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Objective: To study the in vitro cytotoxic activities of methanol extract of Portieria
hornemannii (P. hornemannii) and Spyridia fusiformis (S. fusiformis) using Dalton’s lymphoma
ascite and Ehrlich ascite carcinoma cell lines.
Methods: The effect of cytotoxicity of P. hornemannii and S. fusiformis was evaluated with the
concentrations (100 to 200 μg/mL) and assessed for the antitumour activity vs. the selected cell
lines using Trypan blue assay.
Results: The methanol extracts of P. hornemannii and S. fusiformis showed potent cytotoxic
activity with IC50 values of (209.00 ± 0.05) µg/mL and (190.00 ± 0.05) µg/mL against the
Dalton’s lymphoma ascite cell line and IC50 values of (190.00 ± 0.05) µg/mL and (182.00 ±
0.05) µg/mL against the Ehrlich ascite carcinoma cell line respectively. In vitro cytotoxicity
against the tested cancer cell lines showed strong activity by the abnormal activities of algal
residue in the normal cells.
Conclusions: The methanol solvent residue of red algae (P. hornemannii and S. fusiformis)
could be a good candidate. It would be a novel marine resource as a antitumor medicine
demonstrated by cytotoxic studies that the above marine algae can be a potential candidate
sources as antitumor drugs
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1. Introduction
Cancer is the second most dangerous cause of death and its
increasing risk coupled with many health problems which is ranked
after heart disease in the ultra modern world. At present, fewer
potential medicines are available for treatment of various cancer
and are causing side effects on some instances. The natural products
obtained from marine algae have assumed a vital part in the
improvement of a few clinically valuable anticancer managers.
Marine seaweeds are very interesting source of bioactive
compounds with diverse biological activities, which have severe
effects on the immune system and against cancer incidents.Various
studies reported that utilisation of several seaweeds considerably
reduced the occurrence of carcinogenesis in vivo[1-3]. Alekseyenko
et al. suggested that polysaccharide of Fucus evanescens possesses
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antitumour and antimetastatic activity in C57BI/6 mice with
transplanted Lewis lung adenocarcinoma[4]. Grateloupia longifolia
prevents angiogenesis in human microvascular endothelial cell
line-1, which causes by the presence of polysaccharide isolated
from the plant[5]. However, no study of the anti-tumour activity by
the chosen algal extracts has been reported so far.
The search for novel substances of natural origin with potential
application as drugs for chemotherapy with enhanced cytotoxic
activity has gained much attention. The prevention of cancer cell
proliferation and induction of antiinflammatory responses by some
of the phytochemicals such as flavonoids, polyphenol rich extracts
and isolated plorotannins have been reported earlier[6,7].
In addition to other natural products, the seaweeds also have
substantial importance paid to the anticancer activity. Marine algae
have shown cytotoxic and antitumour nature[8,9]. Seaweed and their
organic extracts exhibited cytotoxic activity which also showed in
several literatures that highlighted the potential nature of marine
products and in vitro, as well as in vivo anti-proliferative activity
in human cancer cell lines[10,11]. Subbiah and Sundaresan reported
the antitumour activity and antioxidant activity of methanol residue
of Portieria hornemannii (Lyngbye) Silva (P. hornemannii) and
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Spyridia fusiformis (Wulfen) (S. fusiformis) against Dalton’s
lymphoma ascite ( DLA ) induced tumour [12]. Similar kinds of
observations have been made by Abirami and Kowsalya[13] in
Ulvalactuca and Sundaram et al.,[14] in Gracilariaedulis.
The breakthrough of novel anticancer drugs which can show
cyctotoxic activity only on tumour cells without affecting normal cells
will be an paramount task[15]. In the present study, cytotoxic activity
of methanol extracts of red algae (P. hornemannii and S. fusiformis)
was tested against DLA and Ehrlich ascite carcinoma (EAC) tumour
cells.

