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In the present study, sodium azide (SA) toxicity and the anti-mutagenic effects of different algal extracts 
at 0.1% and 0.2% concentrations were studied on the mitotic index (MI), chromosomal and nuclear aber-
rations using Allium cepa L. root assay. Moreover, phytochemical screening of photosynthetic pigments, 
antioxidants compounds, total antioxidant, DPPH scavenging activity, polysaccharides, and phenolic 
contents were done for two red seaweeds (Laurencia obtusa (Hudson) Lamouroux and Polysiphonia  
morrowii Harvey) and for one brown seaweed (Dictyopteris delicatula Lamouroux). Treatment with 300 
μg/ml sodium azide (SA) induced the highest number of aberrations in A. cepa root. A highly significant 
decrease in the MI appeared after treatment with SA, whereas its value increased following different algal 
extracts treatments. The highest anti-mutagenic inhibition activity of Dictyopteris delicatula added at 
0.2% concentration was 72.96%, 69.84%, 56.89% and 43.59% with the algal polyphenol, polysaccharide, 
aqueous and methanol extract treatments, respectively. The different algal extracts minimized the geno-
toxicity and exhibited anti-mutagenic potential against SA in a dose-dependent manner. Phytochemical 
studies showed that Dictyopteris delicatula contained the highest total phenol, chlorophyll-a and carot-
enoid quantity. Moreover it exhibited the highest total antioxidant and DPPH scavenging activities. Total 
polysaccharides and the weight percentage of sulphated polysaccharides were relatively higher in 
Polysiphonia morrowii followed by Laurencia obtusa. Hydroquinone and bromophenol were detected 
only in the studied brown and red seaweeds, respectively. Polysiphonia morrowii and Laurencia obtusa 
contained the highest quantity of galactose, rhmnose and xylose, while Dictyopteris delicatula contained 
fucose and mannitol as main monosaccharide units. In conclusion, the studied seaweeds may be consid-
ered as rich sources of natural antioxidants. Meanwhile the investigated different algal extracts can mini-
mize the genotoxicity in a dose-dependent manner and exhibit anti-mutagenic potential against the 
mutagenic substance sodium azide. 

Keywords: Algal extracts – antioxidant compounds and activity – anti-mutagenic effects – sodium azide 
– genotoxicity – Allium cepa L.

INTRODUCTION

Seaweeds are considered as one of the natural renewable resources. However, they 
produce a wide variety of chemically active secondary metabolites such as fatty acids, 
sterols, phenolic compounds, terpenes, enzymes, polysaccharides, alkaloids, flavo-
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noids, ascorbic acids, glutathione and carotenoids. Recent reports revealed that 
marine algal extracts, that are rich of natural antioxidant compounds with anti-muta-
genic, anti-carcinogenic, anti-genotoxic properties, prevent the deleterious conse-
quences of oxidative stress and improve antioxidant status [10, 23, 46]. This may 
occur through the direct reaction of these natural algal compounds with reactive 
oxygen species (ROS) by inactivating, removing them and eventually preventing 
DNA damages or any carcinogenous changes [42]. In this sense, various bioactive 
compounds obtained from algae showed different physiological effects on humans 
and other living organisms that may exert a broad range of biological activities 
against cancer, tuberculosis, inflammations, and other diseases caused by fungi, bac-
teria or viruses [1, 42, 54]. 

Higher plants are often used in many experimental (test) studies since they are not 
expensive, can be correlated with other animal test systems, and are easily available 
[18, 31]. The cytological analysis with respect to mitotic behavior considered to be 
one of the most reliable way to estimate the potency of any mutagens such as, for 
example sodium azide. The main aim of this work using Allium cepa root assay was 
designed to investigate the anti-mutagenic potential of some marine macro-algal 
extracts against sodium azide (SA). Also, it was intended to provide a complete pic-
ture about some phytochemical constituents of the studied algal species.

MATERIALS AND METHODS 

Algal sampling and identification 

Three macro-algal species were collected from the coastal zone of El-Temsah Lake 
(Ismailia Governorate, Egypt). The collected algal samples were washed with tap and 
distilled water to remove the debris and were air dried. Each algal sample was divid-
ed into three parts; the first was preserved in freezer for fresh weight analysis, while 
the second one was shaded air-dried and grounded into fine powder. The third part 
was preserved in 4% formalin for identification. Algal identification was based on 
morphological features determined by microscopical examination, using an Olympus 
DP SOFT microscope equipped with a Canon Powershot G12 digital camera. Algal 
samples were identified according to Aleem [3]. Two marine macro-algal samples 
belonged to Rhodophyta (red algae) and were identified as Laurencia obtusa 
(Hudson) Lamouroux and Polysiphonia morrowii Harvey, while the third one 
belonged to Pheaophyta (brown algae) and was identified as Dictyopteris delicatula 
Lamouroux.

