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The crude extracts and fractions of the Jamaican sponge Neofibularia nolitangere were examined for biological 
activity. The dried animal was extracted successively in three organic solvents (hexane, methylene chloride and 
methanol) and tested for their potential as antileishmanial, antimalarial and antimicrobial agents. Fractions of the 
crude methylene chloride extract demonstrated notable antimalarial properties giving percentage inhibitions of 
87% and 78% respectively for fractions Y4 and Y5 at 20 μg/mL. Fractions Y4 and Z4 showed remarkable 
antileishmanial activity inhibiting the growth of the pathogen by 93.31% and 91.77% respectively at 20 μg/mL. 
No significant activity was observed in the antimicrobial assays. 
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INTRODUCTION 
 

Over the years, marine organisms including sponges, soft 
corals, bryozoans, molluscs and tunicates have been the source of 
several secondary metabolites that display unusual structures and 
possess biological activities (Bhakuni and Rawat, 2005). It is 
reported that marine sponges are among the richest sources of 
interesting chemicals produced by marine organisms and are 
considered to be true “chemical factories”(Laport et al., 2009). 

Although a range of compounds have been isolated over the years, 
the biological activities and roles which many of them play are 
still unknown but some sponge metabolites are thought to serve a 
number of functions including protection from predation, fouling 
or infections, growth regulation, induction of metamorphosis and 
communication (Sepčić et al., 2010; Cardellina II, 1986).  

Research has shown that the chemical (lipophilic                 
or hydrophilic extracts) properties of some sponges                      
provide a refuge for mesofauna from fish predation (Huang                
et al., 2006). Researchers have extended the feeding                  
deterrent properties of sponge extracts to the terrestrial             
biosphere by observing the responses of insects or pests to  marine        . 
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natural products for application in pest control (Cardellina II, 1986). 
Our present study focuses on the highly toxic large reddish-brown 
sponge Neofibularia nolitangere the colonies of which are 
composed of several connected, thick walled cylinders or mounds, 
each with large exhalent openings (Sheppard, 2010). More 
commonly referred to as the ‘touch-me-not’ sponge, handling this 
sponge with the bare hands may cause severe burning and blistering 
which may take several days to subside (Voss, 1976). The 
Neofibularia genus belongs to the Desmacellidae family (formerly 
Biemnadae) and are widely distributed in the world's oceans, from 
shallow waters to depths of at least 2165 m (Yong and Chung, 
2008).   

A study of the butanol and methanol extracts of                   
the N. nolitangere from Curacao demonstrated protein          
phosphatase inhibition (PP1) activity at concentrations of                    
54 and 167 μg/mL respectively while moderate antibacterial 
activity against B. subtilis was observed in the butanol extract               
with a minimum inhibitory concentration of 2 mg/mL (Fagerholm, 
2010). With the continuous emergence of drug resistance as              
well as high manufacturing costs, the discovery of novel,                
effective, safe and affordable drugs for the treatment of different  
diseases     remains      relevant     (Atta-ur-Rahman    et al.,   2008). 
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MATERIALS AND METHODS 
 

Sponge Material 
Neofibularia nolitangere was collected by SCUBA at 

Columbus Park, Discovery Bay in July 2009. The animal was 
cleaned of debris, cut into small pieces and lyophilized.  A 
specimen of the sponge is housed in the Marine Natural Products 
Laboratory, Department of Chemistry, UWI, Mona (Accession 
number: 0117). 

 
Extraction and Fractionation 

The dried animals (428 g) were extracted at room 
temperature using three organic solvents:  n-hexane (2 x 4L), 
methylene chloride (2 x 4L), and then finally methanol (2 x 4L). 
The extracted solvents were filtered and each was concentrated 
using a rotary evaporator to yield 13 g, 4 g and 80 g of crude 
residues respectively. A portion of the hexane extract (12 g) was 
subjected to flash column chromatography using silica gel. Eluents 
with increasing polarity starting from n-hexane through to 
methylene chloride to methanol were used to elute the fractions of 
the crude to obtain a total of five fractions (Z1 – Z5). 
Approximately 3.5 g of the methylene chloride extract was applied 
on a silica gel column and eluted with increasing portions of ethyl 
acetate in hexane to 100 % ethyl acetate to methanol. This yielded 
seven fractions (Y1 – Y7). 
  
