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Abstract: Vaginal infections caused by Candida krusei are a problem of extreme complexity 

due to the intrinsic resistance to azole drugs. The species Syngonanthus nitens (Bong.) 

Ruhland is a plant of the Eriocaulaceae family that has demonstrated promising antifungal 

activity. In phyto-formulation research, liquid crystal precursor mucoadhesive systems 

(LCPM) stand out as drug delivery systems for vaginal administration because they increase 

the activity and overcome the problems associated with plant-based medicines. Therefore, 

the objective of this study was to evaluate the potential of the methanolic extract of scapes of 

S. nitens (S. nitens extract [SNE]) and an SNE-loaded LCPM against C. krusei as prophylaxis 

for vulvovaginal candidiasis. LCPM formulation developed consisted of oleic acid as the 

oil phase (50% w/w), polyoxypropylene (5) polyoxyethylene (20) cetyl alcohol (40% w/w) 

as the surfactant and a polymeric dispersion containing 2.5% Carbopol® 974P and 2.5% 

polycarbophil (10% w/w) as the aqueous phase. LCPM formulation developed was charac-

terized using polarized light microscopy, rheological analysis, and in vitro mucoadhesive 

studies. Different strains of C. krusei, including one standard strain (American Type Culture 

Collection 6258) and three clinically isolated strains from the vaginal region (CKV1, 2, and 

3), were used to determine the minimum inhibitory concentration, inhibition of biofilms, and 

time kill. The in vivo prophylaxis assay was performed using the standard strain (American 

Type Culture Collection 6258). The analyses of F by polarized light microscopy and rheol-

ogy showed isotropy; however, the addition of 100% artificial vaginal mucus (F100) made 

it more viscous and anisotropic. Moreover, the mucoadhesive strength was modified, which 

makes F an excellent formulation for vaginal applications. SNE was active against all strains 

studied, with minimum inhibitory concentration values ​​ranging from 125 to 62.5 µg/mL; after 

incorporating SNE into F (FE), these values decreased to 62.5 to 31.2 µg/mL, demonstrating 

that incorporation into the formulation potentiated the action of SNE. Additionally, the time 

kill assays showed that both forms of SNE were capable of controlling growth, thereby sug-

gesting a possible fungistatic mechanism. Unloaded SNE was not active against C. krusei 

biofilms, but FE was active against a clinical strain (CKV2). In vivo analysis showed that 

FE was able to prevent the development of infection following 10 days of administration. 

We concluded that the formulation developed in this study was an important vehicle for 

the delivery of SNE based on the improved antifungal activity in all in vitro and in vivo 

analyses. Furthermore, the extract incorporated into the system may serve as an important 

prophylactic agent against vaginal infections caused by C. krusei.
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Introduction
Infections in the vaginal environment caused by yeast of the 

genus Candida are common in patients in different age groups. 

These episodes cause the infection known as vulvovaginal 

candidiasis (VVC), which is characterized as true inflam-

mation of the vulva and vagina with evolution capability for 

more advanced stages of the disease, such as recurrent VVC 

and even the development of cervical cancer.¹

The distribution of Candida spp. in cases of VVC varies 

greatly depending on geographical locations and the study 

population. However, while Candida albicans is the most 

common cause of VVC (80%–90%), other species (known as 

non-albicans Candida) can also induce vulvovaginitis, including 

Candida krusei, Candida glabrata, Candida tropicalis, and Can-

dida parapsilosis. Recently, cases of non-albicans Candida have 

become a matter of concern because some of these yeast strains 

are resistant to the drugs available for therapeutics, such as C. 

krusei.2,3 This yeast species recently emerged as an opportunistic 

fungus with a high degree of complexity in antifungal therapy 

for infected patients, especially immunocompromised patients. 

C. krusei presents an intrinsic resistance profile to derived drug 

azoles such as fluconazole, the primary drug used in cases of 

fungal infections.4 Thus, the treatment of cases of infection by 

this yeast is often weak and unsatisfactory for adherence to 

treatment therapy, thereby generating high costs and expos-

ing the host to drugs that have a higher risk of side effects (ie, 

amphotericin B, voriconazole, posaconazole, and ravuconazole) 

when the infectious agent is resistant to fluconazole.5

Episodes of multidrug resistance to antifungal agents have 

led to investigations of natural products during the search for 

a new therapeutic arsenal,6 resulting in a multitude of research 

aimed at elucidating this potential. The study by de Freitas 

Araújo et al7 showed the therapeutic applicability of the metha-

nolic extract of scapes of Syngonanthus nitens (Bong.) Ruhland 

(Eriocaulaceae) in combating VVC caused by C. albicans. 

This plant species was demonstrated to be attractive based on 

its antifungal mechanism, which relied on the production of 

secondary metabolites (ie, flavones and xanthones) that were 

active against microorganisms. Pacífico et al8 identified 17 

compounds (ie, flavones, xanthones, and six new molecules) 

in S. nitens extracts (SNEs) that contributed to the expansion 

of biological studies on this species. The estrogenic and muta-

genic profiles of this species were evaluated by de Oliveira et 

al.9 The authors found that xanthones isolated from the S. nitens 

methanolic extract might be useful as phytoestrogens, thereby 

providing an opportunity to develop new hormonal agents. 

Additionally, the presence of flavones and xanthones suggest 

that it could be used as a new antimutagenic agent based on 

the achievement of satisfactory results in research.

