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ABSTRACT 

Vulvovaginal candidiasis is an extremely common infection; millions of women all over the world are affected. The main etiologic agent responsible 
for its development is Candida albicans. It is characterize by burning, itching and the presence of a thick and white discharge. VVC may be divided 
into two categories: simple and complex. Recurring forms of the disease pose difficult challenges to clinical management. An ability to form Candida 
biofilms on vaginal mucosa may be one of the reasons for the development of resistant infections, further increasing resistance towards treatment. 
The complications in managing infection due to the constantly rising resistance of Candida to commonly used antifungal drugs call for alternative 
therapies. The conventional methods of treatments, which include topical and oral antifungals, too often result in limited success with recurrence or 
side effects against such resistant strains. Nanotechnology therefore presents a promising alternative, as Nano-drug delivery systems enhance 
localized drug delivery by allowing more precise targeting of fungal cells. It can, therefore, overcome the resistance and deficiencies of the 
conventional mode of therapy. Various studies continue in nano medicine to develop better therapies in order to handle VVC with better outcome 
and management. 
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INTRODUCTION 

Candida vulvovaginitis, also known as vulvovaginal candidiasis 
(VVC), was first reported by Wilkinson in 1849 and remains a 
significant issue affecting women's quality of life. This condition 
arises from an overgrowth of yeast in the female reproductive 
system and is a common reason for gynaecological consultations. 
About 75% of women experience VVC at some point during their 
reproductive years, with nearly half having recurrent episodes [1]. 
Ninety to ninety-five percent of vaginal candidiasis cases are due to 
Candida albicans; the rest six percent are due to Candida glabrata, 
tropicalis, krusei, and parapsilosis. Even though Candida albicans 
typically lives in the normal vaginal microbiota, an imbalance in the 
vaginal macrobiotic and the yeast's attachment to and colonisation 
of epithelial cells can cause the yeast to overgrow. The development 
of virulence factors including blastoconidia and pseudo hyphae, 
which can harm the vaginal epithelium, as well as the synthesis of 
enzymes, and phospholipases, are involved in this transition from an 
asymptomatic to symptomatic infection [2]. The existence of 
symptoms as stated by the patient is necessary for an accurate 
diagnosis of VVC. Common symptoms include atypical vaginal 
discharge that is cheese-like, watery, or sparse, as well as vulvar 
pruritus, discomfort, dysuria, and dyspareunia. A definitive 
diagnosis entails identifying Candida species through lab tests and 
confirming concurrent inflammatory reactions like itching, burning, 
and irritation. Presence of Candida species alone does not confirm 
active infection; symptoms of inflammation must accompany their 
presence to diagnose VVC effectively [3]. 

Recurrent Vulvovaginal Candidiasis (RVVC) is defined by frequent 
occurrences-typically four or more within one year-characterized by 
distinct clinical features like redness of the external genital area, 
vaginal discharge, swelling, and sensations of burning or soreness. 
Diagnosis of RVVC requires laboratory confirmation through culture 
of Candida species or microscopic examination of wet preparations. 
It's important to differentiate RVVC from other gynaecological 
conditions such as bacterial vaginosis, trichomoniasis, and 
gonorrhoea, as symptoms can overlap. Accurate diagnosis relies on a 
combination of clinical assessment and specific laboratory results 
related to Candida species [4]. Candida albicans is actually one of the 

major organisms responsible for the development of VVC, and it 
forms biofilms that are extremely complex. These biofilms 
contribute to treatment challenges because the yeast embedded 
within them can develop resistance to antifungal medications. While 
biofilms are also implicated in bacterial vaginosis, conclusive 
evidence supporting their role in this condition is still being 
investigated [5]. It is estimated that 5% of women worldwide suffer 
from RVVC and thus are obliged to put up with three to four yeast 
infections in a year. Approximately 138 million women are thus 
affected annually, with an approximate of half a billion affected 
during their lifetime. The major causes of RVVC include 
immunological alterations, genetic, physiological changes, and some 
behavioural habits such as the use of antibiotics and contraceptives 
in high frequency. One of the major problems associated with RVVC 
is antifungal resistance, and the main contributing factor involves 
fungal biofilms. The biofilms protect the fungi from all types of 
antifungal drugs by creating a barrier that complicates treatment 
and further promotes their resistance [6]. Several factors are 
implicated in its etiology, such as disturbed vaginal microbiota, 
genetic predisposition, and the type of Candida. The healthy vaginal 
microbiome is mainly colonized by Lactobacillus spp., like L. iners 
and L. crispatus, and it is crucial for maintaining the health of the 
vagina through the production of D-lactic acid and hydrogen 
peroxide, which has candida growth-suppressing activity. 
Consequently, it favors increased Candida adherence to the mucosal 
epithelium, facilitating in this way the pathological yeast growth and 
increasing susceptibility to infection [7]. 

Nanocarriers like liposomes, nanoemulsions, solid lipid 
nanoparticles, polymeric nanoparticles, and mesoporous silica 
nanoparticles can be designed to Improve Drug Solubility and 
Bioavailability – Several powerful drugs have low water solubility, 
reducing their absorption and efficacy. Nanocarriers enhance 
solubility and enhance targeted delivery. Bypass Drug Resistance 
Mechanisms – Nanocarriers can bypass efflux pumps, extend drug 
retention at the site of action, and enhance intracellular drug 
deposition, especially in cancer and antibiotic-resistant bacterial 
infections. Sustained and Controlled Release – Encapsulation within 
nanocarriers allows extended release of the drug, minimizing the 
frequency of dosing and reducing side effects. Combination Therapy 
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– With the ability to deliver multiple drugs or bioactive molecules, 
nanocarriers allow synergistic interactions, lowering the chances of 
resistance development. Protection against Degradation – Enzyme-
degradable drugs (e. g., peptides, nucleic acids) are stabilized by 
nanocarrier encapsulation, guaranteeing their viability in biological 
surroundings. The present review gives a critical overview of the 
current state of affairs concerning VVC, including updated 
information on the most effective therapeutic approaches, with a 
particular emphasis on emerging applications of nanosystems. VVC 
represents an important fungal infection that affects tens of millions 
of women worldwide; its recurrence generally occurs because 
Candida species are the main causative agents. The persistence of 

VVC, along with the development of resistance to antifungal therapy, 
constitutes a real need to find more active and specific therapeutic 
approaches. To ensure a comprehensive and up-to-date review of 
the literature, a systematic search was conducted using major 
scientific databases, including PubMed, Google Scholar, SciVal, 
Scopus, and Web of Science. The search strategy employed Boolean 
operators (AND/OR) to refine combinations of the following key 
terms: “vulvovaginal candidiasis”, “Candida infections”, 
“nanotechnology”, “nanoformulations”, and “antifungal nanocarriers”. 
Filters were applied to include only peer-reviewed articles 
published within the last decade (2014–2025), ensuring the 
inclusion of the most recent and relevant advancements in the field. 

