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ABSTRACT

Background: Asparagopsis taxiformis (Rhodophyta) is a species of red
algae belonging to the family Bonnemaisoniaceae. The objective of the
present study was to evaluate antioxidant and antiproliferative activity of
four fractions (petroleum ether, chloroform, ethyl acetate, and methanol)
of A. taxiformis. Materials and Methods: The red seaweed, A. taxiformis
was collected from Mandapam Coastal Region, Gulf of Mannar, Tamil Nadu.
Epiphytes present in algal extracts were cleaned and washed with seawater
and fresh water. /In vitro antioxidant activity was determined by hydrogen
peroxide scavenging, ferric reducing antioxidant power, superoxide radical,
metal-chelating activity, and phosphomolybdenum reduction assay. Further,
the cytotoxic activity was evaluated using brine shrimp lethality assay. This
method is rapid, reliable, inexpensive, and convenient as compared to other
cytotoxicity assays. Gallic acid, ethylenediaminetetraacetic acid, ascorbic
acid, and quercetin were used as reference antioxidant compounds.
Results: Reducing power of chloroform extract increased with increasing
concentration of the extract. The radical scavenging activity of extracts was
in the following order: ascorbic acid > methanol > chloroform > petroleum
ether > ethyl acetate. Highest metal-chelating activity was observed in
petroleum ether fractions (63%). Reduction of Mo (VI) to Mo (V) increased
in methanol extract (27%) at 100 ug/ml. Moreover, all fractions had an
inhibitory effect on the formation of hydroxyl radicals. Results showed that
ethyl acetate, methanol, and petroleum ether fractions exhibited potent
cytotoxic activity with median lethal concentration values of 84.33, 104.4,
and 104.4 ug/ml, respectively. Conclusion: Thus, the results showed that
red algae possess strong antioxidant and cytotoxic activity that suggests
their possible use in the development of pharmaceutical drugs.

Key words: Antioxidant activity, Asparagopsis taxiformis, cytotoxic, free
radical scavenging

SUMMARY

e Various fractions of red algae Asparagopsis taxiformis was evaluated for
in vitro antioxidant and antiproliferative studies. All results indicate potential
use of red algae for drug development.

INTRODUCTION

Seaweeds or macroalgae are potential renewable resources in the marine
environment."! About 20,000 species of seaweeds are widely distributed
throughout the world, of which 221 species are commercially utilized,
including 110 species for phycocolloid production and 145 species for
food consumption.?’ The marine floral diversity in India comprises
844 species of seaweeds (in 217 genera), 14 species of seagrasses,
and 69 species of mangroves.”! Based on their pigmentation, marine
macroalgae are classified as red (Rhodophyta), green (Chlorophyta),
and brown (Phaeophyta)."! Seaweeds are used as an important dietary
component in the eastern cuisine.”! Apart from these, they are widely
used in industries as thickeners and gelling agents and as cosmetics and
fertilizers.'® Further, seaweeds have also demonstrated chelators of heavy
metals.”) Recent report suggests that seaweeds or their extracts possess
bioactive compounds of great medicinal value.”® However, seaweeds have
received great attention in previous years as potential natural antioxidants. !
Apart from these, they also possess numerous health promotive effects
such as anti-inflammatory,'” antimicrobial,' and anticancer!?
properties. However, scientific reports on antioxidant studies of seaweed
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extracts in India are very limited. Hence, the objective of the present study
was to determine antioxidant and antiproliferative activity of different
fractions of Asparagopsis taxiformis. Reactive oxygen species (ROS) are a
primary cause of biomolecular oxidation that results in significant damage
to cell structure, contributing to various diseases such as diabetes, cancer,
aging, and atherosclerosis.'”! During recent years, antioxidant-based
drug therapies are found for the treatment of oxidative damage induced
by ROS. Although several synthetic antioxidants such as butylated
hydroxyanisole, butylated hydroxytoluene, and tert-butylhydroquinone
are available, they are toxic and can cause carcinogenic effects."” Recent
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reports suggest that algal extracts scavenge free radicals and active oxygen
and are able to inhibit cancer cell proliferation.'®”) Hence, antioxidants
from natural sources are of great demand for the treatment of human
ailments. A. taxiformis (Bonnemaisoniales, Rhodophyta) is a red algae
distributed across tropical and temperate marine ecosystem.!" It exhibited
strong invasive behavior and was included in the list of “Worst invasives
in the Mediterranean Sea”**) Recent studies show that this species consists
of number of cryptic species, as well as other marine algae.”! It is also
a rich source of halogenated compounds such as methanes, ketones,
acetates, acrylates, and haloforms.?!) Members of Bonnemaisoniaceae
family, in which Asparagopsis species belong, form “vesicle” or “gland
cells”? The pungent aroma of this algae is due to the presence of
essential oil composed of bromoform along with fewer amounts of ethane,
bromine, ethanol, chlorine, acetones, acetaldehydes, 2-acetoxypropanes,
propenes, epoxypropanes, acroleins, butenones, and iodine-containing
methane stored in vacuoles within gland cells.”® Various reports suggest
antibacterial, antimicrobial, antimethanogenic, anticoagulant, and
antifungal activities®?! of A. taxiformis, but antioxidant and toxicology
studies have not been performed till date. Therefore, we assessed brine
shrimp lethality assay (BSLA) of A. taxiformis. Brine shrimp assay is
a preliminary cytotoxic assay for the detection of natural and synthetic
drugs before advanced studies.”” Brine shrimp has been used as model
organism for analyzing the cytotoxic potential of seaweeds and plants.?”!
A number of studies have demonstrated cytotoxic activities of red algae
using BSLA. Hence, cytototoxic effect of A. taxiformis on brine shrimp was
carried out.

MATERIALS AND METHODS
Sample collection

Fresh species of seaweeds were collected from Mandapam Coastal Region
(Latitude 9°17”N; Longitude 79°117E), Gulf of Mannar, Tamil Nadu,
South India. The red algal samples were washed with seawater and then
fresh water to remove epiphytes, sand, and other extraneous matter. The
algae were brought to the laboratory in plastic bags under ice. Before
extraction, the samples were blotted on the blotting paper and air-dried
under shade. After shade drying for 3 days, they were cut into small
pieces and kept in oven at 45°C. The samples were then powdered and
stored in air-tight containers at ~20°C.

