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Abstract 

Marines are unique resource that provides a diverse array of natural products, primarily from 

invertebrates such as sponge. As infectious diseases evolve and develop resistance to existing 

pharmaceuticals, these ecosystems provide novel leads against microbial, cancer, and viral 

diseases. The purpose of this study is to investigate antimicrobial and antifungal activities of 

derivatives of phthalates extracted from Haliclona (Soestella) caerulea on some pathogenic 

organisms. Sponge samples from Larak Island were collected by divers at a depth of 10 

meters. After that, marine sponge extract collection was done by chloroform-methanol 

extraction as a solvent and through chromatography column and nuclear magnetic resonance 

(NMR) spectroscopy on the sponge sample, components of dioctyl phthalate (DOTP) and 

dibutyl phthalate (DBP) were purified and identified. Anti-microbial and antifungal activity 

of extracted components were investigated by means of bacterial broth dilution method and 

microdilution broth method and minimum inhibitor concentration (MIC), minimum 

bactericide concentration (MBC), and minimum fungal concentration (MFC) were 

determined. The results indicated that DOTP of H. (Soestella) caerulea was active on 

Bacillus subtilis, Bacillus cereus bacteria. MBC values of DOTP were determined as 2000 

μg/m. DBP of H. (Soestella) caerulea was active on gram positive bacteria. MBC values of 

DOTP were determined as 1000 μg/m for B. cereus and Staphylococcus aureus and 500 

μg/mL for B. subtilis. MFC values of DOTP and DBP were determined as 1000 μg/m and 

2000 for Candida albicans. Hence it is assumed that the sponge Haliclona (Soestella) 

caerulea exhibited high antimicrobial activity. 
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Introduction 

Natural marine products or secondary 

metabolites, isolated from marine 

organisms, attracted attention of 

biologists and chemists in the last five 

decades. More than 19,000 natural 

marine compounds are identified from 

marine organisms; numerous bioactive 

compounds are considered in synthesis, 

biology, biological activity, chemistry, 

ecology, and other fields. Since many of 

the natural marine compounds have 

biologically active properties, scientists 

found oceans as sources of great 

medicinal potential (Blunt et al., 2008; 

Ebada et al., 2008; Mehbub et al., 2016). 

Most significant by-products and 

derivatives are related to aquatic 

invertebrates, such as sponges, mollusks 

without shells, and soft corals. They are 

soft-bodied animals that are either 

sessile or have slow movement and 

usually lack tools for physical defense, 

such as protective shell or spines, so 

presence of chemical defense 

mechanisms such as ability to synthesize 

toxins and inhibitory compounds in 

them seems necessary (Haefner, 2003; 

Ebada et al., 2008). These chemicals or 

secondary metabolites are organic 

compounds that do not participate 

directly in developmental to 

reproduction stages of the living 

organism and play an important role in 

the immune system. They can be used as 

drugs that have interesting impacts such 

as antiviral, antimicrobial, antifungal, 

anti-cancer and anti-AIDS effects 

(Anjaneyulu et al., 1999; De Marino et 

al., 2000). 

Sponges are most important sources of 

natural marine products with rich and 

new sources of biologically active 

metabolites, such as terpenes, 

polysaccharides, peptides, and alkaloids 

(Taylor et al., 2007). Sponges are widely 

distributed organisms found in all 

oceans and are one of the most important 

communities of animals belonging to 

phylum Porifera (Barnes, 1995; De 

Weerdt, 2000). Haliclona (Soestella) 

caerulea is one of the most widespread 

species of sponges, it is present in most 

habitats, from shallow waters to depths 

of at least 40 meters, from unclean 

environments to clear water, and from 

warm waters of bays to colder latitudes. 