 

 

Fig. 1: Diagrammatic representation of the classification of vulvovaginal candidiasis (VVC) into two categories: complicated and 
uncomplicated VVC. Each type is associated with specific clinical features and patient characteristics 

 

Biofilm formation 

Fungal biofilms play a crucial role in over 60% of human microbial 
infections, including RVVC. Candida albicans is the primary species used 
to study biofilm formation in this context. A biofilm consists of a 
microbial settled community where cells attach irreversibly to surfaces 
or one another, encased within an extracellular polysaccharide matrix. In 
RVVC, the following stages describe biofilm progression: adherence, 
initiation, maturation, and dispersion [8] (fig. 2).  

At the initial adhesion phase, yeast cells attach to surfaces, 
establishing a foundation upon which the biofilm grows. Next, 
during the initiation or proliferation stage, elongated filamentous 
forms called pseudo hyphae and hyphae emerge, colonizing the 
growing biofilm. During the maturation process, cells increase 
production of extracellular polymers, constructing the biofilm's 
protective matrix, which is essential for resilience against 
environmental pressures and drug penetration. Lastly, during 
dispersion, mostly yeast cells detach from the biofilm, potentially 
spreading the infection further [9]. 
 

 

Fig. 2: Diagrammatic representation of the biofilm life cycle, 
which describes how microorganisms like bacteria and fungi 

form and develop biofilms over time 

Treatment of vulvovaginal candidiasis 

Treatment of uncomplicated VVC 

Azole antifungals remain the mainstay in the treatment of 
uncomplicated VVC as they inhibit the synthesis of essential sterols 
in fungal cells by suppressing the enzyme CYP51.[10] Yet, despite 
such ubiquitous prescription and use, no substantial distinction in 
efficacy has been made between systemic and topical azoles, even 
though the former acts upon the whole body, with greater potential 
for systemic side effects, including hepatotoxicity, gastrointestinal 
upset, headache, and dangerous drug interactions, particularly 
during pregnancy. Topical azoles such as clotrimazole, miconazole, 
and butoconazole are among the most commonly prescribed three-
day regimens. Symptoms typically improve after 2-3 days. Although 
these treatments may have some local reactions, including the 
feeling of discomfort and itching, they generally remain the 
treatment of choice due to their localized action with limited risk of 
serious adverse effects [11]. 

According to the CDC, uncomplicated VVC is best treated with topical 
azoles. Nevertheless, oral antifungal fluconazole involves only a 
single high-dosage treatment and thus still remains popular, despite 
its link to as high as 50% relapse rates within six months of 
treatment. In this regard, to satisfy these two issues, one may 
suggest the combined use of both oral and topical azoles as a 
promising option in order to reduce the risk of recurrence [12]. 

Besides classical treatments based on azoles, other approaches have 
been pursued where probiotics and boric acid-based TOL-463 are 
showing immense promise. Probiotics have been shown-especially 
exogenous Lactobacilli-to inhibit in vitro Candida albicans biofilm 
formation [13]. The efficacy of topical clotrimazole with the Unilen® 
Microbio+tablet containing oral clotrimazole, live Saccharomyces 
cerevisiae strains, melatonin, and Lactobacillus acidophilus GLA-14 
has been estimated as 90% versus 80% for the second group treated 
only with medication, while a relapse rate in the latter is almost two 
times higher. This would suggest that the use of advanced 
preparations along with classic therapies would promote better 
general outcomes with less recurrence as well as less consumption 
of perpetual prescription medication in cases of persistent VVC [12, 
14] However, a critical literature review conducted by the CDC did 
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not find sufficient data to recommend the use of probiotics as a 
standard line of treatment for VVC. 

Likewise, TOL-463 is a boric acid and EDTA vaginal anti-infective in 
gel and insert forms studied for the treatment of VVC. In 2019, in a 
trial enrolling 106 women, including VVC, bacterial vaginosis, or 
both, 92% of insert-users and 81% of gel-recipients with VVC 
recovered. Symptoms improved on average within seven days; 19% 
of participants reported mild vaginal and vulvar discomfort. 
Nevertheless, TOL-463 was still more effective against VVC than it 
was against BV because fewer follow-up therapies were required 
when using the insert or gel for VVC compared to BV. Due to these 
promising effects, the CDC has still not included the use of probiotics 
or even TOL-463 in their guidelines, emphasizing the requirement 
for further studies to establish their effectiveness and safety [15]. 

Treatment of complicated VVC 

Treatment of VVC with non-albicans species are more difficult, 
especially those caused by C. glabrata and C. tropicalis, due to the 
resistance of these species to standard antifungal therapies. About 
half of the affected women may remain asymptomatic or exhibit 
minimal symptoms. German guidelines recommend treating C. 
glabrata infections with local applications of nystatin or 
ciclopiroxolamine. If these are ineffective, CDC recommends two 
weeks of daily intravaginal 600 mg boric acid gelatin capsules, 
although this is with risks to fertility and should be used only in 
post-childbearing women [16]. A 1995-2004 study by Philipps 
showed amphotericin B vaginal suppositories effective in 8 out of 10 
cases of non-albicans VVC, although some C. glabrata infections 
persisted [17]. 

In diabetic patients, it is more common due to the excess sugar in 
vaginal cells, which favors Candida adhesion and impairs the 
immune response [18]. Non-albicans Candida species, mainly C. 
glabrata, are highly prevalent and have reduced susceptibility to 
conventional therapies. SGLT2 inhibitors, such as dapagliflozin and 
canagliflozin, used in the management of diabetes, can increase the 
risk for VVC due to its mode of action of decreasing blood sugar 
levels and increasing glucose excretion through the urine [19]. 

Infection with VVC among HIV-infected women can be more 
frequent, severe, and symptomatic, with more serious symptoms, 
especially in those with profound immunosuppression. However, 
they typically respond well to treatment, just like non-HIV-infected 
women. However, VVC infection does not increase the risk of 

acquiring HIV infection [20] Generally, the treatment principles of 
VVC in HIV-infected women are similar to the treatment principles 
for uncomplicated VVC in non-HIV-infected patients [21]. 

