
Introduction

Infections by  species have suffered an explosive and Candida

continuous rise since the 1980´s. In parallel, it has been 

recovered resistant or less susceptible isolates to antifungal 

agents, especially to fluconazole, the drug of choice for 

treatment and prophylaxis of candidiasis, the mycoses caused 

by this yeast (Gómez, 2010).

In Cuba, high incidence of oropharyngeal candidiasis has been 

demonstrated in HIV patients, vaginal candidiasis in pregnant 

women and candidemia in newborns weighing less than 1 500 g 

admitted at intensive care units (Fernández et al., 2010; Morán 

and Ferreiro, 2001). The safety and toxicity of antifungal 

drugs (mainly amphotericin B and nystatin) as well as the 

emergence of microbiological resistance (especially to 

fluconazole), allow the crucial the development of new 

therapeutic products with advantages over those already 

existing (Carrillo-Muñoz et al., 2001). These facts led to the 

search for new bioactive compounds from nature sources in 

the last years (Kumar and Zi-rong, 2004).

Marine invertebrates encompass approximately 60% of the 

animal diversity of this ecosystem (Ferdous et al., 2014). 

Cuba platform is probably richer than other Caribbean 

islands, as the number of recorded species exceeds 5 700 

(Claro, 2007). In agreement with their biological diversity, 

these organisms possess bioactive compounds with vast 

chemical variability (saponins, terpenoids, steroids, 

phenols, and alkaloids, among others) with mechanisms of 

action different from the already known drugs (Hernández 

and Hernández, 2005). 
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Abstract

Background: Candidiasis is distinguished due to its high morbidity and mortality, poor response to available 

antifungal agents and due to a large number of species are involved as etiological agents. This led the needing of new 

drugs and the search of bioactive substances from natural sources.  Determine the in vitro antifungal activity Objective:

of  (Pallas 1766) extract against the most relevant clinical species of . Hermodice carunculata Candida Materials and 

methods: The minimum inhibitory concentration and mean inhibitory concentration of  crude H. carunculata

hydroalcoholic extract (100; 50; 25; 12,5; 6,25 µg/mL) were determined against  (20),  (5), C. albicans C. parapsilosis

C. tropicalis C. krusei C. glabrata (5),  (5) and  (5). Standard protocol was followed with minimal modifications for 

broth microdilution assay according to CLSI M27-A3. Fluconazole (2; 1; 0,5; 0,25 y 0,125 µg/mL) was used as 

reference drug.   extract concentrations up to 25 μg/mL inhibited 95% of the isolates, including Results: H. carunculata

those resistant to fluconazole. The two isolates that grew even at the highest concentrations of the extract corresponded 

to .  The present work provides the first evidence of the in vitro antifungal activity of C. albicans H. Conclusions:

carunculata Candida  against isolates suggesting its therapeutic potentiality.
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Hermodice carunculata Pallas 1766 (fireworm) is a marine 

omnivorous polychaete of the Amphinomidae family. Up to 

now, the antifungal activity of its crude hydroalcoholic extract 

against  reference strains (Claro, 2007; Velar-Martínez Candida

et al., 2016) only have been reported. In the present study, the in 

vitro antifungal activity of a similar extract of this polychaete 

was determined against the most clinical relevant species of the 

aforementioned genus, using fluconazole as reference drug.

Materials and Methods 

Biological material:  ATCC 90028 was used as C. albicans

control. 20 , 5 , 5 , 5 C. albicans C. parapsilosis C. tropicalis C. 

glabrata, C. krusei and 5  from clinical specimens, which were 

sent to the Mycology Reference Laboratory at Tropical 

Medicine Institute ̈ Pedro Kourí ̈  (IPK) between September and 

December 2015, were included. Strains were selected randomly 

among the total of isolates corresponding to the pre-selected 

species and they were re-identified by conventional methods 

(Arenas, 2014). Inoculum suspensions in sterile saline solution 

(1-5x10  CFU/mL) were prepared by picking five colonies from 3

24 h cultures, which grown on Sabouraud dextrose agar at 35C 

(CLSI, 2008).

H. carunculata extract preparation: A crude hydroalcoholic 

extract (20 mg/mL) of  was acquired from the H. carunculata

Cuban National Aquarium (registration code ANC 0039). 

Briefly, the body of marine invertebrate was suspended in 

ethanol 80%, macerated and incubated at 4 ° C with shaking for 1 

minute three times a day. After seven days the suspension, it was 

filtered and the supernatant was lyophilized. The stock solution 

(200 μg/mL) was obtained by dilution in dimethylsulfoxide 

(DMSO) (Sigma-Aldrich, Co., MO, USA). Working solutions 

(100; 50; 25; 12,5; 6,25 μg/mL) were done by serial double 

dilutions in RPMI-1640 (Sigma-Aldrich, USA).