Antileishmanial Assay 

The antileishmanial activity of the compounds was tested 
in vitro on a culture of Leishmania donovani promastigotes. In a 
96-well microplate assay compounds with appropriate dilution 
were added to the Leishmania promastigotes culture (2 x 106 
cell/mL). The plates were incubated at 26 °C for 72 hours and 
growth of Leishmania promastigotes was determined by Alamar 
blue assay (Mikus and Steverding, 2000). Pentamidine and 
amphotericin B were used as the standard antileishmanial agents. 
 
Antimalarial Assay  

The assay for antimalarial activity was determined by 
analysing the plasmodial LDH activity. In this method, a 
suspension of red blood cells infected with D6 or W2 strain of P. 
falciparum was added to the wells of a 96-well plate containing 10 
µL of serially diluted test samples. The plate was flushed                 
with a gas mixture of 90% N2, 5% O2, and 5% CO2 and            
incubated at 37 °C for 72 hours in a modular incubation            
chamber. In this method, 20 µL of the incubation mixture                
was mixed with 100 µL of the MalstatTM reagent and incubated at 
room temperature for 30 minutes. Twenty microliters of a 1:1 
mixture of nitro blue tetrazolium/phenazine ethosulfate 
(NBT/PES) was then added and the plate was further incubated in 
the dark for 1 hour. The reaction was then stopped by the           
addition of 100 µL of a 5% acetic acid solution. The plate was read 
at 650 nm. Artemisinin and chloroquine were included in each 
assay as antimalarial drug controls. IC50 values were computed 
from     the    dose   response   curves (Makler and Hinrichs, 1993). 

Antimicrobial Assay 
Antimicrobial activity of the samples was determined 

using modified versions of the Clinical and Laboratories Standards 
Institute (formerly NCCLS) methods (Pfaller et al., 2002; Wikler 
et al., 2006; Woods et al., 2003).  Samples (dissolved in DMSO) 
were serially diluted in 20% DMSO/saline and transferred (10µL) 
in duplicate to 96 well flat bottom microplates. Final sample test 
concentrations were 1/100th the DMSO stock concentration. Drug 
controls ciprofloxacin (for bacteria) and amphotericin B (for fungi) 
were included in each assay.   All organisms were read at either 
530 nm using the Biotek Powerwave XS plate reader (Bio-Tek 
Instruments, Vermont) or 544 ex/ 590 em, (M. intracellulare, A. 
fumigatus) using the Polarstar Galaxy Plate Reader (BMG 
LabTechnologies, Germany) prior to and after incubation: 
Candida spp. at 35 °C for 46 – 50 hours, Staphylococcus spp., E. 
coli, and P. aeruginosa at 35 °C for 16 – 20 hours, C. neoformans 
at 35 °C for 70 – 74 hours, A. fumigatus at 35 °C for 46 – 50 
hours, and M. intracellulare at 37 °C and 10% CO2 for 70 – 74 
hours. For all organisms excluding M. intracellulare and A. 
fumigatus, optical density was used to monitor growth (Pfaller et 
al., 2002; Wikler et al., 2006). Media supplemented with 5% 
Alamar Blue™ was utilized for growth detection of M. 
intracellulare (Woods et al., 2003; Franzblau et al., 1998) and A. 
fumigatus (Pfaller et al., 2002).   

All samples were tested in duplicate at one test 
concentration (50 µg/mL) and the percent inhibitions were 
calculated relative to blank and growth controls. All organisms 
were obtained from the American Type Culture Collection and 
include the fungi Candida albicans ATCC 90028, C. glabrata 
ATCC 90030, C. krusei ATCC 6258, Cryptococcus neoformans 
ATCC 90113, and Aspergillus fumigatus ATCC 204305 and the 
bacteria Staphylococcus aureus ATCC 29213, methicillin-resistant 
S. aureus ATCC 33591 (MRSA), Escherichia coli ATCC 35218, 
Pseudomonas aeruginosa ATCC 27853, and Mycobacterium 
intracellulare ATCC 23068.    
 