Treatment of vulvovaginal candidiasis (VVC) in patients with 
azole intolerance or resistance 

Recent advancements have introduced Oteseconazole, a novel oral 
azole medication that has gained Food and Drug Administration 
(FDA) approval. Distinctively, unlike existing azoles, Oteseconazole 
exhibits minimal binding affinity toward human Cytochrome P450 
subfamily 51 family member polypeptide CYP51, thereby mitigating 
severe adverse reactions commonly associated with traditional 
azoles (fig. 3) [22]. 

According to a 2022 published Phase III trial involving multiple 
centers, researchers randomly assigned participants to take either 
oteseconazole or fluconazole. The results demonstrated that a 
regimen of oteseconazole consisting of 600 mg on day 1 (four doses 
of 150 mg), followed by 450 mg on day 2 (three doses of 150 mg), 
proved comparable to fluconazole regarding treating an initial attack 
of vulvovaginal candidiasis (VVC). Subsequently, patients received 
oteseconazole 150 mg daily once per week throughout the follow-up 
period of eleven weeks during maintenance treatment. This finding 
suggests that oteseconazole might offer equal effectiveness to 
standard treatments while possibly reducing the need for frequent 
dosages. Fluconazole was used as a comparator, and no clinically 
important changes were reported in this Phase IIa study by Brand et 
al. using 55 patients. Total there are three different dosing regimens 
given for the oteseconazole: 300 mg once daily, 600 mg once daily, 
and 600 mg twice a day while in fluconazole group received 150 mg 
of fluconazole orally once a daily for three days. Remarkably, 
oteseconazole had an MIC against the fluconazole-resistant C. 
glabrata that was only about 1/64 that of fluconazole. Results may 
indicate greater potency against fluconazole-resistant strains with 
oteseconazole [23]. A sensitivity analysis, carried out among 219 
subjects, revealed that the activity of oteseconazole versus 
fluconazole varied greatly, with oteseconazole's effects on fungal 
samples ranging from less than or equal to 0.0005 to more than 0.25 
µg/ml, whereas fluconazole exhibited concentrations ranging from 
under 0.06 to 32 µg/ml [24]. It should be noted that only a limited 
percentage of participants in each study had C. glabrata identified - 
approximately 11.8% and 1.8%, respectively. Therefore, one 
limitation of both investigations is their relatively small sample sizes 
where this particular strain was concerned [24]. 

 

 

Fig. 3: Diagrammatic representation of the oteseconazole-mechanism of action. Like triazoles, oteseconazole blocks the fungal enzyme 
lanosterol 14α-demethylase, which is responsible for ergosterol production 

 

Treatment of recurrent VVC 

Many women with recurrent vulvovaginal candidiasis around the 
world suffer from this persistent, refractory infection, which can be 
extremely incapacitating. Three or more symptomatic bouts of 
vulvovaginal candidiasis within a year is considered recurrent 

vulvovaginal candidiasis in the United States [10]. Although the 
Infectious Diseases Society of America and European criteria define 
RVVC as at least four or more symptomatic episodes within a year, 
current guidelines for diagnosis and therapy suggest that at least 
three symptomatic episodes can already establish the diagnosis of 
RVVC. Until the end of their lifetime, an estimated 372 million 
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women worldwide will have RVVC, which projects to about 3,871 
cases per 100,000 women [25]. There is less resistance to treatment 
when vaginitis is caused by non-C. albicans strains. For the 
treatment of RVVC, a topical antifungal or 150 mg of oral fluconazole 
is usually administered for induction for the ensuing 10–14 d. 
Following induction, there is a six-month maintenance therapy 
consisting of 150 mg of oral fluconazole. Women with RVVC can 
become resistant to fluconazole; however before it is confirmed it is 
necessary that improper medication usage be excluded [19]. Long-
term therapy with fluconazole is expensive and can cause numerous 
side effects. Moreover, this type of therapy alleviates symptoms only 
in a small number of women, and about 50% of them will develop 
recurrent disease a few months after treatment is completed [26]. 
The topical therapies for RVVCs mainly involve vaginal boric acid, 
miconazole, terconazole, clotrimazole. Some studies claim that 
azoles are superior drugs in comparison to nystatin [27]. The poor 
response rate of them indicates that more efficient and safe novel 
long-term treatments for RVVC are required. 

In June 2021, the FDA approved ibrexafungerp, a new oral glycan 
synthase inhibitor (fig. 4), for treating RVVC in postmenopausal 
women [28]. Ibrexafungerp is effective against various Candida 
strains resistant to azoles and echinocandins. Ibrexafungerp is 
administered in doses of 300 mg, taken orally as 150 mg twice daily. 
In vitro, the concentration-dependent fungicidal activities against 
Candida spp. by ibrexafungerp were determined. There was no effect 
from the presence of azole resistance on this activity [28]. Compared 
to placebo, ibrexafungerp showed statistically and clinically 
meaningful induction of a clinical response and prolonged symptom 

resolution in patients with acute VVC in the phase III clinical trials. 
Summary of studies regarding oteseconazole and ibrexafungerp for 
the treatment of VVC is presented in table 1. 

 

 

Fig. 4: Diagrammatic representation of the ibrexafungerp 
mechanism of action which inhibits the 1, 3-β-d-glucan synthase 
complex noncompetitively and thus prevents the production of 

1, 3-β-d-glucan. Inhibition of the glucan synthase complex 
causes cell instability, followed by lysis. Although the 

mechanism is similar to that for echinocandins, the latter has 
an entirely different structural makeup

 

Table 1: Summary of the existing research related to the effectiveness of ibrexafungerp and oteseconazole in VVC treatment 

Author of 
the study 

Year of 
publication 

Number of 
patients 

Dose Duration of symptom 
resolution 

Adverse effect 

Brand SR et 
al. [23] 

2022 55 
 

VT-1161 regimens included 300 mg once 
daily for 3 d, 600 mg once daily for 3 d, or 
600 mg twice daily for 3 d. Fluconazole, 150 
mg as a single dose, was also administered. 

28 d Infections: 
nasopharyngitis, urinary 
tract infections, bacterial 
vaginitis, nausea. 

Martens M G 
et al. [24] 

2022 219 A single 600 mg oral dose of oteseconazole 
was administered on day 1 as 4 × 150 mg, 
and on day 2, 450 mg was administered as 
3 × 150 mg with matching placebo 
capsules. Alternatively, three sequential 
oral doses of fluconazole were given. 

2 w Urinary tract infection, 
bacterial vaginosis, 
headache, nausea, 
diarrhea, upper 
respiratory tract 
infection, fever. 

