
INTRODUCTION

The changes that occur within the oral cavity of edentulous persons 

differ from the changes in dentate patients because of the special 
[1]nature of denture bearing oral mucosa . One of the major  oral 

mucosal reactions  to occur is Candida associated denture 

stomatitis. Denture stomatitis affects the palate of 11 – 67% of 
[2]denture users . Among the many aetiological and predisposing 

factors, Candida species are believed to play  an  important role in 

the initiation and progression of the infection. 

Because of the diverse possible origins of denture stomatitis several 

treatment procedures could be used including discontinuing of 

denture use, correction of ill fitting dentures, effective plaque control 
[3]and antifungal therapy . 

Antifungal agents have been prescribed to expedite recovery. 

Topical agents provide effective treatment, but are frequently 

associated with poor patient compliance due to frequency of 

dosage, cognitive decline and for nystatin objectionable taste. 

Systemic therapy has been reserved for oral infections that are 

unresponsive to topical agents due to increased risk of serious 

hepato and renal side effects. The development of systemic triazole 

antifungal drugs Ketoconazole and Itraconazole has provided 

potentially important additional agents for treatment.

These conventional therapies however are difficult to implement in 

the institutionalized and palliative care settings since many patients 

have memory loss, reduced cognitive control and motor dexterity 

and depend on caregivers to adhere to drug instruction. It has been 

reported that palliative care patients  receive less care from 

caregivers than younger patients; hence patient and caregiver 
[4]compliance is an important issue. 

Incorporating antifungal agents into tissue conditioners may be 

promising method of drug delivery to overcome  this obstacle for 

therapy. Besides this concurrently inhibits the fungal growth which 

may be promoted by the tissue conditioner itself. A method of 

treatment by combining tissue conditioner with antifungal agents 
 Nystatin was suggested by Douglas and Walker in 1973.They found 

them to be fungicidal in varying degrees. Quinn's invitro study also 

illustrated that crushed tablet forms of Miconazole, Ketaconazole 

and Nystatin  inhibited growth, however Amphotericin B was not 
[6]effective . A study on patients with superficial fungal infection that 

were previously unresponsive to antifungal treatment reported that 
[7]Itraconazole is effective in treating these recalcitrant infections. 

The various combinations tried in the past used drug in the 
[4,5]powdered form or crushed tablets.  In an in vitro study, it was 

observed  that  Itraconazole dissolved  Viscogel within 3minutes of 

hand mixing and  it is not possible to incorporate more than 5% 
[4] wt/wt Itraconazole into tissueconditioners. Only one of the 

previous studies was statistically analyzed. Besides, previous 

studies have not been consistent or explicit with respect to 

methodology used and have focused on the inhibition of  Candidal  

growth rather than on the comparative fungicidal activity of  the 

drugs.

Hence, there arises a need to search for different methods for local 

drug delivery. This in vitro study is a standardized  methodology 

which tests and compares the efficacy of antifungal susceptibility 

test discs of Itraconazole and  Ketoconazole incorporated into the 

tissue conditioners (Viscogel and GC Soft) in inhibiting the growth of 

Candida albicans.

MATERIAL AND METHODS

 1. Preparation of Sabouraud's dextrose medium (SDA).

61.36 gm of SDA was dissolved in 1 L of sterile distilled water 

(Fig. 1).
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            Fig. 1. Prepared SDA medium.
0It was sterilized in autoclave. After cooling to 40 C, 

approximately 25 ml of SDA was poured in petri dish and  2 

ml of SDA is poured in test tube. The test tube was placed in 

slanting position to obtain slants.

After solidification Candida inoculum was streaked in SDA 
0petriplates. It was incubated at 37 C for 24 hrs. Discrete 

Candida Albicans colony(Fig.2) from SDA petriplates was 
0streaked on SDA slants which was incubated for 37 C until a 

proper growth was obtained. It was preserved as stock 

culture for future purpose.

