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ABSTRACT 

	The global threat posed by fungal infections has escalated significantly, with an increasing number of cases linked to drug-resistant pathogens, particularly among Candida species. Combining natural compounds with conventional treatments can be a more effective and less toxic form of antifungal therapy. This study was thus, undertaken to evaluate the combined in vitro antifungal activity of fluconazole and ethanol leaf extracts of Moringa oleifera, Vernonia amygdalina and Ocimum gratissimum against some clinical Candida species. Six isolates that were resistant to three or more of the commercial antifungal drugs were selected for this study. The resistant isolates were two of each of Candida tropicalis and Candida albicans and of each of Candida Parapsilosis and Candida krusei. Combined activity of Fluconazole and each of the plant extracts was determined using the continuous variation Checkerboard method. The results showed that out of a total of 162 combination ratios of Fluconazole with either of the plant extracts, sixty-two (38.27%) were synergistic with Fractional inhibitory concentration (FIC) index < 1.0, against the selected Candida species. None (0%) of the combination ratios had any additive (FIC index = 1.0) effect against the Candida species while the combination of the ethanol extract of M. oleifera with Fluconazole was the best as 26 (48.15%) out of the 54 combination ratios of were synergistic against the Candida species. Combination with Ocimum gratissimum was the poorest as 29 (53.7%) out of the 54 combination ratios had no activity (FIC index = 0) against the selected Candida species. However, the synergistic effects recorded in this study, suggest that the use of the ethanol extract of these plants combined with Fluconazole in the appropriate ratios against the Candida species can have very promising results in treatment, especially with regards to the resistant Candida species. This study, thus, recommends further purification of the plant extracts in order to isolate and characterize the active principles that can be used for combination studies with Fluconazole (and other azoles) against resistant Candida species.
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1. INTRODUCTION 

The global threat posed by fungal infections has escalated significantly, with an increasing number of cases linked to drug-resistant pathogens, particularly among Candida species. These fungal infections, ranging from superficial mucosal infections to invasive systemic diseases, continue to challenge public health systems worldwide, especially in immunocompromised individuals (Pappas et al., 2018). Candida albicans, Candida tropicalis, Candida krusei, and Candida parapsilosis are among the most notorious species, often exhibiting resistance to first-line antifungal treatments like fluconazole (Arendrup and Patterson, 2017). There is a rise in resistance of Candida species as a result of the progressive rise in the likelihood of infection with Candida and the increased use of antifungal medications (Carolus et al., 2020). The treatment of Candida infections is challenging due to the emergence of antifungal-resistant strains, particularly to fluconazole, a widely used antifungal agent (Sanglard et al., 2016). For example whilst Candida krusei is intrinsically resistant to fluconazole, with a global resistance rate of 78.3%, Candida glabrata displays reduced dose-dependent susceptibility compared with other Candida species and has a global resistance rate of 15.7%. However, for Candida albicans, Candida parapsilosis and Candida tropicalis, primary resistance to fluconazole is rare with a rate of 1.4%, 3.6% and 4.1% respectively (Pfaller et al., 2010). 

The general mechanism of action by the azoles (including Fluconazole) by inhibiting lanosterol 14-alpha-demethylase, which converts lanosterol to ergosterol in fungus cellular membranes (Zonios and Bennett, 2008). Ergosterol is a very important component of the fungal plasma membrane and it ensures the integrity and functionality of the fungal plasma membrane. The inability to synthesize ergosterol increases the membrane's permeability, which results in cell lysis and death. The main mechanisms of azole resistance among Candida species are the up-regulation of genes encoding efflux pumps, the development of bypass pathways and alterations in the ERG 11 gene encoding the azole target enzyme (Tobudic et al., 2012).

This resistance has necessitated the search for novel and effective treatment strategies. As a result, the medical community is exploring alternative treatment strategies, including the use of natural compounds derived from plants, which may provide a promising solution (Perfect, 2017).

Medicinal plants have, over the centuries, served as remedies for infectious diseases due to the presence of bioactive components with therapeutic value (Fatmawati et al., 2020). These bioactive molecules, including flavonoids, alkaloids, and phenolic compounds, have demonstrated significant antimicrobial activity, offering a foundation for developing alternative or adjunct antifungal therapies (Sardi et al., 2017).. Combination therapy, involving the use of multiple antifungal agents, has been proposed as a strategy to enhance treatment efficacy and reduce the development of resistance. Some studies have shown that combination of fluconazole with plant extracts has produced synergistic effects, improving antifungal activity against Candida species For example, a combination of fluconazole and aqueous extracts of Silybum marianum exerts greater antifungal effects on the resistant strains of Candida albicans and Candida glabrata compared to fluconazole or the plant extract used alone (Fozouni and Palang, 2018).