Schwebke et 
al. [29] 

2022 366 Patients were randomized in a 2:1 ratio to 
receive either 300 mg of ibrexafungerp 
twice daily or a placebo. 

25 d Side effects related to 
treatment include diarrhea, 
nausea, vomiting, dizziness, 
pneumonia, and bronchial 
hyperactivity. 

Grant LM et 
al. [28] 

2022 1 The dosage of Ibrexafungerp was 375 mg 
twice a day, over a course of three days 
and with an additional dose on day 14 of 
375 mg twice. 

The symptoms 
recurred in this 
regimen before day 14 
of the patient. 

Fatigue, nausea. 

 

Drawbacks and challenges associated with conventional 
treatments for vulvovaginal candidiasis 

Conventional treatments for vulvovaginal candidiasis (VVC) encounter 
various challenges and limitations. These include issues with of acute 
VVC infections, which can result in ineffective treatment and 
incomplete resolution of symptoms [30]. Recurrent vulvovaginal 
candidiasis (RVVC) presents a notable challenge due to the rising 
occurrence of non-albicans Candida species. Some species are innately 
resistant to usual antifungals like fluconazole, and early initiation of 
supportive treatment for a longer period is required [31]. 
Furthermore, the scarcity of effective pharmacological options and the 
elevated incidence of azole resistance, notably in Candida glabrata 
infections, complicate the management of RVVC. Addressing these 
challenges necessitates evidence-based protocols that take into 
account the availability of treatments at a national level [32, 33]. 

Limited FDA-approved treatments for recurrent vulvovaginal 
candidiasis, prompting the need for alternative therapies [30]. This 
makes treating recurrent Candida glabrata vulvovaginal candidiasis 

very challenging in view of high rates of azole resistance, limited 
treatment options, and protracted therapy regimens required [32]. 
Traditional treatments for vulvovaginal candidiasis are hindered by 
issues such as antifungal resistance, adverse effects, and frequent 
recurrence, prompting the need for extended maintenance therapy 
and alternative treatment approaches to address these challenges 
[31]. Traditional treatments for vulvovaginal candidiasis encounter 
difficulties such as the requirement for better taste masking, 
enhanced bioavailability, and improved sensory properties in 
formulations [33]. Standard treatments for vulvovaginal candidiasis 
are limited by factors such as short duration of action and potential 
side effects, highlighting the need for advancements in delivery 
systems to enhance both effectiveness and safety [34]. 

Nano drug delivery systems against candidiasis 

Need to develop nano drug delivery system against 
vulvovaginal candidiasis above conventional treatment 

The advancement of nano drug delivery systems for treating 
vulvovaginal candidiasis (VVC) is critical given the drawbacks of 
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conventional treatments, which frequently result in adverse effects 
and diminished effectiveness against VVC [35]. Nanosystems like 
liposomes, nanoparticles (fig. 5), and micelles enhance drug delivery, 
bio distribution, and retention in vulvovaginal tissues, effectively 
overcoming the limitations of conventional therapies [36]. Research 
indicates that nanodrug delivery systems such as hypericin-loaded 
nanostructured lipid carriers and chitosan nanoparticles containing 
miconazole and farnesol demonstrate substantial antifungal 
effectiveness against Candida albicans, the primary cause of 
vulvovaginal candidiasis (VVC), in both laboratory and animal 
studies. These findings highlight their potential as promising 
alternatives for VVC treatment [37]. These advanced drug delivery 
systems have the potential to improve treatment effectiveness, 
minimize side effects, address microbial resistance, and offer 
prolonged drug release. Their development is crucial in advancing 
the treatment of vulvovaginal candidiasis (VVC). 

Nano drug delivery systems such as PDT-mediated hypericin-loaded 
nanostructured lipid carriers (NLC) demonstrate superior 
effectiveness against vulvovaginal candidiasis (VVC) compared to 
traditional treatments. They effectively tackle resistance and reduce 
adverse effects associated with current antifungal therapies [35]. 
Nano drug delivery systems provide extended drug release, better 
retention, and increased uptake in vulvovaginal tissues, overcoming 
drawbacks of traditional treatments for candidiasis [36]. 
Nanosystems such as AmB-loaded PLGA-PEG nanoparticles 
combined with ultrasound improve drug delivery, enhance efficacy, 
decrease fungal burden, enhance tissue integrity, and regulate 
cytokines and oxidative stress, surpassing conventional treatment 
methods [38]. With rising cases of vulvovaginal candidiasis and 
limited antifungal therapies available, there is a growing interest in 
investigating lycopene and mesoporous silica nanoparticles as 
potential alternative treatments. 

 

 

Fig. 5: Diagrammatic representation of the various types nano 
drug delivery system used in vulvovaginal candidiasis 

 

Metallic nanoparticles 

Research into metals in nanoparticle synthesis dates back to the 
19th century with research done by Michael Faraday. The 
researcher found metallic particles in solutions and called them 
metallic colloids. Metal nanoparticles are defined based on size, 
and normally, they measure between 1 and 100 nanometer [39]. 
These include the inhibition of pathogen resistance, potential 
antifungal and antibacterial capabilities, chemical stability, 
reduced toxicity, fewer adverse effects, and the ability to adjust the 
size of the pores [40]. 

They also exert their antibacterial activity via the production of 
reactive oxygen species that will later accumulate on the cell surface, 
thus hindering the formation of the cell membrane, and block certain 
enzymes [41]. Again, these ROS are toxic because they lead to DNA 
damage and may activate programmed cell death pathways [42]. 
One major drawback of MNPs is their expensiveness and the fact 
that, due to their large surface energy, they frequently don't easily 

form stable colloidal suspensions because of aggregation via metal-
metal bonds. This problem could, however, be successfully 
overcome by the co-use of a type of reducing agent or stabiliser, such 
as PVA. Aside from some basic Lewis sites with strong affinity for 
MNPs, it contains a number of long organic chains which may act as 
steric hindrances to prevent these bonds from forming [43]. 
hindrances to prevent these bonds from forming [43].  

Gold nanoparticles 

The biochemical, sensory, optical, and electrical features make gold a 
very promising material for controlled release in the therapeutic field. 
Moreover, gold is biocompatible with low toxicity [44]. Another 
consideration is the ease of production and modification of gold 
nanoparticles. With these considerations in mind, some research 
estimating the potential of AuNPs against Candida albicans was 
performed, mostly related to cutaneous candidiasis and VVC [44]. 

In these studies, AuNPs varied in size from 7 to 37 nm and exhibited 
different morphologies, including spherical, polygonal, and 
triangular shapes [42]. The size of AuNPs thus proved to be 
dependent while showing activities against Candida [45]. 