Interesting metabolites are reported in 

190 combinations of different chemical 

types with different functions from 

Haliclona sp., among which a series of 

phthalate derivatives can be new and 

controversial candidates as natural 

compounds with medicinal properties of 

marine organisms (Santalova et al., 

2004; Viegelmann et al., 2014; Zhang et 

al., 2018). Regarding prominence of 

sponges as important source of 

beneficial secondary metabolites and 

organisms that have been able to 

preserve their offspring from Cambrian 

period until now, in many countries 

extensive research is done to identify 

and investigate secondary metabolites of 

sponges, as well as their biological 

effects. Their potential can be exploited 

to produce new and more effective drugs 

in treatment of the new century diseases. 

Antifungal and antibacterial properties 

are biological effects of sponges’ 

secondary metabolites. Therefore, 
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identifying and reporting biological 

effects of secondary metabolites of 

Persian Gulf sponges as valuable 

organisms seems important. To expand 

identification of bioactive compounds 

and investigate antibacterial and 

antifungal effects of H. (Soestella) 

caerulea, the current study investigated 

bioactive compounds of this sponge in 

part of tidal zone of Lark Island as one 

important island of Persian Gulf, Iran. 

 

Materials and methods 

Sampling 

Marine species Haliclona (Soestella) 

caerulea, was collected by divers at 

depth of 10 meters on the coast of Larak 

Island; then the samples were 

transferred  to the laboratory of Persian 

Gulf Fisheries Research Center in the 

city of Bandar Abbas. Identifying the 

intended sponge according to 

identification key of Hooper and Van 

Soest (2002), by means of spicule brand 

observations and electronic microscope 

was done by M. Nazemi. Scientific name 

of this species of sponge is Haliclona 

(Soestella) caerulea and samples were 

preserved at -10°C (Hooper and Van 

Soest, 2002) (Fig. 1). 

 

 

 
Figure 1: Persian Gulf marine sponge, Haliclona (Soestella) caerulea. 

 

Extraction and isolation 

Sponge samples were freeze-dried and 

then powdered. Extraction from 315g of 

sponge was done separately and 

alternately for three times and each time 

for a period of 48 hours by using 3 liters 

of chloroform (Merck) solvent and 

methanol (Merck) at ambient 

temperature. Then the sponge was 

vaporized by means of a rotary 

evaporator (or Rotavapor) equipped 

with a vacuum pump at, below 40ºC 

until a dark (black or gray) solid matter 

appears. Afterwards, liquid-liquid 

extraction was done and dry extract was 

prepared. In order to separate the 

compounds, the obtained extract was 

loaded on chromatography column with 
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a height of 126 cm and a diameter of 

3.5cm along with 600g of silica gel (70-

230 mesh) (Merck,1.7734.1000). The 

column was washed using gradient 

elution technique (i.e., which was eluted 

with gradient) and through gradual 

increase in polarity to wash it first with 

solvents of hexane %100 and then by 

ethyl acetate and methanol %100. Their 

obtained fractions were studied at each 

stage by any percentage of solubility 

using thin-layer chromatography (TLC) 

method  (the stain of each fraction on 

TLC under UV ray (254-366 nm) and 

also by spraying the phosphomolybdate 

reagent (3g/100cc ethanol) and then 

heating at 110ºC (Smyrniotopoulos et 

al., 2015). HRMS was recorded on a 

micrOTOF-Q time-of-flight 

spectrometer from Bruker Daltonics. All 

spectra were acquired at 298 K (25°C). 

The samples were dissolved in 300 μL of 

deuterated solvent and tetramethylsilane 

(TMS) served as internal standard. 

     H NMR spectrum was acquired with 

10 scans. COSY experiment was 

achieved with 2 scans and 1024 data 

points in F1-dimension using non-

uniform sampling, while NOESY (8 

scans) was acquired with 512 in F1 

dimension. HSQC spectrum was 

acquired with 16 scans and 1024 data 

points in F1-(C)-dimension using non 

uniform sampling, while HMBC 

spectrum was run with 24 scans and 400 

data points in F1-(C)-dimension. 

 

Separation of phthalate fraction 

After preliminary separation, 

components of the extract of Haliclona 

(Soestella) caerulea were obtained. 

