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Abstract 

Background: Sea cucumbers possess a wide range of biological and pharmacological 

properties. Aims: The objective of the present study was to evaluate anti-inflammatory effects 

of the Persian Gulf sea cucumber (Holothuria leucospilota) through inhibiting the expression 

of cyclooxygenase-2 (COX-2) in colorectal cancer cell line SW742. Methods: The methanolic 

extracts of the body wall, body fluid, and internal viscera of H. leucospilota were prepared, and 

their cytotoxicity was assessed. Moreover, the cell line was further cultured to extract their 

mRNA in order to, measure the expression of COX-2 and Vascular endothelial growth factor 

(VEGF) by Real-Time PCR, and to determine the production of Prostaglandin E2 (PGE2) and 

VEGF by ELISA. Findings: The body-wall extract significantly downregulated the expression 

of COX-2 and VEGF and reduced the level of PGE2 and VEGF production, whereas body fluid 

and the viscera extract revealed no effect. Conclusion: the outcomes suggest that the body-wall 

could be useful in food and pharmaceutical industries to prevent inflammation and the 

colorectal cancer as well. 
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1. Introduction 

Nowadays, due to severe side effects of synthetic 

medicines, natural bioactive compounds are 

seriously being considered as potential 

pharmaceutical resources. Marine organisms 

comprise about 50% of the biodiversity on the earth 

and thus possess enormous novel and unknown 

bioactive compounds (Li et al., 2018). Sea 

cucumbers are one of these bio-resources which have 

been widely used as a restorative medicine for tens 

of centuries (Olivera-Castillo et al., 2011). They are 

naturally distributed in tropical and subtropical areas 

(Reichenbach, 1999). In Asian countries, sea 
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cucumbers are of the utmost importance for their 

biological and pharmacological activities including 

anti-inflammatory, antimicrobial, antioxidant, 

antiangiogenic, and immunoregulatory properties, 

thus making sea cucumbers as the potential 

candidates for clinical nutrition (Collin, 1998; 

Janakiram et al., 2015; Seydi et al., 2015; 

Mohammadizadeh et al., 2013; Ridzwan et al., 1995; 

Assawasuparerk et al., 2016; Tong et al., 2005; 

Wang et al., 2014). 

A number of researchers have reported various 

bioactive components of sea cucumber including 

glycosaminoglycan (GAGs), phenolics, cerberosides, 

glycosaminoglycan (GAGs), sterols (glycosides and 

sulfates), triterpene glycosides (saponins), essential 

fatty acids, sulfated polysaccharides, peptides, 

glycoprotein, glycosphingolipids, lectins.( Caulier et 

al., 2013; Nguyen et al., 2007; Han et al., 2009, 

2010, 2012a, b; Bordbar et al., 2011).These 

components have a positive impact on inhibition of 

inflammation through inhibition of iNOS, COX-2, 

VEGF and MMP-9 as well as the production of 

PGE2, TNF-α, and IL-1β. (Ding et al., 2003; Himaya 

et al., 2010; Zhao et al., 2011). 

Previous researches suggest that chronic 

inflammation may play an important role in the 

increasing incidence of some types of cancers such 

as colorectal cancer (Yaqub et al., 2008). COX-2 

isozyme responsible for the formation of 

prostaglandins is involved in the expression of 

vascular endothelial growth factor (VEGF) and 

angiogenesis and in turn metastasis (Hinz et al., 

2002; Thiel et al., 2006; Harris et al., 2009). Hence, 

the inhibition of COX-2 expression and the 

production of prostaglandins might be effective in 

the prevention of cancer development (Harris, 2009). 

Currently, COX-2 specific inhibitors are used for 

cancer prevention (Hinz et al., 2002); however, due 

to side effects of synthetic COX-2 inhibitors, natural 

compounds such as sea cucumber extract could be a 

safer alternative.  

Holothuria leucospilota is the most dominant 

species to be found in the Iranian shores of the 

Persian Gulf and Oman Sea (i.e., Sistan and 

Baluchestan province) (Olivera-Castillo et al. 2011) 

and, to the best of the authors' knowledge, the anti-

inflammatory and cytotoxic properties of H. 

leucospilota have not been evaluated. Hence, the 

present study was designed to compare the possible 

anti-inflamatory mechanism of sea cucumber extract 

with Celecoxib, a commercial selective inhibitor for 

COX-2, through evaluating its extract inhibitory 

effect on the expression of COX-2 and VEGF as well 

as on the secretion of VEGF and 

prostaglandin E2 (PGE2) from a colorectal cancer 

cell line. 

