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Abstract 

The objective of this work was to assess on antioxidant status of rat plasma, liver and adipose tissue the influence of ethanolic 

extract of Sargassum wightii (SWEE) under conditions of Obesity induced by dietary fructose. SWEE at 500 mg kg−1 of body 

weight was administered for 8 weeks to Wistar rats that were fed with a High fructose diet (HFD). The Body weight of the rats 

was determined and Plasma, Liver and Adipose tissue was isolated to determine oxidative stress markers [malondialdehyde 

(MDA), reduced glutathione (GSH)], antioxidant enzymes [superoxidedismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPx)] activity and vitamin-C and vitamin-E activities. The concentration of MDA was significantly higher in 

HFD fed rats, as compared to control animals. Conversely, SOD, CAT and GPx, GSH, vitamin-C and vitamin-E content in 

HFD fed animals showed a significant decline when compared with control. The administration of SWEE to the rats reduced 

the body weight and the activities of these antioxidant factors attained a near-normalcy. Different compounds found in the 

SWEE explain the regulating effect over different antioxidant status that protects the animals fed a high fructose diet (HFD) 

against the production of free radicals. 
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1. Introduction 

Obesity or increased fat accumulation is one of the most 

common chronic conditions worldwide and is associated not 

only with metabolic dysfunction, but also with increased 
levels of oxidative stress in vivo Salmon (2016) [1]. Several 

studies found that the administration of fodders enriched 

with fructose to rats induced oxidative stress leading to 

hypertriglyceridemia, insulin resistance and obesity (Tappy 

et al 2010) [2]. Fructose, commonly added as HFCS or 

sucrose in processed food, is believed to promote less 

satiety than other sugars, thus increasing caloric intake, 

mainly through sweetened beverages [3]. Increased use of 

high-fructose corn syrup (HFCS) and sucrose, together with 

the rising incidence of MetS in our society during last 

year’s, lead scientific community to postulate that high 

fructose consumption is related to the development of the 
pathology (Martins Pereira et al 2017; Aydin et al 2014) [3, 

4]. 

Oxidative stress (OS) is caused by free radicals (Chang et al 

2007) [5]. OS is a state of unbalance between prooxidants 

and antioxidants that results in oxidative damage (Guo et al 

2007) [6]. Oxidative damage has been implicated in several 

pathological conditions such as cell, tissue, and organ 

damage, including the liver, kidney, and heart (Valko et al 

2007) [7]. Antioxidants are compounds that stop or interrupt 

the oxidation process in cells by scavenging free radicals 

and hence prevent or mitigate diseases (Kokabi et al 2013) 

[8]. There are many artificial antioxidant substances yet with 

unsafe effects. Thus, exploring new natural antioxidants 

have been a challenge target. In this concern, marine 

seaweeds have been known as traditional sources of natural 

antioxidants (Samaraweera et al 2012) [9]. Edible seaweeds 

are rich in bioactive antioxidants, soluble dietary fibers, 

proteins, minerals, vitamins, phytochemicals, and 
polyunsaturated fatty acids. Although previously the 

seaweeds were only used as gelling and thickening agents in 

the food or pharmaceutical industries, recent researches 

have revealed their potential as complementary medicine 

(Suhaila Mohamed et al 2012) [10].  

Sargassum, one of the marine macro algae belonging to the 

class Phaeophyceae, family Sargassaceae and order Fucales. 

It is a large, cost effectively important and ecologically 

dominant brown algae present in much of the tropics. It is 

found to be the most diverse genus among Phaeophyta in 

India and is represented by 38 species. The bioactive 

compounds of Sargassum species possess pharmacological 
properties, such as anti-oxidant, anti-inflammatory, anti-

hypertensive, anti-bacterial, and anti-viral activities. These 

pharmacological properties are a result of the biological 

activity of metabolites such as alkaloids, steroids, 

terpenoids, saponins, polyphenols, phlorotannin, and 

fucoidan (Liu et al 2012) [11]. Sargassum wightii (S. wightii) 

is one of the important species belonging to the genus 

Sargassum and wide range of bioactive properties has been 

reported from this species (Antonisamy et al 2012) [12]. 

Sargassum wightii one of the important species 

demonstrates a good number of flavonoids in support of its 
antioxidant activity (Meenakshi et al 2009) [13]. 