Plants such as Moringa oleifera, Vernonia amygdalina, and Ocimum gratissimum are well-known for their medicinal properties and are commonly used in various traditional healing systems (Popoola and Obembe, 2013; Ebiloma et al., 2025). The results of some studies suggest that antifungal activity can be enhanced when extracts of some medicinal plants are combined with fluconazole (Han et al., 2016). This combination therapy approach could not only reduce the effective dose of fluconazole required but also limit the adverse side effects associated with high doses of antifungal drugs (Sanglard, 2016).

The ongoing search for novel antifungal therapies is further motivated by the growing problem of multidrug-resistant Candida strains, which has led to treatment failures in clinical settings (Pfaller and Diekema, 2015). Researchers are increasingly exploring natural products as a source of antifungal agents that can work synergistically with synthetic drugs to overcome resistance (Logan et al., 2022). The antifungal efficacy of medicinal plants is due to ability of the phytochemicals contained in the plant extracts to damage the fungal cell membrane and cell wall (Silva-Beltran et al., 2023) and these interactions with fungal cell membranes can enhance the penetration of drugs like fluconazole, thus improving the overall antifungal efficacy.
An important strategy to counter the phenomenon of drug resistance is the use of antibiotic combinations (O’Brien et al., 2020; Lu et al., 2018; Denardi et al., 2017). Aside reducing the risk of developing resistance, combined agents can have synergistic activity with decreased toxicity. However, there are many studies that have suggested that different concentrations of each drug combination can be associated with results that range from antagonism to synergy. It is worth noting that host factors greatly affect efficacy of an antifungal agent in the clinical setting and cannot always be replicated in in vitro studies or animal models. Thus, issues of toxicities or decrease in efficacy can only be more obvious when the combinations are studied in humans (Johnson et al., 2004). 
 Amphotericin B with Flucytosine  is a highly effective combination for conditions like cryptococcal meningitis and the evidence for using this combination for cryptococcal infection to reduce mortality has been effectively proven ( Day et al., 2013). The results of an in vitro study by Arif et al. (2021) demonstrated that Fluconazole did not show any activity against C. albicans, whereas a combination of Fluconazole and methanolic extract of ginger demonstrated greater activity as shown by the data of the zone of growth inhibition. 
In their study, Wang et al. (2018) reported that combination of palmatine with Fluconazole significantly improved the susceptibility of Candida species (especially Fluconazole-resistant Candida albicans isolates) to Fluconazole by even more than 1000-fold increase. They also observed that the addition of palmatine to Itraconazole promoted significantly the effectiveness of Itraconazole with an elevation of 2- to 64-fold compared with Itraconazole used alone. 

This study aims to investigate the combined antifungal activity of fluconazole and ethanol extracts of Moringa oleifera, Vernonia amygdalina, and Ocimum gratissimum against Candida albicans, C. tropicalis, C. krusei, and C. parapsilosis. By integrating natural compounds with conventional treatments, this research seeks to provide a foundation for the development of more effective and less toxic antifungal therapies. Synergy may be observed in such combinations of plant products and conventional drugs (Pezzani et al., 2019) which will lead to a better management of fungal infections. 


2. MATERIALS AND METHODS 

2.1 Source of Test Microorganisms 

The source of the test microorganisms is as described and reported by Ezeadila et al. (2020a) and Ezeadila et al. (2024) respectively. The selected Candida used in this study were selected based on their resistance to two or more of Fluconazole (25μg), Ketoconazole (10μg), Voriconazole (1μg), Nystatin (100Units), Amphotericin B (20μg), Flucytosine (1μg), Clotrimazole (10μg) and Itraconazole (50μg) as described by Ezeadila et al. (2020b)   and also reported by Ezeadila et al. (2024). The measurement of the resistance or susceptibility of these microorganisms is as described by Ezeadila et al. (2020b).  These microorganisms were two of each of Candida tropicalis and Candida albicans and of each of Candida Parapsilosis and Candida krusei. Candida tropicalis and Candida albicans are differentiated as Candida tropicalis1 and Candida tropicalis2 and Candida albicans1 and Candida albicans2 respectively as reported (Ezeadila et al., 2024).

2.2 Collection and Identification of Plant Materials

The collection of Moringa oleifera, Vernonia amygdalina and Ocimum gratissimum leaves as well as their identification is as reported by Ezeadila et al. (2024). 