Medicinal plants can present solubility problems. These 

issues can be overcome by developing drug delivery nano-

structured systems that enhance the solubility and stability 

and decrease the toxicity of the plants to improve their 

pharmacological parameters.10

Among these nanostructured systems, the precursors 

system of liquid crystals has been demonstrated to be a 

formulation with good adhesiveness in the mucosae.11 The 

crystals are formed by surfactant molecules that aggregate 

in the presence of water to form a variety of structures. 

When these surfactants incorporate water, they may localize 

at the interface between oil and water, resulting in various 

liquid crystal structures that can be used for different types 

of applications. The liquid crystal precursor mucoadhesive 

systems (LCPMs) have numerous applications. LCPMs are 

formed by molecules of surfactant and oil that aggregate in the 

presence of water. Thus, when these surfactants incorporate 

water from, for example, vaginal mucus, they may localize 

at the interface between oil and water, resulting in various 

liquid crystalline structures that can be used for different 

types of applications. Once these structures have presented 

mucoadhesive properties, they are advantageous for the topi-

cal treatment of diseases of microbial origin and VVC.12,13

Due to its mucoadhesive property, the LCPM promotes 

better physical stability and a large potential solubilization of 

drugs, which is advantageous for the incorporation of plant 

extracts. The process can be performed in both the polar and 

nonpolar parts of the system, depending on their solubility and 

the possibility of merger between the surfactant molecules.10

Considering the benefits of the SNE and its antifungal 

activity and the use of nanotechnology for drug delivery 

systems with mucoadhesive properties, this study evaluated 

the potential of this extract loaded or not loaded in a precursor 

mucoadhesive liquid crystal system to serve as prophylaxis 

for VVC caused by C. krusei.

Materials and methods
Materials
Polyoxypropylene (5) polyoxyethylene (20) cetyl alcohol 

(PPG-5-CETETH-20) was purchased from Croda (Campinas, 

Sao Paulo, Brazil). Oleic acid (OA) was purchased from Synth 

(Diadema, Sao Paulo, Brazil). Polycarbophil® and Carbopol® 

974P were purchased from Lubrizol® AdvancedMaterials 

(Cleveland, OH, USA). High-purity water was prepared with 

a Millipore Milli-Q Plus purification system (EMD Millipore, 

Billerica, MA, USA); its resistivity was 18.2 MΩ-cm. Mucin 

from porcine stomach type II, amphotericin B, fluconazole, 

estradiol, cyclophosphamide, 2,3-bis(2-methoxy-4-nitro-5- 

sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium 
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hydroxide (XTT) sodium salt, triphenyltetrazolium chloride, 

methanol and acid 3-(N-morfolino) propanosulfônic were 

purchased from Sigma-Aldrich Co. (St Louis, MO, USA).

Vegetable plant and preparation of the SNE
The collection of plant material was performed in Serra do 

Jalapão in the state of Tocantins, Brazil. A number of SPF 

189975 voucher specimens were deposited in the IB-USP 

(Instituto de Biociências- Universidade de São Paulo) São 

Paulo, Brazil. The plant extract was prepared by an exhaus-

tive extraction method of simple percolation using methanol 

as the solvent.14 The extract was concentrated under reduced 

pressure in a rotary evaporator (48 hours) at a temperature 

below 40°C and lyophilized.

Ternary phase diagram construction and 
preparation of liquid crystal precursor 
formulations
Ternary phase diagram construction was performed by 

weighing and mixing different combinations of OA as the oil 

phase, PPG-5-CETETH-20 as the surfactant, and a polymeric 

dispersion containing 2.5% Carbopol® 974P and 2.5% Poly-

carbophil® as the aqueous phase (w/w) at room temperature 

(25°C±0.5°C). Each final formulation had a pH of 5.5.

The ternary phase diagram was constructed using Sigma 

Plot Software based on the structures identified by polarized 

light microscopy (PLM) described below.

Formulation F was selected as the precursor system of the 

mucoadhesive liquid crystals. SNE was added to F, resulting 

in formulation FE.

Artificial vaginal mucus (AVM) was prepared and 

added to the F and FE formulations in a 1:1 (w/w) ratio to 

generate F100 and FE100, which were used to evaluate the 

in situ phase behavior of the formulations. A volume of 1 

L of AVM was prepared by mixing 3.51 g of NaCl, 1.40 

g of KOH, 0.222 g of Ca(OH)
2
, 0.018 g of bovine serum 

albumin, 2.00 g of lactic acid, 1.00 g of acetic acid, 0.16 

g of glycerol, 0.4 g of urea, 5.0 g of glucose, and 15 g of 

mucin. After complete mixing, the pH was adjusted to 4.2 

using 0.1% HCl.15

Structural characterization of selected 
formulations
PLM
A drop of each formulation was placed on a glass slide, covered 

with a coverslip, and examined under polarized light at room 

temperature (25°C±0.5°C) using an Olympus BX41 polarized 

light microscope coupled with a Q-Color3 camera (Olympus 

Corporation, Tokyo, Japan). The magnification was 20×.16

In vitro evaluation of the mucoadhesive force
The mucoadhesive force between the vaginal mucosa and the 

formulations was assessed in a detachment test using a TA-XT 

plus texture analyzer (Stable Micro Systems, Surrey, UK). 

