
SUMMARY
The aim of this study was to determine the level of antimicrobial 

agents Benzalkonium Chloride and Cetylpyridinium Chloride released 
from ChemFlex, a conventional glass ionomer cement (GIC). The main null 
hypothesis tested was that there is no release of antimicrobial agents into 
the surrounding medium. 3 groups of the conventional ChemFlex GIC of  
5 samples each, with Benzalconium Chloride and CPC incorporated, were 
prepared - each group with a different percentage of the agents (1%, 2%, 
and 3%). The determination of the quantity of the antimicrobial agents was 
done by an UV- Spectrophotometer. The measurements were performed at  
11 successive time intervals.

The results of the statistical analysis point out that it is possible to 
incorporate these antimicrobial agents in conventional GIC, especially when 
the added percentage of the antimicrobial agents is 3%.
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Introduction

Because of the relatively frequent occurrence of 
recurrent caries after a restorative treatment, and because 
of the huge number of cariogenic microorganisms 
existing in the oral cavity, which present a potential 
risk factor regarding the development of new carious 
lesions, attention has increasingly been directed toward 
therapeutic antimicrobial effects of restorative materials.

The glass ionomer cements (GIC) distinguish 
themselves as most acceptable restorative materials 
possessing the positive characteristics of fluorine in the 
processes of remineralization and antimicrobial action1-4. 
Their usage is determined by their characteristic to release 
fluorine and to participate in the mechanism of inhibition 
of the secondary caries development5-7.  At the same time 
they also act upon the surrounding bacteria by reducing 
the cariogenic microorganisms8.

In addition to the release of fluoride ions, GIC 
can potentially be used as matrices for the release of 
other active antimicrobial components. In regard to the 
incorporation of antimicrobial agents, chlorhexidine 
has been described as a golden standard for antibacterial 

application9.  There are several studies dealing with 
the effect of incorporating chlorhexidine in different 
concentrations and its combinations in GIC to improve 
their antimicrobial properties10-14.

There are only a few data in the literature referring 
to the incorporation and release of other antimicrobial 
components in GIC. Although a part of them have a 
confirmed effect in the reduction of cariogenic salivary 
flora when used in rinses or toothpastes, the results 
regarding their incorporation in GIC are still scarce15-18. 
Cetylpyridinium Chloride (CPC), as an active component 
of oral antiseptics, has a broad antimicrobial spectrum 
with a strong bactericidal effect on Gram positive 
pathogens and a fungicidal effect. Its effectiveness 
against gram negative pathogens and mycobacteria is 
questionable19,20. The official US pharmacopoeia accepts 
Benzalkonium Chloride as an auxiliary antimicrobial 
agent15. It is the major antimicrobial agent in numerous 
toothpastes and mouth rinses.

The objective of this study was to determine the 
level of release of the antimicrobial agents Benzalkonium 
Chloride and Cetylpyridinium Chloride from the 
conventional GIK ChemFlex, previously incorporated 



with various concentrations of antimicrobial agents. 
The null hypothesis tested was that there is no release 
of antimicrobial agents into the surrounding medium, 
and that there are no differences due to the type of 
antimicrobial agents and their represented percentages.

Materials and Methods

Material
The commercially available conventional GIC that 

was used in the analyses was a material being widely 
applied in restorative dentistry (ChemFlex, DENTSPLY 
DeTrey, Konstanz, Germany). The composition of this 
GIC is shown in table 1. The antimicrobial compounds 
used in the study were: Cetylpyridinium Chloride (C0732 
by Sigma - Aldrich Co.) and Benzalkonium Chloride 
(12660 by Fluka Chemical Corporation Milwaukee, WI, 
USA).

