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Abstract 
 

Background: Anti-cancer potential of marine natural products such as polysaccha-
rides represented therapeutic potential in oncological researches. In this study, total 
polysaccharide from brittle star [Ophiocoma erinaceus (O. erinaceus)] was extracted 
and chemopreventive efficacy of Persian Gulf brittle star polysaccharide was investi-
gated in HeLa human cervical cancer cells.   
 

Methods: To extract polysaccharide, dried brittle stars were ground and extracted 
mechanically. Then, detection of polysaccharide was performed by phenol sulfuric  
acid, Ultra Violet (UV)-sulfuric acid method and FTIR. The anti proliferative activity 
of isolated polysaccharide was examined by MTT assay and evaluation of cell death 
was done through morphological cell changes; Propodium Iodide staining, fluores-
cence microscopy and caspase-3, -9 enzymatic measurements. To assess its underlying 
mechanism, expression of Bax, Bcl-2 was evaluated. 
 

Results: The polysaccharide detection methods demonstrated isolation of crude poly-
saccharide from Persian Gulf brittle star. The results revealed that O. erinaceus poly-
saccharide suppressed the proliferation of HeLa cells in a dose and time dependent 
manner. Morphological observation of DAPI and Acridine Orange/Propodium Iodide 
staining was documented by typical characteristics of apoptotic cell death. Flow 
cytometry analyses exhibited the accumulation of treated cells in sub-G1 region. Addi-
tionally, polysaccharide extracted induced intrinsic apoptosis via up-regulation of 
caspase-3, caspase-9 and Bax along with down-regulation of Bcl-2 in HeLa cells. 
 

Conclusion: Taken together, the apoptosis inducing effect of brittle star polysaccha-
ride via intrinsic pathway confirmed the anti tumor potential of marine polysaccha-
ride. Therefore, these findings proposed new insight into anti cancer properties of brit-
tle star polysaccharide as a promising agent in cervical cancer treatment.  
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Introduction 
 

Cervical carcinoma is the second most threatening 

health problem for women worldwide in incidence and 

mortality 1. Some chemopreventive polyphenol agents 

such as curcumin, ferulic acid and resveratrol are be-

lieved to inhibit proliferation of transformed cells by 

apoptosis induction, DNA fragmentation and regula-

tion of signal transduction pathways. In spite of im-

provement in cancer treatment strategies, still cervical 

cancer is the second most common malignancy in 

women. However, numerous researches were conduct-

ed to discover bioactive natural products with health 

promoting effects and short term toxicity in cervical 

lesions 2.   

 

 

 

 

 
Apoptosis or programmed cell death is a type of cell  

 

death which eradicates unwanted cells and redundant   
 

tissues to maintain homeostasis. Tumor cell apoptosis 

is accounted as a potent defense mechanism for pre  
 

vention of cancer by regulating tumor cell cycle dis-

turbance and it provides an alternative strategy in can-

cer treatment 3. Natural products are structurally di-

verse compounds with anti tumor activity and low side  
 

effects that improve human health and have pivotal 

function to eliminate tumor cells by modulation of 

apoptotic signaling 4.  

Polysaccharides are various types of biopolymers 
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that play crucial roles in biological events such as sig-

nal recognition, cell to cell communication and patho-

genesis prevention. For instance, glycosaminoglycans 

such as heparin and dermatan sulfate are paid more 

attention due to anticoagulant activity 5.  

Tremendous evidence shows that natural polysac-

charides possess therapeutic potential as anti-mutagen-

ic, anti-bacterial, anti-coagulant and anti-cancer activi-

ty. Moreover, the biological effects of polysaccharides 

obtained from marine ecosystem provide novel medic-

inal option against traditional plant polysaccharides in 

drug discovery 6.  

As the main part of marine, polysaccharide is ob-

tained from bacteria and algae, therefore, the extraction 

and identification of applicable natural polysaccharide 

from marine invertebrate is an interesting topic for fu-

ture researches in cell therapy 7.  Furthermore, holothu-

rian (sea cucumber) among echinodermata is consid-

ered as a natural resource of sulfated polysaccharides. 

