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Microsporum which based on the formation and 
morphology of their conidia (structures of asexual 
reproduction).2,3 Besides, dermatophytes are 
classified into zoophilic, geophilic or anthropophilic 
depending on their normal habitat (animals, soil and 
humans, respectively).4 Among these groups, both 
zoophilic and anthropophilic dermatophytes are 
associated with skin infection while geophilic 
dermatophytes being more rarely involved in human 
disease.3 

 
One of the commonest organism involved is T. 
rubrum. It affects superficial skin such as 
onychomycosis & tinea pedis.5 It produces conidia 
from hypha cells that can grow on a few numbers of 
media and at various pH, CO2 concentration and 
temperature. T. rubrum has few, long, narrow and 
pencil-shaped macroconidia that is responsible for 
reproduction and provide a safe house for the 
filamentous fungal genome during the unstable 
conditions.6 The responsible virulence enzymes are 
keratinolytic proteases, metalloprotease and 
keratinases that involve during inflammatory 
reaction.7,8,9 
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ABSTRACT 

 
Hydroxychavicol (HC) is a phenolic compound of betel leaf (Piper betle). It has been reported to have 
antifungal properties against dermatophytes including T. rubrum. The aim of this study was to identify the 
effects of the HC against T. rubrum. Broth dilution method was used to determine the minimum inhibitory 
concentration (MIC) and minimum fungicidal concentration (MFC) of the HC. Microscopic study of the 
treated fungus was done by transmission electron microscope (TEM). Cytotoxicity study using pre-adipocyte 
(3T3-L1) cell line was performed by means of MTT cell proliferation assay. The MIC and MFC results of the 
HC were both 0.49 µg/ml. Microscopic study revealed the destruction of the fungal cell wall and organelles. 
Cytotoxicity study showed HC to be non-toxic to the tested human cell line. In conclusion, HC may 
potentially be used as an alternative therapeutic agent against T. rubrum infections.  
 
KEYWORDS: Hydroxychavicol, Trichophyton rubrum, antifungal properties, alternative therapeutic. 

INTRODUCTION 
 
The prevalence of fungi infection is increasing 
since past few years in parallel to the prevalence 
of immunocompromised patients.1 Cutaneous 
mycoses are the most common fungal infections 
and these fungi called as dermatophytes.2 
Dermatophytes belongs to the group of filamentous 
fungi known as the ringworm fungi that commonly 
causes skin diseases in the world and these fungi 
use keratin in hair, skin and nails as their nutrient. 
These fungi are composed of three closely related 
genera namely Epidermophyton, Trichophyton and 
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 3.9062, 1.9531, 0.9765, 0.4882, 0.2441, 0.1220, 
0.0610, 0.0305, 0.0152, 0.0076, 0.0038 µg/ml for 
experiment procedure.18 
 
Minimum Inhibitory Concentration (MIC) 
 
MIC was determined by using broth microdilution 
assay according to NCCLS recommendation and 
performed in 96-well round bottom microtitre 
plate.17,19 Each well of microtiter plate was filled 
with 180 µl of the adjusted inoculum. Control 
experiment without test compounds was carried 
out for verification of normal growth. Results were 
obtained after 7 days of incubation at 28ᵒC. A drop 
of 0.25% MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl-tetrazolium bromide, SIGMA, M2128) in 
distilled water was added to the mixtures in each 
well subsequent to incubation for 30 min. A colour 
change from yellow to purple indicated active 
metabolism, and that fungal growth had occurred. 
The lowest concentration at which no colour 
change occurred was recorded as the MIC value. 
All samples were measured in triplicate. 
 
Fungicidal Inhibitory Concentration (MFC) 
 
Clear tubes from MIC experiment that showed 80% 
to 100% of growth inhibition was sub-cultured onto 
agar plates and further incubated for 7 days at 
28ᵒC. The lowest concentration with no visible 
growth was defined as the MFC.17 
 
Ultra-structural Study Using Transmission 
Electron Microscope (TEM) 
 
