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Abstract: Despite the high prevalence of tooth-caries and various efforts to prevent it, studies on plant compounds and their 
anti-caries properties have been largely neglected. Brushing with toothpaste is the most effective way for caries prevention. 
This study was performed on KREND herbal toothpaste (containing Calendula and Salvia Officinalis), Herbex (containing 
propolis), and Crest herbal toothpaste. The remineralization effect of these toothpaste brands on carious lesions has not been 
studied yet. Therefore, we compared the remineralizing effect of Iranian toothpaste and foreign types in this study. Method and 
materials: 60 caries-free human premolar teeth were collected after extraction for orthodontic purposes. The surface 
microhardness (SMH) was measured using the Vickers microhardness testing machine at baseline and after four days of 
immersing in demineralization solution and after treatment. The pH cycle was then performed for 28 days. The teeth were 
allocated randomly into one of the four groups, group 1 (as the control group and immersed in distilled water), group 2 (treated 
with KREND herbal solution), group 3 (treated with Crest solution), and group 4 (treated with Herbex solution). Finally, data 
were analyzed with Repeated Measure ANOVA and SPSS version 18. All study groups' surface micro-hardness measures were 
decreased after demineralization (P=0.001) and were increased after pH cycling (P<0.001). There wasn't a statistically 
significant difference in mean Surface micro-hardness changes between study groups (P=0.433). This study showed that the 
remineralization ratio in study group samples increased after treatment with herbal toothpaste, and the Iranian toothpaste 
(Krend) and foreign ones had a similar remineralizing effect. 
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1. Introduction 

The first clinical sign of tooth caries is the white-spot 
lesion (WSL), a reversible subsurface enamel porosity caused 
by carious demineralization. Enhancing remineralization of 
White-spot lesions is an effective non-invasive treatment. 
Remineralizing white-spot lesions are essential for minimally 
invasive dentistry [1-2]. WSLs are commonly clinically 
characterized by a chalky opaque appearance on tooth 
surfaces. As the demineralization process progresses, the 

intact dental surface ultimately collapses and cavitates [3]. 
Although several preventive therapies have been studied to 
prevent WSL formation, they continue to happen [4]. It is of 
great significance to explore novel agents and strategies to 
enhance the remineralization process [1]. 

The forming processes of caries are loops of imbalances 
between demineralization and remineralization, initiated by 
acid-producing bacteria in the micro-environment. This 
balance is affected by the addition of fluoride, calcium, and 
Phosphate ions and goes toward remineralization [5]. 
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Brushing with toothpaste is the most common form of doing 
oral hygiene techniques [6]. Among the caries prevention 
protocols, Fluoride containing toothpaste is well accepted. 
The ability of the enamel crystal lattice to replace the lost 
hydroxyapatite is the basis for the use of fluoride as a 
remineralizer [4]. 

Due to the disadvantages of chemical compounds, many 
studies have been done on plant compounds [7]. Herbex 
herbal toothpaste contains propolis. Propolis, also known as 
bee glue, is a natural, nontoxic resinous, sticky substance 
produced by honeybees through mixing the secretions of 
their hypopharyngeal glands with the digested product of 
resins collected from leaves, flowers of plants, trees, and 
certain barks, which is used as a sealant and sterilizer in 
honeybee nests [8]. Its antibacterial [9], antifungal [10], anti-
viral [11], anti-inflammatory [12], anti-cancerous effects 
have been proven in several studies. KREND herbal 
toothpaste has marigold and salvia. Marigold or Salvia 
officinalis is a Mediterranean plant [15]. Marigold extract has 
anti-bacterial [7], anti-fungal and antispasmodic [15] and 
anti-inflammatory effects [16]. Studies have shown the 
remineralization effect of these materials on white-spot 
lesions; however, this toothpaste brand has not been 
compared with other Iranian and non-Iranian herbal 
toothpaste. So in this study, we assessed the remineralization 
potential of white spot lesions between Iranian KREND 
herbal toothpaste (containing Calendula and Salvia 
Officinalis), Herbex (containing propolis), and Crest herbal 
toothpaste. 

2. Methods and Materials 

Sixty intact (free from any color change, crack, and caries) 
human premolar teeth, which had been extracted for 
orthodontic reasons, were collected. Teeth were cleaned with 
brushes and pumice (using low-speed handpiece) and stored 
in normal saline. 

In the next step, the teeth were separated on the buccal 
surface using a paper label with dimensions 3*4 mm2. Other 
areas were covered with acid-resistant varnish (Colorama 
nail varnish, Maybelline). Then, the crown part of the 
specimens was separated from their roots by fissure bur and 
turbine. Samples were mounted with rose wax and coded 
from 1 to 60. The labels were then removed, and the 
windows' surface on the samples' buccal surface was 
polished with 1000, 800 and 2000 grits silicon carbide 
abrasive sheets (Starcke, Matador, Wesserfest, made in 
Germany). 

