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Abstract: Algae are well-known to be exceptionally rich sources for biologically active metabolites 

and have recently gained recognition for their therapeutic applications. This study is designed to assess 

the phenolic composition of five algae and evaluate their antioxidant and protective effects against 

hydrogen peroxide (H2O2) induced cytotoxicity in the protozoa Tetrahymena pyriformis. Successive 

fractionations of five algae using five solvents were performed. Spectrophotometric methods were used 

to determine the total phenolic and flavonoid contents. The antioxidant capacities of fractions of these 

five algae were assessed through three in vitro tests (DPPH, ABTS, and FRAP). The active fractions 

were further evaluated for their ability to attenuate H2O2 induced toxicity in T. pyriformis. Fucus spiralis 

has rich phenolic contents from chloroform (CHCl3) and ethyl acetate (EtOAc) fractions, averaging 

65±0.90 µg GAE/mg fraction and 429.81±9.36 µg GAE /mg fraction, respectively. This algae also 

showed significant FRAP (261.53±5.40 and 117.66±0.40 µg /mL), DPPH (IC50: 49.51±3.29 and 

55.48±0.20 µg) and ABTS (IC50: 50.73±2.62 and 219.82±5.47 µg /mL) results. The treatment with 

300 µM H2O2-induced oxidative stress as shown by the significant decrease in the cell viability and the 

number of cells increases in CAT, SOD, GPx activities, and the levels of GSH and MDA. However, 

the treatment with EtOAc and CHCl3 fractions from F. spiralis appeared to be effective against 

cytotoxicity and the redox changes induced by H2O2. The results indicate that F. spiralis is a promising 

source of antioxidant and nutraceutical compounds for pharmaceutical purposes.  

Keywords: Antioxidant activity; brown algae; Fucus spiralis; oxidative stress; Tetrahymena 
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1. Introduction 

Oxidative stress may produce excess amounts of free radical species following the 

exposure of aerobic cells to endogenous and exogenous factors. Reactive oxygen species 

(ROS) have important roles in the regulation of intracellular signal transduction and 

physiological adaptation phenomena in normal cells and tissues [1]. However, excessive 

concentration of ROS may trigger the development of various chronic diseases by impairing 

the structure of cellular membrane lipids, proteins, and DNA  [2-3]. 

Hydrogen peroxide (H2O2), a relatively weak oxidant reactive oxygen species form 

ROS, is generated by a variety of intracellular reactions [2]. Physiologically, the low levels of 
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endogenous H2O2 modulate physiological cellular functions [4]. However, high levels of H2O2, 

such as observed in inflammatory states, generally cause cellular dysfunction and/or 

cytotoxicity.  

The accumulation of excessive ROS is expected to worsen the oxidative stress and 

might be implicated in a set of disorder/disease processes, including heart disease, diabetes, 

liver injury, cancer, neurodegenerative diseases such as Alzheimer’s disease, and other age-

related degenerative disorders [5-6]. However, the sensitivity of cells to oxidants is controlled 

by producing enzymatic antioxidant defense systems, such as glutathione peroxidase (GPx), 

catalase (CAT) and superoxide dismutase (SOD), non-enzymatic glutathione (GSH), histidine-

peptide, or iron-binding proteins [7]. In addition to such defenses, the supplementation of 

antioxidants can be considered as the alternative method for chelation therapy of free radicals. 

Over the past few decades, researchers have pursued efforts to isolate natural bioactive 

compounds with versatile health benefits, and substantial attention has been focused on a wide 

array of antioxidants [8]. Marine macroalgae have been widely used in traditional foods since 

ancient times and are traditionally renowned for their versatile health benefits [9-10]. Several 

compounds with antioxidative action have been isolated from brown algae, most of them 

belonging to the phenolic fraction [11-12]. The total phenolic contents and activities of brown 

algal extracts have been reported [13-14]. 

Marine macroalgae have long been reported to be rich in unique bioactive compounds 

that are not found in terrestrial plants, including different proteins such as lectins, 

phycobiliproteins, peptides, and amino acids [12-15], hormones [16], polyphenols [17-18], 

polysaccharides [19 -20], and other novel bioactive compounds which might represent a 

potential to be used in the development of new human health applications [21]. Algae extracts 

have been described to have many phytochemicals with a range of different activities such as 

anti-inflammatory effects  [22-23], neuroprotective effects [24-25], anti-aging effects [26-27], 

anti-cancer effects [22], antibacterial activity [28-29], antioxidant effects [30-31] and 

cardioprotective effects [32].  

Our recent studies on the five algae showed that Fucus spiralis has a higher antioxidant 

activity among the other species [31]. Therefore, the aim of this study is to evaluate the 

antioxidant activity of five algae from Moroccan coastlines by quantifying of total phenolic 

and flavonoid contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis (3-

ethylbenzthiazoline-6-sulphonic acid (ABTS) and by the ferric reducing antioxidant power 

(FRAP). In this study, Tetrahymena pyriformis, eukaryotic cell, was used as a model that 

imitates the animal cell, especially mammalian and used widely in toxicology and 

ecotoxicology [33]. The selected algal fractions were then evaluated for their protective effect 

against H2O2-induced stress on Tetrahymena pyriformis cellular antioxidants, metabolic 

systems, and in particular, their effects on CAT, GPx, SOD, GSH, and malondialdehyde 

(MDA) levels. The fractions of chloroform (CHCl3) and ethyl acetate (EtOAc) of F. spiralis 

were used for the treatment of forced stress induced by H2O2. 

