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Introduction and Aim:  Oral candidiasis is a common infectious disease affecting children and adults who usually receive oral 
antibiotics or chemotherapy. Optimizing Nystatin administration is challenging due to its poor solubility and systemically non- 
absorbable nature. In this work, Nystatin Spanlastical-hard candies were prepared for Oro-local application to improve Nystatin’s 
local antifungal efficacy, contact time, and taste.
Methods:  Eight Nystatin Spanlastics were prepared using the ethanol injection method via 23 factorial designs using Span, edge 
activator, and bath-sonication time at two levels. They were evaluated visually and examined for EE%, in-vitro release%, P-size, PDI, and 
Zeta-potential. The optimum formulae were compared to the marketed oral suspension Nystatin® by conducting an in-vitro antimicrobial 
study. The formula of the best antifungal activity was incorporated into four batches of hard candies by 22 factorial-design using heating 
and congealing method using corn-syrup and xanthan-gum in two levels of concentration along with other additives. After performing 
physiochemical evaluation, the optimum formula was subjected to FTIR analysis and an in-vivo study on rats to compare its activity with 
the selected market formula. The Design-Expert-13® and MS-Excel-2010® software were used to interpret all results statistically.
Results: The optimum Spanlastical formula was Sp3, which is a combination of Span 80 with SDC, and was sonicated for 3 minutes. 
The optimum lozenges were those of the SP3L1 batch containing the highest Corn syrup and Xanthan gum concentration levels. 
SP3L1 lozenges showed no interactions between their ingredients within the obtained FTIR spectra. They gave the animal subjects 
a higher in-vivo antifungal activity with a significant reduction in the colony formation units’ count at P≤ 0.05 than the (Nystatin) 
marketed oral suspension. The rats also treated with SP3L1 showed very normal oral tissues by the end of the study period compared 
to those treated with the market oral formula (Nystatin).
Conclusion: This preclinical study merged nanotechnology with mucoadhesive lozenging to improve Nystatin’s antifungal activity, 
oral residence, and ease of administration compared to the traditionally marketed oral suspension.
Keywords: Nystatin, candidiasis, spanlastical candy, mucoadhesive lozenges, in-vivo study

Introduction
Local drug delivery is a relatively painless technique that delivers therapeutic substances directly to a specific tissue, enhances 
their efficacy, and decreases their side effects.1 Buccal drug delivery systems such as lozenges bring the compounds into direct 
contact with the mucosal oral cavity to treat local and systemic diseases. Medicated Lozenges are flavored and sweetened solid 
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dosage forms that are designed to be sucked and held in the oral cavity to enhance the loaded drug’s oral retention and so 
increase their bioavailability. The buccal mucosa is a highly vascularized tissue with a rich blood supply that helps them 
bypass gastric irritation and both gastric and hepatic first-pass metabolism.2

The oral dissolution time of lozenges is patient-dependent as the patient can control the dissolution rate and then 
absorption by controlling the lozenge-sucking speed until it completely dissolves; however, lozenges generally take 
maximally about 30 minutes to be completely dissolved. Lozenges have broad clinical potential as they can be used to 
deliver various active ingredients, such as cough suppressants, pain relievers, probiotics, vaccines, and antibiotics.3,4

Lozenges can be a practical and effective treatment choice for both children and the elderly, especially being colorful, 
tasty, attractive, and convenient. However, using the medicated lozenges for children and the elderly has many 
challenges, such as the medicinal aftertaste that can affect their compliance. Also, potential risks of overdose and 
choking can happen.2

Spanlastics are nano-vesicular drug delivery systems composed of vesicle-forming agents and edge activators. They 
are carriers known to have a highly elastic wall membrane and can deliver drugs non-invasively through the different 
membrane barriers. They are generally used for both local and systemic delivery of drugs such as proteins, peptides, and 
hormones.5,6 Nystatin is a polyene antifungal drug with broad-spectrum fungicidal and fungistatic activity against several 
yeasts and fungi, notably Candida. It is not absorbed from the gastrointestinal tract when administered orally. Therefore, 
the topical preparations of Nystatin are the most common in the pharmaceutical industry.7 The present preclinical study 
focused on developing an attractive flavored Spanlastical-hard candy of Nystatin for the local treatment of oral 
candidiasis, especially for the elderly and children who get oral candidiasis post-antibiotic or chemotherapy treatments. 
It provides ease of administration, enhanced taste, prolonged oral residence, and high antifungal efficacy.

Materials and Methods
Materials
Nystatin was kindly supplied as a gift by Epico Pharmaceutical Co., Cairo, Egypt. Span60, Span80, Tween 20, and 
Sodium deoxycholate were purchased from Sigma Chemical Co., USA. Sodium dihydrogen phosphate monobasic 
dihydrate and sodium hydrogen phosphate dibasic anhydrous were purchased from ADWIC, Cairo, Egypt. C. albicans 
of American Type Culture Collection (ATCC10231) was a gift from the microbiology department, faculty of pharmacy, 
Cairo University. Sabouraud dextrose agar was purchased from Difco™, USA. β-cyclodextrin, Mannitol, Acacia, 
Xanthan gum, Corn syrup, and microcrystalline cellulose were purchased from Al-Shark AL-Awsat Company, Cairo, 
Egypt. Orange Colour (Sunset yellow grade FCF E110) was purchased from Tradeasia International DMCC Inc., Dubai, 
UAE. Orange oil flavor was purchased from Komesz Flavours company, Shanghai, China. Ethanol and methanol of 
HPLC grade were purchased from Sigma-Aldrich Co., USA.

Methods
Nystatin Nano-Spanlastics
Formulation of Nystatin Nano-Spanlastics Using Different EAs 
Nystatin Spanlastics were prepared using the ethanol injection technique reported by Kakkar and Kaur.8 In brief, Eight 
Nystatin-loaded Spanlastics were prepared using a 23-factorial design, considering the Span grades, Edge activator type, 
and bath sonication time at two levels. Center points were added to confirm the non-significance of curvature of the 
selected models using the Design Expert—13® program,9 as shown in Table 1.

In a parafilm-covered 100 mL beaker, ethanol was used to dissolve 10 mg of Nystatin (equivalent to 5000 IU potency 
per mg), and 450 mg of the selected Span type in a 70°C water bath until a clear solution was obtained. Ethanol was the 
organic solvent chosen as it can solubilize both the drug and the vesicle-forming agent (Span). It has a rabid evaporation 
time that can accelerate the overall process.9–11 The ethanolic solution was injected dropwise using a syringe pump into an 
aqueous phase of the same temperature containing 50 mg of the selected EA at 1 mL/min rate.12 The ratio of the ethanolic 
phase to the aqueous one was 1:4. The mixture was continuously stirred using the magnetic stirrer (LMS-1003, Kyonggi- 
Do, Korea) at 350 rpm, maintaining the same temperature until the formation of SPs aqueous dispersions. The prepared 
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5000 IU/ mL Nystatin-loaded nano-Spanlastics were stirred at 1000 rpm at room temperature until the complete evapora
tion of any remaining ethanol. Then, water-bath ultrasonication at 25°C was applied for the selected time to reduce the 
vesicle size (Crest Ultrasonics Corp, Trenton, USA). The Spanlastical dispersions were stored at four °C until further 
investigations were performed.13,14 The composition of the prepared Nystatin Spanlastics is shown in Table 2.

Evaluation of Nystatin Medicated Spanlastical Dispersions 

Visual Inspection. The features and other properties of the freshly prepared Spanlastical dispersions, including color, 
turbidity, odor, and dispersibility, were investigated. All formulae were examined visually for their degree of turbidity 
above black-and-white backgrounds and then rated as clear (+), slightly turbid (++), or highly turbid (+++). After shaking 
for one minute, all preparations were evaluated as dispersible or non-dispersible.

Table 1 The Levels of the Independent Variables Used to Formulate 
Nystatin Loaded Nano-Spanlastics Utilizing (23) Full Factorial Design

Factors (Independent Variables) Levels

X1: Span Type Span60 Span80

X2: Edge activator type Tween 20 SDC

X3: Ultrasonication time 3 min 5 min

Responses (Dependent Variables) Desirability Constraint

Y1: EE% Maximize

Y2: In-vitro release % Maximize

Y3: VS (nm) Minimize

Y4: PDI Minimize

Y5: ZP (mV) Maximize (as absolute value)

Abbreviations: SDC, Sodium Deoxy Cholate; EE%, Entrapment Efficiency percent; 
VS, Vesicle Size; PDI, Poly Dispersity Index; ZP, Zeta Potential.