Identification of Asparagopsis taxiformis

The unique feature of A. taxiformis includes dull pink up to 15 cm tall
attached to the root surfaces by creeping rhizomatous portion bearing
the holdfast, rhizoidal portion much branched, erect portion naked up to
the middle, upper portion densely covered with branches and branchlets,
delicate branches often tip covered, uniaxial. Central cavity runs through
the main stem and primary axis. Width of the thallus is 1000-1250 pm.
Peripheral cells are 30-43 wm long and 16-43 um wide and covered
with chromatophores. Cortex is pseudo-parenchymatous and colorless
with 70-134 wm wide. Spermatangia are in dense cylindrical clusters
with 333-500 um width. Cystocarps terminal is on short branchlets,
subspherical to pyriform: 567-667 um diameter with a small ostiole.
Stalk of the cystocarp is 467-750 pm length and 133-167 um width.?¥

Preparation of extracts

The dried seaweed samples (30 g) were extracted using 250 ml of
solvents of increasing polarity, including petroleum ether (60°C),
chloroform (61.2°C), ethyl acetate (77.1°C), and methanol (64.7°C) in
Soxhlet apparatus for 8 h. The solvents were evaporated and residue was
dried using rotary evaporator (Super Fit, Rotavap, model, PBU-6, India).
The samples were lyophilized using a freeze dryer (Lark, Penguin Classic
Plus, India) and stored in a refrigerator at 2-8°C for further experiments.
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Phytochemical analysis

The concentrated residues from the different extracts were used to detect
the secondary metabolites including alkaloids, steroids, phenolics,
flavonoids, and anthraquinones.?!

Test for tannins (ferric chloride test)

Five milligrams of extract was taken and added to a tube containing
0.2 ml of distilled water and then boiled for an hour. A few drops of ferric
chloride was added and allowed to stand for proper color development.
A blue-black coloration indicated the presence of tannins."!

Test for saponins (frothing test)

Saponins were tested by dissolving 5 mg of the extract in a test tube
containing 0.05 ml of hot distilled water, and then, the mixture was
shaken vigorously for 1 min and persistent foaming observed, indicating
the presence of saponins.!)

Test for phenolics

To 500 ul of the extract, one drop of 5% FeCl, (w/v) was added. Formation
of greenish precipitate indicated the presence of phenolics.

Test for flavonoids

For the confirmation of flavonoid, 5 mg of each extract was added in
a test tube and 0.1 ml of distilled water and 0.05 ml of dilute ammonia
solution were added to a portion of the aqueous filtrate of each
plant extract, followed by addition of 0.01 ml concentrated sulfuric
acid (H,SO,). Indication of yellow color shows the presence of flavonoid
in each extract.

Test for alkaloids

Five milligrams of the selected samples was added to each test tube and 75
ul of hexane was mixed in it, shaken well, and filtered. One hundred and
twenty-five microliters of 2% HCI was poured into a test tube having the
mixture of extract and hexane. Test tubes having the mixture were heated
and filtered, and few drops of picric acid were poured into the mixture.
Formation of yellow precipitate indicated the presence of alkaloids.

Test for reducing sugar (Fehling’s solution)

The aqueous extract (100 pl) was added to boiling Fehling’s solution
(A and B) in a test tube. The mixture was shaken and heated in a water
bath for 10 min. A brick-red precipitate indicates presence of reducing
sugar.

Test for anthraquinones

Five milligrams of the extract was boiled with 0.1 ml of H SO, and
filtered while hot. The filtrate was shaken with 0.05 ml of chloroform.
The chloroform layer was pipetted into another test tube, and 0.01 ml
of dilute ammonia was added. The resulting solution was observed for
color changes.

Test for terpenoids

An amount of 5 mg of sample was taken in a test tube, and then, 0.1 ml
of methanol was poured into it, shaken well, and filtered to take 0.05 ml
extract of sample. Then, 0.02 ml of chloroform was mixed with the extract
of selected sample and 0.03 ml of H,SO, was added with the selected
sample extract. Formation of reddish brown indicates the presence of
terpenoids in the selected plants.F*!

Test for steroids (Liebermann-Burchard test)

About 5 mg of the extract was dissolved in 0.5 ml dichloromethane
to give a dilute solution, and then 5 pl of acetic anhydride was added,
followed by three drops of concentrated H,SO,. A blue-green coloration
indicated the presence of steroids.!
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Test for fatty acids

The plant extracts were mixed with 5ml of ether. These extracts were
allowed to evaporate and then filter paper was dried. The transparency
appeared on filter paper indicated the presence of fattyacids.

Determination of total phenolic content

Total phenolic content was estimated by the Folin-Ciocalteu
method.?" Two hundred microliters of diluted sample was added to
1 ml of 1:10 diluted Folin-Ciocalteu reagent. After 4 min, 800 ul of
saturated sodium carbonate (75 g/1) was added. After 2 h of incubation at
room temperature, the absorbance at 765 nm was measured. Gallic acid
(20-100 pg/ml) was used for the standard calibration curve. The results
were expressed as gallic acid equivalent/g dry weight of macroalgae and
calculated as mean + standard deviation.

Determination of total flavonoids

Total flavonoid content was determined according to the method of Zhishen
et al.** Briefly, a 250 ul aliquot of each extract was mixed with 1.25 ml of double
distilled water and 75 ul of 5% NaNO, solution. After 6 min, 150 ul of 10%
AlCls_HZO solution was added. After 5 min, 0.5 ml of 1M NaOH solution was
added and then the total volume was made up to 2.5 ml with double distilled
water. Following through mixing of the solution, the absorbance against blank
was determined at 510 nm. Quercetin was used to prepare the standard curve,
and results were expressed as mg quercetin equivalents/g extract.

In vitro antioxidant assay

Hydrogen peroxide scavenging activity

Hydrogen peroxide (H,O,) scavenging activity of extract was
determined according to the method given by Ruch et al.*®! A solution
of H,0, (40 mM) was prepared in phosphate buffer (pH 7.4). Extracts
(125-500 ug/ml) were added to H,O, solution (0.6 ml). Absorbance of
H,O, at 230 nm was determined after 10 min against a blank solution
containing phosphate buffer without H,O, and compared with ascorbic
acid, the reference compound. The percentage of H,O, scavenging of
both A. taxiformis extracts and standard compounds was calculated.

% scavenged (H,0,) = ([A. - AJ/A ) x 100

Where A_ = Absorbance of the control and A, = Absorbance in the
presence of the sample of A. taxiformis or standards.

Ferric reducing antioxidant power assay

Reducing power of A. taxiformis was determined by the method described
by Oyaizu.” Briefly, 1.0 ml of extract was mixed with 2.5 ml of phosphate
buffer (0.2 M, pH 6.6) and 2.5 ml potassium ferricyanide (1%). Reaction
mixture was incubated at 50°C for 20 min. After incubation, 2.5 ml of
trichloroacetic acid (10%) was added and centrifuged (650 g) for 10 min.
From the upper layer, 2.5 ml solution was mixed with 2.5 ml of distilled
water and 0.5 ml FeCl, 0.1%). Absorbance of all the sample solutions was
measured at 700 nm. Ascorbic acid is used as positive control.