In vitro cytotoxicity studies by Rahimi et al. showed that AuNPs had 
very low potential for damaging erythrocytes and fibroblast cells. 
Accordingly, the results shown here demonstrate that the use of 
AuNPs could be a great option to treat candidiasis [46]. AuNPs are 
used in the treatment candidiasis because of they are biocompatible 
and have low cytotoxicity. The cytotoxicity of AuNPs in vitro has 
been found to be responsible for minimal damage to fibroblast and 
erythrocyte cells, and these cells are involved in tissue integrity and 
immunological function. 

Silver nanoparticles 

Another very promising kind of MNPs is represented by silver 
nanoparticles, largely applied as antimicrobials due to the potent 
antimicrobial effect they can exercise beyond microbial resistance [47]. 

Several studies have been done to determine the feasibility of 
treating candidiasis using AgNPs, given the antibacterial properties 
of silver [48]. Studies were done in vitro, whereby spherical AgNPs 
with sizes ranging between 2 and 15 nm were generated, and their 
efficiency against Candida tropicalis, Candida albicans, and 
fluconazole-resistant clinical isolates checked [49]. Since the 
observations were done in vitro, from these, it was possible to 
determine that AgNPs had antifungal potential. 

Zinc nanoparticles 

It is believed that zinc-containing nanoparticles, such as zinc oxide 
nanoparticles, have more potential as MNPs for controlled drug 
release than other metals because of their low toxicity and good 
biocompatibility [50]. Accordingly, the studies combined zinc with 
other drugs, such as nystatin and fluconazole, for a second line of 
treatment against Candida spp. Table 2 summarizes the various 
research conducted using MNP. 

Lipid based nanosystems 

There are many types of lipid-based nanosystems; all of them have 
different physicochemical constituents and features to reach specific 
therapeutic targets and responses. This article aims to present each 
system in as simple a way as possible while analysing their efficacy 
for the treatment of candidiasis. Table 3 is a compilation of recent 
studies on lipid-based nanosystems for candidiasis treatment. This 
has been raised with regard to the, bioactive substance, or molecule, 
therapeutic target and system composition, and development 
procedures. 

a. Liposomes (LP) 

Liposomes are spherical vesicles consisting of one or more 
phospholipid bilayers and surround a core of aqueous solution. Due 
to their structure, liposomes can entrap both hydrophilic, or water-
soluble, substances as well as hydrophobic, or fat-soluble, 
substances; hence, they can be greatly applicable in pharmaceutical, 
cosmetic, and biomedical fields. Liposomes are similar to natural 
biological membranes, which gives them improved biocompatibility 
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and flexibility. This technological development has tremendously 
enhanced the drug delivery of both hydrophilic and hydrophobic 
pharmaceuticals with very important clinical ramifications. 

Biocompatibility and biodegradability of the liposomes have further 
made them one of the primary delivery systems for pharmaceuticals 
[54].

 

Table 2: Summary of the studies according to the studied pathogen, types of MNPs used, and biological assays that were employed in 
treating candidiasis 

Metallic 
nanoparticle 

Drug or active 
ingredients 

Method of 
synthesis 

Pathogens Biological 
assay 

Primary microbiological tests Reference 

Gold 
nanoparticle 

Indolicidin Synthesis using 
citrate as the 
reducing agent. 

C. albicans 
isolated from 
burn injuries 

In vitro Nanoparticle with BR1 8 mm MIC Free 
indolicidin 50 mg/ml Gold nanoparticles 
24.37 mg/ml Gold nanoparticles 
conjugated with indolicidin 12.5 mg/ml 
MFC Free indolicidin 150 mg/ml Gold 
nanoparticles 97.5 mg/ml 

[51] 

Silver 
nanoparticle 

Amphotericin B Green synthesis 
using 
Maytenusroyleanus 
extract as the 
reducing agent 

C. albicans 
and C. 
tropicalis 

In vitro MIC: Non-incorporated nanoparticles: 125 
mg/ml for C. albicans and 62.5 mg/ml for 
C. tropicalis. 
Incorporated nanoparticles: 5 mg/ml on 
C. albicans, 1.5 mg/ml on C. tropicalis. 

[52] 

Zinc oxide 
nanoparticle 

Fluconazole Synthesized by wet 
chemical method 

C. albicans 
isolated from 
vaginal 
samples 

In vitro MIC: Zinc oxide nanoparticles conjugated 
with fluconazole: 32–256 µg/ml. 

[53] 

 

Liposomes offer huge therapeutic potential as carriers for the 
transportation of payloads and drugs to specified locations. The 
concept of such targeted delivery is referred to as the "magic bullet," 
a term coined in 1906 [55]. This encapsulation by liposomes thus 
improves the pharmacokinetic and pharmacodynamic attributes of 
therapeutic agents, allowing for controlled and sustained release of 
drugs. Such controlled release minimizes the toxic effects in 
comparison with the same drug given without a delivery system 
[56]. Liposomes are defined as lipid bilayers to an aqueous medium 
that are continuous and sealed in vesicles. Sterols, antioxidants, and 
phospholipids, whether synthetic or natural, are usually the general 
components that make up the liposomes [39]. 

In the course of research in developing a drug delivery system using 
liposomes, several research groups have already been proved to be 
effective in controlling candidiasis. In the 1980s, one major study 
was conducted by Lopez-Berestein et al. (1984), where these 
researchers encapsulated amphotericin B in liposomes and used it to 
treat disseminated candidiasis in neutropenic mice infected with C. 
albicans. Multilamellar liposomes of AMB were synthesised without 
deoxycholate and single-and multiple-dose therapy studies were 
carried out. The results showed that free AMB did not cure the 
neutropenic infected mice; however, it did reduce the microbial load. 
In sharp contrast to this, however, all study animals could be 
significantly cured with the liposome-encapsulated AMB. The 
conclusion the authors drew was that the formulation of AMB into 
multilamellar liposomes allows for an effective treatment of the 
systemic infection by C. albicans and justifies the application of 
encapsulated drugs at high doses in neutropenic patients [57]. 

b. Nanostructured lipid carriers (NLCs) 

NLC is considered as the third and second generations of NE and SLN, 
respectively. NLCs are colloidal nanosystems with a hydrophobic core 
arranged in a solid lattice structure and incorporated in an aqueous 
surfactant shell [58]. The procedure for the preparation and 
assessment of its characteristics, as well as its biocompatibility, is 
almost identical to those of SLN. However, NLC has the advantage over 
SLN due to the partial substitution of SL with liquid lipid [59]. 

