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Abstract: The anticancer activity of the marine alga Cladophora spp. against HT-29 colon cancer cell line was 

studied. In the present investigation crude extract of seaweed was prepared by using soxhlet apparatus. 

Methanol was used as solvent for extraction.  In vitro anticancer activity of seaweed at various concentrations 

(7.8 to 1000 µg/mL) were studied against the chosen cell line by using MTT assay (3-(4, 5-dimethyl thiazol 2)2, 

5-diphenyl tetrazolium bromide, a yellow tertrazol). The most potent antitumor activity has been shown at the 

concentration 7.8 µg/mL and 400 µg/mL of Cladaphora spp. extract on HT-29 colon cancer cell line. 
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I. Introduction 

Seaweed is large and diverse groups that are rich in active metabolites and a source of novel 

ingredients for functional foods. Many types of the seaweed have been used as food in some part of the world. 

Some seaweed used as a traditional medicine because they are rich in lipid, minerals, vitamin and several 

bioactive compounds like polysaccharides, proteins, lipids and polyphenols, with antibacterial, antifungal, 

antiviral properties, etc., (1 & 2) and used in the development of new pharmaceutical agents (3). There are a 

number of studies evidenced that the anticancer effect of fucoidans, but no review available to speculate the 

fucoidan anticancer action. Recent studies evidenced that fucoidan has strong antitumor activity and exhibited 

important roles against human cancer cell lines (4 and 5). Fucoidan was found to be able to suppress the growth 

of tumor cells in vivo and activate the immune system against tumors (6, 7, 8, 9, 1 & 11) 

Cancer is most common and serious disease; it slaughters societies more than tuberculosis, malaria and 

HIV/AIDS combined (12). A total of 12.5% of deaths worldwide is due to cancer and 12.1 million cancer cases 

were in 2007, 45% in developed countries and the remaining 55% in developing countries (13 & 14). Colorectal 

cancer is the third most common cancer in the world, with nearly 1.4 million new cases diagnosed in 2012 (15). 

Moreover, the incidence of this disease has increased steadily in recent years [16]. Despite advances in 

therapeutic interventions over the past few decades, the mortality rate of patients diagnosed with colorectal 

cancer remains approximately 40%, mainly due to metastasis to the liver [17]. Chemotherapy is usually the first 

line treatment to cure cancers. It produces lots of side effects like baldness, vomiting, canker sores, diarrhoea, 

loss of appetite, nausea and fatigue. Cancer treatments do not have potent medicine as the currently available 

drugs are causing side effects in some instances. A variety of algae has anti proliferative and anti-inflammatory 

activities. In vivo and in vitro studies on seaweed constituents have been conducted to explicate the 

antimutagenic mechanisms of underlying the potential anticarcinogenic effects of kelp and red algae against 

colon and breast cancers (18 & 19). 

Many studies have focused on water soluble antitumor active substances from various marine algae, 

however, most anticancer agents have not been used clinically because of their undesirable side effects on 

normal cells (20). According to existing literature, more than ten new experimental antitumor agents derived 

from marine sources have entered clinical trials, including bryostatin-1, aplidine, ecteinascidin-743 (ET- 743), 

Kahalalide F, as well as derivatives of dolastatin such as TZT-1027 and LU 103793 (21). Many Ayurvedic 

agencies also suggest patients who are suffering from cancer to take neutraceutical medicines made from algal 

origin.   

In the present study, marine green alga Cladophora spp., has been used to treat with cancer cells  

in vitro. In the cytotoxicity test, the crude methanol extracts of Cladophora spp., was evaluated using methyl 

thiazoltetrazolium (MTT) assay. It involves the ability of the living cells to reduce the MTT compound which 

results in color changes.  

 

II. Materials And Methods 
2.1 Collection of materials  

The collection of Cladophora spp., (Fig.1) was made during the low tide and subtidal regions (up to 

1m depth) by hand picking from Kanyakumari Coast (Latitude 8°14'23.10" N, Longitude 77°20'04.02"E),) 

located in the South East Coast of Tamil Nadu, India. The collected materials were washed thoroughly with 
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marine water in the field itself to remove the epiphytes and sediment particles. Then the samples were packed 

separately in polythene bags in wet conditions and brought to the laboratory, then thoroughly washed in tap 

water followed by distilled water to remove the salt on the surface of the thalli. For drying, washed specimens 

were placed on blotting paper and spread out at room temperature in the shade. The shade dried samples were 

grounded into fine powder using a tissue blender. The powdered samples were then stored in the refrigerator for 

further use. 