After drying the leaves under shade for seven days, they were ground into powder with the aid of an electric Qlink blender (Model QBL-20L40P) as described by Nweze et al. (2004) and reported by Nweze and Eze (2009). The pulverized leaves of each plants were transferred into a pre-weighed clean container, weighed, appropriately labelled, covered tightly and kept at room temperature for further use (Ezeadila et al ., 2024).



2.3 Extraction of Plant Materials and Preparation of Stock Solution of the Extracts

The extraction of the plant materials is as described by Ezeadila et al. (2024). A 400mg/ml stock solution of the ethanolic extracts of the leaves of Moringa oleifera, Vernonia amygdalina, and Ocimum gratissimum were prepared by weighing out 1.6g of each of the extract using electronic weighing machine, and then dissolved completely in 4ml of Dimethyl sulfoxide (DMSO)(JHD Guangbong Guanghue Sci-TechCo, Ltd, Shamtou Guangdong, China) in sterile bottles. Subsequently, 200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml and 12.25mg/ml concentrations of the extracts were obtained by double fold serial dilution of the 400mg/ml stock solution using DMSO as diluent (Ezeadila et al., 2024). 

2.4 Standardization of Inoculum and In Vitro Antifungal Susceptibility Testing
      using the Plant Extracts
	

Using a sterile wire loop, discrete colonies each of 24hours pure culture of the Candida isolates was picked and inoculated into 5ml of sterile 0.85% saline. The turbidity of the suspension was adjusted and then matched visually with 0.5 McFarland standard which is equivalent to 1 x 106 colony forming units per ml (CFU/ml).

The antifungal potency of the plant extracts was evaluated against the selected six Candida species that were resistant to four or more of the commercial antifungal drugs as already mentioned. This was carried out using agar well diffusion method as described by Bonev et al. (2008). A pure culture of the selected resistant strains of the Candida species was exposed to different dilutions of the individual crude plant extracts for antimicrobial evaluation. Mueller Hinton agar (20 ml) in Bijou bottles  previously prepared and allowed to cool to warm touch were introduced into sterile Petri dishes. Subsequently, 0.1ml of standardized inoculum (containing approximately 1 x 106cfu/ml) was introduced into each of the Mueller Hinton agar medium and shaken for even distribution in the Petri dish. This was allowed to cool and gel. Wells of 9 mm in diameter each were dug into the Mueller Hinton agar using a sterile cork borer. Using a sterile micropipette, 0.2ml of the different concentrations (200mg/ml, 100mg/ml, 50mg/ml, 25mg/ml and 12.25mg/ml) of the individual plant extracts were introduced into the corresponding labeled wells. In one of the wells in each Mueller Hinton agar plate, 0.2ml of DMSO was introduced to serve as negative control. This was carried out in duplicates and the plates were then incubated at 25°C ± 2°C for 24hrs. After the incubation period, the inhibition zone diameter (in mm) produced in each plate was measured and the mean recorded (Ezeadila et al., 2024). 

2.5 Determination of Minimum Inhibitory Concentration (MIC) 

The agar diffusion method was used to determine the minimum inhibitory concentration (MIC) of the plant extracts and Fluconazole. This was done using linear regression analysis as described by Bonev et al. (2008). The free diffusion model was adopted which assume that the antimicrobial agents (Fluconazole and the plant extracts) diffuse freely through the medium. The X2 values (squared values of the inhibition zone radii) were plotted against the logarithm of the different concentrations (obtained by double-fold serial dilution as described above) of each of Fluconazole and the plant extracts together with linear fits. From the equation of the graph, the MIC was calculated as the antilog of the value of x when the value of y = 0, (that is the x-intercept). The closer to 1 the regression coefficient (R2) is, the better the linear fits and the more accurate is the MIC value.
X2 

2.6 Determination of the Combined Activity of Fluconazole and the Plant Extracts 

The continuous variation Checkerboard method was used for the interaction study as has been previously described (Okore, 2009; Quan et al., 2006) but with a little modification. Stock solutions of 26mg/ml, for both Moringa oleifera and Ocimum gratissimum were prepared by dissolving 1.56g of each plant extract in 60ml of Dimethyl sulfoxide (DMSO) while stock solutions of 18mg/ml for Vernonia amygdalina, was prepared by dissolving 1.08g of the leaf extract of the plant  in 60ml DMSO. Stock solutions of 50µg/ml of Fluconazole were prepared by dissolving 3mg of Fluconazole powder (FLUCAMED®, DRUGFIELD PHARMACEUTICALS LIMITED, Nigeria) in 60ml of slightly warm sterilized distilled water. 