Table 1. The material used in the research

Material Classification Composition Manufacturer

ChemFlex
Conventional 
glass-ionomer 
cement

Strontium, 
aluminium, 
fluoride, silicate, 
tartaric acid, 
pigments, 
polyacrylic acid

DENTSPLY 
DeTrey, 
Konstanz, 
Germany

3 groups of the conventional GIC ChemFlex of 5 
samples each, with Benzalkonium Chloride incorporated, 
were prepared - each group with a different percentage of 
the agent (i.e. 1%, 2% and 3%); and another 3 5 sample 
groups, but with Cetylpyridinium Chloride incorporated, 
were also prepared - each group having the corresponding 
percentage of the agent (1%, 2% and 3%).

Preparation of Samples
The antimicrobial compounds Benzalkonium 

Chloride (BCH) and Cetylpyridinium Chloride (CPC) 
were first incorporated into the GIC’s polyacrylic acid 
by mixing, and then the powder was added gradually, 
to the previously prepared acid and antimicrobial 
compound mixture, and they were mixed together until 
complete saturation. The antimicrobial agents were 
added in strict portions of 1, 2 and 3% of the weight 
of the cement. The determination of the concentration 
(weight) of BCH and CPC was done by measuring the 
given percentage of the antimicrobial agent with an 
analytical balance. Preceding analyses had determined 
the concentrations of 1, 2 and 3% of antimicrobial agents 
to be equivalent to 0.0022 g, 0.0044 g and 0.0066 g, of 

the whole cement mass. The freshly mixed paste was 
placed into 6 mm high metal moulds having 4 mm in 
diameter. The moulds had been closed by metal plates 
on both sides, placed in special clamps and then placed 
in an incubator at 37oC for 1 hour (maturation time). 
After their removal from the incubator, the specimens 
were taken out from the clamps and moulds, and stored 
individually in separate marked plastic tubes with 5 ml 
de-ionized water at a temperature of  22–24oC and at an air 
humidity of 40–50% . The sample tubes had been chosen to 
allow minimal contact between the specimen and the tube 
and therefore allow diffusion of antimicrobial agents from 
all surfaces of the specimens into the surrounding aqueous 
medium.

Determination of the Antimicrobial Agents 
(UV-Spectrophotometric Analysis)

The determination of the quantity of the antimicrobial 
agents was done by a so UV- Spectrophotometer, and the 
results were expressed in Absorbance Units (AU). The 
spectrophotometer was calibrated using BCH and CPC 
solution with predetermined concentrations. The UV 
spectrophotometer was set to a detection wavelength of 
maximal absorption (214 nm) for BCH, and 259 nm for 
CPC. 

The measurements were performed at 11 successive 
time intervals as follows: 15, 30, 45 min, 1, 2, 3, 4, 24 hr, 
7, 14 and 30 days. During the entire period, the de-ionized 
water where the samples were stored was not changed.

The statistical analysis of the results was performed 
using the 1-way ANOVA, the Post-hoc-Tukey honest 
significant difference (HSD), and the Mann-Whitney U 
Test.

Results

The analysis of the variances (ANOVA) showed a 
statistically significant difference between the average 
values over the tested period in the group ChemFlex 
+ BCH both for 1%, 2% and 3%, where p=0.000000  
(Tab. 2). According to the post-hoc-Tukey honest 
significant difference test (HSD), the difference was 
statistically significant at 1% ChemFlex + BCH for 
p=0.000 between the average values at 24 hr, 7, 14 and 
30 days and in respect to all other average values. In the 
case of 2% of the same compound, the difference was 
statistically significant for p=0.000 between the average 
values at 2, 3, 4 and 24 hr, 7, 14 and 30 days and in 
respect to all other average values, whereas in the case of 
3% it was statistically significant for p=0.000 between the 
average values at 7, 14 and 30 days and in respect to all 
other average values.
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In the group ChemFlex + CPC the analysis of the 
variances shows a statistically significant difference between 
the average values over the tested period in the case of 1% 
CPC for p=0.000000, in the case of 2% CPC for p=0.000000 
and the case of 3% CPC for p=0.000103 (Tab. 3). According 
to the post-hoc-Tukey honest significant difference test 
(HSD), when the differences in the average values were 

