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In recent years, a significant number of novel metabolites with potent pharmacological properties (antioxidant, antitumor,
anti-HIV) have been discovered from marine organisms. Kappaphycus alvarezii (Doty) is a marine alga belonging to order:
Gigartinales and family: Solieriaceae. It has been invasive in the Gulf of Mannar since 2000, and has a high content of the
steroid phenol. This is the first report on its antioxidant properties using an animal model. This study aimed to explore the
antioxidant and antigenotoxic/protective role of K. alvarezii growing in southeast coast of India in the male rat. The findings
indicate that an extract of K. alvarezii is not nephrotoxic at the dose levels. The algal antioxidant activity shows similar
correlation (89%; R2 = 0.8963) at varying temperature to the known antioxidant. K. alvarezii extracts exhibit significant
protective effects against DNA damage induced by H2O2, which might be related to antioxidant activity. In conclusion, our
results suggest that long-term daily administration of K. alvarezii extract offers enhanced antioxidant potential and protection
against tissue lipid peroxidation and cell damage. Our results support the use of K. alvarezii in the food and pharmaceutical
industries.
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Introduction
Kappaphycus alvarezii (Doty 1973) (Rhodophyta, Gigarti-
nales), synonymously known as K. cottonii, is a red alga.
This alga is an introduced species and a noxious aquatic
weed in Hawaii. However, recent molecular studies have
revealed the most abundant species in Hawaii reported to
cause an invasion on the coral reefs is actually Eucheuma
denticulatum and not K. alvarezii (Zucarello et al. 2006). It
is one of the most important sources of carrageenan used in
a variety of commercial applications, e.g. gelling, thicken-
ing, and stabilizing agents, especially in food products such
as frozen desserts, chocolate milk, instant products, yogurt,
jellies and in sauce preparation. Aside from these functions,
it is used in pharmaceutical formulations, cosmetics, and
industrial applications such as mining (Hayashi et al. 2007).
K. alvarezii has been introduced into many different trop-
ical places, since it is the main source of carrageenan in
the world, coastal populations can benefit from its cultiva-
tion. Most notably, it is increasingly being cultivated on the
southeastern coasts of India.

Kappaphycus spp. have been reported to display antitu-
mor activity (Huamao & Song 2005), heavy metal chelation
(Suresh Kumar et al. 2007, 2008a), nitrate reductase activ-
ity (Granbom et al. 2004), in vivo antioxidant activities
(Nagarani & Kumaraguru 2012), and in vitro antioxidant
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activities (Chew et al. 2008; Suresh Kumar et al. 2008b).
Phytochemical studies on species demonstrated the pres-
ence of high protein, steroids, carotenoids, vitamins and
minerals, etc. (Rajasulochana et al. 2009; Nagarani and
Kumaraguru 2012).

There have been insufficient phytochemical and ani-
mal studies conducted on K. alvarezii. The present study
aimed to gather further knowledge regarding the effects
of K. alvarezii extract on vertebrates, in order to establish
possibilities for its pharmacological use. Furthermore, the
present study evaluated the protective effects of the alga
against cytotoxicity using trypan blue exclusion. Single-
cell gel electrophoresis (comet) assay was used to evaluate
the genotoxicity and antigenotoxicity of K. alvarezii. Thus,
the aim of the present study was to elucidate the potential
beneficial role of marine algae as a food using the male rat
as a model animal.

Materials and methods
Sample preparation
The marine alga Kappaphycus alvarezii was collected dur-
ing August 2010, from the Mandapam coast (latitude 9◦17′
N, longitude 79◦22′ E), Gulf of Mannar. The sample was
identified at the Center for Marine and Fisheries Research

© 2013 Taylor & Francis
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98 N. Nagarani and A.K. Kumaraguru

Institution (CMFRI), Mandapam and the voucher specimen
(DMCSKA01) was maintained in the Department Museum.

Algal extract preparation
The thalli of K. alvarezii were cut into pieces, sun dried
and powdered in a grinder to 40-mesh size powder. The
algae were extracted with water, vacuum dried and stored
at room temperature (stable up to 100◦C; Nagarani &
Kumaraguru 2012) or 20◦C until use. The extract was fil-
tered through Whatman No. 4 filter paper to obtain particle
free extract. The residue was re-extracted twice and fil-
tered (to elute/collect the excess suspended molecules).
The extracts were pooled, concentrated and dried under a
vacuum and the dried extract was used for exploring its
potential activity.