Freshly excised pig vaginal mucosae were obtained from a 

local slaughterhouse, cleaned, and frozen at -30°C until the 

day of the experiment. After defrosting, a 2 mm thick section 

was taken from the inner part of the surface of the vaginal 

mucosa and fitted onto the mucoadhesion test rig. Then, 50 µL 

of AVM was applied to the surface of the tissue prior to the 

experiment.16 The formulations were packed into shallow 

cylindrical vessels, and the analytical probe was lowered to 

begin the test. The probe, which contained the mucosa, moved 

at a constant speed (1 mm⋅s-1) on the surface of the formula-

tion. The mucosa and the formulation were kept in contact 

for 60 seconds, and no force was applied during this interval. 

After 60 seconds, the mucosa was drawn upward (0.5 mm⋅s-1) 

until the contact between the surfaces was broken. The 

mucoadhesive force of the formulations was measured in the 

maximum detachment force as the resistance to the withdrawal 

of the probe, which reflects the mucoadhesion characteristics. 

Seven replicates were analyzed at 37°C±0.5°C.17

Determination of flow properties
The rheological measurements were performed at 37°C±0.1°C 

in triplicate using a controlled-stress AR2000 rheometer 

(TA Instruments, New Castle, DE, USA) with parallel plate 

geometry (40 mm diameter) and a sample gap of 200 µm. 

The samples of the formulations were carefully applied to the 

lower plate to minimize sample shearing and were allowed 

to equilibrate for 3 minutes prior to analysis.

The flow properties determined using a controlled shear 

rate procedure ranged from 0.01 to 100 s-1 and back. Each 

stage lasted 120 seconds with an interval of 10 seconds 

between the curves. The consistency and flow indices were 

determined from the power law described in Equation 1 for 

a quantitative analysis of flow behavior:

	 t = k⋅γ η�  (1)

where “t” is the shear stress, “γ” is the shear rate, “k” is the 

consistency index, and “η” is the flow index.18

Biological assays
In vitro antifungal assays
Fungal strains
We employed one strain from the American Type Culture 

Collection (C. krusei ATCC 6258) and three clinical strains 

isolated from a female genital tract diagnosed positive for 
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VVC and presenting multidrug resistance to azole drug deriv-

atives (CKV1, CKV2, and CKV3. The clinical strains were 

donated to the Microbiology Laboratory of the Faculty of 

Medicine of Sao Jose do Rio Preto for purposes of scientific 

research through a written consent of the donors. The use of 

these strains was approved by the Human Research Ethics 

Committee CEP-FAMERP (Comitê de Ética em Pesquisa - 

Faculdade de Medicina de São José do Rio Preto) and 

received the protocol number 152/2006.

The yeast was maintained on Sabouraud dextrose broth 

plus 20% glycerol and frozen at -20°C. For use, they were 

subcultured in 2 mL of Sabouraud dextrose broth and incu-

bated at 37°C for 48 hours.

Determination of the minimum inhibitory concentration 
(MIC)
The evaluation of the antifungal activity by MIC deter-

mination was accomplished by the dilution in microplate 

technique19 with modifications. The SNE was dissolved in 20% 

dimethyl sulfoxide at an initial concentration of 2,000 µg/mL. 

Roswell Park Memorial Institute (RPMI) 1640 medium was 

added to each well of the microplate (96 wells) and the pH 

was adjusted to 7.0 with acid 3-(N-morfolino) propanosulfônic 

buffer. A total of 100 µL of unloaded SNE solution (SNES) 

and FE (with SNE at 2× concentration of the MIC) were added 

at concentrations ranging from 1,000 to 7.8 µg/mL. Cultures 

of yeast incubated for 48 hours were transferred to sterile 

phosphate-buffered saline (PBS), adjusted to a 0.5 McFarland 

scale (106 CFU/mL) and confirmed by the spectrophotometric 

reading at 530 nm and cell counting in a Neubauer chamber. 

One 1/1,000 dilution was made to provide a suspension of 

103 CFU/mL, and 100 µL of the microorganism suspensions 

were distributed into each well of the microplate.

Amphotericin B and fluconazole were used as the positive 

controls. Culture medium, yeast growth, plant extracts, and 

solvent were also used as controls. The microplates were 

incubated at 37°C for 48 hours. After incubation, 20 µL of 

aqueous 2% solution of 2,3,5-triphenyltetrazolium chloride 

was added, and the plates were incubated at 37°C for 2 hours.7 

The tests were performed in triplicate.

Assay of inhibition of the biofilm
The biofilm adhesion method was performed as described by 

Pitangui et al20 with modifications. Initially, 100 µL of inocu-

lum (5.0×108 cells/mL) suspended in saline (0.9%) was added 

to the wells in the microplates (96 wells). The samples (ATCC 

6258 and CKV1, 2, and 3) were incubated under rotation at 

80 rpm at 37°C for 2 hours. After the pre-adhesion period, the 

supernatant was removed and 100 µL of RPMI medium was 

added to each microplate well; then, the incubation proceeded 

at 37°C for 48 hours with RPMI renewed after 24 hours. After 

all of the incubation periods, the supernatant was removed, and 

the wells were washed with 100 µL of (0.9%) saline. Next, 

100 µL of serial dilutions of SNES and FE were generated 

over a range of 20 to 0.6 mg/mL. Amphotericin B was used 

as a positive control. Culture medium, yeast growth, SNES, 

F, FE, and dimethyl sulfoxide were also used as controls.

 The microplates were re-incubated for 24 hours at 37°C. 

The XTT® was used as the developer.

