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Abstract:  

Candida albicans is an important fungal pathogen associated with superficial and 

opportunistic infections, creating a need for effective topical antifungal delivery systems. 

The present study aimed to evaluate the in vitro antifungal activity of an optimized 

berberine–ellagic acid (B+E) phytosome-based hydrogel against C. albicans. The optimized 

B+E phytosomes were incorporated into a Carbopol 940 and HPMC K15-based hydrogel 

matrix to develop a topical formulation. The antifungal activity was evaluated using the 

agar well diffusion method against C. albicans. The study included the pure B+E 

combination, optimized B+E phytosome hydrogel, ketoconazole as the standard 

antifungal drug, blank hydrogel, and normal control. Antifungal activity was assessed by 

measuring the zone of inhibition (ZOI). The optimized B+E phytosome hydrogel exhibited 

a ZOI of 23.54 mm, compared with 15.29 mm for the pure B+E combination and 26.64 mm 

for the standard antifungal drug. Thus, the phytosome-based hydrogel demonstrated an 

approximately 53.89% improvement in inhibition-zone diameter compared with pure B+E 

and achieved approximately 88.36% of the inhibition produced by the standard treatment. 

The optimized formulation also showed high drug content, with 95.86 ± 0.52% for 

berberine and 94.97 ± 0.61% for ellagic acid. The blank hydrogel and normal control 

showed no detectable inhibition. The enhanced activity may be attributed to improved 

dispersion and distribution of B+E within the phytosomal system and favorable diffusion 

characteristics of the hydrogel matrix. Overall, the findings demonstrate the potential of 

B+E phytosome-based hydrogel as a promising topical antifungal delivery system against 

C. albicans. Further in vivo and mechanistic studies are warranted. 
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Graphical Abstract 

 

1. Introduction  

Fungal infections represent a significant public health concern, with superficial and mucocutaneous 

mycoses being particularly prevalent worldwide. Among pathogenic fungi, Candida albicans is one of the most 

clinically important opportunistic microorganisms and is responsible for a broad spectrum of infections ranging 

from superficial mucosal infections to invasive candidiasis [1]. The organism is capable of adhering to host 

tissues, forming biofilms, and adapting to diverse environmental conditions, which contribute to persistent 

infections and therapeutic challenges. Although several conventional antifungal agents, including azoles, 

polyenes, and echinocandins, are available for the management of candidiasis, their clinical effectiveness may 

be limited by poor drug penetration, toxicity, recurrence, and the emergence of antifungal resistance [2]. These 

challenges have stimulated interest in alternative therapeutic approaches based on bioactive phytoconstituents 

and advanced drug-delivery systems. 

Berberine is a naturally occurring isoquinoline alkaloid obtained from several medicinal plants and has 

attracted considerable attention because of its broad pharmacological activities [3]. In particular, berberine 

exhibits antimicrobial and antifungal effects against various pathogenic microorganisms, including C. albicans. 

Its antifungal activity has been associated with multiple mechanisms, including disruption of fungal cell 

integrity, interference with cellular metabolism, and inhibition of processes involved in fungal growth and 

survival [4]. However, the practical pharmaceutical application of berberine may be constrained by its 

physicochemical characteristics, limited aqueous solubility, and restricted bioavailability. Ellagic acid, a 

naturally occurring polyphenolic compound found in several fruits and medicinal plants, also possesses 

antimicrobial, antioxidant, and anti-inflammatory properties [5]. Its ability to interact with microbial cellular 

components and interfere with microbial growth makes it a promising complementary phytoconstituent for 
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antifungal formulations. Combining berberine and ellagic acid may therefore provide an opportunity to exploit 

their complementary biological activities against fungal pathogens [6]. 

Despite their therapeutic potential, the formulation of plant-derived compounds can be challenging 

because of inadequate solubility, stability, permeability, and effective delivery to the site of infection [7]. 

Phytosomes represent an advanced phytoconstituent delivery system designed to improve the incorporation 

and delivery of poorly bioavailable plant-derived compounds [8]. In phytosomes, active phytoconstituents are 

generally complexed with phospholipids, Thereby potentially improving interactions with biological 

membranes and enhancing drug delivery [9]. A berberine–ellagic acid phytosomal system may therefore 

improve the pharmaceutical performance  of these phytoconstituents while providing a suitable platform for 

topical antifungal application [10]. 

