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Abstract: A large proportion of the sea offers untapped sources of potential drugs with promising activities due to a large diversity of
marine habitats and environmental conditions. The natural products isolated from molluscs and their structural analogues are
particularly well represented in the anticancer compounds in clinical traits. The protein extract from molluscs has several advantages as
a very promising material for antimicrobial and antitumor drugs without any side effects. Many bioactive components such as peptides,
proteins, enzyme and enzyme inhibitors have been purified and identified from Meretrix meretix in recent years. They have their
functional effects including antihypertension, hypolipidemic, antineoplastic and antioxidant effects have been proved. The species Perna
viridis commonly known as the Indian green mussel is a widely distributed edible mytilid seen all along both east and west coast of
India. It is been sparsely included in pharmacological studies and found to be active against all influenza, herpes and hepatitis viral
strains. P.viridis had cancer preventive effects, antimicrobial, antifungal, antiviral, antihyperglycemia, anti-inflammatory and
antiparasitic activities. In this present study, protein was extracted from P.viridis and M.meretrix, washed, dialyzed and observed in
SDS-PAGE and assayed for anticancer activity against Human lung cancer cell lines(A549) and Cytoxocity for Vero cell lines(green
monkey kidney). Protein extract from P.viridis had more bands than protein from M.meretix. The crude protein from mussel killed
cancer cells (A549) upto 99.1% whereas clam killed cancer cells upto 96.2%. The extracted crude protein from mussel had the cell
viability of 13.6% in 1:1 and 80.9% in 1:32. But the crude protein from clam had cell viability of 5.4% in 1:1 and 71.8% in 1:32 dilution.
The result shows that crude protein from green mussel had more anticancer effects than clam. Perna viridis had less cytoxocity towards
Vero cells than Meretix meretix.
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1. Introduction

Cancer has been one of the major causes of death in last
couple of centuries and is the second major cause of non-
communicable deaths, worldwide [29]. The varied
geographical distribution of human population has never
been a limiting factor for the incidence of cancer. People
belonging to nations from third world, developing or the
developed countries, all get victimized. This burden of
cancer is increasing worldwide despite advances in
diagnosis and treatment [10]. By 2020, the world population
is expected to have increased to 7.5 billion; of this number,
approximately 15 million new cancer cases will be
diagnosed with an estimated 12 million deaths [5]. In India,
cancer is the second most common cause of death, growing
at 11 percent annually. There are about 2-2.5 million cancer
cases in the country with 7-9 lakhs new cases added every
year [25]. One in five Indian men dies between age 30 and
69 due to tobacco-related cancers [9].

In India, the most prevalent cancers- breast, cervical and
oral cancers are largely detected at later stages when it is too
late for effective treatment [31]. Worldwide, lung cancer
kills over one million people each year. In India, it is
estimated that there are approximately 2-2.5 million cases of
cancer in the country at any given time and numerically it is
the number one in terms of mortality amongst the Indian
males. Lung carcinogenesis is a multistep and multicentre
process, characterized by stepwise accumulation of genetic

and molecular abnormalities after carcinogen exposure,
resulting in the selection of clonal cells with uncontrolled
growth capacities .The carcinomas of lung arise either from
the alveolar lining cells of the pulmonary parenchyma or
from the mucosa of the tracheo-bronchial tree [4].
Approximately 22,000 natural products of marine origin
have been discovered so far, whereas 131,000 terrestrial
natural products exist. The major sources of biomedical
compounds are sponges (37%), coelenterates (21%) and
microorganisms  (18%) followed by algae (9%),
echinoderms (6%), tunicates (6%), molluscs (2%) bryozoans
(1%), etc. [22].

The first drug obtained from the sea, Ziconotide(w-
conotoxin MVIIA), is a peptide originally from a tropical
marine cone snail. Molluscs are widely distributed
throughout the world and have representative in the marine
and estuarine ecosystem namely slugs, clams, mussels,
oysters, scallops, squid and octopus etc [6].