Fig. 2 Candida Albicans culture

2. Preparation of Antifungal sensitivity Test disc combinations

Ketoconazole (10µg), Itraconazole discs (10µg) (Fig.3) and 

sterile discs were used in the antifungal susceptibility assay. 

Tissue conditioners GC Soft and Viscogel (Fig.4) were 

mixed in a sterile dappen dish  separately following 

manufacturers recommended powder liquid ratios. The 

Ketoconazole, Itraconazole and sterile discs were 

completely embedded in the mix and dried.

Fig 3. Itraconazole and ketoconazole  susceptibility  test 

disc  with  dispensers.
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Fig.4 Tissue  conditioners  GC –Soft  and Viscogel

The test combinations were:

A. Control groups

Pure culture 

Ketoconazole 

Itraconazole 

Viscogel 

G C Soft 

B. Test combinations

Ketoconazole with GC Soft 

Ketoconazole with Viscogel 

Itraconazole with GC Soft 

Itraconazole with Viscogel 

3. Preparation of 0.85% normal saline: 0.85gms of Sodium 

chloride was dissolved in 100ml of sterile distilled water to 

obtain 0.85% normal saline.

4. Preparation of inoculum for antifungal susceptibility assay:   

Inoculum was prepared by picking 5 distinct colonies of 

Candida Albicans 1 mm in diameter using a sterile 

inoculation loop from 24 hrs old culture grown on SDA 

plates. The colonies were immediately suspended in 5 ml of 

0.85 % normal saline (Fig. 5). The resulting suspension was 

continuously votexed using Spinix votex meter and the 

turbidity was adjusted to 0.5 Mac Farland Standards.

Fig.5 Preparation of Innoculum in 0.85% normal saline for 

antifungal susceptibility assay

5. Preparation of GMB (D-glucose, Mueller Hinton Agar, 

Methylene blue dye.) Medium.

38 gms of Mueller Hinton Agar was added to 1L of sterile 

distilled water and pH was adjusted to 7.2 20gms of 

glucose and 0.5 mg of Methylene blue was dissolved in it to 

yield concentration of 2 % Glucose and 0.5 µ/ml methylene 

blue. It was autoclaved and poured in to petriplates and 

allowed to solidify (Fig.6). These were labelled with the name 

of the test organism, test combinations, time and date.

. 



Fig.6 Preparation of GMB plates.

6. KIRBY –BAUER susceptibility Assay:

This method is also called as standardized filter paper disc 

agar diffusion procedure. This method allows for the 

determination of efficacy of a drug by measuring the 

diameter of zone of inhibition that results from diffusion of 

drug into the medium surrounding the disc.

A set of 5 labeled GMB plates were used without inoculums 

to monitor cross contamination during incubation period.  A 

total of 30 control discs each of pure Ketaconazole, pure 

Itraconazole and pure GC Soft discs, pure Viscogel discs 

were taken in labeled GMB petriplates. A total of 90 test 

combinations discs each of Ketoconazole with GC Soft, 

Ketoconazole with Viscogel, Itraconazole with GC Soft, 

Itraconazole with Viscogel were taken in labeled GMB petri 

plates.

Prior to use all the GMB plates were transferred to an 
0incubator at 37 C  for 10 – 20 minutes to dry off  the moisture 

that developed on agar surfaces. Then plates were 

transferred to laminar air flow chamber and the entire work 

was carried out in laminar airflow under strict aseptic 

conditions.

A sterile cotton swab was dipped in a test tube containing 

inoculum and the excess of inoculum was removed firmly by 

pressing the swab against the upper inside wall of the test 

tube. The entire surface of the GMB plates were streaked 

horizontally, vertically and around the outer edge of the plate 

to ensure a heavy growth over the entire surface (Fig.7).

Fig.7 Innoculation of GMB plates with  Candida Albicans

All the culture plates were allowed to dry for about 5 minutes. 

