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The aim of this study was to evaluate acetophenones isolated from Croton spp. for antifungal activity in 
vitro against Candida albicans, Microsporum canis and Trichophyton rubrum, and to evaluate the 
toxicity of these substances in vivo. The minimum inhibitory concentration (MIC) and minimum 
fungicidal concentration (MFC) were determined using the broth microdilution method. The combined 
effect of the 2-hydroxy-3,4,6-trimethoxyacetophenone with ketoconazole was evaluated using the 
checkerboard technique. The toxicity was determined using Artemia salina L. The compounds were 
active against T. rubrum, with MICs ranging from 1.25 to 2.5 mg/mL. Similar results were obtained for M. 
canis, with MICs ranging from 5.0 to 10.0 mg/mL. In the toxicity tests, 2-hydroxy-4,6-
dimethoxyacetophenone and 2-hydroxy-3,4,6-trimethoxyacetophenone presented LC50 of 46.22 and 
75.55 µg/mL, respectively. 2-hydroxy-3,4,6-trimethoxyacetophenone exhibited a synergistic effect with 
ketoconazole. 
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INTRODUCTION 
 
Plants have been in use for therapeutic purposes in many 
nations and are still a widely acceptable alternative 

treatment method not only in urban centers, but also in 
small rural communities. Among plant families
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comprising the world’s flora, Euphorbiaceae is one of the 
largest groups of dicotyledons, containing about 300 
genera and 5,000 species. In Brazil, there are 72 genera 
and around 1,300 species, with Croton being the second 
largest genus, comprising approximately 700 species

 

(Salatino et al., 2007). 
Phytochemical studies of Croton species have identified 

the presence of terpenoids (Barreto et al., 2013; Sousa et 
al., 2015), alkaloids (Risco et al., 2003; Araújo-Junior et 
al., 2004), flavonoids (Zou et al., 2010; Barreto et al., 
2013), triterpenes and steroids (Catalán et al., 2003; 
Maciel et al., 2006). These secondary metabolites are 
responsible for a wide variety of pharmacological activities 
against fungi and bacteria (Salatino et al., 2007; Carneiro 
et al., 2011). These pharmacological activities are of 
great importance because the usual antimicrobial agents 
are becoming less effective, especially due to the fungi 
and bacterial resistance caused by the widespread use of 
these drugs (Sá et al., 2012). Research into new 
substances with antimicrobial activity can make a major 
contribution to human health worldwide, by finding a 
more efficient and less toxic antimicrobial substances in 
the fight against pathogenic microorganisms’ resistance 
(Saúde-Guimarães et al., 2007). 

Cutaneous mycoses are among the most common 
fungal infections in humans and are mostly caused by 
dermatophytes which are keratinophilic filamentous fungi 
belonging to the genera Trichophyton, Microsporum and 
Epidermophyton (Havlickova et al., 2008; Guo et al., 
2012). These fungi are cosmopolitan and according to 
the World Health Organization (WHO), they affect 25% of 
the world population. Till date, about 30 species have 
been identified as pathogenic to humans. It is estimated 
that about 30 to 70% of adults are asymptomatic host of 
these pathogens and that the incidence of mycoses is 
influenced by the individual’s age (Peres et al., 2008; 
White et al., 2008; Seebacher et al., 2010). 

 In recent years, the prevalence of infections caused by 
Candida species (candidiasis) has been on the increase. 
In fact, these species are now ranked as the fourth 
leading cause of infections. This increase in infections 
caused by Candida is generally explained by the growing 
use of medical devices such as implants, prostheses and 
catheters, excessive use of antimicrobial agents, general 
aging of the population and the rising number of 
immunocompromised patients (Negri et al., 2012). 