Table 2.  The average values of ChemFlex + Benzalkonium Chloride for the 3 tested concentrations over the test period  
(data obtained in AU)

Time
ChemFlex +

Benzalkonium Chloride 1%
ChemFlex +

Benzalkonium Chloride 2%
ChemFlex +

Benzalkonium Chloride 3%

MEAN ± (SD) MEAN ± (SD) MEAN ± (SD)

15 min 0.01 (0.00) 0.01 (0.00) 0.03 (0.01)

30 min 0.02 (0.00) 0.01 (0.00) 0.03 (0.01)

45 min 0.02 (0.00) 0.01 (0.00) 0.03 (0.01)

1 hour 0.02 (0.00) 0.01 (0.00) 0.04 (0.02)

2 hours 0.05 (0.01) 0.04 (0.00) 0.05 (0.01)

3 hours 0.05 (0.01) 0.04 (0.00) 0.05 (0.01)

4 hours 0.05 (0.01) 0.08 (0.00) 0.05 (0.01)

24 hours 0.07 (0.02) 0.06 (0.01) 0.07 (0.02)

7 days 0.14 (0.02) 0.16 (0.01) 0.15 (0.02)

14 days 0.12 (0.04) 0.20 (0.00) 0.17 (0.03)

30 days 0.19 (0.03) 0.25 (0.00) 0.23 (0.03)

p 0.000000 0.00 0.000000

tested individually, in the case of 1% CPC it was statistically 
significant for p=0.000 between the average values at 7, 14 
and 30 days; in the case of 2% it was statistically significant 
for p=0.000 between the average values at 7, 14 and 30 days 
in respect to all other average values; in the case of 3% CPC, 
it was statistically significant for p=0.04 between the average 
values at 15, 30 min and 24 hr, and at 4 hr, 24 hr and 7 days.

Table 3.  The average values of ChemFlex + Cetylpyridinium Chloride for the 3 tested concentrations over the test period  
(data obtained in AU)

Time
ChemFlex + Cetylpyridinium 

Chloride 1%
ChemFlex + Cetylpyridinium 

Chloride 2%
ChemFlex + Cetylpyridinium 

Chloride 3%

MEAN ± (SD) MEAN ± (SD) MEAN ± (SD)

15 min 0.01 (0.00) 0.03 (0.01) 0.06 (0.01)

30 min 0.02 (0.00) 0.02 (0.00) 0.05 (0.01)

45 min 0.02 (0.00) 0.03 (0.00) 0.06 (0.01)

1 hour 0.02 (0.00) 0.02 (0.00) 0.06 (0.01)

2 hours 0.02 (0.00) 0.03 (0.01) 0.06 (0.01)

3 hours 0.02 (0.00) 0.03 (0.01) 0.08 (0.01)

4 hours 0.02 (0.00) 0.03 (0.01) 0.09 (0.01)

24 hours 0.03 (0.00) 0.04 (0.01) 0.09 (0.01)

7 days 0.09 (0.01) 0.08 (0.00) 0.09 (0.00)

14 days 0.12 (0.02) 0.07 (0.00) 0.06 (0.01)

30 days 0.11 (0.06) 0.11 (0.01) 0.08 (0.01)

p 0.00000 0.00000 0.000103
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The finding that the specimens containing higher 
concentrations of antimicrobial agent (3% in this case) 
released proportionally its higher amounts is in agreement 
with the results of Ribeiro and Ericson21. In contrast to 
our study the GIC used were ChemFil and AquaCem. The 
concentrations of the antimicrobial agents used were also 
different (7.5% and 8.2% w/w) chlorhexidine digluconate, 
respectively, and 13.3% w/w of chlorhexidine diacetate. In 
contrast to our study, the specimens used by the authors 
of the aforementioned study had far lower dimensions 
(3 mm diameter and 1.5 mm thickness). Chlorhexidine 
digluconate was quickly released from AquaCem and after 
5 days no measurable increase of concentration was seen. 
This tendency was also seen with diacetate /AquaCem.

