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ABSTRACT

Purpose: The objective of the study was to assess the antimicrobial activity of acrylic denture base containing nanosilver and 
nanogold to; S. aureus, E. coli and C. albicans. Methods: Three concentrations of silver and gold nanoparticles (0.01 %, 0.1%, 
1% of polymer weight) were added to MMA monomer, cured samples of modified PMMA were evaluated for their antimicrobial 
activity to three micro-organisms using Broth Microdilution Assay. Results: Both nanosilver and nanogold showed antimicrobial 
activity to the tested micro-organisms. Conclusion: Addition of nanogold and nanosilver to acrylic bases could improve their 
antimicrobial activity. Key words: Nanosilver, Nanogold, Antimicrobial activity.

INTRODUCTION 

Although poly methyl methacrylate (PMMA) is 
not ideal in every respect, it is still the most popular 
denture base material (1). It is a well received bio-
material by dental profession due to its acceptable 
advantages, however its mechanical performance is 
not ideal (2). 

Denture stomatitis is an oral pathology that af-
fects a large number of patients using complete or 
partial dentures. The main etiologic factors related 
to denture stomatitis are trauma, poor oral hygiene 
and infection with Candida species (3). There are 
evidences that denture stomatitis is not a result of C. 
albicans solely, but rather it is an outcome of mul-
tispecies biofilms that may include Strept. mutans, 
Staphy. aureus, E. coli and Klebsiella spp (4). Resis-
tance and recurrent of denture stomatitis infection is 
a major problem facing denture wearers treated with 
systemic or local treatment modalities (5).    

Nanoparticles are antimicrobial agents that 
incorporated into denture bases with the possibility 
of preventing or reducing bacterial and fungal 

contamination. Nanomaterials have many unique 
physicochemical properties, such as ultra-small 
size, large surface area to mass ratio, extensive 
thermal stability, and high reactivity(6). These 
properties can be used to overcome some of the 
limitations found in some traditional therapeutic 
and diagnostic agents (7). The properties of polymer 
nanocomposites depend on the type of incorporated 
nanoparticles, their size and shape, as well as the 
concentration and interaction with the polymer 
matrix (8). 

Mendieta I et al (9) concluded that silver nanopar-
ticles (AgNPs) when added to a PMMA formula-
tion, resulted in successful reduction of adherence 
of C. albicans. Similarly, Nam K 2012(10) concluded 
that tissue conditioner modified with nanosilver 
showed antimicrobial activity toward S. aureus 
when the concentrations of nanosilver was above 
0.1% and toward C. albicans when the concentra-
tion of nanosilver was above 0.5%.

Eid A et al (11) used gold nanoparticles (AuNPs) 
having sizes ranging from 5-20 nm to study their 
antifungal activity. The results that obtained lend 
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strong evidence that could warrant the consider-
ation of gold nanoparticles as antifungal agent that 
could circumvent the side and passive immune ef-
fects of other biocidal medications.  

It is desirable for dental materials to have a low 
susceptibility to oral microorganism adhesion (12). 
Previous studies implicated that Nanosilver and 
Nanogold added to PMMA might have antimicro-
bial activity that could overcome the problem of 
recurrence of denture stomatitis after stoppage of 
treatment, this activity depended on many factors 
including nanoparticles content, size and shape, 
way of nanoparticles loading, method of nanopar-
ticles construction and even the type of acrylic resin 
to be modified (12). 

MATERIALS AND METHODS

Silver nanoparticles and gold nanoparticles were 
synthesized in a colloidal solution in an alcohol 
medium, AgNPs were triangular prisms in shape 
while AuNPs were spherical in shape. The average 
nanoparticles size was 20 nm. Three different con-
centrations were prepared (0.01%, 0.1%, 1%) of the 
polymer weight. Solutions were kept in a properly 
sealed bottles at room temperature till be added to 
the monomer (13).   