There are many literature reports on the isolation of 
fungal strains that are resistant to the antifungal drugs 
available in the market (Posteraro et al., 2006; Brito et al., 
2007; Yenisehirli et al., 2007; Eksi et al., 2013). This fact 
together with the high cost of most antifungals has 
prompted the search for effective alternative therapies to 
increase the number of treatment options and to find a 
more effective and less expensive compounds. In this 
context, there is the need to find natural products with 
antimicrobial properties and phytotherapeutic potential 
(Mehraboni et al., 2013). 
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The phytochemical study of Croton anisodontus and 
Croton nepetaefolius led to the isolation of two 
compounds; 2-hydroxy-3,4,6-trimethoxyacetophenone 
and 2-hydroxy-4,6-dimethoxyacetophenone, respectively 
(Figure 1). These acetophenones are phenolic 
compounds with biological effects such as anti-
inflammatory (Sala et al., 2001; Malaviya et al., 2010), 
antispasmodic (Cechinel Filho et al., 1995; Niero et al., 
1996), antiproliferative (Pisco et al., 2006) and 

antimicrobial (Bonifait et al., 2012). 
The aim of this study was to assess the modulatory and 

antifungal activities of acetophenones isolated from 
Croton spp. against strains of dermatophytes and yeasts. 
 
 
MATERIALS AND METHODS 
 

Plant material 
 

The plant material (stems) of C. anisodontus Müll.Arg. and C. 
nepetaefolius Baill. were collected in the city of Itapiuna, Ceará 
State, Brazil, in March 2011, at coordinates 04° 33' 50" S and 38° 
55' 19" W, and in the city of Caucaia, Ceará, Brazil, respectively. 
The botanical identification was performed by Professor Edson 
Nunes of Ceará Federal University (UFC). Voucher specimens of 
the species were deposited in the Prisco Bezerra Herbarium of UFC 
under numbers 48.964 and 33.582, respectively. 
 
 

Experimental 
 

Adsorption column chromatography was carried out with silica gel 

60 (63 to 200 m, 70 to 230 mesh, Vetec). Column length and 
diameter were varied according to the sample amount. TLC used 
aluminum chromatoplates (20 x 20 cm) with silica gel 60 GF254 
(Merck). Substances on the plates were revealed by exposure to a 
vanillin solution followed by heating. Infrared spectra were obtained 
with a Perkin-Elmer 1000-FT spectrometer. Melting points were 
determined with a Mettler Toledo digital microdetermination 
apparatus. One and two dimensional nuclear magnetic resonance 
(NMR) spectra were obtained on a Bruker DRX-500 (1H: 500 MHz; 
13C: 125 MHz, respectively) spectrometer, using CDCl3 as solvent 
and TMS as the internal standard. Mass spectra (MS) were 
recorded with a Shimadzu QP5050A spectrometer, operating at 70 
eV. 
 
 

Extraction and isolation of acetophenones 
 

C. nepetaefolius stems (5.0 kg) were powdered and subjected to 
extraction using ethanol (10 L×3, at room temperature). The solvent 
was removed under reduced pressure to give EtOH extract. The 
EtOH extract (58.2 g) was coarsely fractionated in a silica gel 
column by elution with n-hexane (F 1 to 15), n-hexane/EtOAc 1:1 (F 
16 to 25), EtOAc (F 26 to 40), and EtOH (F 41 to 48), resulting to a 
total of 48 fractions of 100 mL each. The fractions of n-
hexane/EtOAc 1:1 (F 16 to 25; 10.8 g) were pooled and 
fractionated in a silica gel column with n-hexane (F′1), n-
hexane/EtOAc (9:1 F′2 to10; 7:3 F′11 to 13; 1:1 F′14 to 15) and 
EtOAc (F′16), producing 16 fractions of 100 mL each. The fractions 
F′ 10 to 13 and F′16 obtained using n-hexane/EtOAc (7:3) and 
EtOAc yielded white crystals [mp 77 to 78.5°C, MS (70 eV, in 
percent) m/z 196 [M]+, 181 (100), 166 (15), 151 (8), 138 (23), 95 
(8)], whose 1H and 13C NMR spectra and other properties coincided  
with the published values for 2-hydroxy-4,6-dimethoxyacetophenone 
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(Santos et al., 2008). 

