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ABSTRACT: From the beginning of civilization, humans depend on the 

natural products for their food and as medical treatment. Diversity in 

various bioactive compounds from marine organisms has been tested for 

the multiple pharmacological effects. Marine algae are surviving in a 

competitive environment with developed defense strategies and 

significant levels of chemical structural diversity with a wide variety of 

bioactive secondary metabolites. Therefore, algae are a promising source 

of novel active biochemical compounds with different pharmacological 

properties for the prospective development of novel drugs by the 

pharmaceutical industries. Microalgae (blue-green, dinoflagellates, 

bacillariophyte, etc.) and Macroalgae (green, brown and red algae) are the 

two groups of algae. Caulerpa is the genera of green macroalgae, 

represent the numerous bioactive compounds like tannin, steroids, 

flavonoids, terpenoids, sulphated polysaccharides (SP), glycosides, 

phenolic compounds, and saponins, etc., for significant pharmacological 

effects in the current medicine. Exploration of these compounds for the 

pharmaceutical and medical purpose, the present review focused on 

morphological behavior and pharmacological activities of some Caulerpa 

species in current drug research. 

INTRODUCTION: From the immemorial time, 

plants act as a source of drugs for several human 

diseases. Natural Products have been important 

sources of useful drugs from prehistoric times to 

the present. In developing countries, plants and 

their product used as a traditional medicine in their 

primary healthcare system.  
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Coastal marine waters are the most vulnerable and 

heavily invaded habitats 
1
. Marine plants have long 

been recognized as producers of biologically active 

substances worldwide and from the 21
st
 century 

marine algae were considering as medicinal food, 

the medicinal potential of some marine plants like 

mangroves, seaweeds, seagrasses, and lichen have 

been reported from India and elsewhere 
2, 3, 4, 5, 6

. 

Marine algae are the major source for organic 

compounds, which grown on solid substrates such 

as rocks, dead corals, pebbles shells, mangroves, 

and other plant materials in the regions of 

intertidal, shallow and deep-sea areas, estuaries and 

backwaters.  
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Seaweeds composed with the thallus, stem and a 

foot. Some species have gas-filled structures to 

provide buoyancy. Amounting more than 844 

marine algae species are distributed in Indian 

coasts among 217 genera. Algae can be classified 

into microalgae, which includes blue-green algae, 

dinoflagellates, bacillariophyte (diatoms), etc., and 

macroalgae are very important in the identification 

and isolation of new biomedical compounds in 

drug research. As about 2400 natural products have 

been isolated from three subdivided classes of 

macroalgae 
7
, thus the Rhodophytes (Red algae), 

Chlorophytes (green algae) and Phaeophytes 

(brown algae) 
8
 for providing valuable ideas for the 

development of new drugs against several human 

disorders like cancer, infectious diseases and 

inflammation, etc. 
9, 10, 11

  

Marine algae are structurally novel, biologically 

high concentrated active metabolites which include, 

flavonoids, saponins, glycosides, tannins, steroids, 

alkaloids, phenolic compounds and proteins 
12

 from 

other marine organisms in marine environment 
13

 

and they were the most potential renewable 

sources, hence, most of the scientists were focused 

their research on marine algae for identification and 

development of new bioactive substances. 

Therefore, macroalgae become an important source 

for new bioactive natural substances 
14, 15

. 

Moreover, many isolated metabolites were shown 

to possess bioactive effects 
16, 17

 from marine algae. 

Therefore, Pharmaceutical industries play a major 

role in developing several new techniques to isolate 

novel bioactive compounds from edible seaweeds 

due to their great medicinal value 
18, 19

. 

2. Caulerpa: Caulerpa is one of the most 

distinctive edible green algae genera come from a 

Caulerpaceae family and Bryopsidales order, 

widely distributed in a range of habitats throughout 

the tropical and subtropical areas with a group of 

conspicuous algae 
20, 21, 22

 and identifiable solely 

with their growth form and internal morphology. 

From literature survey reports, there are about 70 to 

approximately 100 species are exhibit 

polymorphism, showing different growth forms in 

different habitats which make them difficult to 

identify 
1, 23, 24

.  

Caulerpa species having with a distinctive suite of 

anatomical, cellular and biochemical characters 

with a little relative morphological variation 

including reinforcement of the saphenous structures 

of fibrous algal wall materials and expanded their 

ranges into the more temperate environment 
25, 26, 27, 

28
, characterised compounds including caulerpin 

29, 

30, 31
, caulerpicin 

32, 33
, palmitic acid, β-sitosterol 

and taraxerol 
34

, caulerpol 
35

, flexilin and trifarin 
36

 

and the secondary metabolites of Caulerpa shows a 

variety of biological activities such as antitumor 
37

, 

anti-inflammatory 
38

, antioxidant, antimicrobial and 

growth regulator 
39

, etc. Hence, the present review 

focused on brief morphological description and 

pharmacological properties of some of the 

Caulerpa species. 

2.1. Caulerpa racemosa: Caulerpa racemosa is 

commonly known as sea grapes [English], 

Parelwier [Dutch], Caulerpa raisin vert [French], 

Grune Traubenalge [German], found with adjacent 

to the living coral in many areas of shallow muddy 

bays to clear water reef environments of warm 

temperate and tropical seas at 100 m depth around 

the world. C. racemosa also called as Acropora 

palmata, is a multinucleate and nonseptate 

(coenocytic), chloroplast is free to migrate from 

any part of the organism to another, and fibrous 

protein network helps in the movement of 

organelles. C. racemosa has short, erect branches 

arising from a horizontal stolon attached to the 

sediment at the interval by descending rhizomes. 

The erect branches arise every few centimeters to 

as much as up to 19 - 30 cm in height. Many ovate 

or spherical body branchlets on the stalk arise from 

each erect branch, where branches and stolons are 

close together, the branchlets form a dense mat of 

seemingly spherical structures 
38, 40

 Fig. 1A. It 

reproduces vegetatively by fragmentation; growth 

begins in April continue till December on the sandy 

substrate in calm and turbid water tend to have long 

erect branches while those growing on rocky wave 

exposed water have strong short, erect branches 
41, 

42, 43
. 

