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ABSTRACT

Objective: Marine macroalgae or seaweeds are rich sources of several compounds with biological effects including antioxidant activities. The aim of
the study was to evaluate the possible free radical scavenging potential of Gracilaria verrucosa, an economically important seaweed from Chilika
Lake.

Methods: The algal extracts were obtain with acetone and chloroform and their antioxidant activity was determined by evaluation of total
antioxidant capacity by Phosphate Molybdenum method, scavenging of DPPH free radical, total phenol content by Folin-Ciocalteau Phenol reagent
(FCP) method and scavenging of Metal chelating activity.

Results: Strong antioxidant capacity of 9.82+1.64 and 12.13+1.63 mg catechol equivalent/gm dry weight (DW) was observed in both acetone and
chloroform extracts of Gracilaria verrucosa respectively. The total phenol content was found out to be 2.011+£0.035 and 1.31+0.028 % catechol
equivalent/ gm DW respectively in acetone extract and chloroform extract. The DPPH scavenging potential of the organic extracts was found to be
more active in comparison to the standard commercial Butylated hydroxyl toluene (BHT). The Metal chelating activity of the algal extracts was
found to be concentration dependent that increases with the increase in concentration of the sample.

Conclusion: From the result, it was concluded that both the extracts are successful in extracting the active antioxidant compounds from the alga
species. The biological activities observed in this study conclude that Gracilaria verrucosa is a potential source of natural antioxidant and offers

opportunities for further research aiming to isolate and identify the specific phenolic compounds responsible for their antioxidant activity.
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INTRODUCTION

Reactive oxygen species (ROS) are an entire class of highly reactive
molecules derived from the normal metabolism of oxygen or from
exogenous factors and agents. The different forms of reactive oxygen
species, includes superoxide anion radicals (0%), hydroxyl radicals
(HO-), hydrogen peroxide (H:0:), and singlet oxygen (102). [1]
Oxidative damage of DNA, protein, lipid, and other molecules caused
by ROS is associated with a number of human pathological
processes, including atherosclerosis, arthritis, diabetes, chronic
inflammation, cataractogenesis, muscular dystrophy, pulmonary
dysfunction, tissue damage, and neurological disorders such as
Alzheimer’s disease, certain types of cancer and aging. [2-4]
Recently, various phytochemicals and their effects on health,
especially the suppression of active oxygen species by natural
antioxidants from tea, spices, herbs and also marine seaweeds have
been intensively studied throughout the World. [5]

Marine algae have long been used for food and medicines in many of
the Asian countries like, China, Indonesia, Japan and Thailand since
ancient times, as they are a rich source of vitamins, minerals, dietary
fiber, protein, and various functional polysaccharides. [6] Moreover,
seaweeds are also considered to be a rich source of antioxidants such
as polyphenols, alkaloids, terpenoids, halogenated compounds etc. [7-
8] Chilika lake, which is situated in the southern part of Odisha, India is
one of the largest brackish water lake in Asia and is rich in various
types of seaweeds and marine macro algae (Chlorophyceae,
Rhodophyceae, Cyanophyceae) etc. Its climatic condition is suitable for
the growth and development of different type of economic seaweeds
from Rhodophyceae family. Gracilaria verrucosa (L) (Harvey) which
also belongs to the family Rhodophyceae is one of the most exploited
red seaweed of Chilika, India. G. verrucosa which is commonly known
for its uses in food and phycocollides has a high growth rate and
tolerates high temperatures. The red seaweed, G. verrucosa (Hudson)
are found growing abundantly in many areas on the Indian coast and
has been listed as one of the richest and most promising sources of
bioactive primary and secondary metabolites. [9-10] The up-
regulation of antioxidant and antioxidant enzymes such as

carotenoids, SODs and methods of cellular repair by photo re-
activation and nucleotide excision are also strategies of maintaining
homeostasis in them. [11] In view of the above factors the present
study was conducted to provide a substantiate antioxidant potential of
acetone and chloroform extracts of Gracilaria verrucosa by conducting
different types of antioxidant assays such as total phenol content, total
antioxidant capacity, DPPH free radical scavenging assay and metal
chelating activity.