The control and test combination discs were then placed 

equidistant on the surface of the GMB plates with sterile 
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forceps dipped in alcohol and flamed (Fig.8). 

Fig.8 Test discs placed on GMB plates

All GMB plates were incubated in an inverted position at 37 
0C for 24 hrs. Later individual disc zone of inhibition were 

measured with antibiotic zone measuring scale(Fig.9) .The 

results were recorded and tabulated.

Fig.9  Comparison  of  zone of inhibition  among different control 

and test group  combinations.

It  -  Itraconazole,  Kt -  Ketaconazole, 

Vg -  Viscogel , Gc -  GC soft

 RESULTS

After conducting the study the results were obtained and the data 

was statistically analyzed using Students t- test. Mean inhibition 

diameter was used for comparison among control and test 

combinations.

There was absolutely no inhibition of Candida Albicans observed in 

Viscogel and GC Soft controls. For Ketoconazole and  Itraconazole 

controls, the mean inhibition diameter values obtained   were 

29.033 mm and 16.667 mm respectively .The mean inhibition 

diameter for Ketoconazole-Viscogel combination was 19.156 mm 

and for Ketoconazole-GC Soft combination was 24.356 mm .The 

inhibition of drug effect by embedding the drug into tissue 

conditioners is significant in both the groups (p value<.001).The 

mean inhibition diameter for Itraconazole-Viscogel combination 

was 12.956 mm and for Itraconazole-GC Soft combination was 

9.011 mm . The inhibition of drug effect by embedding the drug into 

tissue conditioners is significant in both the groups (p value< 

0.001).(Table 1)



Table 1: Comparison table for Ketoconazole and Itraconazole 

control with their combination with tissue conditioners Viscogel and 

GC soft.

DISCUSSION

Candida infections receive increasing attention presumably due to 

the increased prevalence worldwide. Despite therapeutic progress 

opportunistic oral fungal infectious diseases have increased  in 

prevalence especially in denture wearers. Hence colonization and 

growth on prostheses by Candida species are of clinical 
[8]importance.

The pathological reactions of denture bearing palatal tissues 

appear under several names such as denture induced stomatitis, 

denture sore mouth, denture stomatitis, inflammatory papillary 

hyperplasia and chronic atrophic candidiasis. Chronic atrophic 

candidiasis is the inflammation of the oral cavity prevalent in 11- 
[2]67% of complete denture wearers.  Its prevalence is even more 

significant in the institutionalized denture wearing population upto 
[4]72%.  The aetiology is multifactorial and  includes  tissue trauma 

from ill fitting dentures, lack of denture cleanliness, dietary factors, 

xerostomia, continuous denture use without interruption, chronic 
[4]illness and a compromised immune system.

Incorporating antifungal agents into tissue conditioners may be a 

promising method of drug delivery to overcome the obstacles for 

the drug therapy. The major advantages of using antifungal agents 

in tissue conditioners as a method of drug delivery are reduced 

costs since only a fraction of the antifungal agent is used compared  

to conventional therapy, no need for patient compliance, 

simultaneous treatment of injured denture bearing tissue and 
[5]Candida infection and reduced application frequency.  With tissue 

conditioners as the drug release mechanism  the drug is 

administered once and  need not be added to daily. GC Soft is 

difficult to work with since it has a short working time. Viscogel had 
[4]the longest working time.

Also, previous studies have used antifungal agents in the form of 
[4,5]crushed tablets or suspensions.  This method although found to 

be efficacious could have possible disadvantages as crushing the 

antifungal tablet may result in non uniform particle sizes of the drug. 

Also, mixing of the powdered drug with the tissue conditioner may 

result in varying concentration of the drug throughout the mix. 

However further studies are required  to confirm this. In this study 

antifungal sensitivity test discs were used instead of crushed 

tablets. The possible advantages of using these discs over 

powdered drug are that by placing the disc in a particular area. The 
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effect can be possibly localized and by placing the disc 

equidistantly a near uniform concentration can be achieved.