2. Materials and Methods 

2.1. Algal materials. 

Alive and fresh samples of algae were collected during the low tide in the middle/lower 

intertidal areas of a beach from the Atlantic coast, namely Golden Sand Beach (sable d'Or, 

33°919677’N; 6° 969531’E), 10 km south of Rabat-Morocco. The investigated algae were 
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identified as Bifurcaria bifurcata (Ross 1958), Cystoseira humilis (Schousboe ex Kutzing, 

1860), Cystoseira stricta (Sauvageau 1911), Fucus spiralis (Linnaeus 1753) and Gelidium 

sequipedale (Clemente) (Thuret 1876). Voucher specimens of all species were deposited in the 

National Herbarium (RAB) of the Moroccan Scientific Institute (Rabat, Morocco). 

2.2. Extract preparation.  

The collected algae samples were immediately brought to the laboratory in plastic bags 

containing natural seawater to prevent evaporation. Algae were thoroughly washed with fresh 

water to remove extraneous materials and air-dried at 60°C. The dried algae were then ground 

in an electric mixer and stored at 4°C until use. The milled algae materials (25 g of each) were 

extracted twice with 80% methanol at room temperature overnight after being at 60°C for 2h. 

The crude extract was obtained by concentrating the supernatant using a rotary evaporator 

(Buchner) and a vacuum oven set at 30°C. The crude extract was dissolved in water and then 

partitioned sequentially in four different solvents, n-Hexane (Hex), CHCl3, EtOAc, and n-

butanol (BuOH) to fractionate the polar and non-polar compounds in the crude methanolic 

extract. The resulting solvent fractions were concentrated by a rotary evaporator and dried by 

a vacuum oven set at 30°C. The crude extract and its solvent fractions were stored in the dark 

at -20°C before analysis. 

2.3. Bioactive constituent. 

2.3.1. Determination of total phenol content.  

Total polyphenol content (TCP) was determined according to the method of Slinkard 

and Singleton [34]. The calibration curve generated using the gallic acid standards was used to 

obtain the values for algae samples, which are expressed as micrograms of gallic acid 

equivalents (GAE) per milligram of crude extract or fraction (µg GAE mg-1). 

2.3.2. Determination of total flavonoid content. 

The method reported in Tel et al. [35] was adopted for the determination of flavonoids. 

Flavonoid contents were calculated using a standard calibration curve prepared from quercetin. 

The concentrations of flavonoids in the test samples were calculated from the calibration plot 

and expressed as µg quercetin equivalent (QEs) per milligram of crude extract or fraction (µg 

QEs mg-1). 

2.4. Antioxidant activity.  

2.4.1. Ferric reducing power assay (FRAP). 

The reducing power of different extracts was determined using the method reported by 

Oyaizu  [36] with slight modification. One milliliter of different concentrations of test samples 

(0.2-1 mg/mL) were mixed with 2.5 mL sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 mL 

of 1% potassium ferricyanide (K3Fe(CN)6) solution. The mixture was incubated at 50°C for 20 

min. Then, trichloroacetic acid (10%, 2.5 mL) was added to the mixture. Next, 2.5 mL of this 

solution was mixed with 2.5 mL distilled water and 0.5 mL of 0.1% FeCl3, and the absorbance 

was measured at 700 nm. Blanc was prepared with all the reaction agents without extracts. 
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Higher absorbance of the reaction mixture indicated that the reducing power was increased. 

Ascorbic acid was used as a positive control. The experiment was performed in triplicate. 

2.4.2. DPPH free radical scavenging assay. 

The free radical scavenging activity of extracts was determined by the DPPH assay 

described by Blois  [37], with a slight modification. In its radical form, DPPH absorbs at 517 

nm, but its absorption decreases upon reduction by an antioxidant or radical species. Briefly, a 

0.1 mM solution of DPPH in methanol was prepared, and 160 µL of this solution was added to 

40 µL of the sample solution in methanol at different concentrations (0.2-1 mg/mL). Thirty 

minutes later, the absorbance was measured at 517 nm using a 96-well microplate reader. 

Methanol was used as a control. Lower absorbance of the reaction mixture indicates higher free 

radical scavenging activity. The capability to scavenge the DPPH radical of an antioxidant was 

calculated using the following equation (1): 

(1) DPPH scavenging effect (%)  =
A control−A sample 

A control 
× 100 

where Acontrol is the initial concentration of the DPPH, and Asample is the absorbance of the 

remaining concentration of DPPH in the presence of the sample. BHA and α-tocopherol were 

used as antioxidant standards for comparison of the activity. IC50 values (µg/mL) were also 

determined for fractions or extracts that scavenged DPPH radicals at a rate superior to 50%. 