For example, fucoidan is a typical sulfated polysaccha-

ride extracted from brown seaweed and sea cucumber 

and it possesses biological properties such as antioxi-

dant, hepatoprotective and hypercholesterolemic ef-

fects 8. Collagen and acidic polysaccharide are com-

posed of chief polysaccharides in body wall of sea cu-

cumber. Further, it has been documented that fucosyl-

ated chondroitin sulfate and fucan extracted from sea 

cucumber’s body wall show biological potency such as 

anticoagulant, anti angiogenic and anti-metastatic ef-

fects 9.   

Brittle stars (ophiuroidea) are marine invertebrates 

belonging to echinodermata and one of their more 

prominent features is their capacity for arm regenera-

tion that has received little attention in the literature for 

its biomedical application 10. To date, the presence of 

some bioactive substances such as terpenes, sulfated 

sterols, carotenoid sulfate, phenylpropanoid and naph-

thoquinone in brittle stars has been proved which may 

have important role in anticancer therapy 11.  

Furthermore, the existence of cerebrosides and alka-

loids isolated from brittle star has been reported but no 

reports related to extraction of polysaccharide from 

brittle star exist 12. Since there is little information as-

sociated with extraction and biomedicine activities of 

marine invertebrates polysaccharides, therefore, extrac-

tion of natural marine polysaccharides from brittle stars 

that could induce apoptosis is fascinating 13. Hence, the 

aim of this study was to extract polysaccharide from 

Persian Gulf brittle star Ophiocoma erinaceus (O. eri-

naceus) and evaluate the inhibitory effect of O. eri-

naceus polysaccharide on human HeLa cervical cancer 

and ultimately address molecular mechanism. 

 

Materials and Methods 
 

HeLa cells (human cervical cancer cells) were pur-

chased from NCBI (National Cell Bank of Iran). 

DMEM Medium, FBS (Fetal Bovine Serum), trypsin-

EDTA and antibiotic (penicillin-streptomycin) were 

obtained from Gibco-USA. Specimens of the brittle 

star (O. erinaceus) were obtained from rocky intertidal 

flats of Persian Gulf waters. Methanol and ethanol 

were purchased from Merck (Germany). MTT (3-[4, 5- 

dimethyl thiazol-2-yl]-2,5-diphenyl tetrazolium bro-

mide) and DAPI (4′,6-Diamidino-2-phenylindole dihy-

drochloride) were prepared from Applichem (USA). PI 

(Propodium Iodide) and AO (Acridine Orange) were 

obtained from Sigma (USA). Caspase-3 and caspase-9 

calorimetric assay kits were purchased from Abcam 

(England). This experiment was performed at Research 

Center of Applied Biology of Mashhad, Islamic Azad 

University in 2013. 
 

Preparation of polysaccharide 

To perform extraction of polysaccharide from O. 

erinaceus, the samples were dried, minced and extract-

ed (Figure 1) 14. 
 

Phenol-sulfuric acid, sulfuric acid-UV reaction and FTIR 

as an analytical method 
To identify polysaccharide using phenol-sulfuric ac-

id method, carbohydrate solution was mixed with phe-

nol and concentrated sulfuric acid to reach color and 

the light absorption was recorded at 490 nm. In sulfuric 

500 g O. erinaceus 

Extract by boiling in 10 volumes of water (10 l) for 

3 hr centrifuged at 12,000 g for 20 min 

Filtration 

Filtrate 

Precipitate 

Addition of 3 volumes of 95% (v/v) ethanol and 

incubation 4C overnight 

Centrifugation 18,000 g, 30 min 

Aqueous 

supematant 

Precipitate 

Dissolved in distilled water 

Centrifugation for 20 min at 12,000g 

Aqueous 

supematant Precipitate 

Lyophilize 

 

Total polysac- 

charide 

Figure 1. Schematic depiction of polysaccharide extraction method 

from O. erinaceus. 
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acid-Ultra Violet (UV) method, carbohydrate solution 

was mixed with  concentrated sulfuric acid and UV 

light absorption at 315 nm was recorded using UV-

spectrophotometer 15. To identify the functional groups 

of the active compound, FTIR (Fourier Transform In-

frared Region) in the region of infrared radiation was 

utilized. 
 