Regarding TLC analysis of fractions, 

B11 fraction (mixture of fraction 43-52) 

indicated some transparent stains on the 

TLC paper because of being adjacent to 

the reagent of phosphomolybdic acid at 

100-150ºC. This fraction was obtained 

according to the proportion of 

dissolution 80-20 of hexane–ethyl 

acetate from main column by 31 mg. 

Based on the quantity of the fraction, a 

column with a diameter of 1.5 cm and 

the height of 100 cm was selected and 

filled by approximately 30g silica gel 

powder; then the fraction was loaded 

after being prepared on the column. 

     To wash the column by means of 

gradient elution technique, the solvents 

of hexane-dichloromethane in a ratio of 

90-10 and two drops of isopropanol were 

used. Afterwards, 78 lateral fractions 

were separated among which, just one 

compound was purified. The pure 

compound which was obtained by 

merging the lateral fractions of 41, 42, 

43 of D1 was encoded with a weight of 

4mg and prepared by means of NMR as 

a chromatography detector. In addition, 

the mixture of fractions of 135-155 with 

a code of B46 with 116mg weight was 

achieved by the solubility ratio of 20-80 

and 30-70 hexane and ethyl acetate from 

main column and was loaded on the 

column with a diameter of 1.5cm and 

height of 100 cm along with 30g silica 

gel. Then, it was washed by a mixed 

solvent system of dichloromethane and 

acetone by a ratio of 80-20. After 

merging similar fractions, a mixed pure, 

by merging 12-15 fractions, with a 

weight of 5mg with the code of B46-S, 

was achieved and prepared in order to be 
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identified by means of NMR technique. 

Various spectra of NMR (Bruker 

Advance III for (600MHZ) proton and 

(125/77MHZ) carbon) were registered. 

 

Biological measurement of antibacterial 

and antifungal impact 

Investigation of antibacterial activity 

was done by bacterial broth dilution 

method on strains of gram-positive and 

gram-negative bacteria Escherichia coli 

ATCC 15224, Pseudomonas aeruginosa 

ATCC 27853, Salmonella typhi PTCC 

1609, Bacillus cereus ATCC 1715, 

Staphylococcus aureus 1764, and 

Bacillus subtilis spizizenii PTCC 1715. 

Investigation of anti-fungal activity was 

done by microdilution method on strains 

of fungi and yeast of Candida albicans 

ATCC 10231 and Aspergillus fumigatus 

PTCC2 5009, taken from institute for the 

industrial fungi and bacteria culture 

collection of Iran and were prepared in a 

lyophilized manner. Then, each strain 

was pre-cultured in specified 

microbiological culture; from single 

created colonies, bacteria were injected 

into broth, and fungi were injected into 

microdilution broth in test tubes, 

respectively, for bacteria against half of 

the quantity of 0.5 McFarland. For fungi, 

the obtained suspension was measured 

under the wavelength of 530 nm and by 

spectrophotometry device with optical 

transmittance index of %90. Then, out of 

purified fractions, various 

concentrations, including 50, 100, 200, 

300, 500, 1000, and 2000 μg/mL were 

added to the tubes and finally the 

turbidity of test tubes were studied (i.e., 

turbidity testing was conducted). 

     Concentration of consumed materials 

in the turbidity-free test tubes indicates 

the amount of minimum inhibitory 

(MIC) factor that means prevention of 

growth and increased number of bacteria 

and fungi. Then, the least rate of 

concentration in which the fractions led 

to death of bacteria and fungi was 

determined as MBC (minimum 

bactericidal concentration) and MFC 

(minimum fungicidal concentration), 

respectively (Rosenblatt, 1991; Green et 

al., 1994). 

 

Results 

D1 compound was obtained by merging 

fractions 41-43 with a weight of 4mg 

and it was dissolved in 

deuterochloroform solvent. Since, 

spectrum of HRMS from this compound 

showed m/z [M + H]+ 279.2344 (calcd. 

for C16H22O4 279.2396) (Fig. 2), D1 

compound was identified as dibutyl 

phthalate, which was further approved 

by 1D and 2D NMR, including 1H-NMR 

as well as COSY, HSQC, and HMBC 

spectra (Fig. 3). The 1H-NMR revealed 

present of aromatic ring at δH 7.5-79 and 

ethoxy signal at δH 4.3 as well as two 

triplet methyl resonance at δH 0.8 (Fig. 