Following the continuous variation checkerboard method, varying proportions of the stock solution of Fluconazole and the stock solution of each plant extract were combined in different ratios starting from A10:B0 (10 part of “A” to 0 part of “B”) to A0:B10 (0 part of “A” to 10 part of “B”) where “A” represents Fluconazole and “B” each of the plant extract combining separately with Fluconazole. A two-fold serial dilution (as described above) was performed on each of these combinations using DMSO as the diluent up to four dilutions in sterile Bijou bottles. The MICs of each combination ratio was determined as described above. Interaction between the plant extracts and Fluconazole for each of the resistant isolates, across all the ratios of the combined extract and pure drug was determined by calculating their Fractional inhibitory concentration (FIC) index using the equation (Ofokansi et al,. 2013) below:

FIC index= FIC A + FIC B
Where 
A and B are the two antimicrobial agents being combined (that is Fluconazole and the ethanolic extract of the leaves of any of the plants).
FIC A= 

FIC B = 

The effect of the interactions of each combination was interpreted as; 
•Synergistic if FIC index < 1.0
•Additive if FIC index = 1.0
•Indifference if 1.0 < FIC index < 2.0
•Antagonistic if FIC index ˃ 2.0
•No activity if FIC index = 0

3. RESULTS AND DISCUSSION 

3.1 MIC Values of the Extracts and Fluconazole against the Candida species 
The MIC values of the plant extracts and that of Fluconazole are presented in Table 1. These values ranged from 2.21mg/ml (for M. oleifera) against Candida krusei to 12.88mg/ml (for O. gratissimum) against Candida tropicalis1 while the MIC of Fluconazole ranged from 0.01271mg/ml against Candida albicans1 to 0.02512mg/ml against Candida tropicalis1. The MIC values produced by Fluconazole against the microorganisms were much lower than the MIC values produced by the plant extracts. Tables 2 – 4 and Figures 1 – 2 show how some of the MIC values were determined as earlier described above. 

Table 1. MIC Values of the Extracts and Fluconazole against the Resistant Strains of Candida
              species Using the Continuous Variation Checkerboard Techniques
	                     
                                                 Minimum Inhibitory Concentration (mg/ml)
Plant                     Candida          Candida        Candida          Candida         Candida   Candida
Extracts                 albicans1               albicans2      tropicalis1        tropicalis2       krusei      parapsilosis 

	M. oleifera              4.51               3.95                6.48                  3.73              2.21          2.64  
V. amygdalina         4.03               4.10                8.91                  2.59              8.91          2.39                         
O. gratissimum       5.97                 -                   12.88                5.80              12.74          -
Fluconazole            0.01271            -                 0.02512                 -                    -              -


   Key:
    M. oleifera = Moringa oleifera, V. amygdalina = Vernonia amygdalina, O. gratissimum = 
    Ocimum gratissimum, - = No activity




Table 2. MIC Determination of Vernonia amygdalina in A0:B10 Combination against Candida
               parapsilosis       
	Concentration (mg/ml)
	Log Concentration
	Well Diameter (mm)
	Inhibition Zone Diameter (mm)
	      X2
	  x-intercept 
	
MIC

	18
	1.255273
	9
	18
	20.25
	
	

	9
	0.954243
	9
	15
	9
	
	

	4.5
	0.653213
	9
	14
	6.25
	
	

	2.25
	0.352183
	9
	9
	0
	
	

	1.13
	0.053078
	9
	9
	0
	0.379286
	2.394891


Key: 
A = Fluconazole, B = Extract of Vernonia amygdalina 

Fig 1. MIC Determination of Vernonia amygdalina in A0:B10 Combination against Candida
          parapsilosis     
  
Table 3. MIC Determination of Fluconazole in A10:B0 Combination against Candida krusei      
	Concentration (mg/ml)
	Log Concentration
	Well Diameter (mm)
	Inhibition Zone Diameter (mm)
	      X2
	  x-intercept 
	
MIC

	18
	1.69897
	9
	9
	0
	
	

	9
	1.39794
	9
	9
	0
	
	

	4.5
	1.09691
	9
	9
	0
	
	

	2.25
	0.79588
	9
	9
	0
	
	

	1.13
	0.49554
	9
	9
	0
	0.00
	0.00


Key: 
A = Fluconazole, B = Extract of Moringa oleifera 
Table 4. MIC Determination of Fluconazole in A6:B4 Combination against Candida albicans1        
	Concentration (mg/ml)
	Log Concentration
	Well Diameter (mm)
	Inhibition Zone Diameter (mm)
	      X2
	  x-intercept 
	