Time kill assay
This test was performed with the standard strain (ATCC 6258) 

and the clinical strain that was most sensitive in the MIC 

assay (CKV3). One mL of the SNE (unloaded and loaded in 

F) at a 2× concentration of the MIC was added to a test tube 

containing 9 mL of RPMI 1640 culture medium with the pre-

viously standardized yeast (2.5×103 cells/mL). The mixture 

was incubated at 37°C. After 0, 0.5, 1, 2, 4, 8, 12, 24, 36, and 

48 hours, 500 μL of the media was removed, and the contents 

were diluted in buffer solution in sterile PBS at a 1:1 ratio. 

The samples were subjected to centrifugation at 5,000 rpm for 

2 minutes; then, the entire supernatant was discarded, and the 

precipitate was resuspended in 1 mL of PBS. From this sus-

pension, a 1:10 dilution was performed with PBS and 100 mL 

was seeded onto the surface of Sabouraud dextrose agar plates 

with the aid of a sterile Drigalski handle. After 48 hours of 

incubation, we proceeded to count the colonies.21

In vivo prophylaxis assay of VVC
The prophylactic assay was developed with the strain 

C. krusei ATCC 6258. This experiment was developed 

according to the methods reported by de Freitas Araújo et al7 

and Zeng et al22 with modifications. Wistar female rats (Rattus 

norvegicus) that were 8 weeks old and weighed 200–300 g 

were employed. The animals were maintained throughout the 

experiment in the bioterium of the School of Pharmaceuti-

cal Sciences of Araraquara – UNESP, Brazil, with adequate 

temperature and ventilation, a 12-hour light/dark cycle, and 

free consumption of water and food during the course of all 

experiments. The animals were housed in cages with dimen-

sions of 50×60×22 cm lined with previously sterilized wood 

shavings. They were moved to the experimental room 7 days 

prior to the start of the procedures, which is consistent with 

the ethical standards of research development with animals at 

the current institution. This assay was approved by the Animal 

Research Committee CEUA/UNESP (Comitê de ética do uso 

de animais/Universidade Estadual Paulista Júlio de Mesquita 

Filho) and received the protocol number 34/2013.
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Experimental groups and treatment applied
The animals were divided into six groups of four animals 

each. Table 1 presents all considerations relating to the 

experimental groups.

Group 2 was used to evaluate the impact of immunosup-

pression on the development of infection. Group 4 was used 

as antifungal controls for the use of a vaginal cream based on 

tetracycline hydrochloride (25 mg/g) + amphotericin B (12.5 

mg/g) (EMS®, Sao Paulo, Brazil). Groups 5 and 6 (treatment 

with S. nitens unloaded/loaded) were administered the extract 

at a concentration of 2× the MIC value of the unloaded extract 

obtained in the in vitro screening (250 µg/mL).

Experimental conditions and treatment before 
infection
Initially, the animals in groups 3, 4, 5, and 6 were brought 

into a state of immunosuppression with the applica-

tion of cyclophosphamide solution (Sigma-Aldrich Co.; 

50 mg/body weight) by the intraperitoneal route on the 1st 

day of the experiment so that they would become susceptible 

to further development of the infection. All animals were 

treated twice daily with their respective therapeutic agents 

for 10 days prior to the infection. The time of this treatment 

was based on the time of death and/or decline of fungal 

growth obtained in the time kill test. From days 5 to 10 of the 

pre-infection treatment, the animals were subjected to induc-

tion of a pseudo-estrus state with once daily subcutaneous 

injection of estradiol solution (0.2 mg/mL; Sigma-Aldrich 

Co.). The change in the course of the estrous cycle of the 

animals was observed by microscopy from vaginal washes 

with a buffer solution of sterile PBS (100 mL) according to 

the method described by Marcondes et al23 where the pres-

ence of cornfield anucleate epithelial cells represented the 

desired estrus.

Treatment after infection and analysis of therapy
After 10 days of pre-infection treatment and the induction 

of a pseudo-estrus state, the animals were infected with a 

suspension of C. krusei (5.0×106 cells/mL) intravaginally 

(100 µL) using a micropipette. The animals were rested for 

2 days after the infection to allow fixing of the microorgan-

isms. After this period, vaginal washes with sterile PBS were 

performed to verify the vaginal fungal burden using micro-

scopic observation of the washes and culture in Sabouraud 

dextrose agar with chloramphenicol.

The treatment lasted for more than 10 days after the 

infection of the animals. Vaginal washes were collected on 

days 2, 4, 6, 8, and 10 for microscopic verification of the 

presence of yeast cells and culturing of the same in Sabouraud 

dextrose agar with chloramphenicol.

An additional assay was developed with the strain 

C. albicans ATCC 10231, due to its high prevalence in cases 

of VVC.7 Just as in the assay with C. krusei, the animals were 

treated prior to infection with FE and SNES at a concentra-

tion of 2× the MIC value of the unloaded extract obtained 

in the in vitro screening (500 µg/mL). A group of positive 

infection was also employed to prove that all animals were 

able to develop the infection.

After the analysis period, the animals were euthanized 

in a CO
2
 chamber.

Statistical analysis
Statistical data were analyzed using analysis of variance. We 

used the Tukey test to compare the results of the treatments 

and the Dunnett test to compare the results of the treatment 

and the control.

Results and discussion
Preparation of the ternary phase diagram
A phase diagram was constructed to evaluate the combina-

tion of different proportions of the surfactant, oil phase, and 

aqueous phase used in the formulations.