Superoxide radical scavenging assay

The nonenzymatic generation of superoxide anion was measured
according to the method of Robak and Gryglewski.* The sample solution
(0.1 ml) was mixed with 0.1 ml of 0.1 M phosphate buffer (pH 7.2),
0.025 ml of 2 mM nicotinamide adenine dinucleotide, and 0.025 ml of
0.5 mM nitroblue tetrazolium chloride, and absorbance at 550 nm was
measured as a blank value. After a 3-min incubation with 0.025 ml of
0.03 mM phenyl methanesulfonate, the absorbance was measured.

Phosphomolybdenum assay

The antioxidant activity of seaweed extracts was evaluated by the
phosphomolybdenum method.? The assay is based on the reduction of
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Mo (VI) to Mo (V) by the sample analyte and by the formation of green
complex at acidic pH. Different concentration of extract (20-100 pg/ml)
was combined with 1 ml of reagent solution (0.6 M H,SO,,28 mM sodium
phosphate, and 4 mM ammonium molybdate). The tubes containing the
reaction mixture were capped and incubated in water bath at 95°C for
90 min. The sample mixture was cooled and absorbance was noted at
695 nm against blank. Ascorbic acid was used as a reference antioxidant.

Metal-chelating assay

The Fe?*-chelating activity of the extracts was estimated according
to the method reported by Liu et al."! Briefly, the reaction mixture
containing different concentrations of samples (20-100 pg/ml), ferrous
chloride (0.1 ml, 2 mM) and ferrozine (0.4 ml, 5 mM), was shaken well
and incubated for 10 min at room temperature. The absorbance of the
mixture was measured at 562 nm against a blank. The ability of different
concentrations of samples to chelate ferrous ion was calculated using the
following equation:

Chelating ability (%) = ([A, - A 1/A,)
Where A = Absorbance of the control reaction and A, = Absorbance of
the sample.

Toxicity studies of Asparagopsis taxiformis extracts
Brine shrimp lethality assay

Brine shrimp cytotoxicity assay was performed according to the
standard protocol described by Turker and Camper."!! About 10 g of
Artemia salina (Linnaeus) cysts (obtained from Bonneville Artemia
International) was aerated in 1 L capacity glass cylinder (jar) containing
seawater prepared by dissolving 36 g of sea saltin 1 L of distilled water. The
airstone was placed in the bottom of the jar to ensure complete hydration
of the cysts. After 10-12 h of incubation at room temperature (27-29°C),
newly hatched free swimming pink-colored nauplii were harvested from
the bottom outlet. Two days was allowed for the shrimp to mature as
nauplii (shrimp can be used 48/72 h after the initiation of hatching). Since
the nauplii are positively phototrophic (attracted to light), illumination
was provided on one side to attract newly hatched larvae.

The assay system was prepared with 2.5 ml of filtered seawater prepared
containing chosen concentration of extract (125, 250, and 500 pg/ml)
in six-well plates. In each, 10 nauplii were transferred and the setup was
allowed to remain for 24 h, under constant illumination. After 24 h, the
dead nauplii were counted. Based on the percent mortality, the median
lethal concentration (LC,)) value of the plant extract was determined.
Three replicates were prepared for each concentration. The same saline
solution used to prepare the stock test sample solution was used as a
negative control. The lethal concentration value is then calculated using a
computer program “Biostat-2006” or simple calculation using regression
equation (y = mx + ¢). The mortality of the shrimp was calculated by the
formula:

Mortality rate (%) = (dead nauplii/total nauplii) x 100%

RESULTS

Phytochemical screening of Asparagopsis taxiformis

In the present study, phytochemical analysis of four extracts of A.
taxiformis was determined. Important phytochemicals, i.., tannins,
saponins, steroids, flavonoids, phenols, alkaloids, reducing sugar,
anthraquinones, terpenoids, and fatty acids, were screened for their
presence and are presented in Table 1 and Figure 1.

Total phenolic content

Total phenolic content of A. taxiformis extracts was expressed in terms
of mg gallic acid per gram of extract [Tables 2 and 3]. The fractions were
evaluated at various concentrations (20-100 ug/ml). Among all the
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extracts, methanol showed highest amount of phenolic content (25%),
followed by chloroform (23%), petroleum ether (11%), and ethyl
acetate (4%) [Figure 2].

Total flavonoid estimation

Total flavonoid content of A. taxiformis was presented in Tables 4 and 5.
Among the fractions, chloroform extracts showed maximum flavonoid
content (85%), followed by methanol (76%), petroleum ether (56%), and
ethyl acetate (47%) at 100 pg/ml [Figure 3]. All the tested extracts were
compared with standard, gallic acid.

Antioxidant activity

Hydrogen peroxide scavenging activity

The ability of A. taxiformis to scavenge H,0, is shown in Table 6. The
extracts showed scavenging activity in a concentration-dependent
manner. Maximum scavenging activity was shown by chloroform extract
(11.07% * 0.151% inhibition) at 500 ug/ml, followed by petroleum ether
(10.88% + 0.139% inhibition), methanol (10.77% + 0.131% inhibition),
and ethyl acetate (10.25% * 0.136% inhibition) extracts. However, it was
observed that positive control (ascorbic acid) exhibited 17% scavenging
activity [Figure 4].

Superoxide radical scavenging assay

The effect of A. taxiformis extract on superoxide radical scavenging
assay was compared with standard [Table 7]. It was observed that
percentage of scavenging increases with concentration of extract. Of
the tested extracts, methanol (85%) and chloroform (79%) exhibited
highest scavenging activity at 500 pg/ml, followed by petroleum
ether (47%) and ethyl acetate (45%). The reference compound (ascorbic
acid) also showed similar scavenging effect (87%) to that of methanol
extract [Figure 5].

Ferric reducing antioxidant power assay

The reducing capacity of the extracts was determined by ferric reducing
antioxidant power (FRAP) method [Table 8]. The FRAP assay revealed
maximum antioxidant activity in chloroform extract (67%) at 500 ug/ml.
The activity was found similar to methanol (65%), petroleum ether
(64%), and ethyl acetate (54%) fractions. Ascorbic acid (standard)
showed more or less similar effect to reduce Fe** as compared to all
fractions [Figure 6].