MIC

	30
	1.477121
	9
	17
	16
	
	

	15
	1.176091
	9
	9
	0
	
	

	7.5
	0.875061
	9
	9
	0
	
	

	3.75
	0.574031
	9
	9
	0
	
	

	1.88
	0.274158
	9
	9
	0
	1.20008
	15.84921


Key:
A = Fluconazole, B = Extract of Moringa oleifera


Fig 2. MIC Determination of Fluconazole in A6:B4 Combination against Candida 
          albicans1   


 3.7 Combined Antifungal Activity of Fluconazole and Extract of Moringa oleifera   
         
The results of the combined antifungal activity of Fluconazole and extract of Moringa oleifera against the resistant Candida species are shown in Table 5. Most of the combination ratios produced indifference and antagonism against Candida albicans1 and Candida krusei. However, there was synergy at the ratio of 2:8 against Candida albicans1 and the combination ratios of 9:1 against Candida krusei. Synergy was produced in most of the combination ratios against Candida albicans2, Candida tropicalis2 and Candida parapsilosis. While there was no activity at the ratio of 9:1 against Candida tropicalis2, synergy was produced in all the combination ratios against Candida tropicalis1. Table 6 shows how the FIC Index (combined activity) of each combination ratio of Fluconazole and extract of Moringa oleifera against Candida albicans1 was determined. 


Table 5. Combined Antifungal Activity of Fluconazole and Extract of Moringa oleifera against the
              Selected Resistant Candida species as Determined by Checkerboard Method
	                        Candida          Candida        Candida          Candida        Candida    Candida
                               albicans1         albicans2       tropicalis1        tropicalis2     krusei        parapsilosis
Combination
Ratio  A:B          FIC Index        FIC Index     FIC Index        FIC Index       FIC Index      FIC Index  

	  10:0                      -                       -                     -                       -                       -                  -  
  9:1                     1.22c                0.38a             0.13a                  0.00e                0.59a           0.42a
  8:2                     1.23c                0.60a             0.16a                  0.60a                1.37c          0.41a         
  7:3                     2.13d                0.73a             0.17a                  0.28a                2.12d          0.54a
  6:4                     2.36d                0.82a             0.22a                  0.43a                1.48c          0.67a
  5:5                     1.43c                0.95a             0.24a                  0.16a                1.44c          0.85a
  4:6                     1.31c                2.21d             0.50a                  2.33d                2.20d          1.09c
  3:7                     1.55c                1.66c             0.61a                  1.56c                1.32c          1.35c
  2:8                     0.85a                1.24c             0.53a                  1.03c                1.52c          1.31c
  1:9                     1.65c                0.68a             0.57a                  1.22c                 2.05d          1.38c
  0:10                      -                      -                    -                        -                          -               -              


   Key:
    a = Synergism, b = Additivity, c = Indifference, d = Antagonism, e = No activity, A =                  
    Fluconazole; B = Extract of Moringa oleifera, FIC = Fractional inhibitory Concentration


Table 6. Combined Activity of Fluconazole and Extracts of Moringa oleifera against Candida albicans1

	Combination ratio A:B
	MIC of A (mg/ml)
	MIC of B (mg/ml)
	FIC A
	FIC B
	FIC index
	Inferences

	10:0
	0.01271
	
	
	
	
	

	9:1
	0.01365
	0.68
	1.073958
	0.150776
	1.224734
	indifference

	8:2
	0.01155
	1.45
	0.908733
	0.321508
	1.230241
	indifference

	7:3
	0.01585
	3.98
	1.24705
	0.882483
	2.129533
	Antagonism

	6:4
	0.01585
	5.01
	1.24705
	1.110865
	2.357914
	Antagonism

	5:5
	0.00755
	3.78
	0.59402
	0.838137
	1.432158
	indifference

	4:6
	0.00514
	4.09
	0.404406
	0.906874
	1.31128
	indifference

	3:7
	0.00434
	5.47
	0.341463
	1.21286
	1.554324
	indifference

	2:8
	0.00164
	3.27
	0.129032
	0.725055
	0.854088
	synergism

	1:9
	0.00138
	6.93
	0.108576
	1.536585
	1.645161
	indifference

	0:10
	
	4.51
	
	
	
	



Key:
A = Fluconazole;   B = Extract of Moringa oleifera
FIC = Fractional inhibitory concentration
MIC = Minimum Inhibitory Concentration