2.4.3. ABTS cation radical decolorization assay. 

The spectrophotometric analysis of ABTS⋅+ scavenging activity was determined 

according to the method of. [38] with slight modifications. The ABTS⋅+ was produced by the 

reaction between 7 mM ABTS in H2O and 2.45 mM potassium persulfate, stored in the dark at 

room temperature for 12 h. The radical cation was stable in this form for more than 2 days 

when stored in the dark at room temperature. Before usage, the ABTS⋅+ solution was diluted to 

achieve an absorbance of 0.708±0.025 at 734 nm with ethanol. Then, 160 μL of ABTS⋅+ 

solution was added to 40 μL of the sample solution in ethanol at different concentrations. After 

10 min, using a 96-well microplate reader, the percentage inhibition at 734 nm was calculated 

for each concentration relative to a blank absorbance. The scavenging capability of ABTS⋅+ 

was calculated using the following equation (2): 

(2) ABTS⋅+ scavenging effect (%)  =
A control−A sample 

A control 
× 100 

where Acontrol is the initial concentration of the ABTS⋅+ and Asample is the absorbance of the 

remaining concentration of ABTS⋅+ in the presence of the sample. BHA and α-tocopherol were 

used as antioxidant standards for comparison of the activity. IC50 values (µg/mL) were also 

determined for fractions or extracts that scavenged ABTS⋅+ radical over 50%. 

2.5. Protective effect of selected extracts on hydrogen peroxide-induced cytotoxicity.  

2.5.1. Cell culture of Tetrahymena pyriformis. 

A wild strain of Tetrahymena pyriformis was grown aerobically without shaking in a 

broth medium containing 1.5% protease-peptone, 0.25% yeast extract, and 0.2% glucose at 

28°C during 72h [39]. For all experiments, the protozoa were always in the exponential growth 

phase, at a density of 1×104/mL. 
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To determine the effect of the selected algae extracts and hydrogen peroxide on the 

viability of T. pyriformis, the protozoa cells were grown in PPYG medium added with various 

concentrations of H2O2 (200-500 µg/mL) to determine the sub-lethal concentration of H2O2. 

For selecting the extract which has the best activity, the cells were maintained in a PPYG 

medium supplemented with various concentrations of either ethyl acetate or chloroform 

fractions of F. Spiralis (0.03-0.60 mg/mL) to determine the non-toxic concentration extracts. 

To evaluate the protective effect of selected extracts on hydrogen peroxide-induced 

cytotoxicity, the culture of T. Pyriformis cells was treated with a non-toxic concentration of 

either the chloroform or ethyl acetate fraction from F. spiralis algae. 

2.5.2. Cell proliferation and viability assays. 

The effects of treatments with H2O2 with or without ethyl acetate or chloroform fraction 

aliquots on the proliferation of T. pyriformis were evaluated optically using a microscope. T. 

pyriformis cell viability and/or mitochondrial activity was determined using MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay method [40]. The MTT assay 

was performed in 96-well microplates. The formazan production due to dehydrogenase activity 

at 550 nm was measured at 540 nm with a microplate reader. The results were expressed as 

percentage viability and cell numbers compared to the control. 

2.6. Determination of antioxidant enzyme activities in T. pyriformis.  

2.6.1. Preparation of crude extracts. 

Protozoan cells were harvested during the logarithmic growth phase by centrifugation 

at 12000 g for 15 min. The pellet obtained was suspended in 1 mL of 50 mM phosphate buffer 

at pH 7.4. The cells were then crushed in the cold (-4C°) with ultraturax for 20 min, followed 

by sonication of the sample (80W, 60 s). The obtained supernatant (soluble protein fraction) 

was considered as the crude cell-free extract used in all enzyme assays. 

2.6.2. CAT activity. 

CAT activity in the crude cell-free extract was measured according to the method as 

previously described [41]. Briefly, 1 mL reaction reagent contained 50 mM KH2PO4/K2HPO4 

buffer, 30 mM H2O2, and was prepared at a pH of 7. CAT activity was calculated from the time 

of consumption of H2O2, resulting in an absorbance decrease at 240 nm. The enzyme activity 

was expressed as mmol of H2O2 consumed/min/mg protein. 

2.6.3. SOD activity. 

The activity of SOD was determined according to the procedure of Paoletti et al. [42]. 

The total (Cu-Zn and Mn)  SOD activity was determined by measuring its ability to inhibit the 

photoreduction of nitroblue tetrazolium (NBT) [43]. One unit of SOD represents the amount 

inhibiting the photoreduction of NBT by 50%. The activity was expressed as units/mg protein 

at 25°C. 

2.6.4. GPx activity. 

GPx activity was measured following the method as previously described [44]. The 

reaction reagent consisted of 0.1M potassium phosphate buffer (pH 7.4), 2 mM GSH, 10 mM 
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sodium azide, 0.5 mM EDTA, 1mM H2O2 and 0.3 mL of the extract. After incubation at 37°C 

for 15 min, the reaction was terminated by the addition of trichloroacetic acid (TCA, 5%, 0.5 

mL). Tubes were centrifuged at 1200 g for 5 min, and the supernatant was collected. A quantity 

of 0.2 mL of phosphate buffer (0.1 M pH 7.4) and 0.7 mL of DTNB (0.4 mg/mL) were added 

to 0.1 mL of reaction supernatant. After mixing, absorbance was recorded at 420 nm. The 

activity was expressed as µmol of GSH/min/mg of soluble cell proteins at 25°C. 

2.6.5. Determination of reduced glutathione (GSH). 

GSH levels were determined in the algal extracts using  Ellman’s method [45], with 

slight modifications. Briefly, the trichloroacetic acid solution was mixed with the extract. After 

centrifugation for 10 min at 12000 g, the supernatant was collected and mixed with a phosphate 

buffer (50 Mm, pH 8) and 6 mM 5,5-dithiobis (2-nitrobenzoic acid (DTNB)). The absorbance 

was read at 412 nm. Reduced thiol contents were expressed in nmol of GSH/mg of protein. 

