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ABSTRACT 
Objective: To investigate the antibacterial, mechanical, physical properties and water sorption of flowable 
dental composites containing 3,4-dihydropyrimidin-2(1H)-ones. Material and Methods: 3,4-
dihydropyrimidin-2(1H)-ones was synthesized and the antibacterial activity of flowable dental composites 
containing 0–5 wt% 3,4-dihydropyrimidin-2(1H)-ones and also of their mechanical and physical properties 
on flowable dental composites were investigated. Flexural strength was measured by a three-point bending 
test. Compressive strength (CS), Water sorption (WS) and depth of cure (DOC) were investigated. The data 
were analyzed by One-way ANOVA test. The level of significance was determined as p<0.01. Results: The 
direct contact test demonstrates that by increasing the 3,4-dihydropyrimidin-2(1H)-ones content, the 
bacterial growth is significantly diminished (p<0.001). The average flexural strength results show that with 
increasing 3,4-dihydropyrimidin-2(1H)-ones until 3% in the composite, no significant difference was 
observed in flexural strength (p>0.001) and the mean of compressive strength results show no significant 
difference between 0-4% groups (p>0.001). The mean of water sorption and depth of cure results shows no 
significant difference between groups (p>0.001). Conclusion: Incorporation of 3,4-dihydropyrimidin-2(1H)-
ones into flowable resin composites in 3% wt can reduce the activity of Streptococcus mutans. 
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Introduction 

Dental caries is a complex disease in which there are interactions between the tooth structure, oral 

microbial biofilm organized on the tooth surface, dietary sugars, and, to a lesser extent, starches and salivary 

and genetic influences. Biofilm bacteria metabolize sugars and produce acids that, overtime, demineralizes 

tooth enamel and can lead to progressive destruction of the tooth’s hard tissues — and if left untreated, pain, 

abscess, and possible tooth loss. The central role of the interaction between dietary sugars and dental biofilm is 

well established. However, views on the role of specific organisms, such as Streptococcus mutans, in caries 

causation have changed over time. 

Recently, dental composites have been extensively developed due to its advantages, such as natural 

tooth color and ease of use over conventional materials [1]. According to previous in vitro [2-5] and in vivo 

[2,6] studies, the accumulation of bacteria and biofilm compared to other dental materials is more on the 

surface of dental composites, so due to the lack of antibacterial activity, these accumulations cause Secondary 

caries because polymerization shrinkage causes a gap between the composite resin and the tooth edge which 

leads to bacterial invasion. This phenomenon decreases tooth restoration longevity and eventually makes the 

restoration of replacement necessary [7,8]. Therefore, more recent studies are focused on the preparation of 

dental composites with antibacterial characteristics to prevent the occurrence of this type of secondary caries 

[9,10]. 

One of the methods to achieve dental composites with anti-bacterial characteristics is to use anti-

bacterial agents in the polymer matrix. Antibacterial components will slowly release from the matrix and 

prevent bacterial growth. An example of this kind of material is chlorhexidine and fluoride [11-14]. Despite 

having strong antibacterial activity, they lack the proper prolonged drug release [15]. Another method is to 

use metal oxides for increasing the antibacterial activity of dental materials [16-18]. But using these oxides in 

dental materials is limited because most of them will change the color of the tooth [19]. Streptococcus mutans is 

one of the most effective bacteria in tooth decay [20-24]. For this purpose, various antimicrobial agents have 

been added to the resins of the composites. Fluoride and chlorhexidine are the most common antimicrobial 

agents added to the resins. Although these materials had a strong effect at first, their release did not last long 

and the resin bond strength of composites containing these materials was significantly reduced [25]. 

Heterocyclic compounds are a group of organic compounds that have been studied widely because of 

their biological activities, such as antibacterial properties [26-28]. They are the most important member of 

compounds that are used in pharmacological industries [29,30]. Pyrimidines are a class of aromatic 

heterocyclic compounds with some useful characteristics, such as antibacterial properties [31,32]. 3,4-

dihydropyrimidin-2 (1H) -ones are a class of pyrimidines that have many synthesis methods [33]. In 

continuing our interest in improving dental composites [34-36], in this study, it was synthesized 3,4-

dihydropyrimidin-2(1H)-ones. The color of this compound is similar to the tooth color [37] that preserves 

good tooth appearance and was used this compound to provide antibacterial properties in dental material and 

eventually investigated its effect on mechanical properties, depth of cure and water sorption of flowable dental 

composites. 

 

Material and Methods 

Ethical Clearance 

This study was approved by Kerman University of Medical Sciences, Ethics Committee 

(IR.KMU.REC.1398.721). 
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Study Design 

In this in-vitro study 3,4-dihydropyrimidin-2(1H)-ones was synthesis by nano-magnesium oxide and 

the antibacterial activity of flowable dental composites containing 0–5 wt% 3,4-dihydropyrimidin-2(1H)-ones 

(it was weighed using a scale and added to the composite) was investigated by using agar diffusion and direct 

contact tests on the cured resins and also investigated of their mechanical, physical properties and water 

sorption of flowable dental composites. 

