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ABSTRACT

Recent years have been dominated by research in nano science. Dentistry is no exception
and there is increased research on nanoparticles in dentistry. Complete dentures increase the
carriage of Candida in healthy patients, and the proliferation of C. albicans can be associated
with denture-induced stomatitis.

Purpose: To evaluate the anti-Candida effect of heat cure denture base resins reinforced with Ag®
in the ratio of 4:1, 3:1, 2:1 (Groups B, C, and D, respectively) to the weight of denture base resins.
Materials and Methods: Ag® were synthesized by chemical reduction method, incorporated
into the polymer powder according to the ratio for each group, subjected to polymerization and
microbial assay was calculated for the reference C. albicans strains by agar diffusion method
for the incubation period of 24 h.

Results: Group D showed multifold decrease in the colony-forming units.

Conclusion: The antimicrobial effect of silver could be used vividly in the denture base for
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Although dentistry has developed new materials and
techniques used in rehabilitation of completely edentulous
patients, mucosa-supported dentures still act as possible
agents of tissue damage."” In 1885, Black first reported
denture-induced pathosis as “sore mouth under plates.” He
identified acidogenic microorganism from the intaglio surface
of dentures and corresponding mucosa as a causative factor
of this pathologic condition.® In 1936, Cahn first suggested
that the acidogenic microorganism responsible for causing
“denture sore mouth” were Monilia albicans.¥ Denture-
induced stomatitis is an inflammatory reaction of the denture
bearing mucosa that affects approximately 65% of complete
denture wearers.” It has a multifactorial etiology, and C.
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albicans is reported as the primary etiologic agent.'*”’ No
potential antimicrobial agent that could be incorporated in
the denture has been developed.

Over the past few decades, inorganic nanoparticles,
whose structures exhibit significantly novel and improved
physical, chemical, and biological properties, phenomena,
and functionality due to their nanoscale size, have elicited
much interest. Nanophasic and nanostructured materials are
attracting a great deal of attention because of their potential
for achieving specific processes and selectivity, especially in
biological and pharmaceutical application.®” Recent studies
have demonstrated that specifically formulated metal oxide
nanoparticles have good antimicrobial activity.'” Among
inorganic antimicrobial agents, silver has been employed most
extensively since ancient times to fight infections and control
spoilage.l''""¥ Silver has a well-tolerated tissue response and
low toxicity profile and it is more toxic than many other
metals against a broad spectrum of sessile bacteria and fungi
which colonize on plastic surface.'*! Such characteristics
have led to drawing an attention recently due to the
emergence of antibiotic resistant bacteria as a result of overuse
of antibiotics and far lower propensity to induce microbial
resistance than antibiotics. Silver-containing materials are
already used as prosthesis, such as the technology of central
venous catheter, vascular graft, and wound dressing.'®'” The
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antibacterial activities of silver nanoparticles are related to
their size, with the smaller particles having higher activities
on the basis of equivalent silver mass content.!"¥! The nano
silver with its rapid and broad spectrum efficacy and its
sustained silver cation (Ag+) release!'®'”! appears to be more
effective antimicrobial than microsized silver powder (um),
which shows lower antimicrobial activity owing to its limited
surface.l'!”! This study evaluates the anti-Candida effect of
heat cure polymethylmethacrylate reinforced with silver
nanoparticles. The viable microbial cells are identified by the
number of colony-forming units (CFUs), the more the CFU
the more virulent is the microorganism.

MATERIALS AND METHODS

Preparation of silver nanoparticles

Silver nanoparticles were synthesized by the chemical reduction
method. The synthesis of silver nanoparticles was made by
dissolving 2.52 g of'silver nitrate (Merck Specialities Pvt Ltd,
India) in 15 mL of deionised water to get a solution of 1 mole.
Then 2.23 g of sodium borohydride (Sisco Laboratories Pvt Ltd,
India) mixed in 30 mL of deionised water in a conical flask and
mixed with magnetic stirrer to get a solution of 2 mole. The
crystals were measured using an electronic weighing machine.
The silver nitrate solution is transferred to a clean burette and is
then allowed to drop slowly into sodium borohydride solution
in a conical flask and mixed with magnetic stirrer to prevent
agglomeration. The temperature around the conical flask was
controlled by placing ice cubes. As the stirring continues,
the agglomerates of silver nanoparticles starts forming. After
completion of stirring process, the agglomerates of silver
nanoparticles were washed with deionized water, centrifuged,
and dried in incubator at 65°C overnight. It is then ground
with a mortar and pestle. The purity of nanoparticles was
confirmed under “X” ray diffraction. The instrument used for
X-ray diffraction is Panalytical “X” pert pro. The synthesized
nanoparticles contained 90% pure silver. The size of the
nanoparticles was 20-100 nm [Figure 1] that was determined
by atomic force microscopy (AFM) (nanosensor).