In the next step, before any test, all samples' micro-
hardness was measured in three points, using the Vicker's 
micro-hardness tester machine (Sortorios, AG Gottingen, 
made in Germany) in the Tehran University of medical 
science, under a load of 200 newtons during 10 seconds. 

Sixty prepared samples were randomly divided into four 
groups of 15. These groups were: 1: Control group, 2. Herbal 
KREND group, 3. Herbal Crest group, 4. Herbex group. 

During the experiment, two solutions made in the dental 

materials laboratory of the University of Tehran, were used 
for all samples, including: 

1. demineralization solution with pH=4.5 and below 
formulation: 

NaCl (2.9 g), CaCl2 (0.12 g), NaH2PO4 (0.13 g), NaF (5cc) 
(100ppm), NaN3 (5cc), (2% ww), Acetic acid (1.5cc). 

2. remineralization solution with pH= 7 and below 
formulation: (for 0.5 liter). 

NaCl (2.9 g), CaCl2 (0.12g), NaH2PO4 (0.13 g), NaF (5cc) 
(100ppm), NaN3 (5cc) (2%ww). 

First, a stock solution of the above compounds was 
prepared. Then, using the C1 V1 = C2 V2 formula, each 
compound's required volume of solution was determined. All 
samples were immersed in 150 ml demineralizing solution 
for four days so that primary enamel carious lesions 
developed on their surface. Vicker's machine reevaluated the 
sample's micro-hardness under 200 newtons force for 10 
seconds. In the next step, the toothpaste was mixed with 
distilled water in 1:3 relation, and a complete uniform 
solution of 150 cc was obtained by stirring. Then pH cycling 
was performed in samples for 28 days by this protocol: 

According to the study group, samples were immersed in 
the 150 ml toothpaste solution for two 2-minute courses. 
After the first course was placed in 150 cc demineralization 
solution for three and half hours, and after the second course 
was placed in 150 cc remineralization solution for three and 
half hours. They were immersed in deionized water for 10 
minutes at each of these intervals, and for each change of 
solution, 2 minutes of rest for samples were considered. 
Samples were kept in an incubator at 37°C at each time, and 
solutions were changed daily. 

The repeated measure ANOVA was used to determine 
significant differences between microhardness changes 
between groups and according to the nature of variables. 
Data analysis was performed using IBM SPSS statistics V.18 
statistical software running Windows operating system. 

3. Results 

This study investigated the effect of KREND herbal 
toothpaste, Herbex, and Crest herbal toothpaste on the 
microhardness of 60 permanent premolars. Mean 
microhardness of teeth was measured before testing (step 1) 
and after placing in demineralization solution (step 2), and 
after performing the pH cycle for 28 days and treatment with 
the desired toothpaste (step 3). 

Raw information obtained from the microhardness of the 
samples in each group in 2 steps is shown in Appendices 1 to 
4. This information was stored in the SPSS database version 
18, and the standard deviation and mean in each group were 
calculated. 

Despite, the mean microhardness was lower in the control 
group than the other groups (both before and after treatment), 
but this difference was not statistically significant. Also, the 
average microhardness of the crest toothpaste group was 
higher than other groups, but the difference was not 
statistically significant. 
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The minimum microhardness of the sample before the 
experiment was 247.90 in the control group, 312.70 in the 
KREND group, 322.5 in the Crest group, and 219 in the 
Herbex group, and after the test was respectively 309.5, 
322.50, 300.30, and 215.30, the difference between the two 
values was negative for both groups. Also, the maximum 

micro-hardness level of samples before testing was 482.4T in 
the control group, 494.9 in the KREND group, 488.6 in the 
Crest herbal group, and 488.6 in the Herbex group, While it 
was 421.30, 453.10, 458.70 and 431.50 for these groups, 
respectively at the end of the cycle and treating with 
toothpaste. 

Table 1. Microhardness of teeth before and after placing in demineralization solution. 

group  N Minimum Maximum Mean Std. Deviation 

Control 
Hardness before 45 247.90 482.40 376.3178 57.36510 
Hardness.demin 45 12.20 289.80 84.2476 69.96953 

 
Hardness after 45 309.50 421.30 367.3133 33.12567 
Valid N (listwise) 45     

Krend 

Hardness before 45 312.70 494.90 385.7178 39.72248 
Hardness.demin 45 17.10 302.90 69.0667 61.20601 
Hardness after 45 322.50 453.10 375.1044 31.39448 
Valid N (listwise) 45     

