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ABSTRACT 
Padina pavonica (Linnaeus) Thivy 1960 is a brown algae that is antioxidant, antimicrobial, and 
anticancer effects and is generally used in soup, salad, and other dishes. However, no studies have 
been reported on safe consumption in humans to date. For this purpose, this study was conducted 
to determine the cytotoxic and genotoxic effects of P. pavonica on lymphocytes cultured from 
human blood. The water extract of P. pavonica was added into culture tubes at various concentra-
tions (0.5-1000 μg/mL). Cytotoxic effects were determined by MTT assay. Antioxidant/oxidant 
status was evaluated by total antioxidant capacity (TAC) and total oxidative status (TOS) assays. 
Genotoxic effects were investigated by sister chromatid exchanges and micronucleus assays. Our 
results showed that P. pavonica had no genotoxic effects, even at higher concentrations. 1000 
μg/mL concentration of P. pavonica caused an increase (P<0.05) TOS levels while significantly 
reducing cell viability. However, low concentrations (50 and 100 μg/mL) significantly increased 
(P<0.05) TAC levels. In conclusion, P. pavonica can be safely consumed with its non-genotoxic 
and antioxidant properties in a manner dose-dependent. 
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Introduction  
Algae is a group of photosynthetic organisms that can be 
found almost anywhere on the earth, consisting of multi or 
single-cell organisms without root, stem, and leaf differenti-
ation. Algae has superior survival ability despite different en-
vironmental stimuli (UV, temperature, pH, heat, etc.) in their 
environment (Field et al., 1998; Güner et al., 2015). These 
features are often associated with secondary metabolites in 
their structure. Numerous studies reported that active metab-
olites of algae have antioxidant, antimicrobial, anticancer, an-
ticoagulant, wound healing, and anti-inflammatory activities 
and their significant part is used in many medicines, phar-
macy, agricultural, and cosmetics products (Mohamed et al., 
2012; Güner et al., 2018; Güner et al., 2019; Güner et al., 
2020). Algae have been also consumed as a traditional food 
ingredient in many countries since ancient times thanks to 
amino acids, vitamins, protein, terpenoids, fatty acids, miner-
als, sterols, and phenolic compounds in its structure. For this 
purpose, open and closed algae cultivation systems have been 
developed to meet the needs in many countries, especially in 
China and Japan. In particular, wakame (Undaria sp.), nori 
(Porphyra sp.), and Kombu (Laminaria sp.) that are derived 
from different algae family are among the most nutritious al-
gae foods (McHugh, 2003). 

Padina pavonica L. is a brown algae from the 
Dichtyophyceae family, is one of the common macro-algae 
species worldwide. Its most characteristic feature is that it has 
a calcareous structure and therefore it is a rich calcium car-
bonate deposit. Several studies revealed the antioxidant, anti-
fungal, and antimicrobial effects of P. pavonica (Khaled et 
al., 2012; Stanojkovic et al., 2013). At the same time, Padina 
sp. is widely used in cosmetics, pharmaceutics, and medicine 
thanks to rich alginic acid and fucoidan ingredients. Padina 
sp. is an important food supply in coastal countries. It is es-
pecially used to add flavor to soups, salads, and fritters. Also, 
dried Padina flakes can be added are added to enrich the min-
eral content of many dishes such as omelet, potatoes, and sal-
ads (Pereira, 2016). 

According to the literature data, over consumption of sea-
weeds can cause side effects such as digestive discomfort, 
thyroid problems, and possible exposure to heavy metals 
(Cherry et al., 2019). However, no information is available 
on the safe consumption of edible P. pavonica. This study 
was carried out to reveal whether P. pavonica causes cyto-
toxic, oxidative, and genotoxic effects on lymphocytes cul-
tured from human blood. 

Materials and Methods 
P. pavonica was collected at a depth of 1-2 m, in a region of
high light intensity, from the coastline of Urla, Izmir. The
voucher specimen (number: 41331) was deposited in the Tox-
icology Laboratory of Ege University, Faculty of Science,
Department of Biology. The samples were washed three
times with tap water to remove salt, epiphytes, and sand at-
tached to the surface, then carefully rinsed with fresh water,
and maintained in a refrigerator at -20 °C.

Extraction 

For water extraction of algae, 100 g sample was added to 500 
mL distilled and boiling water using a magnetic stirrer for 15 
min. Then the extracts were filtered over Whatman No. 1 pa-
per (Güner et al., 2012). 