Cell culture and maintenance 
HeLa cells were grown in DMEM medium pos-

sessing 10% FBS (Gibco, USA) supplemented with L-

glutamine (Sigma, USA) and 1% antibiotic at 37ºC in a 

humidified, 5% CO2 incubator.  
 

Cell proliferation assay  
To assess the effects of O. erinaceus total polysac-

charide on HeLa cells growth, MTT assay was per-

formed. To conduct this assay, HeLa cells were plated 

at a concentration of 104 cells/well in 96-well plates 

overnight. Then the cells were incubated with different 

concentrations of total polysaccharide (100, 50, 25, 

12.5, 6.25, 0 µg/ml) to obtain inhibitory concentrations. 

Stock solution of total polysaccharide was diluted in 

DMEM medium. After the desired time (24 hr and 48 

hr), viability of cultured cells was determined by MTT 

assay and the optical absorbance of dissolved formazan 

was measured at 570 nm spectrophotometerically by 

(Epoch, USA).  
 

Morphological observation under inverted microscope 
In order to investigate the effect of crude extracted 

polysaccharide on cell morphology, HeLa cells were 

seeded in 24-well plates (10 5 cells/well) and after 24 

hr adherence of cells, treatment was performed at in-

hibitory concentrations (50% and up to 50%) for 24 hr. 

The cells were examined under inverted microscope 

(Bio Photonic, Brazil) and photographs were taken. 
 

Acridine orange/ propodium iodide and DAPI staining 
The cultured cells were treated with inhibitory con-

centrations of total polysaccharide for 24 hr, then, har-

vested and stained with 10 µl (100 µg/ml AO and 100 

µg/ml PI mixture). For DAPI staining, HeLa cells were 

seeded on cover slips, then incubated with inhibitory 

concentrations of total polysaccharide for 24 hr. Next, 

the cells were fixed with methanol for 5 min and ex-

posed with 100 µg/ml DAPI for 15 min at 37ºC in the 

dark. Ultimately, the cells were visualized under fluo-

rescence microscope.  
 

Detection of apoptosis 
Seeded HeLa cells were incubated with medium 

containing inhibitory concentrations of total polysac-

charide extracted from O. erinaceus overnight. Then, 

cells were washed with PBS and suspended with PI 

solution containing 0.1% sodium citrate plus 0.1% Tri-

ton X100 at 37ºC for 30 min and then placed at 4ºC in 

the dark for 10 min and the apoptotic cells were evalu-

ated using a FACScan laser flow cytometer (FACS 

Calibur, Becton Dickinson, USA). 
 

Determination of the type of apoptotic pathway induced by 

caspase-3 and -9 assays 
Colorimetric caspase-3 and -9 kits were utilized for 

measurement of enzymatic activity on the basis of 

cleavage of p-nitroaniline (pNA) from labeled substrate 

DEVD-pNA and p-nitroanilide (pNA) and from la-

beled substrate LEHD-p-NA by active enzymes. Brief-

ly, 3×106 plated cells were incubated for 24 hr with 

inhibitory concentrations of brittle star extracted poly-

saccharide. At the next step, the treated cells were 

trypsinized and incubated with 300 µl lysis buffer for 

10 min on ice and centrifuged at 4ºC to obtain superna-

tant rich from cytosolic protein content. Then, the ly-

sates were examined for measurement of caspase-3 and 

caspase-9 activity according to manufacturer’s  proto-

col. Finally, the absorbance of chromophore p-NA was 

determined spectrometrically at 405 nm (Epoch, USA). 
 

Statistical analysis  
The statistical significance was analyzed by SPSS 

software through Student’s t test. All results were re-

peated at least three times and expressed as mean± 

SEM. For all comparisons, the level of p≤0.05 was 

considered significant. 