2.2. Caulerpa mexicana: C. mexicana is feathery 

green seaweed with about 2 cm long in calmer 

conditions, it attaches with rhizomes to rocks, coral 

fragments. C. mexicana has a deep green with a 

beautiful segmented feather like frond with 2-25 

cm tall, branchlets are opposite each other, 

flattened curve upward, pointed tip with 2-4 mm 

wide, 2-10 mm long and the length of a stem creeps 
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over the third surface or just under the sand with a 

flat midrib Fig. 1B. This alga also is known as 

Caulerpa crassifolia, is very adaptable in the 

amount of light it requires to grow and is often 

observed growing under ledges on seawalls and 

intertwined with other algae and have many 

bioactive compounds, such as polysaccharides, 

terpenes, and flavonoids, etc., have different 

pharmacological activities 
44, 45, 46

. 

  
                               CAULERPA RACEMOSE                                                     CAULERPA MEXICANA 

  
                        CAULERPA TAXIFOLIA (VAHL)                                            CAULERPA CYLINDRACEA 

  
                          CAULERPA CUPRESSOIDES                                            CAULERPA SERTULARIOIDES 

FIG. 1: GENERAL MORPHOLOGY, RHIZOMES, AND BRANCHES OF DIFFERENT CAULERPA SPECIES 

2.3. Caulerpa taxifolia (Vahl): Caulerpa taxifolia 

(Killer Algae) is a light green macroalgal grow up 

to 2.8 m height in 40-60 cm deeper of tropical seas, 

6-8 mm diameter of flattened upright leaf-like 

frond arising from the creeping stolons up to 3-15 

cm long and from the base, the narrow tip upward 

small side branchlets are constructed opposite to 

the midrib 
47, 48

 Fig. 1C. C. taxifolia reproduces 

sexually and vegetatively, maximum colonization 

is between 2 and 6 m depth, but the algae have 

A B 

C D 

E F 
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been observed down to 99 m with 350 m of fronds 

density along with leaves up to 14,000/m
2
. 

Caulerpenyne, the most potent endotoxins 

protecting these macroalgae against epiphytes and 

herbivores, is toxic to mollusks, sea urchins, 

herbivorous fish, at least during summer and 

autumn 
49, 50

.  

2.4. Caulerpa cylindracea: The green macroalgae 

Caulerpa cylindracea is one of the most 

threatening invasions in the Mediterranean Sea 
51

 

located in the intertidal and shallow subtidal zones 

(from 1 -70 m depth) and extended up to 

approximately 100 m
2 52, 53

, spread on rocky 

bottoms, concrete, sand, and mud survive winter 

temperatures down to 10.5 ºC by fragmentation, 

sexual reproduction and reduces the diversity of 

native macroalgae 
41, 54, 55

. The spherical branchlets 

can act as propagules, and long-range dispersal of 

the alga seems to be a result of human activities 

like disturbance by anchor and fishing 
56, 57

 Fig. 

1D. The 15 cm thick compact multilayer mats of C. 

cylindracea, develops the anoxic layer and 

sedimentable to increases the organic matters, 

sulphide levels and microbial activity due to 

modification in quality and intensity of physical, 

chemical and hydrodynamical factors 
58, 59

. 

2.5. Caulerpa cupressoides: C. cupressoides also 

refers as Cactus tree alga [English], Cypres-

Caulerpa [Dutch], Caulerpa cactus [French], 

Zypressealge [German], widely occurs in depth 

70.3 m of tropical seas, it consists with grey-green 

to dark green thallus spreading laterally to 35-40 

cm with open spreading habit, thick, heavy, upright 

branched stolon with 1.5-2.5 mm diameter growing 

in a shallow subtidal, protected sandy areas, the 

length is variable, from 2-8 cm to 15-25 cm and 

consists of a cylindrical or flat narrow or relatively 

broad central stem and very short, flat pointed tip 

side branches. The central stem may branch at the 

tips to from Y-shapes Fig. 1E looks like a zipper, 

maybe long and slender, or short and very broad 
60, 

61
. 

2.6. Caulerpa sertularioides: C. sertularioides is a 

light green, 15-20 cm tall Green feather alga 

[English], Veerwier [Dutch], Caulerpa plume 

[French] and Grune federalge [German], distributed 

in the middle to lower intertidal habitats. The 

stolon is long, horizontal and flat erect with 

feather-like branches growing in dense colonies on 

shallow sandy bottoms with mixed coral fragments, 

in areas of mangroves and attach to their roots. The 

upright branches are dark to olive green in 

appearances and arise from coarse, moderately 

thick, branching stolons 
62, 63

 Fig. 1F. 

2.7. Caulerpa scalpelliformis: Caulerpa 

scalpelliformis is bright yellowish-green to olive-

green seaweed located in intertidal zone, in large 

associations, algae consist with simple, glabrous, 

glossy stolons are bilateral, flat, leaf-like with more 

than equal to 1 cm broad and 8-24 cm long or 

more, linear-lanceolate in outline, occasionally 

constricted at middle; upper end broadly rounded; 

pinnately branched; the erect branches above 15-20 

cm or more long with erect assimilators on the 

upper faces at intervals of 1-2 cm. On the main 

broad thickened flat rachis, closely pinnate, 

alternately linear, subacute, plano-compressed; 1-2 

cm long, 0.3 mm broad; a section of thallus with a 

spongy network of anastomosing filaments, filled 

with semifluid matter Fig. 2A, it grows on rocky 

and sandy bottoms at different depths 
64, 65, 66

. 

2.8. Caulerpa brownii: C. brownii (Sea Rimu) is a 

green to dark green seaweed commonly occurs on 

rocks at just below low tide intertidal zone to depth 

of 35 m, often forming a monospecific community 

and 31 - 400 mm tall, stolon usually robust, 1-3 

mm in diameter, moderately densely covered with 

simple ramuli 0.5-2.5 mm long and in the range of 

150–500 µm in diameter, tapering abruptly to a 

spinous tip, epilithic or on jetty piles. Erect 

fronds medium to dark green, with simple or 

several times irregularly branched axes, usually 3-

40 cm high and 3-8 mm across; axes terete, 0.5-1.5 

mm in diameter, densely covered throughout with 

irregularly placed ramuli. Ramuli simple on basal 

part of axes and 1.5-4 mm long, becoming basally 

furcate and often bifurcate over most of the axes, 3-

4 mm long and 100-350 µm in diameter, terete, 

upwardly curved, tapering close to their apices to a 

spinous tip 
65, 67, 68

 Fig. 2B. 