 

2.2 Reagents 

MEM was purchased from Hi Media Laboratories Fetal Bovine Serum (FBS) was purchased from 

Cistron laboratories Trypsin, methylthiazolyldiphenyl- tetrazolium bromide (MTT) and Dimethyl sulfoxide 

(DMSO) were purchased from Sisco research laboratory chemicals, Mumbai. All of other chemicals and 

reagents were obtained from Sigma Aldrich Mumbai. 

 

2.3 Extraction of seaweed sample 

The dried and powdered materials (5 g) were extracted successively with 250 mL of methanol by using 

a soxhlet extractor for 8 hrs at a temperature not exceeding the boiling point of the solvent. The methanol 

extracts were filtered by using Whatman filter paper (No: 1) and then concentrated in vacuum at the 40°C using 

rotary evaporator. The residues obtained were stored in a freezer -20°C until further tests. 

 

2.4 Cell line and cell culture 

HT-29 is a human colorectal adenocarcinoma cell line with epithelial morphology. These cells are 

sensitive to the chemotherapeutic drugs 5-fluorouracil and oxaliplatin, which are standard treatment options for 

colorectal cancer. In addition to being a xenograft tumor model for colorectal cancer, the HT-29 cell line is also 

used as an in vitro model to study absorption, transport and secretion by intestinal cells. Under standard culture 

conditions, these cells grow as a nonpolarized, undifferentiated multilayer. Altering culture conditions or 

treating the cells with various inducers, however, results in a differentiated and polarized morphology, 

characterized by the redistribution of membrane antigens and development of an apical brush-border membrane. 

HT-29 human colorectal adenocarcinoma cell line was obtained from King Institute, Guindy, Chennai. 

The cancer cells were maintained in Minimal Essential Medium supplemented with 10% FBS, penicillin  

(100 U/mL) and streptomycin (100 μg/mL) in a humidified atmosphere of 50 μg/mL CO2 at 37°C. Cells were 

fed with fresh cultured medium every 2-3 times per week and subcultured when 80% confluent. All cultures 

were free of mycoplasma. 

 

2.5 Evaluation Cytotoxicity activity by MTT assay (Mosmann, 1983) 

Cells (1 × 10
5
/well) were plated in 24-well plates and incubated in 37°C with 5% CO2 condition. After 

the cell reaches the confluence, the various concentrations of the samples were added and incubated for 24 hrs. 

After incubation, the sample was removed from the well and washed with phosphate-buffered saline (pH 7.4) or 

MEM without serum.  100 µL/well (5 mg/mL) of 0.5% 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-tetrazolium 

bromide (MTT) was added and incubated for 4 hrs.  After incubation, 1 mL of DMSO was added in all the 

wells. The absorbance at 570 nm was measured with a  UV- spectrophotometer using DMSO as the blank. 

Measurements were performed and the concentration required for a 50% inhibition (IC50) was determined 

graphically. The % cell viability was calculated using the following formula:  

% cell viability = A570 of treated cells / A570 of control cells × 100 

 

2.6 Statistical analysis 

The data on cell viability were analyzed by using the one way ANOVA followed by the Dennett’s 

multiple comparison tests with equal sample size by using SPSS 17.0. The difference was considered significant 

when p<0.005. All the values were expressed as mean ± standard deviation (S.D). Triplicate assays were 

performed for each set of test conditions. 
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Fig.1 Photograph of the green alga Cladophora spp., 

 

III. Results 

To assess the potential as anticancer drugs, the methanol extracts of green seaweed Cladophora spp., 

was investigated via the in vitro cytotoxicity against HT-29 human colon cancer cell line, using a MTT assay. 

While cytotoxic activity is determined as a decreased cell number because of cell death, cell‐growth inhibition 

(CGI) or cytostatic activity is determined as a suppression of the increase of cell number without causing cell 

death. The variation in the activity among the methanol extract of Cladophora spp., was indicated by 

determining the IC50 of each extract against the particular cell line. The cytotoxic activity of methanol extracts 

of seaweed against human HT-29 cell line showed a dose and time-dependent inhibitory effect. IC50 values 

methanol extracts of Cladophora spp., observed as 27.11 μg/mL. The methanol extracts of Cladophora spp., 

showed potential inhibitory effect as compared to the cell control.  MTT assay was carried out to investigate the 

inhibitory effects of methanol extracts of green marine alga Cladophora spp., on the growth of HT-29 cells and 

the results are represented in Figs.2 & 3. Eight different concentrations (7.8, 15.6, 31.2, 62.5, 125, 250, 500 and 

