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Abstract 

The aim of the present study was to characterize and assess the in vitro antioxidant and cytotoxic activities of various solvent 
extracts from red alga Phyllophora pseudoceranoides. Bioactive compounds were extracted using solvents of different 
polarities. Total phenolic, flavonoid and carotenoid contents were also determined. Algal extracts displayed moderate 2,2-
diphenyl-1-picryl-hydrazyl hydrate (DPPH) scavenging activity, with values ranging from 12.99 ± 0.23 to 46.00 ± 0.13 % at 
a concentration of 1.99 mg/mL; all extracts showed good scavenging activity against 2,2'-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical cation, with EC50 values ranging from 0.12 ± 0.02 to 0.49 ± 0.02 mg/mL. All investigated 
extracts exhibited strong cytotoxic activities against HeLa cells. The antioxidant and cytotoxic effects of P. pseudoceranoides 
extracts suggest their possible use in the development of nutraceuticals and functional foods. 
 
Rezumat 

Obiectivul studiului de față a fost caracterizarea și evaluarea potențialului antioxidant și citotoxic al unor extracte obținute 
din alga roşie Phyllophora pseudoceranoides. Compușii bioactivi au fost extrași cu solvenți de polarități diferite. A fost 
determinat, de asemenea, și conținutul în polifenoli totali, flavonoide și carotenoide. Extractele au manifestat o capacitate 
moderată de scavenger față de radicalul hidrat de 2,2-difenil-1-picril-hidrazil (DPPH), cu valori ale activității variind între 
12,99 ± 0,23 și 46,00 ± 0,13 % la o concentrație de 1,99 mg/mL; toate extractele analizate au manifestat o bună capacitate 
antiradicalară față de radicalul cation acid 2,2'-azinobis-(3-etilbenzotiazolin-6-sulfonic) (ABTS), cu valori ale CE50 cuprinse 
în intervalul 0,12 ± 0,02 – 0,49 ± 0,02 mg/mL. Extractele au prezentat citotoxicitate față de celulele tumorale HeLa. Efectele 
antioxidante și citotoxice ale extractelor din P. pseudoceranoides indică o posibilă utilizare a acestora în dezvoltarea de 
nutraceutice și alimente funcționale. 
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Introduction 

Marine macroalgae are considered renewable and 
rich sources of biologically active metabolites, with 
potential applications in the pharmaceutical and 
food industries, cosmetics, agriculture and animal 
nutrition. Macroalgae have attracted an emerging 
interest, mainly due to their bioactive constituents 
endowed with antioxidant, antimicrobial, anti-
inflammatory and antitumor properties [2, 3, 9, 10]. 
Seaweeds, like other photosynthesizing organisms, 
are exposed to high environmental stress caused by 
biotic and abiotic factors. In order to minimize the 
cytotoxic impact of reactive oxygen species, algae 
synthesize numerous antioxidant compounds, such as 

ascorbic acid, glutathione, chlorophylls, tocopherols, 
carotenoids, sterols, phenols and polysaccharides 
[1, 6, 7, 15]. These secondary metabolites might 
counteract the deleterious effects of oxidative stress 
in the human body, playing a key role in the 
pathogenesis of a wide range of diseases and age-
related disorders such as cardiovascular diseases, 
diabetes mellitus, atherosclerosis, inflammatory 
conditions and cancer [8, 21]. Moreover, there is a 
considerable interest in replacing synthetic 
antioxidants with plant-derived preservatives due to 
safety issues [4]. 
The Romanian Black Sea has abundant seaweed 
resources, but little effort has been done to screen 
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their biological potential. In Romania, red seaweeds 
are used mainly for the industrial production of 
phycocolloids, such as agar-agar, alginate, 
carrageenan and not for their health benefits [20]. 
Our previous studies on Phyllophora pseudoceranoides 
(Phyllophoraceae), a red seaweed commonly found 
in the coastal areas of the Romanian Black Sea, 
showed that its crude polysaccharide possesses 
good antioxidant activities [22]. Continuing our 
preliminary studies, herein we report on the in vitro 
antioxidant and cytotoxic activities of different 
solvent extracts of P. pseudoceranoides. Data 
obtained can provide evidence for possible use of 
P. pseudoceranoides extracts in the development of 
nutraceuticals and functional foods. 
 