 
Results 

 

Identification of crude polysaccharide with colorimetric 

assay and FTIR 
On the basis of phenol-sulfuric acid method, dehy-

drated carbohydrates produce detectible color as well 

as furfural derivative which can be used for detection 

of sugars. UV-sulfuric acid method can recognize sug-

ar content without the need to separate color develop-

ment. However, both methods confirmed extraction of 

polysaccharide from O. erinaceus. In UV-sulfuric acid 

reaction, the absorbance of D-GLC and O. erinaceus 

extracted polysaccharide at 315 nm was 1.214, 1.015, 

and in phenol-sulfuric acid method, it was recorded as 

1.52, 1.27, respectively (Figure 2).  
 

O. erinaceus total polysaccharide suppressed proliferation 

of HeLa cell 
The cytotoxic effect of total isolated polysaccharide 

was evaluated by MTT assay. As indicated in figure 3, 

extracted polysaccharide inhibited HeLa cell growth in 

a dose and time dependent manner in 24 and 48 hr, so 

that, the IC50 values were calculated as 25, 12.5 µg/ml, 

respectively.  
 

Morphological examination 

Morphological alteration of HeLa cells after treat-

ment with brittle star extracted polysaccharide indicat-

ed that crude polysaccharide induced the morphologi-

cal characteristic of apoptosis in HeLa cells such as 

cell shrinkage, reduction of cell volume, plasma mem-

brane blebbing, nuclear condensation and apoptotic 

bodies (Figure 4A).  
 

Analysis of apoptosis by fluorescence microscopy 

Apoptosis induction is considered as a key modality  
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in cancer fighting. Cellular alterations such as chroma-

tin condensation and caspase cascade have character-

ized apoptotic cells.  In this study, the typical morpho-

logical changes were assessed by fluorescence micros-

copy. In AO/PI staining, red color indicates necrotic 

cells in which PI penetrates the disturbed membrane, 

orange cells indicate apoptotic cells that are features of 

condensed chromatin and green color distinguishes 

intact untreated cells. As shown in figure 4, crude pol-

ysaccharide treated cells were apoptotic dose depend-

ent and necrotic cells had higher concentration (Figure 

4B). DAPI as a fluorescence DNA binding agent was 

applied to assess nuclear apoptosis. Staining with 

DAPI revealed DNA fragmentation and nuclear pyk-

nosis (features of apoptotic nucleus) in a dose response 

manner in HeLa treated cells which were compared 

with untreated cells with normal intact nucleus (Figure 

4C).  
 

Evaluation of apoptosis in HeLa cells treated with O. erina-

ceus crude polysaccharide 
Apoptosis was further studied by PI flow cytometry. 

PI staining was examined to detect cell membrane in-

tegrity and DNA fragmentation. Sub-diploid peak in 

this assay resulted from endonuclease activation and 

DNA fragmentation which is represented in HeLa cells 

treated with O. erinaceus crude polysaccharide and is 

considered to be indicative of loss of cell membrane 

integrity (Figure 5).   
 

 Induction of intrinsic apoptotic pathway by activation of 

caspase-3 and caspase-9 
To evaluate the ability of caspases in induction of 

apoptosis by O. erinaceus crude polysaccharide, the 

absorbance of the enzyme activity was measured after 

24 hr treatment with IC50 value in HeLa cells. The col-

Figure 2. A) Phenol-sulfuric acid reaction, production of furfural derivative characterized the carbohydrate content. (A=extracted polysaccharide, 

B= blank, C=D-GLC). B) FTIR spectra in the 4000-400 cm_1 region of D-GLC and O. erinaceus which confirmed the similar peak of carbohydrates 

in extracted polysaccharide. 

Figure 3. Evaluation of the cytotoxic effect of O. erinaceus crude 

polysaccharide on HeLa cells after 24 and 48 hr. Values are the 

mean±S.D. of triplicate determinations of three independent exper-

iments **p<0.01, ***p<0.001. 
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orimetric assay revealed significant enhancement in 

both caspase-3 and caspase-9 activity in treated cells in 

a concentration-dependent manner as compared to con-

trol which showed that O. erinaceus extracted polysac-

charide induced apoptosis via mitochondrial apoptotic 

pathway in HeLa cells (Figure 6). 
 