Table 2 The Composition of the Nystatin Nano-Spanlastics According to the 
Selected 23 Full Factorial Design

Formula Span Grade (mg) X1 EA Type (mg) X2 Ultrasonication 
Time (min) X3

Span60 Span80 Tween 20 SDC

SP1 450 – 50 – 3

SP2 450 – 50 – 5

SP3 – 450 – 50 3

SP4 – 450 – 50 5

SP5 450 – – 50 3

SP6 450 – – 50 5

SP7 – 450 50 – 3

SP8 – 450 50 – 5

Abbreviations: EA, Edge activator; SDC, Sodium Deoxy Cholate.
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Determination of Entrapment Efficiency (EE%). One mL of each formula was first dissolved in methanol. The absorbance 
was measured at 279nm (λ max of Nystatin in methanol) to calculate the actual total drug content in each formula (Free + 
entrapped) using a UV spectrophotometer (Shimadzu UV 1650, Japan). Another one mL of each preparation was 
centrifuged for 50 min at 14,000 rpm at four °C using the ultra-cooling centrifuge (Beckman, Fullerton, Canada) to 
separate the precipitated Spanlastical vesicles. The separated precipitates were then washed with a phosphate buffer of 
pH 6.8, isolated again carefully using the same conditions, and then disrupted by sonication with methanol to estimate the 
Nystatin amount entrapped inside the formed vesicles spectrophotometrically at the same λmax. The entrapment efficiency 
was then calculated according to the provided equation, and each result was the mean of three determinations ±SD.15 The 
results were interpreted using the (Design Expert-13) program.

Study of in-vitro Release Profile of Different Prepared Nystatin Spanlastics. Nystatin Spanlastical vesicles of one mL of 
each formula were isolated and washed using ultra-cooling centrifugation by the same previously mentioned steps, then 
diluted in phosphate buffer of pH 6.8, forming one mL suspension (theoretically equivalent to 5000 IU Nystatin).16 

The percent of drug released from each suspension was measured using the modified USP dissolution apparatus II (Diss 
6000, Switzerland) (where one smoothly cut and open-ended 10 mL syringe tube was attached individually to each 
paddle and covered on the bottom with a pre-soaked cellulose membrane of 0.45 µm pore size to act as a donating 
vesicle) as reported in El-Hadidy GN et al.17 The receiver vessel contained 100 mL of phosphate buffer with 6.8 pH at 37 
±0.5°C, and the paddle speed was 50 rpm.18

Aliquots of one mL were withdrawn at predetermined intervals over 30 minutes at 5, 10, 15, 20, 25, and 30 minutes 
and immediately replaced with a fresh release medium.16,19–22 The withdrawn aliquots were then spectrophotometrically 
analyzed at the predetermined λmax of Nystatin in a 6.8 pH (279 nm) phosphate buffer to determine the released drug 
amount in each time interval. The results provided are the mean values of three runs ±SD. A cumulative correction factor 
was applied to compensate for diluting the samples in all processes.23,24 The results were interpreted using the (Design 
Expert-13) program.
Determination of Particle Size (PS), Polydispersity Index (PDI), and Zeta Potential (ZP). The average diameter in (nm), 
zeta potential, and polydispersity index of the prepared Nystatin Spanlastics were measured by Malvern Zetasizer at 
25оC, backscatter detection of 173°C, and refractive index of 1.330 (Malvern Instruments, Ltd., UK). The preparations 
were appropriately diluted with distilled water that provided suitable vesicle scattering intensity to measure the size of the 
vesicles. The PDI was measured through dynamic light scattering (DLS), which detects the vesicle distribution. The ZP 
was carried out in distilled water by recording the electrophoretic mobility of charged vesicles in an electrical field and 
that detects the vesicle permeation behavior via studying its colloidal property and stability.25–27 The results are the mean 
values of three runs ±SD. The optimal formulae were selected to be examined for their in-vitro antifungal activity.

Statistical Evaluation of the Prepared Nystatin-Loaded Spanlastics and Selection of the Optimum Formulae 
All results are presented as mean (± the standard deviation) and were statistically analyzed using the Design Expert-13® 

software (Stat-Ease, Inc., Minnesota, USA). As mentioned earlier, the Spanlastics’ formulation process was designed 
using that program, with 23 design where four center points were added to the study design to confirm the non- 
significance of curvature of the selected models.27

The results of the characterization parameters as EE%, Q30 min release percent, vesicle size, zeta potential, and PDI 
were modeled and analyzed by one-way analysis of variance (ANOVA); the differences within each model were 
considered significant when P≤ 0.05.28,29 Then, a numerical optimization was performed according to the selected 
models to select the optimum formulae to be in-vitro evaluated for their antifungal activity.
Study of the in-vitro Antifungal Activity of the Optimized Nystatin Spanlastical Dispersions. The agar well diffusion 
assay method was used to assess the in-vitro antifungal activity of the top two optimum Nystatin-loaded Spanlastic 
formulae by measuring the induced inhibition zones.30
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A sterilized cotton swab was used to smear a small amount of the fungal suspension of Candida Albicans 
(ATCC10231) of 1.4×106 CFU/mL concentration on (Sabouraud dextrose agar, pH 5.6 at 37°C). The Candida suspension 
inoculum was standardized using the 0.5 McFarland standard. Then, an equal volume of the required treatments was 
added individually to each well, allowing them to diffuse into the agar.

The examined treatments were the two optimum Spanlastical preparations (SP3, SP6) (equivalent to 1 mg/mL, ie, 
5000IU potency/mL) and the marketed oral suspension formula (Nystatin) in three different concentrations A, B, and 
C (20, 1, and 0.5 mg/mL, equivalent to 100,000, 5000, and 2500 IU potency/mL, respectively). Also, the blanks of the 
selected preparations (SP3, SP6) were examined as negative controls.

The diameters of the formed inhibition zones were observed and measured after 24h culture at 37°C. The results were 
the mean values of three trials ±SD.31,32. The Nystatin Spanlastical formula of the highest inhibition zone was statistically 
compared to the marketed oral suspension (Nystatin) in its three examined concentrations. After that, it was chosen to be 
incorporated into the solid candy preparations. Pairs of groups were compared by performing a Student’s t-test, and 
multiple group comparison was conducted by the one-way analysis of variance (ANOVA) using the statistical (MS Excel, 
2010) software. Differences were considered significant when P≤ 0.05.28,29

Nystatin Spanlastical Hard Candy Lozenges 

Formulation of Nystatin Spanlastical Mucoadhesive Lozenges. Precisely 0.5 mL of the optimized Nystatin Spanlastic 
formula SP3 (equivalent to 2500 IU Nystatin), composed of Span 80 and SDC, was incorporated in each hard 
mucoadhesive lozenge. Four batches of Nystatin Spanlastical hard candy lozenges were formulated by 22 full factorial 
design using the corn syrup and xanthan gum amounts as independent variables at two levels, as shown in Table 3.

Batches of sixty lozenges were manufactured via the heating and congealing method.33 In this method, sugar syrup 
was prepared by dissolving the required amount of sugar in a small amount of water, then warmed to (110 °C) over 
a paraffin bath till the sugar dissolved and gave a clear, thick syrup. The formed sugar syrup was heated to 160°C till the 
color changed to golden yellow. Then, the syrup was left to settle to decrease its temperature to about 90°C. After that, 

Table 3 The Independent Variables’ Levels Used to Formulate 
Nystatin Spanlastical Solid Candies by 22 Full Factorial Design