3.8 Combined Antifungal Activity of Fluconazole and Extract of Vernonia amygdalina     
         
Synergism was produced by most of the combination ratios against Candida albicans1 and Candida albicans2 while indifference was produced by the combination ratios of 3:7 and 1:9 against Candida albicans1 and 5:5 and 3:7 against Candida albicans2. This agrees with a similar study carried out by Ng’uin et al. (2022) in which Fluconazole combined with the ethanol extract of Galenia africana produced a synergistic and indifferent effects against Candida albicans and Candida glabrata respectively. Also, synergism was produced against Candida tropicalis1 at combination ratios 9:1 to 6:4 while there was no activity at combination ratios of 5:5 to 1:9.  The combination ratios of 9:1 to 5:5 produced no activity against Candida tropicalis2 while 4:6 to 1:9 produced antagonism.  There was no antifungal activity in all the combination ratios against Candida krusei meanwhile synergy was observed in the combination ratios of 9:1, 8:2 and 6:4 against Candida parapsilosis (Table 7). The FIC Index (combined activity) of each combination ratio of Fluconazole and extract of Vernonia amygdalina against Candida tropicalis2 is shown in Table 8.

Table 7. Combined Antifungal Activity of Fluconazole and Extract of Vernonia amygdalina against 
              the Selected Resistant Candida species as Determined by Checkerboard Method
	                         Candida          Candida        Candida          Candida         Candida     Candida
                         albicans1         albicans2       tropicalis1        tropicalis2       krusei         parapsilosis
Combination
Ratio A:B           FIC Index        FIC Index     FIC Index        FIC Index       FIC Index      FIC Index  

	  10:0                      -                       -                   -                       -                      -                    -  
  9:1                     0.20a                0.00e             0.56a               0.00e                0.00e             0.47a
  8:2                     0.26a                0.89a             0.53a               0.00e                0.00e             0.61a         
  7:3                     0.21a                0.41a             0.42a               0.00e                0.00e             1.37c
  6:4                     0.19a                0.39a             0.67a               0.00e                0.00e             0.83a
  5:5                     0.30a                1.47c             0.00e               0.00e                0.00e             1.09c
  4:6                     0.60a                0.32a             0.00e               2.13d                0.00e             1.16c
  3:7                     1.13c                1.70c             0.00e               2.60d                0.00e             1.44c
  2:8                     0.64a                0.34a             0.00e               3.09d                0.00e             1.86c
  1:9                     1.17c                0.36a             0.00e               3.12d                0.00e             3.37d
  0:10                    -                        -                    -                      -                        -                    -              


   Key:
   a = Synergism, b = Additivity, c = Indifference, d = Antagonism, e = No activity, 
   A = Fluconazole;   B = Extract of Vernonia amygdalina, FIC = Fractional inhibitory    
   concentration


Table 8. Combined Activity of Fluconazole and Extract of Vernonia amygdalina against Candida 
                tropicalis2
	Combination ratio A:B
	MIC of A (mg/ml)
	MIC of B (mg/ml)
	FIC A
	FIC B
	FIC index
	Inferences

	10:0
	0.05
	
	
	
	
	

	9:1
	0
	0
	0
	0
	0
	No activity

	8:2
	0
	0
	0
	0
	0
	No activity

	7:3
	0
	0
	0
	0
	0
	No activity

	6:4
	0
	0
	0
	0
	0
	No activity

	5:5
	0
	0
	0
	0
	0
	No activity

	4:6
	0.01
	5.01
	0.2
	1.934363
	2.134363
	Antagonism

	3:7
	0.00794
	6.31
	0.1588
	2.436293
	2.595093
	Antagonism

	2:8
	0.00137
	7.94
	0.0274
	3.065637
	3.093037
	Antagonism

	1:9
	0.00251
	7.94
	0.0502
	3.065637
	3.115837
	Antagonism

	0:10
	
	2.59
	
	
	
	



Key:
A = Fluconazole;   B = Extract of Vernonia amygdalina
FIC = Fractional inhibitory concentration
FIC = Minimum inhibitory concentration

3.9 Combined Antifungal Activity of Fluconazole and Extract of Ocimum gratissimum     
         
Table 9 shows the results of the combined antifungal activity of Fluconazole and extract of Ocimum gratissimum against resistant Candida species There was no activity for all the combination ratios of Fluconazole and extract of Ocimum gratissimum against Candida albicans1, Candida krusei and Candida parapsilosis except for the combination ratios 2:8 and 1:9 which was synergistic and produced indifference respectively against Candida krusei. Synergy was observed in all the combination ratios against Candida albicans2 except combination ratio 3:7 and also most of the combination ratios against Candida tropicalis1 produced synergy. This agrees with the findings of Nweze and Eze (2009) who reported that the effect of interaction between the ethanolic extract of O. gratissimum and an azole (Ketoconazole) was synergistic on C. albicans. The combination ratios of 9:1 and 7:3 produced synergy against Candida tropicalis2, 4:6 and 3:7 showed no activity while the remaining combination ratios produced indifference. The FIC Index (combined activity) of each combination ratio of Fluconazole and extract of Ocimum gratissimum against Candida krusei is presented in Table 10. 