Similar to the previously mentioned results are those 
obtained by investigating the use of an experimental GIC 
as a carrier for the release of chlorhexidine acetate21. 
The concentrations range was from 0.5% to 13.0% of 

Table 4.  Mann-Whitney U Test for the average values between groups treated with ChemFlex + Benzalkonium Chloride and 
ChemFlex + Cetylpyridiniun Chloride 

Time
ChemFlex + BCH 1%
ChemFlex + CPC 1%

ChemFlex + BCH 2%
ChemFlex + CPC 2%

ChemFlex + BCH 3%
ChemFlex + CPC 3%

p-level p-level p-level

15 min 0.174526 0.016294* 0.047203*

30 min 0.676104 0.009024* 0.047203*

45 min 0.250593 0.009024* 0.047203*

1 hour 0.117186 0.174526 0.047203*

2 hours 0.009024* 0.174526 0.117186

3 hours 0.016294* 0.174526 0.075801

4 hours 0.009024* 0.009024* 0.028281*

24 hours 0.009024* 0.075801 0.117186

7 days 0.016294* 0.009024* 0.009024*

14 days 0.464703 0.009024* 0.009024*

30 days 0.016294 0.009024* 0.009024*

* - Statistical significant

The difference in the average values obtained by 
treatment with ChemFlex + BCH 1% and ChemFlex + 
CPC 1% was statistically significant between the values 
at 2, 3, 4, 24 hours and 7 days  for p<0.05; the other 
differences were statistically insignificant for p>0.05 
(Tab. 4). The difference in the average values obtained 
by treatment with ChemFlex + BCH 2% and ChemFlex + 
CPC 2% was statistically significant between the values 

at 15, 30, 45 min, 4 hr and 7,14 and 30 days for p<0.05; 
the other differences were statistically insignificant for 
p>0.05. The difference in the average values obtained 
by treatment with ChemFlex + BCH 3% and ChemFlex 
+ CPC 3% was statistically significant between the 
values at 15, 30, 45 min, 1 and 4 hr and 7, 14 and 30 
days for p<0.05; the other differences were statistically 
insignificant for p>0.05.

Discussion

This study is a part of a comprehensive study 
dealing with the possibility to incorporate antimicrobial 
components from the group of quaternary ammonium 
compounds in conventional GIC.

The results show a continual release of the 
antimicrobial compounds, starting at 15th minute, with 
a tendency of increase at all periods of measurement. 
The highest values were obtained at the end of the test 
time period, i.e. after one month, and for the highest 
tested concentration - 3%. The conclusion drawn from 
the statistical analysis stresses that the addition of BCH 
and CPC shows highly significant differences between 
the average values over the tested period and between 
the different percentages, and the incorporation of 3% 
antimicrobial components into GIC as being the most 
appropriate. 
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chlorhexidine acetate by weight. In contrast to our study, 
release into water was examined using high-performance 
liquid chromatography. The specimens had an internal 
diameter of 10 mm and a thickness of 1 mm. In this 
case the release of the antimicrobial compound had also 
occurred relatively soon, all measurable chlorhexidine 
was released within 22 hr; however, that was less than 
10% of the total mass incorporated in the specimens.

In both quoted papers, incorporation of the 
antimicrobial compound was made in the GIC powder. 
Contrary to this, in this study, incorporation of the 2 
antimicrobial compounds was in the GIC liquid, because 
of the chemical structure of the antimicrobial compounds 
and the better distribution of the long chains of the 
quaternary compounds in a liquid medium. The data that 
an increased percentage of incorporated chlorhexidine 
acetate gave an increased release into the water is in 
correspondence with our results. The increasing amounts 
of incorporated antimicrobial agents (chlorhexidine 
diacetate) did not result in significant increases in eluted 
concentrations, which is in contrast to our study and also 
in contrast to the studies mentioned above14.