2. Materials and methods

residue of P. hornemannii and S. fusiformis were made up to 1 mL as
a final volume for 48 h and incubated at 37 °C. After the incubation,
100 µL of 0.4% trypan blue dye was added to each of the Eppendrof
containing DLA and EAC cell line and the cells were allowed to take
up the stain for 2–5 min. The stained cell suspensions were loaded
in the counting chamber of the haemocytometer and the stained and
unstained cells were calculated using the following formula and
results were represented as percentage of dead cells.
Dead cells (%) = (No. of dead cells/Total No. of cells) × 100

3. Results
3.1. In vitro cytotoxic activity

2.1. Collection and extraction of seaweeds

2.2.1. Propagation of DLA and EAC cell line
In the present investigation, two human carcinoma cell lines,
DLA and EAC were acquired from Amala Cancer Research Center,

Thrissur, Kerala. They were cultured in an identical cell suspension
in the peritoneal cavity of the mice. By using serial transplantation
method from mice to mice, the cells were maintained. From the
donor mice carrying tumor for 7–9 days, the DLA and EAC ascitic
fluid were drawn out for further studies. The phosphate buffer
saline (pH 7.4) was used to thoroughly wash the fresh cells and was
repeated thrice which drawn from the intraperitoneal cavity and
diluted in phosphate buffer saline to gain a concentration of 1 ×
106 cells/mL and used for the in vitro cytotoxic studies.

2.2.2. Trypan blue exclusion test
The viability of cells before and after treatmenting with
experimental algal residue was quantized by using trypan blue
exclusion test, as a semi-quantitative method. Trypan blue was
termed as vital dye and it stained the dead and damaged cell. The
nuclei of the damaged cells readily taken up the dye and appeared as
blue in colour. Whereas, the viable cells with intact cell membrane
were impermeable to trypan blue dye. The malignancy cells were
planted at a concentration approxiamately 2 × 104 cells per well with
various concentrations of extract at 37 °C in the 5% CO2 atmosphere.
Equal volume of medium (20 µL) and trypan blue (20 µL) were
mixed and viable and dead cells were counted by Neubauer
haemacytometer after 72 h incubation[17].
Both the malignant cells (1 × 106 cells/mL) added at various
concentrations starting from 10 to 200 µg/mL of the methanol

Trypan blue dye exclusion assay method was used to evaluate in
vitro cytotoxicity assay of the methanol extracts of the marine red
algae (P. hornemannii and S. fusiformis). The two different cell
lines, DLA and EAC were treated with the methanol extracts of
P. hornemannii and S. fusiformis with various concentrations
ranging from 10 to 200 µg/mL. The cytotoxicity study of the
seaweed extracts against DLA and EAC malignancy cells were
presented in Figures 1 and 2. From the assay study, the most effective
concentration with IC50 values against proliferation of cancer cells
was calculated from the number of dead cells after treating by algal
extracts.
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2.2. Effect of methanol extracts of P. hornemannii and S.
fusiformis on human cancer cell lines (DLA and EAC)

3.1.1. Evaluation of cytotoxicity and determination of IC50
values
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Figure 1. Effect of methanol extract of experimental algae against DLA cell
line.
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Fresh materials of P. hornemannii and S. fusiformis were collected
from intertidal regions of Leepuram, Kanyakumarai, South
East Coast of Tamilnadu, India and were identified by standard
manual[16]. Fresh materials were washed to remove from epifits,
sediment and other organic matter for several times with sea water.
The shade dried seaweeds were powdered (yield 7%) and then
stirred in a suitable solvent (methanol) (1:20, w/v) for 24 h and the
extract was isolated from the methanol portion through filtration.
The remaining solid remainder was subjected to repeated extraction
using the same solvent. The collected filtrates were concentrated to
get the crude solvent extract of algae in the experiment. The crude
extract powder was stored at room temperature.
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Figure 2. Cytotoxic activity of methanol extract of experimental algae
against EAC cell line.