HC and MI concentrations used to treat the fungus 
were based on the obtained MIC values. HC and MI 
were instilled in test tube with concentration 0.49 
µg/ml and 0.06 µg/ml (MIC value) respectively. 
Then 180 µl of the adjusted inoculum T. rubrum 
suspension was put into test tubes and treated 
with HC and MI for 1, 3, 5 and 7 days with some 
modification.20 After the treatment, the fungi 
were fixed with 2.5% gluteraldehyde at 4°C for 15 
min. After that, fixed fungi were washed for six 
times using distilled water. The samples were post
-fixed with 2% osmium tetroxide at 4°C for 1 h. 
The post-fixed samples were washed again for six 
times using distilled water. The post-fixed fungi 
then underwent a dehydration process. The 
samples were dehydrated in a series of graded 
acetone series from 70% to 90% (each for 10 min) 
and then dehydrated with acetone 100% for 15 min 
each for three times. The dehydrated samples 
were infiltrated with acetone. Then, the fungi 
were embedded with 100% resin and were kept 
overnight. After that, the fungi were polymerised 
in an oven at 60°C for 24 h. The next day, the 
samples were cut into ultrathin sections using 
ultra-microtome. The sectioned samples were 
then stained using Reynold staining for 10 min 
before examining them under TEM. Untreated T. 
rubrum was used as a control sample. 

Current available antifungal produce for the 
treatment are miconazole, fluconazole and 
terbinafine cream.10 Unfortunately, drug resistance to 
antifungal has become a serious issue among the 
medical practitioners and pharmaceutical workers.11 
Resistance in this context can be classified into 
microbiological resistance as well as clinical 
resistance.12 In microbiological resistance, fungus is 
not susceptible to antifungal agent by in-vitro 
susceptibility testing, when the minimal inhibitory 
concentration (MIC) of the drug is greater than the 
susceptibility breakpoint of that organism.13 While 
clinical resistance refers to antifungals’ inabilities to 
eradicate fungal infection despite of its effectiveness 
in-vitro that can be attributed to multiple factors 
related to the host, the antifungal agent or the 
pathogen.12 

 
Therefore, to overcome antifungal drug resistance 
issues, researchers are now looking for and developing 
alternative antifungal drugs that have diverse 
chemical structures and mechanisms of action.14 It 
would be interesting if the discovery drugs can be 
used as alternatives to current available antifungal. In 
this study we propose the effect of the 
hydroxychavicol (HC) as a new antifungal to treat T. 
rubrum species. Previous study by Norazian et al. 
showed that P. betel contained a high concentration 
of HC that can inhibit the Gram-positive and Gram-
negative bacteria and also dermatophytes.15 However, 
the effects of the HC on T. rubrum species have not 
been studied well. Thus, the aim of this study was to 
identify the effects of HC as an antifungal agent 
against T. rubrum. 
 
MATERIALS AND METHODS 
 
Test Organism  
 
T. rubrum ATCC 28188 was used in this study and it 
was maintained on Sabouraud’s dextrose agar (SDA) at 
28ºC.  
 
Inoculum preparation 
 
T. rubrum was subcultured on SDA at 28°C until 
sporulation. Sequentially, 5 ml of sterilized distilled 
water was added to the sterile tube and with a sterile 
wire loop the spore and the fragments of the T. 
rubrum were dislodged into the tubes. The suspension 
was then vortexes for 15 s. The turbidity of fungi 
suspension was adjusted to 0.5 MacFarland standards 
(15 x 108 CFU/ml).16,17 
 
Preparation of HC and MI 
 
HC from Piper spp. was purchased from Malaysia 
Sigma-Aldrich (Code:  18078) and MI was purchased 
from Sigma-Aldrich. Ten mg of HC and MI in weight 
were diluted with 10 ml sterile water. Two-fold serial 
dilution were done to make HC concentrations of 
1000, 500, 250, 125, 62.5, 31.25, 15.625, 7.8125, 
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Cytotoxicity Study 
 
HC was diluted with Dulbecco’s Modified Eagle 
Medium (DMEM) to make up stock concentration of 
0.49 µg/ml (MIC value). Cytotoxicity test was 
performed to screen the HC toxicity effects on cell 
lines. It was done using 3-(4, 5-Dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide (MTT) cell 
proliferation assay as described by Mosmann with 
some modifications.21 Cell lines pre-adipocytes 
(3T3-L1) were grown in complete growth medium 
(DMEM with 10% foetal bovine serum and 1% 
penicillin-streptomycin) in 96 well plate with 
density of 1.0 – 2.0 × 105 cells/ml. The well plate 
was incubated at 37°C with 5% of carbon dioxide 
(CO2) to allow cells to adhere to well. After 
reaching confluence, the cells were treated with 
HC and MI.  
 