C. anisodontus stems (1462.6 g) were dried at room temperature, 
followed by trituration and cold extraction with n-hexane for 3 days. 
The resulting solution was distilled under reduced pressure to give 
the EtOH extract (23.25 g), which was adsorbed onto silica gel and 
eluted through a chromatographic column, using the following 
eluents: n-hexane, chloroform, ethyl acetate and ethanol. The 
chloroform fraction (9.77 g) was reintroduced to the column and 
eluted with: n-hexane (F 1 to 6), n-hexane/ethyl acetate (8:2 F’7 to 
26), n-hexane/ ethyl acetate (7:3 F 27 to 40), ethyl acetate (F 41 to 
60) and methanol (F 61 to 66). Fractions 12 to 16 revealed a yellow 
crystalline solid; 2-hydroxy-3,4,6-trimethoxyacetophenone, which 
after recrystallization with n-hexane and analysis by thin layer 
chromatography was found to be pure (Oliveira et al., 2014). 
 
 

Bioassay with Artemia salina L. 
 

Toxicity tests were conducted according to the method proposed by 
McLaughlin (1991), where serial dilutions were carried out from 20 
mg of the samples with chloroform (CHCl3) to obtain a final 
concentration of 1,000, 100, 10 and 1 ppm. The negative control 
was 100 μl of 2% dimethyl sulfoxide (DMSO) and 4.9 mL of distilled 
water. 

0.5 mL of each sample was added to all test tubes with 1.0 mL 
saline and 50 μl of DMSO. The tubes were placed in a sonicator for 
10 min with the aid of a pipette. 48 h after hatching, 10 Artemia 
salina L. larvae were transferred to each test tube. The volume of 
the tubes was completed with saline to 5 mL. The assays were 
performed in triplicate. 

The tubes were incubated for 24 h, after which the number of 
dead microcrustaceans was counted to compute the mortality 
percentage. The results were tabulated and submitted to probit 
analysis using SPSS 10.0 for Windows, to obtain the LC50 value 
with a confidence interval of 95%. 
 
 

Fungal strains 

 
The strains of Trichophyton rubrum and Candida albicans were 
obtained from the fungal collection of the Specialized Medical 
Mycology Center (CEMM, Federal University of Ceara, Brazil). The 
strains of T. rubrum were isolated from symptomatic patients and 
those of C. albicans were isolated from cats. M. canis strains were 
isolated from dogs. All the strains were stored in the microbiology 
laboratory (Vale do Acaraú State University, Brazil), where they 
were maintained in saline (0.9% NaCl) at 28°C. At the time of the 
analysis, an aliquot of each suspension was taken and inoculated 
into potato dextrose agar (Difco, Detroit, USA), and then incubated 
at 28°C for about 2 to 10 days respectively. The identification of 
dermatophytes was based on phenotypic features, such as a 
description of the macro and micromorphology. The pigment 
production and sporulation of dermatophytes were considered as 
well as the production of the enzyme urease to differentiate species 
of the genus Trichophyton (Vasconcellos et al., 2013; Mattei et al., 
2014). The C. albicans strains were identified by automated 
identification (Vitek system platform) (Durham, USA). 

 
 
Inoculum preparation for antifungal susceptibility tests 

 
The inoculum was prepared from strains grown on Sabouraud 
dermatophytic agar for 5 days at 35°C and yeast strains for 24 h at 
35°C. Fragments of M. canis, T. rubrum and C. albicans were 
transferred to tubes containing sterile saline solution (0.85%)  to 
obtain a turbidity equivalent to standard (5x106 CFU/mL or 0.5) on 
the McFarland scale.  