2.9. Caulerpa peltata: It is a small fleshy umbrella, 

generally seen on some of the shores, grows on 

coral rubble near lower intertidal reefs, 1-3 mm 

diameter. Freely forked stolons giving off rhizoid 

bearing and foliar branches, 5-50 mm tall, erect 

branches with one to several peltate branchlets 
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consisting 1-2 mm long slender pedicels ending 

with 3-5 mm thick diameter. The thalli consist of 

horizontally branched stolon and erect branches 

supporting several short-stalked branchlets each 

terminating in a disc (fleshy umbrellas) of about 3-

9 mm in the more common form and 11-20 mm in 

the less common form Fig. 2C. Some form, loose 

cluster, bright yellow-green to bluish-green. 

Growth is seasonal, depending on the turbidity and 

salinity of the water. C. peltata forms thick carpets 

in a good well-protected environment 
42, 69, 70

. 

  
                        CAULERPA SCALPELLIFORMIS                                                  CAULERPA BROWNII 

  
                                CAULERPA PELTATA                                                       CAULERPA MACROPHYSA 

  
                           CAULERPA LENTILLIFERA                                                    CAULERPA PROLIFERA 

FIG. 2: GENERAL MORPHOLOGY, RHIZOMES, AND BRANCHES OF DIFFERENT CAULERPA SPECIES 

2.10. Caulerpa macrophysa: C. macrophysa 

commonly on coral rock substrates in the lower 

intertidal and upper subtidal areas exposed to 

strong water movement in depth of 1.5 m. 

Coenocytic grass green thalli of this seaweed are 3-

5 cm long forming dense clusters with the prostrate 

terete, naked branched stolon and erect, terete 

branches on the sandy-muddy substrate by 

F E 

D C 

A B 
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colorless rhizoidal holdfast Fig. 2D. The erect 

branches are simple or branched bearing crowded 

stalked spherical to slightly mushroom-shaped 

ramuli, 2-5 mm in diameter to 2 mm long. This 

species is like C. lentillifera however the branchlets 

of this seaweed are bigger and without constriction 

between the base of the spherical head and the 

stalks 
71

. 

2.10. Caulerpa lentillifera: Caulerpa lentillifera is 

a "green caviar" edible green tropical food algae 

were distributed worldwide. It is adaptable to a 

variety of environments and sensitive to low 

temperature and osmotic pressure, easily spoilt by 

storage in a refrigerator or washing with tap water. 

The grass-green color thalli composed of 

cylindrical stolon with a rise to erect branches are 

spaced 3-14 mm above and rhizoidal branches 

below. Each made up of 2.5-7 cm tall cylindrical 

axis, beset with ramuli are arranged radially and 

crowdedly, forming a berry-like structure. The 

ramuli are 2-4 mm long consisting of a short stalk 

and globular head of 1.5 mm in diameter; distinct 

constriction is present between the base of the 

globular head and distal end of the stalk of the 

ramuli Fig. 2E. It was adaptable to a variety of 

environments and making it suitable for cultivation 

in ponds. Naturally, it inhabits a wide range of 

substrate consisting of rubbles to over 50 meters 

deep, sand on reef flats and shallow, muddy 

lagoons and forms beds and meadows in excellent 

condition habitats. However, C. lentillifera is 

sensitive to changes in salinity being stenohaline; 

poor growth in salinities lower than 30 ppt and 

mortality in lower than 25 ppt salinity
72

. 

2.11. Caulerpa prolifera: Caulerpa prolifera is a 

distinctive dark-green, slender, oval-shaped flat 

bladed complex alga than other members of the 

green alga order Bryopsidales, which resembles 

turtle grass, long twisting leaves grow from a single 

rhizome prefers sandy bottoms and ledges in 

shallow turbulent water. The blades are 1-2 mm 

diameter and around 1 m lengths, often proliferates 

to extend upward forming a new blade by 

fragmentation and it colonization very fast on 

muddy substrates with low hydrodynamic, when 

waters cool drastically, an individual can reproduce 

by holocarpsy, these. C. prolifera is a plant consists 

of a single giant cell with multiple nuclei, these are 

monoecious, and so each plant produces gametes of 

both sexual types Fig. 2F. It behaves as a shade-

adapted species with a low photoprotective 

capacity due to light is one of the main factors 

governing its distribution 
74, 75

.  

Sulphated polysaccharides, terpenoids, poly-

acetylenic fatty acid, saponins, steroids, alkaloids, 

tannins, glycosides, carbohydrates, flavonoids and 

proteins, caulerpin, caulerpenyne (CYN) are the 

most common phytoconstituents of these green 

algae genera with the small range of scientific 

evaluation and pharmacological activities were 

discussed in Table 1. 

TABLE 1: PHYTOCONSTITUENTS, PHARMACOLOGICAL EFFECT OF CAULERPA SPECIES WITH THE 

POSSIBLE MECHANISM IN DRUG DISCOVERY 

S. no. Name of the Algae Phytoconstituents Pharmacological activity Mechanism 

1 Caulerpa racemosa SPs, 

Terpenoids, 

Polyacetylenic fatty 

acid, Saponins, 

Steroids, 

Alkaloids, 

Tannins, 

Glycosides, 

Carbohydrates, 

Flavonoids and 

Proteins, 

Caulerpin 

Bactericidal   Interact with sPLA2 
76

 

Antinociceptive  Inhibition of COX and LOX, 

 Partial agonist of adrenergic, 

serotoninergic, cholinergic and 

dopaminergic receptors 
77

 

Antitumor  Apoptosis regulates cell division and 

intrinsic suicide or programmed cell 

death 
78

 

Anti-viral  Selective inhibitor of HSV-1 and HSV-

2 
79

 

Cytotoxic  Due to the compounds differing in 

polarity 
80, 81

 

Hypolipidemic, 

Anticoagulant 
82, 83

 

----- 

Larvicidal  Toxicity against 4
th

 instar larvae of 

mosquito 
84

 

Antioxidant and 

Anti-Arthritic 
 Inhibition of nitric oxide radical 

generation, Inhibition of protein 
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denaturation 
85

 