Attempts have been made to incorporate 
antimicrobial compounds in other restorative materials by 
investigating the ability of incorporation of antimicrobial 
agent CPC in the resin matrix22. Among the antimicrobial 
properties of the resin, the releasing of CPC into water was 
investigated as well, using a UV-vis spectrophotometer 
during the different time periods. The results revealed that 
less than 0.11 AU of CPC was released into water for all 
specimens. In our case, the release of CPC in water in the 
amount of 0.11 AU+/–0.2 AU was noted on the 14th and 
30th day on an average in 1% ChemFlex + CPC; on the 
30th day on the average for 2%, and on the 30th day in one 
specimen for 3% ChemFlex + CPC.

As for this study, there is a question of the 
cumulative effect of the compounds in the medium 
(de-ionized water). The increase of the level of released 
compounds increase with time, which speaks of additional 
dilutions of the compounds in the medium. In order 
to see the anticariogenic effect of the compounds on 
the oral flora, i.e. in order to make a parallel with the 
effect that would have occurred inside the oral cavity, it 
would be necessary to perform certain microbiological 
analyses as well. Even though the majority of studies 
analyze the release of the compounds in a fresh medium 
before each measurement, the cumulative effect of the 
leached antimicrobial compounds is very important, 
above all in the cases of poor oral hygiene. An aspect of 
no less importance, yet, is the effect that such modified 
GIC could have towards the cavities in the course of 
application, i.e. the effect of the antimicrobial compounds 
being deposited at the junctures between the restoration 
and the dentine, and their protective effect. In situations 
of implementing a sound oral hygiene, the cumulative 
effect of antimicrobial compounds would not be of such 

importance because of frequent rinsing of the oral cavity. 
Regarding such cases, an analysis should be made of the 
release of antimicrobial compounds in the medium by 
changing the latter in predefined time intervals.

Conclusions

1.  The addition of BCH and CPC shows high 
significant differences between the average values 
over the tested period and between the different 
percentages.

2.  The incorporation of 3% antimicrobial components 
(BCH and CPC) into GIC is the most appropriate.

Acknowledgments: This article was submitted in 
partial fulfilment of a PhD degree at the School of 
Science, University of Greenwich, UK and the Faculty 
of Dentistry - Skopje, FYROM. I should like to thank to 
Professor John W. Nicholson for the award of a Visiting 
Fellowship which allowed complete experimental work 
reported in this paper to be carried out at the University of 
Greenwich, UK.

References

3. McLean JW, Nicholson JW, Wilson AD. Proposed 
nomenclature for glass-ionomer dental cements and related 
materials. Quintessence Int, 1994; 25:587-589.

4. Nicholson JW. Chemistry of glass-ionomer cements: a 
review. Biomaterials, 1998; 19:485-494.

5. Nicholson JW. Adhesive dental materials and their 
durability. Int J Adhesion Adhesives, 2000; 20:11-16.

6. Attar N, Onen A. Fluoride release and uptake characteristics 
of aesthetic restorative materials. J Oral Rehab, 2002; 
29:791-798.

7. Berg JH. The continuum of restorative materials in pediatric 
dentistry - a review for the clinician. Pediatric Dentistry, 
1998; 20:93-100.

8. Dionysopoulos P, Kotsanos N, Pataridou A. Fluoride release 
and uptake by four new fluoride releasing restorative 
materials. J Oral Rehab, 2003; 30:866-872.

9. Billington RW, Williams JA, Dorban A, Pearson GJ. Glass 
ionomer cement: evidence pointing to fluorine release in the 
form of monofluorophosphate in addition to fluoride ion. 
Biomaterials, 2004; 25:3399-3402.