MATERIALS AND METHODS
Sample Collection and Preparation of organic algal extract

Samples of Gracilaria verrucosa (L) (Harvey) were collected from
brackish water lagoon of Chilika Lake, Odisha (Kalijai area) which
extends between 192 28’ and 192 54’ N Latitude to 852 05’ and 85¢
38" E longitude. Collected samples were washed thoroughly with
marine water to remove the epiphytes, debris and other marine
organisms and were brought to laboratory in plastic bags containing
water to prevent evaporation. It was then washed with tap water,
dried with tissue paper and kept at -202 C for further analysis. The
algal sample was dried in hot air oven at 40 °C for two days. The
extraction was done by Soxhlet extraction techniques. Two different
solvents (Chloroform and Acetone) were used successively with
gradient polarity. The extracts were evaporated to complete dryness
by vacuum distillation and stored in refrigerator for further use. [12]

Evaluation of Total Antioxidant Capacity

The Total Antioxidant Capacity of the algal extracts were determined
by the Phosphate Molybdenum method, based on the reduction of
Mo (VI) to Mo (V) by antioxidant compound and formation of green
phosphate Mo (V) complex with a maximum absorption of 695 nm.
[13] Aliquot of 0.1 ml of algal extract (50-100pg/ml) was combined
to 2 ml of reagent solution (0.6M H2S04+28mMSodium phosphate +
4 mM Ammonium Molybdate). The tubes were incubated at 902C for
90 minutes. It was then cooled to room temperature and the
absorbance was measured at 695 nm against blank. The antioxidant
capacity was expressed as mg catechol equivalent /gm DW.
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Total Phenol Content

Phenolic compounds in the algal extracts were determined with Folin-
Ciocalteau Phenol reagent (FCP) method with minor modifications. [14]
About 5pl of algal extracts were taken and to it 2ml of 2% Sodium
carbonate was added. It was mixed by vortexing vigorously up to 3
min. Then about 0.1ml of 50% FCP was added to it and was kept for 30
min at room temperature in dark. The absorbance of all the extract
was measured at 700nm using spectrophotometer (Systronics, 108)
using catechol as reference standard. Phenolic content was expressed
in catechol equivalent percentage DW.

Scavenging of DPPH free radical

The scavenging effect of acetone and chloroform extracts of the algal
sample was determined by standard modified method. [15] Briefly 2.0
ml of DPPH (2,2-diphenylamine -1-picryl hydrazyl) solution was
added to the test tube containing 0.1 ml of aliquot of algal extract and
standard BHT from 50-100pg/ml concentration. The mixture was
vortexed and kept at room temperature for 30 min in dark. The
absorbance of the sample solution was then measured at 517 nm by
using spectrophotometer (Systronics 108). The ICso value was
determined to find out the effective concentration of the extract
showing 50 % scavenging. The % scavenging effect of the plant extract
against DPPH free radical was calculated using the following equation.
Ap- Ay
A, x 100

% Scavenging =

Where, Aois the absorbance of control.
A1 is the absorbance of test sample.
Metal chelating activity

The Metal chelating activity of the algal extracts was estimated by
chelation of ferrous ions using standard method. [16] About 0.1 ml
of the extract was added to a solution of 0.5 ml ferrous chloride (0.2
mM). Then about 0.2ml of ferrozine (5mM) was added to it and
incubated at room temperature for 10 min. The absorbance was
measured at 562 nm. BHT was used as a positive control. The ICso
value was determined to find out the effective concentration of the
extract showing 50 % scavenging. The metal chelating effect of the
extracts was calculated from the following equation.

AO_AO

% Activity = x 100

0

Where, Ao is the absorbance of control.
A1 is the absorbance of test sample.
Statistical analysis

Mean and standard deviation were determined for each analysis and
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analyzed using GenStat discovery (edition 3) statistical software
package (ANOVA) and the differences between samples were
determined by Duncan’s Multiple Range test using. Differences were
considered statistically significant at a probability level of p < 0.05.