Disk shaped metal patterns were constructed 
with a diameter of 20mm and thickness of 2mm ac-
cording to ADA specification no.12,1999 for den-
ture bases (14) and were invested in flasks with dental 
stone. After setting of stone, the flasks were opened 
and the patterns were removed, leaving cavities that 
were used as matrixes for the fabrication of acrylic 
resin specimens. Polymer and the modified mono-
mer with nanoparticles were mixed according to 
the manufacturer’s instructions and packed into the 
previously prepared cavities and allowed to be po-
lymerized. The specimens were autoclaved and then 
immersed in sterile artificial saliva at 37±2Cº for 7 
days (15). Three standard strain organisms were used 
in the current study; S. aureus (ATCC 6538), E. coli 
(ATCC 8739) and C. albicans (ATCC 10231).

Control and modified acrylic resin samples were 
made for each performed test so that (n =10) ac-
cording to international organization for standard-
ization (16).   

Broth Microdilution Assay

Each disc sample of nanosilver and nanogold 
particles and control discs were placed on flat bot-
tom of separated 12-well cell culture plate and 
100μL (equivalent to the turbidity of 0.5 McFarland 
standard) of initial microbial suspensions in 1.0 ml 
of Mueller Hinton broth and Sabouraud dextrose, 
broth for bacteria and Candida respectively, were 
inoculated to each well. Three wells containing mi-
crobial suspension without tested discs as (Growth 
control) were included in the plate and the plates 
were incubated at 35oC for 48 h. After incubation 
period 200μL from each well was taken under asep-
tic condition and placed on sterile 96-well flat-bot-
tomed microtiter plate. Optical densities were mea-
sured at (620nm) using ELISA microplate reader 
(Sun Rise–TECAN, Inc. ®, USA) (17).   

Finally, cell concentrations were transformed to 
a mean growth inhibition percentage (%). The per-
centage of microbial growth reduction (GR %) was 
estimated using as reference the control treatment 
(growth without discs) as:    GR% =

Where, C is the cell concentrations under the 
control treatment and T is the cell concentrations 
under the disc treatment. Three replicates were con-
sidered. The results were recorded as means ±SD of 
the triplicate experiment (18).    

RESULTS

Post Hoc Test (LSD) (table 1, figure 1, 2 and 3).       

No antimicrobial activity of the control group 
to any of the tested microbial strains. There was a 
significant increase in the antimicrobial activity of 
nanosilver 0.1% subgroup (95.0±0.74) and nanosil-
ver 1% subgroup (100.0 ± 0.50) to E. coli. A statis-
tically significant increase was found in Nanogold 
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0.1% subgroup (55.0±0.98) and Nanogold 1% sub-
group (100.0±0.42) to E. coli.

There was a statistically significant increase in 
antimicrobial activity of all nanosilver subgroups to 
S. aureus.  A significant increase was found in nano-
gold     0.1% subgroup (100.0 ± 0.69) and nanogold 

1% subgroup to S. aureus (100.0±0.96). 

There was a statistically significant increase 
in nanosilver 0.1% subgroup (100.0±0.63) and 
Nanosilver 1% subgroup (100.0±0.50) to C. albi-
cans. A statistically significant increase was found 
in all nanogold subgroups to C. albicans.

Fig. (1) Bar chart showing comparison between the studied 
groups according to antimicrobial activity to E. coli.

Fig. (2) Bar chart showing comparison between the studied 
groups according to antimicrobial activity to S. aureus

TABLE (1) Comparison between studied groups according to antimicrobial activity to pathogenic organ-
isms.

Tested or-
ganisms

Control 
growth

Control discs

Discs with different conc. Of Nanosilver 
(O.D.620)

Discs with different conc. Of Nanogold 
(O.D.620)