2. Material and Methods 

2.1. Sample collection 

Sea cucumber samples of Holothuria leucospilota 

were collected from Qeshm and Kharg Islands in the 

Persian Gulf. Sea cucumbers with an average of 30 

to 40 centimeters in length and 200 to 300 grams in 

weigh. Identification of samples was performed 

according to the Food and Agriculture Organization 

of the United Nations (FAO) (Adibpour et al., 2014). 

Following this, samples from different parts were 

pooled and stored at -20°C until the usage time.  

2.2. Preparation of sea cucumber extract 

The samples were immediately frozen and 

transferred to the Ahvaz Laboratory of Medicinal 

Chemistry, Iran. After defreezing, the samples were 

washed with distilled water and their body fluid was 

collected using a syringe and then lyophilized. The 

internal viscera were separated from the body wall. 

After this, the waste materials were isolated 

manually and were freeze-dried. The body wall of 

the sea cucumbers was also dissected and dried 

under shade at the room temperature (24
°
C). The 
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dried body walls, body fluid and internal viscera 

samples were powdered using a homogenizer and 

dissolved in 50% methanol-water mixture for 48 

hours, and the solution was filtered through a 

Whatman filter paper no. 10. To collect the extract, 

the solvent was evaporated under vacuum at room 

temperature and the extracts were stored in a 

refrigerator (Adibpour et al., 2014). Following this, 

samples obtained from Sea cucumbers were pooled 

and stored at -20°C until the usage time. 

2.3. Cell culture  

The colorectal cancer cell line SW742 was 

obtained from the cell bank of the Pasteur Institute of 

Iran. The cell line was cultured in RPMI 1640 

medium (biosera Co, France) supplemented with 

10% fetal bovine serum (Gibco Grand Island, NY), 

penicillin (100 U/ml), streptomycin (100 μg/ml), and 

fungizone (0.25μg/ml) at 37
°
C in a humidified CO2-

incubator. The cells were passaged three times 

during 10 days for the desired tests. 

2.4. Cytotoxicity assay (MTT test)  

The viability of the cells was assessed using 3-

(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide (MTT Test). Briefly, the cells were seeded 

in a 96-well microtiter plate (5000-10000 cell per 

well) and allowed to attach to the well bottom for 24 

h and then exposed to different concentrations of the 

sea cucumber extracts (10, 50, and 100 µg/ml) and 

incubated for 4, 12, and 24h. To compare the 

cytotoxicity of the yielded extracts with a synthetic 

inhibitor of COX-2, Celecoxib was used in 

concentrations of 50, 75, and 100 µM. In addition, 

some cell wells were treated with only the control 

solvent (i.e., ethanol; 500, 400, and 600 µl/deciliter). 

For MTT assay, the supernatants of the cell cultures 

were collected and frozen. A total of 200 ml of 

medium containing 0.5 mg/ml MTT solution was 

added to each well and incubated at 37 °C for 4 h 

(Mashjoor et al., 2018). The blue crystals positively 

linked to metabolically active cells were dissolved in 

Dimethyl sulfoxide (DMSO) and then the 

absorbance of the solutions was determined at 570 

nm using Microplate Spectrophotometer 

(BioTek™ Epoch™, USA). The viable cell count 

was determined using a standard curve 

(Khorramizadeh et al., 2004).  

2.5. RNA Extraction, cDNA synthesis and Real-time 

polymerase chain reaction (PCR) 

To isolate total RNA from the experimental cells, 

a total of one milliliter of each prepared 

concentration of the body wall extract (the only 

extraction that accused the reduction in SW742 cell 

line viability) was separately added to the cell wells. 

After 18 h incubation and according to 

manufacturer’s instruction (CinnaGen Co, Iran), 

RNA was extracted using RNX-plus solution. The 

purity of the extracted RNA was determined by UV-

visible spectrophotometer (Eppendorf, Germany). 

Furthermore, RevertAid™ first strand cDNA 

Synthesis (Fermentas, Lithuania) was applied for 

cDNA synthesis according to the manufacturer 

procedure. 

