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INTRODUCTION 

 

 From ancient times, mankind has used medicinal plants and their extracts for the treatment and prevention of many diseases. 

The use of medicinal plants dates back to the pre-Paleolithic time at least 60 thousand years ago, while in Sumerians civilization 

and India Ayurveda they found written evidence for used medicinal plants before 5,000 years ago. In ancient Egypt, medicinal 

plants were mentioned in Egyptian medical papyri [1-2]. Different ancient cultures were developed their own medicinal plant's 

system independently to cure their own illness using natural products [3]. According to the World Health Organization (WHO, 

2005) most people in the world depending on medicinal plants for primary health care and that estimate up to 80% [4]. The 

natural products of medicinal plants possess an important role in diseases prevention and treatment. They consider one of the most 

resources as alternative drugs that contain several active compounds or defined as bioactive compounds such as Flavonoids, 

Phytic acid, Alkaloids, Terpenoids, Phenolic compounds, Sterols, Steroids, Essential Oils, Glycosides, Lignins, Tannins, 

Saponins, Anthocyanins and those are the most important bioactive compound [5]. Many researchers have investigated the effect  

of medicinal plants which used traditionally by indigenous healers. They were found most of the medicinal plants have therapeutic 

activities such as anti-diabetic, anti-inflammatory, antimalarial, anticancer activity, antifungal activity, antibacterial activity, 

antioxidant, antiviral activity, anticarcinogenic, wound healing effect, and anti-leprosy [6-7]. Some of the bioactive compounds 

may act by inhibiting the growth, damage the cellular membrane, intervene with microbial metabolism or phospholipid cell 
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The emergence resistance of Candida spp. to antifungal agents lead to serious problems in human health. Candida 
spp. that cause vaginal infections now is resistant to some classes of Azole, Amphotericin B, and Echinocandin, and 
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present study was to evaluate the antifungal properties of C.colocynthis leaves against Candida spp. that caused 
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evaluation was performed by broth microdilution assay Minimum Inhibitory Concentration (MIC) and agar well 
diffusion method. The Candida spp. was identified by the VITEK 2 system and CHROM agar. Moreover, determine the 
antifungal susceptibility of the isolates by antifungal agents’ disc. The result of agar well diffusion and MIC showed 
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membranes which has an effect on permeability and lead to loss cellular constituents, and modification of signal transduction and 

gene expression pathways [8-9]. Vagina infections one of the most global health problem for women [10]. They exist as normal 

flora living on the human body that can found inside the gut, mouth, throat, and skin without causing any harm [11].  However, 

they also act as an opportunistic pathogen, with a high percentage of morbidity and mortality. ranging from superficial infections 

of the oral, hair, nails, and vaginal yeast infection” to life-threatening as invasive disease Candidemia “bloodstream infection” 

[12]. 75% of young female faced at least one infection during their lifetime by Candida spp. [13-14]. Approximately 40-50% of a 

young female who had the first infection probably has another one which called “recurrent Candida“, and therefore, about 5-8% 

suffering from recurrent candida and characterized by three or more infection per year [15]. Candida albicans one of the most  

pathogens that caused the infection in about 90% of a young female; additionally, 92-95% of Candida infection is caused by most 

popular species: Candida albicans, Candida glabrata, Candida parapsilosis, Candida tropicalis, and Candida krusei [16]. During 

the past three decades, there was a worrisome increase in resistance in Candida spp. such as Candida albicans, Candida Tropicalis, 

Candida Parapsilosis, Candida glabrata, Candida Krusei, and Candida lusitaniae [17]. The resistance to Azole groups such as 

Fluconazole, Voriconazole, and Ketoconazole, and also resistance to last class of antifungal agents Echinocandin [18-19]. Some 

Candida albicans showed resistance to the first line of Amphotericin B and decreased susceptibility to Caspofungin [20]. Most  of 

the antifungal agents are potentially toxic like Amphotericin B affect the kidney, irregular heartbeat, nervous system, 

nephrotoxicity, visual effects, nausea, rash, and interactions via cytochrome P450 as the some of Azole group may cause an 

allergic reaction [21].  The aim of this study was to evaluate the antifungal properties of medicinal plants leaves of C.colocynthis 

against Candida spp. by broth microdilution assay, agar well diffusion method, and determine the antifungal susceptibility of the 

isolates by antifungal agents disc.    

 

MATERIALS AND METHODS 

 

Plant sample collection 

 The fresh leaves of Citrullus colocynthis (bitter apple) were healthy, uninfected, and collected from a different area in 

Khulais, is a governorate in Makkah Province in western Saudi Arabia. 