Phytochemical screening
Phytochemical screening of various extracts was carried
out according to the standard methods as described by
Trease and Evans (1996) and Harborne (1973) for alka-
loids, tannins, flavonoids, steroids, saponins and cardiac
glycoside.

Inhibition of DPPH radical
The stable 1,1-diphenyl-2-picryl hydrazyl radical (DPPH)
was used for determination of free radical-scavenging activ-
ity of the extracts (Koleva et al. 2002). One milligram per
milliliter concentrations of purified extract were added to an
equal volume of methanolic solution of DPPH (100 mM).
After 15 minutes at room temperature, the absorbance was
measured at 517 nm. The experiment was repeated three
times. Buthylated hydroxytolune (BHT) and vitamin C were
used as standard controls. The stability of the K. alvarezii
extract was determined at temperatures of 25, 50, 75, and
100◦C. Briefly the extract was incubated at different temper-
atures for 30 min, and then subjected to the assay (Rehman
et al. 2003).

Preclinical studies
Adult male albino rats of Wistar strain (240 ± 20 g) were
obtained from Animal Behavior Department, School of
Biological Sciences, Madurai Kamaraj University, Madu-
rai, India. The animals were maintained under standard
conditions of humidity, temperature (25 ± 2◦C) and 12 h
light/1 2h dark condition. They were fed standard pelleted
rat diet (Amrut rat/mice feed M/s Pranav Agro Indus-
tries, Sangli-Maharastra, India) and were given free access
to water. Rats received humane care in compliance with
the guidelines of the University and Institutional Legisla-
tion, regulated by the International Research and Review
Board (IRB), Ethical Clearance (EC), Biosafety and Animal
Welfare Committee.

The experimental animals were randomly divided into
three groups as follows: Group A received an appropriate
volume of water by intraperitoneal injection on alternate
days. This served as the control. Group B received an appro-
priate volume of the extract by intraperitoneal injection
on alternate days at a curative dose of 100 mg kg−1 body
weight. Group C was given an intraperitoneal injection with
200 mg kg−1 body weight of aqueous extract of K. alvarezii
on alternate days. The experiment was conducted for 60
days. Five rats in each group were sacrificed 24 h after
the last dose. The livers were removed, washed in phos-
phate buffer and stored at −80◦C for enzyme analysis. The
chosen dosage is based on extrapolation from estimated
exposure levels for humans as described by Llewellyn
et al. (1998).

Biochemical oxidative stress analysis
Livers and blood were washed with saline, and homog-
enized by Tris-HCl buffer. Supernatant fractions of liver
homogenate were used for measuring activities of the
reduced glutathione (GSH) (Kuo et al. 1983), glutathione
peroxidase (GPx) (Lawrence & Burk 1976), superoxide
dismutase (SOD) (Marklund & Marklund 1974), catalase
(Aebi 1974) and lipid peroxidation (Ohkawa et al. 1979).

Cell viability assay
Dye exclusion is a simple and rapid technique measuring
cell viability but it is subject to the problem that viability is
being determined indirectly from cell membrane integrity.
Thus, it is possible that a cell’s viability may have been
compromised (as measured by capacity to grow or function)
even though its membrane integrity is (at least transiently)
maintained. Conversely, cell membrane integrity may be
abnormal yet the cell may be able to repair itself and become
fully viable. Viability of the muscle cell was counted using
trypan blue exclusion method (Anderson et al. 1994) (n =
5/exposure).