Preparation of seaweed extracts 

Aqueous extract was prepared by mixing 100 g of dried seaweed powder with one 
liter of distilled water and homogenized with glass homogenizer. After centrifugation 
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at 1200× g for 20 min, supernatants were collected and filtered with Whatman No. 1 
filter paper followed by 0.22 μm pore sized filter (Millipore, filter type GV) to obtain 
the water soluble extract. The remaining pellets were further mixed with 20 ml of 
distilled water, homogenized and centrifuged as described above. Finally, all aqueous 
extracts were stored at –4 °C for further experiments.

Methanol, phenol and polysaccharide extracts of seaweed powder (100 g) were 
prepared according to Machu et al. [34], Malik and Singh [36] and Naguib [41]. Total 
phenols, total polysaccharides, weight % of sulfated polysaccharides, monosaccha-
rides and phenolic acids fractionations (using HPLC analysis) were determined 
according to A.O.A.C. [5], Blakeney and Mutton [8] and Naguib [41].

Analyses of photosynthetic pigments, antioxidant compounds, 
DPPH scavenging and total antioxidant activities of algae

Photosynthetic pigments particularly chlorophyll-a, chlorophyll-b and carotenoids 
were extracted in 80% acetone and determined spectrophotometrically as recom-
mended by Metzner et al. [38]. Antioxidant compounds (as total phenol, ascorbic acid 
and glutathione) were estimated according to Namvar et al. [42]. Total antioxidant 
and DPPH scavenging activities were determined according to the method of Naga 
and Yukimoto [40].

Anti-mutagenic potential of the extracts 

Definite concentrations (0.1% and 0.2%) of the previously prepared algal extracts 
were used for the A. cepa L. root (var. Giza 6, kindly supplied by the Agricultural 
Research Center (ARC), Giza, Egypt) treatment to study their anti-mutagenic 
effects. 

Onion bulbs were grown at room temperature (28 ± 0.5 °C). When the roots 
reached length of 2 to 3 cm, they were transferred to the test solutions. For anti-
mutagenic analysis, 25 ml of the algal extracts (0.1% and 0.2%) were applied on the 
A. cepa root tips for 3 hours which had been previously treated for 3 hours with 300 
µg/ml of sodium azid (a mutagenic substance). SA and distilled water served as 
positive and negative control, respectively.

Microscopic analysis 

The treated roots were fixed in Carnoy’s solution (methanol/glacial acetic acid) for 24 
hours. After fixation, roots were kept in 70% alchol in a refrigerator. Slide preparation 
and staining with Leucobasic Fuchsin were done according to Darlington and 
La Cour [14]. The preparations were examined under light microscope, 90 fields 
were completely analyzed for each concentration. The percentage of mitotic index as 
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well as the frequencies of different mitotic abnormalities were determined. Reduction 
percentage of abnormalities induced by mutagenic substance (R) was calculated 
using the formula of Barcelos et al. [7] as shown below:

% of R = (A − B)/(A − C) × 100

where (A) is the proportion of aberrations induced by a known mutagen, (B) is the 
proportion of aberrations induced by a test sample (different algal extracts), (C) is the 
proportion of aberrations induced by a negative control.

Statistical analysis 

Data were subjected to t-test and to the analysis of variance (ANOVA) with statistical 
significance at p < 0.05 being tested using the Duncan’s Test and Pearson correlation. 

RESULTS AND DISCUSSION

Although the anti-mutagenic potential of algal extracts has been extensively studied 
and well documented [34, 45, 46], yet there is no report on the anti-mutagenic effects 
of algal extracts in plant test systems. Exposure A. cepa root tips to 300 µg/ml of SA 
for 3 h induced genotoxicity reflected by the high frequency of different types of 
chromosomal and nuclear abnormalities (Table 1, Fig. 1). Mitotic index (MI) is an 
indicator of cell proliferation and can be used to evaluate the level of cytotoxicity of 
an agent [16]. Moreover, data in Table 1 and Fig. 1-I) show a high decrease in the 
mitotic index after treatment with SA (1.46%) as compared to the negative control 
(7.58%). Administration of algal extracts to the A. cepa root tips exerted a protective 
potential against the mito-inhibitory effect of SA. However, MI was significantly 
increased (5.27%) by the treatment with (0.2%) polysaccharide extract of Polysiphonia 
morrowii. Sulfated polysaccharides of algae have a wide range of biological activities 
including free-radical scavengers, anti-mutagenic, anti-carcinogenic, anti-genotoxic 
and antioxidants that can prevent the oxidative damages in living organisms [23,  
28, 48].