Figure 1: Phytochemical analysis of Asparagopsis taxiformis (a) curdy
white precipitate (presence of anthraquinones), (b) yellow color (presence
of flavonoids), (c) solution turned colorless giving positive results for
alkaloids, (d) filter paper turned oily (presence of fatty acids)
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Phosphomolybdenum assay

The total antioxidant activity of A. taxiformis was evaluated, and
the results were expressed as mg ascorbic acid/g [Table 9]. In
phosphomolybdenum assay, Mo (VI) is reduced to Mo (V) followed
by the formation of green phosphate/Mo (V) complex. An increase in
the inhibition (%) was observed for both standard (ascorbic acid) and
extracts. Among these extracts, methanol showed maximum inhibition
equivalent to standard (36%) at 100 pg/ml. Further, chloroform,
petroleum ether, and ethyl acetate showed 26%, 23%, and 19% inhibition,
respectively [Figure 7].

Table 1: Phytochemical analysis of different extracts of Asparagopsis
taxiformis

Phytochemicals Petroleum Chloroform Ethyl Methanol
ether acetate
Tannins - - - -
Saponins - - - -
Steroids - - - +
Flavonoids + + + +
Phenols + + + +
Alkaloids + + + +
Reducing sugar - - - -
Anthraquinones + + + +
Terpenoids - - - -
Fatty acids + + + +

Presence = (+), Absence = (-)

Table 2: Total phenol content of the standard (gallic acid)

Concentration (ug/ml) Absorbance at 725 nm (standard)

20 0.116+9.92
40 0.242+19.87
60 0.438+29.77
80 0.508+39.74
100 0.597+49.70

The experiments are carried out in triplicates (n=3) and the results are expressed
as mean=+SD. SD: Standard deviation

Table 3: Total phenolic content of Asparagopsis taxiformis extract

Concentration Extract Absorbance Total phenol
(ng/ml) at 725 nm content
20 Ethyl acetate 0.029+0.002 4.55

40 Petroleum ether 0.076+0.009 11.97

60 Methanol 0.162+0.008 25.63

80 Chloroform 0.146+0.006 23.10

The experiments are carried out in triplicates (n=3) and the results are expressed
as mean+SD. SD: Standard deviation

0.7 y=0.0061x +0.0118
R?=0.9693

=
&

b
=

+ Gallic acid

Absorbance at 725 nm
o
w

m Extracts

—— Linear (Gallic acid)
W 0076
u 002
o 20 40 60 80 100 120
Concentration (ug/ml)

Figure 2: Graphical representation of total phenol content of solvent
extracts equivalent to standard (gallic acid) at 415 nm
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Metal-chelating assay

The chelating effect of A. taxiformis and metal chelator
ethylenediaminetetraacetic acid (EDTA) at various concentrations
(20-100 pg/ml) was examined and is presented in Table 10. The highest
chelating effect was observed in petroleum ether (63%), which was
more or less similar to EDTA (67%), and the least was found to be ethyl
acetate (46%). The metal-chelating effect increased as concentration of
extracts increased in a dose-dependent manner [Figures 7 and 8].

Table 4: Total flavonoid content of the standard (quercetin)

Concentration (ug/ml) Absorbance at 415 nm (standard)

20 0.094+9.95
40 0.12+19.94
60 0.182+29.91
80 0.237+39.88
100 0.267+49.87

The experiments are carried out in triplicates (n=3) and the results are expressed
as mean+SD. SD: Standard deviation

Table 5: Total flavonoid content of Asparagopsis taxiformis extract

Concentration Absorbance Extract Total flavonoid
(ng/ml) at415 nm content
20 0.134+0.005 Ethyl acetate 47.53725
40 0.1545+0.0012 Petroleum ether 56.47034
60 0.2+0.004 Methanol 76.29744
80 0.2215£0.0055 Chloroform 85.66629

The experiments are carried out in triplicates (n=3) and the results are expressed
as meantSD. SD: Standard deviation

03

¥=0.0022x +0.0324
R?=0.9456 &

02
¢ Quercetin

m Extracts

01

Absorbance at 415 nm

—— Linear (Quercetin)

o 10 20 30 40 50 60 70 80 20 100
Concentration (ug/ml)

Figure 3: Graphical representation of total flavonoid content of solvent
extracts equivalent to standard (quercetin) at 415 nm
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Concentration (ug/ml)

Figure 5: Superoxide radical scavenging activity of Asparagopsis
taxiformis extract compared with standard (ascorbic acid)
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Toxicity studies

Brine shrimp lethality assay

The toxicity of extracts was evaluated after 24 h of exposure. In the brine
shrimp assay, the degree of hatching inhibition is directly related to
concentration of A. taxiformis extract. The dose level (500 pg/ml) showed
100% hatching inhibition in petroleum ether, methanol, and ethyl acetate
fractions, whereas at low concentration (125 pg/ml), it showed detrimental
effects on brine shrimp eggs [Table 11] ethyl acetate fractions [Figure 9].

DISCUSSION

Marine organisms are rich sources of secondary metabolites that might
represent enormous resource for the development of therapeutic drugs.*?
Among them, marine macroalgae possess active ingredients responsible
for diverse biological activities such as antifungal,*”! antimicrobial,*!
antiviral,*” and antioxidant activities.*) Hence, the present study was
designed to evaluate antioxidant and antiproliferative activities of A.
taxiformis.

ROS is generated in living organisms in the form of superoxide
anion (O,), hydroxyl radical (OH), H,O, and nitric acid during
metabolism.*” It is produced from molecular oxygen due to oxidative
enzymes of the body or nonenzymatic reactions such as auto-oxidation
by catecholamines.!*® Excessive amounts of ROS in the body cause
biomolecular oxidations which lead to cell injury and death and create
oxidative stress which results in the development of various chronic
disorders such as cancer, liver cirrhosis, atherosclerosis, and a number
of neurodegenerative diseases./*! Overproduction of ROS causes
lipid peroxidation, oxidative stress that leads to redox imbalance
and harmful consequences. Hence, in the past decade, algal extracts

Hydrogen Peroxide Assay

T = Ascorbic acid
- ! = Chloroform extract
= Methanol extract
Petroleum Ether
extract
125 o 250 - 500 B

Concentration (ug/ml)

2000%

1800%

16.00%

14.00%

§ 8

% Scavenged

0.00% -

Figure 4: Hydrogen peroxide scavenging activities of Asparagopsis
taxiformis compared with standard antioxidant (ascorbic acid)

Ferric-ion reducing Assay
80.00%

70.00%

60.00% ~ = :
50.00% -
20.00% | i

3000%

2000%

1000%

0.00%

20 40 60 80 100

Concentration (ug/ml)