Real-time reverse transcription PCR (qRT-PCR) 

was performed using the ABI Step One system 

(Applied Biosystems, USA). A total reaction volume 

of 20 µl was used which was containing 10 µl of the 

mixture SYBR green (TaKaRa, Japan), 1 µl of each 

gene-specific primer, 2 µl of cDNA, and 6 µl RNAse 

free water. Thermal cycling conditions were an 

initial incubation at 95°C for 15 s, followed by 40 

cycles at 95°C for 5 s, and 60°C for 30 s. Table 1 

presents the primers used in the study. The 2-ΔΔCT 

method was used to calculate relative gene 

expression level. 
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Table 1: The primers used in this study 

Target 

gene 

Forward and reverse 

primer sequences 

NCBI 

Accession # 

GAPDH F 

GAPDH R 

5'-CTC-TCT-GCT-CCT-

CCTGTT-CGA-C-3' 

5'-TGA-GCG-ATGTGG-

CTC-GGC-T-3' 

NM_002046 

COX-2 F 

COX-2 R 

5'-GCA-TTC-TTT-GCC-

CAG-CAC-TT-3' 

5'-AGA-CCA-GGC-ACC-

AGA-CCA-AAG-A-3' 

NM_000963 

VEGF-C F 

VEGF-C R 

5'-CGG-GAG-GTG-TGT-

ATA-GAT-GTG-3' 

5'-ATT-GGC-TGG-GGA-

AGA-GTT-TG-3' 

NM_005429 

 

2.6. ELISA test  

The ELISA test was conducted over the frozen 

supernatants of SW742 cells (after 18h incubation 

with different concentrations of extracts and 

Celecoxib) to assess the inhibitory effect of the 

extracts on the production of PGE2 and VEGF. 

VEGF Human ELISA Kit-ab1000662 (Abcam, 

United Kingdom) and PGE2 EIA Kit-Monoclonal 

(Item NO 514010) (Cayman-USA) were used, and 

the test was performed according to the 

manufacturers’ instructions of the kits. 

2.7. Statistical analysis 

For statistical analysis and graph plotting, 

GraphPad Prism (GraphPad Software, San Diego, 

CA, USA) was used. All results are presented as the 

mean ± standard deviation (S.D.). Significant 

differences were determined using one-way ANOVA 

(P < 0.05). The correlation between the production of 

PGE2 and VEGF, the expression of COX-2 and 

VEGF genes was tested by Pearson’s coefficient.

3. Results 

3.1. Cytotoxicity 

The MTT test demonstrated significant differences 

among the cytotoxicity of the body wall extract, 

body fluid, and internal viscera, but did not between 

the different concentrations of each one. The cell 

viability showed a decrease of about 50 percent of 

highest concentration of the body wall extract, 

whereas no inhibitory effect was observed for the 

body fluid and the internal viscera extracts (p<0.05). 

(Fig. 1). 

3.2. Real-time Polymerase Chain Reaction  

The expression of COX-2 and VEGF genes 

changed following increasing the concentration of 

sea cucumber extract from 10 to 100 µg/ml. The 

expression level of COX-2 and VEGF in exposure to 

100 µg/ml of the body wall extract showed a 

significant down-regulation (Fig. 2). However, other 

extracts displayed no significant effect on the 

expression of these genes. A calculated Pearson's 

coefficient confirmed that the expression levels of 

COX-2 and VEGF genes are positively correlated. 

3.3. VEGF and PGE-2 production  

Fig. 3A and 3B illustrate the effect of the obtained 

extracts on the production VEGF and PGE-2, 

respectively. The ELISA results displayed that the 

extracts of the body wall significantly decreased 

VEGF and PGE-2 secretion from the cells, yet the 

Body fluid and the internal organs induced no 

significant effect when compared to the control and 

Celecoxib treatments. Pearson’s coefficient 

illustrated a high positive correlation between the 

production of PGE-2 and VEGF.  
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Fig. 1: The viability of the SW724 cells exposed to different concentrations of the body wall extract, body fluid, and 

internal viscera extracts. Extracts were added at 37ºC for 24h before the MTT substrate was applied. 

*P <0.05 and values are mean (n =3)/ (error bars show S.D). 

 
 

Fig. 2: The expression of COX-2 and VEGF genes in exposure to10, 50, and 100 µg/ml of body wall extract. 

The results *indicated significant differences between three different concentration (*P < 0.05), All 

experiments were repeated 3 times. COX-2 expression was strongly up-regulated with 100 µg/ml of body wall 

extract.
  
 shows a positive correlation between the expression levels of COX-2 and VEGF in all different 

concentrations. 
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Fig. 3: The effect of body wall, body fluids, and viscera extracts on VEGF and PGE2 production. 

(A) The effect of extracts on VEGF production compared with Celecoxib and control group. 

(B) The effect of extracts on PGE2 production compared to Celecoxib and control group. The ELISA results 

presented that the extracts of the body wall and Body fluid significantly reduced VEGF and PGE-2 secretion 

from the cells, but the internal organs did not show any clear effect in comparison to the control and Celecoxib 

treatments. (*p<0.05). 

 
 There was a significant positive correlation between the production of COX-2 and VEGF in all concentrations. 