 

Preparation of extract 

 The leaves were washed and air-dried at room temperature 25-30°C. 50 g of the dried powdered leaves were soaked in 500 

mL of sterile distilled water (aqueous) and 80% methanol for 48 hours and kept in rocking shaker at 75 rpm at room temperature 

25°C, then the solution was filtered using filter paper (Whatman no.1), and evaporated by rotary evaporator (Büchi Labortechnike 

AG, Switzerland) at 40-55°C. The residue was collected to dry and reconstituted into Dimethyl sulfoxide. (DMSO) 100%. A 

syringe filter 0.20µm and 0.22µm was used to ensure there is no contamination during the process and stored in sterilized dark 

container 30ml in -80°C. 

 

Candida isolates 

 A total of 6 clinical isolates of Candida spp. were obtained from the clinical microbiology laboratory of Maternity and 

Children Hospital Makkah al-Mukarramah, Kingdom of Saudi Arabia. The strains were isolated from the urine sample and high 

vagina swabs (HVS) sample. To ensure the purity of Candida spp., all isolates were subcultured on Sabouraud Dextrose 

Agar (SDA) (HiMedia, India), with antibiotic chloramphenicol (Sigma-Aldrich, USA), and incubated at 35 °C for 24 to 48 hours. 

The identification of the Candida spp. was done by culture on CHROMagar
TM

 Candida (Paris, France), is a differential media, and 

contained chromogenic enzyme substrates. The differentiation of Candida spp. based on the color of the colony, Candida albicans 

appear as a green color, Candida glabrata appear as brown, Candida krusei appear as pink or fuzzy, and Candida tropicalis 

appear as blue to metallic blue color. The other isolates of Candida spp. such as Candida parapsilosis, and Candida lusitaniae 

were identified by using the VITEK 2 system (bioMérieux, Marcy l’Etoile, France).  

 

Antifungal activity bioassay  

Agar well diffusion method 

 The antifungal activity of all extracts was performed by agar well diffusion method, described by 
[22-23]

 with slight 

modification. Briefly, Candida spp. strains that grown on Sabouraud Dextrose Agar 35°C for 24 hours were suspended in 5 ml of 

normal saline 0.85% NaCl. The turbidity was adjusted to 0.5 McFarland 1–5 X 10
6
 CFU/ml according to the Clinical and 

Laboratory Standards Institute 
[24]

. The molten Müeller Hinton Agar was poured into each of the sterile Petri plates 20ml and 

allowed to solidify. Candida spp. strains were evenly spread with using Sterile cotton swab and allowed to stand for 10 minutes. 

Five open wells were made in each plate with sterile cork bore (7.0mm diameter). Aliquots 100 µl of each test extract was added 

in each well. The doses were made from 500mg/ml to 50mg/ml. Dimethyl sulfoxide 5% (DMSO) was used as negative control 

and incubated at 35°C for 24 hours, then the plates were observed for the presence of inhibition of fungi growth that was indicated 

by a clear zoon around the holes. The zone of inhibition was measured in millimeter. 

 

Minimum Inhibitory Concentration (MIC)  

 Candida spp. strains were taken from 24 hours incubation at 35°C. The turbidity was adjusted to 0.5 McFarland 1–5x10
6
 

CFU/mL according to the Clinical and Laboratory Standards Institute.  The suspension was further diluted (1:50 v/v and 1:20 v/v) 

in RPMI 1640 medium to obtain a final inoculum of approximately 1-5x10
3
 CFU/ml. 100µl of RPMI 1640 medium was dispensed 

in each well of 96 well micro-plates. Aliquots of 100 µl from starting concentration 100mg/ml (aqueous and methanol extract) to 

made two-fold serial microdilution from 50mg/ml to 0.1mg/ml, then 100ul was discarded from the last row. Finally, 100 µl of 
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Candida spp. suspension 1-5x10

3
 CFU/ml was added. Row 1 was used as negative control 200 µl of RPMI 1640 medium. Row 2 

was used as a positive control that contains only 100 µl of RPMI 1640 medium with 100 µl of Candida spp.1-5x10
3
 CFU/ml. The 

microplates were sealed in plastic bags and were incubated for 24 to 48 hours incubation at 35°C. MIC was determined as the 

lowest concentration inhibiting the Candida spp. growth, the Phenol Red Indicator was also employed as a growth indicator at the 

end of the incubation period. 