2 Caulerpa mexicana Caulerpin, 

Polysaccharides, 

Terpenes and 

Flavonoids, β-

carotene and Α-

tocopherols, indole 

alkaloids 

Antinociceptive, 

Anti-inflammatory 
 Inhibition of pain receptors or COX-3,  

 Reduce cell migration & edema 

formation 

 Negatively regulating the pro-

inflammatory cytokine levels 
86, 87, 107, 

108
 

Spasmolytic   Inhibition of Ca
2+

 influx 

 Non-competitive antagonism
 88

 

3 Caulerpa taxifolia 

(Vahl) 

Caulerpenyne 

(CYN) 

Antiproliferative  ↓se intracellular ATP-dependent 

Ca
2+

 accumulation, a specific inhibitor 

of reticular Ca
2+

-ATPase and 

 3
H-thymidine incorporation into DNA 

inhibition 
89

 

Toxicity effect studies  Inhibit or delay the proliferation of 

several phytoplanktonic strains 
90

 

4 Caulerpa 

cylindracea 

Caulerpin, 

Caulerpinic acid 

Mitochondrial targeting 

activity 
 Selectively inhibits the respiratory 

complex II activity, while functional re-

modification in complexes I, III, & IV 
91

 

5 Caulerpa 

cupressoides 

SPs, Lectin, Antinociceptive, Anti-

inflammatory, Anti-

thrombotic, 

Prothrombotic, 

Anticoagulant, Anti-

bacterial 

 ↓se in leukocyte migration and 

Inhibition the inflammatory process 

 Inhibition the TNF-α and IL-1β 

inhibition, IL-1β, IL-6 and COX-2 

expression and histamine H1 receptors  

 Preventing reactive oxygen species 

formation 
83, 92, 93, 94, 95, 96, 97

 

6 Caulerpa 

sertularioides 

Flavonoids and 

chlorophylls 

Polyanionic 

bioactive 

compounds 

Antioxidant, 

Antimutagenic, 

Antiproliferative, 

Antinociceptive 

Anti-inflammatory, 

Antimicrobial 

 Inhibition of inflammatory mediators 

 Lysis of the cells by affecting the lipid 

packing in the cell wall 
86, 98, 99

 

7 Caulerpa 

scalpelliformis 

Tannins, 

Flavonoids, 

Glycosides, 

Saponins, Phenolic 

compounds, 

Terpenoids, Fatty 

acids, Alkaloids, 

Steroids, Amino 

acids, Proteins, etc. 

Anti-microbial, 

Larvicidal effect 
100, 101, 

102, 103
 

---- 

8 Caulerpa brownii  Diterpenoids  Antimicrobial  Inhibits the cell division 
104

 

9 Caulerpa peltata Caulerpin, 

Caulerpicin, 

Antioxidant, 

Antiproliferative, 

Antibacterial 

 β-Carotene bleaching (BCB) inhibition 
105, 106

 

10 Caulerpa 

macrophysa 

Phenolic compounds Anticholinesterase, 

Anticancer 
 Induces the DNA damage 

109
 

Antioxidant  Free radical scavenging and inhibitory 

activities 
110

 

11 Caulerpa 

lentillifera  

Polysaccharides, 

Flavonoids 

Anti-diabetic  ↓ the dipeptidyl peptidase-IV and α-

glucosidase enzyme activities and 

effectively inhibited cell death and 

iNOS expression 
111

 

Antipyretic  Blocking the COX 
112

 

Immunostimulatory  Enhanced NO production via NF-kB 

and increased the phosphorylation of 

p38 MAPK and cytokine induction and 
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phagocytosis 
113

 

12 Caulerpa prolifera SPs Antiadipogenic, 

Antiproliferative, 

Microbicidal, 

Immunomodulatory, 

Antioxidant Activity 

 Reducing the differentiation of3T3-L1 

in adipocytes 

 Reducing the proliferation of HeLa and 

786-O cells 

 Increasing the nitric oxide production 

 Scavenging the oxidant molecules 
114

 

Anti-fungal Larvicidal 

activity, Antibacterial, 

cytotoxicity and 

anticoagulant 
115, 116, 117

 

--------------- 

HSV – Herpes Simples Virus; sPLA2 - Secretory Phospholipase A2; COX – Cyclooxygenase; LOX – Lipoxygenase; BCB - β-Carotene 
bleaching; SPs – Sulphated polysaccharides 

CONCLUSION: From the present review, we 

concluded that the natural products from the marine 

algae and other marine organisms represent one of 

the new confines in the exploration of bioactive 

compounds. India is one of the leading bio-

diversity centers with the presence of different 

plant species. Amongst, the marine algae are least 

explored for their medicinal properties. In the 

present days, we must accept the new challenges to 

the queries of the modern system about the quality 

and efficacy of the herbal drugs and their 

cultivation, collection, processing, preservation, 

and use. Hence, the identification of a bioactive 

compound from marine algae is a new potential 

area. Caulerpa species have been poorly explored 

for their pharmacological activities, and the 

presence of secondary metabolites possess different 

pharmacological actions. Most of the algal species 

required further studies for isolation, identification, 

characterization, and elucidation for their bioactive 

compounds along with its pharmacologic activity. 

ACKNOWLEDGEMENT: The author thanks to 

the Prof. S. Kavimani, Head of Department and 

faculties of Department of Pharmacology, College 

of Pharmacy, Mother Theresa Post Graduate and 

Research Institute of Health Sciences and Prof. S. 

Umamaheswari, Department of Pharmacology, Sri 

Ramachandra Institute of Higher Education and 

Research (Deemed to be University), Porur, 

Chennai for their support. 

CONFLICT OF INTEREST: Nil 

REFERENCES: 

1. Stam WT and Olsen JL: A forensic and phylogenetic 

survey of Caulerpa Species (Caulerpales, Chlorophyta) 

from the Florida Coast, local aquarium shops, and e-

commerce: establishing a proactive baseline for early 

detection. J Phycol 2006, 42: 1113-1124. 

2. Naqvi SWA and Solimabi S: Screening of some marine 

plants from the Indian coast for biological activity. Bot 

Mar 1980; 24: 51-55.  

3. Bernard P and Clement R: Bringing to evidence antibiotic 

substances from Posidonia oceanic. Rev Int Ocean ogr 

Mkd 1983; 70(71): 3337.  

4. Thangam TS and Kathiresan K: Mosquito larvicidal 

activity of marine plants with synthetic insecticides. Bot 

Mar 1991; 34: 537-539.  