Crest 

Hardness before 45 322050 488.60 405.9444 33.36736 
Hardness.demin 45 13.40 192.20 77.2956 39.42549 
Hardness after 45 300.30 458.70 390.08667 40.65864 
Valid N (listwise) 45     

Herbex 

Hardness before 45 219.00 488.60 379.6933 58.68915 
Hardness.demin 45 12.30 284.20 77.2400 64.33930 
Hardness after 45 215.30 431.50 370.7733 46.49677 
Valid N (listwise) 45     

 

The microhardness of all samples decreased similarly after 
demineralization in the first stage (P=0.001). Also, the 
microhardness of the samples after being placed in the 28-
day pH cycles and treatment with the desired toothpaste in all 
groups increased (P<0.001). The rate of remineralization ups 
was similar in all groups (P=0.433). 

4. Discussion 

Due to the high prevalence of tooth caries and considering 
that White-spot lesions (WSL) are a primary and preventable 
form of this disease and due to the general popularity of 
herbal products and their therapeutic properties; this study 
assessed the effectiveness of three types of herbal toothpaste 
including Crest, Krend, and Herbex on WSLs, to introduce 
the most effective substance. This study's other purpose was 
to compare Iranian products with their similar foreign brands. 

Marigold (Salvia officials, sage), which has been used in 
the formulation of Krend toothpaste, is one of the most 
widely used herbal medicines used in traditional medicine [7]. 
It has anti-bacterial, anti-oxidant [7], anti-fungal and 
antispasmodic [15] and anti-inflammatory effects [16]. Salvia 
official is an aromatic plant that had been thoroughly 
evaluated. Although there are no restrictions on its use in 
food, the European pharmacopoeia Agency considers 5 mg 
daily to be acceptable [15]. This substance can be used as an 
additive to conventional plaque control techniques [7]. It can 
also be used as a cleanser to prevent Candida Albicans 
seedling stomatitis [15]. Marigold is rich in Quercetin, 
Carotenoids, Lutein, Lycopene, Rutin, Ubiquinone, 
Xanthophyll, and other anti-oxidants. Questrin inhibits the 
recombinant matrix of human matrix metalloproteinases that 
are related to periodontal disease. So it can be very beneficial 
as adjunctive therapy in periodontal disease prevention. It 

can also speed up wound healing [16]. 
Herbex toothpaste contains propolis, which has a strong 

antimicrobial effect [23] that Justifies its use in reducing the 
population of cariogenic bacteria and perio-pathogens and 
even as a rinsing agent in endodontic treatment. It also has 
antifungal effects [10], which can treat chronic erythematous 
candidiasis in patients using dentures. Propolis also has a 
stimulating effect on bone formation [54], which can be used 
in oro-maxillo-facial surgery and periodontology to 
accelerate the process of ossification. It contains various 
chemical components such as phenolic acid, trepans, coffeic 
acid, and esters. Most of these compounds are lipophilic, 
which is why propolis's ethanolic extracts are more popular 
than water-soluble ones [55]. The composition of propolis 
varies in different regions and seasons and in other studies, 
which cause different therapeutic effects. The bio-activity of 
propolis is primarily related to its phenolic compounds such 
as flavonoids and hydroxycinnamic acid derivatives [54]. 

Despite all the favorable properties mentioned for this 
natural substance, propolis is known as an allergen. So far, 
180 compounds have been identified in propolis; the most 
sensitive of which is caffeic acid esters. Other compounds 
such as free aromatic acids, isofluorides, and flavonoids also 
play an essential role in allergenicity [56]. The proper dose of 
propolis remains unknown and given that most of the 
published findings of propolis in dentistry have been in vitro 
or on animal models, generalizing the results to human 
clinical conditions may not be correct. 

In the present study, samples were immersed in a 
demineralizing solution with pH = 4.5 for four days before 
starting pH cycling to cause primary enamel decay lesions on 
them artificially. In general, the main component of these 
solutions used in various studies includes calcium and lactic 
acid. In each study, according to the desired pH and the 
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duration of exposure of the samples to create lesions, the 
final composition of the solution is determined. The pH of 
the solution used in different studies varies from 3.5 to 5 [57]. 
The study of Lata et al. was done by immersing the samples 
for three days in a solution with pH = 5.4 [52]. Hussam et al. 
Immersed the samples in a demineralizing solution with pH = 
6.4 for 14 days to induce artificial caries, but then they did 
not apply pH cycling and were satisfied with exposing the 
samples to the mineralizing solution for seven days [45]. In 
the study of Shishir Shetty et al., The samples were placed in 
a demineralizing solution with pH = 5 for four days [43]. 