4). Further, HSQC spectrum approved 

presence of aromatic moiety by 

correlations between H at δH 7.5 and 7.8 

with carbon at δC 120 and 125 (Fig. 5). 

HMBC correlation showed correlations 

between proton of two ethoxy groups (δH 

4.3) with carbonyls δC 150 (Figs. 6, 7 

and 8). 
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Figure 2: HRMS of D1, Solvent (MeOH). 

 

 
Figure 3: Molecular structure of dibutyl phthalate. 

 
Figure 4: The 1HNMR of D1 (solvent CDCl3, 600MH). 
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Figure 5: HSQC of D1 (solvent CDCl3, 600MHZ). 

 

 
Figure 6: COSY of D1 (solvent CDCL3, 600MHZ). 
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Figure 7: HMBC of D1 (solvent CDCl3, 600MHZ). 

 

 
Figure 8: Molecular structure of dioctyl 

phthalate. 

 

Also, B46 compound was purified with a 

weight of 5 mg showed HRMS at m/z [M 

+ H] + 413.3414 (calcd. for C24H38O4 

413.3411) (Fig. 9). The result of HRMS 

spectra was compare with the database 

that was suggested as the known 

compound (the category of phthalates), 

namely dioctyl phthalate. 

 

 
Figure 9: HRMS of B46-s solvent (MeOH). 

 

The least amount of concentration, 

which prevents growth of bacteria 

(MIC), and minimum bactericidal 

concentration (MBC), which underwent 

an experiment by means of dioctyl 

phthalate and dibutyl phthalate (DBP) 

are observed in Table 1. 

     As shown in Table 1 the least amount 

of concentration, which prevents growth 

(MIC) for the purified compounds, 

dioctyl phthalate and dibutyl phthalate, 
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obtained from chloroform-methanol 

based extract of the sponge species 

Haliclona (Soestella) caerulea from 

Larak Island for two bacterial species of 

Bacillus subtilis and B. cereus was 500 

μg/mL. MBC of dioctyl phthalate for 

these two species was 2000 μg/mL and 

for dibutyl phthalate for Bacillus subtilis 

was 500 μg/mL and for B. cereus and 

Staphylococcus aureus were 1000 

μg/mL. However, dioctyl phthalate 

showed no signs of lethality on the 

bacterium S. aureus. In addition, these 

two compounds showed no signs of 

lethality on gram-negative bacterial 

species of Escherichia coli, 

Pseudomonas aeruginosa, and 

Salmonella typhi. 

 

 

Table 1: Results of determining sensitivity of dioctyl phthalate (DOP) and dibutyl phthalate (DBP) 

on pathogen bacteria using broth method (R indicates non-impressionability; μg/mL). 

DBP DOP 
Microorganisms 

MBC MIC MBC MIC 

500 500 2000 500 Bacillus subtilis 

1000 500 2000 500 Bacillus cereus 

1000 500 R 1000 
Staphylococcus 

aureus 

 

In Table 2, the least amount of 

concentration which prevents growth of 

fungus (MIC) and least fungus lethality 

concentration (MFC) for which the 

compounds of dioctyl phthalate and 

dibutyl phthalate were added are 

observed. 

 

 

Table 2: Results of determining sensitivity of dioctyl phthalate (DOP) and dibutyl phthalate (DBP) 

on fungus according to microdilution Broth method (R indicates non-impressionability 

μg/mL). 