Antifungal drug: Fluconazole (Pfizer, UK) was used as 

reference. Drug solutions (2; 1; 0,5; 0,25 and 0,125 μg/mL) were 

obtained according to M27-A3 document (CLSI, 2008).

Broth microdilution method (CLSI, 2008; Cos et al., 2006; 

Jahn et al., 1995):

Support: U-bottom 96-well microplates (Brand 781660, 

Wertheim, Germany) 

There following concentrations and volumes were used: H. 

carunculata extract (100, 50, 25, 12.5 and 6.25 μg/mL) + cell 

suspension (1-5x10 CFU/mL) of the studied isolates; sterility 3 

control: RPMI-1640 +  extract 100 μg/mL; H. carunculata

growth control: RPMI-1640 + the corresponding cell suspension 

(1-5x10  CFU/mL). 100 μL/well was use in each case.3

Incubation conditions: 24 h in a humid chamber at 37 °C.

Reading: It was added 15 μL/well of 3-4,5-dimethylthiazole-

2,5-diphenyltetrazolium bromide (MTT) (SIGMA, St. Louis, 

MO, USA) (5 mg/mL). Plates were incubated at 37 °C 

during 3 h (Jahn et al., 1995) and centrifuged (3500 rpm for 

15 minutes). The supernatant was replaced by DMSO (100 

μL/well) which was let it act for 30 min at 37 °C. The 

absorbance was determined on Elisa MRX Revelation 

reader (Dynex Technologies, USA) with 560 and 630 nm 

filter (Cos et al., 2006).

Interpretation: MIC was assigned as the lowest H. 

carunculata extract concentration which did not produce 

color change. IC  was estimated considering the average of 50

two separate experiments.

Fluconazole susceptibility: ATB  Fungus 3 gallery was TM

used according to the manufacturer's instructions 

(bioMérieux, Marcy, l'Étoile, France). Candida isolates 

were considered resistant when MIC  64 μg/mL (CLSI, ≥
2008). Fluconazole resistant isolates were studied by broth 

microdilution method (256, 128, 64 and 32 μg/mL) as 

described previously.

Statistical analysis: 

The obtained absorbance values were introduced in the 

program STATISTICA 8.0.360 which were tested for fit 

goodness (X2). Simple linear regression was calculated 

(Model I) considering that data were fitted to a standardized 

distribution (X ~ Z (0.1).  With these results IC  and 50

percentage of growth inhibition were obtained in 

comparison with growth control for each isolate against 

each extract and fluconazole concentration used.

Results

Table 1 shows the susceptibility parameters (CMI and IC ) 50

for the studied extract against the clinical isolates and the 

control strain. Only two  grew in all tested C. albicans

dilutions of the product. The extract inhibited 38/40 (95%) 

of the isolates, and 13/38 (34 %) were inhibited at 

concentrations  25 μg/mL, while 5/38 (13,1 %) were ≤
inhibited at the lowest concentration. IC  values were 50

recorded between 6,6 and 24,9 μg/mL, except for the 

isolates that didn´t show growth inhibition with the tested 

extract.

Table 2 shows the abovementioned susceptibility 

parameters for  extract and fluconazole H. carunculata

versus eight isolates resistant to this drug. All the isolates 

showed MIC value lower than the maximum concentration 

tested for the extract (≤ 25 μg/mL). Consequently, the 

maximum value obtained for IC  was 24,1 μg/mL which 50

corresponded with a  isolate.C. albicans

Discussion

Antifungal activity of natural products against  has Candida

been increasingly reported. Although, there are no 
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standardized methods for this purpose, agar diffusion and broth 

microdilution according to CLSI document M27-A3 are the most 

widely used. Cos et al. proposed the latter methodology as being 

the most efficient and reproducible for the evaluation of the 

antimicrobial activity of natural origin products, which was 

applied in this study with the modifications suggested by the 

authors (Cos et al., 2006). 

Table 1. Minimum inhibitory concentration (MIC) and mean 

inhibitory concentration (IC ) calculated for Candida clinical 50

isolates and the control strain against  extractH. carunculata

*Income code to the Mycology Laboratory at IPK.

Table 2. Comparison of in vitro antifungal activity of H. 

carunculata extract and fluconazole versus eight isolates 

resistant to the reference drug by ATB  Fungus 3 and broth TM

microdilution method

The action mechanisms and targets of the antifungal drugs 

against these yeasts are well described in the literature 

(Silva et al., 2010). Recent investigations allude to new 

mechanisms, which result in resistance or phenotypic 

polymorphisms (Arenas, 2014). In contrast, the action 

mechanisms and targets of natural extracts are less well 

known (Ordaz et al., 2010).