Experimental Design 

We obtained heparinized blood samples from two healthy 
non-smoker men, with no history of genotoxic agent expo-
sure. Experiments were conducted with volunteer human sub-
jects according to the Helsinki Declaration. Each blood donor 
was questionnaired to assess the history of exposure and 
signed consent forms were obtained. Approximately 4 ml of 
blood was collected by vein puncture from the participants on 
an empty stomach to minimize the potential effects of nutri-
tional factors. Hematological and biochemical parameters 
were analyzed for all volunteers and no pathology was de-
tected. Human peripheral blood lymphocyte cultures were es-
tablished based on the protocol previously described by 
Güner et al., (2012). 3 mL of a fresh blood sample collected 
into an EDTA tube was transferred to a 15 ml conical centri-
fuge tube containing an equal amount of Histopaque-1077 
(Sigma-Aldrich, St Louis, MO) and then lymphocyte cells 
were obtained according to the manufacturer’s product pro-
tocol. Subsequently, the lymphocyte suspension (500 µL) 
was added to 7 ml of Chromosome Medium B (Biochrom, 
Leonorenstr. 2–6.D-12247, Berlin) containing 100 U/mL 
penicillin, 100 µg/mL streptomycin, and 0.005 μg/mL of phy-
tohemagglutinin (Biochrom). The compounds for determin-
ing biochemical analysis and genotoxic effects were incorpo-
rated into the blood cultures following methods as mentioned 
below. However, mitomycin C (10−7 M) was used as the pos-
itive control in the cytotoxic and genotoxic assay. Hydrogen 
peroxide (H2O2) (25 μM) and ascorbic acid (10 μM) were 
used as the positive controls in oxidant and antioxidant anal-
ysis, respectively. 

https://doi.org/10.3153/FH21004
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Cell Viability 

MTT [3–(4, 5- dimethyl-2-thiazolyl) −2, 5-diphenyl-2H-te-
trazolium bromide)] assay was set up according to a slight 
modification of the previous protocol (Atmaca et al., 2020). 
The cells were seeded at approximately 1×104 cells/well in a 
final volume of 200 μl in 96-well flat-bottom microtiter 
plates. After overnight incubation, cells were treated with the 
various concentrations (0.5, 5, 25, 50, 100, 250, 500, and 
1000 μg/mL) of P. pavonica and incubated for 24 h at 37 °C 
in a 5% CO2 incubator. At the end of incubation, 20 µL of 
MTT solution was added to each well and the cells were in-
cubated for an additional 4 h. Then, the medium was removed 
and the formed formazan crystals were dissolved by DMSO. 
The amount of formazan proportional to the number of viable 
cells was measured by using spectrophotometer recording 
changes in absorbance at 570 nm (Tecan Infinite 200 PRO, 
Switzerland). 

Total Antioxidant Capacity (TAC) and Total Oxidative 
Stress (TOS)  

Measurements of TAC and TOS levels was carried out using 
commercial kits according to the manufacturer's instructions 
(Rel Assay Diagnostics, Gaziantep, Turkey). For these exper-
iments, another group of cells was treated with P. pavonica 
at different concentrations (0.5-1000 µg/mL) and incubated 
at 37 °C in humidified 5% CO2 for 2 hours.  

Potential antioxidants in the culture medium led to the reduc-
tion of the ABTS radical (2,2’-azino-bis 3-ethyl benzothia-
zoline-6-sulfuric acid) in TAC analysis. Briefly, 500 µL of 
Reagent 1 solution was added to a quartz cuvette containing 
30 µL of plasma sample and after 30 minutes, the initial ab-
sorbance was recorded at 660 nm. Then, 75 µL of Reagent 2 
solution was added to the same cuvette and the absorbance 
was measured at 660 nm after 5 min incubation. The test was 
calibrated with Trolox and the obtained results were ex-
pressed in mM Trolox equivalent per liter (mmol Trolox 
equiv./L).  

The principle of TOS assay was based on the conversion of 
the ferrous ion chelator complex to ferric ion by oxidants pre-
sent in the medium. The TOS level was determined by mixing 
500 µL of Reagent 1 with 75 µL of each plasma sample and 
the absorbance value of each sample was measured at 530 nm 
after 30 minutes. 15 µL of Reagent 2 was then added to the 
mixture, the absorbance was read at 530 nm again. Calibra-
tion of the assay was conducted with H2O2 and the results 
were expressed as µM H2O2 equivalent per liter (µmo H2O2 
equiv./L). 