Factors (Independent Variables) Levels

X1: Corn syrup amount 400 mg 600 mg

X2: Xanthan gum amount Nil 250 mg

Responses (Dependent Variables) Desirability Constraint

Y1: Drug content Maximize

Y2: In-vitro release % Maximize

Y3: Diameter In Range

Y4: Thickness In Range

Y5: Weight variation In Range

Y6: Surface pH In Range

Y7: Hardness In Range

Y8: Friability In Range

Y9: Swelling index Maximize

Y10: Mucoadhesive strength Maximize
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the other ingredients, such as β-cyclodextrin, mannitol, acacia, xanthan gum, corn syrup, microcrystalline cellulose, 
coloring agent (Sunset yellow FCF E110), and flavoring oil were added with the required amounts as mentioned in 
Table 4. As the melt temperature decreased to about 40 °C, the required volume of Nystatin Spanlastical dispersion was 
added to the mixture. Each medicated melt was then homogenized, evenly filled in sunflower oil-lubricated rubber molds, 
and allowed to cool at room temperature.34 Each mold contained 20 round cavities of 9 mm depth and 20 mm diameter 
with a projection in the middle. Finally, the prepared lozenges of each batch were enclosed individually in an aluminum 
foil and kept inside a desiccator to prevent moisture uptake till the evaluation time.35 In the method selected, sugar is 
considered the main base of the prepared lozenges as it helps in forming a crystalline structure that supports the lozenge’s 
integrity during storage and use. Corn syrup was used as a sweetener and binding agent to prevent sugar crystallization, 
and it also helps maintain the prepared lozenges’ transparency and smoothness.36 Acacia was also used as a binding 
agent.37 Beta-cyclodextrin is generally used to enhance drug mucosal penetration and to relieve pain, inflammation, and 
fever.38,39 This could be advantageous for relieving the pain accompanied by oral candidiasis. Mannitol was used as 
a diluent that can give a cooling sensation in the mouth. Microcrystalline cellulose is also used as a diluent and 
disintegrant. Xanthan gum is a hydrophilic polymer used as a whipping agent.35 Sunflower oil was used as 
a lubricant. Orange fruit oil flavor and orange color were added to each formula to match the preparations’ taste and 
appearance.40

Characterization of the Prepared Nystatin Spanlastical Hard Candy Lozenges 

Visual Inspection. All the prepared lozenges were visually inspected for their color uniformity, shape, texture, odor, and 
taste.
Diameter and Thickness Measurement. The diameter and thickness of the prepared lozenges of each batch were 
measured using a Vernier caliper, and the results were presented as the mean of six determinations ±SD.41

Weight Variation. Each batch’s lozenges were weighted individually, and the average weight was recorded. Each lozenge 
weight was compared to the average value. The weight uniformity was measured according to USP specification; each 
result was the mean of six determinations ±SD.42

Surface pH Study. The pH of each formula should be measured to ensure that it falls in the salivary pH range (6.5 to 
7.5) and is not irritant to the oral cavity. Each lozenge was soaked in 1 mL of warm distilled water for 2 hours to swell. 

Table 4 The Composition of the Nystatin Nano-Spanlastical Hard Candies 
According to the Selected 22 Factorial Design

Ingredients (mg) SP3L1 SP3L2 SP3L3 SPL4

Nystatin Spanlastical dispersion* 350 350 350 350

Sugar 1400 1400 1400 1400

Corn Syrup 600 600 400 400

Beta-cyclodextrin 100 100 100 100

Acacia 200 200 200 200

Mannitol 300 300 300 300

Microcrystalline cellulose 10 10 10 10

Xanthan gum 250 Nil 250 Nil

Orange oil flavor Q.S. Q.S. Q.S. Q.S.

Orange Color (Sunset yellow FCF E110) Q.S. Q.S. Q.S. Q.S.

Total weight 3210 2960 3010 2760

Note: *0.5 mL of the Nystatin Spanlastical dispersion weighs about 350mg, with a potency of (2500 IU).

https://doi.org/10.2147/DDDT.S504768                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 3298

Hamed et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)



Then, the pH electrode was placed near the surface of the lozenge for one minute. Each pH result was the mean of six 
determinations ±SD.43

Hardness. The lozenges’ hardness was determined using the Monsanto Hardness tester, and the force required to break 
each formula was noted. All the lozenges should fall within the in-house hardness range of 6.8 kg to 15 kg, and the 
hardness of each batch was the mean of six determinations ±SD.44

Friability. The friability of the lozenges was determined using the Roche Friabilator. Six pre-weighed lozenges per batch 
were placed in the friabilator and operated for 4 min at 25 rpm. The lozenges were then brushed carefully to free them 
from dust and reweighed; the friability Percent should be at most 0.8%. The friability percent of each batch was 
calculated using the equation provided.43

Wi is the initial weight, and Wf is the final weight of the lozenges before and after the friability test.44

Swelling Index Studies. The swelling property of any buccal formulations is essential for proper mucoadhesion.45 In Petri 
dishes containing 1% agar gel, six lozenges of each batch were weighed and placed on the surface. Each petri dish had 
four lozenges inside; dishes were incubated at 37 ±1 °C for one hour. After one hour, the excess water on the surface of 
the lozenges was removed gently using a filter paper with no pressing and then reweighed. The swelling index was 
calculated using the following formula:

where Wi and Wf are the lozenges’ initial weight before swelling and final weight after swelling, the result of each batch 
was the mean of six determinations ±SD.46

Determination of Mucoadhesion Strength of Nystatin Spanlastical Mucoadhesive Buccal Lozenges. The test was 
performed in warm conditions using a laboratory-adjusted balance by putting a 250 mL beaker on the balance’s 
right hand. A 100-gm weight was hung on the left hand using a thin steel string. The balance was then equalized by 
resting the hanged weight on the base of a 250 mL inverted beaker placed inside a 500 mL beaker containing 
phosphate buffer of pH 6.8. The buffer amount was adjusted to reach the mucosal surface, and the temperature was 
kept at 37 °C. Two slices of rabbit’s small intestine were cleaned with normal saline. The first was attached to the 
base of the 100gm weight, while the other was fixed on the bottom base of the inverted 250 mL beaker using 
cyanoacrylate adhesive. The lozenges were individually smoothly crushed, placed between the two mucosal 
sections, and left for five minutes to ensure the desired contact. An infusion device was used to drop water into 
the beaker on the right side at a flow rate of 13–15 drops per minute. The weight of the beaker would keep 
increasing till the two slices on the other side were just detached. The weight of the collected water was recorded to 
indicate the detachment stress (dyne/cm2) using the following equation. The results are the mean values of six 
determinations ±SD.16

where (m) is the weight of water, (g) is the acceleration due to gravity taken as 981 cm/sec2, and (A) is the area of the 
rabbit’s small intestine (area of contact). The experiment was performed at room temperature in triplicates.47,48

Drug Content. Lozenges of each formula were weighed individually and crushed in a mortar. The crushed lozenges 
were soaked in 100 mL phosphate buffer pH 6.8 with considerable agitation to extract the drug. The drug content was 
determined spectrophotometrically at 279 nm with a blank lozenge extract as a reference. The Nystatin content results 
were the average of six lozenges per batch.43

Study of the in-vitro Release Profile of the Different Prepared Mucoadhesive Nystatin Spanlastical Lozenges 
The drug release profile of each batch was studied using the USP dissolution apparatus II (paddle type) (Diss 6000, 
Switzerland), where accurately weighed lozenges of each batch were placed in 100 mL phosphate buffer for 30 minutes 
with the same temperature and agitation conditions that were used for studying the in vitro release profile of the 
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Spanlastical dispersions.49 The samples were collected at the same time intervals, ie, after 5, 10, 15, 20, 25, and 
30 minutes, and were immediately replaced with a fresh release medium.16,19–22 Aliquots were filtered through the 
Whatman filters (0.45 μm) and analyzed using a UV spectrophotometer at 279 nm. Six lozenges of each batch were 
examined, so the results at each time interval were the mean of six determinations.19 A cumulative correction factor was 
applied to compensate for diluting the samples in all processes.23,24 The results were interpreted using the (Design 
Expert-13) program.

Statistical Analysis of the Results of the Prepared Spanlastical Lozenges and Selection of the Optimum Formula 
All results were presented as (mean ± standard deviation) and were statistically analyzed using the Design Expert 13® 

software. The Spanlastical lozenge batches were formulated according to 22 design, as center points were added to 
confirm the non-significance of curvature of the examined models.27

All characterization results, such as diameter, thickness, weight, surface pH, drug content, hardness, friability, 
swelling index, Q30 min release percent, and detachment force, were statistically analyzed by the one-way analysis of 
variance (ANOVA) to check their significance. The differences within each model were considered significant when 
P ≤0.05.28,29 Then, a numerical optimization was performed to select the optimum formula. The batch that showed the 
most significance was evaluated by FTIR analysis, followed by an in-vivo antifungal activity study on rats.