Materials and Methods 

Algal material. Phyllophora pseudoceranoides was 
collected along the Black Sea coastal areas of 
Romania in June 2014 (44°11'44"N, 28°39'24"E). A 
voucher specimen was deposited in the Laboratory 
of Pharmacognosy, Faculty of Pharmacy, “Grigore 
T. Popa” University of Medicine and Pharmacy 
Iasi. Fresh seaweed material was washed thoroughly 
with distilled water to remove salt and sand; the air-
dried sample (40ºC) was powdered and kept at -4ºC 
until analysis. 
Chemicals. All reagents and solvents were of 
analytical grade and were purchased from Sigma-
Aldrich Chemie GmbH (Steinheim, Germany) and 
Merck (Darmstadt, Germany). 
Preparation of algal extracts. Bioactive compounds 
were extracted using solvents of different polarities: 
absolute ethanol, absolute methanol and water. 
Dried algal material (5 g) was extracted with 150 mL 
of each of the above mentioned solvents for 2 h at 
room temperature in the dark [12]. After filtration, 
the extracts were concentrated under reduced 
pressure at 40ºC and lyophilized. The extracts were 
stored at 4°C until use. 
Total phenolic content (TPC). Phenolic contents of 
P. pseudoceranoides extracts were determined 
according to the Folin-Ciocalteu method [23, 24]. A 
standard curve was plotted using gallic acid and the 
results were expressed as mg gallic acid equivalents 
(GAE)/g extract. 
Total flavonoid content (TFC). The Flavonoid 
contents of P. pseudoceranoides extracts were 
determined according to Ozsoy et al. [17]. The 

results were expressed as mg catechin equivalents 
(CE)/g extract. 
Total carotenoid content (TCC). The Carotenoid 
content was determined spectrophotometrically, as 
described by Lichtenthaler and Buschmann [11] 
and Maadane et al. [13]. The results were expressed 
as µg carotenoids/g extract. 
In vitro antioxidant activity 
2,2-diphenyl-1-picryl-hydrazyl hydrate (DPPH) 
radical scavenging assay. DPPH radical 
scavenging activity was determined using the 
method described by Malterud et al. [14], with 
minor modifications. 
2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic 
acid) (ABTS) radical cation scavenging assay. The 
assay was based on the method of Re et al. [19], 
with slight modifications. 
In both assays, caffeic acid was used as positive 
control. 
In vitro cytotoxicity assay 
(3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetra-
zolium Bromide) (MTT) assay. The cytotoxic 
activities of P. pseudoceranoides crude extracts 
were investigated using the MTT assay, following 
the method described by Mosmann [16]. Cytotoxic 
effects were assessed after 48 h incubation of algal 
extracts with HeLa cells; etoposide was used as 
positive control. 
Statistical analysis. All results were expressed as mean 
± standard deviation from triplicate determination. 
The EC50 values were calculated by linear interpolation 
between values above and below 50% activity. 
 
Results and Discussion 

As solvent polarity strongly affects the extraction of 
bioactive compounds both qualitatively and 
quantitatively [5], in our study solvents of different 
polarities (ethanol, methanol and water) were used 
to extract the algal material. 
The TPC, TFC and TCC of P. pseudoceranoides 
extracts varied depending on solvent polarity. TPC 
and TFC increased as solvent polarity enhanced, 
the aqueous extract showing the highest contents 
(7.71 ± 0.17 mg GAE/g and 4.64 ± 0.03 mg CE/g 
extract respectively), followed by methanol and 
ethanol extracts (Table I). The TCC ranged from 
15.93 ± 1.15 to 80.35 ± 1.20 µg carotenoids/g 
extract, with methanol extract exhibiting the highest 
carotenoid content (Table I). 

Table I 
TPC, TFC and TCC of P. pseudoceranoides extracts 

Extract TPC (mg GAE/g extract) TFC (mg CE/g extract) TCC (µg carotenoids/g extract) 
E1 4.27 ± 0.10 2.44 ± 0.07 35.62 ± 1.13 
E2 4.74 ± 0.13 2.96 ± 0.03 80.35 ± 1.20 
E3 7.71 ± 0.17 4.64 ± 0.03 15.93 ± 1.15 

E1 – ethanol extract; E2 – methanol extract; E3 – aqueous extract; TPC = total phenolic content; TFC = total flavonoid content; TCC = total 
carotenoid content. 
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In vitro antioxidant activity 
Antioxidant activities of natural compounds are 
attributed to their multifunctional properties, acting 
mainly as radical scavengers, reducing agents and 
transition metal ions chelators [18]. The antioxidant 
activity of P. pseudoceranoides crude extracts was 
assessed by two different in vitro antioxidant assays 
and was compared with the activity of the positive 
control, caffeic acid. 
Due to their hydrogen donating ability, antioxidants 
may reduce the free radical DPPH· to DPPH2, with 
a decrease in absorbance at 517 nm [14]. As shown 
in Figure 1, all P. pseudoceranoides extracts 
scavenged DPPH radical in a dose-dependent 
manner. Among the investigated samples, the aqueous 
extract possessed the highest DPPH scavenging 
activity, followed by methanol and ethanol extracts. 
The extracts displayed moderate DPPH scavenging 
activity, with values ranging from 12.99 ± 0.23 to 
46.00 ± 0.13 % at a concentration of 1.99 mg/mL. 
All algal extracts possessed relative low free radical 
scavenging abilities when compared with the 
positive control, caffeic acid, which almost 
completely scavenged the DPPH radical at the same 
concentration (Figure 1). 