The cytotoxic activity of these algal extracts was found to be dosedependent and the effects were observed microscopically at the end
of the study. In the current investigation, it was noticed that, with
an increase in concentration of seaweed extract from 10, 20, 50,
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100 to 200 μg/mL caused a gradual decrease in the cell viability
which was clearly observed by calculating the number of dead cells
after treating with algal extracts. The most effective concentration
(200 µg/mL) of P. hornemannii exhibited 53% and 55% of cell
death against DLA and EAC respectively. Whereas, in the case of
S. fusiformis, 48% of cell death was observed in DLA and 53% in
EAC (Figures 1 and 2). From these results, it was observed that
the crude methanol extracts of P. hornemannii and S. fusiformis
exhibited exceptional cytotoxic activity with the IC 50 values of
(209.00 ± 0.05) µg/mL and (190.00 ± 0.05) µg/mL against the
DLA cell line and IC 50 values of (190.00 ± 0.05) µg/mL and
(182.00 ± 0.05) µg/mL against the EAC cell line (Figures 3 and
4). Based on the observation, the present study suggested that
DLA and EAC cells of the negative control wells (without extract)
were increased after 72 h.
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Figure 3. IC50 values of methanol extract of P. hornemannii and S. fusiformis
against DLA cell line.
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fluid formation which is essential nutrition for tumor cell growth[28,29].
The present study prove that P. hornemannii and S. fusiformis
methanolic residue can lower the ascites tumour in a dosage dependent
mode.
The progressive increasing in the concentration of P.
hornemannii and S. fusiformis extract from 10 to 200 μg/mL
showed decreased cell density as observed from the intensity of
DLA and EAC in the dye assay. Thus, the study revealed that dosedependent cytotoxic activity of P. hornemannii and S. fusiformis
residue vs. cancer cells indicates the effectiveness of the algae.
The algal extract treated cancer cells showed cell shrinkage with
the formation of apoptotic bodies along with the babbling of
cell membrane which supported the cyctotoxic activity of the
experimental algae.
Among the bioactive compounds, polysaccharide presented
in brown algae, which displayed various biological effects like
removal of heavy metals from the body and possessed antitumor
and anti-inflammatory property [30] . Many researchers have
revealed that the natural products derived from polyphenolic
compounds, polyunsaturated fatty acids, terpens, sterols and
fucoidans have showed anticancer activity[31-34]. Antitumour and
cytotoxic properties of these species belong to four structural
types (polyketides, terpenes, nitrogen containing compounds and
polysaccharides)[35].
The current investigation offered an evidence that P.
hornemannii and S. fusiformis have in vitro anti-cancer efficacy
against DLA and EAC cell lines. The potent medicinal properties
of these algae may be used for development of effective
therapeutic approaches towards the prevention or treatments of
various immune conditions and different types of cancer. Thus, the
mechanism of selective cytotoxicity is needed for further studies.
In order to prove the mechanism and efficacy of P. hornemannii
and S. fusiformis as a potent anticancer therapeutic agent, further
investigation on its bioactive components is necessary.
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Figure 4. IC50 values of methanol extract of P. hornemannii and S. fusiformis
against EAC cell line.

4. Discussion
The seaweeds obtained from tropical and sub-tropical environments
accountted for more than 2 400 natural products isolated from
them[18-22]. The traditional chinese medicines derived from algal
sources have also been tremendously contributed to the treatment of
cancer[23]. The structure of bioactive substances obtained from algal
materials have been elucidated using modern analytical methods and
reported by many research groups[24,25]. Many marine algal sources
showed exceptional anti-cancer activity against wide spectrum of
cancer cells as reported[8,26].
A rapidly growing carcinoma cell line is Ehrlich ascites tumour
gained importance because of its very aggressive behavior[27]. The
EAC cell lines hosed intense formation of edema with increased ascitic

We declare that we have no conflict of interest.

Acknowledgments
Authors expressed their sincere thanks to the Amala Cancer
Research Institute, Thrissur, Kerala for the technical help and
support extended for the successful completion of this study. The
financial support received from University Grants Commission, New
Delhi (Grant No. F1-17.1/2011-12/RGNF-SC-TAM-5342/(SA-III/Website)
dated 6/6/12) was gratefully acknowledged.

References
[1] Yoshizawa Y, Ametani A, Tsunehiro J, Nomura K, Itoh M, Fukui F,
et al. Macrophage stimulation activity of the polysaccharide fraction
from a marine alga (Porphyra yezoensis): structure-function relationships
and improved solubility. Biosci Biotechnol Biochem 1995; 59: 1933-7.
[2] Yamamoto Y. Chemiluminescence-based high-performance liquid

952

Murugesan Subbiah et al./Journal of Coastal Life Medicine 2016; 4(12): 949-952

chromatography assay of lipid hydroperoxides. Methods Enzymol 1994;

233: 319-24.
[3] S
 heu JH, Huang SY, Wang GH, Duh CY. Study on cytotoxic oxygenated
desmosterols isolated from the red alga Galaxaura marginata. J Nat
Prod 1997; 60: 900-3.