Effect of brittle star extracted polysaccharide on Bax and 

Bcl-2 mRNA expression in HeLa cells 
The mRNA expression levels of two apoptotic-re-

lated genes, Bax and Bcl-2 in human cervical cancer 

HeLa cells treated with inhibitory concentrations of 

extracted polysaccharide were evaluated using the RT-

PCR. The RT-PCR analysis indicated that pretreatment 

of HeLa cells with isolated polysaccharide decreased 

Bcl-2 mRNA expression levels in a dose dependent 

manner and the Bax mRNA level increased compared 

to the untreated cells (Figure7). 

 
Discussion 

 

To date, cancer is considered as a dreadful compli-

cated disease worldwide. Considerable variation in res-

ponse to drugs identifies the death induced in cancer 

cells. Apoptosis postpones progression of tumors with 

challenging high proliferative capacity of cancer cells. 

Apoptosis based therapy solves complications of low 

efficacy and drug resistance culminating in better clini-

cal outcomes 16. Natural products as secondary metabo-

lites play vital role in anti-neoplastic strategies with  

useful chemotherapeutic agents. In cancer treatment, 

protective effects of natural products and unique struc-

tures provide a valid alternative in chemotherapy. Due 

to unknown marine  ecosystem, the isolation and iden-

tification of bioactive marine natural products intro-

duced an alternative route for treatment of cancer and 

other degenerative disorders with apoptosis targeted 

therapy 17.  

Sensitivity of target cells caused the apoptosis of 

cancer cells or non-apoptotic cell death. In malignant 

cells, recruitment of apoptosis has been accounted for 

limiting cancer progression that encourages the re-

searchers to discover apoptosis inducing compounds 18. 

Caspases are cysteine proteases that play crucial 

role in apoptotic cell death. Extrinsic or death receptor 

and mitochondrial-mediated intrinsic apoptotic path-

ways comprise two major apoptotic distinct pathways 

that converge on activation of caspases 19. Investigation 

regarding biomedical application of natural polysac-

charides has recently attracted more attention 20. In the 

present study, novel polysaccharide was extracted from 

Figure 4. Morphological effect of O. erinaceus extracted polysac-

charide on HeLa cells. Panel A) visualization with inverted micros-

copy. Panel B) AO/ PI double staining and Panel C) DAPI staining. 

Arrows in panel B from left to right point to live cells, apoptotic 

cells and necrotic cells and in panel C indicate chromatin condensa-

tion. 

Figure 5. Estimation of apoptotic effect of O. erinaceus crude poly-

saccharide on cervical cancer cells by flow cytometry. Flow 

cytometry histogram of untreated and treated HeLa cells showed 

that inhibitory concentrations of extracted polysaccharide (25, 50 

µg/ml) increased sub-G1 peak demonstrating involvement of apop-

totic cells in cytotoxicity of brittle star polysaccharide. 
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Persian Gulf brittle star O. erinaceus and its anticancer 

effect was evaluated. Moreover, this is the first study 

related to polysaccharide extracted from brittle stars 

which postulated therapeutic potency against cervical 

carcinoma. In this study, chromatin condensation, ac-

cumulation of sub-G1 followed by up-regulation of 

caspase-3 and caspase-9, down-regulation of Bcl-2 and 

up-regulation of Bax characterized apoptosis under 

treatment with brittle star crude polysaccharide were 

evaluated.  

  These findings are in agreement with other studies 

revealing apoptotic potential of natural polysaccharide 

in cancer therapy. In 2006, Lavi et al investigated in 

vitro anti cancer effect of partially isolated mushroom 

Pleurotus ostreatus polysaccharide fraction on HT-29 

colon carcinoma cells and observed pro apoptotic ef-

fect via up-regulation of Bax and cytochrome C which 

may be candidate polysaccharide fraction in colon can-

cer medicine 21.   