Viable cells(%) =
total number of viable
cells per ml of aliquot

total number of cells
per ml of a aliquot

× 100

Preparation of oxidatively damaged red blood cells
Samples of venous (2 ml per animal) blood were obtained
from the male rat using heparin as the anticoagulant. After
centrifugation to remove plasma and leukocytes, the red
blood cells (RBCs) were washed once with phosphate
buffered saline (PBS: 5 mmol l−1 phosphate, 0.15 mol l−1

NaCl, and 5 mmol l−1 dextrose, pH 7.4) and resuspended to
a final hematocrit of 20% in PBS with 2 mmol l−1 sodium
azide to inhibit catalase. After incubation at 30◦C for 10
minutes, measured quantities of H2O2 were added to the
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RBC suspension to obtain final concentration in the range
of 100 and 200 μmol l−1, and the cells were incubated
for an additional 15 minutes at 4◦C to avoid repair of
the induced oxidative DNA damage (Collins et al. 2004).
The oxidative reaction was quenched by washing the cells
with PBS containing 5 mmol l−1 dithiothreitol (DTE), fol-
lowed by 5-minute incubation in the same buffer. Control
RBCs underwent the same regimen with one exception:
no H2O2 was added to these cells. H2O2 was added to the
reaction vessel to initiate oxidant damage; this served as a
negative control. The same toxicants were incubated with
100 and 200 ppm of algal extract separately, i.e. 0.1 and
0.2 mg ml−1 RBC.

Single-cell gel electrophoresis (SCGE) assay (comet
assay)
The alkaline comet assay was performed according to the
experimental design of Singh et al. (1998) and improved by
Tice (1995). Briefly, microscope slides were dipped briefly
into 1.5% hot (60◦C) normal melting agarose prepared
in phosphate-buffered saline (PBS). The slides were dried
overnight at room temperature and then stored at 4◦C until
used. Subsequently, freshly collected, heparinized periph-
eral blood (20 μl) was suspended in 120 μl of 0.5% low
melting point agarose in PBS at 37◦C and pipetted onto a
microscope slide pre-coated with a layer of normal melting
point agarose. This mixture was allowed to set at 4◦C for
10 min and the slides then immersed in a freshly prepared
cold (4◦C) lysis solution (2.5 M NaCl, 100 mM Na2EDTA,
10 mM Tris and 1% lauroyl sarcosine, and the pH adjusted
to pH 10.0–10.5 with NaOH; 1% Triton X-100 and 10%
dimethyl sulfoxide were added immediately before use)
at 4◦C for 1 h. After lysis, the slides were placed in an
electrophoretic tank containing 300 mM NaOH and 1 mM
EDTA, pH > 13.0 for 30 min, and electrophoresis was then
done at 25V, 350 mA for 40 min. Soon after neutralization
(3 × 5 min in 0.4 MTris, pH 7.5 at 4◦C), the slides were
stained with ethidium-bromide (20 μg ml−1), fixed in 100%
methanol for 5 min.

To evaluate the extent of DNA damage, images of 1000
randomly selected cells were analyzed from each sam-
ple using a Zeiss Cannon fluorescence microscope (filter
510–560 nm, barrier filter 590 nm) connected with a digital
camera. Imaging was performed by using a computerized
image analysis system (Comet Assay version 1.1) which
acquires images, computes the integrated intensity profile
for each cell, estimates the comet cell components (head and
tail) and evaluates a range of derived parameters (Jaloszyn-
ski et al. 1997). All of the slides were prepared and analyzed
in duplicate.

These include tail length, % DNA in migrated in comet
tail and tail moment (an index of DNA damage which con-
siders both tail length and the fraction of DNA in the comet
tail). To check for toxicity or an effect on DNA, all the
extracts were tested alone (without test chemical).

Scoring
There was a close relation between the subjective visual
score and the measurements of the percentage of DNA in
the tail by image analysis. In 90% of cells, the percentage of
DNA in the tail for different visual grades of damage fell in
the following non-overlapping ranges: grade 0 (no damage),
< 5%; grade 1 (low damage), 5–25%; grade 2 (medium
damage), 25–45%; grade 3 (high damage), 45–70%; grade
4 (very high damage), > 70%.

Randomly selected lymphocytes were graded visually
for each slide. A total damage score as arbitrary unit (AU)
for the slide was derived by multiplying the number of cells
assigned to each grade of damage by the numeric value of
the grade and summing over all grades (giving a maximum
possible score of 400, corresponding to 100 cells of grade
4) (Collins 2004).

Statistical analysis and correlations
The mean values and the standard deviations were cal-
culated from the data obtained from three independent
experiments. Statistical differences at p < 0.05 were con-
sidered to be significant. The coefficient of determi-
nation (r2) was calculated using SPSS and Microsoft
Excel.

