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Abstract 

Over 138 million women worldwide are affected by recurrent yeast vaginitis or Candidiasis [1]. 

Candidiasis is a type of infection caused by yeast Candida albicans overgrowth, and it is one of the 

most common diseases affecting women. Three out of four women will have a yeast infection 

during their lifetime, and most women experience infection at least two times [2]. Yeast infection 

is often mild with symptoms including vaginal itching, pain or discomfort during urinating, redness, 

and swelling in the vagina. To alleviate this infection, oral doses of fluconazole and vaginal doses 

of miconazole in the form of a suppository are prescribed. Sulconazole is currently used as a topical 

antifungal treatment for skin infections. Miconazole is reported with adverse effects such as 

diarrhea, headache, nausea [31]. Even though there are no adverse effects of low-dose fluconazole, 

patients experience adverse effects when prescribing with high-dose fluconazole daily [32]. 

Adverse effects of sulconazole include redness, irritation, and contact dermatitis [33]. Considering 

that oral administrated drugs need to circulate systemically, vaginal delivery is more optimal due 

to dosing directly to the site of infection. On the other hand, vaginal administration would have 

higher efficiency in drug delivery due to its local effect on the vaginal microbiota. To formulate 

drugs for vaginal delivery, nanosuspension of drugs under 300 nm can help to get through mucus 

layer for better absorption. Antifungal drugs fluconazole, miconazole, and sulconazole were 

formulated in nanosuspension using various Pluronic block copolymers as stabilizers. All 

antifungal drugs were tested in vitro to assess potency. The effectiveness of antifungal drugs in 

treating vaginal C. albicans infection in mice was then tested in vivo. Antifungal drugs formulated 

fluconazole and sulconazole showed effectiveness in killing C. albicans both in vitro and in vivo, 

however, formulated miconazole only showed effectiveness in killing C. albicans in vitro. More 

studies are needed.  
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Introduction  

1.1 The Significance of Vaginal Infection 

Over 138 million women worldwide are affected by recurrent vulvovaginal candidiasis every year 

[1]. Vulvovaginal candidiasis is usually caused by the yeast Candida albicans, and it affects 75-

80% of women at least once in their lifetime. What’s more, up to 9% of women will experience 

infections more than three or four times within a year, and it is normally regarded as recurrent 

vulvovaginal candidiasis [2]. Candida albicans is a strain of yeast that naturally lives in the body, 

and when it overgrows and disrupts the microbiota balance it will become an infection. Candidiasis 

is the status to describe an overgrowth of yeast candida. Candida albicans usually live on the skin 

or in the places like mouth, throat, vagina, and gut [34]. Overgrowth of Candida albicans in the 

vagina will lead to vulvovaginal candidiasis (VVC). VVC is often mild with symptoms including 

vaginal itching, pain or discomfort during urinating, redness, and swelling in the vagina.  

 

1.2 Current Therapies and Associated Challenges 

Acute vaginal candidiasis is normally treated with antifungal agents. C. albicans doesn’t have a 

strong resistance to azole antifungals, thus azole antifungal drugs are a good choice for vaginal 

candidiasis treatment [3]. Fluconazole is a triazole antifungal agent and it is effective in treating 

VVC via oral administration. Its mechanism of action involves interrupting the conversion of 

lanosterol to ergosterol via binding to fungal cytochrome P450, thus disrupting fungal membranes 

[19]. Lanosterol is a chemical compound important in multiplying fungi [20], and ergosterol is a 

sterol found in the cell membranes of fungi to maintain cell membrane integrity [21]. Fluconazole 

is administered both orally and intravenously [19]. Common treatment in fluconazole includes a 

single oral dose of 150 mg of fluconazole, with an optional second dose 48 hours later if symptoms 

haven’t cleared [4]. Miconazole belongs to imidazole antifungal agents, and it is used as an over-

the-counter suppository formulation for the treatment of vaginal infections. Imidazole acts to alter 

the cell membrane permeability of yeast by blocking the synthesis of ergosterol and inhibiting the 



 2 

demethylation of lanosterol [22]. Imidazole derivatives can inhibit the transformation of 

blastospores of C. albicans into the invasive mycelial form which facilitates the host cells to clear 

the infection [23]. One hundred mg antifungal miconazole cream is applied vaginally for seven 

days to treat VVC [6]. Sulconazole is also an imidazole antifungal agent, and it is normally used in 

treating superficial dermatophyte or yeast infections [5]. Different from fluconazole, sulconazole 

is not used as a recommended drug for treating VVC, thus its dosage and its effectiveness in treating 

VVC remain unknown.  

 

Even though fluconazole has been used in treating VVC for a long time, its efficiency through 

vaginal dosage remains unknown. Sulconazole has not been used as a treatment option for VVC, 

and its significance in treating VVC needs to be determined. Miconazole has been used as a topical 

cream/suppository, formulating miconazole with Pluronic will give us an idea if miconazole in 

nanocarrier will show a difference in treating VVC. On the other hand, we can compare formulated 

miconazole with other formulated drugs to see from head to head if the nanoparticle formulation 

of antifungal drugs work for vaginal yeast infection. 

 

1.3 Vaginal Drug Delivery 

Vaginal drug delivery is often preferred for treating vaginal infections over an oral dosing option. 