= Ascorbic acid

= Chloroform extract

= Ethyl acetate extract
Petroleun ether extract

= Methanol extract

% Scavenged

Figure 6: Ferric ion-reducing property of Asparagopsis taxiformis
compared with standard (ascorbic acid)
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as natural antioxidants have drawn attention for the prevention of
various diseases, in which free radicals are implicated. Previous
reports indicate that antioxidants have been considered as potential
source of ROS inhibitors.®” In the current study, we evaluated four
fractions of A. taxiformis extract and were shown to have significant
radical scavenging effect in a dose-dependent manner. The methanol
extract (85%) showed maximum scavenging effect at 500 ug/ml,

Phosphomolydenum scavenging Assay
40.00%
35.00%
30.00%
= Ascorbic acid
25.00% I
T T m Ethyl acetate extract
20.00% T
1

15.00%
10.00%

5.00%

0.00%

20 40 60 80 100

= Chloroform extract

% Scavenged
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followed by chloroform (79%), petroleum ether (47%), and ethyl
acetate (45%). The radical scavenging effect of extract could be directly
related to nature and amount of phenolics and flavonoids and their
hydrogen-donating ability.®" In the present study, antioxidant activity
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Figure 8: Comparative metal chelating scavenging activities
Figure 7: Phosphomolydenum scavenging activity of Asparagopsis of Asparagopsis taxiformis compared with standard
taxiformis compared with standard (ascorbic acid) (ethylenediaminetetraacetic acid)
Table 6: Hydrogen peroxide scavenging activity of Asparagopsis taxiformis
Concentration Ascorbic Chloroform Methanol Petroleum Ethyl
(ug/ml) acid ether acetate
125 15.62+0.222 8.11+0.137 7.73+0.121 8.52+0.123 7.74+0.109
250 16.96+0.218 9.81+0.144 9.62+0.125 9.81+0.122 8.60+0.122
500 17.59+0.222 11.07+0.151 10.77+0.131 10.88+0.139 10.25£0.136
The experiments are carried out in triplicates (n=3) and the results are expressed as mean+SD. SD: Standard deviation
Table 7: Superoxide radical scavenging activity of Asparagopsis taxiformis
Concentration Ascorbic Petroleum Chloroform Ethyl Methanol
(ng/ml) acid ether acetate
125 78.42+0.006 28+0.009 48.16+0.008 25.79+0.007 67.37+0.016
250 82.89+0.004 30+0.0105 62.63+0.007 43.42+0.009 79.47+0.003
500 87.11+0.0005 47+0.018 79.21+0.006 45.00+0.008 85.00+0.002
The experiments are carried out in triplicates (n=3) and the results are expressed as mean+SD. SD: Standard deviation
Table 8: Ferric reducing antioxidant power scavenging activity of Asparagopsis taxiformis extract with standard (ascorbic acid)
Concentration Ascorbic Chloroform Ethyl Petroleum Methanol
(ng/ml) acid acetate ether
20 45.31+0.005 50+0.003 18.75+0.004 43.75+0.003 28.31+0.006
40 54+0.002 51.56+0.0005 31.25+0.004 51.56+0.0015 34.38+0.006
60 64.06+0.021 56.25+0.001 42.19£0.0005 57.81+0.0015 50+0.004
80 68.75+0.003 64.06+0.0005 50+0.001 60.94+0.0015 57.81+0.0015
100 73.44+0.002 67.19+0.0005 54.69+0.0005 64.06+0.0005 65.63+0.001
The experiments are carried out in triplicates (n=3) and the results are expressed as mean+SD. SD: Standard deviation
Table 9: Phosphomolybdenum scavenging activity of Asparagopsis taxiformis and standard (ascorbic acid)
Concentration Ascorbic Ethyl Chloroform Petroleum Methanol
(ng/ml) acid acetate ether
20 30.22+0.0025 4£0.009 14+0.024 17+0.032 19+0.004
40 31.30+0.0005 5+0.011 17+0.0195 20+0.034 23+0.017
60 32.52+0.003 10+0.0015 20+0.017 21+0.0335 24+0.019
80 34.42+0.003 12++0.015 22+0.029 22+0.0385 25+0.0185
100 36.59+0.004 19.6+0.0065 26%0.029 23+0.037 2740.0175
The experiments are carried out in triplicates (n=3) and the results are expressed as mean+SD. SD: Standard deviation
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Figure 9: Graph representing the brine shrimp lethality assay of the four extracts
Table 10: Metal-chelating scavenging activity of Asparagopsis taxiformis
Concentration EDTA Methanol Ethyl Petroleum Chloroform
acetate ether

20 51+0.0025 10+0.0015 21+0.002 46+0.003 13+0.0015
40 54+0.0025 24+0.0005 26+0.002 49+0.0025 35+0.0015
60 56+0.0025 32+0.002 35+0.004 54+0.001 43+0.001
80 64+0.001 40+0.0005 40+0.0055 54+0.003 46+0.001
100 67+0.0005 61+0.001 46+0.0045 63+0.0005 53+0.0005

The experiments are carried out in triplicates (n=3) and the results are expressed as mean+SD. SD: Standard deviation; EDTA: Ethylene diamine tetraacetic acid

Table 11: Determination of brine shrimp cytotoxicity of the different extracts of Asparagopsis taxiformis

Extract Concentration Number of Dead Percentage LC50 value
(ng/ml) nauplii taken nauplii mortality (ng/ml)
Petroleum 125 10 8 80 104.04
ether 250 10 10 100
500 10 10 100
Methanol 125 10 8 80 104.04
250 10 10 100
500 10 10 100
Ethyl 125 10 9 90 84.33
acetate 250 10 10 100
500 10 10 100
Chloroform 125 10 5 50 125
250 10 9 90
500 10 10 100
Control - 10 1 10 -