After the preparation of the various combinations, the 

resulting formulations were characterized visually as opaque 

liquid systems (OLS), transparent liquid systems (TLS), 

translucent liquid systems (TrLS), transparent viscous 

systems (TVS), and phase separations. This resulted in the 

construction of the diagram shown in Figure 1.

Table 1 General considerations of the experimental groups of the prophylactic assay

Experimental group Number of animals Experimental conditions Treatment*

Group 1 4 Negative of infection PBS solution sterile
Group 2 4 Infected without immunosuppression PBS solution sterile
Group 3 4 Infected with immunosuppression PBS solution sterile
Group 4 4 Infected and treated with antifungal cream Amphotericin B vaginal cream
Group 5 4 Infected and treated with the extract unloaded Extract unloaded (250 µg/mL)
Group 6 4 Infected and treated with the extract loaded into F Extract loaded into F (250 µg/mL)

Note: *Performed twice a day.
Abbreviations: PBS, phosphate-buffered saline; F, formulation developed.
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Using the data from the diagram it was possible to 

obtain a TVS when the concentrations of the surfactant, the 

oil phase, and the aqueous phase were 15%–75%, below 

40%, and 25%–85%, respectively. The TLS was formed 

when the concentrations of the surfactant, the oil phase, 

and the aqueous phase were greater than 20%, below 70%, 

and below 40%, respectively. The TrLS was formed when 

the concentrations of the surfactant, the oil phase, and the 

aqueous phase were 20%–35%, 25%–65%, and 10%–45%, 

respectively. The OLS were obtained in the regions where 

the concentrations of the surfactant, the oil phase, and the 

aqueous phase were below 25%, below 65%, and greater 

than 40%–100%, respectively. Phase separation occurred 

in a small proportion of the formulations in which the 

concentrations of the surfactant, the oil phase, and the 

aqueous phase were below 30%, 35%–100%, and below 

45%, respectively.

All of the formed TLS and TrLS were isotropic 

because they appeared dark field when visualized under 

polarized light. In contrast, the TVS were anisotropic 

because they showed various structures that were typical 

of liquid crystalline systems, such as Maltese crosses 

and striae.

A TLS (F) composed of 40% w/w PPG-5-CETETH-20, 

50% w/w OA and 10% w/w polymeric dispersion was 

selected as the liquid crystal precursor system because its 

liquid phase facilitated vaginal administration by syringe. 

Then, a phase transition was observed for the TVS region 

when AVM was added to F, indicating that its conformation 

had been changed. This can be observed in the dilution line 

shown in the diagram in Figure 1. The results obtained by 

PLM showed that the transition of F to F100 modified the 

structure. F no longer had characteristics of microemulsion 

(ME) and started to display striae structures. This transition 

proves that F has the profile of a liquid crystal precursor.

Salmazi et al24 developed a phase diagram consisting of 

OA as the oil phase, PPG-5-CETETH-20 as the surfactant 

and 0.5% chitosan dispersion as the aqueous phase with the 

addition of 16% poloxamer 407 for vaginal administration of 

curcumin. They obtained a larger area of TVS that suggested 

the presence of cationic chitosan polymers.

Chitosan and the anionic polymers polycarbophil and 

Carbopol 974P are widely used in drug delivery systems, 

mainly due to their gel forming abilities that change the 

rheological properties of formulations. However, 0.5% 

chitosan has shown greater ability to influence the system 

conformation, possibly due to its cationic property that more 

significantly interacts with the other components of the for-

mulation compared to anionic polymers.18,24

Regardless, we observed a larger region of TVS when 

we compared the diagram developed in this study to the 

diagram without the presence of polymers. Thus, the anionic 

polymers also have the ability to form systems with more 

organized structures.

Structural characterization by PLM
The photomicrographs obtained from the PLM analysis of F, 

FE, F100, and FE100 were illustrated in Figure 2.

The SNE-loaded formulations of F and F100 showed the 

same patterns as the unloaded formulations.

The F and FE photomicrographs showed a dark field 

characteristic of MEs that were optically transparent and 

isotropic systems with ultralow interfacial tension.

The F100 and FE100 photomicrographs showed striated 

structures that might represent the hexagonal liquid crystal-

line mesophase.24

These results demonstrated that F behaved as a pre-

cursor of a liquid crystal system and was able to form an 

organized liquid crystal mesophase with the incorporation 

of AVM.

Rheological analysis
The continuous rheological behavior was plotted on a 

shear rate (Pa) versus shear stress (1/s) graph (as shown in 

Figure 3), resulting in ascending and descending curves that 

indicated the flow behavior of the formulations.

Figure 1 Ternary phase diagram of PPG-5-CETETH-20, oleic acid, and polymeric 
dispersion.
Notes: F is the liquid crystal precursor system and F100 is a 1:1 (w/w) dilution of F 
containing 100% of the AVM.
Abbreviations: PPG-5-CETETH-20, polyoxypropylene (5) polyoxyethylene (20) 
cetyl alcohol; AVM, artificial vaginal mucus; PS, phase separation; OLS, opaque liquid 
systems; TLS, transparent liquid systems; TrLS, translucent liquid systems; TVS, 
transparent viscous systems; PP, Polycarbophil; CP, Carbopol 974P.
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Both formulations without AVM (F and FE) behaved as 

Newtonian liquids (n=1) without thixotropy in which shear 

stress was directly proportional to the shear rate. Addition-

ally, the descending curve overlapped with the ascending 

curve because their initial structure did not change with the 

shear, which was a characteristic of ME.17,25

These formulations also showed a low viscosity as indi-

cated by the low consistency index (K) in Table 2. Therefore, 

extract incorporation did not change the flow behavior of the 

liquid crystal precursor. Indeed, both F and FE have a flow 

property that renders them suitable for vaginal applications 

with a syringe.