5. Premnathan M and Chandra K: A survey of some Indian 

Marine plants for antiviral activity. Botanica Marina 1992; 

35: 321-324.  

6. Maheswaran ML, Padmavathy S and Gunalan B: 

Screening and characterization of marine seaweeds and its 

antimicrobial potential against fish pathogens. 

International Journal of Fisheries and Aquatic Studies 

2013; 1(1): 1-13. 

7. Faulkner DJ: Marine Natural Products. Natural Product 

Report 2001; 18: 1-49. 

8. Luning K and Pang SJ: Mass cultivation of seaweeds: 

current aspects and approaches. Journal of Applied 

Phycology 2003; 15(2): 115-119. 

9. Kim JK and Park SM: Novel antimutagenic pigment 

produced by Bacillus licheniformis SSA3. J Microbiol 

Biotechnol 1995; 5: 48-50.  

10. Okai Y and Higashi OK: Enhancing effect of 

polysaccharide from an edible brown alga Hijikia 

fusiforme (Hijiki) on the release of tumor necrosis factor 

alpha from macrophages of endotoxin nonresponder 

C3H/HeJ mice” Nutr Cancer 1997; 27(1): 74-79.   

11. Elena SF and Miralles R: The two faces of mutation: 

extinction and adaptation in RNA viruses” I U B M B Life, 

2000; 49: 5-9.  

12. Kim SK and Wijesekara I: Development and biological 

activities of marine-derived bioactive peptides: a review. 

Journal of Functional Foods 2010; 2: 1-9. 

13. Azhagu, Raj R, Mala K and Prakasam A: Phytochemical 

analysis of marine macroalga Caulerpa racemosa (J. 

Agardh) (Chlorophyta – Caulerpales) from Tirunelveli 

District, Tamilnadu, India. Journal of Global Biosciences 

2015; 4(8): 3055- 3067. 

14. Smit AJ: Medicinal and Pharmaceutical use of natural 

seaweed products: A Review. Journal of Appl Phycol 

2004; 16: 245-262. 

15. Plaza M, Cifuentes A and Ibanez E: In search of new 

functional food ingredients from algae. Trends Food Sci. 

Technol 2008; 19: 31-9. 

16. Faulkner DJ: Marine Natural Products. Natural Product 

Report 2002; 19: 1-48.  



Kumar et al., IJPSR, 2019; Vol. 10(3): 1014-1024.                                        E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1022 

17. Kim SJ and Woo S: Total phenolic contents and biological 

activities of Korean seaweed extract. Food Sci Biotechnol 

2005; 14: 798-802. 

18. Eluvakkal T and Sivakumar SR: Fucoidan in some Indian 

brown seaweeds found along the coast of Gulf of Mannar. 

International Journal of Botany 2010; 6(2): 176-181. 

19. Yong-Xin L and Wijesekara I: Phlorotannins as bioactive 

agents from brown algae. Process Biochemistry 2011; 46: 

2219-2224.  

20. Dawson EY: Marine Botany: An Introduction. Holt, 

Rinehart and Winston, New York 1966; 371. 

21. Hay CH and Adams NM: Marine algae of the subantarctic 

islands of New Zealand. Natl Mus N Zeal. Misc Ser 1985; 

11: 1-70. 

22. Meinesz A and Boudouresque CF: Sur l’origine de 

Caulerpa taxifolia en Mediterranee. C. R. Acad Sci Paris 

Sc. Vie 1996; 319: 603-16. 

23. Dumay O, Pergent G, Pergent-Martini C and Amade P: 

Variations in Caulerpenyne contents in Caulerpa taxifolia 

and C. racemose. Journal of Chemical Ecology 2002; 

28(2): 343-52. 

24. Guiry MD and Guiry GM: Family: Caulerpaceae 

taxonomy browser. Algae Base version 4.2 World-wide 

ELECTRONIC publication, National University of 

Ireland, Galway. Retrieved 2007; 09: 23. 

25. Meinesz A and Hesse B: Introduction et invasion de 

l’algue tropicale Caulerpa taxifolia en Mediterranee nord-

occidentale” Oceanol. Acta 1991; 14: 415-26. 

26. Piazzi L, Balestri E and Cinelli F: Presence of Caulerpa 

racemosa in the northwestern Mediterranean. Crypt Algol 

1994; 15: 183-9. 

27. Dalton R: Researchers Criticize Response to Killer Algae. 

Nature 2000; 406: 447. 

28. Kaiser J: California algae may be feared European species. 

Science 2000; 289: 222-3. 

29. Santos AG and Doty MS: Chemical studies on three 

species of the marine algae genus Caulerpa. In: (H, D. 

Freudenlhal. ed.) Drugs from the sea” Marine Technology 

Society 1968; 173-176. 

30. Aguilar-Santos G: Caulerpin. a new red pigment two green 

algae of the genus Caulerpa. Journal of the Chemical 

Society C: Organic 1970; 6: 842-843. 

31. Maiti BC, Thomson RH and Mahendran M: The structure 

of caulerpin, a pigment from Caulerpa algae. J Chem 

Research 1978; (S): 1682-1693. 

32. Mahendran M, Samasundarun S and Thomson RM: A 

revised structure from caulerpicin from Caulerpa 

racemosa. Phytochemistry 1979; 18: 1085-1086. 

33. Nielsen PG and Carle JS: Final structure of caulerpicin, a 

toxic mixture from the green alga Caulerpa racemosa. 

Phytochemistry 1982; 21: 1643-1645. 

34. Santos AG and Doty MS: Constituents the green algae 

Caulerpa itunourouxii. Lloydia 1971; 34: 88-90. 

35. Blackman AJ and Wells RL: Caulerpejl. A diterpene 

alcohol-related vitamin A from Caulerpa browvnii. 

Tetrahedron Lett 1976; 31: 2729-2730. 

36. Blackman AJ and Wells RJ: Flexilin and trilalin. telpene 

1,4-diacetoxy 1,3-dienes from two Caulerpa species. 

Tetrahedron Lett 1978; 33: 3063-3064. 

37. Ayyad SEN and Badria FA: Caulerpin, an antitumor 

indole alkaloid from Caulerpa racemosa, Alex. Journal of 

Pharmaceutical Sciences 1994; 8: 217. 