Fourier-Transform Infrared (FTIR) 
Using the FTIR Spectrophotometer (FTIR-8300, Shimadzu, Japan), a spectral analysis of both the pure drug alone and 
the physical mixture of the drug with the optimum formula’s excipients (in a ratio of 1:1 per component) was performed 
to find out whether there were any interactions between Nystatin the drug and the used excipients.50 The samples’ 
scanning range was between 4000 cm−1 to 400 cm−1.

In-vivo Antifungal Study on Rats 

The Design of the Animal Experiment. Twenty-four healthy Male Wistar-type rats with an average age of 8 weeks, 
weighing approximately 200g, were randomly allocated to one of the four groups of equal sizes (ie, six rats in each 
group) using the parallel experimental design. All animal treatments and laboratory procedures were conducted according 
to the Egyptian National Laboratory Animal Centre regulations and approved by the Ethics Committee of the Faculty of 
Pharmaceutical Sciences and Drug Manufacturing (Misr University for Science and Technology, Cairo, Egypt) for 2022 
with (PI06) code. Rats of all groups were kept in spacious cages. Twelve hours of light and twelve hours of darkness 
were set as photoperiods daily. The ambient temperature was maintained at 21°C at all times. Ad libitum access to food 
and water was provided for all rats. Food composition was comprehensive, balanced, and free of antifungal components 
throughout the entire study.51

Induction of Oral Candidiasis in Rats. A single colony of Candida Albicans standard opportunistic strain (ATCC10231) 
was isolated and cultivated on Sabouraud dextrose agar (SDA) and was grown for 18 hours at 30°C in yeast extract-peptone 
glucose medium YPG: (yeast extract, 2%; bacto peptone, 1%; glucose, 2%) using a shaker. Then, centrifugation was 
applied to harvest the culture. Cells were isolated and washed three times in phosphate buffer saline (PBS) and adjusted to 
a concentration of 3×108 CFU/mL (using a hemocytometer chamber for counting cells). Quantitative cultures of ten-fold 
serial dilutions on Sabouraud dextrose agar plates were used to confirm the viability of the inoculum.52 According to 
Martinez et al, the oral candidiasis model was attained using immunosuppressed rats to enhance the infection rate.53,54 The 
study was conducted over three consecutive weeks; in this period, eighteen rats were immunosuppressed with dexametha
sone and treated with Tetracycline, while the remaining six rats were left healthy and completely normal. In the first week 
(one week before starting the induction of the infection), eighteen rats received 0.5 mg/L dexamethasone and 0.1% of 
Tetracycline in their drinking water.53,54 On the eighth day (the first day in the second week of the study), rats received 
a higher dose of dexamethasone equivalent to 1 mg/L and a smaller dose of Tetracycline to 0.01% in their drinking water 
(and that was applied and maintained throughout the experiment), in addition to being orally infected for three days with 
48h time intervals (ie, Days 8.10 and 12) by 0.1 mL of saline suspension containing (3x108 CFU/mL) twice a day. Just 
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before the start of the fungal inoculation, the animals were sampled to ensure that C. albicans were absent in their oral 
cavity. The infection was spread into the rat’s oral cavity by rolling a cotton swab with Candida suspension over all parts of 
the mouth. Seventy-two-hour post the last inoculation (ie, Day 14), samples were collected from all subjects using the same 
cotton swab rolling method to confirm the presence of the fungi and also to determine the quantity and the number of 
Candida viable cells in their oral cavity before the beginning of the treatment process.52,55

Antifungal Treatment. Three days post-infection (ie, Day 15), the infected animals (n=18) were randomized into three 
groups (each of 6 rats), while the fourth group (n=6) was composed of the normal rats. Each group received a different 
treatment twice daily for seven consecutive days (from day 15 to day 21). Rats of the first group (Gp1) (n=6) were treated 
with the optimal Nystatin Spanlastical lozenge (SP3L1) by the topical spreading of its finely crushed sticky powder on 
the tongue of the rats twice a day with weights equivalent to (0.3 mg Nystatin/dose. The rats of the second group (Gp2) 
(n=6) were treated with the market oral suspension (Nystatin®) by applying the suspension with the exact dosing quantity 
and regimen protocols over the rat’s tongues. The rats of the third group (Gp3) (n=6) were used as a positive control as 
they were infected but not treated animals. Instead of the antifungal therapy, they received an equivalent volume of sterile 
saline orally twice daily (0.8% agar was added to the used saline doses to increase viscosity and residence). The fourth 
group (G4) (n=6) animals were utterly normal, received the same saline/agar liquid volumes, and were used as a negative 
control.54

Microbiological and Histopathological Evaluation. On day 22, ie, 24 hours after the administration of the last treatment 
dose in each group, an overdose of ethyl urethane was used to sacrifice animals.56,57

The rats’ tongues were morphologically and visually examined for any inflammatory or infectious signs, then 
removed and carefully divided into right and left sections along with each side’s cheek.58

The right section of each tongue, along with the right cheeks, was used to conduct the microbiological study as they 
were suspended in 5 mL of normal saline and homogenized for 10 minutes in 25,000 RPM (Omni homogenizer GLH 02, 
Omni, Inc., USA). One mL of each homogenate was then subjected to tenfold serial dilutions and then evenly smeared on 
the Sabouraud Dextrose agar (SDA) plates.52,54 All plates were incubated for 24 hours at 30°C to enhance the microbial 
growth, and then a quantitative assessment was performed by counting the colony-forming units (CFU). The log of the 
colony-forming units per mL (CFU/mL) was calculated to determine the number of viable cells.52 The results of each 
group were statistically analyzed by the one-way analysis of variance (ANOVA) using (MS Excel, 2010) software, and 
differences were considered significant when P ≤ 0.05.28,29,59

The left sections of each tongue, along with the left cheeks of the rats of the first and second groups (that were treated 
with both the SP3L1 and the market formula), were used to conduct the histopathological examination to identify 
inflammation or any other pathological changes that may be associated with infection.60

The selected tissues’ specimens were fixed in 10% neutral buffer formalin, trimmed, washed in water, dehydrated in 
ascending grades of ethyl alcohol, cleared in xylene, and embedded in paraffin. Thin sections of (4–6µ) were processed 
and stained with hematoxylin-Eosin and the Periodic Acid-Schiff stain (PAS). Each section was photomicrographed 
using a Light microscope with magnification power of 400X and 100X (BX53; Olympus Corporation, Tokyo, Japan).61

Results and Discussion
Evaluation of Nystatin Medicated Spanlastical Dispersions
Visual Inspection
The prepared Nystatin Spanlastical dispersions were yellowish due to the color of the Nystatin raw material itself. All the 
preparations were dispersions with an accepted odor and were easily dispersed upon shaking; the turbidity was medium 
(++) for (SP1, SP2, SP5, and SP6) which were prepared using Span 60, while turbidity was heavy (+++) for (SP3, SP4, 
SP7, and SP8) that was prepared using Span 80. Those findings may be due to the Span type itself as Span 80 has 
a slightly lower HLB value (around 4.3) compared to Span 60 (approximately 4.7); this decrease in the HLB value can 
result in the formation of less stable dispersions, and a kind of phase separation can occur, and thus increased turbidity.62
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Determination of Entrapment Efficiency (EE%)
The entrapment efficiency ranged between 95.4% ±0.27 and 99.83% ±0.039; those results could be due to the vesicle 
former type used (Span type), the type of the Edge activator, or the bath ultrasonication time. As shown in Figure 1, all 
the preparations had an entrapment efficiency higher than 95%. The highest entrapment efficiency was for SP6, 
composed of Span 60 and Sodium Deoxy Cholate, and was sonicated for 5 minutes. At the same time, SP7 was the 
formula of the lowest entrapment efficiency; it was composed of Span 80 and Tween 20 and was sonicated for 3 minutes. 
The SDC edge activator has a longer alkyl chain than tween 20 (ie, lower HLB value and lower molecular weight; the 
HLB values of Tween 20 and SDC were 16.72 and 16, and their molecular weights were 1225 Da and 416.6 Da, 
respectively), so the Spanlastics prepared using SDC showed an enhanced EE%. Using surfactants with high molecular 
weight as tween causes disturbance in the entity of the vesicle’s bilayer membrane that enhances the drug diffusion to the 
aqueous medium during the centrifugation step and so reduces the (EE%) of the prepared Spanlatics.63

The results also showed that the type of vesicle-forming agent selected can affect the EE% of the prepared formulae. 
Span 80 has an extra extended alkyl chain than Spn60. It has unsaturation in its structure, so it has a low vesicle 
formation ability that impacts and reduces its EE%.11,64 Consequently, the formulae of Span 60 showed higher EE% than 
those of Span 80. Figure 2 illustrates a 3D surface diagram of the interaction between the effect of the Span type factor 
and the edge activator type factor upon fixing the third factor (sonication time). Moreover, it was noticed that increasing 
the bath sonication time increased the EE% because of the dispersing of the nanoparticles within the surrounding medium 
and providing more thorough mixing.65,66 The individual effect of each factor levels on the drug entrapment was 
presented in Figure 3.