[20] E l Afify AS, Badr OM, Hamouda RA, Hussein MH, Khamies O.
Antitumor activity of two brown algae against Ehrlich ascites
carcinoma in Swiss albino mice. J Environ Sci 2014; 43(2): 295-309.
[21] L ee JW, Wang JH, Ng KM, Tan CH, Rabina P, Teo SS. In-vitro
anticancer activity of Eucheuma cottonii extracts against HeLa

[4] Alekseyenko TV, Zhanayeva SY, Venediktova AA, Zvyagintseva TN,

cell line, human lung carcinoma cell line (SK-LU-1), human colon

Kuznetsova TA, Besednova NN, et al. [Antitumor and antimetastatic

carcinoma cell line (HCT-116), and fibroblast. Int J Curr Multidiscip

activity of fucoidan, a sulfated polysaccharide isolated from the Okhotsk

Studies 2015; 1(2): 69-73.

Sea Fucus evanescens brown alga]. Bull Exp Biol Med 2007; 143: 730-2.

[22] Khalifa KS, Hamouda RA, Hanafy D, Hamza A. In vitro antitumor

[5] Z hang C, Yang F, Zhang XW, Wang SC, Li MH, Lin LP, et al.

activity of silver nanoparticles biosynthesized by marine algae. Dig J

Grateloupia longifolia polysaccharide inhibits angiogenesis by down
regulating tissue factor expression in HMEC-1 endothelial cells. Br J
Pharmacol 2006; 148; 741-51.

Nanomater Biostruct 2016; 11(1): 213-21.
[23] Yamamoto I, Takahashi M, Tamura E, Maruyama H, Mori H.
Antitumor activity of edible marine algae: effect of crude fucoidan

[6] S
 ynytsya A, Kim WJ, Kim SM, Pohl R, Synytsya A, Kvasnička F, et al.

fractions prepared from edible brown seaweeds against L-1210

Structure and antitumor activity of fucoidan isolated from sporophyll of

leukemia. In: Bird CJ, Ragan MA, editors. Eleventh international

Korean brown seaweed Undaria pinnatifida. Carbohydr Polym 2010;

seaweed symposium. Netherlands: Springer Netherlands; 1984, p.

81(1): 41-8.

145-8.

[7] Vishnu Priya P, Radhika K, Siva Kumar R, Boje Gowda B, Beevi SS,

[24] Albano RM, Pavão MS, Mourão PA, Mulloy B. Structural studies of

Prameela Devi Y, et al. In vitro anticancer activity of aqueous and

a sulfated L-galactan from Styela plicata (Tunicate): analysis of the

acetone extracts of Tridax procumbens leaf on pc 3 cell lines. Int J

Smith-degraded polysaccharide. Carbohydr Res 1990; 208: 163-74.

Pharm Pharm Sci 2011; 3(4): 356-8.
[8] X
 u N, Fan X, Yan X, Tseng CK. Screening marine algae from China for
their antitumor activities. J Appl Phycol 2004; 16: 451-6.
[9] Mayer AM, Gustafson KR. Marine pharmacology in 2000: antitumor
and cytotoxic compounds. Int J Cancer 2003; 105: 291-9.

[25] B
 erlinck RG, Ogawa CA, Almeida AM, Sanchez MA, Malpezzi EL,
Costa LV, et al. Chemical and pharmacological characterization of
halitoxin from Amphimedon viridis (Porifera) from the Southeastern
Brazilian coast. Comp Biochem Physiol C Pharmacol Toxicol
Endocrinol 1996; 115: 155-63.

[10] Ayesha, Hira, Sultana V, Ara J, Ehteshamul-Haque S. In vitro

[26] Ly BM, Buu NQ, Nhut ND. Studies on fucoidan and its production

cytotoxicity of seaweeds from Karachi coast on brine shrimp. Pak J Bot

from Vietnamese brown seasweeds. ASEAN J Sci Technol Dev 2005;

2010; 42: 3555-60.