However, when these formulations (F and FE) came in 

contact with the AVM, the diluted formulations (F100 and 

FE100) underwent a change of flow behavior (also shown in 

the graph of Figure 1). Therefore, these formulations have 

a pseudoplastic behavior (n,1) with thixotropy (ie, they 

were able to return to their original structures when the shear 

stress was removed and they showed an increase in their 

consistency index [K]). This behavior is characteristic of 

liquid crystalline systems due to the formation of semisolid 

crystalline structures.26

The rheological behavior of these formulations is desir-

able because the FE formulation will flow easily out of the 

syringe at the moment of administration, thereby facilitating 

its administration and contact with the vaginal mucus. More-

over, this behavior will increase the formulation viscosity 

and allow it to subsist for a longer period in the vaginal 

mucosa and release the extract for a longer time, thereby 

improving the clinical performance of the treatment.

In vitro evaluation of mucoadhesive force
Figure 4 illustrates the mucoadhesive force and mucoadhe-

sive strength of all of the formulations.

Liquid crystalline hexagonal phases have been widely 

reported in mucoadhesive systems due to their high viscosity. 

However, this property makes it difficult to apply for vaginal 

administration. Therefore, the systemic administration of 

precursor Newtonian liquid crystals that form a liquid crys-

talline mesophase mucoadhesive in situ has been developed 

as a strategy to overcome this difficulty.

The results showed that the incorporation of the extract 

did not cause a significant change in the mucoadhesion of 

the formulations (P.0.05). However, when the liquid crystal 

compositions (F and FE) were diluted in AVM there was a 

significant increase in the mucoadhesive parameters. The 

F100 and FE100 formulations were able to interact more 

strongly with the vaginal mucosa and consequently remained 

for a longer time in the vaginal environment.

Thus, the system designed here stands out as a novel 

system for vaginal delivery because it combines the 

Figure 2 Photomicrographs of the F, FE, F100, and FE100 formulations.
Note: Magnification 20×.
Abbreviations: F, formulation; FE, formulation with loaded extract; F100, formulation + 100% AVM; FE100, formulation with loaded extract + 100% AVM; AVM, artificial 
vaginal mucus.

Figure 3 Rheogram of the formulations.
Note: Filled symbols upslope and open symbols downslope.
Abbreviations: F, formulation; FE, formulation with loaded extract; F100, 
formulation + 100% AVM; FE100, formulation with loaded extract + 100% AVM; 
AVM, artificial vaginal mucus.

Table 2 Flow behavior (n) and consistency index (K)

Samples n K Flow type

F 1 0.033 Newtonian
F100 0.01 29.36 Pseudoplastic + thixotropy
FE 1 0.031 Newtonian
FE100 0.27 10.88 Pseudoplastic + thixotropy

Abbreviations: F, formulation; FE, formulation with loaded extract; F100, 
formulation + 100% AVM; FE100, formulation with loaded extract + 100% AVM; 
AVM, artificial vaginal mucus.
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advantage of forming a strong matrix liquid crystal in situ 

with high vaginal mucoadhesive strength.

Biological analysis
Determination of MIC
Table 3 shows the MIC values obtained with the extract 

unloaded and loaded in F.

The intrinsic resistance to fluconazole and increase in 

resistance to amphotericin B is a concern for the therapeutic 

inefficiency presented in cases of C. krusei. Therefore, the 

search for new drugs that promote inhibition of the fungus in 

question is extremely relevant.27 In this study, the antifungal 

screening results used to determine the MIC were innova-

tive because the plant extract showed an inhibitory capacity 

against all of the strains used. These data confirmed the results 

observed by de Freitas Araújo et al7 who assessed the in vitro 

activity of SNE against Candida spp. strains. The potential 

of plant extracts to exhibit antimicrobial activity is supported 

by the presence of secondary metabolites in their constitution 

(ie, phenols and flavonoids). Thus, the presence of these 

components in plants belonging to the Eriocaulaceae28 family 

can be indicative of antifungal activity.

The finding that their incorporation into the drug delivery 

system promoted increased antifungal activity (decreased 

MIC) proved that F could behave as a potentiating agent of 

the antifungal activity of the plant extract. Several studies 

showed that the in vitro antimicrobial activity of natural 

products was enhanced following the incorporation of 

drug delivery systems in the nano-scale because they have 

dynamic interactions with the application route.10

The F components may be responsible for the enhance-

ment of antimicrobial activity because they could possess 

direct interaction capability with fungal membranes and 

promote increased cell permeability to facilitate the action 

of the extract. The use of OA as the oil phase of the system 

(50%) may have triggered a direct interaction with the yeast 

cell membranes, thereby increasing the speed of the SNE 

action. It is classified as an essential fatty acid (omega 9) that 

is directly involved in human metabolism and plays a key 

role in hormone synthesis. Based on these characteristics, 

OA is considered an important component of pharmaceuti-

cal formulations and is widely used in cosmetics to present 

favorable softness.29 In addition to these parameters, OA has 

been widely used in drug delivery systems to promote the 

improvement of active principles according to their interac-

tions with membranes, especially the skin.30

Assay of inhibition of the biofilm
According to the results shown in Table 4, the unloaded 

SNE does not possess action against biofilms. The inhibitory 

Figure 4 Parameters of in vitro bio-adhesion tests.
Notes: Each value represents the mean (± standard deviation) of at least seven replicates. Data were collected at 37°C±0.5°C.
Abbreviations: F, formulation; FE, formulation with loaded extract; F100, formulation + 100% AVM; FE100, formulation with loaded extract + 100% AVM; AVM, artificial 
vaginal mucus.