 

Antifungal susceptibility test 

 The Candida spp. isolates were tested by the disc diffusion method. Five different types of antifungal discs Amphotericin 

AMB 20µg, Fluconazole FLU 25µg, Caspofungin CAS 5 µg, Posaconazole POS 5µg, and Voriconazole VO 1µg were used to 

evaluate the susceptibility of Candida spp. The 24 hours colonies were suspended in 5 ml in sterile normal saline 0.85% NaCl, and 

the turbidity was adjusted to 1-5x10
5
 - 1-5× 10

6
 CFU/ml 0.5 McFarland. The suspension of Candida spp. was swabbed on the 

solid media Müeller Hinton agar that contains 2% glucose and 0.5µg of methylene blue/ml and allowed to dry for 10 minutes. 

Placed five discs, equally spaced, and incubate the plates for 24 – 48 hours at 35°C. The sensitivity was recorded by measuring the 

clear zone around the discs in millimeter. Breakpoints for the Candida spp. are placed into five categories. These categories 

include susceptible, intermediate, dose-dependent sensitivity, and resistant. This method was followed as the CLSI has 

recommended and the manufacturer's instructions 
[25]

. 

 

RESULTS 

 

 The agar well diffusion method showed that aqueous and methanol leaves extract were varying at degrees of antifungal 

activities against tested Candida spp. [Fig. 1]. The antifungal activity of leaves extract was dependent on the dose of the test  

extract when the concentration of extract increased the diameter of the inhibition zone was also increased as shown in [Table 1-2]. 

C.krusei and C.lusitaniae showed zone inhibition from 8mm to 17mm also was noticed the antifungal activity increased with the 

dose from 100mg/ml to 500mg/ml. Methanol extract showed no activity at all 250mg/ml to 50mg/ml except C.lusitaniae. 

C.albicans was showed strong activity by aqueous extract with zone inhibition from 20mm to 14mm, also the zone inhibition by 

methanol extract was at range 10mm to 17mm. C.parapsilosis showed that methanol extracts were resistance and no activity 

observed at 400mg/ml to 50mg/ml in contrast, aqueous extract was showed strongest inhibition 20mm to 10mm depending on the 

doses. C.tropicalis by both leaf methanol and aqueous extract was at zone inhibition between 8mm to 14mm. C.glabrata was the 

most susceptible to the aqueous extract among all Candida spp. with an inhibition zone ranged from 21mm to 13mm, in case of 

methanol extract only four doses were affecting the growth from 500mg/ml to 350mg/ml 11,10 mm respectively. The MIC values 

in [Table 3,4] showed that the lowest concentration inhibited the growth of C.glabrata was at 0.1mg/ml and other Candida spp.  

was at 0.7mg/ml except C.albicans 1.5mg/ml by the aqueous extract. Whereas, methanol extract was at 6.25mg/ml only on 

C.parapsilosis and C.lusitaniae. The antifungal susceptibility in [Table 5] showed that all Candida spp. were resistance 

completely to five different types of antifungal discs. 

 

Table 1 The inhibition zone diameters (mm) of leaf aqueous extracts against Candida spp. (500mg-50mg) 

Candida spp. 500 450 400 350 300 250 200 150 100 50 

C.krusei 17 16 15 14 13 12 11 10 8 R 

C.albicans 20 17 16 16 15 14 13 14 10 R 

C.parapsilosis 20 19 17 16 15 14 13 14 10 R 

C.tropicalis 14 11 11 10 10 9 8 R R R 

C.lusitaniae 17 15 14 13 12 14 12 10 8 R 

C.glabrata 21 20 19 17 15 15 14 13 R R 

*R= Resistance 

 

Table 2 The inhibition zone diameters (mm) of leaf methanol extracts against Candida spp. (500mg-50mg) 

Candida spp. 500 450 400 350 300 250 200 150 100 50 

C.krusei 14 13 13 11 10 R R R R R 

C.albicans 13 9 10 9 9 R R R R R 

C.parapsilosis 14 11 R R R R R R R R 

C.tropicalis 13 10 10 9 R R R R R R 

C.lusitaniae 12 11 10 12 8 8 7 R R R 

C.glabrata 11 11 11 10 R R R R R R 

*R= Resistance 

 

Table 3 Minimum Inhibitory Concentration (MIC) values of leaves aqueous extract against Candida spp. (100mg - 0.1 mg) 

Candida spp. 100 50 25 12.5 6.25 3.12 1.5 0.7 0.3 0.1 

C.krusei - - - - - - - - + + 

C.albicans + + - + - - - + + + 

C.parapsilosis - - - - - - - - + + 

C.tropicalis - - - - - - - - + + 

C.lusitaniae - - - - - - - - + + 
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C.glabrata - - - - - - - - - - 

* -  = NO growth  *   +  = growth 

Table 4 Minimum Inhibitory Concentration (MIC) values of methanol extract against Candida spp. (100mg - 0.1 mg) 