Table 9. Combined Antifungal Activity of Fluconazole and Extract of Ocimum gratissimum
               against the Selected Resistant Candida species as Determined by Checkerboard Method
	                          Candida          Candida        Candida          Candida         Candida      Candida
                          albicans1         albicans2     tropicalis1        tropicalis2      krusei          parapsilosis
Combination
Ratio  A:B          FIC Index        FIC Index     FIC Index        FIC Index       FIC Index      FIC Index  

	  10:0                      -                       -                   -                     -                    -                   -  
  9:1                     0.00e                0.30a             0.00e                0.43a               0.00e             0.00e
  8:2                     0.00e                0.22a             0.47a                1.11c               0.00e             0.00e         
  7:3                     0.00e                0.47a             0.94a               0.40a                0.00e             0.00e
  6:4                     0.00e                0.51a             1.02c               1.18c                0.00e             0.00e
  5:5                     0.00e                0.25a             0.00e               1.34c                0.00e             0.00e
  4:6                     0.00e                0.17a             0.74a               0.00e                0.00e             0.00e
  3:7                     0.00e                1.18c             1.09c               0.00e                0.00e             0.00e
  2:8                     0.00e                0.15a             0.61a              1.82c                 0.89a             0.00e
  1:9                     0.00e                0.53a              0.59a              1.22c                 1.04c             0.00e
  0:10                       -                       -                   -                    -                       -                   -              


Key:
a = Synergism, b = Additivity, c = Indifference, d = Antagonism, e = No activity, 
A = Fluconazole;   B = Extract of Ocimum gratissimum, FIC = Fractional inhibitory concentration


 Table 10. Combined Activity of Fluconazole and Extract of Ocimum gratissimum against Candida 
                 krusei 
	Combination ratio A:B
	MIC of A (mg/ml)
	MIC of B (mg/ml)
	FIC A
	FIC B
	FIC   index
	Inferences

	10:00
	0.05
	
	
	
	
	

	9:01
	0
	0
	0
	0
	0
	No activity

	8:02
	0
	0
	0
	0
	0
	No activity

	7:03
	0
	0
	0
	0
	0
	No activity

	6:04
	0
	0
	0
	0
	0
	No activity

	5:05
	0
	0
	0
	0
	0
	No activity

	4:06
	0
	0
	0
	0
	0
	No activity

	3:07
	0
	0
	0
	0
	0
	No activity

	2:08
	0.00501
	10
	0.1002
	0.784929
	0.885129
	Synergism

	1:09
	0.00251
	12.59
	0.0502
	0.988226
	1.038426
	Indifference 

	0:10
	
	12.74
	
	
	
	



Key:
A = Fluconazole;   B = Extract of Ocimum gratissimum
FIC = Fractional inhibitory concentration
MIC = Minimum inhibitory concentration
      


3.10: Interactions of the Combination Ratios of the Ethanol Plant Extracts and 
         Fluconazole against the Selected Candida species

Table 11 summarizes the interactions of the combination ratios of the ethanol plant extracts and Fluconazole. It can be seen that none (0%) of the combination ratios of any of the plant extracts with Fluconazole had any additive effect against the Candida species. Additivity or additive action means the combined action of the individual agents in the combination ratios is equal to the arithmetic summation of the effects of the single agents in the combination (Okore, 2009). However, this result doesn’t conform to that of a similar study by Moraes et al. (2017) in which additivity was observed. This difference may be attributed to difference in the part of the plants used. Also, there was no antagonism in all the combination ratios of O. gratissimum with Fluconazole.  Meanwhile, the highest number of synergistic combination ratios (48.15%) was observed in the combination of M. oleifera with Fluconazole. Only 1 (1.85%) out of the 54 combination ratios of M. oleifera with Fluconazole showed no activity. The present study shows that the combination of the ethanolic extract of M. oleifera with Fluconazole was the best as 26 (48.15%) out of the 54 combination ratios were synergistic against the Candida species. This finding is supported by a review by Haji et al. (2022) which showed there were synergistic interactions of Fluconazole combined with different extracts (or the essential oils or isolated phytochemical compounds)  of some plants against some fungi, including drug resistant Candida species.  


