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ABSTRACT

The neuroprotective properties and antioxidant ptg of polyphenolic extracts from a brown seawéttiina
australis, were evaluated by the inhibition assajaiast acetylcholine esterase using indoxyl acetsethe
substrate, and by the radical scavenging activigsay against 1,1-diphenyl-2-picrylhydrazyl (DPPHgsric
reducing antioxidant power (FRAP), and ferrous ichelating (FIC) activity assay. Methanolic (80%)ude
extracts was fractionated by different solvent piarting, and the assays of each fraction were grenfed using the
microplate reader. The highest total phenolic cob{@PC) was observed in n-butanol soluble fractiath a value
of 188.7540.21 mg GAE/g. In addition, the n-butasoluble fraction showed the highest ferric redgcjmower
(188.3440.15 mg GAE/g) and the highest ferrous atxelating ability (76.5240.12%). The highest fresdical
scavenging activity against DPPH was found in watuble fraction with 77.5£1.82% inhibition. Howey theg-
carotene bleaching activity was found higher with hon-polar solvent, n-hexane extract (58.12+0.h886strong
positive correlation was found between the totalemgilics and antioxidant activities of the fractions
Acetylcholinesterase (AChE) inhibitory propertiésab the fractions were assayed where n-butanallge fraction
was found to have better AChE inhibitory activiy.0440.17%) with an I¢ value of 1.5440.045 mg/ml. The
results suggested that the polar fractions posdegher AChE inhibitory and antioxidant activity. tan be
concluded that Padina australis possesses an agirkcamount of polyphenols with notable antioxidand anti-
AChE properties that could be promisingly usechim treatment of neurodegenerative disorders.

Keywords: Brown seaweeds; Phlorotannins; Alzheimer’s diseAsgoxidants.

INTRODUCTION

Alzheimer's disease (AD) is a common form of deni@eamong the elderly citizens. Dementia is a Idssognitive
ability that seriously affects a person's abil@ycarry out simple to complex tasks in their déifly. It is not a single
disease rather a non-specific syndrome. AcetyloRo(iAch) is a major excitatory neurotransmitterrigun the
neuromuscular junction and ganglionic synapses fisathydrolyzed by a powerful hydrolytic enzyme
acetylcholinesterase (AChE) into acetate and cholihe hydrolysis of ACh by AChE causes the tertidmeaof the
cholinergic neurotransmission. Therefore, the iitltib of AChE might appreciably recover the levdl ACh
depleted in the Alzheimer’s patients [1]. Indeddyas proved that the inhibitors of AChE improve ttognitive
capability of AD patients in early stage of theedise development. The Food and Drug Administratib8, had
currently approved five drugs for the therapeutie that may improve the AD patient's condition. Ateheimer’s
treatment horizon has never looked brighter. Du¢hto bioavailability problems and some side effenish as
gastrointestinal disorders and hepatotoxicity, eéhisr still a great interest in finding better Chthibitors from
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natural resources [2]. The development of more miotiisease-modifying drugs continues as to identdyural
bioactive compounds, which can be used to ametidhat disease conditions [3].

Oceans are the richest resources with half of tiel tglobal biodiversity of fauna and flora with tanched
potentials. Among the marine organisms, marine matgae or seaweeds have been acknowledged asdan un
exploited plant source. The Malaysian marine algaerded so far comprised of 6 Cyanophyta, 93 ©playta, 85
Phaeophyta and 174 Rhodophyta [4, 5] of which thiteod state has a 400 km coast-line facing Soutima&CBiea
with most diversified seaweeds represented by Rbpiogtes (81 taxa), Chlorophyta (56 taxa), Orchropl{g# taxa)
and Cyanophyta (26 taxa) ([6]. As seaweeds haveynpnarmacologic properties such as antioxidantj- ant
coagulant, anti-viral, anti-allergic, anticancentiabesity, anti-inflammatory, etc., they have hemnsidered as
medicinal food of 2% century and researchers are being carried ountaval their pharmacologic functions.
Padina australisHauck, brown seaweed belongs to the family Digtgeae which is widely distributed throughout
the tropical marine waters and are used by comnemplp as food additives, animal feed and fertitiZ&i. Since
cholinesterase inhibitory activities of seaweeds still unexplored, the objective of our study viasscreen the
antioxidant property and cholinesterase inhibitacjivity of P. australisto 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 fitmeneast costal region of Penyabong, Mersing, rJShate,
Malaysia. The alga was washed in tap water to remsnil and other adhered particles, air dried ursthede,
pulverized, and the powdered algae were then statedom temperature. DPPH, Gallic acid, AChE, o
acetate, Paraoxorf}-carotene, linoleic acid, and ferrozine were puselh from Sigma, Malaysia. All other
chemicals used in this study were of analyticatigra