Sample fabrication (Ag® heat cure resin)

The heat cure polymethylmethacrylate selected in the
study was DPI heat cure material (DPI Company, India).
The Ag’® was added to the polymer powder. The amount of
Ag° required to get the ratio of 4:1, 3:1, 2:1 by weight with
conventional denture base resin is tabulated and is grouped
as Groups B, C, and D, respectively [Table 1]. Forty wax
patterns were fabricated with modelling wax (Hindustan
modelling wax no. 2, India), invested in a dental flask and
processed with acrylic containing Ag® corresponding for
each group. Each group contained 10 sample. In order to
fabricate sample with regular shape, a metal die of 5 mm
diameter and 1 mm thickness was prepared, duplicated
with addition silicone putty material (Aquasil, Dentsply,
India). The amounts of silver nanoparticle required to get
the proportion for each sample is given in table [Table 2].
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Before microbial assay, all samples were subjected to U-V
ray sterilization for 15 min.

Microorganisms

One standard strain organism was used (C. albicans). The
samples were inoculated in brain heart infusion broth [Figure
2] containing Candida albicans (Hi Media Laboratories Pvt
Ltd, Mumbai) for 24 h. The inoculated samples were sonified
with normal saline and inoculated into sarbastose dextrose
agar medium [Figure 3] for 24 h and the agar diffusion of
C. albicans and the colonies were counted [Figure 4].

RESULTS

The CFU per 1 mL of broth against C. albicans was
demonstrated as the mean viable cells (CFU) after 24 h
incubation [Table 3]. When compared the control group (0%
Ag®) did not show any Candida inhibitory effect.[Figure 4]
The bar diagram shows the CFU per mL of broth [Figure 5].

DISCUSSION

In the present study, the addition of Ag® to heat cure
polymethylmethacrylate yielded fungicidal effect for
the reference strain C. albicans. C. albicans occurs as a
commensal in the gastrointestinal tract. Under predisposing
conditions, Candida can produce a broad array of infections,
from superficial mild infections to deep-seated fatal
infections. Oral candidiasis is one of the most common forms
of candidiasis, which presents a mucocutaneous infections

Table 1: Classification of the experimental groups
Group A

Conventional denture base resin

Group B 2.5% Ag nP reinforced
4:1 ratio with conventional denture base resin
Group C 3% Ag nP reinforced. 3:1 ratio with conventional
denture base resin
Group D 5% Ag nP reinforced

2:1 ratio with conventional denture base resin

Table 2: Amount of silver nanoparticle required
to obtain the ratio

Group Silver nanoparticle
Group B 0.11g
Group C 0.16 g
Group D 0.25¢g

Table 3: In vitro antimicrobial properties of heat cure
denture base resins with silver nanoparticles against
C. albicans. Results are expressed in CFU count

Group

Colony forming unit (CFU)/mL of broth

Group A 10°
Group B 10¢
Group C 102
Group D 10
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Figure 3: Samples in sarbastose dextrose agar medium
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Figure 5: Bar diagram shows the value obtained from the CFU per
mL of broth for each group

of the oral cavity involving mainly tongue, palate, gingival,
and fissures of the mouth.??! Candida infections receive
increasing attention, presumably due to the increased
prevalence worldwide.” There is a large body of evidence
that Candida is able to adhere to acrylic resin dentures.
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Figure 2: Samples in BHI broth

Figure 4: Candida growth

This is the first step that may lead to the development of
infectious process and that may ultimately result in varying
degree of denture stomatitis of the adjacent mucosa.%

Candida adheres directly or via a layer of denture plaque to
denture base (polymethylmethacrylate-PMMA).?%! In this
study, a test tube containing 10 mL of brain heart infusion
broth was infused with a single CFU of reference strain C.
albicans. The samples were immersed for 24 h. The assays
tested with samples immersed in a large volume of microbial
suspension could not reproduce in vivo denture base resin
which closely contacts the mucosa.”” The present microbial
assay confirmed that the susceptibility of C. albicans to Ag"-
PMMA sample (5%) was multifold less than to samples with
2.5% Ag°. It was reported in previous studies that Ag- and
silver-based compounds are highly toxic to prokaryotic cell
showing strong biocidal effects on as bacteria species!™ but
has less effects on eukaryotic cells such as fungi and yeasts.*”
The capacity of certain microbial strains to develop resistance
against antibiotics has aroused an increasing interest for the
controlled delivery of other antimicrobial agents with a broader
activity and low incidence of resistance, such metals like silver
or zinc, being an alternative strategy to avoid the formation