In recent years the determination of oxidative status in 

plasma and selected tissues has become one of common 
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laboratory methods in experimental models, as it can yield 

valuable information with respect to the hierarchy of 

different enzymatic and nonenzymatic responses in tissues, 

as well as to various pro- or antioxidative nutritional factors. 

Therefore the present study was designed to investigate the 

modulatory role of Sargassum wightii on oxidative stress 

markers in the plasma, liver and adipose tissue in HFD 

induced obese rats to shed the light on the effect of obesity 
on these organs. 

 

2. Materials and Methods 

Seaweed collection  

Fresh edible brown seaweed Sargassum wightii was 

collected from the intertidal region of Mandapam area 

(09º7.4170N; 079º08.5580E) of south Tamilnadu, India. 

The collected Seaweeds were cleaned well with sea water to 

remove all the extraneous matter such as epiphytes, sand 

particles, pebbles and shells and brought to the laboratory in 

plastic bags. The collected seaweeds were then thoroughly 
washed with tap water followed by distilled water.  

For drying, washed seaweeds were blotted on the blotting 

paper and spread out at room temperature in the shade. The 

shade dried seaweeds were ground to a fine powder using 

tissue blender. The powdered sample was then stored in 

refrigerator for further use. 

 

Preparation of extract   

The powdered sample was soaked with 70% ethanol for 48 

hours. A semisolid extract was obtained after complete 

elimination of alcohol under reduced pressure. The extract 
of the sample was stored in desiccator until used. 

 

Animals  

Healthy male adult albino rats (Wistar strain) 6-7 weeks old, 

weighing 160-180g was procured from “Sri Venkateswara 

Enterprises”, Bangalore, India. They have been housed in 

clean sterile polypropylene cages with proper aeration and 

lighting (12 ± 1 hr day / night rhythm) and the temperature 

was maintained between 27ºC ± 2ºC throughout the 

experimental period. The animals were fed with 

commercially available energy rich pelleted rat feed (Gold-

Mohur, M/S Hindustan Lever Ltd, Mumbai, India) during 
the acclimatization period and water ad libitum. The usage 

and handling of experimental rats were done by following 

the rules and regulations given by the Institutional Animal 

Ethics Committee (BDU/IAEC/2017/NE/34/Dt.21.03.2017). 

 

Chemicals 

Ethylenediaminetetra acetic acid (EDTA), Trichloro acetic 

acid (TCA), Thiobarbituric acid (TBA), Casein, Fructose, 1- 

chloro-2,4-dintiro benzene (CDNB), 5,5’-dithio-bis (2-

nitrobenzoic acid), glutathione (reduced), glutathione 

(oxidized), Nicotinamide adenine dinucleotide phosphate 
(NADP+/NADPH) and L-ascorbic acid were purchased 

from Sigma Chemical Company (St. Louis, MO, USA). All 

other chemicals used were of analytical grade and were 

obtained from Glaxo Laboratories, Mumbai, India, and 

Sisco Research Laboratories, Mumbai, India. 

 

Experimental design  

Body weight of the animals was recorded and they were 

divided into 4 groups of 6 animals each as follows. Table 

1shows the composition of diets fed to Experimental rats. 

Group 1: Normal rats fed with control diet  

Group 2: High fructose diet fed animals received fructose 

enriched diet for a period of 8 Weeks. 

Group 3: High fructose diet fed animals co-administrated 

with Ethanolic Extract of Sargassum wightii by oral gavage 

daily at a dose of 500 mg/kg body weight (based on 

effective dosage fixation studies) for 8 weeks. 

Group 4: High fructose diet fed animals treated with 
standard drug Orilstat at a dose of 9 mg/kg body weight for 

8 weeks.  

 

Collection of samples 

On completion of the experimental period, animals were 

anesthetized with thiopentone sodium (50mg/kg). The blood 

was collected with and without EDTA as an anticoagulant. 

Blood, plasma and serum were separated for the estimation 

of various biochemical parameters. The liver and adipose 

tissues were dissected out, washed with ice-cold saline to 

remove blood and weighed. The tissues were sliced and 

homogenized in 0.1 M Tris‑HCl buffer (pH 7.0). The 

homogenates were centrifuged at 1000 rpm for 10 min at 

4ºC in a cold centrifuge and used for various biochemical 

analyses. 