2.6.6. MDA content. 

MDA levels in the cell culture supernatant were determined spectrophotometrically, 

according to the method described by Ohkawa et al. [46]. 0.5 mL of supernatant was 

homogenized with trichloroacetic acid (TCA 20%) and 1 mL thiobarbituric acid (TBA, 0.67%). 

The mixture was heated at 100°C for 15 min. After cooling, 4 mL of butanol was added to each 

sample and centrifuged at 3000 g for 15 min. The intensity of the pink/red color of the 

supernatant was determined at 532 nm. MDA levels were defined as nmol per mg of proteins. 

2.6.7. Protein assay. 

Protein content was measured by using bovine serum albumin (BSA) as the analytical 

standard, according to Lowry’s methods [47]. 

2.7. Calculation and analysis of data.   

Statistical analysis was performed using the SPSS 23. All data for both antioxidant and 

antioxidant enzyme activity tests were the average of triplicate analyses. Data were recorded 

as the mean ± Standard Deviation (SD).  Differences between means were determined using 

the Student’s test. p values < 0.05 were taken as significant. 

3. Results and Discussion 

3.1. Total bioactive compounds. 

In this study, the total phenolic content was expressed as µg GAE per gram of the 

extract and fraction. It can be seen from Table 1 that the brown algae F. spiralis and C. humulis 

contained higher amounts of polyphenols than the other algae, B. Bifurcata, G. sesquipedale, 

and C. humilis. This result is in accordance with the results reported previously [13-17]. The 

highest phenolic contents for EtOAc and CHCl3 fractions were found in F. spiralis with values 

of (429.81±9.36; 65.76±0.90 µg GAE/mg extract) and C. stricta (381.33±10.81; 48.23±2.31 

µg GAE/mg extract), respectively. The lowest total phenolic contents were observed in n-

butanol and an aqueous fraction of C. Stricta, G. sesquipedale, C. humilis and B. bifurcata 

ranging from 5.19±0.27 to 18.01±2.16 µg GAE/mg extract, while F. spiralis showed higher 
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amounts of phenolic contents in n-butanol (45.24±0.59 µg GAE/ mg extract) compared to other 

species.  

Table 1. Total bioactive contents of the methanol extracts and their fractions for the five algae species included in the study. 

Values expressed are means ± SD of three parallel measurements (p < 0.05). 

aTotal phenolic contents are expressed as µg GAE per mg of extract or fraction. 
bTotal flavonoid contents are expressed as µg QE per mg extract or fraction 

The red algae, G. sesquipedale showed a decrease of polyphenol contents in the EtOAc 

fraction (61.52±3.97) when compared to its other solvent fractions. In other studies, the 

methanolic fraction from F. spiralis showed the highest total phenolic content compared to 

methanol and dichloromethane fractions from twenty-seven other macroalgae species [48]. Our 

findings are in agreement with those of previous studies, whereas brown algae species were 

found to contain predominantly polyphenolic compounds in the organic solvents such as 

EtOAc and dichloromethane [49]. Previous studies have reported that the dichloromethane 

fraction of F. spiralis and EtOAc fraction of B. bifurcata showed higher phenolic contents 

(29.79 and 24.44 mg GAE/g dry weight extract, respectively) when compared to other solvent 

fractions and crude methanol extract. However, the relatively high phenolic contents of the 

EtOAc fraction are probably associated with its polarity which allows the accumulation of a 

variety of antioxidant compounds. Previous studies have reported that all the Fucus species 

tested had high total phenolic contents [17]. This might be due to their high content of 

phlorotannins, which are polymers of phloroglucinol derived entirely from acetate. 

Phlorotannins are restricted to brown algae (Phaeophyta), where they are found in special 

vesicles (physodes) within the cells [50]. 

Flavonoids are natural polyphenolic compounds and well-known antioxidants, playing 

significant roles in detoxification of free radicals. It has been recognized that flavonoids show 

antioxidant activity, and their effects on human nutrition and health are considerable. Their 

concentration in the extracts was expressed as micrograms of quercetin equivalents per 

milligram of extract and fraction (µg QEs /mg extract or fraction), as shown in Table 1. Among 

the algae extracts, F. Spiralis showed the highest flavonoid contents followed by C. stricta, G. 

sesquipedale, C. humilis, and B. bifurcata. All n-hexane and chloroform fractions of the studied 

algae species were found to be more effective than the other fractions. F. spiralis exhibited the 

highest flavonoid amount that was observed in n-hexane and chloroform fractions with values 

of (136.37±0.24 and 111.92±3.93 µg QEs/mg extract, respectively). 

As expected, aqueous residue and n-butanol fractions of all species were found to be 

generally poor in flavonoids, with the exception of the EtOAc fraction of G. sesquipedale 

(5.41±0.44 µg QEs/mg extract) which, on the study level, was the poorest in flavonoid contents. 