A vaginal delivery route is a more local option, allowing for higher local drug levels and a decreased 

dose requirement, as drug is not lost throughout the body on the way to the site of action as it is 

with oral doses. Drug is also unaffected in this way by the liver and gastrointestinal challenges, 

which often impact oral dosing regimens. This often prevents systemic toxicity and side effects [7]. 

Vaginal drug delivery is more optimal than oral or intravenous administration due to its higher 

concentration at local tissue achieved and few side effects. Thus, we would like to develop vaginal 

delivery options for fluconazole which is not originally used intravaginally. From the previous 

research in our lab, we already obtained the formulation for sulconazole, even though sulconazole 

is not treated for VVC, we would like to see if Pluronic-formulated sulconazole would have an 

effect in treating vaginal candidiasis. Miconazole has already been used over the counter as a 

topical cream or suppository, formulating miconazole will be a great indicator to be compared with 
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other formulated drugs to see the effectiveness and difference. 

 

In vaginal delivery process, vaginal discharge is both a target and a barrier to drug administration. 

Vaginal discharge is clear, white, or off-white, and it comes out of the vagina. Vaginal discharge is 

normally made up of cells, proteins, mucins, and bacteria, and it helps to clean and lubricate the 

vagina and fight off infections [35]. Vaginal discharge, before it exits the vagina, is mostly 

cervicovaginal mucus. Mucus is a primary barrier for drug delivery, absorption, and retention, and 

the different structures of the epithelial surface makes drug delivery complicated [8]. Previously, 

our lab has demonstrated that the use of a hypotonic vehicle in combination with a mucoinert drug 

nanosuspension will help to improve local vaginal drug delivery [9]. Combination with a mucoinert 

drug nanosuspension will increase mucus penetration and vaginal drug absorption. Mucoinert 

nanoparticles can also enhance mucosal absorption by bypassing the mucus barrier for poorly 

soluble drugs [8]. Mucoinert drug nanosuspension is especially useful for hydrophobic and poorly 

soluble drugs, and fluconazole, miconazole and sulconazole are all poorly soluble drugs. Thus, we 

decided to formulate antifungal agents in a mucoinert nanosuspension for vaginal delivery.  

 

1.4 Nanoparticle Development 

Based on previous research, our lab has determined that mucoinert nanosuspension will increase 

mucus penetration and vaginal drug absorption, particularly of hydrophobic and poorly soluble 

drugs [9]. One of the approaches for drug solubilization and nanoparticle creation is to use Pluronic 

for wet milling. Wet nano-milling uses Pluronic nanocarrier and different zirconium beads to 

achieve nano-range particle size [9]. Pluronic triblock copolymers are widely used as emulsifiers, 

additives, surfactants, and permeation enhancers. Pluronic are composed of poly (propylene oxide) 

(PPO) and poly (ethylene oxide) (PEO), also known as poly (ethylene glycol) (PEG). PPO acts as 

a central hydrophobic chain, and it is flanked by two hydrophilic chains PEO [10]. The Ensign Lab 

has demonstrated that the high-density PEO coatings can shield the particle surface from interacting 

with mucus, while the PPO part of Pluronic can interact with the hydrophobic drug and create a 

nanoparticle with drug at its core [11]. We previously described a correlation between particle 

mobility and distribution of particles as shown in Figure 1. Mean square displacement (MSD) is an 
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important measurement in analyzing the diffusional mobility of nanoparticles, and it can be 

calculated with the following equations, where 𝜏  is the time scale, 𝑥  and 𝑦  are the 

corresponding particle coordinates at time 𝑡. 

< ∆𝑟!(𝜏) >= [𝑥(𝑡 + 𝜏) − 𝑥(𝑡)!] + [𝑦(𝑡 + 𝜏) − 𝑦(𝑡)]! Eq1 

 

We previously demonstrated that the particle mobility in mucus ex vivo leads to improved vaginal 

distribution in vivo. Higher MSD scale indicates the improved mobility for Pluronics in 

cervicovaginal mucus. We found the higher MSD is associated with higher PPO MW value. We 

would like to use Pluronic with higher MSD for better penetrating mucus layer. As shown in Figure 

1, F127, P103 and P123 show higher MSD and marked in blue. In this case, Pluronic F127, P103, 

and P123 were taken into consideration.  

 

Figure 1. Pluronic with higher <MSD> shows in blue. P123, P103 and F127 were used to formulate 

antifungal drugs [12]. 

Nanoparticle formulations are characterized in order to predict their mucus-penetrating and 

biocompatibility characteristics. Particle size, polydispersity index (PDI) and ζ-potential are key 

measurements in characterization. For vaginal delivery drugs, an acceptable PDI is generally less 

than 0.2. Also, the particle size should be under 300 nm to be able to penetrate through vaginal 

mucus. ζ-potential is defined as the potential difference between the stationary layer of fluid and 

the dispersion medium and can be used as a proxy for particle surface charge. The concentration of 

oppositely charged ions on the nanoparticle surface is observed to determine the charge of the 
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particle [9]. The potential difference between the layer of fluid with oppositely charged ions and 

the bulk fluid dispersed on the nanoparticle is indicated as ζ-potential [15]. ζ-potential needs to be 

near neutral to penetrate mucus [14]. 