LC50: Lethal concentration 50

of A. taxiformis was related to amount of phenols and flavonoids present
in the extract. The total phenol content was determined by Folin-
Ciocalteu method. This method determines total phenols, blue color
formation by reducing heteropolyphosphomolybdate-tungstate ions.
Among four fractions studied, maximum phenol content was observed
in methanol extract of A. taxiformis (25%) in a dose-dependent manner.
Reports indicate close relationship between phenols and antioxidant
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activity of seaweed extracts.®” Radical scavenging activity increases
with increasing flavonoid content.'*! As shown in Table 5, chloroform
extract exhibited maximum total flavonoid content (85%). Thus, these
results show some correlation between antioxidant activity and phenols
and flavonoid content of A. taxiformis. Antioxidant activity of extracts
of A. taxiformis was determined by the reduction of Fe**/ferricyanide
complex to the ferrous form. The reducing ability depends on the
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presence of reductones,! which exhibits antioxidant®®" potential by
donating hydrogen atom for breaking a free radical chain. In the present
study, all the extracts exhibited good reducing capacity. Among them,
chloroform fraction was shown to have high reducing power (67%).
Further, there were no significant differences between reducing power
of extracts and standard (73%). The reducing power of the extracts
increased with increase in concentration of extracts. These results
show that extracts of A. taxiformis may possess redox potential that
can serve as potential antioxidant. Similar reports of reducing power
of red algae were reported in previous years.***”! The total antioxidant
activity of seaweeds was evaluated by phosphomolybdenum method.
The method is based on the reduction of Mo (VI) to Mo (V) in the
presence of antioxidant compounds and the formation of a green
phosphate Mo (V) complex at acidic pH."® Our results demonstrate
that methanol extract (27%) showed maximum antioxidant activity as
compared to positive control, ascorbic acid (36%). Hence, our findings
suggest that antioxidant activity of A. taxiformis may be attributed to
phenolic compounds present in the extract. Moreover, reports suggest
that many seaweed species possess scavenging ability of H,0,.5 H O,
is an important ROS that has the ability to cross biological membrane
and can oxidize number of compounds. Although H,O, is not
reactive, it can be toxic to the cell if it gives rise to OH in the cells.®!l The
inhibitory activity of A. taxiformis extract on H,0, is less as compared
to other antioxidant assays.

BSLA is a simple and inexpensive method for testing cytotoxicity of
extracts. Reports related to cytotoxic activity of A. taxiformis against
A. salina is scanty. Here, a simple zoological organism (A. salina) was
used as a convenient method for screening./” The brine shrimp lethality
bioassay is widely used in the evaluation of toxicity of heavy metals,
pesticides, medicines, especially natural plant extracts.l®®! Further, it
is also used for cell line toxicity and antitumor activity.* This test
has several advantages as compared to other toxicity assays such as
rapidness, simplicity, low requirements (no aseptic techniques, no
special equipment, and relatively small amount of test sample is needed),
robustness, cost-effective, and high degrees of repeatability. In the
current study, ethyl acetate of A. taxiforms showed highest brine shrimp
lethality at very low concentration with LC_ value of 84.33 ug/ml,
followed by methanol and petroleum ether fractions with LC, values
of 104.04 pg/ml. The lowest lethal activity was found in chloroform
extract (LC_ value = 125 pug/ml). Based on the brine shrimp lethality
potential, LC_ =250 pig/ml extrapolated from the graph indicated that A.
taxiformis extract was moderately toxic. The dose level 500 ug/ml elicited
100% hatching inhibition after 24 h, while at 125 pug/ml, the hatching
rate was reduced a bit [Table 11]. The statistical analysis for petroleum
ether extract and methanol extract showed the same level of significance
R* = 0.606, whereas for ethyl acetate, the significance level was found to
be 77% (R* = 0.70) and chloroform showed 57% (R* = 0.571). Reports
suggest that many algae and land plants are considered to be cytotoxic
using brine shrimp as a model organism.®¢* Similarly, methanol extracts
of Halimeda opuntia showed significant cytotoxicity with LC, values of
192.3 ug/mL!”) In another experiment reported by Manilal et al.,®®! the
active fraction of Laurencia brandenii was found to be most cytotoxic
with LC, | value of 93 ug/ml. Hence, our study showed that A. taxiformis
extracts had toxic activity on brine shrimp. The cytotoxic action of a
drug is due to the presence of antitumor compounds.'®” This may be
due to the presence of several cytotoxic compounds such as fucoidans,
terpenoids, and laminarins stated to possess anticancer, antiproliferative,
and antitumor properties.”” Study on the phytochemical analysis of
A. taxiformis revealed the presence of flavonoids, alkaloids, phenols,
anthraquinones, terpenoids, and fatty acids responsible for biological
activities such as antioxidant and cytotoxic activities.

Pharmacognosy Research, Volume 9, Issue 3, July-September, 2017

CONCLUSION

The present study revealed that red algae, A. taxiformis possess strong
antioxidant and cytotoxic properties. Hence, further work is necessary
to isolate the active compounds from A. taxiformis and to study the
mechanism of action.

Acknowledgment

This study is supported by the institutional grant, and we thank the VIT
University for the support to carry out this research.

Financial support and sponsorship
This study is financially supported by the institutional grant.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Chandini SK, Ganesan P Bhaskar N. /n vitro antioxidant activities of three
selected brown seaweeds of India. Food Chem 2008;107:707-13.

2. Chennubhotla VS, Rao MU, Rao KS. Commercial importance of marine macro
algae. Seaweed Res Utiln 2013;35:118-28.

3. Saxena A. Marine Biodiversity in India: Status and Issues. International Day for
Biological Diversity (Marine diversity); Uttar Pradesh; May, 2012.

4. Nwosu F, Morris J, Lund VA, Stewart D, Ross HA, McDougall GJ. Anti-proliferative
and potential anti-diabetic effects of phenolic-rich extracts from edible marine
algae. Food Chem 2011;126:1006-12.

5. Kasimala MB, Mebrahtu L, Magoha PR, Asgedom G, Kasimala MB. A review
on biochemical composition and nutritional aspects of seaweeds. Caribb J Sci
Technol 2015;3:789-97.

6. Ometto F, Cornish L, Msuya FE, Villa R, Rajauria G. Identification and selection of

algae for food, feed, and fuel applications. Bedford, UK: Elsevier; 2015. p. 316-43.

Sabeena Farvin KH, Jacobsen C. Phenolic compounds and antioxidant

activities of selected species of seaweeds from Danish coast. Food Chem

2013;138:1670-81.

8. Mhadhebi L, Mhadhebi A, Robert J, Bouraoui A. Antioxidant, anti-inflammatory
and antiproliferative effects of aqueous extracts of three mediterranean brown
seaweeds of the genus Cystoseira. Iran J Pharm Res 2014;13:207-20.

9. Subbiah M, Bhuvaneswari S. Evaluation of antioxidant activity of methanol
extracts of red algae Chondrococcus hornemannii and Spyridia fusiformis. Int J
Adv Pharm 2016;5:8-11.

10. Rafiquzzaman SM, Lee JM, Ahmed R, Lee JH, Kim JM, Kong IS. Characterisation
of the hypoglycaemic activity of glycoprotein purified from the edible brown
seaweed, Undaria pinnatifida. Int J Food SciTechnol 2015;50:143-50.

11. Ramkissoon A, Ramsubhag A, Maxwell A, Jayaraman J. In vitro antimicrobial
activity of common species of seaweeds native to Trinidadian coasts. Algol Stud
2015;147:45-66.