Hydrogels are three-dimensional polymeric networks capable of retaining substantial quantities of 

water and are widely investigated for topical and localized drug delivery [11]. Their semisolid nature facilitates 

convenient application, prolonged contact with the skin or mucosal surface, and controlled release of 

incorporated therapeutic agents. Incorporation of a phytosome system into a hydrogel matrix may combine the 

advantages of nanostructured phytoconstituent delivery with those of a topical hydrogel, potentially enhancing 

localization and antifungal activity while improving formulation acceptability [12]. 

Therefore, the present study focuses on the in vitro antifungal evaluation of a berberine–ellagic acid 

phytosome-based hydrogel against Candida albicans. The study is intended to assess the antifungal effectiveness 

of the developed formulation using appropriate microbiological evaluation methods and to determine its 

potential as a topical phytoconstituent-based approach for the management of C. albicans infection. The findings 

may provide preliminary evidence to support further development and optimization of phytosome-based 

hydrogel systems containing synergistic or complementary natural bioactives. 

2. Materials and Methods 

2.1 Previously Reported Berberine–Ellagic Acid Phytosome-Based Hydrogel 

The optimized berberine–ellagic acid (B+E) phytosome-based hydrogel (formulation F6) used in the 

present study was developed and optimized in our previous study and reported under the title, “Development 

and Physicochemical Characterization of Berberine–Ellagic Acid Phytosomes Incorporated into Hydrogel for 

Topical Drug Delivery.” The optimized B+E phytosomes were incorporated into a Carbopol 940 and HPMC 

K15-based hydrogel matrix to obtain the final phytosome-based hydrogel formulation. The optimized F6 

formulation was subsequently employed in the present investigation for further in vitro antifungal evaluation 

against Candida albicans using the agar well diffusion method. 

2.2 In vitro antifungal activity by agar well diffusion method 

The in vitro antifungal activity of the optimized berberine + ellagic acid (B+E) phytosome-based 

hydrogel (F6) was evaluated against Candida albicans using the agar well diffusion method [13]. The optimized 

F6 phytosomes containing berberine and ellagic acid were incorporated into a Carbopol 940 and HPMC K15-

based hydrogel. 

A fresh culture of C. albicans was used to prepare a uniform fungal inoculum. The prepared fungal 

suspension was uniformly spread over sterile Sabouraud dextrose agar (SDA) plates [14]. After inoculation, 

wells of uniform diameter were aseptically prepared in the agar medium. 

The test samples included ketoconazole (standard antifungal drug), the pure B+E combination, the B+E 

phytosome-based hydrogel, the blank hydrogel, and the normal control. (NC) [15]. Ketoconazole was used at a 

concentration of 10 μg/mL. The B+E pure sample was prepared at a total concentration of 10 μg/mL, containing 

5 μg/mL berberine and 5 μg/mL ellagic acid. The B+E phytosome hydrogel was prepared at an equivalent 

concentration of 10 μg/mL total B+E, based on its experimentally determined drug content. The optimized F6 

hydrogel showed a drug content of 95.86 ± 0.52% for berberine and 94.97 ± 0.61% for ellagic acid. 
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The normal control (NC) consisted of the C. albicans inoculum without any test antifungal formulation 

and was used to confirm normal fungal growth in the absence of treatment [16]. The blank hydrogel consisted 

only of the drug-free hydrogel base without berberine or ellagic acid. 

Equal volumes of the test preparations and controls were introduced into the respective wells [17]. The 

plates were incubated under suitable conditions for C. albicans. Following incubation, the plates were examined 

for clear inhibition zones around the wells. The zone of inhibition (ZOI) was measured in millimetres using a 

calibrated scale. Measurements were taken in two perpendicular directions, and the mean diameter was 

calculated [18].   

Table 1. Samples used for in vitro antifungal activity 

Sample Recommended test concentration Amount for 1 mL 

Ketoconazole (standard) 10 μg/mL 10 μg 

B+E pure 10 μg/mL total 5 μg berberine + 5 μg ellagic acid 

B+E phytosome hydrogel 10 μg/mL total B+E equivalent Equivalent to 10 μg total B+E 

 

3. Results and Discussion 

3.1 In vitro antifungal activity 

The in vitro antifungal activity of the developed berberine + ellagic acid (B+E) phytosome-based 

hydrogel (F6) was evaluated against Candida albicans using the agar well diffusion method. The antifungal 

activity was assessed by measuring the diameter of the zone of inhibition (ZOI) produced by the standard 

antifungal drug, B+E pure, and the optimized B+E phytosome hydrogel, while normal control (NC) and blank 

hydrogel were used as controls. The ZOI was measured in millimetres following incubation, with the mean 

diameter used for evaluation.  