Sister Chromatid Exchange (SCE) Method 

5-bromo-20-deoxyuridine (Sigma, St Louis, Missouri, USA; 
final concentration 20 mM) was added after culture initiation 
to provide better visualization of SCEs (Evans and 
O’Riordan, 1975). Exactly 70 hours and 30 minutes after the 
initiation of incubations, colcemid (Sigma) was added to the 
cultures to obtain a final concentration of 0.5 mg/L. After hy-
potonic treatment (0.075 M KCl) and three repetitive cycles 
including fixation in methanol/acetic acid solution (3:1, v/v), 
centrifugation, and resuspension, the cell suspension was 
dropped onto chilled and grease-free microscopic slides. 
Then slides were air-dried, aged, and stained differently for a 
variety of SCE ratio according to fluorescence plus Giemsa 
(FPG) preparation. For each treatment, 20 well-spread second 
division metaphases were scored and calculated as SCEs per 
cell. 

Micronucleus (MN) Assay 

The MN test was done by adding cytochalasin B (Sigma 1; 6 
mg / mL final concentration) after 44 hours of culture. After 
an incubation period of 72 hours, lymphocytes were fixed 
with ice-cold methanol: acetic acid (3:1). The cells were fixed 
directly on the slides using a cytospin and stained with 
Giemsa. The scoring criteria for micronuclei were defined by 
Fenech (1993). 2000 binucleated lymphocytes were screened 
per concentration (two cultures for each concentration) for 
the presence of one, two, or more micronuclei. 

Statistical Analysis 

Statistical analysis was performed using SPSS 18.0 (SPSS, 
Chicago, IL, USA). The experimental data were analyzed by 
one-way analysis of variance (ANOVA) and Duncan’s test 
was performed to examine whether there were any differ-
ences between the application and control groups. The results 
are presented as means ± SD of at least three independent ex-
periments and P < 0.05 was accepted as significant. All assays 
were run in triplicate. 

Results and Discussion 
Cell Viability 

The cytotoxic effects of different concentrations of P. 
pavonica extract were evaluated by MTT assay (Figure 1). 
The results showed that mitomycin C, as a positive control, 
significantly decreased (P<0.05) cell viability with a fold de-
crease of 2.6 compared to untreated control. However, lower 
doses (0.5, 5, 25, 50, 100, 250, and 500 μg/mL) of P. 
pavonica did not cause (P>0.05) a change in cell viability 
while 1000 μg/mL concentration significantly inhibited 
(P<0.05) cell viability with a fold decrease of 2.6. 

https://doi.org/10.3153/FH21004
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TAC and TOS Activity 

As shown in Figures 2 and 3, ascorbic acid and H2O2, used as 
a positive control, significantly increased (P<0.05) the TAC 
and TOS levels with a 2.46 and 3.03-fold increase, respec-
tively. However, only 50 (1.3-fold increase) and 100 (2-fold 

increase) μg/mL concentrations of P. pavonica led to a statis-
tically significant increase (P<0.05) in TAC levels as com-
pared to untreated control cells. When oxidative status after 
exposure treatments was investigated, the concentration of 
1000 μg/mL of P. pavonica caused an increase (P<0.05) with 
a fold change of 1.4 in TOS levels.

Figure 1.  Effect of different concentrations of Padina pavonica water extract on human 
lymphocytes at 24 h. Values represent means ± SD of at least three experiments. 
Bars indicated by the different letters (a, b, c) show statistically significant dif-
ferences at the P < 0.05 level. Mitomycin C (10−7 M) was used as a positive 
control.  

Figure 2.  The TAC levels in cultured human lymphocytes exposed to various concentrations 
of Padina pavonica for 2 h.  Values represent means ± SD of at least three exper-
iments. Bars indicated by the different letters (a, b, c) show (a, b, c) statistically 
significant differences at the P<0.05 level. Ascorbic acid (10 mM) used a positive 
control.  
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Figure 3.  The TOS levels in cultured human lymphocytes exposed to various concentrations 

of Padina pavonica for 2 h.  Values represent means ± SD of at least three exper-
iments. Bars indicated by the different letters (a, b, c) show statistically significant 
differences at the P < 0.05 level. Hydrogen peroxide (H2O2) (25 mM) was used as 
a positive control.  

 

 

Genotoxicity Activities 

The MN and SCE frequencies on lymphocytes exposed to P. 
pavonica were depicted in Figure 4. P. pavonica did not in-
duce a significant (P>0.05) changes in MN and SCE, even at 
the highest concentrations. However, mitomycin C, as a pos-
itive control, caused a significant increase (P<0.05) in MN 
and SCE ratios as compared to the untreated control. 