Study of in-vitro Release Profile of Different Prepared Nystatin Spanlastics
As shown in Figure 4, the in-vitro drug release percent after 30 minutes ranged between 52.86 ±2.5 and 95.83 ±2.04; the 
maximum release percent was for SP3 (Span 80 and SDC), while the lowest release percent was for SP2 (Span 60 and 
tween 20). It was noticed that there is an indirectly proportional relationship between the EE% and the drug release from 
the prepared Spanlastics. Also, it was reported that Span80 Spanlastics showed more drug release percent than those of 
Span 60 due to the structure of Span 80 (extra alkyl chain and unsaturation) that reduces the tightness of the vesicle’s 
membrane.67 Considering the edge activator type, it was noticed that the formulae of the ideal release percent were 
a combination of Span 80 in addition to the SDC edge activator. SDC can significantly enhance the release characteristics 
of the Span 80 Spanlastics by improving the vesicle fluidity, which promotes the drug permeation process.68

Figure 1 Entrapment percent of Nystatin loaded Spanlastics; each result is the average of three readings ±SD (n=3).
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On the other hand, the Spanlastics prepared by Span 80, in addition to tween 20, showed lower drug release percent. 
Abdelbari et al, 2021 reported that Tween 80 edge activator increased the bilayer hydrophobicity of the Spanlastic 
formulations due to the presence of the alkyl chain in its structure, leading to a lower drug release percent.

While there are not enough studies directly addressing the effect of Tween 20 on Span 80 Spanlastics, it is probable 
that Tween 20, being a structurally similar surfactant, could have a comparable impact on drug release when combined 
with Span 80.69

Figure 3 The effect of all factors (A–C) on the entrapment efficiency of the prepared Nystatin Spanlastics where (A) is the Span type, (B) is the edge activator type, and (C) 
is the sonication time in minutes.

Figure 2 A 3D surface diagram of the effect of the combination of both A and B independent variables upon fixing the C variable on the entrapment efficiency of the 
prepared Nystatin Spanlastics where (A) is the Span type, (B) is the edge activator type, and (C) is the bath sonication time in minutes.
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Also, Mazyed et al 2021 reported that Tween 20 could somewhat enhance the drug release profile but does not disrupt 
the lipid structures as effectively as SDC. Its role is more about maintaining vesicle stability rather than significantly 
increasing drug permeability. At the same time, SDC is more effective at increasing drug release due to its superior 
ability to enhance membrane permeability.62

Figure 5 shows a 3D surface diagram of the combination effect of the Span and edge activator types on the in-vitro 
drug release after 30 minutes.

Regarding the sonication time, formulae sonicated for 3 minutes showed a higher drug release percent than those 
sonicated for 5 minutes. As the sonication time increases, the percent of the drug released decreases; that is, due to the 
agglomeration of vesicles, the destabilization of the system itself after excessive sonication, and the creation of 
a thermodynamically unstable environment that hampers drug release percent.70 Figure 6 shows the individual effect 
of each factor level on the drug release percent.

Figure 5 A 3D surface diagram of the effect of the combination of both A and B independent variables upon fixing the C variable on the in-vitro drug release of the 
prepared Nystatine Spanlastics after 30 minutes where (A) is the Span type, (B) is the edge activator type and (C) is the bath sonication time in minutes.

Figure 4 In-vitro release profile of Nystatin loaded Spanlastics after 30 minutes in phosphate buffer of pH 6.8; each result is the average of three runs ±SD (n=3).
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Determination of Particle Size (PS), Polydispersity Index (PDI), and Zeta Potential (ZP)
The PS range in (nm) was 202.2± 10.31 to 376.7± 41.9, the PDI range was 0.259±0.022 to 0.405±0.075, and the zeta 
potential in (mV) was from −40.7±2.53 to −51.7±1.29; Figure 7. The most crucial factors that enable the nanocarrier 
vesicles to cross any biological membranes are their charge, size, and dispersity index. These factors detect the vesicle’s 
ability to pass through the tiny pores of the biological membranes. Smaller vesicular sizes, for example, can ensure 
a deeper penetration of the biological barriers. Therefore, all these factors should be compromised to get the optimum 
vesicles.71

Figure 6 The individual effect of all independent variables on the in-vitro drug release percent of the prepared Nystatin Spanlastics after 30 minutes, where (A) is the Span 
type, (B) is the edge activator type and (C) is the sonication time in minutes.

Figure 7 (A) Vesicle’s size of Nystatin Spanlastics (PS), (B) Nystatin Spanlastics’ zeta potential (ZP), and (C) Nystatin Spanlastics’ polydispersity index (PDI); each result is 
the average of three readings ±SD (n=3).
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Spanlastics are unique carriers due to the edge activators in their composition that provide high flexibility and 
deformability compared to the other colloidal carriers.72 It was noticed that the type of EA affects the vesicle size as the 
formulae containing the SDC edge activator in addition to Span 80 (SP3) showed a smaller vesicular size than those 
composed of Tween 20 in addition to the same type of Span (SP7). Using EAs as SDC with lower HLB value compared 
to tween 20 (ie, lower hydrophilicity) will consequently reduce the vesicle’s surface energy. As a result, a smaller 
vesicular size is obtained,73 as shown in Figure 8 (I).

Also, it was observed that upon fixing the edge activator type selected, Span 80 Spanlastics showed a smaller size 
than Span 60 preparations, which might be due to the increased hydrophobicity of Span 80 over that of Span 60. Also, 
the decreased surface free energy of Span 80 can cause a reduction in the vesicular size.74

The prolonged exposure of the vesicles to bath sonication results in small vesicular sizes.75 The vesicular size results 
showed that SP6, for example, was smaller than SP5; however, both contained the same ingredients (Span60 and SDC) 
but were sonicated for 5 minutes and 3 minutes, respectively. Figure 9 (I) shows the effect of all independent variables on 
the vesicle’s size.

Zeta potential and the vesicles’ electrical charge affect the prepared Spanlastics’ stability. If the zeta potential is 
between (–) 30 mV and (+) 30 mV, the dispersion system may show instability like flocculation or aggregation promoted 
due to Van der Waals attractions. So, the higher the ZP values, regardless of the charge, the higher the stability of the 
dispersions could be.76 All the prepared Nystatin Spanlastics showed negative zeta potential values that exceed (–) 30 
mV, which indicates their stability. Preparations used anionic in nature EA as SDC has a negative charge on the surface 
of the vesicles. Baring a negative charge is considered necessary as that enhances the vesicle’s permeability by the effect 
of the repulsive forces between the negatively charged vesicles and the biological barrier’s surface, which helps them to 
diffuse deeper and faster through the biological membranes than the positively charged vesicles.77 Formulae containing 
non-ionic surfactants as tween 20 show a decreased negativity of the formed vesicles.78 Figure 8 (II) shows the 3D 
surface diagram of the interaction effect between the Span type and edge activator type; it was found that SDC always 
gave higher values no matter what the Span type used was. Figure 9 (II) shows the independent factors’ effect on the 

Figure 8 3D surface diagrams of the effect of the combination of both A and B independent variables on the (I) Nystatin Spanlastics’ particle size (PS), (II) Nystatin 
Spanlastics’ zeta potential (ZP) and (III) Nystatin Spanlastics polydispersity index (PDI) upon fixing the C variable; where (A) is the Span type, (B) is the edge activator type 
and (C) is the sonication time in minutes.

https://doi.org/10.2147/DDDT.S504768                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 3306

Hamed et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)



prepared vesicle’s charge. Span 80, SDC, and 5 min sonication resulted in the highest charge negativity and enhanced 
expected tissue penetration.