 
Table 1: Composition of diets fed to Experimental rats (Nandhini 

et al 2002) [14]. 
 

Ingredient Control diet (%) High-fructose diet (%) 

Corn starch 61 - 

Fructose - 61 

Casein 20 20 

Methionine 0.7 0.7 

Groundnut oil 5 5 

Wheat bran 9.6 9.6 

Mineral mixture 3.5 3.5 

Vitamin mixture 0.2ml 0.2ml 

 

Analytical Method  

The clear supernatant thus obtained was used for the assay 

of MDA (Beuge and Aust 1978) [15], SOD (Kakkar 1984) 
[16], CAT (Beers and Sizer 1952) [17], GPx (Rotruck et al 

1973) [18], GSH (Moron et al 1979) [19], Vit-C (Omaye et al 

1979) [20] and Vit-E (Baker et al 1980) [21]. 
 

Statistical analysis 

Values were expressed as Mean SD for six rats in each 

group and statistically significant differences between Mean 

values were determined by Oneway analysis of variance 

(ANOVA) followed by the Tukey’s test for multiple 

comparisons (Harvey and Paige 1998) [22]. The results were 

statistically analyzed by Graphpad Instat Software 

(Graphpad Software, San Diego, CA, USA) version 3 and 

p< 0.05 was considered to be significant. 

 

3. Results 
Effect of SWEE on body weight 

The initial and final body weights of the rats during the 

experimental period of 8 weeks are given in Table 2. The 

body weight of the animals increased progressively during 

the experimental period. There was a trend for the HFD fed 

animals to gain more weight than other rats, which was 

remarkable as compared with those of the control rats. 

Administration of SWEE displays a gradual increase in the 

body weight of animals. 
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Plasma, Liver and Adipose Tissue oxidative stress 

markers and antioxidants (Table 3) 

Effects of SWE on MDA and GSH 

An increase (p<0.01) in the MDA level and significant drop 

off (p<0.01) (relative to normal rats) in GSH levels was 

observed in the plasma, liver and adipose tissue of Group II 

(HFD fed rats) rats relative to Group I (normal) rats. 

Treatment with SWEE to group III rats extensively 
decreased MDA and increased GSH levels when compared 

to group-II rats. In Group IV orilstat treated rat no notable 

changes were observed. 

 

Effects of SWEE on antioxidant enzymes 

Significantly (p<0.01) lower activities of CAT, SOD and 

GPx were observed in the plasma, liver and adipose tissue 

of HFD fed rats when compared to the normal rats. In 

Group III rats that had been administered with SWEE, the 

activities of these enzymes were maintained at near normal 

levels. In Group IV standard treated rats remarkable 
increase was observed. 

 

Effects of SWEE on vitamins C and E 

Substantially (p < 0.01) lower levels of vitamin C were 

observed in the plasma, liver and adipose tissue of HFD fed 

rats, when compared to normal rats. Similarly, considerably 

(p < 0.01) lower concentration of vitamin E were noted in 

plasma of Group II rats compared to Group I rats. We also 

observed a significant increase in the levels of vitamins C 

and E in plasma of rats fed SWEE with fructose. Group IV 

standard treated rats showed no significant changes as 
compared to group I. 

 
Table 2: Effect of Sargassum wightii in animal body weight (gm) 

 

Days (gm) G I (Normal) G II HFD G III SWEE G IV Orilstat 

1st 184.83±3.18a 184.16±2.48a 186.16±2.85a 184.66±3.14a 

14th 191.83±2.13a 212.33±2.94b 192.83±2.99a 192.33±2.50a 

28th 196.66±2.87a 223.16±2.63b 202.83±2.31as 202.16±2.56a 

42nd 210.16±2.63a 234.16±3.18b 214.50±3.27a 215.66±3.55a 

56th 222.66±3.14a 248.16±4.02b 223.66±2.94a 223.16±2.92a 

Values are expressed as Mean ± SD for six rats 
Mean values within the Row followed by different letters 
(Superscript) are statistically significant (P<0.05) from each other 
group and same letter was statistically non-significant (P>0.05) 
were comparison by ANOVA, Duncan’s multiple range test 
(DMRT), significant level alpha 0.05. 
 