 

1.5 In Vitro and In Vivo Testing 

To test the anti-fungal efficacy on yeast, we decided to test drugs in vitro first to see their effective 

dosages. To determine the yeast cell growth and survival, plating a serial dilution of yeast will give 

countable colonies, and help to determine growth [15]. To plate countable colonies, OD600 was 

used to predict CFUs. OD600 can be used to indicate the optical density of a sample measured at a 

wavelength of 600 nm [37]. It is normally used to estimate the concentration of bacteria cells, and 

it was used to determine yeast growth in the experiment. In vitro drug efficacy assays against yeast 

support the understanding if in vivo drug doses. After in vitro tests and drug capability 

understandings, evaluation for VVC in an experimental animal model is required. The methods 

developed by Dr. Yano’s group allow for the rapid collection of vaginal-derived specimens to test 

the potential antifungal therapy [16]. The model protocol calls for subcutaneous estradiol injection 

in order to induce the estrus stage of the mouse estrous cycle, which is both optimal for yeast growth 

and most similar to the human vaginal mucosal environment [17]. The estradiol converts the 

columnar epithelium to thick stratified squamous epithelium and increases the glycogen content, 

pH, and growth substrates (CHO aldehyde group, N2 nitrogen), all of which increases the avidity 

of the yeast for the tissue and enhances its growth, thus making the findings from the model more 

robust and utilizable [18].  
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Methods and Materials  

2.1 Nanoparticle Formulation 

Fluconazole, miconazole, and sulconazole were purchased from Sigma-Aldrich. To make 

nanoparticles, we used a benchtop approach for nano-milling drugs. We have previously shown 

that bead type, drug concentration, stabilizer concentration, and other processing variables can be 

tuned to achieve nanoparticles with desired size, PDI, and zeta potential [9]. Different bead types 

used include 0.5 mm diameter zirconium silicate beads (ZsB05) and 0.5 mm diameter zirconium 

oxide beads (ZrOB05). Different Pluronic stabilizer types included Pluronic F127 solution (2% 

w/w, 4% w/w), Pluronic P103 solution (2% w/w, 4% w/w), and Pluronic P123 solution (2% w/w, 

4% w/w). Different combinations and the total volume of solution were varied to obtain the optimal 

formulation. The final selection of beads and Pluronic for wet nano-milling was based on the 

requirement of physical stability to obtain the optimal particle size. 

 

Based on the previous research, the recommended oral dose for fluconazole is 5 mg/kg [24] and 

recommended vaginal dose for miconazole is 50 mg/kg [25]. Formulation concentration was based 

on the assumption that a mouse is approximately 22 g and that at most 30 µL can be dosed vaginally 

per mouse per mouse. The amount of drug needed for the formulation was calculated as follows 

(Eq.2). After the calculation, the drug was milled at 36.67 mg/ml for fluconazole, and 3.67 mg/mL 

for miconazole. Calculations are as follows.  

 

𝑭𝒍𝒖𝒄𝒐𝒏𝒂𝒛𝒐𝒍𝒆: 𝟓𝒎𝒈
𝒌𝒈 ×

𝟏𝒌𝒈
𝟏𝟎𝟎𝟎𝒈 ×

𝟐𝟐𝒈
𝟏	𝒎𝒐𝒖𝒔𝒆 ×

𝟏	𝒎𝒐𝒖𝒔𝒆
𝟑𝟎𝒖𝑳 ×

𝟏𝟎𝟎𝟎𝒖𝑳
𝟏𝒎𝑳 =

𝟑. 𝟔𝟕𝒎𝒈/𝒎𝑳
𝒎𝒐𝒖𝒔𝒆  Eq2-1 

𝑴𝒊𝒄𝒐𝒏𝒂𝒛𝒐𝒍𝒆: 50𝑚𝑔
𝑘𝑔 ×

1𝑘𝑔
1000𝑔 ×

22𝑔
1	𝑚𝑜𝑢𝑠𝑒 ×

1	𝑚𝑜𝑢𝑠𝑒
30𝑢𝐿 ×

1000𝑢𝐿
1𝑚𝐿 =

36.67𝑚𝑔/𝑚𝐿
𝑚𝑜𝑢𝑠𝑒  Eq2-2 

 

The initial concentration for miconazole was 3.67 mg/mL, and 36.7 mg/mL for fluconazole. Since 

sulconazole formulation was already done previously in the lab, its formulation was 500 mg/mL in 

2% F127 solution with 2 g ZROB05 beads. Thus, when formulating miconazole and fluconazole, 

F127 solution with ZROB05 beads combination was tried first for fluconazole and miconazole. 

The final concentration was varied to achieve optimal particle size. Fluconazole, miconazole and 
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sulconazole were each formulated individually. Fluconazole (3.67 mg) was loaded into 2 mL 

Eppendorf tubes, then 2 g beads were added into the same tube. Pluronic solution (1 mL) was added 

into that tube. The tube was well-sealed, then milled on a TissueLyser LT (Qiagen Inc, Germantown, 

MD) in a 4°C room as to not heat the solution in the milling process. The drug solution was milled 

for 10 hours before zeta potential and particle sizes were measured [9]. Zeta potential and particle 

size were measured with Zetasizer Nano ZS. Five µL solution was taken to dissolve in 200 µL 

ultrapure water for size distribution and PDI measurements. Ten µL solution was added 1:40 to 10 

mM NaCl solution to measure zeta potential.  

