. The difference in TPC among different factions of P. australis
was found statistically significant. Li et al. (2009) [15], in a similar study, isolated and structurally characterized
seven phlorotannins and three sterols from E. cava methanolic extract. Wang et al. (2009) [16] found significant
differences in the total phenolic content among different seaweed species extracted with aqueous methanol, ethanol
and acetone where brown algae demonstrated higher amounts of polyphenols than green and red algae. Furthermore,
a positive correlation between the thallus age and TPC was reported [17]. Chew et al. (2008) [11] reported that
aqueous methanolic extracts of K. alvarezzi, P. antillarum and C. racemosa showed high TPC than absolute organic
solvents. The seaweed polyphenols known as phlorotannins (polymers of phloroglucinol) are hydrophilic in nature
and abundantly found only in brown seaweeds [18].
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Fig, 1. Total phenolic content of different fractions of P. australis extract

Fig. 2. DPPH free radical scavenging activity of different fractions of P. australis extract

3.2. 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
The free-radical scavenging activities of different fractions of P. australis are shown in Fig. 2. All the fractions
showed significant DPPH quenching activity at a final concentration of 1.0 mg/ml. The IC50 values of the fractions
ranged from 1.63 – 130.14 µg/ml. the scavenging capacity of the fractions increased in the increasing order of
polarity of the solvents, although chloroform fraction demonstrated the lowest value. There was a strong correlation
between the phenolic content in all the fractions and the DPPH free radical scavenging activity. Wang et al. (2009)
[16] also found high correlation between the total phenolic content of Icelandic seaweed extracts and their DPPH
radical scavenging capacity. This may be due to the presence of phloroglucinol polymers in high concentrations in
these fractions [19, 20]. The methanolic and aqueous extracts of 10 species of Chlorophyta and 25 species of
Phaeophyta were screened for their antioxidant activity by Heo et al. (2005) [21]. Both the extracts showed a
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significant amount of activity against the reactive oxygen species (ROS). Similarly, the methanolic extract of E.
cava significantly reduced DPPH radical in a dose-dependent manner [22]. The scavenging activity of DPPH free
radicals had been used extensively to determine the antioxidant power of bioactive natural products. Antioxidants
interrupt free radical chain oxidation by donating the hydrogen from hydroxyl groups to form a stable end-product,
which does not initiate further oxidation of lipids [23].
3.3. Ferric reducing antioxidant power (FRAP)
Fig. 3 illustrates the total antioxidant power of the P. australis fractions (1 mg/ml) and the values are expressed as
mg gallic acid equivalent per g. The results showed that n-butanol fraction possessed the highest antioxidant power
followed by ethyl acetate and water fractions. Alike DPPH scavenging power, chloroform demonstrated the lowest
FRAP value. The results were statistically significant (P < 0.05). The reducing power of the fractions was found
strongly correlated with their total phenolics [11, 24]. The FRAP assay offers an index of antioxidant or reducing
capability of foods, beverages and food supplements. The antioxidant activity was based on the ability of the
antioxidant components present in the samples that involve in the ionic reduction of ferric (III) to ferrous (II) in a
colorimetric reaction [25], mediated by single electron transfer.

Fig. 3. Ferric reducing antioxidant power (FRAP) of different fractions of P. australis extract

3.4. Ferrous ion chelating (FIC) assay
The metal chelating ability of the antioxidant components present in the P. australis fractions was evaluated using
FIC assay at a concentration of 1mg/ml. Fig. 4 shows the ferrous ion chelating ability of all fractions. The reducing
capacity of the fractions increased in the order of increasing polarity. Although water is the solvent of highest
polarity used in this study, it contained FIC value less than n-butanol fraction. This may be due to distribution of
fewer polar constituents in other solvents, including butanol, water being the last solvent of choice. Studies have
demonstrated that phloroglucinol polymers derived from brown seaweeds are potent ferrous ion chelator [11, 26]
and its potency depends upon their unique phenolic structures and number of hydroxyl groups present [27].
3.5. Beta carotene bleaching (BCB) assay
The β-carotene bleaching (BCB) of different fractions of the P. australis extract is demonstrated in Fig. 5. The
results showed that the BCB antioxidant activity is inversely proportional to the polarity of the solvents indicating
that the BCB values of the fractions are independent of TPC. The presence of more lipophilic components in the
non-polar fractions contributed to the BCB activity. The difference in BCB activity among the fractions was
statistically significant (P<0.005).
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Fig. 4. Ferrous ion chelating ability of different fractions of P. australis extract

Fig. 5. Antioxidant activity of P. australis as determined by β-carotene bleaching assay

