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Summary 
 Propolis is an antimicrobial agent whose composition can vary depending on the area from which it is collected. The aim of this study was to 

determine the in vitro activity of two propolis samples from northern and southern Iran (Mazandaran and Hormozgan province respectively) 

against some fluconazole-resistant Candida albicans strains isolated from HIV+ patients with oropharyngeal candidiasis (OPC). The chemical 

composition of propolis samples was determined by high-resolution gas chromatography coupled to mass spectrometry (GC–MS). Ethanolic 

extracts were prepared from the propolis samples. The minimum inhibitory concentrations (MICs) and minimum fungicidal concentrations 

(MFCs) of propolis on the growth of C. albicans isolates were determined using the broth microdilution method. The main compounds of 

propolis extracts were aromatic acids such as caffeic acid (1.6% for northern and 2.2% for southern samples). The propolis extracts showed  

antifungal activities; the concentrations capable of inhibiting all of the yeasts ranged from 2 to 20 mg/mL. Propolis from southern Iran showed 

the most effective MIC values for the yeasts studied. Because of increased antifungal resistance, propolis may be kept in mind in the 

treatment of oral cavity diseases such as OPC in HIV+ patients. 
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Introduction 
The oral cavity is inhabited by more than 700 microbial species and 

many intrinsic and extrinsic factors affect the composition, metabolic 

activity and pathogenicity of the highly diversified oral microflora 

(Aas et al., 2005). Over the past decades, there has been a 

significant increase in the prevalence of fungal infections caused by 

Candida species. This fact has been correlated mainly to the use of 

broad-spectrum antifungals, corticosteroids, anti-tumoral agents, 

oral contraceptives and an increase in the number of 

immunocompromised patients (Eggimann et al., 2003). In HIV+ 

patients, Candida is cited as an important cause of mortality and 

morbidity (Coleman et al., 1998). OPC occurs in more than 95% of 

HIV+ patients and it is considered as an important marker of the 

disease and its progression. The prevalence of OPC in HIV+ patients 

seems to be correlated to the severity of immunological dysfunction 

(Al-Abeid et al., 2004). The occurrence of OPC at initial stages of 

AIDS is common, particularly when CD4
+ cell count is low (400-700 

cells/mm3) (Lin et al., 2001). 

      In recent years, drug-resistance to antifungal agents and 

optimizing therapy of Candida infections have been broadly focused 

(Lai et al., 2008). Moreover, the therapeutic arsenal available for the 

treatment of fungal infections is quite restricted, being limited to 

polyenic and azolic antifungal agents (Espinel-Ingroff and Canton, 

2008). Of azolics, fluconazole (FLU) is one of the most common 

agent used in OPC and the development of resistance of C. albicans 

and non-C. albicans yeasts against this drug has been reported

(Sobel, 2007). These facts make it difficult to manage patients with 

OPC and put into evidence the need of searching for new, effective, 



safe, low-cost antifungal alternatives against this pathology. 

      Natural products have been traditionally used in the treatment 

of diseases because they are sources of many active compounds. 

Propolis, a strongly adhesive resinous compound produced by Apis 

mellifera L. bees, has demonstrated important antimicrobial and 

immunostimulatory activities and has been used to treat 

inflammatory, bacterial, viral and fungal diseases (Miyataka et al., 

1997; Kujumgiev et al., 1999; Velikova et al., 2000; Murad et al., 

2002). Propolis in general contains a variety of chemical compounds 

such as polyphenols (flavonoid aglycones, phenolic acids and their 

esters, phenolic aldehydes, alcohols and ketones), terpenoids, 

steroids, amino acids and inorganic compounds (Moreno et al., 

2000). The constituents of propolis vary depending on the area 

where it is collected. Despite the antimicrobial activity of propolis 

and the problem of OPC, no study has been carried out to determine 

the inhibitory effect of Iranian propolis samples against fungal 

pathogens of oral cavity. The aim of this study was to investigate 

the effects of various concentrations of ethanolic extracts of propolis 

samples collected from northern (Mazandaran province) and 

southern (Hormozgan province) regions of Iran against FLU-

resistant C. albicans strains isolated from the oral cavity of HIV+ 

patients.  

 

Materials and methods 

Propolis samples  

The propolis samples were collected from hives of Apis mellifera L. 

bees of northern (Mazandaran province) and southern Iran 

(Hormozgan province). Each sample was combined into a single 

batch, packed in a sealed plastic bag and stored at -20ºC.      