 

 
Figure 1. 

DPPH radical scavenging activity of Phyllophora 
pseudoceranoides extracts  

E1 – ethanolic extract; E2 – methanolic extract; E3 – aqueous 
extract 
 
ABTS radical cation scavenging assay is based on 
the ability of antioxidants to reduce the preformed 
radical cation ABTS, a blue-green chromophore 
with characteristic absorption at 734 nm, with its 
consequent decolorization [18]. The algal extracts 
showed good ABTS radical scavenging abilities 
which were dose-dependent (data not shown). In 
terms of EC50 values, the ABTS radical cation 
scavenging effects of P. pseudoceranoides extracts 
and positive control decreased in the following 
order: caffeic acid > aqueous extract > methanolic 
extract > ethanolic extract. The aqueous extract was 
found to be the most active (EC50 = 0.12 ± 
0.00 mg/mL), but still less active than the positive 
control, caffeic acid (EC50 = 0.01 ± 0.00 mg/mL). 
The alcoholic extracts exhibited comparable 

scavenging effects, as revealed by EC50 values 

(Table II). 
Even though methanol and ethanol are considered to 
be more potent in extracting phenolic compounds than 
water [5], the aqueous extract from P. pseudoceranoides 
exhibited both the highest phenolic and flavonoid 
contents and also the highest antioxidant activity. 
These findings could be explained by the co-
extraction of other water-soluble constituents such 
as mono- and polysaccharidic compounds; our 
recent studies on P. pseudoceranoides revealed the 
presence of a carrageenan-type polysaccharide, 
with an amount of approximately 21% of the 
seaweed dry weight that may also be responsible 
for the antioxidant effects [22]. 
A direct comparison of our results obtained in the 
two antioxidant assays with those reported in other 
studies for macroalgae is not possible, due to the 
fact that different methods and different ways of 
expressing antioxidant results are used. 

Table II 
ABTS radical cation scavenging activity of 

Phyllophora pseudoceranoides extracts 
Extract/Positive control EC50 (mg/mL) 

E1 0.49 ± 0.02 
E2 0.41 ± 0.02 
E3 0.12 ± 0.00 

Caffeic acid 0.01 ± 0.00 
E1 – ethanolic extract; E2 – methanolic extract; E3 – aqueous 
extract 
 
In vitro cytotoxic activity 
The MTT assay involves the conversion of the 
water-soluble tetrazolium salt MTT to an insoluble 
formazan by the mitochondrial succinate-tetrazolium 
reductase [16]; there is a direct correlation between 
this reaction and the number of metabolically active 
cells, this method being therefore used to measure 
cell viability. 
After 48 h of incubation with HeLa cells, algal 
extracts reduced the viability of tumour cells in a 
concentration-dependent manner (Figure 2). At all 
tested concentrations, the methanolic extract was 
the most active; at a concentration of 200 µg/mL, 
the methanolic extract reduced cell viability to 
38.30 ± 5.60 %, being more potent than the 
ethanolic extract (42.68 ± 1.81 %) and moreover, 
than the aqueous extract (74.58 ± 4.21 %). 
Compared with etoposide used as positive control, 
all extracts displayed lower cytotoxic effects 
(Figure 2). It seems that compounds with high 
extractability in alcoholic solvents are responsible 
for the cytotoxic effects of P. pseudoceranoides, 
rather than the water-soluble fraction. Thus, 
additional studies are needed to characterize the 
algal crude extracts and the mechanism of cytotoxic 
activity of P. pseudoceranoides extracts, with a 
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special focus on cell cycle, apoptosis, protein 
synthesis and DNA damage. 

 

 
Figure 2. 

Cytotoxic activity of P. pseudoceranoides extracts 
against HeLa cells 

E1 – ethanolic extract; E2 – methanolic extract; E3 – aqueous 
extract 
 
Conclusions 

This study provides the first evidence on Phyllophora 
pseudoceranoides phenolic, flavonoid and carotenoid 
contents, antioxidant and cytotoxic activities. Therefore, 
as P. pseudoceranoides extracts are endowed with 
both antioxidant and cytotoxic effects, this red alga 
could be a promising source of potential therapeutic 
agents. Further, the antioxidant activities of P. 
pseudoceranoides crude extracts suggest their 
possible use as ingredients and preservatives in the 
food and pharmaceutical industries. Moreover, this 
preliminary screening suggests additional research 
in order to characterize the algal extracts and also to 
gain more insight into the antioxidant and cytotoxic 
mechanisms of activity of P. pseudoceranoides 
extracts. 
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