As shown in Table 2  and Figure 1, the standard antifungal drug exhibited the highest antifungal activity 

against C. albicans, producing a ZOI of 26.64 mm. The B+E pure combination produced a comparatively smaller 

inhibition zone of 15.29 mm, indicating appreciable antifungal activity of the berberine–ellagic acid 

combination. In contrast, the optimized B+E phytosome hydrogel (F6) produced a markedly larger ZOI of 23.54 

mm, demonstrating enhanced antifungal activity following incorporation of B+E into the phytosome-based 

hydrogel system.  

Importantly, the ZOI produced by F6 was approximately 53.89% greater than that of B+E pure (23.54 

versus 15.29 mm). This substantial increase indicates that incorporation of B+E into the phytosomal hydrogel 

system improved the apparent antifungal performance of the active combination under the agar diffusion 

conditions. The F6 formulation also produced a ZOI approximately 88.36% of that produced by the standard 

antifungal drug, indicating that its inhibition zone approached that of the reference treatment, although the 

standard remained more active under the conditions of the assay. 

The enhanced inhibition observed with the F6 formulation may be associated with improved dispersion 

of berberine and ellagic acid within the phytosomal system, potentially facilitating their effective diffusion from 

the formulation into the surrounding agar medium. Phytosome formation may also improve the presentation 

and distribution of the active constituents within the formulation. In addition, incorporation into the Carbopol 

940/HPMC K15 hydrogel matrix may provide prolonged contact of the formulation with the test medium and 

influence the release and diffusion characteristics of the incorporated phytosomal constituents. The optimized 

F6 formulation showed high drug content for both berberine (95.86 ± 0.52%) and ellagic acid (94.97 ± 0.61%), 

supporting the presence of substantial amounts of both active constituents in the formulation.  

The normal control and blank hydrogel showed no detectable inhibition zone (0.0 mm). This confirms 

that normal fungal growth occurred in the absence of treatment and that the drug-free hydrogel vehicle did not 

exhibit appreciable intrinsic antifungal activity. Consequently, the inhibition observed with F6 can primarily be 

associated with the incorporated B+E phytosomal system rather than the hydrogel base itself.  
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The findings demonstrate that the B+E phytosome-based hydrogel (F6) substantially enhanced the in 

vitro antifungal activity of the B+E combination against C. albicans compared with the corresponding pure B+E 

preparation. Although the ZOI of F6 remained lower than that of the standard antifungal drug, the considerable 

increase in inhibition-zone diameter compared with B+E pure supports the potential of phytosome-based 

hydrogel incorporation as a strategy for improving the antifungal performance of the B+E combination. 

Table 2. In vitro antifungal activity of B+E formulations against Candida albicans 

S. No. Treatment Zone of inhibition (mm) 

1 Normal control (NC) 0.0 

2 Blank hydrogel 0.0 

3 Standard antifungal drug 26.64 

4 B+E pure 15.29 

5 B+E phytosome hydrogel 23.54 

 
Figure 1. In vitro antifungal activity 

4. Conclusion 

In conclusion, the present study demonstrated the promising in vitro antifungal potential of the 

optimized berberine–ellagic acid (B+E) phytosome-based hydrogel against Candida albicans. The optimized 

phytosomal formulation was successfully incorporated into a Carbopol 940 and HPMC K15-based hydrogel 

matrix, providing a suitable topical delivery system for the combined phytoconstituents. The developed 

formulation exhibited enhanced antifungal activity compared with the corresponding pure B+E combination, 

indicating that phytosome-based incorporation may improve the antifungal performance of the active 

constituents. The absence of antifungal activity from the blank hydrogel further supports that the observed 

inhibitory effect was primarily associated with the incorporated B+E phytosomal system rather than the 

hydrogel vehicle. The improved activity may be attributed to enhanced dispersion and distribution of berberine 

and ellagic acid within the phytosomal system, along with the favorable contact and diffusion characteristics 

provided by the hydrogel matrix. Overall, the findings support the potential of B+E phytosome-based hydrogel 

as a promising topical antifungal delivery system for managing C. albicans infections. However, further studies, 

including comprehensive formulation characterization, mechanistic investigations, stability evaluation, and in 

vivo assessment, are warranted to establish its therapeutic potential. 
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