The present study revealed for the first time cytotoxic effects 
of P. pavonica on human lymphocytes, in a dose-dependent 
manner. Briefly, an increase in sample dose caused a reduc-
tion in cell viability. Mashjoor et al., (2016) reported that 
Padina antillarum and Padina boergeseni showed cytotoxic 
effects in different cell lines (Vero, MCF-7, and HeLa), in a 
dose-dependent manner. Previous reports declared that a con-
centration of 50 μg/mL of Halopteris scoparia (brown algae) 
significantly inhibited viability in HEK 293 cells, in accord-
ance with our findings (Güner et al., 2019). Another study 
showed that hexane, chloroform, and methanol extracts of 
Sargassum swartzii and Cystoseira myrica brown algae ex-
erted cytotoxic effects in CaCo-2 and T47D while Colpome-
nia sinuosa did not cause any cytotoxicity on these cell lines 
(Khanavi et al., 2010). Cystoseira compressa extracts had no 
significant cytotoxic activity against Hep 3B cells in all 
treated concentrations (Güner et al., 2015). These different 

cytotoxic activities may be related to the extraction/solvent 
type used and the different sensitivity of the cells.  

In a normal cellular process, there is a balance between anti-
oxidant and oxidant status. When cellular damage is induced 
by different agents, this situation causes an increase in oxida-
tive radical levels and consequently, many dramatic events 
occur for the cell. For this purpose, oxidative changes in lym-
phocytes after exposure to P. pavonica were determined by 
TAC and TOS tests. The major advantage of these assays is 
to measure all the antioxidant/oxidant capacity in the medium 
and not just the oxidant/antioxidant level of a compound in a 
culture sample (Kusano and Ferrari 2008). Lower concentra-
tions (50 and 100 μg/mL) of P. pavonica led to a statistically 
significant increase in TAC levels as compared to untreated 
control cells. In other words, the algae sample at the lower 
dose acted as an antioxidant agent. Similarly, many studies 
provided the antioxidant activity of algae species. Al-Enazi et 
al., (2018) reported that P. pavonica extracts had an excellent 
antioxidant activity with a value of IC50 = 5.59 µg/mL, in a 
concentration-dependent manner. In another study compar-
ing the biological effects of different algae samples, P. 
pavonica showed the highest antioxidant activity (Khaled et 
al., 2012). Previous studies have shown a highly significant 
correlation between antioxidant activity and polar contents 
such as polysaccharides, ketones, amines, phenols, aldehydes 
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in plants (Roopashree and Naik, 2019). The antioxidant ef-
fects of P. pavonica may be explained by the presence of sec-
ondary metabolites in the water extract. On the other hand, P. 
pavonica (at 500 μg/mL and below concentrations) did not 
cause any change in TOS levels while 1000 μg/ml treatment 
significantly increased TOS levels in lymphocytes as com-
pared to control. Thus, the cytotoxic effects of P. pavonica 
could be attributed, at least in part, to oxidative stress induced 
by high algae contents. 

When oxidative stress occurs, the evaluation of damages in 
DNA is one of the most important outcomes. To this end, 
whether the oxidative stress triggered by P. pavonica causes 
genetic damage was evaluated by the SCE and MN methods. 
SCE is considered to be a very simple and sensitive cytoge-
netic assay for evaluating the genotoxic effects of potentially 
mutagenic and carcinogenic agents (Das 1988). The MN as-
say is also a very sensitive and rapid method that can detect 
both clastogenic and aneugenic effects of agents (Migliore et 

al. 1989). Our results showed that P. pavonica was non-gen-
otoxic. In other words, the algae sample did not cause any 
significant increases in the levels of the SCE and MN in lym-
phocytes as compared to control values, even at the highest 
concentrations. A previous study conducted by bacterial Vi-
totox® test and micronucleus assay reported that Dictyopteris 
membranacea (brown algae) did not cause any genotoxic ef-
fects in human C3A cells, even at the highest concentrations 
(Akremi et al., 2016). Similarly, another study related to the 
genotoxic effects of algae species declared similar results that 
algae species did not cause any clastogenic and DNA disrupt-
ing effects in mice bone marrow erythrocytes at the highest 
dose of 2000 mg/kg body (Bello et al., 2019). Sulfated poly-
saccharides from brown algae are one of the potential com-
pounds used in medical applications. Previous studies have 
reported that fucoidan obtained from different algae species 
have no genotoxic effect in vivo and in vitro assay (Kim et 
al., 2010; Song et al., 2012). 

 

 

 
Figure 4.  The frequencies of micronucleus (MN) and sister chromatid exchange (SCEs) values in human 

lymphocyte treated with various concentrations of Padina pavonica for 72 h (Positive control: 
Mitomycin C (10−7 M). Values represent means ± SD of at least three experiments. Bars indicated 
by the different letters (a, b, c) show statistically significant differences at the P<0.05 level.  
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Conclusions 
In conclusion, the present results clearly showed that P. 
pavonica had no genotoxic effects on lymphocytes. Further-
more, this algae sample exhibited antioxidant properties de-
pendent on the applied concentration. In this context, P. 
pavonica has the potential of being utilized as both novel bi-
oresources and safely consumed. 
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