Indian Journal of Dental Research, 25(2), 2014


https://market.android.com/details?id=comm.app.medknow

[Downloaded free from http://www.ijdr.in on Saturday, January 03, 2015, IP: 115.111.224.207] || Click here to download free Android application for this journal

Anti-Candida effect of denture base resin reinforced with silver nanoparticle

of adhesive microbial films.®" The antimicrobial properties of
silver at low concentrations over a wide range of pathogens,
including the common microbial strains involved in implant-
associated infections as well as the lack of toxicity of the
mammalian cells, are well-known. The present study could not
conclude whether the antimicrobial effect was resulted from
release of silver ions from the sample into the agar medium
or by direct contact Ag® and microbial cells. Ag+ has been
reported to interact with cytoplasmic components and nuclei
acids, to inhibit respiratory chain enzymes and to interfere
with membrane permeability.®” The nano-Ag are sensitive to
oxygen and convert oxygen into active oxygen by its catalytic
action. These active oxygen cause the structural damage of the
microorganisms, called as “oligodynamic action” of silver.['”%

It is desirable for the denture base resin to have low microbial
adhesion and better tissue response. The result of the present
study shows that Ag® incorporated denture base resin acts as
a potent anticandidal agent and could be used as material of
choice for immunocompromised patients and for patients
resistant to conventional therapy of denture stomatitis.
However, further studies are required to clarify the exact
mechanism of action of silver nanoparticle, its long-term
effect on tissues and its systemic effects due to ionic release
for a safer lineal application. The limitation of Ag® reinforced
denture base resin also affects the esthetis due to its color,
hence, could be used only for the palatal and the lingual
contours.

CONCLUSION

Within the limitations of the present in vitro study, the
modified denture base reinforced with Ag® showed 10° less
C. albicansadhesion than the control group after 24 and 48 h
incubation period. Further studies on molecular biology, cell
toxicity, systemic toxicity, and physical stability of Ag® are
required for its clinical use.

REFERENCES

10.

Helft M, Cardash HS, Rones B, Ben-Ur Z. The prevalence of denture-
related injuries in patients resident at two Israeli geriatric hospitals.
Gerodontology 1986;5:123-7.

Nevalainen MJ, Narhi TO, Ainamo A. Oral mucosal lesions and oral
hygiene habits in the home-living elderly. ] Oral Rehabil 1997;24:332-7.
Black GV. Sore mouth under plates. Dent Items Interest 1885;7:492.
Cahn LR. The denture sore mouth. Ann Dent 1936;3:33-6.

Webb BC, Thomas CJ, Willcox MD, Harty DW, Knox KW. Candida-
associated denture stomatitis. Aetiology and management: A review. Part
2. Oral diseases caused by Candida species. Aust Dent ] 1998;43:160-6.
Arendorf TM, Walker DM. Oral candidal population in health and
disease. Br Dent ] 1979;147:267-72.

Nikawa H, Yamamoto T, Hamada T, Sadamori S, Agrawal S. Cleansing
efficacy of commercial denture cleansers: Ability to reduce Candida
albicans biofilm activity. Int ] Prosthodont 1995;8:527-34.

Brigger, |, Dubernet C, Couvreur P. Nanoparticles in cancer therapy and
diagnosis. Adv Drug Deliv Rev 2002;54:631-51.

Wu X, Liu H, Liu ], Haley KN, Treadway JA, Larson JP, et al.
Immunofluorescent labelling of cancer marker Her2 and other cellular
targets with semiconductor quantum dots. Nat Biotechnol 2003;21:41-6.
Stoimenov PK, Klinger RL, Marchin GL, Klabunde K]. Metal oxide

Indian Journal of Dental Research, 25(2), 2014

11.

12.

16.

17.

18.

20.

21.

22.

pes

24.

5,

26.

27.

28.

29.

30.

31.

32.

33.

Suganya, et al.

nanoparticles as bactericidal agents. Langmuir 2002;18:6679-86.
Oka M, Tomioka T, Tomita K, Nishino A, Ueda S. Inactivation of
enveloped viruses by a silver-thiosulfate complex. Met Based Drugs
1994;1:511.

Oloffs A, Grosse-Siestrup C, Bisson S, Rinck M, Rudolvh R, Gross U.
Biocompatibility of silver-coated polyurethane catheters silver-coated
Dacron material. Biomaterials 1994;15:753-8.

