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Introduction: Candida albicans (C. Albicans) is an opportunistic 

microorganism of the normal flora that can cause infection in the oral 

mucosa. Nitric oxide (NO) is a free radical produced by macrophages and is 

highly associated with antifungal activities. The aim of this study was to 

evaluate salivary nitric oxide levels in patients with and without Candida 

Albicans-associated denture stomatitis. 

Materials & Methods: In this cross-sectional study, 40 edentulous patients 

using dentures were divided into two groups: patients with and without 

denture stomatitis (DS). Before laboratory detection of candida, an oral 

medicine specialist clinically confirmed the presence of DS. Saliva samples 

were collected by spitting method, and the Griess method measured NO. 

Chi-square and Mann-Whitney tests were used for statistical analysis. The 

level of significance was considered 0.05.  

Results: The present study showed that the NO level was significantly 

higher in patients with DS than in patients without DS (P-value=0.002). In 

this study, the mean NO level in patients with DS was 166.5485±43.538 μM, 

while that was 118.0585±47.617 μM for patients without DS.  

Conclusion: NO concentration in patients’ saliva can be associated with C. 

Albicans infection in the oral cavity. In the presence of Candida, the level of 

NO increases, and it seems that this increase is a kind of defense response to 

the presence of fungal infections. 
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Introduction 

Nitric oxide (NO) is a free radical on which several physiological processes rely. [1, 2] NO plays a 

vital role in various physiological processes, including angiogenesis, anti-apoptosis, anti-inflammation, 

antithrombosis, vasodilation, and immune response. This short-lived, biologically active component is 

produced as a part of the innate immune system. In mammals, NO acts as a signaling molecule and is 

produced by Macrophages. [3-6] Reactive nitrogen species (RNS) formed by NO exhibit broad-spectrum 

antibacterial and antifungal properties. [1,2] By interacting with and inactivating bacterial 

deoxyribonucleic acid (DNA), proteins, and enzymes, RNS molecules can cause bacterial death. In 

contrast to conventional antibacterial drugs, NO has unique antibacterial properties that significantly 

reduce the occurrence of bacterial resistance. So, various diseases can be treated with NO. [2-5] 

The condition of denture stomatitis (DS) is inflammation of the oral mucous membrane resulting 

from a removable, partial, or complete prosthesis. In patients with DS, denture-bearing mucosa 

commonly exhibits inflammation, erythema, and edema, which can be asymptomatic or accompanied 

by pain or burning sensation. [6-9] DS is a high-prevalence problem; 20 to 67% of patients with removable 

prosthetic appliances suffer from DS. [10] Some DS-related factors include denture-wearing patterns, 

poor hygiene, systemic diseases, immune system disorders, and bacterial and yeast infections. [6, 9, 10] 

Candida Albicans (C. Albicans) is known as the most associated fungi with DS. It is an opportunistic 

microorganism of the normal flora and the most common oral pathology in the elderly. [9, 11, 12] There are 

controversial results from previous studies on the relationship between DS associated with C. Albicans 

and NO level. Gasparoto [13] found that the level of NO increased in both groups of patients with DS and 

without DS. Madariaga-Venegas [12] stated that NO had no effect on fungal colonization in agar media. 

However, Casaroto [14] showed an increase in the level of NO in the presence of candida infections. The 

aim of the current study was to evaluate salivary nitric oxide levels in patients with and without Candida 

Albicans-associated denture stomatitis. 

Materials & Methods 

The methodology of this study was approved by the ethical committee under the ethical code of 

IR.IAU.DENTAL.REC.1398.013. 

Participants and sampling of saliva: In this cross-sectional (descriptive-comparative) study, 40 

participants were selected in 3 months (January-March 2019). All participants were evaluated based on 

inclusion and exclusion criteria. Edentulous patients with at least a single maxillary complete denture 

and no history of alcoholism, diabetes, and xerostomia treatments, were included in this study. Since 

antibiotics could be a modifiable iatrogenic risk factor for the most common human fungal infection and 

consumption of antifungals can influence the colonization of candida [15, 16], patients taking antifungals 

or antibiotics at the time of the study were excluded. The sample size of this study was calculated as 20 

participants in each group based on the conducted study by Gasparoto [13] (Power = 80%, the mean 

difference = 0.1, and the level of statistical significance (α) = 0.05). 20 patients presenting Candida-

associated DS and 20 without signs of DS (aged 40 to 80) were selected. An oral medicine specialist 

clinically confirmed the presence of DS, and its classification was performed based on Newton. [17, 18] In 

this classification system, DS has three subtypes; Type 1: localized or pinpoint inflammation; type 2: 
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generalized erythematous that partially or completely affects the mucosa covered by dentures; type 3: 

nodular or papillary hyperplasia that usually affects the central part of hard palate or alveolar ridge. [19] 

Microbiological testing was conducted by taking samples from the hard palate, underlying dentures, 

and the mucosa-bearing surfaces of dentures with sterile swabs. A selective medium was used to 

cultivate the samples (CHROMagar Candida, Taligene Pars, Isfahan, Iran), and Gram staining was 

performed on them. Based on the automated reading of ID32C-inoculated test kits (bioMerieux, 

Basingstoke, UK), the isolates were identified. [13, 18] After obtaining an informed contest, participants 

were asked not to drink, eat, chew gum or mints, and brush their teeth for at least 2 hours before saliva 

sampling.  Non-stimulation saliva samples were collected by spitting method in sterilized bottles for at 

least 1.5 mL between 7 and 9 am.  