This partial substitution gives a system that accommodates the 
positive points of solid lipids, such as improved stability and 
controlled drug release, at the same time as it reduces some of the 
crystallization problems brought by solid lipids [60]. By this, it 
reduces the possibilities of drug expulsion during formulation and 
storage owing to reduced possibilities of polymorphic transitions. 
Furthermore, the introduction of the oil increases the drug loading 
capacities further into the structures of the nanostructured lipid 
carriers (NLC) [61]. 

Song et al. detected increased permeability and stratum corneum 
retention of voriconazole in the Gel-NLC system [62]. Another paper 
showed that incorporating voriconazole into the latter improved its 
anti-Candida action. It lowered the biofilm cells' density and very 
substantially raised hyphal-to-yeast morphogenesis [63]. 

c. Solid lipid nanoparticles (SLNs) 

SLNs are colloidal systems in the submicronic range, mostly between 
50 and 100 nm. These were developed in the early 1990s. Being the 
second generation of nanoemulsions (NE), they were considered a 
technological advancement with respect to this previous one since 
solid lipids replaced the oily component, providing better control 
over release and increasing system stability and that of the 
medication contained within [58]. 

According to the systematic review by Doktorovova et al. (2014), 
SLNs generally showed very low toxicity when various studies were 
considered from a nanotoxicological point of view. SLN dispersions 
are composed of solid lipids and surfactants in amounts of 1-30 
weight percent and 0.5-5 weight percent, respectively. Various 
preparative techniques such as organic solvent-based techniques 
and different high-and low-energy techniques may be used for the 
preparation of SLNs. Some of the common production techniques 
are high-pressure homogenization, ultrasonication, microemulsions, 
solvent evaporation, solvent diffusion, and solvent injection [64]. 

Dynamic light scattering is normally utilized in measurement 
investigations at metrics like hydrodynamic diameter, polydispersity 
index, and zeta potential of the nanostructures. Electron microscopy 
techniques are exploited to investigate size and morphology.  

d. Lipidic nanocapsules (LNC) 

Lipid nanocapsules are a novel nano drug delivery system that 
Heurtault et al. developed at the start of the 2000s. Regarding that, 
LNCs are colloidal systems in core-shell structures, measuring 
between 20 and 100 nm. They have an oily nucleus consisting of 
medium-chain triglycerides, while they are covered by a pegylated 
surfactant and lecithin shell. Owing to these constituents, the lipid 
nanocapsules are highly biocompatible and can be administered via 
oral, topical, or parenteral routes [65]. 

Currently, two major processes are used for the preparation of 
lipid nanocapsules (LNC) 

Reversible Temperature Using temperature without an organic 
solvent, polyethoxylated surfactants change their affinity through 
reversible temperature using just temperature. For an Interfacial 
Deposition of a Preformed Polymer, a water-miscible solvent is used 
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to dissolve a polymer and a lipophilic medicine. The solution is 
added and magnetically stirred with an aqueous medium and a 
nonionic surfactant. A quite fast diffusion time occurs in the water; 
hence, the nanocapsules spontaneously form [65]. 

One of the major advantages of the LNC structure is enhanced 
rigidity, provided by the surfactant shell. Due to this, they become 
less sensitive to instability problems like Ostwald ripening and allow 
a high drug loading capacity [66]. Because of its powerful use, 
research teams have integrated azoles such as clotrimazole, 
fluconazole, and itraconazole into the nano drug delivery system to 

improve the treatment of candidiasis. In 2013, Santos et al. 
demonstrated that clotrimazole added to LNCs for the treatment of 
VVC did not lessen the medication's effectiveness against 
fluconazole-resistant strains of Candida albicans and Candida 
glabrata [67]. Lipid nanocapsules and nanostructured lipid carriers 
were developed by Domingues Bianchin et al. with the goal of 
reversing fluconazole resistance. Investigations took place on 
Candida albicans and other candida strains that prove these 
nanosystems restore the resistance. Another azole drug, 
itraconazole, showed improved activity against Candida albicans in 
vitro and in vivo when combined with LNCs [68]. 

 

Table 3: Summary of the research in the field of lipid-based nanosystems against candidiasis on a system type, bioactive chemical or 
compound, therapeutic target, system composition, and method used for the creation of a system basis 

System Biologically active 
molecule or 
compound 

Therapeutic 
target 

Composition Development 
method 

Primary microbiological tests Ref 

Liposomes Quercetin and 
gallic acid 

Vulvovaginal 
candidiasis 

Soybean lecithin FLH followed 
by sonication 

There was no cytotoxicity of 
polyphenol-liposomes against RAW 
264.7 macrophage cells. 

[69] 

Nano 
structured 
lipid carriers 

P. graveolens 
essential oil 

Vulvovaginal 
candidiasis 

Medium-chain 
triglycerides; 
Sorbitan 
monooleate; 
quitosan; water 

HPH MIC (mg/ml): 
C. albicans – ATCC18804: 512; CA01: 
512 C. tropicalis – CT72A: 256; CT56: 
256 C. krusei – ATCC6258: 512; CK02: 
256 C. glabrata – CG40039: 256; 
RL24: 512 C. parapsilosis – RL01: 
512; RL20: 128 

[70] 

Solid lipid 
Nano 
particle 

Clotrimazole and 
Alphalipolic 

Vulvovaginal 
candidiasis 

dimethyldioctadecyl
ammoniumbromide, 
TweenRV 
80/Gliceryloleate 

PIT The MIC90, incorporated into SLN, 
remained at the level of 0.03 mg/ml, 
whereas cationic SLN showed a 
significant reduction to 0.015 mg/ml. 

[71] 

Lipidic Nano 
capsule 

Itraconazole Cutaneuscand
idiais 

Kolliphor RV HS 15, 
Labrafac, LipoidRV 
S-75, Carbopol 974 
P # 

PIT ITC encapsulation into LNC improved 
its anti-C. albicans activity; showing a 
29.37±0.25 mm diameter of the 
inhibition zone, compared to ITC 
solution. 

[72] 

 

Polymeric nanoparticles (PN) 

Since the 1970s, polymeric nanoparticles have been developed, 
which are colloidal systems. Nanometric systems fall within the size 
range from 5 nm to 1000 nm, although most of them measure 
between 100 and 500 nm. PNs can be obtained either from synthetic 
or natural polymers. There are two categories of PNs: nanocapsules-
that actually include a polymeric wall surrounding an oily or watery 
core-and nanospheres, consisting of only a polymer matrix without 
any distinct core. 