Table 3 Minimum inhibitory concentration (MIC) of the methanolic 
extract of Syngonanthus nitens unloaded and loaded into F against 
Candida krusei strains

Sample 
analyzed

MIC*

S. nitens 
unloaded

S. nitens 
loaded

Fluconazole Amphotericin 
B

ATCC 6258 125 62.5 R 0.50
CKV1 125 31.2 R 1.00
CKV2 125 31.2 R 1.00
CKV3 62.5 31.2 R 1.00

Note: *Values in µg/mL.
Abbreviations: ATCC, American Type Culture Collection; R, resistance;  
F, formulation.
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pattern was observed in a strain (CKV2) when the extract 

was loaded into F. It is possible that the observed action 

is linked to the increased permeability of the fungal mem-

brane that promotes an increase in the substantivity of the 

SNE. Similarly, it is also possible that the mucoadhesive 

property interfered directly with the inhibition of the bio-

films because it maintained direct contact with the system 

containing the extract in a uniform manner with more 

intense delivery and was fixed in place. The mucoadhesive 

components (Carbopol 974P, PPG-5-CETETH-20, and 

Polycarbophil) may have been the main factors underly-

ing this result because we were able to fix the formulation 

containing the extract directly on the biofilm formed in the 

well of the microplate, which presented themselves as fixed 

and uniform films.

Shaikh et al31 showed that the use of mucoadhesive 

drug delivery systems on biofilms was more suitable for 

employing polymers that promoted direct adhesion with the 

biofilm and represented the most promising and effective 

treatment. This finding demonstrates a role for the use of 

mucoadhesive polymers as the aqueous phase of the formula-

tion in dispersion. A study by Donnelly et al32 evaluated the 

action of toluidine blue in a mucoadhesive system to evalu-

ate the applicability of the same in cases of oropharyngeal 

biofilms caused by Candida spp. The authors observed that 

the adhesive profile exerted on the biofilm was the primary 

factor underlying the observed inhibitory action.

Time kill assay
Figures 5 and 6 show the interference of the unloaded and 

loaded extract on the growth of the strains tested over the 

course of 48 hours.

The observed data demonstrated that the results were 

different. A comparison of the results between the unloaded 

and loaded SNE in the assay with C. krusei ATCC 6258 

demonstrated that the growth inhibitory action exerted by 

the SNE loaded into F was higher than the unloaded extract, 

where the growth was controlled and constant for 8 hours. 

After this period, the growth increased at a higher intensity; 

however, the growth remained lower compared to the growth 

control at the end of 48 hours. The CKV3 strain was more 

resistant to both forms of extract administration, which was 

expected because it exhibited the most virulent profile of 

the clinical strains used in this study. The unloaded extract 

controlled fungal growth more effectively than the loaded 

extract, although its growth was checked for 8 hours; after 

this period, the highly intensive growth rate did not match 

the growth control at the end of the experiment.

Table 4 Controls and action of the extract unloaded and loaded in the F against biofilm of Candida krusei

Biofilm of 
Candida krusei

Inhibitory patterns*

Extract loaded Extract unloaded Amphotericin B DMSO 20% F without incorporation

ATCC 6258 .20.0 .20.0 16.0 – –
CKV1 .20.0 .20.0 8.0 – –
CKV2 10.0 .20.0 8.0 – –
CKV3 .20.0 .20.0 4.0 – –

Notes: *Values in mg/mL; (–) without inhibition.
Abbreviations: ATCC, American Type Culture Collection; DMSO, dimethyl sulfoxide; F, formulation.

Figure 5 Time kill assay with Candida krusei ATCC 6258.
Abbreviations: ATCC, American Type Culture Collection; F, formulation.

Figure 6 Time kill assay with Candida krusei CKV3.
Abbreviation: F, formulation.
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Prophylaxis of VVC
Morphological analysis of the vaginal epithelium 

established that the animals were in the pseudo-estrus 

phase after 5 days of application of the estradiol solution. 

The epithelium displayed cornified cells without nuclei 

according to the considerations reported by Marcondes 

et al.23 The vaginal fluid cultures of the infected groups 

were positive, confirming that all of the animals were under 

the same conditions prior to the post-infection treatment 

period.

Table 5 presents the general characteristics observed in 

the experimental assay, including the number of infected 

animals and the fungal burden of the experimental groups 

during the experiment.

The treatment performed with the extract loaded into F 

(group 6) prior to infection was able to prevent the outbreak 

of the infectious state, showing a successful prophylactic 

profile for treatment. The animals in this experimental group 

showed no vaginal fungal burden after intravaginal inocula-

tion of C. krusei; this pattern remained fixed until the end of 

the experiment, proving that the extract activity loaded into 

the system could prevent infection.

The animals in experimental group 5 (not treated with 

the loaded SNE) developed infection after inoculation with 

the fungal inoculum; however, their fungal burden was 

reduced compared to the positive controls for infection 

(groups 2 and 3). The animals were considered cured after 

4 days of post-infection treatment, similar to the behavior of 

experimental group 4 (treated with amphotericin B).