RESULTS AND DISCUSSION 
 

The antimalarial, antileishmanial and antimicrobial 
activity of the crude organic extracts (hexane, methylene chloride 
and methanol) and subfractions of the Jamaican N. nolitangere 
were examined. The hexane and methylene chloride extracts were 
subjected to flash column chromatography on silica gel with 
elution in solvents of progressively increasing polarity. The 
hexane extract was fractionated to afford four main fractions 
denoted Z1-Z4, while chromatography of the methylene chloride 
extract yielded seven main fractions denoted Y1-Y7.  

Screening of the samples for antimalarial activity against 
Plasmodium falciparum led to the discovery of two bioactive sub-
fractions from the methylene chloride extract, Y5 and                       
Y6, which inhibited the growth of the organism by 87% and 78% 
respectively when administered at a concentration of 20 μg/mL. 
However, none of the crude extracts of the sponge showed any 
activity    against   the  pathogen. The results are shown in Table 1. 
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Table.  1: Antimalarial activities of the crude extracts and fractions of N. 
nolitangere against P. falciparum   (D6 clone) at 20 μg/mL. 

Extracts Fractions  % Inhibition 

Hexane 

Crude Z 0 
Z1 0 
Z2 0 
Z3 41 
Z4 16 

Methylene chloride 

Crude Y 0 
Y1 28 
Y2 30 
Y3 0 
Y4 0 
Y5 87 
Y6 78 
Y7 8 

Methanol Crude X 0 
Control - Chloroquine (IC50  /ngmL-1) <26.4 
Control - Artemisinin (IC50  /ngmL-1) <26.4 

Extracts showing % Inhibition < 50 are considered inactive at 15.9 µg/ml.  
 
While the crude extracts showed very minimal antileishmanial 
activity, selected subfractions of extracts showed promising results 
against the pathogen. As shown in Table 2, two fractions of the 
hexane extract, Z4 and Z3, inhibited the growth of the parasite by 
91.77% and 79.71% respectively at 20 μg/mL. Fractions of the 
methylene chloride extract also demonstrated antileishmanial 
activity with the most bioactive fraction being Y4, which inhibited 
growth by 93.31% at 20 μg/mL, followed by Y3 (54.13 %) then 
Y2 (35.88 %). These results showed that the activity exhibited by 
the sub-fractions of the extracts of N. nolitangere was comparable 
with that exhibited by the standard antibiotic amphotericin B 
which is used against the parasites.  Currently, pentavalent 
antimonials such as sodium stibogluconate (Pentostam) and 
meglumine antimoniate (Glucantime), and amphotericin B are the 
drugs recommended to treat leishmaniasis (Monzote, 2009). These 
drugs have been in use for over 50 years and treatment requires 
long courses of administration. Additionally, the drugs also exhibit 
therapeutic failure, long duration for healing of lesions and the risk 
of diabetes, among other side effects (Sabina et al., 2005; Croft, 
1988; Ribeiro et al., 1999). The metabolites in the extracts 
responsible for the activity have great potential for drug 
development and subsequent commercial medications. 
 
Table.  2: Antileishmanial activities of the crude extracts and sub-fractions of 
N. nolitangere at 20 μg/mL.  
 

Extracts Fractions  % Inhibition 

Hexane 

Crude Z 10.96 
Z1 0 
Z2 0 
Z3 79.71 
Z4 91.77 

Methylene chloride 

Crude Y 11.26 
Y1 5.83 
Y2 35.88 
Y3 54.13 
Y4 93.31 
Y5 5.73 
Y6 5.94 
Y7 2.53 

Methanol Crude X 0 
Control - Amphotericin B 100.0 

 

The antibacterial activity of the extracts, expressed as percent 
inhibition, against five strains with values ranging from 0 % 
inhibition to 36 % inhibition are shown in Table 3. Low 
antibacterial activity was demonstrated by the crude hexane and 
methylene chloride extracts against the growth of the Escherichia 
coli bacteria with 21 % and 34 % inhibition respectively. The most 
significant antibacterial activity was demonstrated by fraction Y3 
that inhibited the growth of Methicillin-resistant Staphylococcus 
aureus (MRSA) by 36 %. Based on the results, it can be concluded 
that the extracts of N. nolitangere have limited antibacterial 
potential against the five strains tested. 
 