The natural products isolated from molluscs and their
structural analogues are particularly well represented in the
anticancer compounds in clinical trials [30]. The use of
certain molluscs, such as terrestrial pulmonates, in
medicinal remedies dated to ancient Rome [1]. Molluscs
also feature in a number of traditional medicines from South
Africa [11], India [26] and China [12]. Several molluscan
derived therapies are listed on the homoeopathic Materia
Medica [27]. In many cultures, shelled bivalves are used as
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traditional natural remedy for fever [3]. Bivalve mussels
(Mytillidea) were used as therapy in ancient Crete [14] and
more recently have been subjected to several patents as a
source of antimicrobial and antiviral peptides [7].

M. meretrix was documented in the ancient Chinese
Pharmacopoeia Compendium of material (the 16th century,
by Li Shizhen) which stated that it would diminish
inflammation, treat typhoid fever, hangover and relieves
pain [34]. Another ancient Chinese medicinal book, Treatise
on Fevers (second century, by ZHANG Zhongjing) stated
that M.meretrix has special activities of eliminating cyst and
detoxification of human body [35]. Many bioactive
components such as peptides, proteins, enzyme and enzyme
inhibitors have been purified and identified from M.meretix
in recent years. The clams (Meretrix meretrix) have
hypolipidemic, antineoplastic and antioxidant effects which
have been proved [13].

The clam shells rich in calcium are used as poultry feed. The
species Perna viridis commonly known as the Indian green
mussel is a widely distributed as an edible Mytilid, which
was seen all along both east and west coast of India [32].
The natural products from Perna viridis are nontoxic which
can be used as cure and control for diabetes mellitus [28].
The extract prepared from the P.viridis had previously been
found to be active against all influenza, herpes and hepatitis
viral strains. It also found to possess not only prophylactic
efficient protection from several viral diseases but it also
shows a high therapeutic activity against these diseases. The
alkaloids extracted from P.viridis have been associated with
medicinal uses for centuries and one of their common
biological properties is their cytotoxicity with possible
interaction with cell wall and DNA.

2. Materials and Method
2.1. Collection of Specimen

The mussel Perna viridis and clam Meretrix meretrix were
collected from Kasimedu market, Chennai, Tamilnadu.
They were brought to the laboratory in separate plastic bags.
The specimens were washed with tap water and cleaned
thoroughly to get rid of the attached algae and debris.

2.2. Preparation of crude extract

The shells were removed and the whole tissue of the
specimen weighed separately. The weight of the mussel was
18.669 and 14.66g and clam was 34.25g and 28.92g. 10g of
each sample was homogenized with 10ml of methanol using
mortar and pestle. The extract was centrifuged at 1000rpm
for 30 minutes and the supernatant was collected.

2.3. Protein estimation

The protein content of methanol extract was estimated by
Lowry’s method [21] using Bovine Serum Albumin (BSA)
as a Standard. Then the protein was dialyzed by Dialysis
membrane and Phosphate Buffer Saline (PBS) which are
commercially available. The molecular weight distributed in
the protein was determined by SDS-PAGE, according to

Lammeli [17]. SDS-PAGE was performed in 10%
separating gel and 5% stacking gel.

2.4. Media Preparation

The Minimal Essential Medium (MEM) llitre

preparation

9.59 of MEM was dissolved in 900ml of pre-sterilized
double distilled water, mixed well and closed tightly. 3.75g
of sodium hydrogen carbonate was dissolved in 50ml of pre-
sterilized double distilled water, mixed well and closed
tightly. Both the contents were sterilized at 121°C for 15
minutes. These mixtures were allowed to cool down at room
temperature. 0.3g of L-glutamine was weighed and
dissolved in 10ml of pre-sterilized double distilled water.
Img of antibiotics (Streptomycin, Penicillin G and
Amphotericin B) each was weighed and dissolved in 1ml of
pre-sterilized double distilled water and mixed well. Foetal
Calf Serum (10%) was added to media (serum media). All
these were checked for pH and adjusted to 7.2-7.4. These
were stored at -4° C. One aliquot of the prepared MEM was
kept for 2 days at 37°C and checked for sterility, pH drop
and floating particles. They were then transferred to the
refrigerator.