Results
Phytochemical screening
Phytochemical screening study of K. alvarezii extract
revealed that the extract had significant quantities of alka-
loids, flavonoids, steroids, and tannins, and an absence
of terpenoids. Total phenolic content was 28.47 mg
GAE (standard, gallic acid equivalent)/100 g dw; pro-
tein was 1.623 ± 0.04 mg g−1 fresh weight; carotene was
6.24 mg/100 g.

The bioactive fractions against DPPH free radicals were
dried. The extract was characterized by thin layer chro-
matography using silica gel coated TLC plates (Merck)
with mobile phase, ethyl acetate: chloroform: hexane 2:9:3.
Chromatograms were evaluated under UV light at 600–
660 nm to detect the presence of steroids. The presence of
steroid if any was further confirmed by spraying the plates
with hot vanillin in sulfuric acid.

Residues of 30 mg were dissolved in acetone for pro-
ton NMR studies. The residue of K. alvarezii has a bunch
of signals in the aliphatic region of the 1H NMR spectrum
(Figures 1(a) and 1(b)). As there were no responsible signals
in the aromatic or olefinic region, the presence of flavonoids
in the extract was safely ruled out. Absence of signal in the
regions between 4 and 6 indicated the absence of glyco-
sides or unsaturated terpenoids. Obviously the signals in
the region 0.5–2.0 ppm suggest the presence of steroidal
identity in the extracts. The signal around 3.8 ppm could be
due to the hydrogen geminal to oxygen probably hydroxyl
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100 N. Nagarani and A.K. Kumaraguru

Figure 1. Proton NMR of K. alvarezii methanolic extract.
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Frontiers in Life Science 101

Figure 2. Effect of alga against DPPH free radicals at different
temperatures.

group present in the steroidal nucleus. From the spectral data
it was concluded that the compounds exhibiting antioxidant
activity are probably oxygenated steroids. The oxygenated
sterols of K. alvarezii exhibited 69% of inhibition against
the DPPH radical.

The DPPH scavenging activity of Kappaphycus
alvarezii extract is presented in Figure 2. The minimum
concentration (1 mg ml−1) of the extract that exhibited max-
imum (< 80%) free radical scavenging activity was chosen
for the animal experimental study. The algal antioxidant
activity shows similar correlation (89%; R2 = 0.8963) at
varying temperature to the known antioxidant (BHT), which
confirms the stability of the extract.

Body weight
The aqueous extract of K. alvarezii was found to be practi-
cally non-toxic (no lethal effect and observed abnormalities)
and its LD50 could not be calculated since the treatment did
not cause any death response. LD50 values were previously
calculated for five doses ranging from 50, 100, 150, 200
and 250 mg kg−1 body weight. The animals treated with the
extract did not manifest any overt signs of toxicity and there
was no significant difference in the weight of the treated
animals compared to the control.

The body weight gain curves of rats are shown in
Figure 3, where growth curves of alga-treated rats are
compared with those of control groups. There were no
statistically significant (p < 0.05) differences in the body
weight loss of rats in treatment and corresponding control
groups. The mean body weight of rats was 242 ± 4.2 g and
383 ± 3.6 g of initial and final control rats. There was no
significant difference in food and water intake of rats in both
control and treated groups.

Effect of algae on serum and liver antioxidant status of
experimental groups versus control group
Oxidative stress parameters, such as thiobarbituric acid
reactive substances (TBARS) in rat declined following
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Figure 3. Body weight gain of rats in exposed to algal extracts.
Values are means of five animals and error bars are not shown. No
statistical difference between treatment and control groups.

algal treatment in comparison to control groups. Result of
alga on lipid peroxidation (LPO) in rat indicated a sig-
nificant decrease in the hepatic LPO with a concomitant
increase in glutathione (GSH) and catalase (CAT) activ-
ities (Table 1). Given its role in the antioxidant defense
system, catalase activity was expected to increase. Activity
was only detected in liver tissue, and no significant change
in activity occurred in serum. When alterations in lipid per-
oxidation were examined, a significant decrease in serum
LPO (42.8 and 84.4%, in group B and C to that of group
A; p < 0.01) and SOD (4–1.2% in serum (p < 0.0001)
and liver (p < 0.0001) respectively in group B (Table 1),
followed by an increase in the activities of CAT (61.3%)
and total GSH content (89.89%, p < 0.0001) as a result of
algal administration, suggesting its antioxidative property
(Table 1).