The most common types of abnormalities observed were stickiness, bridges C-M, 
disturbed meta-anaphase, lagging chromosomes and micronuclei. Considerable fre-
quency of micronuclei was observed in the cells of mitotic division at interphase 
especially after treatment with SA [17, 19, 37]. The formation of micronuclei is 
regarded as an induction of mutagenicity and cancer risk [18, 27]. The present results 
indicate that the maximum percentages of nuclear and total chromosomal abnormali-
ties reached 9.09% and 60.00%, respectively, following SA treatment (300 µg/ml) as 
compared with the negative control (0.00% and 0.86). Moreover, the total percentage 
of abnormalities in the root tip cells of A. cepa was significantly decreased by the 
different treatments of algal extracts (Table 1, Fig. 1-II). Effect of polyphenol 
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(17.32%) and polysaccharide (17.93%) extracts of Dictyopteris delicatula obtained at 
0.2% alga concentration showed the lowest percentage of total chromosomal aberra-
tions. Additionally, Dictyopteris delicatula at the same concentration showed the 
highest activity in total abnormalities inhibition (72.96%, 69.84%, 56.89% and 
43.59%) with the polyphenol, polysaccharide, aqueous and methanol treatments, 
respectively. The lowest inhibitory effect (29.98%) was induced by the (0.1%) meth-
anol treatment of Laurencia obtusa. Phenolic compounds were found to be one of the 
most effective antioxidants and they were reported to have very strong anti-mutagen-
ic properties in brown and red algae [20, 24, 28]. 

Fig. 1. (I). Changes in the mitotic index (MI) and (II). Frequency of total abnormalities stages after treat-
ing Allium cepa root tips (pretreated with SA) with the different concentrations of macro-algal extracts 
for 3 hours. For (I & II), A = negative control + positive control + algal polysaccharide extracts; B = nega-
tive control + positive control + algal polyphenol extracts; C = negative control + positive control + algal 

methanol extracts and D = negative control + positive control + algal aqueous extracts
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Phytochemical screening data shown in Table 2 reveal that chlorophyll-a and 
carotenoid contents reached their highest values (9.17 and 6.62 μg ∙ g–1 fw, respec-
tively) in Dictyopteris delicatula. Chlorophyll-b had its maximum concentration 
(3.28 μg ∙ g–1 fw) in Laurencia obtusa. According to Christaki et al. [11] and Kumar 
et al. [26], brown algae are commonly characterized by the highest carotenoid con-
tents. The studied Polysiphonia morrowii and Dictyopteris delicatula species showed 
a relatively high level of glutathione (26.6 μM ∙ g–1 fw), and ascorbic acid (2.96 
μM ∙ g–1 fw), respectively, compared to that measured in some higher plants. Our 
results are in accordance with the findings of Aguilera et al. [2] and Kumar et al. [26]. 
Moreover, Dictyopteris delicatula exhibited the highest total antioxidant and DPPH 
scavenging capacities (156 and 5.11 μg ∙ g–1 dw respectively), followed by Polysiphonia 
morrowii (107.2 and 3.33 μg ∙ g–1 dw) and Laurencia obtusa (82.8 and 1.91 μg ∙ g–1 dw, 
respectively. Dictyopteris delicatula was found to possess immense antioxidant 
potential in the form of total antioxidant, and reduction power activities [9, 33, 35]. 

Data in Table 2 show significant differences (p < 0.05) in the total phenols contents 
among the tested Dictyopteris (39.4 mg ∙ g–1 dw), Laurencia and Polysiphonia (23.2 
and 27.2 mg ∙ g–1 dw, respectively). Phenolic compounds are potential antioxidants and 
free-radical scavengers. Brown algae contain, in general, higher amounts of phenolic 
compounds than red and green algae [48]. Higher antioxidant contents in Dictyopteris 
may be attributed to its high ascorbic acid, carotenoids and the total phenolic contents 
[11, 48]. However, there are a number of studies proving a linear relationship between 
the total antioxidant capacity and total phenolic contents in algae [34]. 