The β-carotene bleaching is mediated by free radicals resulting in the formation of peroxyl from linoleic acid due to
the abstraction of diallylic methylene groups from linoleic acid [28]. This free radical will then attack the highly
unsaturated β-carotene molecules which can be visualized spectrophotometrically as the orange color chromophore
is degraded. However, the antioxidant will neutralize the linoleate-free radicals and prevent the bleaching of βcarotene. Good number studies showed that there was no correlation or negative correlation between the total
phenolics and β-carotene bleaching [11, 29-33] Total phenolics indicate the presence of both lipophilic and
hydrophilic compounds in a sample whereas, BCB indicates the levels of lipophilic compounds present in a sample.
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3.6. Correlation between the total phenolic content and different antioxidant activity
Correlation analysis was carried out to investigate the relationship between the TPC and different antioxidant
activity assays. Table 1 show the correlation between the TPC, DPPH, FRAP and FIC activity. A strong and
statistically significant correlation of TPC with FRAP, and FIC was demonstrated by Pearson's correlation analysis
(FRAP: r2 = 0.927; FIC: r2 = 0.994). Similarly, a high correlation was also obtained between TPC and DPPH values
(DPPH: r2 = 0.72). A negative correlation was observed between the TPC and BCB values (BCB: r2 = -0.56),
indicating that the BCB activity mainly based on the lipophilic content of the sample. Previous studies showed that
the phenolic compounds are the main contributors to the antioxidant activity of various seaweeds. A positive
correlation between TPC and different antioxidant activity of different seaweed extracts was observed by other
researchers [16, 34-36]. Based on the results obtained, it can be postulated that the key function of brown algal
extracts as an effective free-radical scavenger and pro-oxidants are based on their polyphenol content. It should also
be noted that the reaction conditions, structural diversity of polyphenol, as well as their synergistic or antagonistic
effects could also have a big influence on different antioxidant assays [37].
Table 1: Pearson’s correlation coefficients between the total phenolics content and different antioxidant activity assays
AOA assays
DPPH
FRAP
FIC
BCB

R2 value
0.724
0.927
0.994
-0.56

3.7. Acetylcholinesterase inhibitory activity assay
The ChEs inhibitory properties of n-hexane, CHCl3, EtOAc, n-BuOH and H2O fractions of P. australis were
observed at concentration of 1 mg/ml and the results are demonstrated in Table 2. Among the fractions, n-BuOH,
H2O and EtOAc fraction exhibited significantly higher AChE inhibitory activity. The n-hexane and CHCl3 fractions
exhibited less inhibition, suggesting that lipophilic compounds of P. australis are poor acetylcholinesterase
inhibitors. The IC50 values of the different fractions ranged from 0.09 – 1.53 mg/ml. It was reported [38-40] that
phlorotannins are good AChE inhibitors. However, the possible relation between the phlorotannins and AChE
inhibition is still not clear. It is suggested that phloroglucinol polymers with bulky structures, are able to mask the
ChE and prevent the binding of the substrates [41]. It is also suggested that the degree of polymerization, and the
closed-ring structure of phlorotannins are key players in the inhibition of AChE [42]. Yoon et al., (2008) [41]
studied the bioactivity of 27 Korean seaweeds and among them E. stolonifera exhibited potent inhibitory properties
against both AChE and BChE. Moreover, some compounds derived from marine macro algae also have mixed type
ChE (acetyl- and butyl cholinesterase) inhibitory activity [43] which is considered more effective in treating
dementia. Overall, the brown macro algae demonstrated the potential to be used as functional neuro protective
agents through their ChE inhibitory power; further studies are warranted to explore the exact candidates contributing
to this action and their structure-activity relationship.
Table 2: % AChE inhibition and IC50 value of different fractions of P. australis extract
Solvent Extracts % Inhibition IC50 value (mg/ml)
n- Hexane
43.25 ± 0.19
0.455 ± 0.08
Chloroform
46.51 ± 0.15
0.741 ± 0.14
Ethyl acetate
53.22 ± 0.07
1.282 ± 0.02
n-Butanol
57.94 ± 0.17
1.539 ± 0.04
Water
55.71 ± 0.16
0.09 ± 0.22
Paraoxon
82.40 ± 0.47
ND
Data are expressed as mean ± SD (n=3). ND- not determined.

CONCLUSION
Our data indicates that the P. australis fractions contain an appreciable amount of polyphenol. All the fractions
exhibited high antioxidant and pro-oxidant activities. Polyphenol-rich fractions also exhibited significant ChE
inhibitory activity. Hence, the results suggested P. australis to be a considerable source of secondary metabolites
that could be used as promising functional food additives in the pharmaceutical industry. Further work is in progress
to identify the compounds accountable for the inhibitory property of cholinesterase from P. australis extracts.
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