After 24 h of treatment, the HC was discarded and 
cell was washed with 30 µl phosphate-buffered 
saline (PBS) at pH 7.2 for each well. Then, 20 µl of 
MTT solution was added to each well and the plate 
was again incubated at 37°C with 5% of CO2 for 4 
hours. Next, 100 µl of DMSO was added to each 
well once the 4 h period ends to stop the MTT 
reaction and solubilize the purple formazan  
crystal. The plate was left at room temperature  
for 1h prior measurement of spectrophotometric 
absorbance using TECAN infinite M200, multi 
detection microplate reader at 570 nm wavelength 
and 630 nm reference wavelengths. The 50% 
reduction in cell number relative to the control 
(IC50) was established by extrapolation from the 
graph of experimental data. 
 
RESULTS  
 
The MIC and MFC of HC were both 0.49 µg/ml 
whereas for MI the values were both 0.06 µg/ml 
(Table 1). 

 
Figure 1 showed the hypha of the treated T. 
rubrum visualized under TEM. The untreated fungal 
hypha was used as a control to compare the 
morphological changes before and after the 
treatment with HC and MI. Untreated fungal hypha 
clearly showed the cell wall, cell membrane and 
organelles of the fungus. Figure 1 displayed the T. 
rubrum hypha treated with 0.49 µg/ml and 0.06 
µg/ml of HC and MI respectively. Generally, the 
fungal hypha showed a morphological change once 
exposed to the HC and MI. Fungi treated with HC 
displayed severe cytoplasm destruction and 
thickened cell wall. Moreover, the cell membrane 

HC MI 

MIC (µg/ml) MFC (µg/

ml) 
MIC (µg/ml) MFC (µg/

ml) 

0.49 0.49 0.06 0.06 

also started to disintegrate and desolation of the 
organelles occurred when exposed to HC at this 
concentration. As HC, treatment with MI also caused 
severe destruction to cytoplasm content as well as 
detachment of the cell membrane from the cell wall. 
Both HC and MI cause severe damage to cell wall and 
organelles of the fungal hypha.  
 
Cytotoxicity result showed that HC was not toxic to 
the tested cells. The cell viability percentage was 
more than 50% at all sample concentrations (Figure 
2).  
 
DISCUSSION 
 
The MIC and MFC are considered as a standard 
method to determine the minimum concentration 
which can inhibit the organisms to antimicrobials and 
other testing chemicals.22 In this study, value of MIC 
and MFC for HC are the same. This result were 
performed in three replicates to ensure that          
the endpoint of minimum concentration was strongly 
confirmed visually before proceeding with 
spectrophotometer analysis.23 This MIC and MFC 
results are similar with research that has been done 
by Natarajan et.al, which showed that the MIC and 
MFC for three different extractions of ‘neem’ seed 
extract were similar against T. rubrum.24 Different 
findings were obtained by Ali et al. who found that 
the MIC and MFC for hydroxychavicol tested on T. 
rubrum were slightly higher than our study which 
was 31.25 µg/ml.25 In contrary, research by Massiha 
& Muradov showed different MIC and MFC values 
against T. rubrum using extraction of ten plant 
species traditionally used by Iranian with MIC and 
MFC values ranging from 0.2 to 12.5 mg/ml and 0.8 
to 15.62 mg/ml respectively.26  

 

This is consistent with the report that, low activity 
of antimicrobial agent has high MIC value while high 
activity antimicrobial agent give a low MIC value.27 

Incubation time is one of the factors that influence 
the MIC and MFC result. However, incubation           
time for MIC and MFC is still a matter of debate 
among researches.22 Many researchers have proposed 
different incubation times between 3 to 20 days for 
dermatophytes.28 This is different from the research 
that was reported by Norris & Elewski, who exhibited 
the optimal grow for fungi at 28°C.29 In this research 
incubation time was 7 days with 28°C which is the 
ideal incubation time for T. rubrum to grow.  

 
Ultra-morphological study of the treated T. rubrum 
was visualized under TEM (Figure 1). The untreated 
fungal hypha was used as a control to compare the 
morphological changes before and after the 
treatment with HC and MI. Untreated fungal hypha 
clearly showed the cell wall, cell membrane and 
organelles of the fungus. Generally, the fungal hypha 
showed a morphological change once exposed to the 
HC and MI (Figure 1). Fungi treated with HC 
displayed severe cytoplasm destruction and 
thickened cell wall. Moreover, the cell membrane 
also started to disintegrate and desolation of the 

Table 1: Antifungal activity of HC and MI against T.   

rubrum 
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Duration 

of           
Treatment 

Control Hydroxychavicol Miconazole 

  

  

  

  

Day 1 

   
  

  

  

  

Day 3 

   
  