In this study, we used the pH cycling approach to stimulate 
the oral environment. We performed this cycle for 28 days so 
that samples were immersed in the remineralizing solution 
for 17 hours and then in demineralizing solution for 3 hours 
[43]. Hung et al. performed this cycle for 12 days, based on 
the protocol presented in picture 17, so that samples had been 
immersed in the remineralizing solution for Twenty-one 
hours and 2 hours in demineralizing solution and four 3-
minutes periods in the vicinity of toothpaste [51]. Lata et al. 
placed the samples in demineralizing solution for 3 hours 
daily and in remineralizing solution and artificial saliva for 
21 hours for five consecutive days [52]. 

Various methods have been used to evaluate the 
remineralization of samples in studies. For example, the use 
of electron microscopy (SEM) is a common method in 
studies. In one study, the surface morphology of the samples 
was investigated by SEM (Scanning Electron Microscope) 
and mineral changes using EDAX (Energy Dispersion Xray 
Spectrophotometer) [59]. In the study by Elkassas et al., 
SEM was used to evaluate microhardness and surface 
roughness [42]. Huang et al. used XRD (X-Ray Diffraction) 
and PLM (Polarized Light Microscopy) in addition to SMH 
and SEM [52]. In a study that assessed the appearance of the 
samples, they used standard photography for evaluation [2]. 
In other studies, a precise method for evaluating the mineral 
content of the samples, namely Micro CT, has been 
mentioned [57], which could not be accessed in our country. 

In a significant number of articles, a microhardness 
evaluating device has been used to check the surface 
hardness of the samples [38, 39, 42, 43, 45, 52]. In this study, 
we used the Vickers microhardness device to evaluate SMH 
(Surface Micro Hardness) among the available evaluation 
methods. In such a way, the surface hardness of each sample 
was measured at three points of it, under the force of 200 N 
and within 10 seconds, once before the test and once after 
demineralization, and once after the end of the test. 

It should be noted that in many studies, the therapeutic 
effect of herbal compounds has been compared with 
chemical compounds. In a study by Pannuti et al. to compare 
the efficacy of Paradontax herbal toothpaste with 
conventional chemical fluoride toothpaste, It was found that 
this herbal toothpaste has a similar effect to the chemical 
sample [5]. Some studies also show that using plant extracts 
in combination with common chemicals is more effective 
than using each of them alone. Hung and colleagues 
conducted a study to investigate the effect of a combination 

of Galla extract, a Chinese plant, and apatite nanohydroxide; 
In this study, it was found that due to the application of the 
combination of these two materials, WSL remineralization 
occurs in a greater extent [51]. Propolis has received more 
attention from the studies conducted to compare plant 
compounds with chemical types than others. An example was 
found in a 2013 study by Hongal et al., that Propolis extract 
can be as effective as GC Tooth Mousse in closing dentinal 
tubules and reducing sensitivity [11]. 

In the present study, it was found that the remineralizing 
effect of herbal KREND toothpaste and Herbex was similar to 
herbal crest toothpaste as the selected standard, and The 
hardness of the samples increased after being placed in the pH 
cycle and treated with the herbal toothpaste tested. But what 
seems necessary is to do more studies and compare these 
samples with different types of chemicals and also examine 
them in the oral environment to achieve more reliable results. 

5. Conclusion 

In the present study, it was found that even though the 
mean microhardness was lower in the control group, the 
remineralizing effect of herbal KREND toothpaste and 
Herbex on primary enamel decay lesions was similar to the 
effect of herbal crest toothpaste as the selected non-local 
standard sample. In other words, there is no statistically 
significant difference in terms of the ability to remineralize 
primary enamel decay lesions between herbal KREND and 
Herbex toothpaste, with crest herbal toothpaste, but it seems 
necessary to do more studies and compare these samples with 
different types of chemicals and examine them in the oral 
environment to achieve more reliable results. 

Acknowledgements 

This paper has been entirely drawn up from a "M. D. 
Thesis" which was successfully completed by Dr. Faghihi 
under supervision of Professor Moslemi (funding# 
AA101_03_2020) and cooperation of the Pediatric 
Department, Faculty of Dentistry, Shahid Beheshti Medical 
Science University, Tehran, Iran. 

 

References 

[1] Sudjalim TR, Woods MG, Manton DJ. Prevention of white 
spot lesions in orthodontic practice: a contemporary review. 
Aust Dent J. 2006 Dec; 51 (4): 284-9; quiz 347. doi: 
10.1111/j.1834-7819.2006.tb00445.x. PMID: 17256301. 

[2] Ballard RW, Hagan JL, Phaup AN, Sarkar N, Townsend JA, 
Armbruster PC. Evaluation of 3 commercially available 
materials for resolution of white spot lesions. Am J Orthod 
Dentofacial Orthop. 2013 Apr; 143 (4 Suppl): S78-84. doi: 
10.1016/j.ajodo.2012.08.020. PMID: 23540640. 