In 2010, Cao et al showed that polysaccharide iso-

lated from Angelica sinensis exerted anti cancer effect 

via recruiting intrinsic apoptosis pathway in HeLa cer-

vical cancer cells in vitro and in vivo 20. Chen et al. in 

2013 studied chemopreventive properties of fungus 

extracted polysaccharide from Rhizopus nigricans  and 

reported that the isolated polysaccharide suppressed 

human gastric cancer BGC-823 cell growth, displayed 

G2/M phase arrest and morphological indications of 

apoptosis through mitochondria mediated pathway 22. 

Also, fungus polysaccharide extracted from Armillaria 

mellea revealed a chemopreventive effect on A549 

non-small cell lung cancer cells via increment of apop-

tosis and caspase activation through intrinsic pathway 
23. 

Chen et al in 2013 extracted water-soluble polysac-

charide from roots of Dipsacus asperoides and showed 

that extracted polysaccharide inhibited osteosarcoma 

cell proliferation in a dose dependent manner with loss 

of mitochondrial potential and ROS accumulation that 

make it appropriate candidate against osteosarcoma 24.  

Similar to natural polysaccharide extracted from 

marine sources, Gamal-Eldeen in 2009 evaluated anti 

proliferative and apoptotic effect of various fractions of 

polysaccharide isolated from brown algae (Sargassum 

latifolium). Their findings showed that E1 and E4 frac-

tions induced DNA damage, increased macrophage 

proliferation and antimetastatic activity through anti-

inflammatory capacity while E3 fraction indicated  

anti-cancer activity against 1301 leukemia cells 25. 

Related to therapeutic capacity of marine inverte-

brate polysaccharide specially echinoderm, Nam et al 

in 2009 isolated crude polysaccharide from starfish 

(Asterina pectinifera) and assessed quinone reductase, 

glutathione S-transferase, omothine decarboxylase, 

cyclooxygenase and glutathione levels in HT-29 colon 

cancer cells and found that isolated polysaccharide 

attenuated omothine decarboxylase and cyclooxygen-

ase and demonstrated protective effect of  extracted 

polysaccharide against colon carcinoma14. Moreover, 

Lee et al in 2011, examined anti metastatic effect of 

polysaccharide extracted Asterina pectinifera on MDA-

MB-231 breast cancer cells and confirmed that metas-

tasis inhibitory effect of starfish polysaccharide can be 

considered potent anti tumor candidate in breast cancer 
26.  

Lu et al in 2012 explored the tumor inhibitory effect 

of polysaccharide fraction from Coix lachrymal jobi 

(adlay seed) on A549 cancer cells and suggested that 

isolated polysaccharide triggers chemopreventive ef-

fect via involvement of intrinsic apoptotic pathway 

which can be appropriate in apoptosis targeted therapy 
27.  

In 2014, Wang et al evaluated the cytotoxic effect of 

Boschniakia rossica polysaccharide on Hep2 larynx 

squamous cells and their experiment showed the 

growth suppression, G0/G1 cell cycle arrest and apopto-

sis induction with up-regulation of Bax, DR5 and 

down-regulation of Bcl-2 28. Furthermore, Thangam et 

al studied tumor inhibitory effect of polysaccharide 

fractions from Cymbopogon citratus against LN-cap 

and Siha cancer cells and confirmed cytotoxic potential 

of natural extracted polysaccharide via apoptosis path-

way 29. In conclusion, these experiments highlighted 

Figure 6. Treatment with O. erinaceus polysaccharide induced acti-

vation of caspase -3 and caspase -9 with increasing concentration of 

polysaccharide in HeLa cells.  

***P<0.001 was considered significant between experimental groups 

and control.  

 

Figure 7. HeLa cells were treated with O. erinaceus extracted poly-

saccharide and the mRNA expression of Bax and Bcl-2 were as-

sessed. RT-PCR analysis indicated that isolated polysaccharide exert-

ed pro apoptotic effect on HeLa cells. 
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the importance of marine natural polysaccharides in 

anti cancer modalities.  