2.2 Extraction of seaweed

The methanolic extracts were obtained accordingeanethods of Yang et al. (2003) [8] using 80% Miei@stead

of 100% MeOH. A 100 g portion of the dried and pewet P. australiswas extracted in 500 ml aqueous in a
conical flask by continuous shaking for 48 h atmotemperature. The extract was filtered, and thé®©Mevas
evaporated under vacuum. The crude extract wassselded in water and was sequentially partitiométh n-
hexane, chloroform, ethyl acetate, and n-butanbésé partitioned fractions were dried under vacustored at -
20°C for further use in the study of total phenalntent, antioxidant and acetylcholinesterasebitdy activity.

2.3 Total phenolics content

Total phenolic content was determined by usingrGliocalteu reagent as described by Zhang et @07AR[9] in a

96-well micro titer plate. A definite amount of tfractions were dissolved separately in DMSO anquR6f each
fraction and the serially diluted (0-1@@/ml) standard Gallic acid solutions were placedifferent well. Then 100
pl of the diluted (1:10 v/v) Folin-Ciocalteu reagievas added to each well, mixed and incubated fimirbat room
temperature. Subsequently, 80 pl of 7.5% sodiurbareate solution was added and mixed well. The plas

covered and kept in the dark at room temperaturé@min. Each fraction and Gallic acid standardemain in

triplicate. The absorbance was measured5& nm with a spectrophotometric microplate regtiginite Pro200,

TECAN, Switzerland). TPC was expressed as mg GAdligacid equivalent)/g.

2.4 Antioxidant activities (AOA)

2.4.1 1-diphenyl-2-picrylhydrazyl (DPPH) radical savenging

DPPH radical scavenging assay was performed acupri the method of Brand-Williams et al. (1995p]j1
Instead of reading samples spectrophotometrictilly assay was performed with a microplate readaefli3 A 50
ul of each fraction and 200 ul of DPPH solutionQ38M in 80% methanol) was added in different wells 96-
well flat-bottom micro titer plate (Corning Inc. 81A.). Serially diluted ascorbic acid was usedtasdard and each
sample was run in triplicate. The plate was covered kept in dark at room temperature (27 °C). rA3@ min, the
plate was read in an Infinite 200 pro (TECAN, Seitand) plate reader using a 520 nm filter. Thecger free
radical scavenging activity was calculated as fedp

% Antiradical activity = [(Aontrol- Asampld / Acontrol % 100
2.4.2 Ferric- reducing antioxidant power (FRAP)
The FRAP assay was done following the method ofwCatal. (2008) [11]. A 50 ul portion of 0.1 M pstum

phosphate buffer (pH 6.6) and 50 pl of 1% (w/v)gsstum ferricyanide were mixed with 20 ul of eaclttion (1
mg/ml) in the wells of a micro titer plate and ibeted at 50 °C in a water bath. After 20 min, 50f.10% (w/v)
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trichloroacetic acid was added. To 50 pl of thevabeaction mixture, 50 ul of deionized water afdul of 0.1%
(w/v) ferric chloride was added. The reaction migtwas incubated at room temperature for 30 mincfdor
development. The absorbance was measured at 7@dethe FRAP value was expressed as mg GAE/g.