[3] Kugel G, Arsenault P, Papas A: Treatment modalities for 
caries management including a new resin infiltration system. 
Compend Contin Educ Dent 200930 Spec No 3: 1–10; quiz 
11-12. 



 American Journal of Pediatrics 2022; 8(2): 91-97 95 
 

[4] Retraction: Role of casein phosphopeptide amorphous calcium 
phosphate in remineralization of white spot lesions and 
inhibition of Streptococcus mutans? J Conserv Dent. 2016 
Mar-Apr; 19 (2): 198. doi: 10.4103/0972-0707.178710. PMID: 
27099432; PMCID: PMC4815554. 

[5] Amaechi BT, van Loveren C. Fluorides and non-fluoride 
remineralization systems. Monogr Oral Sci. 2013; 23: 15-26. 
doi: 10.1159/000350458. Epub 2013 Jun 28. PMID: 23817057. 

[6] Pannuti CM, Mattos JP, Ranoya PN, Jesus AM, Lotufo RF, 
Romito GA. Clinical effect of a herbal dentifrice on the control 
of plaque and gingivitis: a double-blind study. Pesqui Odontol 
Bras. 2003 Oct-Dec; 17 (4): 314-8. doi: 10.1590/s1517-
74912003000400004. Epub 2004 Apr 19. PMID: 15107912. 

[7] Beheshti-Rouy M, Azarsina M, Rezaie-Soufi L, Alikhani MY, 
Roshanaie G, Komaki S. The antibacterial effect of sage 
extract (Salvia officinalis) mouthwash against Streptococcus 
mutans in dental plaque: a randomized clinical trial. Iran J 
Microbiol. 2015 Jun; 7 (3): 173-7. PMID: 26668706; PMCID: 
PMC4676988. 

[8] S VK. Propolis in dentistry and oral cancer management. N 
Am J Med Sci. 2014 Jun; 6 (6): 250-9. doi: 10.4103/1947-
2714.134369. PMID: 25006559; PMCID: PMC4083525. 

[9] Santos FA, Bastos EM, Uzeda M, Carvalho MA, Farias LM, 
Moreira ES, Braga FC. Antibacterial activity of Brazilian 
propolis and fractions against oral anaerobic bacteria. J 
Ethnopharmacol. 2002 Apr; 80 (1): 1-7. doi: 10.1016/s0378-
8741(02)00003-x. PMID: 11891080. 

[10] Silici S, Koç NA, Ayangil D, Cankaya S. Antifungal activities 
of propolis collected by different races of honeybees against 
yeasts isolated from patients with superficial mycoses. J 
Pharmacol Sci. 2005 Sep; 99 (1): 39-44. doi: 
10.1254/jphs.fpe05002x. Epub 2005 Sep 1. PMID: 16141640. 

[11] Torwane NA, Hongal S, Goel P, Chandrashekar BR, Jain M, 
Saxena E. A clinical efficacy of 30% ethenolic extract of 
Indian propolis and Recaldent™ in management of dentinal 
hypersensitivity: A comparative randomized clinical trial. Eur 
J Dent. 2013 Oct; 7 (4): 461-468. doi: 10.4103/1305-
7456.120675. PMID: 24932122; PMCID: PMC4053672. 

[12] Hu F, Hepburn HR, Li Y, Chen M, Radloff SE, Daya S. Effects of 
ethanol and water extracts of propolis (bee glue) on acute 
inflammatory animal models. J Ethnopharmacol. 2005 Sep 14; 100 
(3): 276-83. doi: 10.1016/j.jep.2005.02.044. PMID: 15899563. 

[13] Liao HF, Chen YY, Liu JJ, Hsu ML, Shieh HJ, Liao HJ, Shieh 
CJ, Shiao MS, Chen YJ. Inhibitory effect of caffeic acid 
phenethyl ester on angiogenesis, tumor invasion, and 
metastasis. J Agric Food Chem. 2003 Dec 31; 51 (27): 7907-
12. doi: 10.1021/jf034729d. PMID: 14690372. 

[14] Nassar SA, Mohamed AH, Soufy H, Nasr SM, Mahran KM. 
Immunostimulant effect of Egyptian propolis in rabbits. Scientific 
World Journal. 2012; 901516. doi: 10.1100/2012/901516. Epub 
2012 May 2. PMID: 22654648; PMCID: PMC3354672. 

[15] Sookto T, Srithavaj T, Thaweboon S, Thaweboon B, Shrestha 
B. In vitro effects of Salvia officinalis L. essential oil on 
Candida albicans. Asian Pac J Trop Biomed. 2013 May; 3 (5): 
376-80. doi: 10.1016/S2221-1691(13)60080-5. PMID: 
23646301; PMCID: PMC3642447. 