1000 μg/mL) of methanol extract were applied. Fig.3 shows the percentage of growth inhibition against the 

methanol extracts of Cladophora spp. The highest percentage (62.70%) of growth inhibition was observed with 

the treatment using 7.8 μg/mL of methanol extract. This was followed by the treatment using methanol extracts 

at 15.6, 31.2, 62.5, 125, 250, 500 and 1000 μg/mL with 54.22, 49.15, 40.68, 30.50, 22.02, 15.25 and 10.16% of 

growth inhibition, respectively. Treatments with 500 and 1000 μg/mL methanol extracts did not show any 

growth inhibition. The methanol extract of Cladophora spp. significantly inhibited the proliferation of HT-29 

cells in a dose dependent manner. The cell control showed 100% protection, the treatment with different 

concentration of methanol extracts from Cladophora spp., at 1000 μg/mL demonstrated growth inhibition 

(10.16%) as summarized in Table.1. Increment of methanol extract concentrations resulted in the decrement of 

growth inhibition as seen with 250 and 500 μg/mL of extracts demonstrated 31.20 and 15.60% of growth 

inhibition, respectively.  The results indicated that all the methanol extracts have positive inhibition on the  

HT-29 cell lines. The results of our study display that seaweeds methanol extracts have a cytotoxic effect 

against HT-29 human colon adenocarcinoma cells in a concentration dependent manner, the methanol extracts 

of Cladophora spp. showed a high therapeutic value against HT-29 human colon adenocarcinoma cells with 

54.23 μg/mL.  Morphological studies also confirmed that the methanol extract of Cladophora spp. showed 

potent cytotoxic effect. It was observed that exposure to methanol seaweed extracts for 24 hrs, HT-29 cell 

growth was inhibited as it is clear from MTT assay and direct cell count (Fig.3). The morphological changes in 

cells clearly indicate that cells undergo apoptosis at  24 hrs after incubation with the concentration of methanol 

extracts of seaweeds chosen based on the MTT assays (Fig.3). This indicates that methanol extracts of seaweed 

decrease the potential of individual cells to form a colony and thereby acts as an anticancer drug. This finding 

well corroborated by our cell proliferation and cell count studies. 
 

Table.1 Effect of methanol extracts on human colon cancer cell line (HT-29 cell line) 
S.No Concentration (µg/mL) Dilutions Absorbance (O.D) Cell Viability (%) 

1 1000 Neat 0.06 10.16 ± 0.00a 

2 500 1:1 0.09 15.25 ± 0.00b 

3 250 1:2 0.13 22.02 ± 0.01c 

4 125 1:4 0.18 30.50  ± 0.01d 

5 62.5 1:8 0.24 40.68 ± 0.01e 

6 31.2 1:16 0.29 49.15 ± 0.00f 

7 15.6 1:32 0.32 54.22 ± 0.01g 

8 7.8 1:64 0.37 62.70 ± 0.01h 

9 Cell control - 0.5910.16 100 

IC50 27.11 

P-Value 0.0000 

F-Value 2340000 
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Fig.2. Percentage of growth inhibition of HT-29 cell lines in the presence of methanol extracts of Cladophora spp. 

 

The results of the present study suggest that the methanol extract of Cladophora spp., may be used as 

anti-cancer drug in the near future. However, further study needs to elucidate the chemical nature and the active 

principle of Cladophora spp., which is responsible for its activity. 

 

 
Fig.3 Inhibition of cell proliferation by methanol extracts of Cladophora spp. 

 

A – Normal HT-29 Cell line 

B - Methanol extract of HT-29 cell line treated with 1000 µg/mL of Cladophora spp.. 

C - Methanol extract of HT- 29 cell line treated with 500 µg/mL of Cladophora spp. 

D - Methanol extract of HT-29 cell line treated with 250 µg/mL of Cladophora spp. 

E - Methanol extract of HT-29 cell line treated with 125 mg/mL of Cladophora spp. 

F - Methanol extract of HT-29 cell line treated with 62.5 µg/mL of Cladophora spp. 

G - Methanol extract of HT-29 cell line treated with 31.2 µg/mL of Cladophora spp. 

H - Methanol extract of HT-29 cell line treated with 15.6 µg/mL of Cladophora spp. 

I   - Methanol extract of HT-29 cell line treated with 7.8 µg/mL of Cladophora spp. 

 

IV. Discussion 

Due to increasing the incidence of cancer in the world is increasing the production of chemotherapeutic 

drug from natural product like seaweeds or some other natural resource its give more attention in today’s world. 