The high flavonoid content in the n-hexane fraction has been previously explained by the 

 Crude extract n-Hexan Chloroform Ethyl acetate n-butanol Aqueous 

Total phenolic contents a 

B. bifurcata  6.67±0.98 9.35±1.10 41.71±1.49 16.71±0.75 10.04±2.01 11.91±1.94 

C. stricta  43.33±8.23 25.02±2.86 48.23±2.31 381.33±10.81 18.01±2.16 5.19±0.27 

C. humulis  5.45±0.19 11.17±1.67 35.93±2.63 11.13±2.46 5.58±0.71 8.23±0.52 

F. spiralis  60.69±8.23 61.95±2.78 65.76±0.90 429.81±9.36 45.24±0.59 21.43±3.32 

G. sesquipedale 9.44±1.00 12.99±7.11 15.02±2.49 61.52±6.88 7.79±1.42 13.12±1.92 

Total flavonoid contents b 

B. bifurcata  13.47±0.63 46.09±3.93 73.98±2.67 28.03±0.36 7.87±0.47 12.24±0.36 

C. stricta  22.16±0.20 127.32±0.45 74.18±2.22 34.7±0.24 12.32±0.54 10.49±0.72 

C. humulis  12±0.47 94.02±0.58 35.37±0.66 30.21±0.41 14.74±1.03 12.08±0.59 

F. spiralis  25.02±0.54 136.37±0.24 111.92±3.93 43.98±0.41 7.4±0.24 7±0.77 

G. sesquipedale 20.61±0.59 81.6±0.36 60.53±1.15 5.41±0.44 7.79±0.59 7.79±0.56 
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presence of carotenes or other pigments with long hydrocarbon chains [51]. Earlier studies 

have shown that a change in extractant polarity alters its efficiency to extract a specific group 

of antioxidant compounds and that influences the antioxidant properties of the extracts [52-53]. 

In other studies, extraction of algae using ethyl acetate and chloroform gave higher contents of 

phenols and flavonoids than water and methanol, suggesting a higher affinity to lipophilic 

rather than hydrophilic antioxidants [54]. 

3.2. Antioxidant activities of algae extracts and fractions. 

In this study, the antioxidant activity of the various extracts obtained from the five algae 

species, compared to those of butylated hydroxytoluene (BHT) and α-tocopherol, were 

assessed by four complementary tests, namely, ABTS, DPPH and the FRAP assay for free 

radical scavenging activity. As observed in Table 2, the algae species showed significant 

differences in the ferric reducing power of crude methanol extract and its solvent fraction. 

Table 2. Antioxidant activities of the extracts and fractions of five algae species by FRAP, DPPH and ABTS+ assays. 

 Algae species FRAPa DPPHb ABTSc 

Methanol B. bifurrcata 11.06±0.20 861.82±0.77 1174.99±8.55  
C. stricta 17.66±0.28 666.34±0.74 776.07±1.30  
C. humulis 11.4±0.5 830.21±3.69 1062.40±13.95  
F. spiralis 59.03±1.05 355.29±0.12 627.89±3.25  
G. sesquipedale 5.06±0.58 1490.82±0.47 783.45±22.67 

Hexan B. bifurrcata 22.73±0.51 442.33±5.22 1646.73±17.26  
C. stricta 68.8±0.34 347.52±8.44 1075.54±8.80  
C. humulis 1±0.36 342.67±0.20 1135.81±1.98  
F. spiralis 73.46±2.05 175.34±1.01 1125.39±34.84  
G. sesquipedale 6.76±0.61 1326.38±1.93 1134.66±1.98 

CHCl3 B. bifurrcata 12.63±0.45 647.75±0.63 1317.17±0.02  
C. stricta 10.36±0.20 165.92±2.63 537.94±3.60  
C. humulis 18.76±0.41 217.88±1.08 1101.65±27.60  
F. spiralis 117.66±0.40 55.48±0.20 219.82±5.47  
G. sesquipedale na 1341.36±1.22 560.58±24.43 

AcET B. bifurrcata 41.2±0.36 447.20±3.60 1025.48±1.82  
C. stricta 208.76±0.32 85.47±2.22 395.50±12.05  
C. humulis 32.16±0.51 145.93±2.59 831.44±7.27  
F. spiralis 261.53±5.40 49.51±3.29 50.73±2.62  
G. sesquipedale 4.33±0.76 1043.61±0.68 475.93±3.89 

N-But B. bifurrcata 10.3±0.8 1074.07±0.64 1241.06±16.67  
C. stricta 0.43±0.20 1155.79±1.33 1181.28±7.34  
C. humulis 8.83±0.15 716.06±0.57 1748.00±5.08  
F. spiralis 34.4±0.91 529.32±3.68 977.94±1.75  
G. sesquipedale na 1752.45±7.44 1909.96±26.53 

Aqueous B. bifurrcata 8.33±0.64 1165.78±9.32 3242.12±0.31  
C. stricta na 1526.87±0.54 2420.68±32.51 

 C. humulis na 2368.11±0.22 2730.50±0.88 

 F. spiralis 26.46±0.96 1427.59±0.34 1621.94±0.89 

 G.sesquipedale na 2167.79±4.90 2015.12±0.12 

 BHT nt 54.96 ± 0.99 4.10 ± 0.06 

IC50 values represent the means ± SD of three parallel measurements (p < 0.05). 
aFRAP (µg ascorbic acid Equivalent/mg extract or fraction).  
bDPPH radical scavenging activity (IC50 mg/mL).  
cABTS (IC50 mg/mL). 

nt: not tested, na: no activity. 