[16] Neto FR, Maeda F, Turssi C, Serra M. Potential agents to 
control enamel caries-like lesions. Journal of dentistry. 2009; 
37 (10): 786-90. 

[17] Rehder Neto FC, Maeda FA, Turssi CP, Serra MC. Potential 
agents to control enamel caries-like lesions. J Dent. 2009 Oct; 
37 (10): 786-90. doi: 10.1016/j.jdent.2009.06.008. Epub 2009 
Jun 18. PMID: 19595495. 

[18] Cochran MA. Art and science. Oper Dent. 2007 May-Jun; 32 
(3): 205-6. doi: 10.2341/1559-2863(2007)32 [205: AAS] 
2.0.CO; 2. PMID: 17555169. 

[19] Harris NO, Garcia-Godoy F, NatheCN. primary preventive 
dentistry.6th Ed. Pearson Education inc. 2004. Chap 1, 3, 6, 13, 
52, 62, 103-124. 

[20] Ismail A. I, Hassan H, Sohn W. Dental caries in the second 
millennium. J of Dent Edu. October 2001: 953-959. 

[21] Mehrdad K. Dental caries and prevention. Shahid Beheshti 
University of Medical sciences. 1th Ed. Chapter: 40, 41. 

[22] Wieckiewicz W, Miernik M, Wieckiewicz M, Morawiec T. 
Does Propolis Help to Maintain Oral Health? Evidence-based 
Complementary and Alternative Medicine: eCAM. 2013: 
351062. 

[23] Coutinho A. Honeybee propolis extract in periodontal 
treatment: A clinical and microbiological study of propolis in 
periodontal treatment. Indian J Dent Res 2012: 23: 294. 

[24] Koo H, Rosalen PL, Cury JA, Park YK, Bowen WH. Effects 
of cCompounds Found in Propolis on Streptococcus mutans 
Growth and on Glucosyltransferase Activity. Antimicrobial 
Agents and Chemotherapy. 2002: 46 (5): 1302-1309. 

[25] Ucan MC, Koparal M, AgacayakS, Gunay A, Ozgoz M, 
Atilgan S, et al. Influence of caffeic acid phenethyl ester on 
bone healing in a rat model. J Int Med Res. 2013: 41 (5): 
1648-1654. 

[26] Magro Filho O, de Carvalho AC. Application of propolis to 
dental sockets and skin wounds. J Nihon Univ Sch Dent. 1990 
Mar; 32 (1): 4-13. doi: 10.2334/josnusd1959.32.4. PMID: 
2345377. 

[27] Martin MP, Pileggi R. A quantitative analysis of Propolis: a 
promising new storage media following avulsion. Dent 
Traumatol. 2004 Apr; 20 (2): 85-9. doi: 10.1111/j.1600-
4469.2004.00233.x. PMID: 15025690. 

[28] Barak S, Katz J. The effect of Breezy candy on halitosis: a 
double-blind, controlled, and randomized study. Quintessence 
Int. 2012 Apr; 43 (4): 313-7. PMID: 22532945. 

[29] Santos FA, Bastos EM, Rodrigues PH, de Uzeda M, de 
Cavalho MA, FariasLde M, et al. Susceotibility of 
Prevotellaintermedial / Prevotellanigrescens (and 
Porphyromonasgingivalis) to Propolis (bee glue) and other 
antimicrobial agents. Anaerobe. 2002: 8 (1): 9-15. 

[30] Anauate-Netto C, Anido-Anido A, Leegoy HR, Matsumoto R, 
Alonso RC, Marcucci MC, et al. Randomised, double-blind, 
placebo-controlled clinical trial on the effect of propolis and 
chlorhexidine mouthrinses on gingivitis. Braz Dent Sci. 2014: 
17 (1): 11-15. 

[31] Pereira EM, da Silva JL, Silva FF, De Luca MP, Ferreira EF, 
Lorentz TC, Santos VR. Clinical Evidence of the Efficacy of a 
Mouthwash Containing Propolis for the Control of Plaque and 
Gingivitis: A Phase II Study. Evid Based Complement 
Alternat Med. 2011: 750249. doi: 10.1155/2011/750249. Epub 
2011 Mar 31. PMID: 21584253; PMCID: PMC3092688. 



96 Masoumeh Moslemi et al.:  Evaluation of Remineralization Effect of Various Toothpastes on White  
Spot Enamel Lesions: An in Vitro Study 

[32] Hogal S, Torwane NA, Goel P, Chandrashekar B. the effect of 
of 30% ethenolic extract of indian propolis on replica of 
human dentin compared against commercialiy available 
desensitizing agent: A methodological SEM study in vitro. 
Pharmacognosy Res. 2014: 6 (2): 113-119. 