Candida spp. 100 50 25 12.5 6.25 3.12 1.5 0.7 0.3 0.1 

C.krusei - - - - + + + + + + 

C.albicans + + + + + + + + + + 

C.parapsilosis - - - - - + + + + + 

C.tropicalis + + + + + + + + + + 

C.lusitaniae + + + + - + + + + + 

C.glabrata + + + + + + + + + + 

* - = NO growth  *   +  = growth 

 

Table 5 antifungal susceptibility of Candida spp. Isolates 

Candida spp. AMB FLU VO CAS POS 

C.krusei R R R R R 

C.albicans R R R R R 

C.parapsilosis R R R R R 

C.tropicalis R R R R R 

C.lusitaniae R R R R R 

C.glabrata R R R R R 

*Amphotericin AMB 20µg, Fluconazole FLU 25µg, Caspofungin CAS 5 µg, Posaconazole POS 5µg, and Voriconazole VO 1µg 

*R= Resistance 

 

 
C.krusei A.B leaf aqueous extracts C.D leaf methanol extracts  

 

 
C.albicans A.B leaf aqueous extracts C.D leaf methanol extracts 
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C.parapsilosis A.B leaf aqueous extracts C.D leaf methanol extracts                 

 

 
C.tropicalis A.B leaf aqueous extracts C.D leaf methanol extracts 

 

 
C.lusitaniae A.B leaf aqueous extracts C.D leaf methanol extracts                   
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C.glabrata A.B leaf aqueous extracts C.D leaf methanol extracts 

 

Fig 1: agar well diffusion showed that aqueous and methanol leaves extract against Candida spp. 

 

DISCUSSION 

 

 The bioactive compounds of Several plant species have shown promising antifungal, antibacterial activity, and that lead to 

investigate those bioactive compounds extensively in order to combat the emergence of resistance microorganism [26]. In our 

study, we found that the leaves of Citrullus colocynthis extracted by aqueous and 80% methanol showed varying degrees of 

antifungal activities against tested Candida spp. The leaves aqueous extract showed significant inhibition by agar well diffusion. 

C.albicans, C.glabrata, and C.parapsilosis were more than 20mm at 500mg/ml whereas, C.krusei, C.tropicalis, and C.lusitaniae 

were 17mm,14mm,17mm at 500mg/ml respectively. The leaves methanol extract was between 14mm to 11mm at 500mg/ml for 

all Candida spp. isolated. Our result showed a high inhibitory activity by leaves aqueous extract and these findings were strong 

more than what has been reported by [27] with leaf acetone extract on Candida albicans 12mm, and [28] with 95% ethanol leaf 

extract was 15mm. On the other hand, the MIC value exhibited an excellent inhibition more than what reported by [29] who found 

the lowest concentration ranged from 1.63 to 0.80 mg/ml without C.tropicalis and C.lusitaniae. The aqueous extract was a good 

solvent of extraction the bioactive compounds. The inhibitory action of the extracted may attribute to the presence of bioactive 

compounds which are water soluble like glycosides, tannins, saponins, terpenoids, polypeptides, alkaloids, and flavonoids. 

Moreover, Different researchers have been suggested many mechanisms of the bioactive compounds as antimicrobial agents, for 

instance, flavonoids and other groups include flavones, dihydroxyflavone, flavans, flavonols, and anthocyanidins found in 70% of 

plants and act like bactericidal, bacteriostatic and antifungal, destructing the cytoplasmic membrane, preventing the process of 

energy metabolism (ATB), blocking the synthesis of nucleic acids [30]. Therefore, it has been reported that soil conditions, 

geographical distributions, climatic factor could affect the plants, the season which the plant was collected, the concentration/type 

of solvents polar or non-polar or mid-polar, the degree of solubility of bioactive compounds, and the extraction method, all these 

factors may affect the potency of the bioactive compounds [31-32-33].  

 

5. CONCLUSION 

 

 To our knowledge from literature, this is the first time to evaluate the antifungal activity of plants extracts against Candida 

spp. that resistance to five types of antifungal agents Amphotericin AMB 20µg, Fluconazole FLU 25µg, Caspofungin CAS 5 µg, 

Posaconazole POS 5µg, and Voriconazole VO 1µg. The leaf extract of C.colocynthis has possessed the strongest antifungal 

activity. This study confirms the fact that medicinal plants possess an important role in diseases prevention, treatment, and have 

therapeutic uses in traditional medicine also. Further pharmacological and toxicological studies are needful to determine the pure 

compound and bioactive compounds that have antifungal Properties, which could be novel and develop new antifungal agents for 

treating the infection. 
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