The polydispersity index (PDI) is a homogeneity indicator of the prepared vesicular dispersions. It also indicates 
whether there is a fair-size distribution within the formulations. The smaller the reported results (ie, approaching zero), 
the more homogenous the distribution is.79,80

Figure 8 (III) shows the interaction effect of the Span and edge activator types on the PDI values. It was found that 
tween 20 induced smaller PDI values with both Span 60 and Span 80.

After evaluating factors’ levels individually, it was found that Span 60, Tween 20, and 3 min sonication gave the 
lowest polydispersity index, as illustrated in Figure 9 (III).

Statistical Analysis of the Prepared Nystatin-Loaded Spanlastics and the Selection of the Optimum Formulae
The models selected for each parameter showed significance as P values were ≤0.05. The coded equations of each model 
were as follows: EE% = +98.76 −0.4031A +0.7540B +0.8117C +0.3255 AC −0.5903 BC, Q30 release percent = +77.24 
+7.62 A +7.64 B −4.25 C −5.74 AB −5.05 AC +2.30 BC −1.24 ABC, Size = +327.44 −41.21 A −70.98 B −3.86 C, PDI = 
+0.3427 +0.0235 A +0.0168 B +0.0614 C, Zeta potential = −46.54–0.6299 A - 2.43 B - 0.9249 C −1.58 AB - 0.1676 AC 
−0.8176 BC + 2.5 ABC, where A is the Span type, B is the Edge activator, and C is the Sonication time. The study also 
confirmed the non-significance of the curvature in all the selected models, as the P values were >0.05.

The numerical optimization depending on the statistical results and according to the criteria illustrated earlier in 
Table 1 (maximum EE%, maximum Q30%, minimum V. size (nm), minimum PDI, and maximum zeta potential (mv) as 
absolute value); reported that SP3 has the highest desirability (0.842), followed by SP6 (0.705); Table 5. So, SP3 and SP6 
were selected to be examined for their in-vitro antifungal activity. Also, the ramps diagram that details the desirability of 
the most optimum Nystatin plastic formula (SP3) is illustrated in Figure 10.

Figure 9 The effect of all independent variables on the (I) Nystatin Spanlastics’ particle size (PS), (II) Nystatin Spanlastics’ zeta potential (ZP), and (III) Nystatin Spanlastics’ 
polydispersity index (PDI), where (A) is the Span type, (B) is the edge activator type and (C) is the sonication time in minutes.
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Determination of the in-vitro Antifungal Activity of the Optimum Nystatin Spanlastical Dispersions
Figure 11 shows the inhibition zones that were induced by the examined treatment. It was found that SP6 gave the largest 
inhibition zone (32 mm ±0.2); however, its blank also showed a large inhibition zone of (21 mm ±0.5) which may reflect 
an antifungal activity of Span 60 itself.81 To detect the Nystatin’s actual antifungal activity in that preparation (the real 
inhibition zone induced by the Nystatin pure drug itself), we subtracted the inhibition zone of SP6 blank from that of 
the SP6 formula. Then, the actual inhibition zone diameter was 11mm. On the other hand, the SP3 formula showed an 
inhibition zone diameter of (26 mm ± 0.7) and no activity appeared with its blank. As a result, the net inhibition diameter 
gained by Nystatin was 26mm. These findings directed the focus to the SP3 formula as its components enhanced the 
Nystatin activity the most. The inhibition zones induced by the different concentrations of the marketed oral suspension 
(Nystatin) gave lower inhibition zones than those of both SP3 and SP6. All results are reported in Table 6. This 
examination confirmed that the prepared Nystatin Spanlatics (Sp3 and Sp6) of the 5000 IU/mL potency have more 

Table 5 The Numerical Optimization Report of the Most Desirable Nano-Spanlastic Formulae

No. Span 
Type

EA Sonication 
Time

EE% Q30 
Release 
Percent

Size PDI Zeta Desirability Status

1* Span 80 SDC 3.000 98.671 94.992 219.110 0.322 −51.802 0.848 Selected

2** Span 60 SDC 5.000 99.920 87.350 293.795 0.398 −50.859 0.705 Selected

3 Span 80 Tween 20 4.916 99.283 73.462 353.680 0.406 −45.723 0.471

4 Span 80 Tween 20 4.904 99.261 73.590 353.728 0.405 −45.688 0.471

5 Span 80 Tween 20 4.891 99.238 73.719 353.776 0.404 −45.654 0.471

6 Span 80 Tween 20 4.866 99.192 73.979 353.873 0.402 −45.583 0.471

Note: 1* is the SP3 formula, and 2** is the SP6 formula. 
Abbreviations: EA., Edge activator; SDC, Sodium deoxy Cholate; EE, Entrapment efficiency; PDI, Poly dispersity index.

Figure 10 The numerical desirability ramps diagram of the optimum Nystatin Spanlastic formula (SP3).
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activity even than the marketed formula that contains 100,000 IU/mL potency, ie, this approach successfully decreased 
the dose about 20 times with an elevated activity. The SP3 formula (that showed the optimum in-vitro antifungal 
activity), when statistically compared to the different examined concentrations of the market oral suspension (Nystatin), 

Figure 11 (I) The in-vitro antifungal activity (inhibition Zones) of the selected Nystatin Spanlastical dispersions SP3 and SP6 1 mg/mL (5000IU/mL) along with their blanks, 
(II) The in-vitro antifungal activity (inhibition Zones) of the Marketed oral suspension Nystatin® with three concentrations (A) Original concentration 20mg/mL (100,000 IU/ 
mL) (B) dilution of 1 mg/mL (5000 IU/mL) (C) dilution of 0.5 mg/mL (2500IU/mL).

Table 6 The in-vitro Antifungal Activity (the Induced Inhibition Zones (Mm) of 
the Different Treatments as (Mean ± SD) (n=3)) and the Statistical Comparison 
of the Mean Inhibition Zone of SP3 and the Market Formulae Nystatin® with Its 
Different Examined Concentrations

Formulae Concentration  
mg/mL

Equivalent 
Potency/Ml (IU)

Reported Inhibition 
Zone (mm)±SD, 

(n=3)

SP3 1 5000 26±0.7

SP3 Blank 0 0 0±0.0

SP6 1 5000 32±0.2

SP6 Blank 0 0 21±0.5

Nystatin (A) 20 100,000 20±0.1

Nystatin (B) 1 5000 16±0.2

Nystatin (C) 0.5 2500 15±0.5

Statistical comparison of the mean values of the 
reported inhibition zones (mm)

Significance of 
difference at  

(P≤ 0.05)
SP3 (Nystatin®) 

Marketed oral suspension

26±0.7 Nystatin (A)= 20±0.1 S.D.

Nystatin (B)= 16±0.2 S.D.

Nystatin (C)=15±0.5 S.D.

Note: (A) is (Nystatin) oral suspension with the original concentration available in the market, (B) and (C) 
are prepared dilutions of the market formula (Nystatin). 
Abbreviations: S.D., Significant difference; n, number of samples; SD, Standard deviation.
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showed a significant difference at P ≤ 0.05, as illustrated in Table 6. Therefore, SP3 was selected to be incorporated into 
the solid candy lozenges’ preparation.

Evaluation of Nystatin Medicated Spanlastical Hard Candy Lozenges
Visual Inspection
As shown in Figure 12, the prepared lozenges of SPL1 and SPL2 had a shiny, translucent appearance, which may be due 
to the high ratios of corn syrup, while batches of SPL3 and SPL4 were slightly opaque. Due to the mold shape, the 
lozenges were round with smooth edges and a deep groove in the center. All the lozenges were orange and sticky when 
touched with wet hands; also, all the prepared batches had an orange Odor and a sweetened orange taste, Table 7.

Figure 12 Nystatin Spanlastical-solid candy lozenges; (A) SPL1& SPL2 and (B) SPL3 &SPL4.