Because they never give any side effect and cost also very less that is why the search for anticancer agents from 
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natural sources has been successful worldwide. Seaweed contains the anticancer compounds selenium, iodine 

and omega-3 fatty acids. In the current study, HT-29 cells at exponential phase were treated with methanol 

extracts of Cladophora spp. and the suitable duration of exposure to this cytotoxic agent was determined. Based 

on this study, the in vitro cytotoxicity of Cladophora spp.was determined using 3-(4, 5-dimethylthiasol-2-yl)-2, 

4,-di phenyl tetrazoliumbromide (MTT) assay. It is a colorimetric test which commonly used to measure cell 

viability based on the ability of mitochondria in the viable cells to produce dehydrogenase enzyme (22). MTT is 

a water soluble tetrazolium salt, which turns yellowish when dissolves in solution. 

In MTT assay, different concentrations of methanol extract of Cladophora spp. was used to treat with 

cancer cells. The absorbances at 570 nm with reference filter at 630 nm for 24 hrs incubation. In this study, 

MTT cell viability test shown that various concentrations of the methanol extract from Cladophora spp. 

inhibited the growth of the HT-29 cancer cells for 24 hrs incubated with methanol extracts from Cladophora 

spp. respectively. The cell viability percentage decreased gradually when the doses have been increased to 24 

hrs. On the other hands, cell viability of fibroblast did not decrease even though the highest dose of 1000 mg/mL 

was applied. Consequently, the percentage of various cancer cell viability decreased in a dose dependent manner 

yet to prevent fibroblast, human normal cell lines from elimination. The most effective concentration to inhibit 

cell growth was found to be 15.6 μg/mL of methanol extract of Cladophora spp. with 54.23% of growth 

inhibition, respectively. As the concentration of the seaweed extract increases, the number of viable cells 

decreased. 
23

Joshi and Srisudha (2012) reported that extracts of Caulerpa scalpelliformis exhibited cytotoxic 

activity against Hep2 cells in vitro with a CD50 of 250 μg/mL. Thus, the bioactive compounds of the current 

study with Cladophora sp can be considered as a chemotherapeutic agent against cancer. 7.8 μg/mL of the 

seaweed extract exhibited 88.4% cell viability whereas 1000 μg/mL of the seaweed extract showed 11.5% cell 

viability. Increasing concentration of seaweed extract from 7.8 to 1000 μg/mL leads to 76.9% decrease in cell 

viability of HT-29 cell lines. These differences in antitumour activities may be attributed to their different 

molecular weights, charge characteristics and monosaccharide distributions (24)  
25

Xu et al., (1992) reported that alcohol extracts from plant samples exhibited several bioactivities such 

as adaptogenic, anti-inflammatory, anticonvulsant, sedative, androgenic and immune promoting activities. This 

might be the reason why methanol extracts from Cladophora spp. showed positive growth inhibition to the  

HT-29 cell lines. Studies by 
26

Shao et al., (1996) also reported that an alcoholic extract from shoots exhibited 

antitumor activities and 
27

Singh et al., (1992) reported their fruit to be the source of bile-stimulating agent. 

Reports from World Intellectual Property Organization (2010) also indicated that methanol extracts from 

various seaweed species have demonstrated cytotoxic effect on human cancer cell lines including HeLa, MCF-7 

and MDA-MB-231. Alcohol is found to be effective to extract active compounds such as biophenols, lipids, 

polysaccharides, minerals and small peptides due to their polarity. The potential bioactive compounds in 

seaweed may interact with special cancer associated receptors or cancer specific molecules to trigger the 

mechanisms leading to cancer cell death.  

When metabolic events lead to apoptosis or necrosis, it showed a reduction in cell viability in MTT 

proliferation assay (28). The linear relationship between cell number and signal produced is established, thus 

allowing an accurate quantification of changes in the rate of cell proliferation. Therefore, outliers that were 

found among the absorbance readings were removed to ensure consistency of the results was established. 

Inaccurate cell seeding and inaccurate reagent pipetting might be the possible causes of the poor consistency of 

replicates.  