By combining different polymers, PNs can be prepared that will 
modulate physicochemical properties related to solubility, surface 
charge, encapsulation efficiency, and release profile. In the case of 
nanoparticle-based carriers, the goals of nanoparticle-based 

treatments of candidiasis are: to enhance the therapeutic efficacy 
and penetration, to lessen the toxicity, to target the site of infection, 
and to circumvent some of the disadvantages of conventional drugs 
[73]. 

Polymeric nanoparticles have been used for drug delivery against 
VVC. It has been revealed that miconazole, after being encapsulated 
into polymeric nanosystems, increased the drug efficacy compared 
to free administration [74]. In addition, reduced adverse effects 
were found after oral administration of Amphotericin B (AmB) [75]. 

Polymeric nanoparticles have reportedly shown potential in 
improving candidiasis treatment. However, very few studies table 4 
have tried to analyze the nanoparticles' effect on the virulence of 
newly emerging non-albicans Candida strains. 

 

Table 4: Summary of the literature regarding polymeric nanoparticle research for the treatment of candidiasis, considering the 
composition 

Biologically 
active molecule or 
compound 

Therapeutic 
target 

Composition Development 
method 

Main biological results Ref 

Miconazole and Farnesol Vulvovaginal 
candidiasis 

Chitosan and TPP Solvent 
displacement 

The in vitro cytotoxicity assay on fibroblast cells 
BALB/c 3T3 showed that the miconazole did not 
provide any toxicity up to a concentration of 125 
µg/ml, very much like the nanoparticles. According 
to the MIC test, efficacy for NPs with 
miconazole/farnesol was determined at 2.0 µg/ml. 

[74] 

Amphotericin B Vulvovaginal 
candidiasis 

Eudragit RL100 
coated with 
hyaluronic acid 
chitosan and TPP 

Nano 
precipitation 

After 48 h, the inhibition zone measured 
12.50±1.37 mm. The in vivo assay revealed 
complete removal of C. albicans in 24 h. 

[75] 
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Mesoporous silica nanoparticles (MSN) 

Due to their unique characteristics, mesoporous silica nanoparticles 
have been among the promising matrices for the preparation of 
controlled drug-delivery systems [76]. During the synthesis of 
mesoporous silica nanoparticles, several factors can be individually 
regulated: the kind and concentration of chemicals used, the 
reaction temperature, the pH level, and the source of silica-all of 
which finally govern the physical and chemical properties of these 
materials [77]. The surface area is about 1000 m2/g, and it has good 
biocompatibility and chemical and thermal stability. Because the 
surface area is large, high medication dosage could be incorporated. 
Besides, the pore volume of the MSNs is modulable and about 1 
cm³/g with an orderly arrangement in the mesopore diameters, 
ranging from 2 to 20 n [78]. Furthermore, modifying the surface of 
mesoporous silica nanoparticles (MSN) through chemical alteration 
of the silanol groups enables targeted drug delivery to specific 
locations, enhancing their potential as promising nanocarriers [78]. 
The outstanding properties of mesoporous silica nanoparticles 
(MSN) have facilitated the development of novel drug delivery 
systems for treating various diseases [79]. There is limited literature 
reporting the use of mesoporous silica nanoparticles (MSN) against 
candidiasis. However, all research conducted so far on the issue has 
shown that MSN added to the nano drug delivery system might be 
one way of developing the effectiveness of such antifungals as 
econazole and tebuconazole [80]. This strain thus uptakes the 
medication more fully, exerting stronger antifungal effects on 
Candida albicans. In addition, such systems also showed a high 
degree of biocompatibility, with low cytotoxicity and no skin 
irritation. In this regard, the usage of rose Bengal as a dye, after 
encapsulation into mesoporous silica nanoparticles, has been 
exploited for Candida albicans photodynamic therapy. Such a 
formulation exhibited high antimicrobial activity of 88.62±3.4% and 
an antibiofilm effect compared to the free dye upon light irradiation 
[81]. Although research is limited, there is promise in the potential 
presented by mesoporous silica nanoparticles as an alternative for 
candidiasis treatment. Further studies are needed, especially the 
evaluation of their efficiency against other Candida spp. strains. 

Toxicity of nanoparticles used in the treatment of vulvovaginal 
candidiasis 

It is considered that nanoparticles are harmful because of their 
unique physicochemical features, resulting in negative health 
impacts on people (92). Size, shape, surface charge, and other 
features of nanomaterial exposure influence the toxicity after their 
delivery to different organs, depending on nanoparticle attributes 
and physiological parameters of individuals [82]. Nanoparticles are 
so tiny that they may avoid these biological barriers, enter into the 
blood circulation system, interact with organs or tissues, and disturb 
normal biological activities [83]. It can induce oxidative stress, 
inflammation, genotoxicity, immunological dysregulation, cellular 
damage, and finally organ damage, especially in the liver, kidneys, 
reproductive system, and cardiovascular system  [84]. Thus, the 

toxicity of nanoparticles is related to reactive species production, 
cytotoxicity, genotoxicity, and neurotoxicity. 

Nanoparticles' toxicity is a concern due to potential long-term health 
effects, especially inhalation risks. Understanding elimination 
pathways and non-inhalation routes is crucial for safety in consumer 
products [85]. Nanoparticles can induce toxicity by interacting with 
cells, potentially causing adverse health effects. Mitigation strategies 
like coating, doping, and antioxidants can help reduce nanotoxicity 
risks in biomedical applications [86].  

Studies on the in vivo and in vitro models are mainly done on 
nanoparticles, which are intended for the treatment of vulvovaginal 
candidiasis. Such investigations can enable the determination of 
distribution and elimination of the nanoparticles from the body, as 
well as unfavorable immunological reactions they can provoke or 
cause harm to different organs and tissues. 

Taslima T. Lina et al. conducted study on "Intravaginal poly-(D, L-
lactic-co-glycolic acid) (polyethylene glycol) drug-delivery 
nanoparticles induce pro-inflammatory responses with Candida 
albicans infection in a murine model" [87]. The study encompasses 
both in vitro and in vivo components to investigate the toxicity and 
biological responses induced by poly-(D, L-lactic-co-glycolic acid)-
(polyethylene glycol) (PLGA-PEG) nanoparticles in the presence of 
Candida albicans [87].  

Clinical trials on nanoparticles  

There are several nanoparticle-based formulations being developed 
and tested against VVC, and some preclinical and early clinical trials 
have not been reported with promising outcomes, indicating the 
improved antifungal activity with reduced recurrences of the 
nanoparticles. Some of the challenges in producing nanoparticles are 
on a consistent and repeatable basis; and long-term regulatory or 
safety issues when they are used. Outperforming the possible 
resistance mechanisms of Candida species against nanoparticle-
based therapies.  