 

4. Discussion 

Sea cucumbers are of highly interesting biological 

properties and potential clinical uses. These 

echinoderms are used in traditional Chinese 

medicine and the pharmaceutical industry for their 

bioactive compounds, some of which have anticancer 

activity (Kim et al. , 2012; Li et al,. 2018;  Yokota,. 

2005). The cytotoxicity findings of the sea cucumber 

extracts revealed that the different organs exhibited 

significant different inhibitory effects on the growth 

of SW724 cells, with the highest inhibitory activity 

by the body wall and the lowest by internal organ. 

Similar results have been reported by Park who 

investigated the cytotoxic effects of different 

concentrations of sea cucumber (Stichopus 

japonicus) extracts on some cancerous cell lines and 

found a concentration-dependent inhibitory action 

(e.g., apoptosis); that is, the cancerous cells treated 

with the extracts lost their ability to evade apoptosis 

(Park et al,. 2012). Based on the results of the MTT 

test, only the body wall extract -that significantly 

reduced the SW742 cancer cell viability- was 

selected for further analysis of gene expression. 

While, the secretion of PGE2 and VEGF were 

assessed by ELISA, for the body fluid and internal 

organs extractions.  

The expression of COX-2 and VEGF genes were 

downregulated in exposure to the extract of sea 

cucumber body wall. For this reason, the body wall 

extract could be consumed as an anti-inflammatory 

bio-substance. However, the body fluid extract and 

total extract of internal organs showed no effect on 

COX-2 and VEGF expression, therefore, this 

suggested that only the body wall extract is effective 

in the expression of COX-2 and VEGF, albeit further 

studies are needed to approve the claim. Support for 

this findings comes from a study by Himaya and his 

collogues on various body wall extracts of Stichopus 

japonicus, in which the expression level of COX-2 

and inflammatory cytokines was inhibited through 

negative regulation of transcription factor NF-κB, 

and ethyl acetate extract of body wall revealed the 

highest activity (Himaya et al., 2010). Similar 
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findings emerged from another supportive study on 

Ds-echinoside A (DSEA) , a non-glycosylated 

triterpene isolated from the body wall of sea 

cucumbers (Pearsonothuria graeffei), where DSEA 

significantly reduced the expression level of matrix 

metalloproteinase-9 (MMP-9) and metalloproteinase-

1 which have a significant role in metastasis and 

angiogenesis processes (Zhao et al., 2011). 

The ELISA test showed a decreased production of 

PGE2 and VEGF in exposure to the extracts of the 

body wall and body fluid but did not change in 

exposure to that of internal organs when compared 

with the control group. These results are compatible 

with that documented previously for Stichopus 

japonicus body wall extract that led to reduction of 

PGE2 secretion (Himaya et al., 2010). An additional 

study demonstrated that sulfated saponin (PE) 

obtained from the body wall of sea cucumbers 

possess anti-angiogenic and anti-tumor functions 

through inhibiting angiogenesis, proliferation, and 

adhesion of new blood vessels (Tian et al., 2005).  

A strong correlation was found between the 

expression of PGE2 and VEGF and also the same 

held true for their production investigated the 

correlation between the expression of COX-2 and 

VEGF  (Liu et al. 2010; Zhao et al., 2011).They 

demonstrated that COX-2 controls the expression of 

VEGF-C through its receptors, and COX-2 gene was 

suggested to be a suitable candidate for inhibition of 

lymphomagenesis tumor and lymph node metastasis 

(Li et al., 2018). Similarly, selective COX-2 

inhibitors, such as celecoxibe, nimesulfide, and NS-

398, decreased VEGF mRNA and immunoreactive 

protein expression in SW-480 colon cancer cells, and 

their antiangiogenic activity was ascribed to the 

involvement of proteasome-dependent degradation 

of specificity protein-1 (Sp1) and Sp4 in colon 

cancer cells (Tian et al., 2005).  

In the present study, the Real-time PCR results 

demonstrated that up- or down-regulation of COX-2 

gene is in relation to VEGF expression, which shows 

the role of COX-2 in the VEGF expression. Hence, 

using sea cucumber body wall extract as a COX-2 

inhibitor could control the expression level of VEGF 

gene and in turn angiogenesis.  

4. Conclusion 

The present study illustrated that probably, the 

body wall extract of the Persian Gulf sea cucumber 

probably possesses high potential to be used as a 

specific inhibitor of COX-2 and PGE2, thereby 

reducing the expression and the production of 

VEGF, and also it could be introduced as a 

promising biosubstance to prevent and treat 

inflammatory diseases and cancers. However, further 

comprehensive chemical analyses are needed for 

isolation and purification of the active compound(s) 

as well as identification of their chemical nature and 

evaluation of their potential strength for novel drugs. 
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