12. Thinh PD, Menshova RV, Ermakova SP Anastyuk SD, Ly BM, Zvyagintseva TN.
Structural characteristics and anticancer activity of fucoidan from the brown
alga Sargassum mcclurei. Mar Drugs 2013;11:1456-76.

13. Dandona R Thusu K, Cook S, Snyder B, Makowski J, Armstrong D, et al.
Oxidative damage to DNA in diabetes mellitus. Lancet 1996;347:444-5.

14. Apostolou A, Stagos D, Galitsiou E, Spyrou A, Haroutounian S, Portesis N,
et al. Assessment of polyphenolic content, antioxidant activity, protection
against ROS-induced DNA damage and anticancer activity of Vitis vinifera stem
extracts. Food Chem Toxicol 2013;61:60-8.

15. Kumar KS, Ganesan K, Rao PS. Antioxidant potential of solvent extracts
of Kappaphycus alvarezii (Doty) Doty — An edible seaweed. Food Chem
2008;107:289-95.

16. Ryu MJ, Kim AD, Kang KA, Chung HS, Kim HS, Suh IS, et al. The green algae
Ulva fasciata Delile extract induces apoptotic cell death in human colon cancer
cells. In Vitro Cell Dev Biol Anim 2013;49:74-81.

17. Wang CY, Wu TC, Hsieh SL, Tsai YH, Yeh CW, Huang CY. Antioxidant activity and
growth inhibition of human colon cancer cells by crude and purified fucoidan
preparations extracted from Sargassum cristaefolium. J Food Drug Anal
2015;23:766-77.

18. Marino F, Di Caro G, Gugliandolo C, Spano A, Faggio C, Genovese G, et al.
Preliminary study on the in vitro and in vivo effects of Asparagopsis taxiformis
bioactive phycoderivates on teleosts. Front Physiol 2016;7:459.

~

245



NEETHU, et al.: Invitro Antioxidant and Cytotoxic Activity of Red Algae Asparagopsis taxiformis

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31
32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

44,

. Zenetos A, Gofas S, Verlague M, Inar ME, Raso JE, Bianchi CN. Alien species in

the Mediterranean Sea by. A contribution to the application of European Union’s
Marine Strategy Framework Directive (MSFD). Part |. Spatial distribution.
Mediterr Mar Sci 2010;11:381-493.

Andreakis N, Procaccini G, Maggs C, Kooistra WH. Phylogeography of the
invasive seaweed Asparagopsis (Bonnemaisoniales, Rhodophyta) reveals
cryptic diversity. Mol Ecol 2007;16:2285-99.

Woolard FX, Moore RE, Roller PP Halogenated acetic and acrylic acids from the
red alga Asparagopsis taxiformis. Phytochemistry 1979;18:617-20.

Paul NA, Cole L, de Nys R, Steinberg PD. Ultrastructure of the gland cells of the
red alga Asparagopsis armata (Bonnemaisoniaceae). J Phycol 2006;42:637-45.

El-Baroty GS, Moussa MY, Shallan MA, Ali MA, Sabh AZ, Shalaby EA.
Contribution to the aroma, biological activities, minerals, protein, pigments and
lipid contents of the red alga: Asparagopsis taxiformis (Delile) Trevisan. J Appl
Sci Res 2007;3:1825-34.

Genovese G, Faggio C, Gugliandolo C, Torre A, Spand A, Morabito M, et al.
In vitro evaluation of antibacterial activity of Asparagopsis taxiformis from the
Straits of Messina against pathogens relevant in aquaculture. Mar Environ Res
2012;73:1-6.

Genovese G, Leitner S, Minicante SA, Lass-FIorl C. The Mediterranean red alga
Asparagopsis taxiformis has antifungal activity against Aspergillus species.
Mycoses 2013;56:516-9.

Ayaz M, Junaid M, Ullah F, Sadig A, Subhan F, Khan MA, et al. Molecularly
characterized solvent extracts and saponins from Polygonum hydropiper L.
Show high anti-angiogenic, anti-tumor, brine shrimp, and fibroblast NIH/3T3 cell
line cytotoxicity. Front Pharmacol 2016;7:74.

Yuvaraj N, Arul V. Preliminary screening of anti-biofilm, anti-larval settlement
and cytotoxic potential of seaweeds and seagrasses collected from Pondicherry
and Rameshwaram Coastal Line, India. World J Fish Mar Sci 2014,6:169-75.

Manilal A, Sujith S, Kiran GS, Selvin J, Shakir C, Gandhimathi R, et al.
Antimicrobial potential and seasonality of red algae collected from the
southwest coast of India tested against shrimp, human and phytopathogens.
Ann Microbiol 2009;59:207-19.

Trease GE, Evans WC. Pharmacology. 11" ed. London: Bailliere Tindall Ltd.;
1978.

Sofowora A. Medicinal Plants and Traditional Medicine in Africa. Ibadan, Nigeria:
Spectrum Books Ltd.; 1993.

Harborne JB. Phytochemical Methods. London: Chapman and Hall Ltd.; 1973.

Ayoola GA, Coker HA, Adesegun SA, Adepoju-Bello AA, Obaweya K,
Ezennia EC, et al. Phytochemical screening and antioxidant activities of some
selected medicinal plants used for malaria therapy in Southwestern Nigeria.
Trop J Pharm Res 2008;7:1019-24.

Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents of some
Nigerian medicinal plants. Afr J Biotechnol 2005;4:685-8.

Singleton VL, Rossi JA. Colorimetry of
phosphomolybdic-phosphotungstic acid reagents.
1965;16:144-58.

Zhishen J, Mengcheng T, Jianming W. The determination of flavonoid contents
in mulberry and their scavenging effects on superoxide radicals. Food Chem
1999;64:555-9.

Ruch RJ, Cheng SJ, Klaunig JE. Prevention of cytotoxicity and inhibition of
intercellular communication by antioxidant catechins isolated from Chinese
green tea. Carcinogenesis 1989;10:1003-8.

Oyaizu M. Studies on products of browning reaction-antioxidative activities
of products of browning reaction prepared from glucosamine. Jpn J Nutr
1986;44:307-15.

Robak J, Gryglewski RJ. Flavonoids are scavengers of superoxide anions.
Biochem Pharmacol 1988;37:837-41.

Prieto P Pineda M, Aguilar M. Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: Specific
application to the determination of Vitamin E. Anal Biochem 1999;269:337-41.

Liu JX, Srivastava R, Che P Howell SH. An endoplasmic reticulum stress
response in Arabidopsis is mediated by proteolytic processing and nuclear
relocation of a membrane-associated transcription factor, bZIP28. Plant Cell
2007;19:4111-9.