 

2.2 C. albicans Culturing 

Candida albicans was purchased from ATCC (10231). C. albicans stocks were propagated and 

stored according to ATCC recommendations and stored in a -80°C freezer for future use. C. 

albicans cultures were grown on YM Agar plate and YM Broth were made. To make a 500 mL YM 

Broth, 1.5 g yeast extract (BD Biosciences), 1.5 g malt extract (VWR), 5 g dextrose (EMD 

Millipore), and 2.5 g peptone (BD Biosciences) were combined, then added to 500 mL of ultrapure 

water. For YM agar, an additional 15 g YM agar powder (BD Biosciences) was added to this 

mixture. Mixtures were autoclaved before plates were poured.  

 

C. albicans from one of the packed vials was streaked onto a YM plate and incubated overnight at 

37̊C. The following day, the plate was inspected for growth and stored in a 4°C fridge for no more 

than 6 weeks. One colony was picked from the streak plate and put into a 5 mL YM broth in a 

shaker overnight. The shaker was set for 30°C and 250 rpm because C. albicans is more likely to 

be virulent closer to room temperature [27]. After the overnight incubation, a serial dilution was 

done to determine the number of C. albicans colonies. The C. albicans solution was diluted from 

1/101 to 1/107. Those different serial dilutions were made in a 96-well plate and were read under 

OD 600 (BioTek Synergy MX Microplate Reader). The results were recorded to compare with 

actual colonies per plate. 100 µL of diluted samples from OD600 readings were uniformly spread 

onto different YM agar plates. The YM agar plates were then placed in the incubator for 3 days. 

The number of colonies was counted on the fourth day. The CFUs were counted and compared with 
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the results from OD 600. The optimal dilution and growing regimen were determined for future 

experiments. 

 

2.3 In vitro Testing 

In vitro drug testing was done to determine how much drug was necessary to kill a specified amount 

of C. albicans. The drugs used here are relatively insoluble in water but soluble in DMSO. Thus, 

the drugs in DMSO were tried first. Three hundred mg fluconazole was dissolved in 1 mL DMSO 

to form 300 mg/mL solution. Similarly, 50 mg/mL miconazole and 500 mg/mL sulconazole 

solutions were made. Similar to the previous experiment, one colony was picked from the streak 

plate and grown in 5 mL YM Broth overnight. The serial dilution was done and after checking the 

OD 600 results, 105 to 107 dilutions would get countable colonies. 100 µL of 105 to 107 dilutions 

of the sample were spread uniformly onto fresh YM Agar plate. Then 50 µL drug solution was 

spread onto the left side of the YM Agar plate. It is noted that the drugs should be only covered 

with half the side of the plate to make a comparison. The example diagram of plating was shown 

in Figure 2. The plate was stored upside down in the incubator overnight, and the colonies were 

counted the next day. 

 

 
Figure 2. Example diagram of in vitro plating. 

 

After checking drugs in DMSO, Pluronic-formulated drugs were also tested. Nano-milled drugs 

were prepared and plated as indicated above. However, the drug solution was white and milky on 

the plate, it was hard to see the result. Thus, the drugs were serially diluted with nanocarrier into 

the same concentration as 105 to 107 dilutions when plating. 

Drug No 
Drug 
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2.4 In vivo Model Setup 

To test the drug formulation efficacy in mice, an in vivo model was developed to determine the 

ability to establish C. albicans infection in mice. 12 mice were purchased from Charles River 

Laboratories. The 12 mice were organized into three groups, one negative control group only dosed 

vaginally with sterile PBS, one group dosed vaginally with C. albicans and lavaged after 6 hours, 

and one group dosed vaginally with C. albicans and lavaged after three days. The full timeline 

graph for this experiment was shown in Figure 3. β-estradiol was prepared in sesame oil. 1.5 mg β-

estradiol was added into a 2mL Eppendorf tube, then 1.5 mL sesame oil was added to reach a 

concentration of 1 mg/mL [18]. To fully dissolve β-estradiol, the tube was put onto a 37°C heater. 

On day 1, 100 µL of sesame oil containing 0.1 mg of β-estradiol was injected subcutaneously into 

the lower abdomen of each mouse. On day 3, sterile PBS was inoculated into the negative control 

group, and the C. albicans was inoculated into the other two groups. To prepare the inoculum, a 

loopful of C. albicans collected from the agar plate was added into 5 mL YM broth and grown 

overnight as indicated above. Following incubation, 200 µL was taken from the original broth and 

centrifuged at 800xg for 5 min. The pellet was resuspended in 1mL PBS and dosed as 20 µL per 

mouse. This process was followed in order to inoculate ~106 CFU per mouse. According to previous 

research developed by Dr. Yano’s group, inoculating ~106 CFU per mouse would help get countable 

C. albicans colonies during lavage [16]. Group 2 mice were lavaged on day 3, 6 hours after C. 

albicans inoculation. Two other groups were lavaged on day 6, 3 days after C. albicans inoculation. 

In the lavage process, for each mouse, 100 µL sterile PBS was pipetted into the vagina to wash, 

and the PBS should be pipetted in and out of vagina several times to appropriately wash the vagina. 