                                                       

Preparation of ethanolic extract  

The propolis extracts were prepared as a 25% (w/v) concentration 

with absolute ethyl alcohol. The extracts were placed in amber 

flasks, tightly  sealed and stored at room temperature. 

 

GC–MS analysis 

The ethanolic extracts were filtered through Whatman No. 1 filter 

papers and freeze-dried. The dry residual powders were kept at  

-20ºC. About 5 mg of residue were mixed with 75 μL of dry pyridine 

and 50 μL bis (trimethylsilyl) trifluoroacetamide (BSTFA), heated at 

80ºC for 20 min and then the final supernatant was analyzed by GC-

MS method (Sorkun et al., 2001). Briefly, the GC-MS analysis was 

performed by temperature programming. The column oven 

temperature was initially held at 100ºC for 2 min, then programmed 

to rise to 280ºC at a rate of 20ºC /min and held for 5 min. The total 

run-time was 16 min. The temperatures of the injector port and the 

interface were set at 250 and 280ºC, respectively. The carrier gas 

(helium) flow rate was 1.0 mL/min. The ionization energy was set at 

70 eV. The mass spectra were collected by scanning from m/z 50 to 

m/z 550 at two second intervals. The identification of various 

compounds present in propolis samples was carried out by computer 

search on MS database libraries on the basis of mass spectral 

fragmentation. The available reference compounds were co-

chromatographed to confirm GC retention times. Some compounds 

could not be identified due to the lack of authentic samples and their 

library spectra. 
 

 

Chemicals 

One kind of synthetic product was used in this study (Fluconzole -

FLU). It was obtained from its manufacturer. FLU (Darupakhsh Co., 

Tehran, Iran) is an antimycotic agent derived from the triazole 

structure. It interferes with the synthesis of ergosterol and results in 

alterations in membrane permeability and inhibition of purine 

transport. In this study unless otherwise indicated, all the chemicals 

were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 

 

Candida isolates  
Samples were collected in the Imam Khomeini Hospital, Tehran, Iran 

from the oral cavity of HIV+ patients with OPC between 2009 and 

2010. The patients had received different azoles as prophylactic or 

therapeutic agents. The samples were cultured onto Sabouraud 

Dextrose Agar (SDA: Merck Co., Darmstadt, Germany) with 

chloramphenicol (0.02%), which were incubated at 37ºC for 2- 4 

days. Colonies from repetitive cultures were subcultured on a 

differential selective medium, CHROMagar Candida (CHROMagar™ 

Microbiology, Paris, France) and incubated at 37ºC for 48 h. Yeasts 

were identified by germ tube production, micromorphology, 

chlamydospore production on Tween 80-corn meal agar and 

assimilation and fermentation tests. A total of 17 C. albicans strains 

were isolated, kept in a yeast bank 25ºC in the Laboratory of Medical 

Mycology at University of Tehran and used for this study. All isolates 

were identified as FLU-resistant C. albicans strains (CA1 – CA17).  

 

Antifungal assays 

The yeast isolates were tested by the Clinical Laboratory Standards 

Institute reference broth microdilution method for FLU (CLSI, 2002) 

and with modifications for propolis samples (NCCLS, 1997). Stock 

solution of the drug was prepared at 10 times the strength of the 

final concentration and diluted with Yeast Nitrogen Base-YNB (Difco) 

to obtain twice the final concentration ranging from 128 to 0.25 mg/l. 

Yeast isolates were cultured onto SDA at 37ºC for 48 h. The density 

of suspension of the cells in YNB was adjusted by spectrophotometer 

(wavelength 492 nm) up to 1×105 cells/mL. The test was performed 

in sterile, flat-bottom 96-well microtiter plates (Falcon, Becton 

Dickinson Labware, NJ, U.S.A). Aliquots of 100 µL of twice the final 

concentration of propolis extract and 100 µL of  inoculum were 

dispensed into the wells. For the propolis test, 100 µL aliquots of 
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prepared samples were distributed from column 2 to 11 in the 