Nitric Oxide evaluation: NO has an extremely short half-life (3-4 seconds), and measurement of its 

concentration is difficult. [2] In this study, the Griess method was used. In this method, the level of nitrite 

as an indicator for NO was measured. In the first step, by reacting sulfanilamide with dinitrogen trioxide 

[N2O3], diazobenzenesulfonic acid (an N2O3 derivative) is formed. Then, this intermediate product 

reacts to N- (1-naphthyl) ethylenediamine (NED), and as a result of this reaction, azo-α-

aminonaphthalene parabenzene sulfonic acid, which is a purple-colored substance is produced. This 

purple product can be measured at 520-550nm wavelength. [20]  

Preparation of Griess reagent and standardized the concentrations: To prepare the Griess reagent, 

we need two solutions with specific concentrations, namely 1% sulfanilamide and 0.1% NED. To 

prepare 50 milliliters [mL] of 1% sulfanilamide solution, 0.5 grams [g] of this substance was dissolved 

in 50 mL of 5% phosphoric acid; and to prepare 50 mL of 0.1% NED, 0.05 g of that was dissolved in 

50 mL of deionized water. Both solutions can be stored in a refrigerator, away from light, for about two 

months. [21] 

To prepare the standard dilution, sodium nitrite with a molecular weight of 69 Dalton was used. 

0.0069 g of sodium nitrite powder was weighed with a Digital analytical scale (AXIS , Warsaw, Poland) 

and dissolved in deionized water to obtain a 10 mL solution with a concentration of 104 micromolar 

[μM]. Then, 100 microliters [μL] of this solution were added to deionized water to obtain 1mL solution 

with a concentration of 103 μM. This stage was repeated one more time until the concentration of the 

solution reached 100 μM. After that, 100 μM-concentrated solutions were used in serial dilution, which 

was applied using 98-well plates. 

100 μL of 100 μM solution was poured into A1 to A3 wells and considered the standard 

concentration. Then, 50 μL of deionized water was poured in triplicate in wells B to G. After that, 50 

μL of the standard solution in wells A1 to A3 was added to deionized water in B1 to B3, then the solution 

in B1 to B3 wells was added to C1 to C3. In this way, serial dilution was performed. It should be noted 

that no standard solution was added to H1 to H3 wells, which was zero concentration. 

Nitric oxide measurement: 50μL of samples were added in triplicate to wells. After that, 50 μL of 

Sulfanilamide solution was added to all wells (standards, samples, and blanks). After incubation for 5 

minutes [min] at room temperature, 50 μL of NED solution was added to the wells and incubated for 10 

min in a dark place at room temperature. Because Sulfanilamide and NED solution was kept in the 

refrigerator, they were left to stand at room temperature. When a spectrum of purple color was formed, 

the optical absorption of each color was read at an appropriate wavelength using the ELISA Reader 

(Biotek, Winooski, USA). [13, 22] It should be noted that although the colors are stable for 30 min, they 
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should be read at 520 to 550nm wavelength after 10 min. A standard curve was designed based on the 

results of the ELISA Reader. Then, the concentration of NO was calculated using this curve and reported 

in μM. 

Statistical analysis: All data were transferred to SPSS software, and the median level of NO was 

compared between 20 patients with C. Albicans-associated denture stomatitis and 20 patients without it 

using the Mann- Whitney U test. The Chi-square test was performed to compare the age and the years 

using dentures in 2 groups. In addition, the Bivariant Correlation tests were used to determine any 

correlation between the NO level and either age of participants or the number of years they were using 

dentures. The level of significance was considered ≤ 0.05.  

Results 

Among 40 edentulous participants were selected based on inclusion and exclusion criteria during 3 

months. They were divided into two groups: 1. Patients with DS and 2. Patients without DS. The number 

of females and males participating in the study was similar in both groups (4 females and 16 males). 