The suspensions were diluted to 1:2000 for C. albicans and 

 
 
 
 
1:500 for M. canis and T. rubrum, both with RPMI 1640 medium 
with L-glutamine, without sodium bicarbonate (Sigma Chemical Co., 
St. Louis, Mo.), and buffered to pH 7.0 with 0.165 M morpholine-
propanesulfonic acid (MOPS) (Sigma Chemical Co., St. Louis, Mo.), 
to obtain inoculum concentrations of approximately 2.5 to 5 x 103 

CFU/mL and 5 x 104 CFU/mL respectively. 
 
 
Broth microdilution method 
 
The minimum inhibitory concentration (MIC) and minimum 
fungicidal concentration (MFC) of acetophenones against the 
dermatophyte and yeast strains were determined by the broth 
microdilution method using 96-well plates. The MIC for C. albicans 
was determined in accordance with the Clinical and Laboratory 
Standards Institute-CLSI (formerly NCCLS; M27-A2) (CLSI, 2008). 
The broth microdilution assay for M. canis and T. rubrum was 
performed based on the document M38-A (CLSI, 2002). 

The compounds were prepared in DMSO at a concentration of 10 
mg/mL diluted in 100 µL of RPMI 1640 medium (Sigma) and tested 
in a concentration range of 0.009 to 10.0 mg/mL. Thereafter, a 100 
µL inoculum was added to the plates to produce a final volume of 
200 µL per well. The antifungal ketoconazole for dermatophytic 
strains and amphotericin B for yeast strains, with a range from 0.07 
to 16 µg/mL, were used as controls. The microplates were 
incubated at 37°C and read visually after 5 days. C. parapsilosis 
(ATCC 22019) and C. krusei (ATCC 6528) were included as quality 
controls. The MIC was defined as 100% inhibition of visible fungal 
growth. Consecutively, the minimum fungicidal concentration was 
determined after the transfer of 100 μL of the contents of the well 
without turbidity into tubes containing potato dextrose agar at 28°C. 
The MFC against dermatophytes was calculated in accordance with 
fungal growth in the culture medium after 5 days, whereas for the 
yeasts it was determined after 24 h. Each experiment was run in 
duplicate. 
 
 
Microdilution checkerboard assay 
 
The effect of the compounds combined with commercial antifungal 
was determined by the checkerboard technique, a method used to 
determine the interaction of the drug by calculating the fractional 
inhibitory concentration index (FICI). The FICI is calculated by 
summing the fractional inhibitory concentration (FIC) for each of the 
tested compounds, which in turn is determined by summing the MIC 
of each drug in combination divided by the MIC of the same drug 
alone. 

The turbidity of the fungal suspensions was adjusted to 0.5 on 
the McFarland scale (105 CFU/mL). Solutions of the products tested 
in certain concentrations from their respective MIC values were 
used. Initially, 50 µL of RPMI medium was added to all 96 wells of 
microdilution plates. Then 50 µL of the compound was added in the 
first column, in which serial dilutions were made in the plate until the 
8th column, with the compound concentrations ranging from 10.0 to 
0.07 µg/mL. In the vertical lines, 50 µL of standard antifungal 
ketoconazole was placed in concentrations ranging from 16 to 
0.125 µg/mL. Finally, 100 µL of inoculum was added to all wells. 
RPMI 1640 medium with inoculum was used as a negative control, 
while the ketoconazole and acetophenone were separately used as 
positive controls at the respective MIC values. The dermatophyte 
plates were incubated at 36°C for 5 days. Assays were performed 
in triplicate. 

The FICI was calculated according to the equation below, where 
A represents acetophenone and B the antifungal ketoconazole: 
 

FICA = MIC of agent A in combination / MIC of agent A alone 
 

FICB = MIC of agent B in combination / MIC of agent B alone 
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Table 1. Minimum inhibitory concentration (MIC) of the acetophenones against the dermatophytes and yeasts. 
 