0.01% 0.1% 1% 0.01% 0.1% 1%

E. coli 2.1 ± 0.31 0.0 ± 0.0 0.0 ± 0.0 95.0 ± 0.74 100.0 ± 0.50 0.0 ± 0.0 55.0 ± 0.98 100.0 ± 0.42

P Control growth - - <0.001* <0.001* - <0.001* <0.001*

P Control discs - <0.001* <0.001* - <0.001* <0.001*

S. aureus 1.8±0.22 0.0 ± 0.0 100.0 ± 0.39 100.0 ± 0.45 100.0 ± 0.60 0.0 ± 0.0 100.0 ± 0.69 100.0 ± 0.96

P Control growth - <0.001* <0.001* <0.001* - <0.001* <0.001*

P Control discs <0.001* <0.001* <0.001* - <0.001* <0.001*

C. albicans 2.3 ± 0.44 0.0 ± 0.0 0.0 ± 0.0 100.0 ± 0.63 100.0 ± 0.50 100.0 ± 0.44 100.0 ± 0.86 100.0 ± 0.76

P Control growth - - <0.001* <0.001* <0.001* <0.001* <0.001*

P Control discs - <0.001* <0.001* <0.001* <0.001* <0.001*

P Control growth: P value for comparing between Control growth group and each other group
P Control discs: P value for comparing between Control discs group and each other group
Significance between groups was done using Student t-test. * Considered Statistically significant at P ≤ 0.05
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DISCCUSION

The Broth Microdilution Assay, revealed that 
nanosilver 0.1% subgroup, Nanosilver 1% sub-
group, nanogold 0.1% subgroup and nanogold 1% 
subgroup showed highly significant antimicrobial 
activity to the three reference strains, as compared 
to the control group. Nanosilver 0.01% subgroup 
showed antimicrobial activity only to one strain 
which was S. aureus while Nanogold 0.01% sub-
group showed antimicrobial activity only to C. al-
bicans.

Silver nanoparticles were reported as antimicro-
bial agents against bacteria, and their mechanism 
of action was found to be multifactorial. These 
nanoparticles preferably bind to Sulphur-containing 
proteins, thereby forming pores in the cell wall and 
membrane, leading to loss of intracellular contents. 
Furthermore, nanoparticles attack respiratory chain 
enzymes, causing cell disintegration, and interact 
with phosphate in the DNA, preventing cell divi-
sion (19).   

It has been generally believed that the mecha-
nism of the antibacterial effects of gold nanoparti-
cles involves their absorption and accumulation by 
the bacterial cells that would lead to shrinkage of 
the cytoplasm membrane or its detachment from the 
cell wall (11).   

Another suggestion for the antimicrobial mecha-
nism of action of nanoparticles was related to their 
catalytic action, oxygen is converted into active 
oxygen (including hydroxyl radicals) by the action 
of light energy and/or H2O in the air or water only at 
polar surfaces. These active oxygen radicals cause 
the structural damage in bacteria and lead to the 
damage or even the death of the microorganisms, 
the so called “oligodynamic of metal ions “ (20).   

The results of the present study implicate that 
nanosilver and Nanogold added to PMMA might 
act like latent antimicrobial material and it could 
provide the additional benefit of antimicrobial effect 
even if dentures are worn at night, therefore, could 
be used as one of the alternative therapy for den-
ture stomatitis resistant to conventional treatment or 
geriatric denture bearing patients under medically 
compromised status.

CONCLUSIONS

Modifying PMMA with nanosilver or nanogold 
significantly increased the antimicrobial activity 
specially with the higher concentrations. The results 
suggested that PMMA containing nanosilver and 
nanogold could be antimicrobial dental materials in 
denture plaque control.

REFERENCES

1.	 Alla R, Sajjan S, Alluri V, Ginjupalli K, Upadhya N: Influ-
ence of Fiber Reinforcement on the Properties of Denture 
Base Resins, J Biomater Nano Biotech. 2013; 4(1):91-97.

2.	 Rickman L, Padipatvuthikul P, Satterthwaite J: Contem-
porary denture base Resins: Part 1, Dent Update 2012; 
39(1):25-30.

3.	 Vasconcelos L, Sampaio M, Sampaio F, Higino J: Use of 
Punica granatum as an antifungal agent against candidosis 
associated with denture stomatitis. Mycoses 2003; 46:2-6.