 
Conclusion 

 

In this preliminary study, for the first time, Persian 

Gulf brittle star O. erinaceus polysaccharide was ex-

tracted and anti cancer potential of isolated polysaccha-

ride was estimated on HeLa cervical carcinoma cells in 

vitro. Taken together, our experiment exhibited apop-

tosis inducing effect of brittle star extracted polysac-

charide via mitochondria pathway which proposed al-

ternative strategy in cervical cancer treatment.  

 

Acknowledgement 
 

This work was performed in Research Center for 

Animal Development Applied Biology and was sup-

ported by the vice chancellor of scientific research of 

Mashhad Islamic Azad University. The authors have 

special thanks to the central lab of Mashhad medical 

university sciences. 

 

References 
 

1. Gandhiappan J, Rengasamy R. Antiproliferative activity 

of Solanum anguivi against cancer cell lines. Der Pharm 

Lett 2012;4(3):875-880. 
 

2. Di Domenico F, Foppoli C, Coccia R, Perluigi M. Anti-

oxidants in cervical cancer: chemopreventive and chemo-

therapeutic effects of polyphenols. Biochim Biophys Acta 

2012;1822(5):737-747. 
 

3. Sun SY, Hail N Jr, Lotan R. Apoptosis as a novel target 

for cancer chemoprevention. J Natl Cancer Inst 2004;96 

(9):662-672. 
 

4. Demain AL, Vaishnav P. Natural products for cancer 

chemotherapy. Microb Biotechnol 2011;4(6):687-699. 
 

5. Zong A, Cao H, Wang F. Anticancer polysaccharides 

from natural resources: a review of recent research. Car-

bohydr Polym 2012;90(4):1395-1410. 
 

6. Wijesekara I, Pangestuti R, Kim SK. Biological activities 

and potential health benefits of sulfated polysaccharides 

derived from marine algae. Carbohydr Polym 2011;84 

(1):14-21. 
 

7. Senni K, Pereira J, Gueniche F, Delbarre-ladrat C, Sinq-

uin C, Ratiskol J, et al. Marine polysaccharides: a source 

of bioactive molecules for cell therapy and tissue engine-

ering. Mar Drugs 2011;9(9):1664-1681. 
 

8. Jiménez-Escrig A, Gómez-Ordóñez E, Rupérez P. Sea-

weed as a source of novel nutraceuticals: sulfated poly-

saccharides and peptides. Adv Food Nutr Res 2011;64: 

325-337. 
 

9. Chen Sh, Xue Ch, Yin L, Tang Q, Yu G, Chai W. Com-

parison of structures and anticoagulant activities of fuco-

sylated chondroitin sulfates from different sea cucumb-

ers. Carbohydr Polym 2011;83(2):688-696. 
 

10. Wang W, Hong JK, Lee CO, Shin S, Jung JH, Cho HY. 

Bioactive metabolite from the brittle star Ophioplocus 

japonicus. Nat Prod Sci 2004;10(6):253-261.  
 

11. Czarkwiani A, Dylus DV, Oliveri P. Expression of skel-

etogenic genes during arm regeneration in the brittle star 

Amphiura filiformis. Gene Expr Patterns 2013;13(8): 

464-472. 
 

12. Utkina NK, Denisenko VA. Ophiuroidine, the first in-

dolo [2,1-b] quinazoline alkaloid from the Caribbean 

brittle star Ophiocoma riisei. Tetrahedron Lett 2007;48 

(25):4445-4447. 
 

13. Kuppusamy P, Yusoff MM, Maniam GP, Govindan N. A 

case study- Regulation and functional mechanisms of 

cancer cells and control its activity using plants and their 

derivatives.  J Pharm Res 2013;6(8):884-892. 
 

14. Nam KS, Shon YH. Chemopreventive effects of polysac-

charides extract from Asterina pectinifera on HT-29 

human colon adenocarcinoma cells. BMB Rep 2009;31; 

42(5):277-280. 
 

15. Albalasmeh AA, Berhe AA, Ghezzehei TA. A new 

method for rapid determination of carbohydrate and total 

carbon concentrations using UV spectrophotometry. Car-

bohydr Polym 2013;97(2):253-261.  
 