2.5. Vero Cell Line (Monkey Kidney Cells) :
2.5.1 Trypsin, Phosphate Buffered Saline, Verene
Glucose [TPVG] (100ml)

84 ml of PBS, 10ml of trypsin, 10ml of 0.2% EDTA, 5ml of
glucose, 1 ml of Penicillin and 1 ml of Streptomycin were
taken. All these ingredients were mixed and 100pul (1 mg

stock) of antibiotics Streptomycin was added. 5ml aliquot
were distributed and stored at -20 ° C.

2.5.2 Sub culture of cells

e The medium and TPVG was adjusted to room
temperature.

e The tissue culture bottles were observed for growth, cell
degeneration, pH & turbidity. The bottles were selected
for splitting.

e The mouth of the bottle was wiped with cotton and
soaked in spirit.

e The medium was removed using a 10ml pipette.

e The cells were gently rinsed with PBS. 4ml of TVPG
(pre-warmed to 37°C) was added to the cells.

e TPVG was allowed to act for 1-2 minutes and discarded.

o 5ml of TPVG was added to 5% MEM.

o The cell clusters were broken off by gently pipetting back
and forth with pipette (Passaging the cells).

e 20ml of growth medium was added to each of the Tissue
Culture flask and the Cells were transferred into 96 well
plates.

253 [3-(4, 5-Dimethylthiazol,-2-YL)-2, 5-
Diphenyltetrazolim Bromide] MTT Assay:

The Cytotoxicity activity of samples on VERO (Green
Monkey kidney cells) & A549 (Human lung cancer) cells
was determined by the MTT assay [15]. Cells (1 x 105/well)
were plated in 0.2 ml of medium/well in 96-well plates. It
was incubated in 5 % CO2 incubator for 72 hours. Then,
various concentrations were added to the samples in 0.1%
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Dimethyl Sulfoxide (DMSO) for 24 & 48 hrs in 5% CO2
incubator. The Wells were viewed under inverted
microscope 40X and the photos were taken. After the
sample solution was removed from the well, 20ul of
5mg/mL MTT was added in Phosphate-Buffered Saline
solution. After 4hrs incubation, 1ml of DMSO was added.
Viable cells were determined by the absorbance at 540nm.
Measurements were performed and the concentration
required for a 50% inhibition of viability (IC50) was
determined graphically. The effect of the samples on the
proliferation of VERO & A549 cells was expressed as the %
cell viability, using the following formula.

3. Calculation

0.D of test item
0.D of control

% Cell Viability = { X 100}

4. Result
4.1 Protein Estimation

The blue colour observed in the test tube indicates the
presence of protein in the samples and this was done by
Lowry assay.

4.2 SDS-PAGE

The proteins fractionated into bands were observed and their
molecular weight was determined using standard marker.
Crude Protein had more bands than the dialyzed protein
samples from mussel and clam. Several bands with
molecular weights between 14.3kDa to 97.4 kDa were
observed in the electrophoresis gel. Previous studies had
found that protein with band range from 20kda to 28 kDa
had detoxification effect. 40kDa Protein had inhibitory
effects on Human Hepatoma. Antimicrobial activity had
band range of protein from 56kDa to 58kDa. (Figure 1)

4.3 Vero Cell line

The extent of cytotoxicity from every single concentration
of anticancer agent was quantified as a percentage of cell
viability including the absorbance values obtained.
Percentages of cell viability above 80% are considered as
non-cytotoxicity; 80%-60% Weak; 60%-40% moderate and
below 40% strong cytotoxicity respectively. It may be seen
in the histograms that these percentages were high and
consequently, these substances were noxious no matter
what the concentration that was used. Anticancer activity
can be checked using highest percentage of activity in the
cells. Mussel had killed more number of cancer cells than
clam. So, it is clear that mussel had more potential agents
for killing cancer cells than clams. From this study, we
found that Mussel have more anticancer activity and cell
viability in both Vero cell line and A549. (Figure 2to 5 &
Table 1 to 4).