The number of clinical trials of nanoparticles for treating VVC is still 
small but on the rise. Nanoformulations with different functionalized 
nanoparticles have been under trial by researchers to enable the 
improvement of the efficacy and safety of the therapies against VVC. 
Such nanoparticles are loaded with antifungal drugs like miconazole, 
fluconazole, and luliconazole, showing very promising results when 
tested at preclinical and clinical stages. 

Miconazole-loaded nanoparticles coated with hyaluronic acid have 
been shown to offer continuous medication release and an increased 
concentration at the site of infection in the treatment of VVC. One 
study with luliconazole-loaded electrospun nanofibers showed a 
remarkable anticandidal action, so it would show a new potential 
therapeutic option in treating VVC [88]. The whole thing, though 
there are some clinical trials and research under development, still 
more large-scale clinical trials are necessary to establish the 
nanoparticle-based treatments as safe and effective for treating VVC. 

 

Table 5: List of patent related to the treatment of vulvovaginal candidiasis 

S. 
No. 

Patent no Patent title Grant 
date 

Field of invention Ref 

1 6,153,635/USOO6153
635A 

Methods and kits for treating 
vulvovaginal candidiasis with 
miconazole nitrate 

NOV 
28,2000 

Invention relates to methods for the treatment of 
Vulvovaginal candidiasis with miconazole nitrate 

[89] 

2 US 2006/0165803 A1 Pharmaceutical compositions of 
sertaconazole for vaginal use 

Jul. 27, 
2006 

The invention is related to formulations of 
sertaconazole for vaginal use in the management of 
vulvovaginal candidiasis. 

[90] 

3 US 7456,207 B2 Vaginal pharmaceutical compositions 
and methods for preparing them 

Nov. 25, 
2008 

The invention relates compositions and treatments 
for bacterial vaginal infections. 

[91] 

4 CN103127490B 
 

Medicinal composition for treating 
vulvovaginal candidiasis 

Oct 04 
2006 

The present invention relates to pharmaceutical art, 
particularly a kind of pharmaceutical composition 
for the treatment of vulvovaginal candidiasis. 

[92] 

5 US 11,197,909 B2 Compositions and methods for the 
treatment of fungal infections 

Dec. 14, 
2021 

The disclosure relates to the field of treatment of 
fungal infections 

[93] 

6 EP1700599B1 Fulvic acid and its use in the 
treatment of candida infections 

Oct 08 
1999 

This invention relates to fulvic acid and its use in 
the treatment of candida infections. 

[94] 
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Patent 

Patents are highly important in the development of medical 
therapies because they inspire innovation by granting temporary 
exclusivity to the inventor of a particular work. This temporary 
exclusivity is very important to companies since it offers a financial 
motive necessary to invest in the prolonged periods required in 
research and development. The patent protection enables 
companies to realize their investments through commercialization 
of innovations without immediate competition. This interaction is 
crucial for the elaboration of new and better treatments, mainly 
regarding medical therapies. Table 5 explain some patent related to 
vulvovaginal candidiasis. 

Future perspective  

The future outlook on vulvovaginal candidiasis (VVC) focuses on 
comprehending the delicate interplay between Candida species, host 
immune defenses, and local microbial populations to devise 
successful treatments. Studies emphasize the significance of factors 
that affect the shift from a harmless state to a pathogenic one, 
including the immune response, the composition of the microbiota, 
and the transition of Candida from yeast to hyphal forms. [95]. 
Research highlights the necessity for better diagnostic methods, 
evidence-based treatments, and well-informed healthcare providers 
to tackle the challenges experienced by women with recurrent 
vulvovaginal candidiasis (RVVC) [96]. New therapeutic and 
preventive measures are being explored to address the complexities 
of vulvovaginal candidiasis (VVC), focusing on developing 
alternative treatments and strategies to tackle issues such as 
resistant Candida strains and recurrent infections [97]. Moreover, 
pinpointing previously unidentified risk factors associated with 
intestinal and vaginal dysbiosis through laboratory diagnostics can 
offer crucial insights for enhancing VVC management and lowering 
recurrence rates [98]. 

Clinical trials with natural products, such as extracts from 
Ageratinapichinchensis, Calendula officinalis, garlic tablets, and 
propolis, have already demonstrated therapeutic potential for RVVC. 
However, most plant extracts that exhibit in vitro biological activity 
often poorly work in in vivo models. In fact, many active components 
of these extracts, like flavonoids, tannins, and terpenes, are highly 
soluble in water but very poorly absorbed. The poor absorption 
results from their inability to diffuse through cell lipid membranes 
or a big molecular size that dims their effectiveness [99].  

With respect to Candida albicans-caused VVC, future treatment 
options do seem bright for the purpose of developing nanosystems. 
Several techniques based on nanocarriers have been investigated for 
their potential activity against Candida albicans, including lycopene-
impregnated mesoporous silica nanoparticles[100], hypericin-
loaded nanostructured lipid carriers [101], and farnesol and 
miconazole-loaded chitosan nanoparticles ([102]. It has been shown 
that such nanosystems demonstrated enhanced therapeutic efficacy, 
including strong antifungal action, decreased toxicity in the in vivo 
models, and prevention of the transition from a yeast to hyphae. 
Additionally, nanostructured lipid carriers have shown significant 
reductions in fungal burden, highlighting their potential as an 
effective strategy for VVC therapy [101].  

CONCLUSION 

Vulvovaginal candidiasis remains one of the most common and 
persistent opportunistic infections, whose management is already 
being complicated by problems related to biofilm formation, 
antifungal resistance, and recurrence. Classic treatments for the 
disease, though often successful in uncomplicated VVC, are 
inadequate in treating recurrent or complicated VVC because of 
these emerging issues. There is, thus, an urgent need to explore new 
strategies with which to improve treatment outcomes and decrease 
recurrence rates with rising incidence rates of antifungal resistance. 
Nanotechnology potentially represents a very promising strategy to 
improve treatment against VVC, wherein nano-systems can be 
employed for targeted drug delivery and evading various obstacles 
of traditional therapies. Clinical trials assessed the effectiveness of 
nanoparticles in enhancing the efficacy of treatments, but their 
toxicity should be well considered. Nano-based therapies may 

further represent a perspective opening up new horizons in the 
management of VVC due to enhanced and more personalized 
treatments. Further research and development will be required to 
realize fully this area of nanotechnology for the benefit of the 
patient. 
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