The lavage liquid was then collected and serially diluted to a concentration from 10-1 to 10-4. 100µL 

of diluted samples were spread uniformly onto the YM Agar plate and stored in the incubator 

overnight. The colonies were counted and recorded on the next day.  



 10 

 
Figure 3. Timeline graph for in vivo mouse model set up. 

 

2.5 Bacteria Identification 

Different types of colonies were found on the plate with diluted lavage liquid, and the identity of 

the microbes needed to be identified. A unique colony was picked up from the plate and spread out 

onto a microscope slide. The slide was heat fixed at 65°C for ~30 seconds. A primary stain of crystal 

violet was applied to the slide for 60 seconds, followed by 60 seconds application of iodine. The 

slide was washed with ethyl alcohol for 15 seconds. After that, the slide was counterstained with 

safranin for 60 seconds. The slide then was observed under the Nikon Eclipse Ni Upright 

microscope at 100X, and an image was taken and analyzed. To stop endogenous bacteria collected 

in the lavage fluid from growing on the plates, agar plates with antibiotics were made to use for 

further experimentation. 25 mg Chloramphenicol purchased from Sigma-Aldrich was added to 

each 1L agar to stop E. coli from growing on the plates with lavage liquid [31]. Newly made agar 

plates were plated with both E. coli and C. albicans to confirm that the antibiotics prevented 

bacterial growth and not C. albicans growth. 

 

2.6 In vivo Testing 

The anti-fungal drug effect was tested and determined in the animal model. Twenty Balb/C mice 

of six weeks old were purchased from Charles River Laboratories and sorted into five groups. As 

shown in Table 1, one control group received vaginal yeast inoculation and was lavaged on Day 3, 

one control group received vaginal yeast inoculation and was lavaged on Day 8, a third group 

received vaginal yeast inoculation and began to receive vaginal treatment with the fluconazole 

nanosuspension (FNS) daily starting on day 3, one group received a vaginal yeast inoculation and 

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

β-estradiol 

Preparation 

β-estradiol 

Injection 
Group 2 lavaged 

after 6 hours 

Yeast/PBS 

Inoculation 
Group 1/3 lavaged 

after 3 days 
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began to receive  vaginal treatment with the miconazole nanosuspension (MNS) on day 3, and the 

final group received a vaginal yeast inoculation and received vaginal treatment with the sulconazole 

nanosuspension (SNS) starting on day 3. Similar to the previous experiment, β-estradiol was 

prepared in sesame oil and dosed two days before yeast infection. Group 1 was lavaged after three 

days of infection to affirm yeast colonization before drug dosing began. 300 mg/mL Fluconazole, 

50mg/mL miconazole, and 50mg/mL sulconazole were dosed at 20µL per mouse daily for five days 

starting on day 3 after yeast inoculation. Group 2, the fluconazole group, miconazole group, and 

sulconazole group were lavaged after five days of drug dosing, which was day 8. The full timeline 

graph was shown in Figure 4. In the lavage process, for each mouse, 100µL sterile PBS was pipetted 

to wash the vagina, and the lavage liquid was collected and serially diluted to a concentration from 

1/101 to 1/104. 100µL of diluted samples were spread uniformly onto the YM Agar plate and stored 

in the incubator overnight. The colonies were counted and recorded on the next day. 

 

Table 1. In vivo Testing Arrangement. 

 Description Drug Dosage Lavage Date 

Group 1 Control Group Lavage on Day 3 No drug Day 3 

Group 2 300mg/mL Fluconazole in 4% P103 20µL daily Day 8 

Group 3 50mg/mL Miconazole in 4% P103 20µL daily Day 8 

Group 4 500mg/mL Sulconazole in 2% F127 20µL daily Day 8 

Group 5 Control Group Lavage on Day 8 No drug Day 8 

 

 

Figure 4. Timeline graph of in vivo testing. 
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Results  

3.1 Nanoparticle Development 

Pluronics P103, P123, and F127 were used to ensure that drugs were stable and suspended in water. 

The formulation of 500 mg/mL sulconazole was optimized previously in our lab. 2% (w/w) F127 

and 2g ZrOB05 beads in a 2mL tube milled for 5 hours was determined to be the best formulation 

for sulconazole. Thus, to start formulating the drug fluconazole and miconazole, F127 was used 

first.  

 

The mean particle size of fluconazole with (2% w/w, 4% w/w) F127 and 2g ZrOB05 beads was 

around 2000 nm. The mean particle size of miconazole with (2% w/w, 4% w/w) F127 and 2g 

ZrOB05 beads was around 500 nm. The particle size was too large for vaginal administration, and 

the possible reason could be that the drug concentration of 3.65mg/mL was too low. Thus, we 

increased the drug concentration to 50mg/mL and tried a different recipe. After several rounds of 

formulation, we determined that F127 was not suitable for miconazole and fluconazole formulation, 

as the particle size was too large, and particles were not stable over time. P103 and P123 were tried 

next. Firstly, fluconazole with (2% w/w, 4% w/w) P103 and 2g ZrOB05 beads was tried. 

Fluconazole with (2% w/w, 4% w/w) P123 and 2g ZrOB05 beads was tested also. Those 

combination of P103 solution (2% w/w, 4% w/w), and P123 solution (2% w/w, 4% w/w) were tried 

with miconazole at the same time. The mean particle size for both fluconazole and miconazole was 

over 300nm, which is still too large for vaginal delivery [9]. Thus, different beads were tried next. 