4. Discussion  

Oxidative stress is highly correlated with a wide variety of 

inflammatory and metabolic disease states, including 

obesity (Sonta et al 2004; Furukawa et al 2004; Reaven et al 

2004) [23, 24, 25]. Evidence suggests that a clustering of 

sources of oxidative stress exists in obesity; hyperglycemia, 

increased tissue lipid levels, inadequate antioxidant 

defenses, increased rates of free radical formation and 

chronic inflammation (Vincent and Taylor 2006) [26]. It was 

demonstrated that in rats fed with high-fructose diet, the 
concentration of free radicals was three times higher than in 

the control group. A number of oxygenated compounds are 

produced during the attack of free radicals against 

membrane lipoproteins, proteins and polyunsaturated fatty 

acids (PUFA). One of them is malondialdehyde (MDA) 

which can be used as an indicator of oxidative stress, as its 

concentration in plasma increases as the result of free-

radical processes. 

The data presented in this study showed that obesity 

increased lipid peroxidation in plasma, hepatic and adipose 

tissues as expressed by increased tissue levels of MDA. Our 

results are in basic agreement with the results of (Vincent et 

al 2001; Olusi 2002; Amirkhizi et al 2007) [27, 28, 29] who 

showed that, obesity is an independent risk factor for 

increasing lipid peroxidation and decreased activity of 

cytoprotective enzymes. There are studies that link 
metabolic syndrome with elevated levels of oxidative stress; 

free radicals can be generated by several cellular 

mechanisms that include the uncoupling of mitochondrial 

oxidative phosphorylation, abnormal changes in the 

antioxidant system by changes in the SOD, CAT, and GPx 

enzymes, uncoupling of NO synthesis, and activation of 

NADPH oxidase. The generation of free radicals by these 

mechanisms produces various components of the metabolic 

syndrome. 

In the present study, decline in the activities of plasma, 

hepatic and adipose tissue GSH, SOD, CAT, GPx, Vit-C 
and Vit-E in HFD fed rats as compared to control rats were 

observed. Antioxidant enzyme activity is lower in rats with 

the HFD because there is a permanent condition of oxidative 

stress, which surpasses the defense levels of antioxidant 

enzymes. This decreased activity agrees with other reports 

(Chen et al 2010) [30]. Obesity can cause increased oxidation 

in vivo by cell injury and lipid peroxidation. All these 

mechanisms lead to stimulation of antioxidant enzymes but 

over a period of time the stores of antioxidant enzymes are 

depleted and cannot cope with increasing OS (Alexander et 

al 2000) [31]. 
 