The FRAP values of the algae extracts and fractions ranged between (0.43±0.002 and 

261.53±0.054 µg AscAE/mg extract). The highest FRAP values were for Ethyl acetate, 

chloroform, and n-Hexan of F. spiralis with values of 261.53±0.05, 117.66±0.004 and 73.46 

±0.020 µg AscAE/g extract, respectively. However, the aqueous residue fractions possessed 

the lowest FRAP values relative to other fractions. The FRAP value of crude extracts and 

fractions from five algae species revealed decreasing FRAP values in the order of F. spiralis, 

C. stricta, B. bifurcata, C. Humilis, and G. sesquipedale. In agreement with our results, 
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previous studies revealed that fucus species exhibited higher FRAP activities than other species 

[55-56]. In a study, the ferric reducing antioxidant activity of 30 species of Hawaiian algae, 

and the brown algae presented the highest mean antioxidant values among Hawaiian algae [14]. 

However, the red algae had the lowest FRAP value. From these results, the EtOAc and CHCl3 

fractions of F. spiralis had the ability to reduce the Fe3+ to Fe2+, which indicates the possible 

role in human tissues and foods samples to inhibit lipoperoxidation initiated by transition metal 

ions such as Fe3+ and Cu2+. The Ferric reducing antioxidant activity was also evaluated by the 

FRAP system in the fraction of three brown macroalgae (Ascophyllum nodosum, Pelvetia 

canaliculata and Fucus spiralis) from Irish coast and they  obtained a significant increase in 

activity in the fraction of F. spiralis with values of 559.96±26.69 µg Trolox equivalents (TE) 

mg/mg sample [57]. Marine algae are exposed to prolonged intense ultraviolet and high oxygen 

concentration that readily lead to the formation of free radicals and other reactive oxygen 

species [58-59). The long-term exposure to the harsh environment conditions implies that algae 

have protective enzymes and potent antioxidant molecules that can behave as reactive oxygen 

scavengers [17-58]. 

The DPPH free radical-scavenging model is widely accepted as a tool for investigating 

the free radical scavenging activities of antioxidants. In this study, the free radical scavenging 

ability of methanolic and solvent fractions of five algae was evaluated through the change of 

absorbance caused by the reduction of DPPH radical. As can be seen in Table 2, the antioxidant 

activity assessed with DPPH depends on the solvent extraction and the algae species.  As shown 

in Table 2, the DPPH radical scavenging activities of the five algae crude extracts and their 

solvent fractions varied considerably from 49.51±3.29 to 2167.79±4.90 µg/mL of fraction or 

extracts (p < 0.05). In general, the highest DPPH radical-scavenging activities were reordered 

in the EtOAc and CHCl3 fraction of the brown algae F. spiralis (49.51±3.29 and 55.48±0.20 

µg/mL, respectively) followed by the EtOAc and CHCl3 fractions of C. stricta (85.47±2.22 and 

165.92±2.63 µg/mL, respectively). The lowest values of DPPH radical scavenging activity 

were observed in methanolic crude extract and its solvent fractions of G. sesquipedale with 

values ranging from 1043.61±0.68 to 2167.79±4.90 µg/mL. Earlier reports indicate that the 

polar solvent fractions (ethyl acetate and dichloromethane) of algae contain the highest 

percentages of total phenolic contents and exhibit a higher antioxidant potential based on the 

DPPH radical assay [18]. It has also been shown that the solvents used for extraction 

dramatically influence the chemical composition of the extracts [60]. Andrade et al. evaluated 

the antioxidant capacity of several algae, and they found that brown algae possess the most 

potent radical scavenging activity [61]. 

The higher DPPH radical scavenging is thought to be due to an increase of total 

phenolic content in these fractions. Thus they act as electron donors because of their hydrogen-

donating ability and neutralization of free radicals. Previous studies have demonstrated a 

positive correlation between total phenolic contents and antioxidant activities in deferment 

algae extracts, particularly in terms of DPPH radical scavenging activity [18-48]. 

As shown in Table 2, the ABTS radical scavenging activity of crude methanolic extracts 

from the five species can be ranked in the following order of decreasing radical scavenging 

activity: F. spiralis, C. stricta, G. sesquipedale, C. Humilis, B. bifurcata. The IC50 value for 

ABTS radical-scavenging activity differed among the algae species and solvents used. The 

ABTS radical scavenging activities of Moroccan algae varied considerably from 50.73±2.62 

to 3242.12±0.31 µg/mL of crude extract or fraction. For the methanolic crude extract, 

antioxidant activity ranged from 627.89±3.25 to 1174.99±8.55 µg/mL, which is lower than the 

https://doi.org/10.33263/BRIAC112.89788995
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC112.89788995  

 https://biointerfaceresearch.com/ 8987 

purified fraction. F. spiralis was found to have the highest antioxidant activity (627.89±3.25 

µg/mL), followed by C. stricta (776.07±1.30 µg/mL) and G. sesquipedale 

(783.45±22.67µg/mL). Among all species tested, ethyl acetate and chloroform fractions of F. 

spiralis showed the most scavenging activity on ABTS radicals (50.73±2.62 and 219.82±5.47 

µg/mL, respectively), followed by the ethyl acetate and chloroform fractions of C. stricta 

(395.50±12.05 and 537.94±3.60 µg/mL, respectively). However, methanolic crude extract and 

its fraction from B. bifurcata showed less scavenging activity than from other species.  The 

aqueous, n-butanol, and n-hexane fractions of all algae species showed the lowest IC50 value 

of ABTS radical scavenging activity than other algal fractions.  In general, the highest 

antioxidant activities were found in the purified fraction than in methanolic crude extract. In 

another study, the ABTS radical scavenging activity of different extracts from Ascophyllum 

nodosum was measured, and the crude extracts were less effective antioxidants than purified 

ones [62].  Many researchers have shown that polyphenolic compounds extracted from marine 

algae exhibited high potent antioxidants activity against free radical cation activity [18]. In 

accordance with total phenolic content and DPPH radical scavenging activity, the ABTS results 

were again found in the methanolic and fraction of brown algae F. spiralis. 