10. Hengtrakool C, Pearson GJ, Wilson M. Interaction between 
GIC and S. sanguis biofilms: Antibacterial properties and 
changes of surface hardness. J Dentistry, 2006; 34:588-597.

11. Leunga D, Spratt DA, Pratten J, Gulabivala K, Mordan NJ, 
Young MN. Chlorhexidine-releasing methacrylate dental 
composite materials. Biomaterials, 2005; 26:7145-7153.

12. Jedrychowski JR, Caputo AA, Kerper S. Antibacterial and 
mechanical properties of restorative materials combined 
with chlorhexidine. J Oral Rehabil, 1983; 10:373-381.



Balk J Stom, Vol 16, 2012 Antimicrobial Agents Release from GIC  89

13. Patel MP, Cruchley AT, Coleman DC, Swai H, Braden M, 
Williams DM. A polymeric system for the intra-oral delivery 
of an anti-fungal agent. Biomaterials, 2001; 22:2319-2324.

14. Sanders BJ, Gregory RL, Moore K, Avery DR. 
Antibacterial and physical properties of resin modified 
glass-ionomers combined with chlorhexidine. J Oral 
Rehab, 2002; 29:553-558.

15. Botelho MG. Inhibitory effects on selected oral bacteria of 
antibacterial agents incorporated in glass ionomer cements. 
Caries Research, 2003; 7:108-114.

16. Takahashi Y, Imazato S, Kaneshiro AV, Ebisu S, Frencken 
JE, Tay FR. Antibacterial effects and physical properties 
of glass-ionomer cements containing chlorhexidine for the 
ART approach. Dent Mater, 2006; 22:647-652.

17. Block, SS. Disinfection, Sterilization and Preservation. 
Fourth Edition. Philadelphia - London: Lea & Febiger, 
1991; pp 225-242, 274-286.

18. Ciancio S. Expanded and future uses of mouth rinses. J Am 
Dent Assoc, 1994; 25(Suppl 2):29S-32S.

19. DePaola LG, Minah GE, Overholser CD, Meiller TF, 
Charles CH, Harper DS, McAlary M. Effect of an 
antiseptic mouth rinse on salivary microbiota. Am J Dent, 
1996; 9: 93-95.

20. Charles CH, Sharma NC, Galustians HJ, Qaqish J, 
McGuire JA, Vincent JW. Comparative efficacy of an 
antiseptic mouth rinse and an antiplaque/antigingivitis 
dentifrice. A six-month clinical trial. J Am Dent Assoc, 
2001; 32:670-675.

21. Radford JR, Beighton D, Nugent Z, Jackson RJ. Effect of 
use of 0.05% Cetylpyridinium Chloride mouthwash on 
normal oral flora. J Dent, 1997; 25:35-40.

22. Pitten FA, Kramer A. Efficacy of Cetylpyridinium Chloride 
used as oropharingeal antiseptic. Arzneimittelforschung, 
2001; 51:588-595.

23. Ribeiro J, Ericson D. In vitro antibacterial effect of 
chlorhexidine added to glass-ionomer cements. Scand J 
Dent Res, 1991; 99:533-540.

24. Palmer G, Jones FH, Billington RW, Pearson GJ. 
Chlorhexidine release from an experimental glass ionomer 
cement. Biomaterials, 2004; 25:5423-5431.

25. Namaba N, Yoshida Y, Nagaoka N, Takashima S, Yoshimoto 
KM, Maeda H, van Meerbeek B. Antibacterial effect of 
bactericide immobilized in resin matrix. Dental Mat, 2009; 
25:424-430.

Correspondence and request for offprints to: 

Aleksandar Dimkov 
Faculty of Dentistry, Clinic for Pediatric and Preventive Dentistry 
Skopje, FYR Macedonia 
E-mail: dimkovaleksandar@gmail.com