16. Ratna D, Simanjuntak P, Abdillah S, Heffen WL. Apop-

tosis of human breast cancer cells induced by ethylacet-

ate extracts of propolis. Am J Biotechs 2010;6(2):84-88. 
 

17. Sarfaraj H, Sheeba F, Ansari S, Sajid Khan M. Marine 

natural products: A lead for anticancer. Indian J Mar Sci 

2012;41(1):27-39. 
 

18. Mousavi SH, Tayrani Najaran Z, Hersey P. Apoptosis: 

from signalling pathways to therapeutic tools. Iran J 

Basic Med Sci 2008;11(3):121-142. 
 

19. Portt L, Norman G, Clapp C, Greenwood M, Greenwood 

MT. Anti-apoptosis and cell survival: a review. Biochim 

Biophys Acta 2011;1813(1):238-259. 
 

20. Cao W, Li XQ, Wang X, Fan HT, Zhang XN, Hou Y, et 

al. A novel polysaccharide, isolated from Angelica sinen-

sis (Oliv.) Diels induces the apoptosis of cervical cancer 

HeLa cells through an intrinsic apoptotic pathway. Phy-

tomedicine 2010;17(8-9):598-605. 
 

21. Lavi I, Friesem D, Geresh S, Hadar Y, Schwartz B. An 

aqueous polysaccharide extract from the edible mush-

room Pleurotus ostreatus induces anti-proliferative and 

pro-apoptotic effects on HT-29 colon cancer cells. Can-

cer Lett 2006;244(1):61-70.  
 

22. Chen G, Zhang P, Huang T, Yu W, Lin J, Li P, et al. 

Polysaccharides from Rhizopus nigricans mycelia in-

duced apoptosis and G2/M arrest in BGC-823 cells. Car-

bohydr Polym 2013;97(2):800-808. 
 

23. Wu J, Zhou J, Lang Y, Yao L, Xu H, Shi H, et al.  A 

Polysaccharide from Armillaria mellea exhibits strong in 

vitro anticancer activity via apoptosis-involved mech-

anisms. Int J Biol Macromol 2012;51(4):663-667. 
 

24. Chen J, Yao D, Yuan H, Zhang S, Tian J, Guo W, et al. 

Dipsacus asperoides polysaccharide induces apoptosis in 

osteosarcoma cells by modulating the PI3K/Akt pathway. 

Carbohydr Polym 2013;95(2):780-784. 
 

25. Gamal-Eldeen AM, Ahmed EF, Abo-zeid MA. In vitro 

cancer chemopreventive properties of polysaccharide ex-

tract from the brown alga, Sargassum latifolium. Food 

Chem Toxicol 2009;47(6):1378-1384.  
 

26. Lee K, Shin J, Nam K. Cancer chemopreventive effects 

of starfish polysaccharide in human breast cancer cells. 

Biotech Bioprocess Eng 2011;16:987-991.  



15

Brittle Star Extracted Polysaccharide and Promoting Apoptosis via Intrinsic Signaling Pathway 

Avicenna Journal of Medical Biotechnology, Vol. 7, No. 4, October-December 2015        158 

27. Wang Z, Lu C, Wu C, Xu M, Kou X, Kong D, et al. 

Polysaccharide of Boschniakia rossica induces apoptosis 

on laryngeal carcinoma Hep2 cells. Gene 2014;536(1): 

203-206. 
 

28. Lu X, Liu W, Wu J, Li M, Wang J, Wu J, et al. A poly-

saccharide fraction of adlay seed (Coix lachryma jobi L.) 

induces apoptosis in human non-small cell lung cancer 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

A549 cells. Biochem Biophys Res Commun 2013;430 

(2):846-851. 
 

29. Thangam R, Sathuvan M, Poongodi A, Suresh V,  Paz-

hanichamy K, Sivasubramanian S, et al. Activation of 

intrinsic apoptotic signaling pathway in cancer cells by 

Cymbopogon citratus polysaccharide fractions. Carbo-

hydr Polym 2014;107:138-150.  

 

 