P103 solution (2% w/w, 4% w/w), and P123 solution (2% w/w, 4% w/w) were tried with 2g ZSB05 

beads. The mean particle size of both drugs with (2% w/w) P123 or (4% w/w) P103 were under 

300nm. Finally, 1mL (4% w/w) P103 with 2g ZSB05 beads milled for 10 hours was chosen to 

formulate fluconazole and miconazole due to close to neutral ζ-potential.  

 

In the following experiments, we observed that the fluconazole needed to be formulated at higher 

concentration than 50mg/mL, thus we formulated fluconazole with 300mg/mL, with the same 

combination of 4% P103 and 2g ZsB05 beads in 1.5mL tube.   
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Table 2. The final formulation of Fluconazole, Miconazole and, Sulconazole nanosuspension. 

Formulation Drug 

concentration 

Beads 

type 

Size (nm) ζ-potential (mV) 

Fluconazole with 4% P103 50 mg/mL ZsB05 146.9 ± 7.6 -2.1 ± 3.7 

Fluconazole with 4% P103 200mg/mL ZsB05 233.9 ± 20.7 -3.5 ± 1.8 

Miconazole with 4% P103 50 mg/mL ZsB05 278.7 ± 9.9 0.78 ± 0.4 

Sulconazole with 2% F127 500 mg/mL ZrOB05 265.4 ± 2.5 1.3 ± 0.3 
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Figure 5. The particle size, and ζ-potential of fluconazole and miconazole formulations, with the 

specific formulations chosen for experimentation in vivo.  

 

3.2 C. albicans Culturing  

After yeast was grown overnight in a 5mL broth, a serial dilution was performed and the OD600 
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can be calculated using the equations below (Eq3). 

 

𝑪𝑭𝑼 𝒎𝑳⁄ =
𝒏𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒄𝒐𝒍𝒐𝒏𝒊𝒆𝒔	 × 	𝒕𝒐𝒕𝒂𝒍	𝒅𝒊𝒍𝒖𝒕𝒊𝒐𝒏	𝒇𝒂𝒄𝒕𝒐𝒓

𝒗𝒐𝒍𝒖𝒎𝒆	𝒐𝒇	𝒄𝒖𝒍𝒕𝒖𝒓𝒆	𝒑𝒍𝒂𝒕𝒆𝒅	𝒊𝒏	𝒎𝑳  Eq3 

 

With the calculation above, CFU/mL of the original 5mL yeast broth can be determined, which was 

1.7x109 CFU/mL. The OD600 results are illustrated in Table 3, and growth curve was shown in 

Figure 6. With OD600 results below, we can understand that when the yeast stock OD600 was 

~0.975, we can get a countable number of colonies with a 105 dilution. These results can be used 

in plating yeast. After growing yeast overnight and checking the OD600, we can follow the table 

below to get a predictable number of CFUs. Also, the result of growing yeast overnight with a 

resulting ~1.7*109 CFU/mL can be further used in mice yeast dosage. 

 

Table 3. OD600 results of yeast growth colonization. (TNTC: too numerous to count, TFTC: too 

few to count） 

Dilution Factor OD600 Number of Colonies 

No dilution 0.975 TNTC 

10-1 0.205 TNTC 

10-2 0.048 TNTC 

10-3 0.040 TNTC 

10-4 0.038 TNTC 

10-5 0.038 170 

10-6 0.037 87 

10-7 0.038 TFTC 
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Figure 6. Serial dilution curve with OD600 results. As yeast cells were serial diluted more, the 

OD600 number was lower. Countable colonies were got at serial dilution of 10-5, 10-6. 

 

3.3 In Vitro Testing 

When trying to co-plate 50 µL of drugs with yeast, we ran into several problems. First, the 

Pluronic-formulated drugs appeared white and milky when they were applied to the yeast plates. 

It was hard to distinguish the drugs from yeast colonies when the drugs showed white on the 

plate. So, we needed to dilute drugs to make drugs more transparent on the plate. We tried to 

dilute drugs in the nanocarrier, such as (2% w/w) F127 and (4% w/w) P103 at the same 

concentration as yeast. We tried several times, in most scenarios, there wasn’t a difference 

between the drug side and the non-drug side. The possible reason could be that the drugs were 

diluted too much to be able to kill the yeast. However, when we increased the drug concentration, 

the solution was milky again and hard to read on the plate. Therefore, we have tried another 

method. Instead of testing drugs in their Pluronic formulations, we tried to dissolve drugs in 

DMSO and use those instead. When the drugs were fully dissolved in the DMSO, the solutions 

were clear, and dilution wasn’t required. Therefore, we tested the drugs with the formulated 

concentration: 300mg/mL fluconazole, 50mg/mL miconazole and 500mg/mL sulconazole. We got 

results with drugs dissolved DMSO, and these results are included in Table 4. These experiments 
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sulconazole separately were able to kill the plated yeast. As calculation shown in Eq3, 15mg 

fluconazole was able to kill ~107 CFU/mL yeast. 2.5mg miconazole or sulconazole was able to 

kill ~107 CFU/mL yeast. 

 

Table 4. Drug dosing on yeast in a Plate.  
 