Due to the high total phenolic contents and the high antioxidant capacities of the EtOAc 

and CHCl3 fractions of the brown algae F. spiralis, the protective effect of these fractions 

against peroxide hydrogen induced-cytotoxicity in the T. pyriformis protozoan was 

investigated further. 

3.3. Cytotoxicity of H2O2 on T. pyriformis. 

The protozoan T. pyriformis, a eukaryotic cell, is well-established as a suitable model 

for higher animal cells, especially mammalian. The unicellular ciliate T. pyriformis, is an 

appropriate system for a number of studies, including cell morphogenesis, gene mapping, cell 

division, and in toxicant screening studies in environmental and pharmaceutical fields [63]. 

 

Figure 1. T. pyriformis was cultivated in PPYG medium in the presence of different concentrations of H2O2 (100-

300 µM). (a) Results were obtained by the MTT method. (b) Effect of H2O2 on T. pyriformis growth. The results 

shown are the mean ± SD of the three independent experiments. Values were normalized to the control and are 

given as percent of the control. The significance following the Student t-test are shown as: p < 0.05 for *; p < 0.01 

for **; p < 0.001 for ***. 
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The protozoan T. pyriformis was grown with different concentrations of H2O2, as 

mentioned in materials and methods. We chose to promote stress using H2O2 because it is 

relatively stable and thus enables us to impose reproducible oxidative stress upon the cells. The 

cytotoxicity induced using different concentrations over the range of 100 to 500 µM was 

assessed in T. pyriformis using the enumeration cells and MTT assays. The results show that 

the treatment with H2O2 resulted in a significant decrease in cell viability (Figure 1a) (p < 0.05), 

and the number of cells was remarkably reduced (Figure1b). Moreover, the treatment with 300 

µM of H2O2 produced a significant decrease in the cell viability with 52% (p < 0.01) and the 

number of cells with 48% after 24 hours of treatment.  The concentrations under 300 µM are 

toxic and lethal (Figure 1a). These results were in agreement with the finding of previous 

studies that reported that 300 µM of H2O2 inhibited the growth of T. pyriformis by half [64-

65]. Results from other studies have shown that hydrogen peroxide induces oxidative stress 

and cell death in murine hippocampal HT22 cells [24] and that hydrogen peroxide can inhibit 

the growth, shape, density,  and mobility of T. pyriformis [66]. 

3.4. Effect of the algae extracts on the growth of T. pyriformis. 

To determine the non-lethal concentration of each fraction extract (EtOAc and CHCl3) 

of F. spiralis on T. pyriformis, cell viability and cell numbers were determined. As shown in 

Figure 2, CHCl3 (a) and EtOAc (b) fractions were not cytotoxic up to the concentration of 0.09 

and 0.12µg/mL of EtOAc and CHCl3, respectively. In a similar study, the cytotoxicity of five 

fractions obtained from F. spiralis was tested on MCF-7 cells, and it was also shown that none 

of the fractions (1 mg/mL) presented cytotoxicity [30]. 

 

Figure 2. Effect of algae on the growth of Tetrahymena pyriformis. The cells were maintained in PPYG 

medium supplemented with different concentrations of (a) chloroform or (b) ethyl acetate (0.03-0.6 mg/ml). 

Values of MTT were normalized to the control and are given as percent of the control. The significance 

following the Student t-test are shown as: p < 0.05 for *; p < 0.01 for **; p < 0.001 for ***. 

3.5. Protective effect against H2O2-induced cytotoxicity on T. pyriformis.  

Cell viability was measured with the MTT test, allowing quantifying the enzymatic 

activity of dehydrogenase, which takes into account mitochondrial dysfunctions and/or cell 

growth inhibition. As shown in Figure 3, When H2O2 was applied at 300 µM for 24 h, a 

significant decrease of the cell viability (51.89 %) was observed as compared to the control. 
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On the other hand, in the cells treated with of EtOAc (0.09 µg/mL) and CHCl3 (0.12 µg/mL) 

and exposed to H2O2 (300 µM), we noted that the pre-treatment significantly restored the cell 

viability to 82.02 % and 83 % of control for EtOAc (0.09 µg/mL) and CHCl3 (0.12 µg/mL), 

respectively. These results indicate that both fractions had a strong scavenging effect on 

hydrogen peroxide. They inhibited H2O2-induced cytotoxicity of T. pyriformis and showed a 

significant protective effect against oxidative stress by H2O2. In previous studies, the 

methanolic fraction of Padina pavonica and Fucus spiralis presented the highest activities 

(81.12±2.92 and 80.5±2.25% of viable cells, respectively), at 0.5 mg/mL concentration when 

MCF-7 cells were exposed to 0.2 mM of H2O2 [48]. In other studies, the pre-treatment with the 

extract up to the concentration of 62.5 mg/mL from C. tamariscifolia against oxidative stress 

imposed by 100 µM H2O2 treatment on SH-SY5Y, enhanced cell survival up to almost 100% 

compared with the H2O2-treated group, which had a viability of 53.4% [25]. Herein, when 

adding EtOAc and CHCl3 (90 and 120 µg/mL), F. spiralis fraction prevented the reduction of 

cell viability induced by H2O2. 