DBP DOP 
Microorganisms 

MFC MIC MFC MIC 

2000 1000 1000 500 Candida albicans 

R 2000 R 1000 Aspergillus fumigatus 

 

As shown in Table 2, least amount of 

dioctyl phthalate concentration, which 

prevents growth (MIC) for the yeast 

Candida albicans, was 500 μg/mL and 

for Aspergillus fumigatus was 1000 

μg/mL. Nevertheless, this compound 

had just lethality effect with a 

concentration of 1000 μg/mL for the 

yeast C. albicans and indicated no sign 

of lethality effect on the fungus A. 

fumigatus. In addition, the compound 

dibutyl phthalate indicated no sign of 

lethality effect on the fungus species A. 

fumigatus, however, concentrations 

1000 μg/mL and 2000 μg/mL indicated 

least amount of preventability and lethal 

concentration on the yeast species C. 

albicans, respectively. 

 

Discussion 

Marine sponges are among the best 

sources of secondary metabolites; 

thousands of compounds are extracted 

from marine resources and many of them 
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are relevant to sponges. This diversity 

includes specific chemical compounds, 

which play a significant role in the 

defense system and can be used as 

medicine with outstanding antiviral, 

antimicrobial, antifungal, 

anticarcinogenic property, as well as 

preventing HIV transmission 

(Anjaneyulu et al., 1999; De Marino et 

al., 2000). 

     On the other hand, antimicrobial, 

antifungal, and cytotoxic activities of 

sponge Haliclona sp. in Persian Gulf 

have been substantiated up to now 

(Nazemi et al., 2014; Seydi et al., 2015; 

Karimpoor et al., 2018; Shushizadeh et 

al., 2018; Nazemi et al., 2020). Species 

of bacteria that once were found in 

preliminary antibiotics showed no 

spectacular response. 

     Today, it is probable that they are 

resistant to even the strongest and the 

most complicated antibiotic compounds 

as well. In addition, fungus is one of the 

prevalent pathogenetic factors all over 

the world due to which the number of 

patients who are susceptible to be 

infected due to opportunistic 

microorganisms such as strains of 

Candida spp. has increased considerably 

in many countries. Therefore, given the 

ever-increasing resistance of the strains 

against medicine among various species 

of microorganisms, finding anti-

microbial and anti-fungal compounds 

from among natural materials with fewer 

side effects is necessary. 

     Nigrelli et al. (1959) were presented 

a preliminary report on the antimicrobial 

effects of an extract from sea sponges 

(Newbold et al., 1999). Afterwards, 

many reports were prepared on the 

antibacterial activities of sea sponges. 

Throughout a series of studies in the year 

2000, antibacterial and antifungal 

activities in sea sponge species 

(Haliclona sp.) was investigated by 

Blackman and Faulkner. Results of this 

research indicated presence of sulfate, 

terpenoid and alkaloid compounds with 

antibacterial and antifungal activities. In 

addition, in 2014 Nazemi et al. reported 

antibacterial and antifungal activities of 

sea sponge of species (Haliclona sp.) in 

Persian Gulf. 

     Their results indicated that species 

Haliclona sp. affects gram-positive 

bacterial cells and this finding is 

consistent with the results of this study. 

Also, they studied antifungal activities 

on the species Candida albicans 

(MFC:1/5mg/ml) and A. fumigatus 

(MFC:3mg/mL) and mentioned that 

Haliclona sp. can be considered a source 

of novel antibiotic and antifungal 

activity. Shushizadeh et al. in 2018 

reported antibacterial activities of 

species Haliclona sp., which was 

collected from Khark Island (Persian 

Gulf) on bacterial cells of Escherichia 

coli, Pseudomonas aeruginosa, 

Staphylococcus aureus, and Bacillus. 

subtilis. Antibacterial activities of 

methanol extract of sponge species 

Haliclona (Soestella) caerulea on 

Bacillus subtilis (5mg/mL), 

Staphylococcus aureus were also 

reported by Karimpoor et al. (2018). 

     In the present study, using the marine 

sponge Haliclona (Soestella) caerulea 

pure dioctyl phthalate and dibutyl 

phthalate were identified by means of 
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spectra of NMR and their antimicrobial 

and antifungal activities were studied. 