microtiter plates. Stock propolis samples were prepared (1 g of 

propolis, 1 mL of ethanol and 4 mL of sterile distilled water) and 

used to prepare concentrations of 20, 15, 10, 8, 5, 4, 2, 1, 0.5 and 

0.25 mg/mL. For each isolate, negative (only YNB) and positive 

controls (YNB and yeast suspension without antifungal addition) of 

the growth were included. The plates were incubated at 37ºC for 48 

h with daily monitoring. After 48 h, the reading of the drug test and 

the propolis samples was performed in microplate reader (Asys 

Hitech GmbH, Eugendorf, Austria). The MICs of FLU were defined as 

the first well with a significant growth reduction (80%) when 

compared to that of positive control. Endpoint for FLU: isolates with 

MIC between 16 and 32 µg/mL for FLU had reduced dose-

dependent susceptibility. Isolates with MIC ≤ 8 µg/mL for FLU were 

susceptible. MIC ≥ 64 µg/mL for FLU was resistant (Consolaro et al., 

2005). The MFCs were determined by subculturing 10 µL aliquot 

from all MIC wells showing no visible growth onto Yeast Glucose 

Chloramphenicol Agar-YGC (Merck Co., Darmstadt, Germany) plates. 

Data were analyzed by using the t-student test with 95% confidence 

limit. A P value less than 0.05 was statistically considered as 

significant. 

 
 

 

Result 
The chemical composition of ethanolic extracts of the propolis 

samples, before the determination of MICs and MFCs of propolis 

collected from northern (Mazandaran province) and southern 

(Hormozgan province) Iran were determind using the GC-MS system 

and calculated from the peak area of target compounds and the sum 

of peak areas as a percent in the chromatogram of propolis samples. 

Dominant classes of organic compounds were listed in Table 1. The 

yields of dried extracts from both of the propolis samples studied 

were found to be 100%. Polyphenols such as phenolic acid (78.2% 

and 89.8%) and caffeic acid (1.6% and 2.2%) were the most 

predominant acid components in northern and southern samples, 

respectively. It was indicated that the composition percent of the 

two propolis samples were found to be closely similar except for 

terpenoid compounds such as sesqui and pentacyclic triterpenoids 

which were detected only in the southern propolis. Chemical 

compositions of propolis vary according to its geographical origin, 

which may influence its biological properties. Contrary to propolis 

from the temperate zone (southern propolis), where Mentha 

longifolia, Glycyrrihza glabra, Astragalus spp and Ziziphus spp are its 

sources, in northern Iran there are many more plants that bees 

could visit as sources of propolis, and depending on the location, its 

chemical composition can differ. Ziziphus spp contain higher 

concentrations of polyphenols than other trees (Yaghoubi et al., 

2007). So depending on the local flora, one may find chemical  

compounds in lower or higher concentrations in the samples, or 
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Compound Northern 
Propolis 
Mazandaran 
province 

Southern 
Propolis 
Hormozgan 
province 

Aliphatic  acids   
Octadecanoic  acid 0.1 0.2 
Oleic acid 0.5 0.8 
Hexadecanoic  acid 0 0.5 
Butandioic  acid 0.2 0.2 
   
Aromatic  acids   
Caffeic  acid 1.6 2.2 
Ferulic acid 0.3 0.2 
Isoferulic acid 1.1 0.1 
Cinnamic acid 0.6 0.4 
   
Other Acids   
Phenolic acid 78.2 89.8 
   
Sugars   
D-Glucose 0 0.5 
D-Xylose 0.6 0.4 
D-Mannitol 0.3 0 
D-Glucitol 0.3 0.3 
Glucopyranose 2.1 0.6 
Α-D-Galactopyranose 0 1 
Mannose 0.6 0 
Talose 0.9 0 
Galactitol 0.2 0 
Erythritol 0.1 0.4 
Threitol 0.5 0.3 
   
Triterpene   
12-β-hydroxypicrasan-3-
one 

0 0.3 

   
Sesquiterpene   
Levomenol 0 0.2 
   
Quinoline   
3-Quinoline carboxamine 0.6 0.4 

   
Unknown components   
X1 1.8 1.1 
X2 2.3 0 
X3 1.6 0.1 
X4 5.5 0 

Table 1. Chemical compositions percent of ethanolic extracts of 

propolis samples collected from northern and southern Iran  

determined by GC-MS. 