Table 3: Effect of Sargassum wightii in plasma Liver and tissues 

of control and Experimental rats 
 

Parameters 
G I 

(Normol) 
G II HFD 

G III 

SWEE 

G IV 

Orilstat 

Plasma 

MDA (nmol of 

MDA formed/L) 
10.22±0.71a 17.09±1.19b 10.66±0.74a 10.26±0.71a 

GSH (.mg/dl) 8.60±0.60a 6.78±0.47b 8.42±0.58a 8.24±0.57a 

SOD (U/ml) 4.37±0.30a 2.09±0.14b 4.18±0.29a 4.06±0.28a 

Cat (U/ml) 8.97±0.62a 5.53±0.38b 8.21±0.57a 8.14±0.57a 

GPx (U/ml) 8.68±0.60a 5.58±0.39b 8.54±0.59a 8.30±0.58a 

Vit-C (mg/dl) 7.82±0.54a 4.84±0.33b 7.73±0.54a 7.42±0.51a 

Liver 

MDA 4.58±0.32a 6.25±0.43b 4.27±0.29a 4.18±0.29a 

GSH 6.60±0.46a 4.06±0.28b 6.12±0.42a 6.48±0.45a 

SOD 9.74±0.68a 6.43±0.45b 9.13±0.63a 9.08±0.63a 

Cat 5.52±0.38a 4.16±0.29b 5.43±0.38a 5.33±0.37a 

GPx 8.89±0.62a 4.89±0.34b 8.17±0.57a 8.30±0.58a 

Vit-C 5.86±0.41a 3.17±0.22b 5.71±0.40a 5.80±0.40a 

Vit-E 4.53±0.31a 2.89±0.20b 4.35±0.30a 4.29±0.30a 

Adipose tissue 

MDA 5.55±0.38a 9.33±0.65b 5.41±0.37a 5.33±0.37a 

GSH 5.63±0.39a 2.96±0.20b 5.51±0.38a 5.39±0.37a 

SOD 10.47±0.73a 6.76±0.47b 10.30±0.72a 10.41±0.72a 

Cat 5.61±0.39a 3.65±0.25b 5.14±0.36a 5.26±0.36a 

GPx 9.34±0.65a 5.48±0.38b 9.26±0.64a 9.22±0.64a 

Vit-C 6.80±0.47a 4.37±0.30b 6.74±0.47a 6.70±0.46a 

Vit-E 3.52±0.24a 2.08±0.14b 3.47±0.24a 3.50±0.24a 

Values are expressed as Mean ± SD for six rats 
Mean values within the Row followed by different letters 
(Superscript) are statistically significant (P<0.05) from each other 
group and same letter was statistically non-significant (P>0.05) 
were comparison by ANOVA, Duncan’s multiple range test 
(DMRT), significant level alpha 0.05. 
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Furthermore, oxidative damage is aggravated by the 

decrease in antioxidant enzymes activities such as 

superoxide dismutase, catalase (CAT), glutathione S-

transferase (GST), and glutathione peroxidase (GPx) which 

acts as a free radical scavenger in conditions associated with 

oxidative stress (Blokhina et al 2002) [32]. It was reported 

that an obesogenic diet causes a decreased production of 

glutathione in the liver and other tissues such as the heart 
(Gosh et al 2012) [33]; thereby, GPx activity de-creases as the 

substrate is decreased. GPx is the most important enzyme 

involved in the neutralization of peroxidized or 

nitroperoxidized molecules. 

Decline of SOD, CAT and GPx activity in obese rat was 

brought back to a normal level with administration of 

SWEE. Supplementation of SWEE to HFD fed rats 

improved the GSH, vitamin C and E levels as compared to 

control rats, Seaweed consumption generally increases the 

endogenous antioxidant enzymes superoxide dismutase 

(SOD), glutathione peroxidase (GSH-Px) and sometimes 
catalase activities in vivo (Matanjun et al 2010; Yuan and 

Walsh 2006; Zhang et al 2004) [34, 35, 36]. Various studies 

have shown a direct relationship between the consumption 

of seaweeds and the prevention and/or treatment of 

conditions associated with oxidative stress (Mohamed et al 

2012) [37]. Our previous report confirmed the in vitro 

antioxidant activity of Sargassum wightii through various 

models (Suganthi et al 2020) [38]. 

Seaweeds contain several compounds with antioxidant 

capacity, such as chlorophyll derivatives, phlorotannins, 

terpenes, halogenated volatile compounds and carotenoids 
such as fucoxanthin, the main carotenoid in brown algae 

(Gupta et al 2010) 39 in addition to flavonoids and phenolics 

and cinnamic acid (Meenakshi et al 2009) [13]. The presence 

of these compounds explains the different mechanisms of 

action of seaweeds, including the free radical scavenging 

ability, redox-active metal chelation, mechanisms of 

electron donation and acceptance, the interrupting capability 

of lipid peroxidation and increased antioxidant enzyme 

activity Thomas and Kim (2011) [40]. Our study suggested 

that, the antioxidant mechanism of this extract having free 

radical scavenging ability. Previous similar studies are 

reported that the highest antioxidant properties present in 
brown alga (Balboa et al 2013) [41]. It has been reported that 

Seaweed contains vitamins, poly unsaturated fatty acids and 

hydrocarbons high quantities of iodine in several chemical 

forms (I_, I2, IO2_), which can serve as an antioxidant, anti-

goiter and anticancer agent (Eskin et al 1995) [42].  