Strains 
1 2 Amphotericin B Ketoconazole 

MIC MFC MIC MFC MIC MFC MIC MFC 

Candida albicans         

CEMM 01-3-068 NI NI NI NI 0.001 0.002 - - 

CEMM 01-3-069 NI NI NI NI 0.002 0.004 - - 

         

Trichophyton rubrum         

CEMM 5-1-34 2.5 5.0 2.5 5.0 - - 0.004 0.008 

CEMM 5-1-08 1.25 2.5 2.5 5.0 - - 0.002 0.004 

         

Microsporum canis         

LABMIC 1-1-01 10.0 - 5.0 10.0 - - 0.004 0.008 

LABMIC 1-1-02 10.0 - 5.0 10.0 - - 0.002 0.004 
 

(1) 2-hydroxy-4,6-dimethoxyacetophenone; (2) 2-hydroxy-3,4,6-trimethoxyacetophenone; MIC: Minimum Inhibitory Concentration, expressed in 
mg/mL; MFC: Minimum Fungicidal Concentration, expressed in mg/ml; NI: no inhibition. LABMIC: Microbiology Laboratory; CEMM: Specialized 
Centre of Medical Mycology. 

 
 
 

Table 2. Synergism results of 2-hydroxy-3,4,6-trimethoxyacetophenone and ketoconazole against Trichophyton rubrum and 
Microsporum canis dermatophytes  
 

Combinations 
Trichophyton rubrum  Microsporum canis 

FIC (µg/mL) FICI (µg/mL)  FIC (µg/mL) FICI (µg/mL) 

2-hydroxy-3,4,6-
trimethoxyacetophenone 

0.03 
0.06 

 
0.06 

0.31 

Ketoconazole 0.03  0.25 
 

FIC- Fractional Inhibitory Concentration; FICI- Fractional Inhibitory Concentration Index; Interpretation of values- synergism (FICI ≤ 
0.5); indifferent (FICI> 0.5 and ≤ 4.0); antagonism (FICI> 4.0). 

 
 
 
FICI = FICA + FICB 

 

The FICI indicated a synergistic effect at values ≤ 0.5, an indifferent 
effect at values > 0.5 or ≤ 4.0, and an antagonistic effect at values > 
4.0 (Odds, 2003; Johnson et al., 2004). 

 
 

RESULTS  
 

Bioassay with Artemia salina L. 
 

In the toxicity tests, 2-hydroxy-4,6-dimethoxy-
acetophenone and 2-hydroxy-3,4,6-trimethoxy-
acetophenone presented LC50 of 46.22 µg/mL

 
with an 

interval of 29.22 to 73.37 and LC50 of 75.55 µg/mL with 
an interval of 46.55 to 125.47, respectively. These results 
indicated that both compounds are bioactive, with the 
former being more toxic than the latter, because the 
former compound required a lower quantity to cause 50% 
mortality of the population.  
 
 

MIC and MFC determination 
 

The data presented in Table 1 shows that the  

acetophenones tested have similar antifungal activity 
against the dermatophytes. 2-hydroxy-4,6-dimethoxy-
acetophenone was active against T. rubrum, with MICs 
ranging from 1.25 to 2.5 mg/mL

 
and MFCs of 2.5 to 5.0 

mg/mL for the two strains tested, while 2-hydroxy-3,4,6-
trimethoxyacetophenone presented MIC of 2.5 mg/m and 
MFC of 5.0 mg/mL against the same strains.  

For the strains of M. canis, 2-hydroxy-4,6-dimethoxy-
acetophenone presented MIC of 10.0 mg/mL at the 
highest concentration tested, but did not present MFC. 
The yeast strains were not sensitive to either of the two 
compounds. 
 
 
Synergistic effect of ketoconazole 
 
To assess the possibility of a more powerful antifungal 
effect of acetophenone, pooled samples were tested in 
combination with the commercial antifungal agent. Table 
2 demonstrates a synergistic effect of ketoconazole in 
combination with acetophenone, with MIC values just 
below four-fold of the individual compounds. 