Discussion 
Propolis samples vary within a given area, the time of collection, 

amount of wax contents and the diverse plant origins of propolis 

(Marcucci, 1995). This could possibly explain why many authors have 

given different results of MIC and MFC profiles in their reports. In the 

present study, although the propolis samples did not differ 

significantly in their activities against test microorganisms, the 

southern propolis sample showed higher activity than the northern 

one. This may be due to the high contents of total aliphatic and 

aromatic acids, mainly phenolic and caffeic acids, in ethanolic extract 

of southern propolis. Chemical properties are important parameters 

for propolis characterization and to correlate between antimicrobial 

activity and chemical composition. Numerous investigators have been 

reported that caffeic acids are the main biologically active compounds 

in propolis (Marcucci et al., 2001; Kartal et al., 2003). Iranian 

propolis is a rich source of phenolic substances and the most of them 

are caffeic acids (Yaghoubi et al., 2007). These compounds are 
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Northern propolis 

Mazandaran province 
Southern Propolis 

Hormozgan province 
Fluconazole 

 

Candida  isolates MIC MFC MIC MFC MIC MFC 

CA1 10 8 20 15 R* R 

CA2 2 1 5 4 R R 

CA3 20 15 10 8 R R 

CA4 10 8 10 8 R R 

CA5 4 2 2 1 R R 

CA6 10 8 5 4 R R 

CA7 20 15 10 8 R R 

CA8 10 8 10 8 R R 

CA9 20 15 20 15 R R 

CA10 10 8 10 8 R R 

CA11 4 2 10 8 R R 

CA12 20 15 10 8 R R 

CA13 10 8 20 15 R R 

CA14 20 15 10 8 R R 

CA15 20 15 5 4 R R 

CA16 10 8 10 8 R R 

CA17 20 15 20 15 R R 

Table 2. The MICs and MFCs values of propolis samples against various fluconazole-resistant C. albicans isolated from HIV+ patients with 

oropharyngeal candidiasis (mg/mL).  

* R: All C. albicans isolates (CA1-CA17) were resistance to different concentrations of fluconazole in range of 128 to 0.25 mg/l. 

- No significant difference was observed between propolis samples and among C. albicans isolates tested.  

 The MICs and MFCs of propolis samples against FLU-

resistant C. albicans isolates were illustrated in Table 2. The posi-

tive control wells did not affect the growth of C. albicans (data not 

shown). All resistant isolates of C. albicans were determined to be 

susceptible to these bee products and the MIC values ranged from 

2 to 20 mg/mL regardless of the origins from which propolis sam-

ples were collected. Among the isolates, 41.2 and 52.9% did not 

grow at concentration of 8 mg/mL of either propolis sample. The  

concentration of 15 mg/mL of propolis samples was fungicidal for 

all resistant isolates as well. The results of our study confirmed 

that the activity of propolis not only inhibits growth, but also is 

highly effective in its fungicidal capacity, and confirmed the action 

and efficiency of propolis as an anti-candidal agent in accordance 

with previous studies (Ota et al., 2001; Oliveira et al., 2006; Silici 

et al., 2007).   



identified as being responsible for anti-inflammatory, antimicrobial 

and in particular antifungal actions of propolis (Cusnhie and Lamb, 

2005; Somnez et al., 2005). Previous studies showed a high 

sensitivity of propolis extracts against C. albicans isolated from 

patients with Candidal onychomycoses (Oliveira et al., 2006) as well 

as patients with vulvovaginal candidiasis (Dota et al., 2010 ). Oral 

candidiasis is now a common fungal infection in HIV+ patients that 

has been characterized by the development of resistance among 

many Candida isolates, in particular C. albicans, after antifungal 

therapies. Recent studies showed that propolis components are able 

to permeate the in vitro porcine oral mucosa in Franz cells. That is 

why propolis is suggested to be used in the stomatological field for 

its antimicrobial and anti-inflammatory properties as well as for its 

analgesic qualities (Ceschel et al., 2002).  

 The prolonged use of antifungal agents has provoked 

problems concerning the increasing public importance in relation to 

the contamination of perishables with fungicidal residues and 

growing resistance in the pathogen populations (Marco et al., 1998). 

OPC is the most frequent fungal infection in HIV+ patients (95%), 

especially in advanced HIV infections (Al-Abeid et al., 2004). 

Interestingly, among the patients with OPC who had a history of 

antifungal therapy such as FLU, it seems that secondary resistance 

occurred during last antifungal therapy in these patients (Hoepelman 

and Dupont, 1996). Regarding the increasing resistance and 

therapeutic failure of OPC infection in recent years, we therefore 

investigated the anti-C. albicans activity of the propolis product.  

      In conclusion, the propolis extracts showed excellent effects 

against resistant C. albicans identified as OPC agents. This activity is 

not only fungistatic but also fungicidal, even in small concentrations. 

The results reinforce the importance and the potential of propolis 

extract as a treatment for OPC. 
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