10-3 C. albicans 

with drugs 

10-3 C. albicans 

without drugs 

10-4 C. albicans 

with drugs 

10-4 C. albicans 

without drugs 

DMSO only 132 176 16 25 

50mg/mL FLU TNTC TNTC 54 41 

100mg/mL FLU TNTC TNTC 37 64 

300mg/mL FLU 0 TNTC 0 56 

50mg/ml MIC 0 272 0 64 

50mg/mL SUL 0 215 0 38 

100mg/mL SUL 0 321 0 31 

300mg/mL SUL 0 291 0 37 

500mg/ml SUL 0 293 0 32 

C. albicans only TNTC 140 

 

 Drug used on half side of the plate Yeast applied on half side of the plate 

𝑭𝒍𝒖𝒄𝒐𝒏𝒂𝒛𝒐𝒍𝒆: 300𝑚𝑔
𝑚𝐿 ×

1𝑚𝐿
1000µL × 50µL = 15𝑚𝑔 

56 × 10!𝐶𝐹𝑈
50µL ×

1000µL
1𝑚𝐿 = 1.12 × 10"𝐶𝐹𝑈/𝑚𝐿 Eq3-1 

𝑴𝒊𝒄𝒐𝒏𝒂𝒛𝒐𝒍𝒆: 50𝑚𝑔
𝑚𝐿 ×

1𝑚𝐿
1000µL × 50µL = 2.5𝑚𝑔 64 × 10!𝐶𝐹𝑈

50µL ×
1000µL
1𝑚𝐿 = 1.28 × 10"𝐶𝐹𝑈/𝑚𝐿 Eq3-2 

𝑺𝒖𝒍𝒄𝒐𝒏𝒂𝒛𝒐𝒍𝒆: 50𝑚𝑔
𝑚𝐿 ×

1𝑚𝐿
1000µL × 50µL = 2.5𝑚𝑔 38 × 10!𝐶𝐹𝑈

50µL ×
1000µL
1𝑚𝐿 = 0.76 × 10"𝐶𝐹𝑈/𝑚𝐿 Eq3-3 

 

A mouse’s vagina can hold around 30µL of liquid, and after obtaining the above results, we 

decided to dose 20µL of 300mg/mL fluconazole, 50mg/mL miconazole and 50mg/mL 

sulconazole per mouse for five days in the following experiments. However, since the 

formulation of sulconazole was 500mg/mL, we needed to dilute the sulconazole with (2% w/w) 

F127 1:10 during dosing.  
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3.4 In Vivo Model Testing  

Before testing drugs in the mouse model, we wanted to validate that we can get a yeast infection to 

grow in mice and how much yeast we can expect after colonization. 12 mice were organized into 

three groups. Group1 was negative control group, and it only dosed vaginally with sterile PBS. 

Group 2 dosed vaginally with yeast and lavaged after 6 hours. Group 3 dosed vaginally with yeast 

and lavaged after three days. The results of yeast colonies obtained are summarized in Table 5 as 

follows. There was no yeast growth in the negative control group and compared to group 2, there 

was a more stable yeast colonization in group 3 as there was more time for the infection to establish. 

For the mice, yeast load after three days was more stable than after 6 hours. Thus, we decided to 

drug mice 3 days after yeast inoculation. 

 

Table 5. Yeast Testing on Mice. 

i. Group 1 - Negative Control Group (only dosed with PBS) 

Dilution Factor 10-1 10-2 10-3 10-4 

#1 0 0 0 0 

#2 0 0 0 0 

#3 0 0 0 0 

#4 0 0 0 0 

ii. Group 2 - Vaginal lavage after 6 hours (vaginal yeast dose) 

Dilution Factor 10-1 10-2 10-3 10-4 

#1 413 160 TFTC 0 

#2 TNTC 391 33 TFTC 

#3 TNTC TNTC 340 25 

#4 TNTC 341 47 TFTC 

iii. Group 3 - Vaginal lavage after 3 days (vaginal yeast dose) 

Dilution Factor 10-3 10-4 10-5 10-6 

#1 37 TFTC 0 0 
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#2 40 TFTC 0 0 

#3 157 TFTC 0 0 

#4 33 TFTC 0 0 

 

3.5 Bacteria Identification 

In the model establishment experiments, when plating the lavage liquid, there were multiple types 

of microbes found on the plates. To identify these colonies, gram staining was performed. After 

doing gram staining and imaging, the bacteria found was a pink, rod-shaped bacteria (Figure 7). 

With these descriptions, we were able to identify this colony as Escherichia coli (E. coli). The 

possible reason for finding E. coli in the mouse, especially in those mice with three days of yeast 

growth, was that E. coli might be continuously growing during the yeast infection. With the 

longer time for yeast inoculation, the plates were full of E. coli and very few yeast colonies. Since 

the E. coli growth on the plate would influence the yeast plating results, adding antibiotics to agar 

was used. 25mg Chloramphenicol antibiotics purchased from Sigma-Aldrich was added to 1L 

agar to stop E. coli from growing on the plates moving forward [31]. The plating results are 

shown in Table 6. This experiment showed that chloramphenicol only kills E. coli but not C. 

albicans. Adding chloramphenicol was able to help stop E. coli from growing on the YM plate 

and make results easier to determine. More plates were made using this recipe, and those plates 

were used in the following experiments when plating mice lavage liquid. 