 
Preparation of High Surface Area Magnesium Oxide MgO 

The Mg (OH)2 (Fluka Chemical Corp., Ronkonkoma NY, USA) was rehydrated at 450° C for 2 h to 

obtain the catalyst that was used in this study. The maximum surface area of this catalyst (MgO) was obtained 

after calcining at 400-500° C. 

 
Preparation of Nanosized MgO 

The MgO nanoparticles were produced by the precipitation of the magnesium hydroxide gels in an 

aqueous solution by using Mg (NO3)2 (Fluka Chemical Corp., Ronkonkoma NY, USA) and liquid ammonia as 

the precipitating agent. Initially, the pH of 200 mL of distilled water was adjusted to 10.5 by adding liquid 

ammonia to this distilled water. A 0.1 M magnesium nitrate solution was added dropwise to the solution. The 

salt solution was added at the rate of 20 mL/h. In addition, the pH of the mixture was maintained at 10.5 by 

liquid ammonia solution. After completing the precipitation, the mixture was stirred at 25° C for 12 h, filtered 

and washed with distilled water, finally dried at 120°C, and calcined at 500° C for 2 h. 

 
Synthesis of 3,4-dihydropyrimidin-2(1H)-ones 

Synthesis of 3,4-dihydropyrimidin-2(1H)-ones was performed by the reaction between benzaldehyde 

(Merck Chemical Co., Ltd., Shanghai, China) (2 mmol), urea (Merck Chemical Co., Ltd., Shanghai, China) (2 

mmol) and ethyl acetoacetate (Merck Chemical Co., Ltd., Shanghai, China) (2 mmol) in the presence of MgO 

(50 mg) in CH3CN (Merck Chemical Co., Ltd., Shanghai, China) (10 mL). The mixture was refluxed for 10 min 

[35]. This reaction is shown in Figure 1. After completion of the reaction, MgO was extracted by filtration 

and excess CH3CN was distilled off. The synthesized-white powder was recrystallized from 96% ethanol to 

achieve the pure product. The synthesis of this compound was confirmed by melting point (199-201) and FT-

IR test - FTIR 8300 Spectrophotometer (Shimadzu, Kyoto, Japan). FTIR spectrum is shown in Figure 2. 

 

 
Figure 1. Synthesis of 3,4-dlhydropyrimidin-2(1H)-ones in the presence of nano-magnesium oxide. 

 

Conditions of Bacterial Growth 

Streptococcus mutans PTCC 1683 (Persian Type Culture Collection, IROST, Iran) were applied in this 

research. The bacteria were cultured aerobically overnight in 5 ml of brain-heart infusion (High Media, India), 

at 37◦ C. 
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Figure 2. FTIR spectrum of 3,4-dihydropyrimidin-2(1H)-ones. 

 

Preparation of Specimens 

Six groups of specimen were prepared by mixing of 3,4-dihydropyrimidin-2(1H)-ones with resin 

composite (Tetric Flow - A2) (Ivoclar Vivadent Inc., Amherst, NY, USA) in 1,2,3,4 and 5 wt% and 0 wt% as 

the control group. Mixing was performed in a dark room for 15 min and in room condition using a spatula. 

The sample size for the one-way ANOVA test was calculated by G*Power Software, version 3.1.9.4 (Heinrich-

Heine-Universität Düsseldorf, Düsseldorf, Germany). The significant level, power, and effect size were set to 

0.05, 80%, and 0.7. The sample size for each group was calculated at 6. Therefore, we prepared 30 samples for 

each test. 

 

Direct Contact Test (DCT Test) 

This test was performed to investigate the antibacterial properties of the free surface of composites 

containing 3,4-dihydropyrimidin-2(1H)-ones. For this purpose, walls of 500 µl microplates were covered by 

200 µl of un-polymerized resin. Then resin layers were polymerized by a light cure device for 40 s. 10 µl of the 

McFarland standard solutions of Streptococcus mutans (3×108 CFU/mL, which contained 3×106 bacteria) were 

added to each microplate and samples were kept in 37º C for 1 hour. During this time (1 hour), bacteria were in 

direct contact with the resin surface and the solvent was evaporated after incubation. Then 300 µl of BHI 

(brain-heart infusion medium) were added to each microplate. The lid of the containers were completely closed 

and samples were stored in 37º C. In periods of 24, 48, 72, 96 and 120 hours, after this time, 50 µl of the 

mixture (bacteria+BHI broth) was placed on culture medium and after 24 hours number of appeared bacteria 

colonies counted by using colony counter apparatus. This test was repeated 5 times for each test group (25 

samples for each group 5 group in 5 times (24, 48, 72, 96 and 120 hours) to ensure their accuracy [38,39]. The 

results were expressed as log10 (CFU). 