22: 371-80.

[11] P ark JS, Young Yoon S, Kim JM, Yeom YI, Kim YS, Kim NS.

[27] S egura JA, Barbero LG, Marquez J. Ehrlich ascites tumour

Identification of novel genes associated with the response to 5-FU

unbalances splentic cell populations and reduces responsiveness of T

treatment in gastric cancer cell lines using a cDNA microarray. Cancer

cells to Staphylococcus aureus enterotoxin B stimulation. Immunol

Lett 2004; 214: 19-33.

Lett 2000; 74: 111-5.

[12] S ubbiah M, Sundaresan B. Antitumor activity of Chondrococcus

[28] Fecchio D, Sirois P, Russo M, Janear S. Studies on inflammatory

hornemanni and Spyridia fusiformis on Dalton’s lymphoma ascites in

response induced by Ehrlich tumour in mice peritoneal cavity.

mice. Bangladesh J Pharmacol 2012; 7: 173-7.

Inflammation 1990; 14: 125-32.

[13] Abirami RG, Kowsalya S. Anticancer activity of methanolic and aqueous

[29] S himizu M, Azuma C, Taniguchi T, Murayama T. Expression of

extract of Ulva fasciata in albino mice. Int J Pharm Pharm Sci 2012; 4:

cytosolic phospholipase A 2 α in murine C12 cells, a variant of

681-84.

L929 cells, induces arachidonic acid release in response to phorbol

[14] Sundaram M, Patra S, Maniarasu G. Antitumor activity of ethanol
extract of Gracilaria edulis (Gmelin) Silva on Ehrlich ascites carcinomabearing mice. Zhong Xi Yi Jie He Xue Bao 2012; 10: 430-5.
[15] H
 ameed S, Sultana V, Ara J, Ehteshamul-Haque S, Athar M. Toxicity of
Fusarium solani strains on brine shrimp (Artemia salina). Zoolog Res
2009; 30: 468-72.
[16] Desikachary TV, Krishnamurthy V, Balakrishnan MS. Rhodophyta.
Chennai: Madras Science Foundation; 1990, p. 279.
[17] M
 organ SJ, Darling DS. Animal cell culture: a practical approach. 2nd
ed. Chicago: IRI press; 1992.

myristate acetate and Ca 2+ ionophores, but not to tumor necrosis
factor-α. J Pharm Sci 2004; 96: 324-32.
[30] Hu X, Jiang X, Hwang H, Liu S, Guan H. Antitumour activities of
alginate-derived oligosaccharides and their sulphated substitution
derivatives. Eur J Phycol 2004; 39: 67-71.
[31] Gerwick WH, Bernart MW. Marine biotechnology. In: Attaway D,
Zaborsky O, editors. New York: Plenum Press; 1993, p. 101-52.
[32] C arte BK. Biomedical potential of marine natural products.
Bioscience 1996; 46: 271-86.
[33] S ynytsya A, Kim WJ, Kim SM, Pohl R, Synytsya A, Kvasnicka

[18] M
 anilal A, Sujith S, Kiran GS, Selvin J, Shakir C. Cytotoxic potentials

F, et al. Structure and antitumor activity of fucoidan isolated

of red alga Laurencia brandenii collected from the Indian Coast. Glob J

from sporophyll of Korean brown seaweed Undaria pinnatifida.

Pharmacol 2009; 3: 90-4.
[19] Z
 andi K, Tajbakhsh S, Nabipour I, Rastian Z, Yousefi F, Sharafian S, et
al. In vitro antitumor activity of Gracilaria corticata (a red alga) against
Jurkat and molt-4 human cancer cell lines. Afr J Biotechnol 2010; 9(40):
6787-90.

Carbohydr Polym 2010; 81: 41-8.
[34] König GM, Wright AD. Marine natural products research: current
directions and future potential. Planta Med 1996; 62: 193-211.
[35] Mayer AM, Lehmann V. Marine pharmacology in 1999: antitumor
and cytotoxic compounds. Anticancer Res 2001; 21: 2489-500.