Table 3
Area % of the phenolic acids fractions (mg/100 g dw) of algae

Phenolic acids

 Red seaweeds Brown seaweed

Laurencia obtusa Polysiphonia  
morrowii

Dictyopteris  
delicatula

(%) phenolic acids fractions

Cinnamic acid 0.12 0.089 0.93
Isopropyl 3,5-dimethoxy-
4-hydroxycinnamate 0.05 N.D. 0.3

Gallic acid 0.07 0.23 1.57

Caffeic acid 1.2 1.5 1.09

Coumaric acid 0.27 0.17 1.82

Ferulic acid 0.9 0.51 0.26

Hydroquinone N.D. N.D. 0.97
Salicylic acid (methyl-
4-hydroxy benzoate) N.D. 0.01 0.72

o-Bromophenol 0.24 0.78 N.D.

(N.D. = not detected).
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The dominant components of phenolic acids fraction (Table 3) in Dictyopteris 
were coumaric acid (1.82%) followed by gallic (1.57%), caffeic acid (1.09%), hydro-
quinone (0.97%) cinnamic acid (0.93%) and salicylic acid (0.72%). The studied red 
algae were dominated by caffeic, ferulic, o-bromophenol and coumaric acid. These 
were in agreement with the findings of Hsu [22] and Onofrejovaa et al. [44]. Hayat et 
al. [21] reported that cinnamic acid and some of its esters occur in brown alga 
Spatoglossum variabile (family: Dictyoaceae). Moreover, our present data show that 
hydroquinone can be detected only in the studied brown alga species while bromo-
phenol was characteristic for the investigated red seaweeds. This finding is confirmed 
by the data of Leandrini de Oliveira et al. [28] and Li et al. [30]. 

The results shown in Table 4 reveal that the studied red weed species (Polysiphonia 
morrowii and Laurencia obtusa) contain the most monosaccharides sugar galactose, 
rhamnose and xylose [12, 53], whereas Dictyopteris delicatula showed to contain 
highest area (%) from fucose followed by mannitol as main monosaccharide units. 
These are in agreement with the findings of Dai-Hung and Se-Kwon [13], and Li et 
al. [29]. Total polysaccharides and the weight % of sulfated polysaccharides domi-
nated in Polysiphonia morrowii (71.1 mg/g DW and 31.07%), followed by Laurencia 
obtusa (37.8 mg/g DW and 25.7%) and Dictyopteris delicatula (28.8 mg/g DW and 
18.1%). However, several investigations have reported that sulfated polysaccharides 
are commonly occurring at high concentrations in red marine algae [52, 55].  

Table 4
Area % of the monosaccharides fractions (mg/100 g dw), weight % of sulfated polysaccharides and 

total poly saccharides of algae

Name of sugars
Red seaweeds Brown seaweed

Laurencia 
obtusa

Polysiphonia  
morrowii

Dictyopteris  
delicatula

(%) of polysaccharides fractions

Glucose  22.75  24.75  8.64

Fructose 1.36 2.09 7.61

Arabinose 0.44 0.69 0.16

Rhamnose 50.06 58.2 9.03

Xylose 30.3 39.53 23.50

Mannose 0.2 0.06 5.03

Fucose 0.013 0.07 41.02

Galactose 52.07 81.15 0.41

Mannitol 0.07 0.03 39.30

w% of SO4 25.7 31.07 18.1
Total  
polysaccharides  
(mg∙g–1 dw)

37.8±2.71b 71.1±0.92a 28.8±0.89c

Values significant at p < 0.05 by ANOVA.
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The estimated biogenic algal compounds such as phenolic acids, polysaccharides, 
ascorbic acid, glutathione and a significant radical scavenging activities are most 
likely responsible for the anti-mutagenic effect of the studied algal extracts [15, 29, 47].

CONCLUSIONS

The present study demonstrates the possible pharmaceutical importance of algae with 
their chemo-preventive potential in the field of cogency. The investigated different 
algal extracts of Laurencia obtusa (Hudson) Lamouroux, Polysiphonia morrowii 
Harvey and Dictyopteris delicatula Lamouroux have the potency to suppress or 
modulate the mutagenic effect induced by SA in a dose-dependent manner. However, 
further experiments using different test-systems are required to establish adequate 
procedures for the biological use of this algal extracts.
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