4.	 Daniluk T, Fiedoruk K, Sciepuk M, Zaremba M, Rozkie-
wicz D, Cylwik-Rokicka D: Aerobic bacteria in the oral 
cavity of patients with removable dentures. Advanced 
Medical Science. 2006; 51:86-90.

Fig. (3) Bar chart showing comparison between the studied 
groups according to antimicrobial activity to C. albi-
cans



A.J.D.S. Vol. 21, No. 2 MICROBIOLOGICAL EVALUATION OF ACRYLIC RESIN MODIFIED 165

5.	 Amanlou M, Beitollahi J, Abdollahzadeh S, Tohidast Z: 
Miconazole gel compared with Zataria multiflora Boiss. 
gel in the treatment of denture stomatitis. Phototherapy 
Research 2006; 20:66-69.

6.	 Ghosh P, Han G, Kim C, Rotello V: Gold nanoparticles 
in delivery applications. Advanced Drug Delivery Review 
2008; 60:07–15.

7.	 Pooja M, Komal V, Vida A, Shree R: Functionalized Gold 
Nanoparticles and Their Biomedical Applications. Nano-
materials J 2011; 1:31-43.

8.	 Jordan J, Jacob K, Shart M: Experimental trends in poly-
mer Nano composites-A review. Material Science Engi-
neering 2005; 1:1-11.

9.	 Mendieta I, Nuñez R, Cajero M, Castaño V: Cytocompat-
ible antifungal acrylic resin containing silver nanoparticles 
for dentures. Int J nanomed 2012; 7:77-86.

10.	 Nam K: In vitro antimicrobial effect of the tissue condi-
tioner containing silver nanoparticles. J Adv Prosthodont 
2011;3(1):4-20.

11.	  Eid K, Salem H, Zikry A, El-Sayed A: Antifungal Effects 
of Colloidally Stabilized Gold Nanoparticles: Screening 
by Microplate Assay. J Nat Sci 2011; 9:40-45.

12.	 Geerts A, Stuhlinger E, Basson J: Effect of an antifungal 
denture liner on the saliva yeast count in patients with den-
ture stomatitis: a pilot study. J Oral Rehabil 2008; 35:4-9.

13.	 Chladek G, Kasperski J, Barszczewska-Rybarek I, 
Żmudzki J: Sorption, solubility, bond strength and hard-
ness of denture soft lining incorporated with silver 
nanoparticles. Int J Mol Sci 2013; 14:63-74.

14.	 ADA 1999. American National Standers Institute/Ameri-
can Dental Association Specification No.12 for denture 
base polymer. Chicago: council on dental material and 
device.

15.	 Casemiro L, Martins C, Pires-de-Souza F, Panzeri H: Anti-
microbial and mechanical properties of acrylic resins with 
incorporated silver–zinc zeolite–part I. Gerodontology. 
2008;25(3):87-94.

16.	 International Organization for Standardization. 10993-5 
Part 5. Test for in vitro cytotoxicity International Standard, 
biological evaluation of medical devices. Geneva, Swit-
zerland: International Organization for Standardization.

17.	 “NCCLS/CLSI” National Committee for Clinical Labora-
tory Standards/Clinical and Laboratory Standards Institute 
(2007): Performance standards for antimicrobial suscepti-
bility testing; Seventeenth informational supplement, M2-
A9 and M7-A7. Wayne, P. A., USA.

18.	 Shakhatreh A, Al-Smadi L, Khabour F, Shuaibu A, Hus-
sein I, Alzoubi H: Study of the antibacterial and antifungal 
activities of synthetic benzyl bromides, ketones, and cor-
responding chalcone derivatives. Drug Design, Develop-
ment and Therapy. 2016; 10:36-53.

19.	 Panacek A, Kolar M, Vecerova R, Prucek, R, Soukupova, 
J, Krystof V: Antifungal activity of silver nanoparticles 
against Candida spp. Biomaterials 2009;30:33–40.

20.	 Samuel U and Guggenbichler J: Prevention of catheter-
related infections: The potential of a new nanosilver im-
pregnated catheter. Int J Antimicrob Agents 2004; 23:5-8.