In this study, there is absolutely no inhibition of Candida Albicans 

seen in Viscogel and GC Soft controls. The results obtained are in 

accordance with previous study that observed that Viscogel alone 

was completely inert and would  therefore not be used without 

antifungal agents in the treatment of denture stomatitis where a 
[5]yeast infection was present.  Also in an in vitro study to know the 

efficacy of antifungal agents in tissue conditioners in inhibiting 

Candida albicans samples containing only tissue conditioners 

(Viscogel, Coe soft and Fitt) did not exhibit significant fungicidal 

activity as compared to combinations of antifungal agents plus 
[4]tissue conditioners,  hence, suggesting that both the tissue 

conditioners like Viscogel and GC Soft do not have any antifungal 

property of their own.

For Ketoconazole and Itraconazole controls, all the zone of 

inhibition diameters obtained in this study fall within the prescribed 

limits of inhibition for Candida albicans (20-32mm for Ketoconazole 

and 16-20mm for Itraconazole, NCCLS Document May 2004, 

Himedia manual) hence suggesting the sensitivity of the strain used 

to the antifungal drugs.(Graph 1)

In this in vitro study, Itraconazole combinations with any of the tissue 

conditioners Viscogel or GC Soft were not found to be that effective. 

This could be in relation to previous a study, where it was observed 

that Itraconazole completely dissolved Viscogel within 3 minutes of 

hand mixing and the authors quoted that this combination is not 

recommended for clinical use. Also the present study utilizes the 

antifungal drug in the form of discs instead of the powdered form 

thereby creating an interphase between the drug and the tissue 

conditioner. However, further confirmatory studies are needed in 

this regard.

For Ketoconazole combinations, combination with GC soft was 

found to be significantly more inhibiting than with Viscogel (p< .001) 

and this may be explained by the difference in chemical 

constituents of the two tissue conditioners. However, further studies 

are needed to quantify this.

In this study, the inhibition of antifungal drug effect by embedding 

the drug into tissue conditioners is significant (p < .001) in all the 

combinations. The probable cause of this inhibition is some 

interaction between the antifungal drug and the tissue conditioner. 

This interaction demands further study.

This study utilizes the drug dosage of as less as 10µg, while using 
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KtGc

 

90

 

24.356  
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ItVg 90 12.956  1.954
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the same concentration or even higher concentration of the 
[4,5,6]inoculum of Candida Albicans used in previous studies. This 

study is in contrast with those studies which  used  crushed tablets 
 [4,5]or suspensions.

In an article reviewing the treatment of oral candidiasis the authors 

recognized a new phenomenon known as post antifungal effect 

which implies that antifungals, even at sub therapeutic 

concentrations, may suppress the virulent form of yeast, especially 

intra orally where tropical drug levels fluctuate dramatically during 
[9,10]dosing intervals. 

This study can be of clinical significance, as incorporation of 

antifungal drug Ketoconazole sensitivity disc into GC Soft shows 

good  inhibition and can be recommended for clinical use. 

However, further clinical studies are required to quantify this drug.

CONCLUSION

The tissue conditioners used in this study  Viscogel and GC Soft do 

not have any antifungal   property of their own.

 Pure Ketoconazole discs controls were found to be significantly 

more inhibiting than pure Itraconazole discs controls.

Ketoconazole combination with GC Soft was found to be 

significantly more inhibiting than Ketoconazole-Viscogel 

combination.

Itraconazole combination with Viscogel was significantly more 

inhibiting than  Itraconazole -GC Soft combination. 

Ketoconazole test combinations were better than Itraconazole test 

combinations.

So from this study we conclude that the best efficacy is that of 

antifungal Ketoconazole combined with tissue conditioner GC Soft 

in inhibiting the growth of Candida Albicans.
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