2.4.3 Ferrous ion chelating (FIC) assay

The FIC assay was performed following the metho&iofjh and Ranjini (2004) [12]. A 50 pl portionsezch of
0.1 mM ferrous sulphate and sample fractions (2j0§0nl) were mixed together and 50 pl of 0.25 mMdeine
was added to the mixture in a micro titer plate ammibated for 10 min. The reactions were run iiplitate, and
absorbance was measured at 562 nm. The percentadeelating ability was calculated by using theldeling
equation:

Chelating ability (%) = [(Aontrol — Asampig/ Acontrol X 100

2.4.4 Beta carotene bleaching (BCB) assay

The B-carotene bleaching assay was performed using #tkat of Kumazawa et al. (2002) [13]. A 3 ml pantiof
B-carotene (0.1 mg/ml in chloroform) was added tondd of linoleic acid and 400 mg of Tween 40 in aical
flask. The chloroform was evaporated, and 100 ndeibnized ultra-pure water was added into theddnixture
and mixed well. TheB-carotene/linoleic acid emulsion was then mixedlwahd the initial absorbance of the
emulsion was measured at 470 and 700 nm. An aligui@60 pl of the emulsion was added to 10-100 fithe
sample fractions, incubated at 50 °C. After 60 alsorbance of the reaction mixtures were measurédtand
700 nm. The absorbance at 700 nm (due to haze}uwidsacted from the absorbance at 470 nm.

The percentage of AOA, calculated as follows:
Degradation rate (DR) @f-carotene = — In (fa/ Asampid/ 60
Antioxidant activity (% AOA) = [(DRontrol— DRsampid/ DRcontro] X 100

2.5 Acetylcholinesterase inhibitory activity

The cholinesterase activity was measured by théadedf Pohanka et al. (2011) [14] using indoxyltate as the
chromogenic substrate. A 25 pl portion of eachtivac(in DMSQO) was mixed with 50 pl of PBS and 5gfilAChE

solution added and mixed gently. The reaction wasted by the addition of 20 ul of indoxyl acetdile 5%

ethanol). Paraoxon (a para-sympathomimetic drug) wead as standard. Absorbance was measured atr6@fler
30 min. The percent inhibition of cholinesterastvity was calculated as follows:

% Anti-AChE activity = [(Acontrol- Asamplg I Acontrol % 100

2.6 Statistical Analysis

All the experiments were conducted in triplicates3) and Pearson's correlation coefficient (usimigi®Pro v.8.6
statistical software) was calculated to comparentkan values of each experiment. Significant défiees between
the means of parameters were determined by using-thiled test of significance (P < 0.05).

RESULTS AND DISCUSSION

3.1. Phenolic composition

Fig. 1 demonstrates the total phenolic contentiftiérént fractions ofP. australisextract. It is evident in the figure
that n-butanol fraction possesses the highest paigphenol. Polyphenols are highly soluble in hgghar solvents
which can be evidenced from the results obtaindd difference in TPC among different factionsFofaustralis
was found statistically significant. Li et al. (Z)0[15], in a similar study, isolated and structiyr@haracterized
seven phlorotannins and three sterols fiéncavamethanolic extract. Wang et al. (2009) [16] foumghgicant
differences in the total phenolic content amondedént seaweed species extracted with aqueous nwttehanol
and acetone where brown algae demonstrated higheurgs of polyphenols than green and red alga¢h&umore,
a positive correlation between the thallus age BRE was reported [17]. Chew et al. (2008) [11] régb that
aqueous methanolic extractskafalvarezziP. antillarumandC. racemosahowed high TPC than absolute organic
solvents. The seaweed polyphenols known as phlamota (polymers of phloroglucinol) are hydrophiilic nature
and abundantly found only in brown seaweeds [18].
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Fig. 2. DPPH free radical scavenging activity of dierent fractions of P. australis extract

3.2. 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radicalscavenging activity