38. De Souza ET and De Lira DP: The antinociceptive and 

anti-inflammatory activities of Caulerpin, a bisindole 

alkaloid isolated from seaweeds of the genus Caulerpa. 

Marine Drugs 2009; 7: 689-704. 

39. Xu XH and Su JG: The separation, identification and 

bioassay of caulerpin. Zhongshan Daxue Xuebao Ziran 

Kexueban 1996; 35: 64-66. 

40. Humann P: Reef Coral Identification - Florida Caribbean 

Bahamas. New World Publications and Printed by 

Vaughan Press, Orlando, Florida, ed. N. Deloach 1993. 

41. Ceccherelli G and Piazzi L: Dispersal of Caulerpa 

racemosa fragments in the Mediterranean: lack of 

detachment time effect on the establishment. Bot Mar 

2001; 44: 209-213. 

42. Prud’homme Van Reine WF and Trona GC: Plant 

resources of South-East Asia, Cryptogams: Algae. Prosea 

Foundation, Borgor, Indonesia 2002; 15(1): 318. 

43. Mandlik R, Naik S and Tatiya A: Evaluation of 

physicochemical properties of seaweed, Caulerpa 

racemosa. International journal of research Ayurveda 

pharmacy 2014; 5(4): 540-546. 

44. Jenkins A: A closer look at Caulerpa - common aquarium 

species and their care. Conscientious Aquarist Magazine, 

2009; 6(4). 

45. Fagerberg WR, Towle J, Dawes CJ and Bo¨ttger A: 

Bioadhesion in Caulerpa mexicana (chlorophyta): rhizoid-

substrate adhesion. J Phycol. 2012; 47: 1-6. 

46. Freile-Pelegrn Y and Morales JL: Antibacterial activity in 

marine algae from the coast of Yucatan, Mexico. Botanica 

Marina 2004; 47: 140-146. 

47. Zuljevic A and Antolic B: Synchronous release of male 

gametes of C. taxifolia (Caulerpales, Chlorophyta) in the 

Mediterranean Sea. Phycologia 2000; 39(2): 157-159. 

48. Galil BS: Caulerpa taxifolia. Delivering Alien Invasive 

Species Inventories for Europe 2006: 1-4. 

49. Lemee R and Pesando D: Preliminary survey of toxicity of 

the green algae Caulerpa taxifolia introduced into the 

Mediterranean” Journal of Applied Phycology 1993; 5(5): 

485-493. 

50. Santini-Bellan D and Arnaud PM: The Influence of The 

Introduced Tropical Alga Caulerpa taxifolia, on the 

Biodiversity of the Mediterranean Marine Biota. Journal of 

the Marine Biological Association of the United Kingdom 

1996; 76(1): 235-237. 

51. Piazzi L and Balata D: The invasion of Caulerpa 

cylindracea in the Mediterranean: the known, the unknown 

and the knowable” Marine Biology 2016; 163: 161. 

52. Altamirano M and Andreakis N: First record of Caulerpa 

cylindracea (Caulerpaceae, Chlorophyta) in Andalusia 

(Southern Spain). Anales del Jardin Botanico de Madrid 

2014; 71(2): 1-9. 

53. Alomar C and Deudero S: Caulerpa cylindracea Sonder 

invasion modifies trophic niche in infralittoral rocky 

benthic community. Marine Environmental Research 

2016; 120: 86-92. 

54. Smith CM and Walters LJ: Fragmentation as a strategy for 

Caulerpa species: fates of fragments and implications for 

management of an invasive weed. Mar. Ecol PSZNI 1999; 

20: 307-319. 

55. Panayotidis P and Zuljevic A: Sexual reproduction of the 

invasive green algae Caulerpa racemosa var. occidentalis 

in the Mediterranean Sea. Oceanol. Acta 2001; 24: 199-

203. 

56. Renoncourt L and Meinesz A: Formation of propagules on 

an invasive strain of Caulerpa racemosa (Chlorophyta) in 

the Mediterranean Sea. Phycologia 2002; 41: 533-535. 

57. Piazzi L and Balata D: The spread of Caulerpa racemosa 

var. cylindracea in the Mediterranean Sea: an example of 

how biological invasions can influence beta diversity. Mar 

Environ Res 2008; 65(1): 50-61. 



Kumar et al., IJPSR, 2019; Vol. 10(3): 1014-1024.                                        E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1023 

58. Sladonja B and Banovac-Kuca V: New Records of 

Caulerpa cylindracea Sonder (Caulerpales, Chlorophyta) 

In Istria, Croatia. Short Scientific Article 2004; 24(2): 115-

120. 

59. Piazzi L and Balata D: Sediment as a constituent of 

Mediterranean benthic communities dominated by 

Caulerpa racemosa var. Cylindracea. Scientia Marina 

2007; 71(1): 129-135. 

60. Voss GL: Seashore life of Florida and the Carribbean. 

Dover Publications Inc. Miami, Florida, First Edition 

1976. 

61. Trono GC: Jr. 2001 Seaweeds. p. 19-99. In Carpenter, K.E. 

and V.H. Niem (eds.), the Living Marine Resources of the 

Western Central Pacific, Vol. 1. FAO Species 

Identification Guide for Fishery Purposes. FAO, Rome 

2001; 1: 686. 

62. Eubank LL: Hawaiian Representatives of the Genus 

Caulerpa. University of California Publications in Botany 

1946; 18: 409-432. 

63. Larned ST: Nitrogen- versus phosphorus-limited growth 

and sources of nutrients for coral reef macroalgae. Marine 

Biology 1998; 132: 409-421. 

64. Baldock RN: S “Algae Revealed” Australian State 

Herbarium, August. Description in the Benthic Flora 2005; 

I: 257-259. 

65. Edgar G: Descriptive Names are Inventions to Aid 

Identification. Australian Marine Life, Second Edition 

2008. 

66. Vasconcelos MA and Schubart CLQ: Temporal variation 

in vegetative development of Caulerpa scalpelliformis 

(Chlorophyta) from Baleia beach, Ilha Grande bay (Rio de 

janeiro, brazil)” Brazilian Journal of Oceanography 2011; 

59(2): 145-152. 

67. Womersley A: Caulerpa brownii (C. Agardh) Endl.” 

FloraBase Mar. Benthic Fl. Southern Australia I, 1984: 

264. 