 
Figure 3. The protective effect of ethyl acetate (0.09 µg/ml) and chloroform fraction (0.12 µg/ml) on hydrogen 

peroxide promoted oxidative stress conditions in T. pyriformis promoted by H2O2 at 300 µM after 24 hours of 

incubation. Cell viability was determined via the MTT method. The values in each column represent the mean ± 

SD. *p < 0.001, represent statistically significant differences compared with the control. #p < 0.001 represents 

statistically significant differences compared to the H2O2 condition. 

3.6. Effect of extract on antioxidant enzyme activities. 

The results of the protective effect of algae as having possible antioxidant effects are 

shown in (Figure 4). According to our results, in T. pyrifomis cells treated by 300 µM H2O2, 

the enzymatic activities of SOD, GPx, CAT (Figure 4a, 4b, 4c), MDA and GSH levels (Figure 

4d, 4e) were increased when compared to controls. However, when T. pyrifomis was grown in 

the medium supplemented with EtOAc or CHCl3 fraction and exposed to H2O2, it significantly 

decreased the antioxidant enzymes (SOD, GPx, and CAT) and levels of (MDA and GSH) to 

near normal values, when compared to H2O2 treated T. pyriformis. The treatment with EtOAc 

and CHCl3 preserves the normal levels of antioxidant enzymes, MDA, and GSH levels. This 

effect may be due to the antioxidant effect of phenolic compounds, which may blunt oxidative 

injuries through scavenging reactive species and inhibiting lipid peroxidation [22]. The 

antioxidant protective effects of algae are related to biologically active substances, including 

polyphenols and phlorotannins [24]. In the brown algae, phlorotannins are known to constitute 

up to 15% of the dry weight of brown algae [67]. 
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Figure 4. (a) CAT, (b) SOD, (c) GPx, (d) GSH and (e) MDA. The values in each column represent the mean ± 

SD. *p < 0.001, represent statistically significant differences compared with the control. #p < 0.001, represent 

statistically significant differences compared with H2O2 condition. 

CAT is considered the most important enzyme for the break-down of H2O2 to water, 

oxygen, and other non-toxic products [68]. SOD protects a cell by catalyzing the conversion of 

superoxide radicals to H2O2, which is decomposed by GPx [69]. GPx removes H2O2 by the 

oxidation of GSH, but it converts lipid peroxides to harmless molecules protecting the cells 

from the consequences of lipid peroxidation. Previous reports related to the effect of H2O2 on 

redox status revealed that this oxidant displayed an increase in CAT and SOD in the protozoan 

Tetrahymna thermophile [64]. H2O2 induced oxidative stress was previously demonstrated in 

many cell types [24,70]. In the murine hippocampal HT22 cells, peroxide hydrogen 

significantly increased levels of intracellular Ca2+ concentration, which induced cell death. 

Therefore, phlorotannins isolated from the brown algae Ecklonia cava inhibit H2O2 induced 

oxidative stress and cell death by inhibiting Ca2+ increase [24]. Similarly, another study has 

reported that H2O2 enhances mitochondrial transmembrane potential and caspase-9 activity in 

the MCF- 7 cells, whereas the treatment with algae extracts of Ulva Compresa, Cystoseira 

tamariscifolia, Sargassum muticum, Fucus spiralis, and Padina pavonica increases the cell 

viability through inhibition of the caspase-9 activity and reduced mitochondrial membrane 

depolarization [48]. It has been shown that H2O2 acts as a biological oxidant, and contributes 
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to the increase of cytosolic Ca2+ and oxidative stress, which is involved in cell death 

mechanisms [70-71]. It has been reported that apoptosis death is related to the decrease in the 

mitochondrial membrane potential, which is associated with the release of cytochrome c and 

sequential activation of caspases [72]. In the apoptotic process, an increase of cytosolic Ca2+ 

and oxidative stress contribute to the opening of the mitochondrial permeability transition pore 

(PTP), which depolarizes the mitochondria and leads to mitochondrial swelling and subsequent 

release of cytochrome c into the cytosol [73-74]. 

Our data show that the ethyl acetate and chloroform fractions from F. spiralis extract 

are able to counteract H2O2-induced cell growth inhibition. Algae is a possible source of useful 

antioxidative compounds, and different compounds can be obtained as a result of the selection 

of the extraction solvent. 

4. Conclusions 

 In summary, this study showed that extraction solvents had a significant impact on the 

phenolic, flavonoid contents and are against various oxidative systems under in vitro condition. 

Overall, EtOAc and CHCl3 of F. spiralis contained the highest antioxidant activities. The 

present study demonstrated that the EtOAc and CHCl3 fraction from F. spiralis algae could 

significantly reduce oxidative stress in T. Pyriformis against H2O2 induced cytotoxicity. These 

results indicate that F. spiralis has therapeutic effects for some health problems associated with 

oxidative stress, and this was established by its protective effect on redox status and cell 

viability. Significant efforts should be made to identify and isolate the bioactive compounds 

that are involved in the antioxidant activities of these algae species. 
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