Table 11. Interactions of the Combination Ratios of the Ethanol Plant Extracts and Fluconazole
                 against the Selected Candida species
	                     
                                                                   Number of Combination ratios (%)
Plant Extract                    
Combined with FLUCZ    Synergism            Additivity       Indifference       Antagonism         No Activity      

	Moringa  oleifera            26(48.15)          0(0.00)            20(37.04)           7(12.96)              1( 1.85)            
Vernonia  amygdalina     20(37.04)          0(0.00)             9(16.67)             5(9.26)               20(37.04)                                   
Ocimum  gratissimum     16(29.63)          0(0.00)             9(16.67)             0(0.00)               29(53.70) 
TOTAL                          62(38.27)          0(0.00)             38(23.46)           12(7.41)             50(30.86)                     


   Key:
    FLUCZ = Fluconazole

In cases where the combination ratios produced indifference against the Candida species, it implies that the combined effect of these combination ratios is neither greater than the singular action of the more effective agent nor lower than the singular action of the less effective agent in the combination (Okore, 2009). This also suggests that the combination of ethanol extract of any of the plants (M. oleifera, V. amygdalina or O. gratissimum) with Fluconazole in the indicated ratios (as shown in Tables 7, 9 and 11) may not possess any advantage over any of either ethanol extract of the plant or Fluconazole used alone against the Candida species (Ofokansi et al., 2013). Antagonistic effect implies the combined action is less than the action of the more effective component in the combination. The interactions are also considered to be antagonistic when the combined effect is less potent than the sum of the potencies of the individual components of the mixture (Zhang et al., 2019). One possible explanation for this antagonistic effect may be as a result of physicochemical incompatibility between the agents in the combination or a competitive inhibition at the site of action (Okore, 2009). Where there is synergy, it suggests that therapeutically, it could be more beneficial to use the combined extract and Fluconazole in the ratios indicated against infections caused by these Candida species. Synergy means the fungistatic or fungicidal effect of the combination exceeds the arithmetic summation of the individual antimicrobial agents (Okore, 2009). This also implies that greater antifungal effect could be obtained when lower doses of each agent is used, thus, minimizing some possible adverse effects (Ofokansi et al., 2013) which are often associated with higher doses of antimicrobial agents. It can also be observed in Tables 7, 9 and 11 that different ratios of the combination of Fluconazole with any of the plant extract (M. oleifera, V. amygdalina or O. gratissimum) showed different types of synergy. This indicates that synergy of the agents in combination is not only a function of the nature of the agents involved (in this case, Fluconazole and the plant extracts) but also a function of their ratios in combination (Okore, 2009) since not all the combination ratios were synergistic against the Candida species. In other words, the combination of these mixtures may cause lower biological effects if they not are administered in the appropriate ratios (Iwuchukwu et al., 2011).



4. CONCLUSION

This study investigated the combined antifungal activity of fluconazole and ethanol extracts of Moringa oleifera, Vernonia amygdalina, and Ocimum gratissimum against clinical Candida species. The results demonstrate that these medicinal plants possess significant antifungal properties, both individually and in combination with fluconazole.

The ethanol extracts of Moringa oleifera, Vernonia amygdalina, and Ocimum gratissimum exhibited notable antifungal activity against the tested Candida species. Furthermore, the combination of fluconazole with the plant extracts showed enhanced antifungal activity, suggesting a potential synergistic effect that could improve treatment outcomes. The minimum inhibitory concentration (MIC) values of the plant extracts and their combinations with fluconazole were determined, providing valuable insights into their efficacy.

The findings of this study suggest that these medicinal plants could be used as alternative or complementary therapies for the treatment of Candida infections, particularly in cases where conventional antifungal agents are ineffective or unavailable. Moreover, the synergistic effects observed in this study, especially with the combination of the ethanol extract of M. oleifera with Fluconazole could inform the development of new antifungal agents that combine conventional drugs with natural products.

Further studies are needed to evaluate the efficacy and safety of these combinations in vivo. Additionally, isolation and characterization of the bioactive compounds responsible for the antifungal activity of these plants could lead to the development of more effective antifungal agents. This study contributes to the growing body of evidence on the potential of medicinal plants in the treatment of fungal infections and highlights the importance of exploring natural products for antifungal drug development.
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