68. Baldock RN: S “Australian State Herbarium” Description 

in the Benthic Flora, September 2003; I: 261, 263, 264. 

69. Teo LW and Wee YC: Seaweeds of Singapore. Singapore 

University Press 1983: 123. 

70. Chin LA and Baula IU: A photographic guide to the 

marine algae of Singapore. Tropical Marine Science 

Institute 2015: 201. 

71. Murray G: Caulerpa macrophysa (sonder ex Kutzing). 

Marine Plants of Pacipic Panama 1887: 38. 

72. Jun K and Kiyomasa I: Investigation and culture of 

microbial contaminants of Caulerpa lentillifera (Sea 

Grape). Shokuhin Eiseigaku Zasshi, 2008, 49(1): 11-15. 

73. Hader DP and Porst M: Photosynthesis of the 

mediterranean green alga Caulerpa prolifera measured in 

the field under solar irradiation. Journal of Photochemistry 

and Photobiology B: Biology 1997; 37(1-2): 66-73. 

74. Garcia-Sanchez M and Korbee N: Physiological response 

and photoacclimation capacity of Caulerpa prolifera 

(Forsskål) J.V. Lamouroux and Cymodocea nodosa 

(Ucria) Ascherson meadows in the Mar Menor lagoon (SE 

Spain). Mar. Environ Res. 2012; 79: 37-4.  

75. Pires CL and Rodrigues SD: Sulfated polysaccharide 

extracted of the green algae Caulerpa racemosa increase 

the enzymatic activity and paw edema induced by sPLA2 

from Crotalus durissus terrificus venom. Revista 

Brasileira de Farmacognosia 2013; 23(4): 635-643. 

76. Souza ET and Queiroz ACD: Antinociceptive activities of 

crude methanolic extract and phases, n-butanolic, 

chloroformic and ethyl acetate from Caulerpa racemosa 

(Caulerpaceae). Brazilian Journal of Pharmacognosy 2009; 

19(1A): 115-120. 

77. Lakmal CHH and Samarakoon KW: Anticancer and 

antioxidant effects of selected Sri Lankan marine algae. J. 

Natn. Sci. Foundation Sri Lanka 2014; 42(4): 315-323. 

78. Ghosh P and Adhikari U: In-vitro anti-herpetic activity of 

sulfated polysaccharide fractions from Caulerpa 

racemosa. Phytochemistry 2004; 65(23): 3151-3157. 

79. Ara J and Sultana V: Cytotoxic activity of marine macro-

algae on Artemia salina (Brine shrimp)” Phytotherapy 

Research, 1999, 13 (4): 304-307. 

80. Yin Yin Chia, M S Kanthimathi1, et al “Antioxidant and 

cytotoxic activities of three species of tropical seaweeds. 

BMC Complementary and Alternative Medicine 2015; 

339: 1-14. 

81. Ara J and Sultana V: Hypolipidaemic activity of seaweed 

from Karachi coast. Phytotherapy Research 2002; 16(5): 

479-483. 

82. Rodrigues JAG and Quindere ALG: Comparative study of 

sulfated polysaccharides from Caulerpa spp. 

(Chlorophyceae). Biotechnological tool for species 

identification? Acta Scientiarum. Biological Sciences 

2012; 34(4): 381-389. 

83. Ali MYS and Ravikumar S: Mosquito larvicidal activity of 

seaweeds extracts against Anopheles stephensi, Aedes 

aegypti and Culex quinquefasciatus. Asian Pacific Journal 

of Tropical Disease 2013; 3(3): 196-201. 

84. Sumanya H and Lavanya R: Evaluation of in-vitro anti-

oxidant and anti-arthritic activity of methanolic extract of 

marine green algae Caulerpa racemosa. International 

Journal of Pharmacy and Pharmaceutical Sciences 2015; 

7(7): 340-343.  

85. Matta CBBD and Souza ETD: Antinociceptive and Anti-

Inflammatory activity from algae of the genus Caulerpa. 

Mar. Drugs 2011; 9(3): 307-318. 

86. Bitencourt MAO and Dantas GR: Aqueous and methanolic 

extracts of Caulerpa mexicana suppress cell migration and 

ear edema induced by inflammatory agents. Marine Drugs 

2011; 9(8): 1332-1345. 

87. Cavalcante-Silva LHA and Correia ACDC: Spasmolytic 

Effect of Caulerpine Involves Blockade of Ca2+ Influx on 

Guinea Pig Ileum. Mar. Drugs 2013; 11(5): 1553-1564. 

88. Pesando D and Lemee R: Effects of caulerpenyne, the 

major toxin from Caulerpa taxifolia on mechanisms related 

to sea urchin egg cleavage. Aquatic Toxicology 1996; 

35(3-4): 139-155. 

89. Lemee R and Pesando. D: Microalgae: a model to 

investigate the ecotoxicity of the green alga Caulerpa 

taxifolia from the Mediterranean sea. Marine 

Environmental Research 1997; 44(1): 13-25. 

90. Ferramosca A and Conte A: Metabolites from invasive 

pests inhibit mitochondrial complex II: a potential strategy 

for the treatment of human ovarian carcinoma?” 

Biochemical and Biophysical Research Communications 

2016; 473(3): 1133-1138. 

91. Vanderlei ESO and Patoilo KKNR: Antinociceptive and 

anti-inflammatory activities of lectin from the marine 

green alga Caulerpa cupressoides. International 

Immunopharmacology 2010; 10(9): 1113-1118. 

92. Rodrigues JAG and Vanderlei EDSO: Antinociceptive and 

anti-inflammatory activities of a sulfated polysaccharide 

isolated from the green seaweed Caulerpa cupressoides. 

Pharmacological Reports 2012; 64: 282-292. 

93. Costa MSSP and Costa LS: Evaluating the possible 

anticoagulant and antioxidant effects of sulfated 

polysaccharides from the tropical green alga Caulerpa 

cupressoides var. Flabellate. Journal of Applied Phycology 

2012; 24(5): 1159-1167.  



Kumar et al., IJPSR, 2019; Vol. 10(3): 1014-1024.                                        E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1024 

94. Rodrigues JAG and Vanderlei EDSO: Antinociceptive 

activity and acute toxicological study of a novel sulfated 

polysaccharide from Caulerpa cupressoides var. 

lycopodium (Chlorophyta) in Swiss mice” Acta 

Scientiarum. Technology 2013; 35(3): 417-425. 