Table.  3: Antibacterial activities of the crude extracts and sub-fractions of N. 
nolitangere at 50 μg/mL. 

Extracts Fractions % Inhibition 
SA MRSA EC PA MI 

Hexane 

Crude Z 0 1 21 10 0 
Z1 0 0 20 3 0 
Z2 0 0 33 0 0 
Z3 11 29 15 0 0 
Z4 0 3 33 1 0 

Methylene 
chloride 

Crude Y 0 0 34 0 0 
Y1 0 0 9 2 0 
Y2 0 7 18 0 0 
Y3 14 36 31 18 0 
Y4 3 11 32 0 0 
Y5 9 8 30 2 0 
Y6 0 1 31 0 0 
Y7 0 1 26 0 0 

Methanol Crude X 0 2 0 3 0 
Control - Ciprofloxacin (IC50) 0.10 0.09 0.007 0.18 0.38 
Control - Ciprofloxacin (MIC) 0.25 0.25 0.31 1.00 1.00 

SA-Staphylococcus aureus, MRS-Methicillin-resistant Staphylococcus , EC-
Escherichia coli , PA-Pseudomonas aeruginosa , MI- Mycobacterium 
intracellulare,  
 
Table. 4: Antifungal activities of the crude extracts and fractions of N. 
nolitangere at 50 μg/mL. 

Extracts Fractions % Inhibition 
CA CG CK CN AF 

Hexane 

Crude Z 7 4 6 28 0 
Z1 33 8 2 35 0 
Z2 26 11 0 45 1 
Z3 37 8 0 39 3 
Z4 33 13 34 36 0 

Methylene 
chloride 

Crude Y 0 0 6 25 0 
Y1 0 0 0 25 1 
Y2 40 8 0 30 0 
Y3 25 4 0 0 0 
Y4 25 9 0 34 0 
Y5 30 14 0 33 3 
Y6 0 10 0 28 3 
Y7 0 12 0 22 2 

Methanol Crude X 0 0 7 7 0 
Control - Amphotericin B 

(IC50) 
0.19 0.33 0.56 0.55 1.01 

Control - Amphotericin B 
(MIC) 

1.25 0.63 1.25 1.25 1.25 

CA-Candida albicans, CG-Candida glabrata, CK- Candida krusei, CN- 
Cryptococcus neoformans, AF-Aspergillus fumigatus 
 
The results for the antifungal studies are summarized in Table 4. 
The crude extracts of N. nolitangere showed minimal antifungal 
activity against the pathogens screened at 50 μg/mL. As shown in 
the table, the percent growth inhibition values ranged from 0 to 
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45%. Though considered inactive, the fractions of both the hexane 
and methylene chloride extracts exhibited minimal percentage 
growth inhibition against C. albicans and C. neoformans. The 
highest percentage growth inhibition was displayed by fraction Z2 
that inhibited the growth of C. neoformans by 45% at 50 μg/mL 

followed by fraction Y2 that inhibited the growth of C. albicans by 
40%. The fraction that inhibited the growth of C. krusei to the 
greatest extent was Z4 (34%). None of the samples showed 
notable results when screened against C. glabrata and A. 
fumigatus. 
 
CONCLUSION 
 

The crude methylene chloride and methanol extracts of 
N. nolitangere exhibited antimalarial and anti-insecticidal activity 
respectively suggesting potential applications in the health sector. 
Potent antileishmanial activity comparable to standard antibiotics 
in current use was recorded in relatively polar fractions from the 
hexane and methylene chloride extracts. This study has therefore 
demonstrated the potential for the use of extracted specimens of N. 
nolitangere for a range of applications. 
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