RESULTS AND DISCUSSION

The percentage dry weight of the two solvent extracts (Acetone and
Chloroform) was calculated by weighing the extracts after complete
dryness and the result are shown in Table (1). The percentage dry
weight of the solvent extracts was found to be 0.216 % and 0.144 %
respectively. Both the extracts showed subsequent total antioxidant
capacity of 9.82+1.64 in acetone extract and 12.13+1.63 mg catechol
equivalent / gm DW in chloroform extract respectively (Table 1).
The strong antioxidant capacity of the acetone and chloroform
extracts of Gracilaria verrucosa might be attributed to the presence
of photochemical such as phenolic compound. Recent studies have
shown that many flavonoids and related polyphenols contribute
significantly to the total antioxidant capacity of many medicinal
plants [13]. Total antioxidant capacity in different extracts implies
that the extracting solvent used would affect the radical scavenging
potency which may be due to the different polarities of each
antioxidant compound group present in the algal sample. [17]
Phenolic compounds are very important constituents because of
their scavenging ability due to their hydroxyl groups. A number of
researches have pointed out that seaweed polyphenols are
associated with antioxidant activity and play an important role in
stabilizing lipid peroxidation. [3] Phenolic acids have repeatedly
been implicated as natural antioxidants in fruits, vegetables, and
other plants. [5] The total phenol content was measured as
2.011+0.035 % DW in acetone extract and 1.31+0.028 % DW in
chloroform extract (Table 1). Phenols are particularly effective
antioxidants for polyunsaturated fatty acid and acts as
chemoprotective agents, anti-carcinogen, antioxidant, anti-apoptosis
and anti-aging. [18] Similar results were also obtained by various
researchers, who found a significant correlation between the total
phenol content and the antioxidant activity of the same and different
macro algae of the same family collected from Egypt and other parts
of the World. [19-20]

Table 1: Percentage yield, Phenol content and Total Antioxidant
capacity of organic extracts of Gracilaria verrucosa

Parameters Acetone Chloroform
extract extract

Percentage yield (%) 0.216 0.144

Phenol content ( % Catechol 2.011+£0.035 1.31+0.028

equivalent per DW)
Total Antioxidant capacity (mg
Catechol equivalent per gram DW)

9.82+1.64 12.13+1.63

All data are expressed in mean * S.D
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Fig. 1: DPPH free radical scavenging potential of organic extracts of G. verrucosa

All data were expressed in mean * S.D; Difference in superscript letters indicate significance level at p< 0.05
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Scavenging of DPPH free radical has been widely used to
investigate the ability of algal extracts and fractions or compounds
that act as free radical scavengers or hydrogen donors. The change
in absorbance produced by DPPH was used to evaluate the ability
of test compounds to act as free radical scavengers. The results
showed that the algal extracts were more active in comparison to
standard BHT (Fig 1). Similar results have been reported by
various workers on different fractions of G. verrucosa. [20] The
effect of antioxidant on DPPH radical scavenging was thought to be
due to their hydrogen donating ability that is often used in many
preliminary studies. Hydrogen donor molecules present in the
extract that react with the DPPH radical causes a decrease in the
intensity of absorption at 517 nm and can help identify extracts
with anti-radical compounds. [20] Both the extracts showed
significant DPPH radical scavenging activity at p<0.05 (LSD 2.08).
The ICso values of the acetone extract, chloroform extract and the
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standard BHT was found out to be 71.69, 114.02 and 152.35 pg/ml
respectively. It was conformed that the acetone extract possesses
more active DPPH free radical scavenging compounds than the
chloroform and standard BHT.

The study on metal chelating activity revealed that the acetone
extract has potential chelating activity of 0.08+0.113 %, 5.74+0.240
%, 15.28%£0.360 % and chloroform extract showed 00, 10.72+0.59
%, 16.97£0.59 % in all the three different concentrations (50 pg/ml,
75 pg/ml, and 100 pg/ml) respectively (Fig 2). The reducing
capacity of the solvent extracts may serve as a significant indicator
of its potential antioxidant activity by measuring the transformation
of Fe3* to Fe?'. [21] Both the extracts showed significant Metal
chelating activity at p<0.05 (LSD 1.82). The ICso values of the acetone
extract, chloroform extract and the standard BHT was found out to
be 490.26, 338.51 and 563.93 ug/ml respectively.

%age activity
BR R
ONAOBON RO ®
1

Metal Chelating activity

50 pg/ml

75 ug/ml 100 pg/ml

Concentration of algae extract
W IC,=490.26 pg/ml M ICs,=338.51 pg/ml

B Acetone H Chloroform BHT

ICso =563.93 pg/ml

Fig. 2: Metal chelating activity of organic extracts of G. verrucosa

All data were expressed in mean * S.D; Difference in superscript letters indicate significance level at p< 0.05

CONCLUSION

The results obtained in the present study clearly demonstrate that
the acetone and chloroform extracts of Gracilaria verrucosa showed
potent antioxidant properties against the different forms of free
radicals. It also showed that its antioxidant properties are
concentration and time-dependent. The findings of the current work
appears to be useful for further research aiming to isolate and
identify the specific phenolic compounds responsible for the
antioxidant activity of Gracilaria verrucosa and exploit the
beneficiary properties of the same for its potential use in food
processing and pharmaceutical industries.

ACKNOWLEDGEMENTS

Authors are grateful to the authorities of AMIT Khurdha, Odisha,
India for providing laboratory facilities to carry out this research
work.