The free-radical scavenging activities of differdratctions ofP. australisare shown in Fig. 2. All the fractions
showed significant DPPH quenching activity at aficoncentration of 1.0 mg/ml. The{alues of the fractions
ranged from 1.63 — 130.14 pg/ml. the scavenginqaap of the fractions increased in the increasinder of
polarity of the solvents, although chloroform fiaoctdemonstrated the lowest value. There wasoagtcorrelation
between the phenolic content in all the fractiond the DPPH free radical scavenging activity. Wahgl. (2009)
[16] also found high correlation between the tataénolic content of Icelandic seaweed extractsthedt DPPH
radical scavenging capacity. This may be due tgptieeence of phloroglucinol polymers in high concaions in
these fractions [19, 20]. The methanolic and agsesxtracts of 10 species of Chlorophyta and 25 ispeaf
Phaeophyta were screened for their antioxidanvigctby Heo et al. (2005) [21]. Both the extractsowed a
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significant amount of activity against the reactweygen species (ROS). Similarly, the methanolitrast of E.

cavasignificantly reduced DPPH radical in a dose-dejge manner [22]. The scavenging activity of DPPéef
radicals had been used extensively to determinantiexidant power of bioactive natural productsitibxidants
interrupt free radical chain oxidation by donatthg hydrogen from hydroxyl groups to form a stadahe-product,
which does not initiate further oxidation of lipifa3].

3.3. Ferric reducing antioxidant power (FRAP)

Fig. 3 illustrates the total antioxidant power loé P. australisfractions (1 mg/ml) and the values are expressed a
mg gallic acid equivalent per g. The results shotird n-butanol fraction possessed the highesbxidant power
followed by ethyl acetate and water fractions. AlIRPPH scavenging power, chloroform demonstratedaivest
FRAP value. The results were statistically sigific (P < 0.05). The reducing power of the fractiarss found
strongly correlated with their total phenolics [24]. The FRAP assay offers an index of antioxidanteducing
capability of foods, beverages and food supplemehte antioxidant activity was based on the abibfythe
antioxidant components present in the samplesittivatve in the ionic reduction of ferric (lll) toeefrous () in a
colorimetric reaction [25], mediated by single ¢len transfer.

260
240
220

200 %

180

dant power (mg GAE/g)

ioxi

.

160 -

[ &
140 \
120 1 L 1 " 1 " 1 " 1

Hexane Chloroform  Ethyl acetate Butanol Water

Reducing ant

Solvents

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

3.4. Ferrous ion chelating (FIC) assay

The metal chelating ability of the antioxidant campnts present in tHe. australisfractions was evaluated using
FIC assay at a concentration of 1mg/ml. Fig. 4 shtive ferrous ion chelating ability of all fract®rirhe reducing
capacity of the fractions increased in the ordeinofeasing polarity. Although water is the solvafthighest
polarity used in this study, it contained FIC valass than n-butanol fraction. This may be dueistridution of
fewer polar constituents in other solvents, inahgdbutanol, water being the last solvent of chofteidies have
demonstrated that phloroglucinol polymers deriviesinf brown seaweeds are potent ferrous ion chelafigr26]
and its potency depends upon their unique phestilictures and number of hydroxyl groups preserit [2

3.5. Beta carotene bleaching (BCB) assay

The B-carotene bleaching (BCB) of different fractionstbé P. australisextract is demonstrated in Fig. 5. The
results showed that the BCB antioxidant activitynigersely proportional to the polarity of the seis indicating
that the BCB values of the fractions are indepehdé@TPC. The presence of more lipophilic composéantthe
non-polar fractions contributed to the BCB activifjhe difference in BCB activity among the fracsowas
statistically significantP<0.005).
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Fig. 5. Antioxidant activity of P. australis as detrmined by g-carotene bleaching assay