95. Rivanor RLDC and Chaves HV: A lectin from the green 

seaweed Caulerpa cupressoides reduces mechanical 

hyper-nociception and inflammation in the rat 

temporomandibular joint during zymosan-induced 

arthritis. International Immunopharmacology 2014; 21(1): 

34-43. 

96. Queiroz INLD and Quindere ALG: Dual effects of a lectin 

from the green seaweed Caulerpa cupressoides var. 

lycopodium on inflammatory mediators in classical models 

of inflammation. Inflammation Research 2015; 64(12): 

971-982.  

97. Osuna-Ruiz I and Lopez-Saiz CM: Antioxidant, 

antimutagenic and antiproliferative activities in selected 

seaweed species from Sinaloa, Mexico. Pharm Biol 2016; 

54(10): 2196-210.  

98. Darah. I and Tong WY: Antimicrobial effects of Caulerpa 

sertularioides extract on foodborne diarrhea-caused 

bacteria. European Review for Medical and 

Pharmacological Sciences 2014; 18(2): 171-178. 

99. Mehmet CHG: Larvicidal activity of the extract of 

seaweed, Caulerpa scalpelliformis, against Culex pipiens. 

Journal of the American Mosquito Control Association 

2010; 26(4): 433-5. 

100. Singh MJ: Studies on the antimicrobial potency of the 

marine algae - Caulerpa scalpelliformis and Spyridia 

species. International Journal of Biological Research 2014; 

2(2): 131-133. 

101. Karthick N and Fathimal MN: Screening of 

phytochemicals and antimicrobial activity of Caulerpa 

scalpelliformis collected from Manapad Coast, Tuticorin 

District, Tamil Nadu, South India. Journal of Coastal Life 

Medicine 2014; 2(2): 107-111. 

102. Shanthasubitha S and Saravanababu S: Preliminary 

screening, antioxidant and antimicrobial potential of 

seaweeds collected from the coastal area of Kanyakumari 

District. Life Science Archives (LSA) 2016; 2(1): 394-

405. 

103. Paul VJ and Fenical W: Diterpenoid metabolites from 

pacific marine algae of the order Caulerpales 

(Chlorophyta). Phytochemistry 1985; 24(10): 2239-2243. 

104. Movahhedina and Barara J: Phytochemistry and biologic 

activities of Caulerpa peltata Native to Oman Sea Nasrin. 

Iranian Journal of Pharmaceutical Research 2014; 13(2): 

515-521. 

105. Murugan K and Iyer VV: Antioxidant activity and Gas 

Chromatographic-Mass Spectrometric Analysis of extracts 

of the Marine Algae, Caulerpa peltata and Padina 

gymnospora. Indian Journal of Pharmaceutical Sciences, 

2014; 76(6): 548-552. 

106. Rodrigues JAG and Vanderle EDSO: Peripheral 

Antinociception and anti-inflammatory effects of 

sulphated polysaccharides from the alga Caulerpa 

mexicana Jose Gerardo Carneiro1,2,. Basic & Clinical 

Pharmacology & Toxicology 2014; 115: 335–342. 

107. Bitencourt MAO and Silva HMD: Anti-inflammatory 

effects of methanolic extract of green algae Caulerpa 

mexicana in a murine model of ulcerative colitis. Revista 

Brasileira de Farmacognosia 2015; 25(6): 677-682. 

108. Lin HC and Chou ST: The effects of Caulerpa microphysa 

enzyme-digested extracts on ACE-inhibitory activity and 

in vitro anti-tumor properties. Food Chemistry 2012; 

134(4): 2235-2241. 

109. Yangthong M and Hutadilok-Towatana N: Antioxidant 

activities of four edible seaweeds from the southern coast 

of Thailand. Plant Foods Hum Nutr. 2009; 64(3): 218-23. 

110. Sharma BR and Rhyu DY: Anti-diabetic effects of 

Caulerpa lentillifera: stimulation of insulin secretion in 

pancreatic β-cells and enhancement of glucose uptake in 

adipocytes. Asian Pacific Journal of Tropical Biomedicine 

2014; 4(7): 575-580. 

111. Daud D and Arsad NFM: Anti-Pyretic Action of Caulerpa 

lentillifera, Hibiscus rosa-sinensis and Piper sarmentosum 

aqueous extract in mice. Asian J Pharm Clin Res 2016; 

9(1): 168-170. 

112. Maeda R and Ida T: Immunostimulatory activity of 

polysaccharides isolated from Caulerpa lentillifera on 

Macrophage Cells. Bioscience, Biotechnology, and 

Biochemistry 2012; 76(3): 501-505. 

113. Camara RBG and Oliveira RM: Pharmacological activities 

of sulfated polysaccharides extracted from Caulerpa 

prolifera. 23rd Congress of the International Union for 

Biochemistry and Molecular Biology, 44th Annual Meeting 

of the Brazilian Society for Biochemistry and Molecular 

Biology, Foz do IguaAu, PR, Brazil Aug 24th to 28th: 2015. 

114. Lima-Filho JVM and Carvalho AFFU: Antibacterial 

activity of extracts of six macroalgae from the 

Northeastern Brazilian coast. Bra -14zilian Journal of 

Microbiology 2002; 33: 311-313 

115. Soliman EFA and Abdel-Moneim SA: Antifungal activity 

of methanolic extract of Caulerpa prolifera of Ghemenis 

Coast, Libya. The Egyptian Society of Experimental 

Biology 2011; 7(2): 225-229. 

116. Sabirin F and Kazi JA: Screening of seaweeds potential 

against oral infections. Journal of Applied Sciences 

Research 2015; 11(15): 1-6. 

117. Selim S and Amin A: Antibacterial, cytotoxicity and 

anticoagulant activities from Hypnea esperia and Caulerpa 

prolifera marine algae. Pak J Pharm Sci. 2015; 28(2): 525-

30. 

  

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Play store) 
 

How to cite this article: 

Kumar JGS, Umamaheswari S, Kavimani S and Ilavarasan R: Pharmacological potential of green algae Caulerpa: a review. Int J Pharm 

Sci & Res 2019; 10(3): 1014-24. doi: 10.13040/IJPSR.0975-8232.10(3).1014-24. 

 

 