Turker AU, Camper ND. Biological activity of common mullein, a medicinal
plant. J Ethnopharmacol 2002;82:117-25.

Kijjoa A, Sawangwong P Drugs and cosmetics from the sea. Mar Drugs
2004,;25:73-82.

Guedes EA, Aratjo MA, Souza AK, de Souza LI, de Barros LD, Maranhao FC,
et al. Antifungal activities of different extracts of marine macroalgae against
dermatophytes and Candida species. Mycopathologia 2012;174:223-32.

Berri M, Slugocki C, Olivier M, Helloin E, Jacques |, Salmon H, et al.
Marine-sulfated polysaccharides extract of Ulva armoricana green algae exhibits

with
Vitic

total  phenolics
Am J Enol

246

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

an antimicrobial activity and stimulates cytokine expression by intestinal
epithelial cells. J Appl Phycol 2016;28:2999-3008.

Hardouin K, Bedoux G, Burlot AS, Donnay-Moreno C, Bergé JR
Nyvall-Collén P et al. Enzyme-assisted extraction (EAE) for the production
of antiviral and antioxidant extracts from the green seaweed Ulva
armoricana (Ulvales, Ulvophyceae). Algal Res 2016;16:233-9.

Wang X, Zhang Z, Yao Z, Zhao M, Qi H. Sulfation, anticoagulant and antioxidant
activities of polysaccharide from green algae Enteromorpha linza. Int J Biol
Macromol 2013;568:225-30.

Weinstain R, Savariar EN, Felsen CN, Tsien RY. /n vivo targeting of hydrogen
peroxide by activatable cell-penetrating peptides. J Am Chem Soc
2014;136:874-7.

Saboo SS, Tapadiya G, Farooqui IA, Khadabadi SS. Free radical scavenging,
in vivo antioxidant and hepatoprotective activity of folk medicine Trichodesma
sedgwickianum. Banglad J Pharmacol 2013;8:58-64.

Aruoma Ol. Free radicals, oxidative stress, and antioxidants in human health
and disease. J Am Oil Chem Soc 1998;75:199-212.

Ishakani AH, Joshi NH, Ayaz M, Sumara K, Vadher KH. Antioxidant potential,
polyphenols and diphenol content of seaweed available at Veraval coast,
Saurashtra region-Guijarat. Indian J Sci Technol 2016;9:1-6.

Sreelatha S, Padma PR. Antioxidant activity and total phenolic content of
Moringa oleifera leaves in two stages of maturity. Plant Foods Hum Nutr
2009;64:303-11.

Farvin KS, Jacobsen C. Phenolic compounds and antioxidant activities of
selected species of seaweeds from Danish coast. Food Chem 2013;138:1670-81.

Husain SR, Cillard J, Cillard P Hydroxyl radical scavenging activity of flavonoids.
Phytochemistry 1987;26:2489-91.

Duh PD. Antioxidant activity of burdock (Arctium lappa Linne): Its scavenging
effect on free-radical and active oxygen. J Am Oil Chem Soc 1998;75:455-61.
Gordon MH. The mechanism of antioxidant action in vitro. In: Food Antioxidants.
Netherlands: Springer; 1990. p. 1-18.

Rajauria G, Jaiswal AK, Abu-Gannam N, Gupta S. Antimicrobial, antioxidant and
free radical-scavenging capacity of brown seaweed Himanthalia elongata from
western coast of Ireland. J Food Biochem 2013;37:322-35.

Chan PT, Matanjun P, Yasir SM, Tan TS. Antioxidant activities and polyphenolics
of various solvent extracts of red seaweed, Gracilaria changii. J Appl Phycol
2015;27:2377-86.

Kumaran A, Karunakaran RJ. In vitro antioxidant activities of methanol extracts
of five Phyllanthus species from India. LWT Food Sci Technol 2007;40:344-52.

Leelavathi MS, Prasad MP A study on antioxidant properties of seaweeds by
hydrogen peroxide assay. Int Res J Eng Technol 2016;3:922-6.

Kesavan K, Deepa A, Shobana G, Jothi G, Sridharan G. Preliminary phytochemical
screening and in vitro antioxidant potential of Euphorbia heterophylla L. Int J
Pharm Pharm Sci 2014;6:549-53.

Revathi D, Baskaran K, Subashini R. Antioxidant and free radical scavenging
capacity of red seaweed Hypnea valentiae from Rameshwaram coast Tamil
Nadu, India. Int J Pharm Pharm Sci 2015;8:232-7.

Ullah MO, Haque M, Urmi KF Zulfiker AH, Anita ES, Begum M, et al.
Anti-bacterial activity and brine shrimp lethality bioassay of methanolic extracts
of fourteen different edible vegetables from Bangladesh. Asian Pac J Trop
Biomed 2013;3:1-7.

Khan I, Ahmad K, Khalil AT, Khan J, Khan YA, Saqgib MS, et al. Evaluation of
antileishmanial, antibacterial and brine shrimp cytotoxic potential of crude
methanolic extract of Herb Ocimum basilicum (Lamiacea). J Tradit Chin Med
2015;35:316-22.

Janakiraman N, Johnson M. Ethanol extracts of selected Cyathea species
decreased cell viability and inhibited growth in MCF 7 cell line cultures.
J Acupunct Meridian Stud 2016;9:151-5.

Ara J, Sultana V, Ehteshamul-Haque S, Qasim R, Ahmad VU. Cytotoxic
activity of marine macro-algae on Artemia salina (brine shrimp). Phytother Res
1999;13:304-7.

Alluri VK, Tayi VN, Dodda S, Mulabagal V, Hsin-Sheng T, Gottumukkala VS.
Assessment of bioactivity of Indian plants using brine shrimp (Artemia salina)
lethality assay. Int J Appl Sci Eng 2005;3:125-34.

Selim SA. Antimicrobial, antiplasmid and cytotoxicity potentials of marine algae
Halimeda opuntia and Sarconema filiforme collected from Red Sea Coast.
World Acad Sci Eng Technol 2012;61:1154-9.

Manilal A, Sujith S, Kiran GS, Selvin J, Shakir C. Cytotoxic potentials of red alga,
laurencia brandenii collected from the Indian coast. Global J Pharmacol 2009;3:90-4.
Sreejamole KL, Greeshma PM. Antioxidant and brine shrimp cytotoxic activities
of ethanolic extract of red alga Gracilaria corticata (J. Agardh). Indian J Nat Prod
Resour 2013;4:233-7.

Shahidi F Wanasundara PK. Phenolic antioxidants. Crit Rev Food Sci Nutr
1992;32:67-103.

Pharmacognosy Research, Volume 9, Issue 3, July-September, 2017