The results of this study indicate that 

dioctyl phthalate and dibutyl phthalate 

extracted from the sponge Haliclona 

(Soestella) caerulea, can be used as 

bioactive compounds against gram-

positive bacteria species of Bacillus 

subtilis, Bacillus cereus, Staphylococcus 

aureus, and the fungal species of C. 

albicans. 

     In a similar study in 2006, Roy et al. 

identified dibutyl phthalate compounds 

by means of GC in sponges and reported 

them as bioactive compounds against 

gram-positive and gram-negative 

bacteria. Nguyen et al. (2007) 

introduced the two compounds, dioctyl 

phthalate and dibutyl phthalate, under 

secondary metabolites and bioactive 

compounds category, which have anti-

bacterial effect on species B. subtilis and 

contrary to the current research, they had 

lethal effect on gram-negative bacteria 

Pseudomonas aeruginosa. The results of 

the study of Zhang et al. (2009) were 

similar to these findings. In a study by Li 

et al. (2008), phthalate compounds 

extracted from seahorse species 

Hippocampus kuda were introduced as 

bioactive compounds. 

     Moreover, in other studies by Saleem 

et al. (2009) and Qian et al. (2012) some 

phthalate compounds were introduced as 

treatments for some diseases; they also 

reported that marine sponge and 

seahorses are the only animal sources to 

obtain phthalate. These results are 

compatible with the results of the study 

by Blazević et al. (2010) in which 

compound (DBP) prevented growth of 

gram-positive bacteria species 

Staphylococcus aureus and the yeast C. 

albicans. In an experiment conducted by 

Islam et al. (2013) on the herb Avicennia 

officinalis, diethyl phthalate (DEP) 

compound was introduced as a 

secondary metabolite with antibacterial 

bioactivity on B. subtilis. Also, Lee et al. 

(2000) introduced derivatives of 

diphthalate as anti-tumor compounds. In 

addition, in a study by Manivasagan et 

al. (2014) some phthalate derivatives 

were reported as bioactive compounds. 

Sun et al. (2015) extracted di-phthalate, 

n-butyl phthalate, di-isobutyl phthalate 

compounds from sponge species 

Halichondria sp. as secondary 

metabolites from South China Sea. In a 

similar study, Phuong et al. (2018) 

identified dioctyl phthalate compounds 

in the sponge species Streptomyces sp. 

using GC and reported them as 

antifungal compounds of C. albicans. In 

addition, Behroozi et al. (2014) proved 

the presence of diethyl phthalate (DEP) 

compounds in marine sponge species 

Haliclona sp. located in Persian Gulf 

through chromatography. Nevertheless, 

in general, Zhang et al. (2018) believed 

that some derivatives of phthalates are 

poisonous and are identified as 

plasticizer and some other derivatives of 

it are identified as secondary metabolites 

in animals, plants and microorganisms. 

Moreover, majority of phthalates come 

from marine organisms that have 

bioactive properties. Depending on the 

environmental conditions, various 

compounds are produced, among which 

a series of phthalate compounds are 

considered as new controversial 
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medicine candidates extracted from 

marine creatures. In addition, they 

reported dioctyl phthalate and dibutyl 

phthalate compounds as secondary 

metabolites similar to the results of this 

study. 

     The present study indicates that the 

purified derivatives of phthalates 

extracted from the marine sponge 

species Haliclona (Soestella) caerulea 

were considered as secondary 

metabolite and they were not plasticizer 

and had antibacterial and antifungal 

bioactivity; it is hoped that in future 

investigations, they could be considered 

as new medicines extracted from sea 

sponge. In addition, due to the unique 

ecological conditions of Larak Island 

and long-term period of ebb and tide 

there, the creatures can tolerate harsh 

ecological conditions and show their 

resistance by producing secondary 

metabolite. Accordingly, manufacturing 

chemical compounds is possible. As 

Wang et al. (2008), declared various 

ecological conditions direct impact on 

manufacturing secondary metabolite, 

structural change and biological activity 

of sea creatures. 
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