Table 7 Physicochemical Properties of the Formulated Nystatin Spanlastical Solid Candies, as (Mean±SD), (n=6)

Test Batch 1 (SPL1) Batch 2 (SPL2) Batch 3 (SPL3) Batch 4 (SPL4)

Color Orange Orange Orange Orange

Shape Round with a deep groove 
in the middle

Round with a deep groove 
in the middle

Round with a deep groove 
in the middle

Round with a deep groove 
in the middle

Taste Sweetened orange taste Sweetened orange taste Sweetened orange taste Sweetened orange taste

Odor Orange scent Orange scent Orange scent Orange scent

Diameter (mm) 19.80± 0.008 19.74± 0.011 19.78± 0.002 19.69± 0.000

Thickness (mm) 8.01 ± 0.001 7.93± 0.000 7.98 ± 0.009 7.90± 0.003

Weight (mg) 3210± 0.012 2960± 0.007 3010± 0.003 2760± 0.015

Surface pH 6.88± 0.19 6.90± 0.03 6.85± 0.12 6.92± 0.06

Drug content (%) 98.4± 0.23 99.6± 0.07 89.9± 0.05 98.1± 0.19

Hardness (kg/cm2) 10.49 ± 0.51 9.93 ± 0.18 10.56± 2.18 10.33± 0.62

Friability (%) 0.257 ± 0.062 0.259 ± 0.028 0.248 ± 0.055 0.255 ± 0.039

(Continued)
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Diameter and Thickness Measurement
The prepared lozenges were uniform, with negligible diameter variation. As shown in Table 7, the diameter of the 
prepared lozenges ranged between 19.69± 0.000 mm and 19.80± 0.008 mm, and the lozenge’s thickness was between 
7.90 ± 0.003 mm and 8.01± 0.001 mm. Due to the mold dimension restrictions, diameters were considered uniform.

Weight Variations
As reported in Table 7, the total weight of the prepared lozenges varied from batch to batch due to their composition. However, 
the lozenges within each batch were uniform, and their weight variations were within the acceptable range (ie, ± 5% of the 
batch’s average weight) due to uniform mold filling.82

Surface pH Study
The surface pH of the prepared lozenges ranged between 6.85±0.12 and 6.92±0.06, which is considered acceptable and non- 
irritant to the oral cavity mucosal membrane3 Table 7. It was noticed that the surface pH of the prepared lozenges was not 
much affected by the corn syrup levels but was decreased in batches of higher xanthan gum levels, as shown in Figure 13. 
No particular study reported that Xanthan gum itself can significantly alter the preparation’s pH. However, its concentration 

Figure 13 Effects of the high and low levels of both design’s independent variables, (X1) corn syrup amount and (X2) xanthan gum amount, on the different characterization 
tests of Nystatin Spanlastical- solid candy lozenges, where (A) is the corn syrup amount and (B) is the xanthan gum amount.

Table 7 (Continued). 

Test Batch 1 (SPL1) Batch 2 (SPL2) Batch 3 (SPL3) Batch 4 (SPL4)

Swelling index after 
3 hours (%)

55.87± 1.18 55.90 ± 1.92 54.63 ± 0.60 55.02± 0.82

Drug Release After 
30 min (%)

92.1 ± 1.2 84.4 ± 1.9 90.7 ± 0.1 83.6 ± 0.7

Detachment force 
(dyne/ cm2) ×102

243.5±2.5 318±2.9 255.4±2.9 287.8±6.4
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in lozenges can affect its viscosity in addition to the possibility of its interaction with other ingredients, which may 
indirectly influence the overall pH of the product.83

Hardness
The hardness range of the prepared batches was between 9.93 ± 0.18 and 10.56± 2.18 kg/cm2, which reflects good 
mechanical strength and an ability to withstand the physical and mechanical stress of handling and storage,44 Table 7. As 
shown in Figure 13, the hardness of the prepared lozenges decreased with high levels of corn syrup and increased 
with high levels of xanthan gum.

Corn syrup is hygroscopic and, when used in high concentrations, can increase the moisture content of the lozenge’s 
matrix, consequently reducing its hardness.84

At the same time, xanthan gum is a hydrocolloid that increases the lozenge’s viscosity through gel formation, which 
can directly impact the texture and hardness of the prepared lozenge.85

Friability
The friability of the prepared batches ranged between 0.248± 0.055% and 0.259± 0.028%, which falls within the accepted 
friability range and indicates an excellent mechanical resistance of all the prepared lozenges,43,44 Table 7. An inversely 
proportional relationship was found between the lozenge’s hardness and friability (ie, less hardness makes the lozenges have 
a high liability to be highly friable).86,87 As mentioned before, corn syrup is sticky, viscous, and hygroscopic and can attract 
and retain moisture in the lozenge’s internal structure, which potentially reduces the lozenge’s friability. It was also found that 
the friability decreased with higher levels of xanthan gum, as shown in Figure 13.

Swelling Index Studies
The swelling index of all prepared batches after 3 hours ranged between 54.63% ± 0.60 to 55.90% ± 1.92, indicating an 
acceptable wettability and good mucoadhesive properties,46 Table 7. It was found that the swelling index of the prepared 
lozenges increased with higher levels of corn syrup than the xanthan gum, as shown in Figure 13. As corn syrup is 
hygroscopic in nature, it gives the lozenges a high ability to attract and retain water.87

Determination of Mucoadhesion Strength of Nystatin Spanlastical Mucoadhesive Buccal Lozenges
After testing the detachment stress of each batch, the reported results were between 243.5±2.5 and 318±2.9 (dyne/cm2) 
×102, which indicates an acceptable residence and good mucoadhesion of the lozenges in the oral cavity even when 
crushed by the patient’s teeth,48, as shown in Table 7.

Figure 13 illustrates that the prepared lozenges’ mucoadhesion level is directly proportional to their swelling index. 
This relation may be due to the raised hydration liability, potentially influencing the interaction and adhesion between the 
lozenges and the oral mucosal surfaces.88

Drug Content
Table 7 reported that the drug content percent of all batches ranged from 89.9±0.05% to 99.6±.0.07% w/w, which does 
not exceed the specifications of IP 2007.43 Also, the drug content of the prepared Spanlastical lozenges was high in the 
preparations of high corn syrup concentrations, as shown in Figure 13.

Study of the in-vitro Release Profile of the Different Nystatin Buccal Mucoadhesive Spanlastical Lozenges
Over 80% of the Nystatin drug was released from all batches after the 30-minute release study. The prepared lozenges 
showed drug release ranging from 83.6±0.7% to 92.1±1.2% by 30 minutes; Table 7. The in-vitro drug release profile of 
all batches over 30 min is presented in Figure 14.

Figure 13 shows that the in-vitro drug release percent of the prepared lozenges increases with the higher level of corn 
syrup and xanthan gum. Corn syrup is hygroscopic in nature and in high concentrations, it forms a very viscous matrix 
that can attract and retain water. This feature facilitates a quicker dissolution rate of the drug when the lozenge is 
subjected to saliva in the oral cavity, which in turn might impact the drug release characteristics.89,90

Xanthan gum is a hydrophilic polymer that also plays a crucial role in the drug release rate from lozenges. It increases 
the formulation’s viscosity by forming a gel-like matrix upon hydration, which not only aids in retaining moisture but 
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also enhances mucoadhesion and prolongs drug release. It can also provide a controlled release pattern by forming a gel 
barrier that gradually dissolves in saliva.34 When both corn syrup and xanthan gum are used together in the lozenge 
formulation, their combined effects lead to an increased drug release percentage.91

Statistical Analysis of the Prepared Nystatin-Loaded Spanlastical Lozenges and Selection of the Optimum Batch
Upon the statistical analysis of the characterization results of the different Spanlastical lozenges, it was found that most 
parameters such as diameter, thickness, weight, surface pH, hardness, friability, swelling index, mucoadhesion coefficient, and 
drug content showed non-significant differences between batches as P values were >0.05. However, the Q30 min 
release percent was found to be more effective as it showed a significant difference between batches as the P value was 
≤0.05. The study also confirmed the non-significance of the curvature in all the selected models, as the P values were >0.05.

The numerical optimization, depending on the statistical results and according to the criteria illustrated earlier in Table 3, 
reported that SP3L1 has the highest desirability (0.799), Figure 15. SP3L1 was selected to be analyzed by Fourier Transform 
Infrared (FTIR) to check for any possible interactions between its components and then was subjected to an in-vivo study on 
rats to evaluate its antifungal activity against oral candidiasis in comparison with the marketed (Nystatin) oral suspension.