[33] Madhavan S, Nayak M, Shenoy A, Shetty R, Prasad K. 
Dentinal hypersensitivity: A comparative clinical evaluation 
of CPP-ACP F, sodium fluoride, propolis, and placebo. J 
Conserv Dent. 2012 Oct; 15 (4): 315-8. doi: 10.4103/0972-
0707.101882. PMID: 23112475; PMCID: PMC3482741. 

[34] Purra AR, Mushtaq M, Acharya SR, Saraswati V. A 
comparative evaluation of propolis and 5.0% potassium nitrate 
as a dentine desensitizer: A clinical study. J Indian Soc 
Periodontol. 2014 Jul; 18 (4): 466-71. doi: 10.4103/0972-
124X.138695. PMID: 25210261; PMCID: PMC4158588. 

[35] Faria RL, Cardoso LM, Akisue G, Pereira CA, Junqueira JC, 
Jorge AO, Santos Júnior PV. Antimicrobial activity of 
Calendula officinalis, Camellia sinensis and chlorhexidine 
against the adherence of microorganisms to sutures after 
extraction of unerupted third molars. J Appl Oral Sci. 2011 
Oct; 19 (5): 476-82. doi: 10.1590/s1678-77572011000500007. 
PMID: 21986652; PMCID: PMC3984193. 

[36] Mahyari S, Mahyari B, Emami SA, Malaekeh-Nikouei B, 
Jahanbakhsh SP, Sahebkar A, Mohammadpour AH. Evaluation 
of the efficacy of a polyherbal mouthwash containing Zingiber 
officinale, Rosmarinus officinalis and Calendula officinalis 
extracts in patients with gingivitis: A randomized double-blind 
placebo-controlled trial. Complement Ther Clin Pract. 2016 Feb; 
22: 93-8. doi: 10.1016/j.ctcp.2015.12.001. Epub 2015 Dec 10. 
PMID: 26850813. 

[37] Anusavice K. Mechanical properties of dental materials. In: 
AnusaviceKenneth J: Phillips Science of dental material. 11th 

Ed Philadephia: WBSaunders 2003: 96-98. 

[38] Byeon SM, Lee MH, Bae TS. The effect of different fluoride 
application methods on the remineralization of initial carious 
lesions. Restor Dent Endod. 2016 May; 41 (2): 121-9. doi: 
10.5395/rde.2016.41.2.121. Epub 2016 May 10. PMID: 
27200280; PMCID: PMC4868875. 

[39] Shetty KP, Satish SV, Gouda V, Badade AR, Gouda B, Patil S. 
Comparative evaluation and effect of organic and inorganic 
fluoride dentifrices on enamel microhardness: An in vitro 
study. J Int Soc Prev Community Dent. 2016 Mar-Apr; 6 (2): 
130-3. doi: 10.4103/2231-0762.178751. PMID: 27114952; 
PMCID: PMC4820572. 

[40] Damle SG, Bector A, Damle D, Kaur S. Effect of dentifrices 
on their remineralizing potential in artificial carious lesions: 
An in situ study. Dent Res J (Isfahan). 2016 Jan-Feb; 13 (1): 
74-9. doi: 10.4103/1735-3327.174721. PMID: 26962320; 
PMCID: PMC4770475. 

[41] Salehzadeh Esfahani K, Mazaheri R, Pishevar L. Effects of 
Treatment with Various Remineralizing Agents on the 
Microhardness of Demineralized Enamel Surface. J Dent Res 
Dent Clin Dent Prospects. 2015 Fall; 9 (4): 239-45. doi: 
10.15171/joddd.2015.043. Epub 2015 Dec 30. PMID: 
26889361; PMCID: PMC4753033. 

[42] Elkassas D, Arafa A. Remineralizing efficacy of different 
calcium-phosphate and fluoride based delivery vehicles on 
artificial caries like enamel lesions. J Dent. 2014 Apr; 42 (4): 
466-74. doi: 10.1016/j.jdent.2013.12.017. Epub 2014 Jan 9. 
PMID: 24412586. 

[43] Shetty S, Hegde MN, Bopanna TP. Enamel remineralization 
assessment after treatment with three different remineralizing 
agents using surface microhardness: An in vitro study. J 
Conserv Dent. 2014 Jan; 17 (1): 49-52. doi: 10.4103/0972-
0707.124136. PMID: 24554861; PMCID: PMC3915386. 

[44] Mehta AB, Kumari V, Jose R, Izadikhah V. Remineralization 
potential of bioactive glass and casein phosphopeptide-
amorphous calcium phosphate on initial carious lesion: An in-
vitro pH-cycling study. J Conserv Dent. 2014 Jan; 17 (1): 3-7. 
doi: 10.4103/0972-0707.124085. PMID: 24554851; PMCID: 
PMC3915381. 