1 2 3 Rl s
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66 K
43 KDan
29 KbDa

2001 KD
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Figure: 1 SDS-PAGE

LANE 1 — MUSSEL PROTEIN SAMPLE
LANE 2- MUSSEL PROTEIN SAMPLE (POST
DIALYSIS)

LANE 3- CLAM PROTEIN SAMPLE

LANE 4- CLAM PROTEIN SAMPLE
DIALYSIS)

LANE 5- LOW RANGE PROTEIN MARKER (14.3 —
97.4 KDa)

(POST

5. Discussion

Cancer is still a dreaded disease, which accounts for 9% of
the deaths throughout the world. It is one of the 10 leading
causes of death today, in India. The magnitude of cancer
problem in the Indian Sub-continent (sheer numbers) is
increasing due to poor to moderate living standards [23] and
inadequate medical facilities. Most frequently observed
cancers in Indian population are of lungs, breast, colon,
rectum, stomach and liver [33]. Marine molluscs are
currently used for a range of therapeutic applications, with
purified or synthesized bioactive compounds developed as
pharmaceuticals and crude or semi-purified extracts as
nutraceuticals [24, 20]. A number of marine molluscs are
also used in traditional Chinese, Indian, South African and
Middle Eastern medicines [18] as well as in homeopathic
remedies. Molluscs used directly as a food source may also
contribute to the prevention of disease by providing
essential nutrients as well as immuno-stimulatory
compounds and other secondary metabolites with direct
biological activity [8, 2]. The marine animals have protein
which can be used for producing drugs for various diseases.
The studies carried out with marine natural products with
biochemical potential, had raised the significance of many
research groups towards this ecosystem as source of new
drugs [16].

Marine organisms represent a large source of new
compounds with biological activities. Direct extraction is
one way to obtain bioactive compounds from marine
organisms; this approach is widely used for isolated and
purified biologically active peptides [19]. In this study,
Protein extract from Perna viridis had more bands than
protein from Meretrix meretrix. More band formation was
seen in crude protein of Mussel and Clam. The dialysis
sample had less bands and it is not visible. We found that
mussel had killed cancer cells up to 99.1%,
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Tablel: Mussel (Post Dialysis) Protein on Human Lung Cancer  Table 3: Mussel (Post Dialysis) Protein on Vero cell (Green

Cell (A549) Monkey Kidney)

S. Sample |Dilution|Absorbance| % Cell |% Anticancer S. Sample Dilution Absorbance | % Cell %

No | Volume (ul) 540nm | Viability| Activity No | Volume (ul) 540nm | Viability| cytotoxicity
1 200 1:1 0.01 0.9 99.1 1 200 1:1 0.15 13.6 86.4

2 200 1:4 0.05 4.8 95.2 2 200 1:4 0.33 30.0 70

3 200 1:8 0.11 105 89.5 3 200 1:8 0.41 37.2 62.8

4 200 1:16 0.23 22.1 779 4 200 1:16 0.61 55.4 44.6

5 200 1:32 0.54 51.9 48.1 5 200 1:32 0.89 80.9 19.1

6 |Control cells| - 1.04 100 0 6 | Control cells - 1.10 100 0

Table 2: Clam (Post Dialysis) Protein on Human Lung Cancer Table 4: Clam (Post Dialysis) Protein on Vero cell (Green

Cell (A549 Monkey Kidney)
S. Sample  |Dilution| Absorbance| % Cell | % Anticancer S. Sample | Dilution| Absorbance| % cell %
No | Volume (ul) 540nm__ | Viability] Activity No| Volume (pl) 540nm | Viability | Cytotoxicity
1 200 11 0.04 3.8 96.2 1 200 11 0.06 54 946
2 200 1:4 0.07 6.7 93.3 > 200 14 0.09 81 91.9
3 200 1:8 0.10 9.6 904 3 200 18 0.27 245 755
4 200 1:16 0.17 16.3 83.7 Z 200 116 052 472 52.8
5 200 1:32 0.43 41.3 58.7 5 200 1:32 0.79 71.8 28.2
6 |Control cells| - 1.04 100 0 6 | Control cells| - 1.10 100 0
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Figure 3: Mussel (Post Dialysis) Protein on Vero Cell (Green Monkey Kidney)
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Figure 4: Clam (Post Dialysis) Protein on Vero Cell (Green Monkey Kidney)

and this percentage decreases due to the increase in the
dilution of the protein. The marine animal’s mussel and
clam have more therapeutic uses for humans.