REFERENCES

1. Chung YC, Chien CT, Teng KY, Chou ST Antioxidative and
mutagenic properties of Zanthoxylum ailanthoides Sieb & zucc.
Food Chem 2006;97: 418-425.

2. Frlich I, Riederer P Free radical mechanisms in dementia of
Alzheimer type and the potential for antioxidative treatment.
Drug Res 1995;45: 443-449.

3.  Soo JH, Cha SH, Lee KW, Jeon Y] Antioxidant activities of red
algae from Jeju Island. Algae 2006; 21(1): 149-156.

4. Young IS, Woodside JV Antioxidants in health and disease. ] Clin
Pathol 2001;54(3): 176-186.

5. Sreenivasan S, Darah I, Kassim MN Free radical scavenging
activity and total phenolic compounds of Gracilaria changii. Int
J Nat Eng Sci 2007;1(3): 115-117.

6. Kuda T, Tsunekawa M, Goto H, Araki Y Antioxidant properties
of four edible algae harvested in the Noto Peninsula, Japan. ]
Food Comp Anal 2005;18: 625-633.

7. Almeida CLFD, Falcio HS, Lima GR Bioactivities from Marine
Algae of the Genus Gracilaria. Review. Int ] Mol Sci 2011;12:
4550-4573.

8. Pallela R, Na-Young Y, Kim SK Anti-photoaging and
photoprotective compounds derived from marine organisms.
Marine Drugs 2010;8:1189-1202.

9.  Chennubhotla VS, Rao MU, Rao KS Exploitation of marine algae
in Indo- Pacific region. Seaweed Res Utiln 2013;35(1&2): 1-77.

10. Faulkner D] Marine natural products. Nat Prod Rep 2002;19:1-
48.

11. Cornish ML, Garbary D] Antioxidant from macroalgae: Potential
application in human health and nutrition. Algae 2010;25(4):
155-171.

12. Patra JK, Rath SK, Rathod VK, Thatoi HN Evaluation of
antioxidant and antimicrobial activity of seaweed (Sargassum
Species) extract; A study on inhibition of Glutathione -s-
Transferase activity. Turk ] Biol 2008;32: 119 -125.

13. Bourgou S, Ksouri R, Bellia A, Skandrani I, Falleh H, Marzouk B
Phenolic  composition and Dbiological activities of
TurisianNigella Sativa L. shoots and roots. Compte Rendu de
Biologies 2008;33: 48-55.

14. Sadati N, Khanavi M, Mahrokh A, Nabavi SMB, Sohrabipour ]
Comparison of antioxidant activity and totalphenol contents of
some Persian Gulf marine algae. ] Med plants 2011;10(37): 73-
79.

15. Patra JK, Rath SK, DasMohapatra A, Thatoi HN Screening of
antioxidant and antifilarial activity of leaf extracts of Excoecaria
agallocha L. Int ] Integ Biol 2009;7(1): 9-15.

709



16.

17.

18.

Patra et al.

Dinis TCP, Madeira VMC, Almeida LM Action of phenolic
derivatives (acetoaminophen, salicylate and 5-aminosalicylate)
as inhibition of membrane lipid peroxidation and as peroxy
radical scavengers. Arch Biochem Biophy 1994;315: 161-169.
Shanmugam ], Raman K, Viswanathan S, Nallamuthu T
Antibacterial and antioxidant activity of red seaweeds from
Kilakarai, Rameswaram, Tamilnadu, India. ] Pharm Biomed Sci
2013;32(32): 1386-1395.

Han X, Shen T, Lou H Dietary polyphenols and their biological
significance. Int ] Mol Sci 2007;8: 950 - 988.

19.

20.

21.

Int ] Pharm Pharm Sci, Vol 6, Issue 1, 707-710

Duan X, Zhang W, Li X, Wang B Evaluation of antioxidant
property of extract and fractions obtained from a red alga,
Polysiphonia urceolata. Food Chem 2006;95:37-45.

Faten M, Abou E, Emad AS Antioxidant activity of extracts and
semi purified fractions of marine red macroalga, Gracilaria
verrucosa. Australian ] Basic Appl Sci 2009;3(4): 3179-3185.
Peerapornpisal Y, Doungporn A, Jamjai U, Tawat T, Yanee P,
Mantana N, et al. Antioxidant and anti-inflammatory activities
of brown marine alga, Padina minor Yamada. Chiang Mai ] Sci
2010;37(3): 507-516.

710