Catalase activity in rat serum did not change signifi-
cantly in response to algal treatment from that of the control
rats. The increase in CAT whole blood was not remarkable
after treatment for 60 days (p < 0.0001); however, after
treatment for 60 days, the rat showed a marked increase in
CAT activity in the liver (p < 0.5). There was significantly
more (p < 0.0001) GPx activity in serum than in control
(Table 1).

Cell viability
Relationship between percentages of tail DNA measured
using Comet Score version 1.1 software and visual scores of
oxidative DNA damage representing each class (0–4) were
measured and visually scored by the same operator. The
mean comet tail with respect to the percentage of DNA dam-
age was represented in Figure 5. Consequently the comet
class 0 represents > 5% damage, Class 1 (20%), Class 2
(35%), Class 3 (57%) and Class 4 with 85% mean val-
ues (where Y = 19.3x – 17.9; R2 = 0.9064), respectively
(Figures 5 and 6).
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102 N. Nagarani and A.K. Kumaraguru

Table 1. Oxidative stress analysis of K. alvarezii treated male rat (n = 5) (mean ± SE).

LPO (mM cm−1 SOD (units/mg CAT (units/mg GPx (units/mg
of MDA) of protein) of protein) GSH (nmole) of protein)

Serum
Control 6.28 ± 0.1∗ 336.3 ± 5.9 7.19 ± 0.19 1361.6 ± 3.84 48.0 ± 1.5
Dose I 4.44 ± 0.47 304.3 ± 7.1 7.10 ± 0.15 1053.3 ± 38.2∗ 144.0 ± 3.2
Dose II 1.18 ± 0.11∗ 244.6 ± 2.6 7.24 ± 0.20∗ 1012.3 ± 12.6 159.0 ± 2.7

Liver
Control 1.30 ± 0.18∗ 265.6 ± 6.8 4.79 ± 0.27 1247.6 ± 8.96∗ 131.2 ± 1.6
Dose I 1.06 ± 0.06∗ 255.0 ± 4.5 6.05 ± 0.10 976.6 ± 17.4 91.3 ± 1.8
Dose II 0.98 ± 0.13 166.0 ± 6.8 8.17 ± 0.12 675.0 ± 5.77 40.01 ± 0.9

Dose I = 100 mg kg−1 of body weight; dose II = 200 mg kg−1 of body weight.
∗p < 0.05, whereas other p < 0.0001 within groups.

Figure 4. Cell viability assay.

The cytotoxicity studies on the viability of the cells
are depicted in Figure 4. The data clearly indicate that
hydrogen peroxide is cytotoxic by providing free radicals
to the in vitro environment. We observed only 35% of
viable cells with less tail formation, i.e. DNA fragmenta-
tion (p = 0.075) (Figure 7). No significant cell death was
noticed in either algal dose. The algal extract also increased
the viability of the cells treated with hydrogen peroxide.
In support to the viable of the blood cells the frequency of
DNA damage was higher on hydrogen peroxide exposure
(< 80%) and algal extract exposed cells dose not showed
any significant changes in induction of single strand break-
age, only class 0 and 1 were mostly observed during scoring.
The sudden drop in DNA damage induction was observed
in both algal concentrations (p < 0.05).

Discussion
The additive and synergistic effects of phytochemicals in
seaweeds have been proposed as being responsible for their
potent antioxidant and anti-cancer activities. Among the
compounds detected in the Kappaphycus alvarezii extracts
are carrageenan, steroids (Nagarani & Kumaraguru 2012),
tannins, phenolic acids and flavonoids, which have been
described as antioxidant agents when assessed separately
(Rajasulochana et al. 2009).