6. Conclusion

Present study indicates that the crude tissue extracts from P.
viridis could be effectively used as alternative source of
antimicrobial and antioxidant with subsequent health
benefits. The drugs from marine animal are more effective
than any other forms. It is suggested that more research
should be done on these marine animals which have more
therapeutic uses for humans. The bioactive compounds
isolated from the marine animals have anticancer,
antimicrobial, antiproliferative effects. The present study
suggests that crude protein from Mussel P.viridis had more
anticancer activity than the crude protein extract from clam
M. meretrix. Because of partial protein purification, the
mussel and clam protein are toxic to the normal cell. But
mussel had less cytotoxic effective than clam.

References

[1] Bailey K (1929). The Elder Pliny’s Chapters on
Chemical Subjects, Part 1. Edward Arnold and Co.,
London.

[2] Benkendorff K. (2010). Molluscan biological and
chemical diversity: Secondary metabolites and
medicinal resources produced by marine molluscs. Biol.
Rev. Camb. Philos. Soc. 85:757-775.

[3] Boericke W (1999). Homeopathic Materia Medica, 9th
Edition, presented by Medi-T, Winhomeo Books.

[4] Brambilla C, Fievet F, Jeanmart M, De Fraipont F,
Lantuejoul S, Frappat V, Ferretti G, Brichon PY, and
Moro-Sibilot D (2003) Early detection of lung cancer:
role of biomarkers. Eur. Respir. J. Suppl. 39: 36s-44s.

[5] Bray F and Moller B (2006). Predicting the future
burden of cancer. Nat. Rev. Cancer, 6(1):63-74.

[6] Chandran B, Rameshkumar G, and Ravichandran S
(2009). Antimicrobial Activity from the Gill Extraction
of Perna viridis (Linnaeus, 1758). Global Journal of
Biotechnology & Biochemistry 4 (2): 88-92 .

[7] Chen DS, Irving BA, and Hodi FS (2012). Molecular
pathways: next generation immunotherapy inhibiting
programmed death ligand 1 and programmed death-1.
Clin. Cancer Res. 18, 6580-6587.

[8] Chin K, DeVries S, Fridlyand J, Spellman PT,
Roydasgupta R, Wen-Lin Kuo, Lapuk A(2006).
Genomic and transcriptional aberrations linked to breast
cancer pathophysiologies. Cancer Cell 10, 529-541.

[9] Datta D (2010). When lifestyle spells disaster. India
Today, August 13; pp. 33.

[10] Ganjewala D (2009). Prevalence of cancers in some
parts of Madhya Pradesh and Uttar Pradesh in India.
Aca. J. Cancer Res., 2(1): 12-18.

[11]Herbert DG, Hamer ML, Mander M, Mkhize N, &
Prins F. (2003). Invertebrate animals as a component of
the traditional medicine trade in KwaZulu-Natal, South
Africa. African Invertebrates 44, 327-344.

[12]Hu S Y (1980). An Enumeration of Chinese Materia
Medica. The Chinese University Press, Hong Kong.
[13]Huang ZH, Chen YX, Zhao Y, Zuo ZH, Chen M

(2005). Antioxidant responses in Meretrix meretrix
exposed to environmentally relevant doses of
tributyltin. Environmental Toxicology and

Pharmacology 20 (1):107-11.

[14]Kamm R (1997). Mussels as therapy in ancient Crete.
Sudhoffs Arch Z Wissenschaftsgesch 81, 235-237

[15]Laemmli U.K., cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature,
1970.227:680-685.

[16]Levey M. Ibn Mé&sawaih and his treatise on simple
aromatic substances: Studies in the history of Arabic
pharmacology I. J His Med All Sci 1961; 16: 394-410.

[17] Lowry OH, Rosebrough NJ, Farr AL and Randallm RJ
(1951). Protein measurement with the folin phenol
reagent. J.bio chem.., 193:256-275.

[18]Madden T, Tran HT, Beck D, Huie R, Newman RA,
Pusztal L, Wright JJ, & Abbruzzese JL (2000). Novel
marine-derived anticancer agents: a phase | clinical,
pharmacological and pharmacodynamic study of
dolastatin 10 (NSC 376128) in patients with advanced
solid tumors. Clinical Cancer Research 6, 1293-1301.