[45] Milly H, Festy F, Watson TF, Thompson I, Banerjee A. Enamel 
white spot lesions can remineralise using bio-active glass and 
polyacrylic acid-modified bio-active glass powders. J Dent. 
2014 Feb; 42 (2): 158-66. doi: 10.1016/j.jdent.2013.11.012. 
Epub 2013 Nov 25. PMID: 24287257. 

[46] Malekafzali B, Ekrami M, Mirfasihi A, Abdolazimi Z. 
Remineralizing Effect of Child Formula Dentifrices on 
Artificial Enamel Caries Using a pH Cycling Model. J Dent 
(Tehran). 2015 Jan; 12 (1): 11-7. PMID: 26005449; PMCID: 
PMC4436322. 

[47] Zhou SL, Zhou J, Watanabe S, Watanabe K, Wen LY, Xuan 
K. In vitro study of the effects of fluoride-releasing dental 
materials on remineralization in an enamel erosion model. J 
Dent. 2012 Mar; 40 (3): 255-63. doi: 
10.1016/j.jdent.2011.12.016. Epub 2011 Dec 28. PMID: 
22227269. 

[48] Vahid Golpayegani M, Sohrabi A, Biria M, Ansari G. 
Remineralization Effect of Topical NovaMin Versus Sodium 
Fluoride (1.1%) on Caries-Like Lesions in Permanent Teeth. J 
Dent (Tehran). 2012 Winter; 9 (1): 68-75. Epub 2012 Mar 31. 
PMID: 22924104; PMCID: PMC3422065. 

[49] Karlinsey RL, Mackey AC, Walker TJ, Frederick KE, 
Blanken DD, Flaig SM, Walker ER. In vitro remineralization 
of human and bovine white-spot enamel lesions by NaF 
dentifrices: A pilot study. J Dent Oral Hyg. 2011 Feb; 3 (2): 
22-29. PMID: 21643437; PMCID: PMC3105352. 

[50] Cheng L, Li J, Hao Y, Zhou X. Effect of compounds of Galla 
chinensis and their combined effects with fluoride on 
remineralization of initial enamel lesion in vitro. J Dent. 2008 
May; 36 (5): 369-73. doi: 10.1016/j.jdent.2008.01.011. Epub 
2008 Mar 4. PMID: 18308448. 

[51] Bandekar S, Patil S, Dudulwar D, Moogi PP, Ghosh S, 
Kshirsagar S. Remineralization potential of fluoride, 
amorphous calcium phosphate-casein phosphopeptide, and 
combination of hydroxylapatite and fluoride on enamel lesions: 
An in vitro comparative evaluation. J Conserv Dent. 2019 
May-Jun; 22 (3): 305-309. doi: 10.4103/JCD.JCD_13_19. 
PMID: 31367119; PMCID: PMC6632629. 

[52] J. Hong, B. I. Kim, H. K. Kwon and C. H. Choi. 
Remineralization Effects of Herbal Extracts with Fluoride on 
Artificial Carious Enamel. 

[53] Bereket C, Özan F, Şener İ, Tek M, Altunkaynak BZ, 
Semirgin SU, Şenel E, Özdemir M. Propolis accelerates the 
consolidation phase in distraction osteogenesis. J Craniofac 
Surg. 2014 Sep; 25 (5): 1912-6. doi: 
10.1097/SCS.0000000000000946. PMID: 25203585. 

[54] Kamburoğlu K, Özen T. Analgesic effect of Anatolian 
propolis in mice. Agri. 2011 Apr; 23 (2): 47-50. PMID: 
21644103. 



 American Journal of Pediatrics 2022; 8(2): 91-97 97 
 

[55] Brailo V, Boras VV, Alajbeg I, Juras V. Delayed contact 
sensitivity on the lips and oral mucosa due to propolis-case 
report. Med Oral Patol Oral Cir Bucal. 2006 Jul 1; 11 (4): 
E303-4. PMID: 16816812. 

[56] Bagheri H, Namdar F, Hosseini Rivandi M, Asadi S. Color 
properties of artificial white spot lesions treated by 
experimental resin infiltrants containing bioactive glass and 
nano-fluorohydroxyapatite. Int J Esthet Dent. 2020; 15 (3): 
334-343. PMID: 32760927. 

[57] Mohan AG, Ebenezar AVR, Ghani MF, Martina L, Narayanan 
A, Mony B. Surface and mineral changes of enamel with 
different remineralizing agents in conjunction with carbon-
dioxide laser. Eur J Dent. 2014 Jan; 8 (1): 118-123. doi: 
10.4103/1305-7456.126264. PMID: 24966758; PMCID: 
PMC4054023. 

 