The startling combination effects of ketoconazole and  
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Figure 1. Structural formula of acetophenones isolated 
from Croton species. [1] R = H [2] R = OMe. 

 
 
 
the compound were confirmed in this test, with FICI of 
0.06 µg/mL against T. rubrum and FICI of 0.31 µg/mL 
against M. canis, resulting in synergic effects. 
 
 
DISCUSSION 
 
Meyer et al. (1982) established a relation between the 
degree of toxicity and the mean lethal dose (LC50) of 
plant substances against larvae of A. salina L., and since 
then the benchmark has been that LC50 values <1000 
µg/mL indicate that a substance is bioactive. This result 
corroborates the antifungal properties of the compounds. 

As a result of the resistance developed by micro-
organisms to drugs currently used to treat fungal 
infections, there is the need to find new compounds with 
biological activity, particularly those of plant origin. The 
two compounds tested here; 2-hydroxy-4,6-dimethoxy-
acetophenone and 2-hydroxy-3,4,6-trimethoxy-
acetophenone, presented antifungal activity against the 
dermatophyte strains investigated. 

Despite the large number of articles reporting 
experiments to find compounds with antifungal activity, 
only a few have reported the action mechanism of the 
compounds tested (Zacchino, 2001). Therefore, the broth 
microdilution method was used in this study, but it was 
not possible to determine the action mechanism of the 
acetophenones against the fungal strains studied. 
However, it is believed in this study that it could be 
related to the synthesis of ergosterol, since there are 
reports in the literature of acetophenones that have 
hypocholesterolemic activity associated with synthesis of 
this sterol (Piyachaturawat et al, 2002).  

Despite having activity against strains of dermatophytes, 
the compounds were not active against strains of C. 
albicans. Resistance of Candida strains is related to 

several virulence factors, which comprises adhesion and 
biofilm formation, dimorphism, cell wall composition and 
secretion of hydrolytic enzymes such as proteases and 
phospholipases (Giolo and Svidzinski, 2010; Sardi et al., 
2013). 

Studies of antifungal activities of the acetophenones 
from plants are still scarce in the literature. Gul et al. 
(2002)

 
reported good antifungal activity of acetophenone-

derived bis Mannich bases against the dermatophyte 
species of T. rubrum and M. canis, with potential for 
developing novel antifungal agents. 

In a study of the antifungal activity of acetophenone 
derivatives, 2,3,4 trihydroxyacetophenone (Gala) was the 
compound that best inhibited the filamentous fungi, with 
MIC of 31.2 μg/mL, indicating greater activity than 
fluconazole against M. canis. On the other hand, 2,4,6-
trihydroxyacetophenone (THA) was the least active 
compound against the yeast C. albicans, presenting MIC 
of 125μg/mL (Rebelo, 2005). The results of this study 
demonstrated the oxidative potential of THC besides the 
antioxidant activity in vitro of the two acetophenones 
tested. 

The oxidative potential of THA was also demonstrated 
by Ferreira (2005) in an investigation of the oxidative 
activity of synthetic analogs of acetophenone, where THA 
and Gala also showed important oxidative potential, in 
vitro and in vivo. THA also presented strong 
hypertriglyceridemic activity, acting as an excellent 
inhibitor of absorption of triglycerides in animals treated 
with olive oil.  

The activity in vitro of compounds with little or no 
antifungal activity has been tested in combination with 
antifungal drugs (Khan and Ahmad, 2012). Therefore, the 
interaction between the compounds and antifungal drugs 
may prove to be an alternative for the treatment of fungal 
infections and antifungal resistance (Vandeputte et al.,  

http://www.hindawi.com/41031545/


 
 
 
 
2012). The compound 2-hydroxy-3,4,6-trimethoxy-
acetophenone in combination with the antifungal 
ketoconazole in vitro had a synergistic effect, thus 
enhancing the antifungal activity of the compound, 
suggesting future pharmacological use as an adjuvant for 
these drugs (Guerra et al., 2015). 
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