Up to now, there are no well-established criteria to define 

the antimycotic activity of natural products (Zapata et al., 

2010). However, there are different studies that report the 

association between its activity and the MIC values, 

indicating that MICs  100 μg/mL correspond with good ≤
activity (Cos et al., 2006; Lee eta al. 2010). According to 

this reference,  extract showed potent H. carunculata

antifungal action, even in front of those isolates previously 

identified as fluconazole resistant. Significantly, the extract 

showed low MIC and IC  values against  and 50  C. krusei C. 

glabrata, species recognized as intrinsically resistant to 

fluconazole (CLSI, 2008). The obtained values could be 

conditioned by: (i) the presence of several active 

compounds in the extract and consequently, different 

cellular targets; (ii) the presence of chemical structure(s) 

different  from fluconazole with action sites other than (s)

this chemical agents at cellular level, and (iii) the 

occurrence of synergism due to the mix of different active 

compounds. These results are very encouraging and should 

be corroborated by in vivo assays.

Only two of the isolates (table 1), corresponding to C. 

albicans, grew at the maximum concentration of the extract, 

which could be due to: (i) the presence of intrinsic 

resistance mechanisms to the possible active compounds of 

the extract or (ii) the low concentrations of compounds with 

antifungal activity since the crude extracts are generally a 

mixture of active and inactive chemical substances. These 

questions could be solved in the future by using the extract 

www.apjonline.in

Species Code* H. carunculata extract

MIC (µg/mL) CI50 (µg/mL)

C. albicans ATCC 90028 12,5 11,8

CI9 25 21,7

CI12 25 24,4

CI14 25 22,6

CI15 25 21,5

CI16 25 24,9

CI18 25 23

CI74 25 15,4

CI75 25 17,3

CI76 25 24,3

CI77 12,5 10,3

CI80 25 22,3

CO16 25 24,1

CO21 12,5 7,2

CO22 12,5 7,4

CV4 25 23,9
CV5 >100 130,4

CV14 25 23,2

CV50 25 24,8

CV63 25 18,7

CV90 >100 95,8

C. tropicalis CO10 25 17,1

CO15 25 11,6

CO41b 25 20,5

CO42 25 15,9

CV30 25 23,5

C. parapsilosis CI1 25 18,6

CI4 25 20,2

CI21 25 18,2

CI92 25 15,4

CI93 25 16

C. krusei CI8 25 16,1

CI10 25 22,3

CO5 25 19,1

CO6 25 16,7

CO12 25 22,1

C. glabrata CI20 25 17,6
CI33 25 24,5

CO9 12,5 10,1

CV23 25 15,4

CV89 12,5 6,6

Isolates Code* Fluconazole (µg/mL) H. carunculata extract
(µg/mL)

MICa CI50
b MIC CI50

Control strain ATCC 90028 0,25 0,125 12,5 11,8
C. albicans CO16 >256 >256 25 24,1

CV63 >256 >256 25 18,7
CV14 >256 218,1 25 23,2

C. tropicalis CO10 >256 >256 25 17,1
CO15 >256 >256 25 11,6
CO42 >256 >256 25 15,9

C. krusei CO5 >256 >256 25 19,1
CO12 >256 249,9 25 22,1

a MIC: Minimal inhibitory concentration; b CI50: Mean inhibitory concentration
*Income code to the Mycology Laboratory at IPK.
Note: The antifungal susceptibility to fluconazole was determined by broth microdilution
method for isolates showing MIC = 64 μg/mL by the ATBTM Fungus 3.
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at a higher concentration or by checking the antifungal activity of 

each of its components separately.

Marine invertebrates use substances with high toxicity for their 

defense. These have been the target of numerous investigations 

in the search of bioactive compounds of interest for the 

biomedical sciences. During the last decade, it has been 

evidenced the existence of a wide range of products with 

chemical and functional diversity. Most of these were described 

in the Porifera Phylum, perhaps because they have been the most 

studied (Ferdous et al., 2001; Abad et al., 2011). The 

antimicrobial effect in these cases has been attributed to 

antimicrobial peptides involved in the immune system response. 

Some of these are active against yeasts, as shown in the second 

version of international database, which collects information 

from 1 518 compounds, 442 of which show antifungal activity 

(Wang and Wang, 2009). However, the literature related to the 

antifungal evaluation of natural products against clinical isolates 

show different results (Fariñas and Liñero, Tadesse et al., 2008; 

Devi et al., 2011). This could be mediated not only by the marine 

species involved but also by the mechanisms of extraction of the 

possible bioactive substances, the method to measure their in 

vitro activity, the number of specimens included in each trial, and 

the cut off values used, among other aspects. 

In general, the antifungal activity of products from marine origin 

has not been sufficiently explored. In particular, previous studies 

about the anti-  activity of  against clinical Candida H. carunculata

isolates of this genus were not found in the literature. Current 

data indicate the potentiality of this marine invertebrate extract as 

future therapy for candidiasis.
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