[19]Madhu V, Sivapermual P, Kamala K, Ajit AA and
Kulkarni BG (2014). Antibacterial activity and
antioxidant activities of the tissue extract of Perna
viridis Linneaus, 1758(Mollusca: Bivalvia) from
versova coast, Mumbai. International Journal of
Pharmacy and Pharmaceutical Sciences Vol 6 suppl 2,
2014.

[20] Mayer M, Hufis A, Oratz R, Glennon C, Spicer P,
Caplan E, and Fallowfield L (2010). Living with

Volume 6 Issue 9, September 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20176808

1165


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

metastatic breast cancer: a global patient survey.
Commun Oncol, 7:406-412.

[21]Mehrotra NN, Sanjeev K Ojha and Sheela Tandon
(2007). Drug Development for Cardiovascular Diseases
from Ayurvedic Plants. Current R&D Highlights.

[22] Molinski TF, Dalisay DS, Lievens SL, Saludes JP
(2008). Drug development from marine natural
products. Nat. Rev. Drug Discov; 8:69-85

[23]Mosmann T (1983). Rapid colorimetric assay for
cellular growth and survival: application to proliferation
and cytotoxicity assays, J.Immunol.Methods 65: 5.

[24]Nandakumar A, Anantha N, Pattabhiraman V,
Prabhakaran PS, Dhar M, Puttaswamy K, et al., (1996).
Importance of anatomical subsite in correlating risk
factors in cancer of the oesophagus: report of a case
control study. Brit. J. Cancer, 73: 1306-1311.

[25]Park NJ, Zhou H, Elashoff D, Henson BS, Kastratovic
DA, Abemayor E, Wong DT(2009). Salivary
microRNA: discovery, characterization, and clinical
utility for oral cancer detection. Clin Cancer Res.15
(17):5473-7.

[26] Prabhakar AK, & Roy SP (2009). Ethno-medical uses
of some shell fishes by people of Kosi River Basin of
North-Bihar, India. Ethno-Medicine 3, 1-4.

[27]Rothman USE (1984). Polypeptide fraction isolated
from the haemolymph of the common mussel for use as
an antiviral medicine. Patent No. SE431215.

[28] Sheela Tandon, Sanjeev, K .O and Mehrotra, N. N
(2007). Drug Development for Cardiovascular Diseases
from Ayurvedic Plants. Current R&D Highlights, Jan.-
Mar. 2007.

[29] Shibuya K, Mathers CD, Boschi-Pinto C, Lopez AD
and Murray CJL (2002). Global and regional estimates
of cancer mortality and incidence by site: II: results for
the global burden of disease 2000. BMC Cancer, 2: 1-
26.

[30]Simon CA, Ludford A, & Wynne S (2006). Spionid
polychaetes infesting cultured abalone, Haliotis midae,
in South Africa. African Journal of Marine Science 28
(1): 167-171.

[31]Smith CR, Planque C, Kulasingam V, Reckamp K,
Goodglick L, Diamandis EP (2009). Identification of
Five Candidate Lung Cancer Biomarkers by Proteomics
Analysis of Conditioned Media of Four Lung Cancer
Cell Lines. Molecular & Cellular Proteomics 8, 2746 —
2758.

[32] Sreejamole KL and Radhakrishnan CK (2013).
Antioxidant And Cytotoxic Activities Of Ethyl Acetate
Extract Of The Indian Green Mussel Perna viridis.
Asian J .Pharm Clin Res, Vol 6, Issue 3, 197-201.

[33]Wynder EL, Mabuchi K and Whitmore J R (1974).
Epidemiology of adenocarcinoma of the kidney. J. Natl.
Cancer Inst. 53: 1619-1634.

[34]Yin sun, Yan, M, Zhang X, Xie W, Chen C (2012).
Meretrix meretrix: Active Components and Their
Bioactivities. Life Sci J 9(3):756-762.

[35]Xu XL, Li TM, Zhang CR (1990). Study on
Antihyperglycemia and AntihyperLipenmia Action of
Hydrolysate of Meretrix meretrix Linnaeus.Chinese
Journal of Biochemical Pharmaceutics (in Chinese) 20
(6):298-9.

Volume 6 Issue 9, September 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20176808 1166


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