 

Flexural Strength Test 

Three-point bending strength was measured for specimens prepared from composites containing 3,4-

dihydropyrimidin-2(1H)-ones using the 4049 standard [40] by a testometric device (M350-10 CT, Rochdale, 

England). These samples were cured (LED, DEML, SDS Kerr, USA, with an intensity of circa 800 mW cm-2) 

in 25 mm x 2 mm molds between two sheets of polyester and flexural strength values were calculated from the 

following equation: BS = 3PL/2BD2, in which P is the load at the breaking point, L is the bearing spacing, B is 

the width and D is the sample thickness. In the bending test, the speed of the jaw was 0.5 mm/min and the 

maximum load was 1 KN, and repeated for five times for each test group (5 samples for each group). 
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Compressive Strength Test 

The compressive strength test of composites containing 3,4-dihydropyrimidin-2(1H)-ones was 

measured [41]. The specimens in cylindrical molds with dimensions of 4 mm x 6 mm were cured and then 

were tested for compressive strength by a testometric device (M350-10 CT, Rochdale, England) and repeated 

for five times for each sample. 

 
Determine Depth of Cure 

To determine the depth of cure, the samples were transferred to steel molds of 4 mm x 10 mm and 

polymerized by the light cure device in over of molds for 40 seconds. The composites were removed from the 

molds and separated uncured composite by using a spatula. The height of each cured sample was measured and 

divided by two to obtain the depth of the cure [42] and repeated five times for each test group (5 samples for 

each group). 

 
Water Sorption Test 

Samples were transferred to cylindrical molds with a diameter of 15 mm and a thickness of 1 mm, 

cured according to ISO4049 [40]. The samples were transferred to an incubator at 37° C until their weight 

becomes fixed. Sample volume V (mm3) was measured and then placed in 60 mL of distilled water at 37° C for 

one week. After this time, the samples were brought out from the water and the excess water was removed. 

The samples were weighted separately (m2) and dried again, then reweighted (m3). Water sorption data were 

obtained from the following equation [43]: water sorption = (m2-m3)/V. 

These values were compared with the control composite samples and the water sorption test repeated 

five times for each test group (5 samples for each group). 

 
Data Analysis 

The data were analyzed by One-way ANOVA, and the Tukey post hoc HSD multiple comparison test. 

The level of significance was determined as p<0.01. 

 
Results 

Direct Contact Test (DCT) 

The results of bacterial colony count (Colony Forming Unit - CFU) are shown in Figure 3. It is clear 

that increasing of w% of 3,4-dihydropyrimidin-2(1H)-ones, antibacterial activity of composite increases 

significantly (p<0.001) and also time has a meaningful effect on antibacterial properties of resin. 

 

 
Figure 3. Colony forming unit following direct contact between S. mutans  and resin composites 

containing 0–5 wt% 3, 4-dlhydropyrimidin-2(1H)-ones. 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2021; 21:e0069 

 
6 

The mean of flexural strength results is presented in Table 1. As shown, with increasing 3,4-

dihydropyrimidin-2(1H)-ones until 3% in the composite, no significant difference was observed in flexural 

strength (p>0.001) and a significant decrease was observed in flexural strength with increasing 4 and 5% of the 

3,4-dihydropyrimidin-2(1H)-ones in composite (p<0.001). 

The mean of compressive strength results are shown in Table 1, and there is no significant difference 

between 0-4% groups (p>0.001), but there is a significant difference between 5% and other groups (p<0.001). 

Depth of cure results did not show any significant difference between the groups (p>0.001). 

The mean of water sorption results is presented in Table 1. As we have shown, with increasing of 3,4-

dihydropyrimidin-2(1H)-ones in composite, the absorption of water decreases. However, this difference was not 

significant between groups (p>0.001). 

 

Table 1. Flexural strength, compressive strength, depth of cure and water sorption (Mean and SD). 
Group Flexural Strength 

(MPa)2 

Compressive Strength 
(MPa)2 

Depth of Cure (mm)2 Water Sorption 
(µg/mm3)2 

0% 97 ± 5.04a 149 ± 8.04a 2.5 ± 0.012 28 ± 1.23 
1% 96 ± 6.13a 151 ± 9.65a 2.45 ± 0.022 27 ± 1.75 
2% 94 ± 5.06a 138 ± 14.04a 2.35 ± 0.012 27 ± 1.12 
3% 94 ± 7.42a 136 ± 8.26a 2.35 ± 0.023 26 ± 1.75 
4% 62 ± 5.23b 136 ± 12.32a 2.5 ± 0.032 25 ± 1.45 
5% 55 ± 6.25c 75 ± 8.43b 2.32 ± 0.015 26 ± 2.23 

p-value1 <0.001 <0.001 0.872 0.721 
1Calculated based on One-way ANOVA; 2Post hoc = HSD multiple comparisons, the mean of groups with the same letter did not 
significantly differ at a 5% significance level. 
 