  

  

  

Day 5 

   
  

  

  

  

Day 7 

   
Figure 1: Transmission electron microscope (TEM) images of T. rubrum hypha section treated with 0.48 µg/ml of HC 
and 0.06 µg/ml of MI in different duration of treatment. Untreated control samples (1a,3a,5a,7a) showed a normal 
morphology with intact cell walls and cytoplasma. The images showed clear mitochondria (m), vesicle (v), nucleus (n) 
and cell wall (cw). In T. rubrum treated with HC and MI for day 1 showed thickened cell wall and organelles slowly 
degraded (1b). Some cells displayed severe cytoplasm destruction and thickened cell wall for three days treatment 
(3b,3c) . For five days treatment, the cell membrane started to disintegrate and desolation of the organelles occurred 
when exposed to HC and MI (5b,5c). Cell cytoplasm showed severe destruction and was degraded as shown by small 
membrane vesicles and many big vacuoles (*). Cell wall detached from the cell membrane (7b) and all organelles were 
destructed into small vesicles (7c). Both HC and MI cause severe damage to cell wall and organelles of the fungal 
hypha.  
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organelles occurred when exposed to HC at this 
concentration. As HC, treatment with MI also 
caused severe destruction to cytoplasm content as 
well as detachment of the cell membrane from the 
cell wall. Both HC and MI cause severe damage to 
cell wall and organelles of the fungal hypha. This 
study found that HC was effective in inhibiting T. 
rubrum hypha by disrupting the cell wall rigidity 
and damaging the fungal organelles. In addition, 
this study showed that HC can be a potential 
antifungal because it has the ability to affect the 
growth of hypha at low concentration (0.48 µg/ml). 

Furthermore, the effect of MI on fungi shows a 
similar effect with HC. Based on the observation 
from the TEM images, HC was found able to inhibit 
T. rubrum hypha by damaging the fungal cell wall, 
separating the cell membrane and disorganising the 
cytoplasmic components. The study by Farzad et al. 
found that garlic extract containing allicin inhibited 
the growth of T. rubrum hypha through shrinking 
and flattening of the cell and through cell wall 
demolition.20 The same action of fungal destruction 
might be possessed by HC. Thus, this finding gives 
more understanding regarding the mechanisms of 
action of HC on T. rubrum hypha. Another research 
that has been done to discover the new antifungal 
drug using Paenibacillus kribbensis POC 115 against 
the T. rubrum was done by Cotta et al. in 2012.          
In their study, antimicrobial substance (AMS) 
produced by POC 115 genome caused the disruption 
of cytoplasmic membrane of T. rubrum and it 
appeared to be a good potential antifungal for 
dermatophyte especially against T. rubrum 
species.30 

 
Cytotoxicity result shown HC was not toxic to the 
tested cells. The cell viability percentage was more 
than 50% at all sample concentrations (Figure 2). In 
this study, MTT cell proliferation assay was 
conducted to screen for HC cytotoxicity activity 
against 3T3-LI cell lines. In vitro cytotoxicity assays 
with cultured cells are extensively used to test 
chemical sensitivity since they are rapid, 

Figure 2: Result of cytotoxicity activity on 3T3-L1 
treated with HC showed the HC non-toxic and 
percentage of the cell viability more than 50%.  

economical and do not require animal use. The MTT 
assay is a colorimetric assay that measures viability 
of cells through cells ability to reduce yellow 
tetrazolium salts into purple formazan crystal. The 
yellow tetrazolium salts was reduced by the enzyme 
mitochondrial dehydrogenase that is only active in 
living cells.23,31 Thus, the conversion of yellow 
tetrazolium salts to purple formazan crystal directly 
indicates the number of viable cells. Purple 
formazan crystal produced is dissolved using            
DMSO prior to spectrophotometric absorbance 
measurement. Higher intensity of purple colour 
produced indicates higher number of viable cells. In 
this study, amount of purple formazan crystal 
produced by cell exposed to treatment extracts was 
compared to the amount of crystal formazan 
produced by cells without any treatment exposure in 
order to evaluate the toxicity of samples on normal 
cell lines. From the results of this study, it is shown 
that HC was not toxic to cell lines used even at the 
highest concentration used.  
 
CONCLUSION 
 
This present study strongly implied that HC possess 
good antifungal activity against T. rubrum which 
cause dermatitis. Furthermore, from the study on 
cytotoxic activity, HC was not toxic to the cell lines. 
Thus, HC has potential for use in human as an 
antifungal agent.  
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