The NMR data of K. alvarezii showed the presence of
a steroid group unlike that reported by Vallinayagam et al.
(2009) on proton-NMR signals corresponding to polyun-
saturated esters (7.263 ppm, 5.371 ppm and 1.254 ppm in
Sargassum wightii; 7.239 ppm, 5.322 ppm and 1.227 ppm
in Gracilaria edulis), and poly-saturated alcohol (7.23 ppm
1.256 and 1.226 ppm, 0.827 ppm in Padina gymnospora).
These signals were absent in the K. alvarezii NMR data,
confirming the presence of oxygenated steroidal identity
and the absence of all other groups as reported by Valli-
nayagam et al. (2009). Sterols are important structural com-
ponents of cell and organelle membranes of higher organ-
isms. They regulate membrane fluidity and permeability as
well as membrane-associated metabolic processes. Oxys-
terols and oxyphytosterols, as present in the human body,
may be derived from absorption of oxidized sterols present
in food, as well as from endogenous origin (Sanders et al.
2000). Oxysterols have been ascribed a number of impor-
tant roles in connection with antiperoxidation, cholesterol

Figure 5. Photos of comets observed during SCGE showing: (a) control DNA; (b) class IV comets; (c) cell burst.

D
ow

nl
oa

de
d 

by
 [

D
r.

 N
. N

ag
ar

an
i]

 a
t 0

8:
24

 0
8 

Se
pt

em
be

r 
20

13
 



Frontiers in Life Science 103
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Figure 6. Comet class with respect to the percentage of comet
tail during visual scoring.

Figure 7. Comet assay scores for rat blood cells treated with
Kappaphycus alvarezii extract and/or 100 μmol of hydrogen per-
oxide. For each treatment 1000 nuclei were scored (n = 1000
cells/treatment).∗Significant difference related to the control
groups for damage frequency at p < 0.05; ∗∗p < 0.001 (one-way
ANOVA followed by Tukey test).

turnover, atherosclerosis, apoptosis, necrosis, carcinogene-
sis, inflammation, immunosuppression and development of
gallstones (Panda et al. 2009).

The measurement of radical scavenging activity of any
antioxidant is commonly determined by the DPPH method
since it is a quick, reliable and reproducible method to
assess the in vitro antioxidant activity of pure compounds as
well as plant extracts in vivo. The effect of antioxidants on
DPPH is based on their ability to donate a hydrogen atom to
DPPH, thus converting the radical into a stable molecule.
Algal extracts showed highly significant scavenging activi-
ties by reducing the stable radical DPPH· to yellow-colored
diphenyl picrylhydrazine. This could be explained by their
scavenging ability to donate a hydrogen atom from their
hydroxyl groups. A linear correlation between DPPH scav-
enging activity and temperature variation showed a statis-
tically significant correlation (R2 = 0.8963) with natural
(vitamin C; R2 = 0.9691) and synthetic antioxidant (BHT;
0.8877). These data are in accordance with earlier research
(Park et al. 2009; Mukherjee et al. 2011; Salar & Seasotiya

2011), suggesting that a high temperature does not influence
antioxidant activity in K. alvarezii.

Oxidized cellular thiols abstract hydrogen atoms from
unsaturated fatty acids to initiate the peroxidation of mem-
brane lipids (Valko et al. 2006).The reduction of MDA in
K. alvarezii groups at the end of the study might repre-
sent antioxidative augmentation and prove that this alga
has excellent antioxidant activity, as previously measured
(Nagarani & Kumaraguru 2012). The results of the study
suggested that K. alvarezii consumption may decrease lipid
peroxidation induced by free radicals.

Determinations of the in vivo antioxidant activities of
alga in rat liver and serum are presented in Table 1. Both
SOD and CAT play an important role in defense mecha-
nisms against the harmful effects of reactive oxygen species
(ROS) and free radicals in biological systems. GSH content
was another important parameter that revealed oxidative
damage in both liver and serum, and TBARS are cyto-
toxic products that are a hallmark of lipid peroxidation. The
fact that K. alvarezii reduced TBARS, SOD, and GSH, and
increased CAT and GPx levels to their control levels indi-
cated that it may prevent the peroxidation of lipids by its
antioxidant properties.