Discussion 

The agar diffusion test and the minimum inhibitory concentration are important traditional tests for 

evaluating and investigating of antibacterial properties and behavior of many pharmaceutical materials [44]. 

Agar diffusion test works based on solubility [45] of materials as tested material diffuses from the bulk surface 

and eliminates microorganisms. So this method cannot be used for materials with low solubility in water. One 

of the most important and necessary properties of proper dental material is low water solubility, so the agar 

diffusion test cannot be used here. It is not a suitable test method for dental material. On the other hand, DCT 

has very low sensitivity with solubility properties [34]. Knowing that it is an efficient method to evaluate 

antibacterial properties, we can investigate antibacterial properties in materials with very low water solubility. 

Optical density absorbance or turbidity has been applied for the assessment of antibacterial particles. 

The turbidity evaluation, however, has a significant restriction as they consider both vital and dead bacteria in 

a liquid environment. This present research used the colony count method, and at the end of the mentioned 

time intervals, only the number of the live bacterial cells is ranked. 

As shown in this research, the results indicated that 3,4-dihydropyrimidin-2(1H)-ones compound 

gives excellent antibacterial properties to the resin that increases with time and higher concentration. It should 

be noted that considering only antibacterial properties in composites is not efficient in dental restoration and 

should not reduce the dental material's physical and mechanical properties. 

The depth of cure is commonly defined as the maximum thickness of the dental resin layer and it is 

applied to measure the best material characteristic throughout the depth of restoration [46]. Base on the depth 

of cure results in table1, the depth of cure values of the experimental groups are similar to that of the control 

group. It illustrates that all groups have an equivalent curing depth layer under a similar irradiation condition 
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and also, according to water sorption values results in Table 1, the WS values of the experimental groups are 

similar to that of the control group. 

Significant parameters to evaluate the longevity of dental materials are Mechanical properties and 

flexural strength and compressive strength are mostly used to evaluate the bending and compressive resistance 

of polymer materials, which could illustrate the resistance of deformation under external force. High FS and CS 

values show greater flexural capacities and rigidity of resin, which means that it could reduce the possibility of 

restoration defeat when the dental materials were subjected to masticatory load. 

There is a lot of ISO to test the mechanical properties of a material. ISO4049 and 9917 are the 

common methods in dental materials and we have used these methods [47,48]. The antibacterial property of 

3,4-dihydropyrimidin-2(1H)-ones reaches its maximum at 5% w and after 72 hours, but it reduces the 

composites' compressive and flexural strength. According to our research, 3 is the best percentage of the 3,4-

dihydropyrimidin-2(1H)-ones to prevent the growth of Streptococcus mutans, and by increasing this amount of 

this compound, there was no significant decrease in the mechanical and physical properties of the composite. 

Low solubility 3-4-dlhydropyrimidin-2 (1H) in water makes it very suitable for use in the oral environment. 

Okeke et al. [49] used quaternary ammonium salts to create antibacterial properties in dental composites, but 

these compounds are highly soluble in water, and after a short time, the antibacterial properties of the 

composite disappear and the exit of this order from the composite leads to a reduction in the mechanical 

properties of the composite, but 3,4-dihydropyrimidin-2(1H)-ones is insoluble in water and eliminate this 

problem. 

Yassei et al. [50] used copper oxide nanoparticles to create antibacterial properties in dental 

composites. Although this compound had an antibacterial effect in the composites, it reduced the depth of cure 

but used the 3,4-dihydropyrimidin-2 (1H) -ones did not show a significant difference in depth of cure. In 

addition to the mentioned advantages, 3,4-dihydropyrimidin-2(1H)-ones is white and it has the same color as 

tooth enamel. So it can improve the antibacterial properties of the dental composites and at the same time 

preserving beauty characteristics of them. The next step in this study is to investigate the effect of this 

compound on its biocompatibility in the oral environment. We will do this research in the future. 

 

Conclusion 

Within the limitation of this study (we were unable to provide oral conditions), it can be concluded 

that the antibacterial property of 3, 4-dlhydropyrimidin-2(1H)-ones reach its maximum at 5% wt and after 72 

hours but it reduces the compressive and flexural strength of the composites. According to our research, 3 is 

the best percentage of the 3, 4-dlhydropyrimidin-2(1H)- ones to prevent Streptococcus mutans' growth and by 

increasing this amount of this compound, there was no significant decrease in the mechanical and physical 

properties of the composite. 
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