The IC50 values of the extracts using the MTT assay against HT-29 cell lines revealed that the methanol 

extract of Cladophora spp., exerted a significant antiproliferative effect on the HT-29 cell lines. The methanol 

extracts of Cladophora spp. mediated antiproliferative activity is limited to the cancer cell line rather than the 

normal cell lines. This indicates that the specific inhibitory effect may be due to the apoptosis-inducing ability 

of the methanol extracts of Cladophora spp.in response to the defective gene expression in cancer cell lines 

rather than the normal cell line. The result of the present study suggests that the drug to be used as an 

antiproliferative against cancer cell lines rather than to possess cytotoxicity. With the significant 

antiproliferative activity of the methanol extracts of the Cladophora spp., against HT-29 human colon 

adenocarcinoma cells, the mechanisms of action could, possibly, be due to the dose dependent apoptosis-

inducing ability, by necrosis of cancer cell lines, by enhanced neoplastic transformation followed by apoptosis 

or by any other mechanisms related to epigenetic and signal transduction pathways. Phytochemicals such as 

vitamins (A, C, E, and K), carotenoids, terpenoids, flavonoids, polyphenols, alkaloids, tannins, saponins, 

pigments, enzymes and minerals have been found to elicit anticancer activities. These metabolites obstruct 

various hormone actions and metabolic pathways associated with the development of cancer (29). The 

preliminary phytochemical analysis confirmed the alkaloids presence in the methanol extracts of selected 

seaweeds. The previous phytochemical and bio-efficacy studies on plants confirmed cytotoxic properties of 

alkaloids (30, 31 & 32). The methanol extracts of selected seaweeds exhibited a significant antiproliferative 

activity against HT-29 human colon adenocarcinoma cells. Hence, the presence of alkaloids in the methanol 
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extracts of selected seaweed could be induced to the observed significant antiproliferative activity against 

human cancer cell lines. 

According to the 
33

Suffness and Pezzuto (2009), a crude extract can be considered as cytotoxic against 

carcinoma cells in vitro and can be used for anticancer drug development if the standard IC50 value is less than 

30 μg/mL. Based on the results, Cladophora spp. are considered as highly cytotoxic against HT29 cell lines. 

This lack of cytotoxic activity might be due to masking of biological activity by the presence of some inhibitory 

compounds in the crude extract (34). Based on the standard values of toxicity by 
33

Suffness and Pezzuto (2009), 

Cladophora spp. are not possible sources of cytotoxic compounds. 

In fact, only a few investigations on the antitumor potential of Cladophora species have been reported. 
35

Feng et al., (2007) reported the potential of a novel vanillic acid derivative (IC50=3.7 μM) and its sulfate 

adduct (IC50 = 1.7 μM) isolated from C. socialis to prevent cancer by inhibiting considerably the activity of 

protein tyrosine phosphatase 1B (PTP1B). Drugs targeting phosphatases are considered as promising novel 

cancer therapies. Recently, 
36

Tang et al., (2012) isolated some cyclic tetrapyrrolic photosensitizers from  

C. patentiramea and demonstrated that they exhibit important photo toxicity against HL60 promyelocytic 

leukemia cells. To date, a number of photosensitizers derived from natural products have been clinically 

approved for the photo dynamic therapy of specific cancers (37). Furthermore, 
38

Laungsuwon and 

Chulalaksananukul (1995) found that the ethyl acetate extract of C.glomerata possesses growth inhibitory 

activity (IC50=1420 μg/g) against the KB cell lines (epidermoid carcinoma of the oral cavity) in vitro. More 

recently, 
39

Cha et al., (2014) reported askin cancer protective effect of 3, 4-dihydroxybenzoic acid isolated from 

C.wrightiana Harvey by protecting human keratinocytes against UVB-induced apoptosis and oxidative stress. 

Thus, future researches are needed to elucidate the antiproliferative mechanism of C. prolifera; also the 

identification of the bioactive compounds of this seaweed will lead to their evaluation for uses in medicine, food 

production and cosmetic industry. 

Further studies are suggested to identify the specific anti-tumoral compounds in the targeted extracts. 

Purification can be carried out to obtain the bioactive compounds for the development of cancer therapy. 

Besides, identification of specific metabolites from seaweeds is also recommended for the discovery of potential 

anti-proliferative or anticancer compounds. Owing to a diverse chemical ecology, the marine organisms, 

especially marine flora have a great promise for providing  potent, cheaper, and safer anticancer drugs, which 

deserve an extensive investigation. 

 

V. Conclusion 

The present study has demonstrated that green seaweed Cladophora spp., has good anticancer and 

strong cytotoxicity characteristic of HT-29 cell line in vitro. Although the specific bioactive compounds which 

responsible for the anticancer properties of Cladophora spp. have yet to be explored. It can be a new source as 

new marine resource for antitumor medicine and to demonstrate that marine algae can be a potential candidate 

sources as antitumor drugs. In future studies, different assay can be carried out or the same methods can be done 

on other cancer cell line followed by an in vivo test in order to prove the anticancer effect of Cladophora spp.on 

animal models.  
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