 

Figure 7. The image of E. coli was taken at 100X from a colony taken from plated mouse vaginal 

lavage fluid. 

 

Table 6. Chloramphenicol effects on E. coli and C. albicans. 



 20 

 YM Agar with Chloramphenicol YM Agar without Chloramphenicol 

10-5 C. albicans 87 117 

10-6 C. albicans 10 13 

10-5 E. coli 0 141 

10-6 E. coli 0 49 

 

3.6 In Vivo Drug Testing 

The anti-fungal drug effect was tested and determined in the animal model. Two control groups 

received vaginal yeast inoculation and were lavaged on Day 3 and Day 8 as an indication of yeast 

growth before and after drug dosage. The other three groups received vaginal yeast inoculation and 

began to receive FNS/MNS/SNS daily starting on day 3, and lavaged on day 8. As shown in Table 

7, 300mg/mL fluconazole and 50mg/mL sulconazole showed effectiveness in killing yeast. 

50mg/mL miconazole was not effective in killing yeast. Three mice from miconazole group still 

got infected with yeast after five days of MNS dosing. One mouse from miconazole group showed 

no yeast growth, however, this result was not convincible. As shown in Table 7, two mice from 

Control Group 5 showed no yeast growth after 9 days, but all mice from Control Group 1 showed 

yeast infection at day 3. The possible reason could be that balb/c mice cannot hold C. albicans in a 

certain amount persistently. Balb/c mice even though are susceptible to C. albicans, and it can hold 

a persistent infection after 6 days of C. albicans inoculation, there is a twofold decrease and a 

fourfold increase in relation to day 1 infection [36]. 

 

50mg/mL miconazole was not effective in killing yeast in mice, but effective in killing yeast in 

vitro. It was noted that Pluronic-formulated miconazole was not stable after formulation. The 

particles were easily to be aggregate, and the mean particle size could be as high as ~1500nm soon 

after formulation. The particle was too large to penetrate vaginal mucus layer, and this could be the 

reason why MNS didn’t work for in vivo testing. 

 

Table 7. In vivo testing results. 

i. Group 1 - Control group with only yeast inoculation (lavage on day 3) 
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Dilution Factor 10-1 10-2 10-3 10-4 

#1 TNTC TNTC 72 TFTC 

#2 TNTC TNTC 96 TFTC 

#3 TNTC TNTC 52 TFTC 

#4 TNTC TNTC 49 TFTC 

ii. Group 2 – FNS dosage (lavage on day 8) 

Dilution Factor 10-1 10-2 10-3 10-4 

#1 0 0 0 0 

#2 0 0 0 0 

#3 0 0 0 0 

#4 0 0 0 0 

iii. Group 3 – MNS dosage (lavage on day 8) 

Dilution Factor 10-1 10-2 10-3 10-4 

#1 154 14 0 0 

#2 TNTC 133 0 0 

#3 70 0 0 0 

#4 0 0 0 0 

iv. Group 4 – SNS dosage (lavage on day 8) 

Dilution Factor 10-1 10-2 10-3 10-4 

#1 0 0 0 0 

#2 0 0 0 0 

#3 0 0 0 0 

#4 TFTC 0 0 0 

v. Group 5 – Control group with only yeast inoculation (lavage on day 8) 

Dilution Factor 10-1 10-2 10-3 10-4 

#1 TNTC 295 25 TFTC 

#2 TNTC TNTC 164 52 
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#3 0 0 0 0 

#4 0 0 0 0 
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Conclusion and Future Direction  

In this experiment, we have tested FNS, MNS and SNS for its effectiveness in yeast infection both 

in vitro and in vivo. 50mg/mL fluconazole, 50mg/mL miconazole and 500mg/mL sulconazole were 

formulated with Pluronic F127 solution (2% w/w) or Pluronic P103 solution (4% w/w). After 

formulation, the mean particle size was under 300nm which was able to penetrate vaginal mucus 

layer.  

 

In vitro test showed that 300mg/mL fluconazole, 50mg/mL miconazole and 50mg/mL 

sulconazole in DMSO were effective in killing yeast. 15mg fluconazole was able to kill ~107 

CFU/mL yeast. 2.5mg miconazole or 2.5mg sulconazole was able to kill ~107 CFU/mL yeast. 

 

However, 50mg/mL pluronic-formulated miconazole was not effective in stopping yeast infection 

in mice. The reason could be that Pluronic-formulated miconazole was not stable after formulation. 

The mean particle size could be as high as ~1500nm soon after formulation. To deal with this 

problem, in future experiment, we could try a more stable formulation for miconazole for daily 

dosage. The particle size needed to be sure to under 300nm every time before dosing the mice. It 

also noted that yeast infection could be disappeared after 9 days of yeast infection. Thus, different 

time regimen needs to be performed in order to determine yeast load at each experiment day. 

 

In general, formulated antifungal drugs fluconazole and sulconazole showed effectiveness in killing 

yeast both in vitro and in vivo. However, we did the drug dosing for five days. In market, 100 mg 

vaginal suppository miconazole needs to be used consistently for a week, and we can test the time 

regimen of the date yeast disappeared for formulated fluconazole and miconazole to see if they can 

clear the infection in less dosing days. Formulated miconazole only showed effectiveness in 

stopping yeast growth in vitro, and more research are needed to complete the study. 
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