Tokumaru T, Shimizu Y, Fox CLJr. Antiviral activities of silver sulfadiazine
in ocular infection. Res Commun Chem Pathol Pharmcol 1974;8:151-8.
Slawson RM, Lee H, Trevors JT. Bacterial interactions with silver. Biol
Met 1990;3:151-4.

Zhao G, Stevens SE Jr. Multiple parameters for the comprehensive
evaluation of the susceptibility of Eschercia coli to the silver ion.
Biometals 1998;11:27-32.

Alt V, Bechert T, Steinrucke P, Wagener M, Seidel P, Dingeldein E, et al.
An in vitro assessment of the antibacterial properties and cytotoxicity
of nanoparticulate silver bone cement. Biomaterials 2004;25:4383-91.
Samuel U, Guggenbichler JP. Prevention of catheter-related infections:
The potential of a new nano-silver impregnated catheter. Int J
Antimicrob Agents 2004;23:575-8.

Lok CN, Ho CM, Chen R, He QY, Yu WY, Sun H, et al. Silver nanoparticles:
Partial oxidation and antibacterial ativities. ] Biol Inorg Chem
2007;12:527-34.

Wright JB, Lam K, Hansen D, Burrell RE. Efficiency of topical silver against
fungal burn wound pathogens. Am J Infect Control 1999;27:344-50.
Scully C, el-Kabir M, Samaranayake LP. Candida and oral candidiasis:
A review. Crit Rev Oral Biol Med 1994;5:125-57.

Rippon JW. Medical Mycology: The Pathogenic Fungi and the Pathogenic
Actinomyetes. 2" and 3" ed. Philadelphia: WB Saunders; 1982. p. 192-6,
1988. p. 532-81.

Quirynen M, Marechal M, Busscher HJ, Weerkamp AH, Darius PL,
van Steenberghe D. The influence of surface free energy and surface
roughness on early plaque formation. An in vivo study in man. J Clin
Periodontol 1990;17:138-44.

Cannon RD, Chaffin WL. Oral colonization by Candida albicans. Crit
Rev Oral Biol Med 1999;10:359-83.

Chandra J, Mukherjee PK, Leidich SD, Faddoul FE, Hoyer LL, Douglas LJ,
et al. Antifungal resistance of candidal biofilms formed on denture
acrylic in vitro. ] Dent Res 2001;80:903-8.

Ramage G, Tomsett K, Wickes BL, Lopez-Ribot JL, Redding SW. Denture
stomatitis: A role for Candida biofilms. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2004;98:53-9.

Branting C, Sund ML, Linder LE. The influence of Streptococcus mutans
on adhesion of Candida albicans to acrylic surfaces in vitro. Arch Oral
Biol 1989;34:347-53.

Edgerton M, Scannapieco FA, Reddy MS, Levine MJ. Human
submandibular-sublingual saliva promotes adhesion of Candida
albicans to polymethylmethacrylate. Infect Immun 1993;61:2644-52.
Samaranayake LP, MacFarlane TW. An in vitro study of the adherence
of Candida albicans to acrylic surfaces. Arch Oral Biol 1980;25:603-9.
Truhlar MR, Shay K, Shonle P. Use of a new assay technique for
quantification of antifungal activity of nystatin incorporated in denture
liners. ] Prosthet Dent 1994;71:517-24.

Christensen M, Rungby J, Mogensen SC. Effects of selenium on
toxicity and ultrastructural localization of mercury in cultured murine
macrophages. Toxicol Lett 1989;47:259-70.

Percival SL, Bowler PG, Russell D. Bacterial resistance to silver in wound
care. ] Hosp Infect 2005;60:1-7.

Russell AD, Hugo WB. Antimicrobial activity and action of silver. Prog
Med Chem 1994;31:351-70.

Feng QL, Wu J, Chen GQ, Cui FZ, Kim TN, Kim JO. A mechanistic
study of the antibacterial effect of silver ions on Eschercia coli and
Staphylococus aureus. ] Biomed Mater Res 2000;52:662-8.

How to cite this article: Suganya S, Ahila SC, Kumar BM, Kumar MV. Evaluation
and comparison of anti-Candida effect of heat cure polymethylmethacrylate
resin enforced with silver nanoparticles and conventional heat cure resins: An
in vitro study. Indian J Dent Res 2014;25:204-7.

Source of Support: Centre for Nanotechnology and Research, SRM
University, Chennai (supported in synthesis of silver nanoparticles), Conflict
of Interest: None declared.

207



https://market.android.com/details?id=comm.app.medknow