Each group included 3 smokers (15%) and one participant with high blood pressure (5%). No 

participants were taking medication during the study. In the DS group, 4 participants had type 2 DS 

(20%), and 16 had type 1 DS. Table 1. shows the concentration of NO in two groups: 

Table 1. The level of NO in DS and non-DS groups 

Groups 
Sample 

size 

The lowest 

concentration of NO 

(μM) 

The highest 

concentration of NO 

(μM) 

Mean ±SD 

concentration of NO 

(μM) 

P-value * 

DS 20 87.90 231.79 166.548 ±43.538 
0.002 

Non-DS 20 68.76 228.50 118.058 ±47.617 

DS: Denture stomatitis 

Non-DS: Non-denture stomatitis 

*: Mann- Whitney U test 

 

Based on the Mann-U-Whitney test, the NO level in the saliva of patients with DS was significantly 

higher than in the non-DS group (P-value = 0.002). The mean age and years that patients have been 

using dentures are shown in Table 2. Based on the Chi-square test, there was no significant difference 

between the two groups regarding the age of participants (P-value=0.37). Also, no considerable 

difference was seen in the years of using dentures in the two groups (P-value=0.22) (Table 2). Based on 

the Bivariant Correlation tests, there was no statistically significant correlation between the age of 

patients and the level of NO in both DS and Non-DS groups (P value=0.68 and P value=0.23, 

respectively). Also, no statistically significant correlation between years of using dentures and the NO 

level was found in the two groups (P value= 0.43 and P value=0.16, respectively). 

Table 2. The mean ±SD of age and the years of patients using dentures 

 Groups Sample size Mean ±SD P-value 

Age 
DS 20 58.8 ±8.62 

0.37 
Non-DS 20 60.65 ±8.83 

Years of using dentures 
DS 20 8.85 ±3.16 

0.22 
Non-DS 20 8.4 ±3.01 

DS: Denture stomatitis, Non-DS: Non-denture stomatitis, Min.: Minimum, Max.: 

Maximum 
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Discussion 

This study’s results revealed that NO concentration was significantly higher in DS patients than in 

non-DS patients. The NO mean concentration was about 50 µM higher in the DS group than in the non-

DS (166.54±43.53 and 118.05±47.61, respectively). Similar findings were discovered in multiple 

studies. [13, 23-26] In Gasparato's study, elderly DS patients had elevated levels of NO, IL-6, CCL3, and 

TGF-β. [13] Liao's study found that patients produced NO in response to C. Albicans-related DS. [23] 

Casaroto's study showed that infection with C. Albicans has the potential to elevate the production of 

NO. [14] The biofilm of Candida can grow and proliferate in the fitting surface of removable prosthetic 

appliances. [27] The reduced space beneath dentures creates an environment that is conducive to Candida 

pathogenesis. Even without direct contact, C. Albicans can harm the human palate epithelium. To 

combat the invasion of fungi, human epithelial cells produce NO and hBD-2 antimicrobial peptides. [14, 

28]  

However, Hillestand found no difference in NO and nitrite levels between patients infected and not 

infected with C. albicans, which may be due to differences in measuring NO levels and the inclusion of 

cancer patients in their study. [18] Poor hygiene and improper denture care can lead to inflamed denture-

bearing tissues. C. Albicans is known to play a significant role in this multifactorial disease known as 

DS. [29-31] NO and LL-4 was found to inhibit C. Albicans growth. Elahi found that the increased NO 

production can lead to reduced yeast growth in mice, and LL-4 is associated with C. Albicans protection 

in patients. [24] The NO production growth in DS patients is also related to the neutrophils’ apoptosis. 

Although inducible nitric oxide synthase (iNOS) is included with neutrophils enrollment to the location 

of contamination, the part of NO actuating apoptosis is, to a great extent, known. [13] 

NO seems to control the colonization of C. Albicans on the surface of the oral mucosa and can also 

increase the macrophages’ protection activities. The rapid increase of NO in mice was related to fungi 

infection, and their resistance to this infection was known to be correlated to this substance. The 

mechanisms by which NO reduces the growth of C. Albicans have been unknown. However, a decrease 

in PH due to NO production can be one of the reasons behind that. [24] Other than that, C. Albicans uses 

several mechanisms to counter nitrosative stress. The highly represented gene in C. Albicans is YHB1 

which can code protein enzymes breaking down NO. This microorganism uses flavohemoglobin-

mediated detoxification, antioxidant-mediated scavenging, and activation of repair mechanisms to 

protect itself from NO. Many useful antifungal drugs have been reported to become resistant to fungi, 

so new antifungal drugs with novel mechanisms must be developed. Considering NO effects on fungus, 

it is possible to develop an innovative therapy that uses a stable NO-releasing nanoparticle platform 

unlikely to evolve resistance in fungi. [23] 

Despite the strengths of the study, its findings were limited by the small sample size of only 40 

participants, most of whom were male. For future studies, it would be beneficial to include a larger and 

more diverse sample size, including more female subjects to explore the potential impact of sex 

hormones on the oral cavity environment. 

Conclusion 

In the current study, the NO level in C. Albicans- associated DS patients were significantly higher 

than that for Candida A-free patients. So, it seems that NO concentration in patients’ saliva can be 

associated with C. Albicans infection in the oral cavity, which is an immune response to fungal infection. 
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Considering Candida's increasing number of antifungal-resistant strains, NO-based medication can be a 

beneficial alternative. However, more animal and clinical trial studies must be conducted to clarify the 

merits and demerits of NO-based drugs. The ongoing study can be a hint for designing further trial 

studies. 
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