The interests in phenolic compounds, particularly flavonoids 

and tannins, have considerably increased in recent years 

because of their broad spectrum of chemical and diverse 

biological properties, which include the antioxidant effects 

Larson (1988) [43] and radical scavenging properties Agrawal 

(1989) [44]. Our study demonstrates that the SWEE is rich in 
naturally occurring polyphenolic compounds such as 

Quercetin, Catechin, Epicatechin, Ellagic acid and Gallic 

acid (3, 4, 5-trihydroxybenzoic acid). The interest in these 

compounds is due to its pharmacological activity as radical 

scavengers. It has been proved to have potential preventive 

and therapeutic effects in free radical mediated diseases 

(Nikolic 2006; Karamaæ et al 2005; Kaur et al 2005) [45, 46, 

47]. Quercetin is considered to be a strong antioxidant due to 

its ability to scavenge free radicals and bind transition metal 

ions. These properties of quercetin allow it to inhibit lipid 

peroxidation (Hollman and Katan 1997; Sakanashi et al 

2008) [48, 49]. Lipid peroxidation can create deleterious 

effects throughout the body, such as cardiovascular and 

neurodegenerative diseases; however, it can be terminated 

by antioxidants, like quercetin, which interfere by reacting 

with the radicals formed (Kahl and Hildebrandt 1986; 

Hollman and Katan 1997; Balazs and Leon 1994) [50, 48, 51]. 

Quercetin also has protection against oxidant damage to the 

heart, brain, liver, aorta and kidney for mid-term or long-
term diabetic rat (Elik et al 2007) [52]. 

In addition, Catechin and epicatechin are two flavan-3-ols 

stereoisomers with similar radical scavenging and 

antioxidant activity due to their structure. It is possible that 

(–)-epicatechin acts as an antioxidant both directly as a 

scavenger of free radicals and indirectly as a modulator of 

superoxide dismutase and glutathione peroxidase 

(Bernatoniene and Kopustinskiene 2018) [53]. Prince et al. 

(2011) [54] have reported the antihyperglycaemic, 

antilipidperoxidative and antioxidant effects of gallic acid 

on streptozotocin induced diabetic male wister rats. Further 
In vitro study also revealed the potent antioxidant effect of 

gallic acid (Punithavathi et al 2011) [55]. It is implicated to 

that Ellagic acid (EA) is reported to have a number of 

biological activities, including antioxidant and 

antiproliferative properties as observed in some of the in 

vitro and animal models (Vattem and Shetty 2005; Seeram 

et al 2005; Emanuele et al 2017; Narayanan et al 1999) [56, 

57, 58, 59].  

Flavonoids have been associated with possible role in the 

prevention of several chronic diseases involving oxidative 

stress (Lee et al 2003) [60], as well as their capacity to inhibit 
low-density lipoprotein (LDL) oxidation (Silva et al 2000; 

Kondo et al 1996; Mazur et al 1999) [61, 62, 63]. The protective 

effects of flavonoids in biological systems are ascribed to 

their capacity to transfer electrons free radicals, chelate 

metal catalysts (Ferrali et al 1997) 64, activate antioxidant 

enzymes (Elliott et al 1995) [65], reduce alpha-tocopherol 

radicals (Hirano et al 2001) [66], and inhibit oxidases (Cos et 

al 1998) [67]. Flavonoids are well known for their superoxide 

and hydroxyl radical scavenging activities both in 

hydrophilic and lipophilic systems (Torel et al 1986; 

Afanas’ev et al 1989; Arora et al 1998) [68, 69, 70]. These 

compounds can donate hydrogen radicals to peroxyl, 
hydroxyl, and peroxynitrite radicals, stabilizing them and 

producing a stable semiquinone radical that undergoes 

resonance stabilization (Seyoum et al 2006; Heim et al 

2002) [71, 72]. Termination of further reactions proceeds 

through the flavonoid radical that reacts with available free 

radicals. In general, the radical scavenging activities are 

mainly governed by their molecular structure and the 

substitution pattern of hydroxy moieties (Gil and Cout 

2013) [73].  

 

5. Conclusion 

Our observation indicates that supplementation of SWEE to 

HFD fed rats decreased body weight and reversed fructose 

induced oxidative stress associated changes in antioxidant 

defence in plasma, liver and adipose tissue and decline lipid 

peroxidation and thus evidencing protective capacity of 

SWEE on plasma, liver and adipose tissue against oxidative 

stress. The administration of SWEE reduced peroxidation of 

lipids and improved the activity of antioxidative enzymes in 

plasma and selected organs. In conclusion, SWEE are able 

to reduce the oxidative stress, and develop antioxidative 

enzymatic protection system, which may help to alleviate 
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the free radicals’ generation during several pathological 

states. Further research on the in vivo antioxidant properties 

of these extracts and the identification of active compounds 

is in progress. These studies should reveal the possible 

therapeutic uses of these algal species. 
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