The p-carotene bleaching is mediated by free radicalsltiag in the formation of peroxyl from linoleicia due to
the abstraction of diallylic methylene groups fréinoleic acid [28]. This free radical will then atk the highly
unsaturate@-carotene molecules which can be visualized speltrimmetrically as the orange color chromophore
is degraded. However, the antioxidant will neumalthe linoleate-free radicals and prevent the dblieg of p-
carotene. Good number studies showed that therenwasorrelation or negative correlation between tibial
phenolics andp-carotene bleaching [11, 29-33] Total phenolicsidate the presence of both lipophilic and
hydrophilic compounds in a sample whereas, BCBcagis the levels of lipophilic compounds presert gample.
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3.6. Correlation between the total phenolic conterdind different antioxidant activity

Correlation analysis was carried out to investigdite relationship between the TPC and differentoaittant
activity assays. Table 1 show the correlation betwthe TPC, DPPH, FRAP and FIC activity. A strongl a
statistically significant correlation of TPC witlRAP, and FIC was demonstrated by Pearson's coomrlahalysis
(FRAP:r* = 0.927; FICT%= 0.994). Similarly, a high correlation was alsdaiied between TPC and DPPH values
(DPPH: r? = 0.72). A negative correlation was observed betwthe TPC and BCB values (BCE: = -0.56),
indicating that the BCB activity mainly based oe fipophilic content of the sample. Previous stadirowed that
the phenolic compounds are the main contributorsh® antioxidant activity of various seaweeds. Asifiee
correlation between TPC and different antioxidactivity of different seaweed extracts was obserbgdother
researchers [16, 34-36]. Based on the results raddaiit can be postulated that the key functiobmiwvn algal
extracts as an effective free-radical scavengempaoexidants are based on their polyphenol contéshould also
be noted that the reaction conditions, structunadrgity of polyphenol, as well as their synergistr antagonistic
effects could also have a big influence on diffemartioxidant assays [37].

Table 1: Pearson’s correlation coefficients betweethe total phenolics content and different antioxiént activity assays

AOA assays| Rvalue
DPPH 0.724
FRAP 0.927

FIC 0.994
BCB -0.56

3.7. Acetylcholinesterase inhibitory activity assay

The ChEs inhibitory properties of n-hexane, CHEtOAc, n-BuOH and bD fractions ofP. australis were
observed at concentration of 1 mg/ml and the resré demonstrated in Table 2. Among the fractiorBuOH,
H,0 and EtOAc fraction exhibited significantly high&€hE inhibitory activity. The n-hexane and CH@ctions
exhibited less inhibition, suggesting that lipoghicompounds ofP. australis are poor acetylcholinesterase
inhibitors. The 1G, values of the different fractions ranged from 0-09.53 mg/ml. It was reported [38-40] that
phlorotannins are good AChE inhibitors. However tossible relation between the phlorotannins af@hEA
inhibition is still not clear. It is suggested thatloroglucinol polymers with bulky structures, agle to mask the
ChE and prevent the binding of the substrates [M1$ also suggested that the degree of polyméoizaand the
closed-ring structure of phlorotannins are key etayin the inhibition of AChE [42]. Yoon et al.,Q@8) [41]
studied the bioactivity of 27 Korean seaweeds andray thenE. stoloniferaexhibited potent inhibitory properties
against both AChE and BChE. Moreover, some compsudiedived from marine macro algae also have miypd t
ChE (acetyl- and butyl cholinesterase) inhibitotivaty [43] which is considered more effective freating
dementia. Overall, the brown macro algae demomsirétte potential to be used as functional neurdeptive
agents through their ChE inhibitory power; furtserdies are warranted to explore the exact careidaintributing
to this action and their structure-activity relataip.

Table 2: % AChE inhibition and IC50 value of different fractions of P. australis extract

Solvent Extracts | % Inhibition | IC sc 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- notrdatesd.

CONCLUSION

Our data indicates that tHe australisfractions contain an appreciable amount of polygheAll the fractions
exhibited high antioxidant and pro-oxidant actedti Polyphenol-rich fractions also exhibited siigaifit ChE
inhibitory activity. Hence, the results suggeskdaustralisto be a considerable source of secondary metabolit
that could be used as promising functional foodtadds in the pharmaceutical industry. Further wizrkn progress
to identify the compounds accountable for the iitbily property of cholinesterase frof australisextracts.
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