Significant differences were noted compared to the behav-

ior of the positive controls for infection (groups 2 and 3). 

As expected, group 2 (animals with no immunosuppressive 

infected state) developed a weak infection that lasted just 

4 days because VVC was considered to be an opportunistic 

infection. The animals in the positive group that was immu-

nosuppressed prior to infection (group 3) remained infected 

at the end of the experiment.

Table 5 Fungal loads (CFUs) obtained from the culture of vaginal fluid collected during the treatment period for prophylactic assay 
against Candida krusei ATCC 6258

Groups Treatment

Day 2 Day 4 Day 6 Day 8 Day 10

Positive control 2,898.0±147.1 2,964.0±124.5 2,400.0±39.6b 1,969.0±45.3 1,873.0±72.8
Positive control (tetracycline + amphotericin B) 113.0±31.1 0.0±0.0 0.0±0.0a 0.0±0.0 0.0±0.0
Treatment 1 174.8±30.4a 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a

Treatment 2 0.0±0.0b 0.0±0.0a 0.0±0.0a 0.0±0.0a 0.0±0.0a

Notes: aNon-significant, and bsignificant differences between treatments 1 and 2 according to parametric post hoc test (P,0.05, Tukey test).
Abbreviation: ATCC, American Type Culture Collection.

The results of the control test with C. albicans were 

significant. The animals of the positive infection group 

(infected without previous treatment) developed a severe infec-

tion (5,305±6.56 CFU/mL). After 10 days of treatment prior 

to administration of the C. albicans suspension the animals 

treated with FE did not developed infection (0±0.00 CFU/mL) 

which shows the ability to prevent the development and 

proliferation of the strain in the vaginal environment. The 

animals treated with the SNES developed a discrete infection 

(211±1.15 CFU/mL). These data show the effectiveness of the 

FE to prevent a vaginal infection caused by the most prevalent 

species in cases of VVC. This behavior can be related to the 

hyphal inhibition capacity performed by SNE, according to 

data collected in previous studies,7 since the formation of these 

structures in the vaginal environment is an important factor in 

the establishment of infection by C. albicans.

We placed emphasis on the results of the prophylactic 

profile shown by the extract incorporated into F because 

it may be related to adhesion. The system was developed 

based on the fixation characteristics of the vaginal environ-

ment; thus, materials with adhesive properties were used. 

The advantage of working with drug delivery systems 

with this profile is that it results in a more intense delivery 

because it promotes direct contact with the application 

site. Thus, there is a complete delivery that prevents the 

expulsion of the contents by the patient after administra-

tion, which is important for a delivery system for the intra-

vaginal route. The choice of surfactant (PPG-5 Ceteth-20 

Procetyl®) was based on these characteristics because it 

exhibits adhesiveness when it comes into contact with 

water. Therefore, we aimed to trigger adhesion when the 

system came into contact with vaginal mucus. The adhe-

sive materials in the pharmaceutical formulations may be 

hydrophilic molecules of natural or synthetic origin that 

contain numerous organic components (ie, carboxyl groups, 

hydroxyl groups, and amines) that form chemical bonds 

with the biological surface.11
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The aqueous phase of the system (polymeric dispersion) 

was also developed to promote adhesion in the vaginal envi-

ronment. Carbopol 974P and Polycarbophil (constituents of 

polymeric dispersion) are examples of synthetic polymers 

that are negatively charged polyacrylic acid derivatives. 

The bioadhesive behavior is justified based on physical and 

chemical processes (ie, hydrophobic interactions, hydrogen 

bonds, and Van der Waals forces) that are controlled by pH 

and the ionic composition.33 In addition to this characteristic, 

the use of polymers in the aqueous phase was intended to 

promote sustained delivery of the plant extract because it is 

retained in the polymer network and exhibits a slower libera-

tion and controlled manner. In systems that have polymeric 

network compositions, the drug may be homogenously dis-

persed in the polymer matrix or adsorbed on their surface or 

within a reservoir. This phenomenon involves the liberation 

of the same physical and chemical processes, such as water 

penetration into the matrix, diffusion of the drug through the 

pores of the matrix, polymer degradation or a combination 

of the last two mechanisms.13,34

The use of nanotechnology for drug delivery systems 

for the incorporation of plant extracts has been shown to 

have great advantages for vaginal applications. Recently, 

Bonifácio et al35 evaluated the antifungal potential of the 

ethanolic extract of the leaves of Astronium urundeuva loaded 

or not in a nanostructured lipid system to treat VVC caused 

by C. albicans. The authors found that the incorporation of 

the extract in the system significantly improved its activity 

in all in vitro analyses. Additionally, the therapeutic profile 

was developed when the extract was subjected to an in vivo 

model of VVC where the animals were cured with only 

6 days of treatment. This was superior to treatment with the 

unloaded extract, which was not effective during the 8 days 

of treatment.

Conclusion
According to our in vitro and in vivo analyses, we can 

conclude that the incorporation of the methanolic extract of 

S. nitens into the precursor system of mucoadhesive liquid 

crystals increased its antifungal activity. The results demon-

strate the possibility of using this extract loaded in the system 

for prophylaxis of vaginal infections caused by C. krusei. 

Furthermore, the system can be an effective vehicle for the 

delivery of drugs using the intravaginal route.
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