Fourier Transform Infrared (FTIR) Analysis
The infra-red spectra of Nystatin pure drug showed significant peaks at the given frequencies in cm−1: 3300 to 3500, 2968.45, 
1708.93, 1571.99, 1436.97, 1398.93, 1068.56. The frequency of 3300 to 3500 cm−1 indicates (NH, OH) stretching, 2936 cm−1 

indicates (C-H) stretch (aliphatic, alkane), 1702 cm−1 indicates stretching vibration of carbonyl group (C=O),1577 and 1576 cm−1 

indicates (COOH) carboxyl ion, 1597 cm−1 indicates (C=C) (aromatic stretch), 1490 and 1448 cm−1 indicates (CH2) (alkane), 
1376 cm−1 indicates Symmetrical deformation of (CH3), 1065 cm−1 indicates Symmetrical stretching of (CH3), and 999 and 
962 cm−1 indicates (=C-H) (aromatic, alkene).92 The infrared spectra of the physical mixture of the components of SP3L1 in a (1:1) 
ratio of all ingredients (Drug: Span 80: SDC: CP349: Sugar: Corn Syrup: Beta-cyclodextrin: Acacia: Mannitol: Microcrystalline 
cellulose: Xanthan gum: orange oil flavor: Orange color) showed the similar characteristic peaks of the pure Nystatin powder at their 
respective wavelengths, that indicated the compatibility of Nystatin with the other used excipients, Figure 16.

Microbiological and Histopathological Findings of the Conducted in-vivo Study on Rats
The Quantitative Assay of the Candida Colony Formation Units (CFU) in the Rat’s Oral Tissues Homogenates to Detect 
the Viable Count 
The number of the colony-formation units of CA in the examined tenfold serial dilutions of the oral cavity homogenates 
of each group is presented in Table 8. The positive control group showed (3×106) ±22 CFU/mL, while the negative 
control group homogenates showed negative culture by the end of the experiment. The number of the colony formation 

Figure 14 In-vitro release profile of Nystatin Spanlastical solid candies over 30 minutes in phosphate buffer of pH 6.8; each result is the average of 6 readings ±SD (n=6).
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units of the control groups was used as a reference. The CFU of the Group 1 subjects’ homogenates (treated with the 
SP3L1) was (1×103) ±10 CFU/mL, while that of Gp2 subjects (treated with the market oral suspension (Nystatin)) was 
(2×106) ±35 CFU/mL. Upon statistically comparing the logarithm of the CFU of the four groups, it was found that there 
is a significant difference at P ≤0.05 between SP3L1 and the other treatments (the market and control treatments). This 
considerable decrease in the Candida’s viable count indicates that the study’s optimum formula enhanced the Nystatin’s 
microbiological activity against the tested Candida strain.

Figure 16 (A) FTIR Spectra of Nystatin pure powder, (B) FTIR Spectra of the physical mixture of (1:1) ratio of all ingredients of SP3L1 formulae (Drug: Span 80: SDC: Sugar: 
Corn Syrup: Beta-cyclodextrin: Acacia: Mannitol: Microcrystalline cellulose: Xanthan gum: Orange oil flavor: Orange Color FCF- E110).

Figure 15 A 3D surface diagram showing the numerical desirability of the optimum Nystatin Spanlastical lozenges (SP3L1), where (A) is the corn syrup amount and (B) is 
the xanthan gum amount.
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The Morphological and Histopathological Findings
The morphology of the tongues of the control groups was used as a reference. The negative control group tongues were 
utterly normal, while the positive control group tongues showed inflamed white batches Figure 17 (A1, B1, A2, and B2). 
It was found that the tongues of rats treated with the optimum Nystatin Spanlastical lozenge SP3L1 had no signs of 
infection or inflammation; in contrast, those treated with the market formula (Nystatin) showed some redness and textural 
inflammation signs, Figure 17 (A3, B3, A4, and B4). Figures 18 and 19 show the histological photomicrography of the 
tissues of the oral cavity (stained with Hematoxylin and Eosin stain) of the subjects treated with the optimum prepared 
Nystatin Spanlastical oral lozenge SP3L1 and those treated with (Nystatin) marketed oral suspension, respectively. It was 
found that the examined tissues of the rat subjects treated with SP3L1 (GP1) showed no signs of inflammation lesions or 
infection signs; they also showed no presence of any Candida cells upon being stained with the PAS stain. In contrast, the 
group treated with the marketed oral Nystatin suspension (GP2) showed some congestions that reflect incomplete 

Figure 17 (A) Morphology of the rat subject’s whole tongues that include the apex, the anterior portion of the lingual body, the protuberance, and the posterior portion of 
the lingual body; (A1) Negative control group (4th group), (A2) Positive control group (3rd group), (A3) group treated with the optimum prepared Nystatin Spanlastical 
candy lozenge SP3L1 (1st group), (A4) group (treated with the (Nystatin) marketed oral suspension (2nd group); (B) Intermolar eminence and fungiform papillae regions; 
(B1) 4th group with normal morphology (Star), (B2) 3rd group with whitish regions and papillary atrophy (arrowhead), (B3) 1st group with a normal morphology (Star), (B4) 
4th group with inflammation signs (arrow).

Table 8 The Logarithm of the Colony Formation Units (CFU) Obtained After the Quantitative Assay of the 
Oral Cavity Homogenates of the Rats of Each Group

Animal Group Subjects Status 
Before Treatment

Treatment Administrated CFU/mL Logarithm 
of CFU/mL

Gp1 Infected Optimum formula Sp3L1 (1x105) 5

GP2 Infected Market oral suspension (Nystatin) (2x106) 6.301

GP3 (Positive control) Infected Saline/agar solution (3X106) 6.477

GP4 (Negative control) Normal Saline/agar solution Nil Nil
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Figure 18 Light microscope photomicrograph of the tongue and oral cavity of the rats of the first group (treated with the optimum prepared Nystatin Spanlastical candy 
lozenge SP3L1); (I) photomicrograph showing a normal histological structure of tongue including filiform papillae (arrow) and submucosa (star) (Hematoxylin and Eosin 
stain) with a magnification power of 100X, (II) photomicrograph showing a normal histological structure of tongue including filiform papillae (arrow) and submucosa (star) 
(Hematoxylin and Eosin stain) with a magnification power of 400X, (III) photomicrograph showing normal histological structure of oral epithelium (arrow) and lamina 
propria (star) (Hematoxylin and Eosin stain) with magnification power of 400X.

Figure 19 Light microscope photomicrograph of the tongue and oral cavity of the rats of the second group (treated with the (Nystatin) marketed oral suspension); 
(I) photomicrograph showing normal lingual papillae (arrow) with congestion of submucosal blood vessels (arrowhead) (Hematoxylin and Eosin stain) with 
a magnification power of 100X, (II) photomicrograph showing congestion of submucosal blood vessels (arrowhead) (Hematoxylin and Eosin stain) with 
a magnification power of 400X, (III) photomicrograph showing a normal histological structure of oral epithelium (arrow) with mild congestion of submucosal 
blood vessels (arrowhead) (Hematoxylin and Eosin stain) with magnification power of 400X.
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healing; they also showed a presence of Candida cells upon being stained with the PAS stain, as illustrated in Figure 20. 
These results can also indicate the enhanced antifungal activity of the SP3L1 preparation over the marketed formula.

Conclusion
Oral candidiasis is common in children and the elderly, especially those who were treated for an extended period with 
antibiotics or chemotherapy. The current study presents an optimized Nystatin mucoadhesive Spanlastical solid candy 
lozenge for the local treatment of oral candidiasis. The candy formula provides an attractive, sweet mucoadhesive 
presentation of the nanosized Nystatin (Spanlastics) to the patient’s oral cavity. The in vitro characterization, in addition 
to the in-vivo study on rats, revealed that the optimum formula (SP3L1) was very effective as it showed a significant 
reduction in the count of the colony formation units in the oral cavity of the examined rats. The morphological and 
histopathological findings also confirmed the enhanced activity of SP3L1, as rats treated with it showed very normal oral 
tissues by the end of the study period compared to those treated with the market oral formula (Nystatin). Therefore, this 
approach that merges nanotechnology with mucoadhesive lozenging can be promising for treating local oral diseases 
such as candidiasis with an enhanced taste, residence, and activity.

Future clinical studies should be conducted to assess and validate the safety and efficacy of Nystatin spanlastical 
lozenges on patients upon long-term use. Also, investigations of the patient-reported outcomes, such as symptom relief 
and compliance enhancement, should be monitored.
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Figure 20 Light microscope photomicrograph showing a single cell of candida sp. (arrow) in the submucosa of the second group (treated with the (Nystatin) marketed oral 
suspension) (PAS stain) with a magnification power of 400X.
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