SOD was found to be decreased in the treated animal’s
serum and liver. SOD is considered to be a stress pro-
tein which is synthesized in response to oxidative stress
(McCord 1990). The low level of SOD in the animal might
be due to the absence of oxidative stress caused by the
extract. An increase in the level of SOD activity leads to
various diseases. Significantly high SOD was observed in
breast cancer (Kokaglu et al. 1989) and in Hodgkin’s disease
(Abdel-Aziz & El-Naggar 1997). SOD plays an important
role in the elimination of ROS and protects cells against the
deleterious effects of super oxide anions derived from the
peroxidative process in liver and kidney tissues (Fridovich
1995), and the observed decrease in SOD activity suggests
that the K. alvarezii has an efficient protective mechanism
and does not induce any toxic mechanism.

The increase in catalase activity is crucial in coun-
teracting the accumulation of H2O2 and thus suppressing
the formation of the very potent and reactive OH radical.
The significant decrease in superoxide dismutase activity
of these rats was intriguing and is probably due to the
ability of antioxidant compounds in K. alvarezii to scav-
enge free radicals and therefore decrease generation of ROS
and lower oxidative stress (Hussin et al. 2007; Nagarani &
Kumaraguru 2012). The reduced level of catalase and glu-
tathione peroxide might be due to the excess production of
anions in response to the extract of K. alvarezii as previ-
ously reported in Terminalia chebula (Sarkar et al. 2012).
Glutathione (GSH) concentration was also reduced in the
animals treated with the extract. It is suggested that the
utilization of glutathione by glutathione peroxidase (GPx)
catalyses the oxidation of GSH to GSSG (Gibanananda
& Hussain 2002). This oxidation reaction occurs at the
expense of H2O2.
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Cell viability measurements assess healthy cells in a
sample. Cells that take up a dye are pronounced nonviable,
whereas those that do not are viable. A high viability is
regarded by many as a prerequisite for the comet assay.
However, trypan blue does not measure viability, but sim-
ply indicates whether cell membranes are intact. Cells with
damaged membranes are trypan blue positive, but recover
and survive (Collins 2004; Jha 2008). Dead or dying cells
can undergo rapid DNA fragmentation, which should be
expected to increase DNA migration in the comet assay. It
is therefore mandatory to perform concurrent cell viability
test. According to Hartmann et al. (2003) it is important
to measure cytotoxicity when screening for genotoxicity
with the comet assay, as the occurrence of cells with com-
pletely fragmented chromatin could lead to false-positive
test results.

ROS can damage DNA and lead to mutation and chro-
mosomal damage. K. alvarezii extracts exhibit significant
protective effects against DNA damage induced by H2O2,
which might be related to antioxidant activity. Similar
reports were previously reported in Sargassum wightii
(Josephine et al. 2008), Ulva rigida and Fucus vesiculosus
(Cleide et al. 2007; Celikler et al. 2008).

Extensive efforts are being made to investigate ther-
apeutic substances capable of reducing the genotoxicity
of various natural and man-made mutagens in human life
(Turkez et al. 2005; Turkez & Geyikoglu 2010). Concomi-
tant treatment with antioxidants provided protection against
oxidative damage by mutagens in experimental animals
(Abubakar et al. 2003; Esparza et al. 2003; Geyikoglu et al.
2005; Turkez & Geyikoglu 2010). Qi et al. (2006) showed
the strong antioxidant activity (in vitro) of high sulfate con-
tent in polysaccharide extracted from Ulva pertusa. Fabiani
et al. (2008) reported that specific compounds (phenol),
when used both as purified compounds and in complex
crude extracts in olive oil, prevented H2O2-induced DNA
damage.

Their interactions and possible synergistic effects may
facilitate the protective effects observed. The present study
showed that the use of crude extracts can be more advanta-
geous than the use of isolated compounds. The interaction
between phytochemicals in the extracts showed efficacy in
reducing mutagenicity and improved the protective effects.

Conclusion
It is suggested that correct processing could be used to
enhance the amount of bioactive compounds and antiox-
idant capacity of K. alvarezii extracts, which exhibit sig-
nificant protective effects against DNA damage induced by
H2O2, perhaps related to antioxidant activity. In conclusion,
our results suggest that long-term daily administration of K.
alvarezii extract offers enhanced antioxidant potential and
protection against tissue lipid peroxidation and cell damage.
However, further clinical studies are necessary to assess
the benefits and safety of sulfated polysaccharide extracts

before use in human beings, and approval by Food and Drug
Administration (FDA) is needed before they are marketed.
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