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Introduction

The intracanal medication aims to favor healing after 
endodontic therapy and to reduce the bacterial load resistant 
to root canal biochemical preparation.[1] Peculiarly, endodontic 
microbiota is extremely complex, presenting a variety of 
microbial profiles which are dependent on the environmental 
nutrition and oxygen conditions.[2]

Despite the number of substances indicated to be used inside the 
root canal, calcium hydroxide (CH) is still widely used due to 
its satisfactory antimicrobial activity and neutralizing action of 
bacteria residues, such as endotoxins.[3,4] However, it is known 
that in secondary infection of root canals, where there is the 
prevalence of atypical microorganisms, such as Enterococcus 
faecalis, its antimicrobial activity is limited.[2,5,6] The addition 

of CH with various bioactive vehicles has been proposed, 
to improve antimicrobial action over these microorganisms, 
such as the camphorated paramonochlorophenol and the 
2% chlorhexidine digluconate (CHX), and/or with different 
vehicles, such as glycerin, polyethylene glycol, propylene 
glycol, water, or saline solution.[7,8]
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Chlorhexidine is a bisbiguanide composite with satisfactory 
antimicrobial activity on facultative anaerobic bacteria.[9] 
Its association with CH has been recommended to offer a 
synergistic action between these substances.[10] However, CHX 
degradation releases toxic and potentially carcinogenic 
substances, raising doubts about its value as intracanal 
dressing.[9] Parachloroaniline  (PCA) is considered the most 
important of chlorhexidine degradation product[9,11] associated 
with high oxidative free radical (reactive oxygen species [ROS]) 
presence.[12,13] However, this combination has a positive effect, 
and this medication develops an acute inflammatory response, 
presenting a poor decidual compatibility.[14]

In this way, if the residual substance that would presumably 
be toxic is not present, other substances may also participate 
to trigger this acute inflammation, suggesting ROS 
participation.[13,14] Therefore, it is interesting to evaluate 
an association between CH and CHX with antioxidant 
substances, which can inhibit ROS. Several antioxidants are 
reported in the literature. Among them, sodium ascorbate 
and alpha‑tocopherol  (AT) are those which are indicated 
for dentistry application and are widely used in tooth 
whitening.[15,16] Sodium ascorbate is derived from ascorbic 
acid, whereas AT is a lipidic fraction of Vitamin E, being 
largely used in the cosmetic industry and as oxygen peroxide 
neutralizing after dental bleaching,[17,18] and does not cause 
tooth discoloration.[15]

Taking this information into consideration, we thought 
to evaluate the composition of an intracanal medicament 
containing CH, 2% CHX, and AT, possibly resulting in 
a substance with antimicrobial action. However, these 
suppositions are still unknown, which would be the ideal 
AT concentration to clinical use. Furthermore, there is 
no information about which would be the effects of this 
antioxidant on pH and calcium release of the CH + 2% CHX 
paste.

The present study aimed to evaluate the effects of the 
experimental addition of AT, at 10% and 20% concentration (in 
mass), in CH and a bioactive vehicle (2% CHX) paste, through 
biological compatibility test, pH values, and calcium release 
in 24 and 48 h and 7, 14, and 21 days. The null hypothesis 
is that the addition of the 10% or 20% AT (10AT or 20AT, 
respectively)  in CH and 2% CHX paste offers beneficial 
effects.

Materials and Methods

All experimental protocols involving animals conformed to 
procedures described in the Guiding Principles for the Use 
of Laboratory Animals and the study approved by the Animal 
Committee of Sagrado Coração University, Bauru, Sao Paulo, 
Brazil (protocol # 180/10).

Groups evaluated
CH paste used in the present study (Calen; SS White, São Paulo, 
SP, Brazil) contains CH (49.77%), zinc oxide, colophony, and 

polyethylene glycol 400. The following groups were organized 
according to paste composition:
•	 CH (CH paste): Only CH paste (Calen; SS White, São 

Paulo, SP, Brazil)
•	 CH‑CHX (CH with 2% chlorhexidine paste): The paste 

was prepared with 1 mL of 20% CHX in 100 mg CH 
paste (Calen; SS White, São Paulo, SP, Brazil)

•	 CH‑CHX‑10AT  (CH with 2% chlorhexidine paste 
and 10AT): 90 mg of CH‑CHX added with 10 mg of 
AT (Nutrifarm, São Paulo, SP, Brazil)

•	 CH‑CHX‑20AT  (CH with 2% chlorhexidine paste 
and 20AT): 90 mg of CH‑CHX added with 20 mg of 
AT (Nutrifarm, São Paulo, SP, Brazil).

Biological compatibility
Surgical procedure
Twenty‑eight Albinus Wistar male rats, 3 month‑years old, 
average weight of 300 g, were used in the present study. For 
the surgical procedure, the animals were anesthetized with the 
association of 10% ketamine (Ketamina; Agener, São Paulo, 
SP, Brazil) and 2% xylazine (Virbaxyl 2%; Virbac, São Paulo, 
SP, Brazil) in the recommended dose throughout intramuscular 
administration in the left tight.

Trichotomy of the dorsal area was carried out previously to the 
longitudinal incision (approximately 10 mm length) in the skin of 
each animal for divulsion and exposure of the subcutaneous tissue. 
After, polyethylene tubes (100 mm length × 1.2 mm diameter) 
with one of the extremities closed with gutta‑percha (Dentsply, 
Petrópolis, RJ, Brazil) were filled with the experimental materials 
to be initially inserted in the right cervical quarter, clockwise 
direction, so that the open extremity containing the material 
was positioned opposite to the other tube. Each animal received 
four tubes (total of 28 tubes for each group). The incisions were 
sutured with 4‑0 mononylon (Ethicon; Johnson and Johnson, 
São Paulo, SP, Brazil).

Histological and histomorphometric analysis
After 48 h and 7, 14, and 21 days, the animals were euthanized 
with an overdose of anesthetic drugs, and the specimens 
were retrieved and immersed in buffered 10% formalin for 
24 h. Longitudinal 6.0 µm slices were obtained, stained with 
hematoxylin and eosin, and analyzed under light microscopy 
considering subcutaneous tissue repair, such as granulation 
tissue, inflammation, and fibrosis. For histomorphometric 
analysis, two 20x fields were selected surrounding the material 
positioned in one extremity of polyethylene tube. The images 
were taken with a light microscope  (Eclipse 80i; Nikon 
Instruments, Melville, NY, USA). Neutrophils, mononuclear 
leukocytes, and multinucleated giant cells were counted using 
Image‑Pro Plus 5.1.2 software (Media Cybernetics, Rockville, 
MD, USA). The arithmetic average from the histomorphometry 
was obtained from the evaluated fields.

pH analysis
Forty acrylic teeth, upper central incisor shaped, presenting 21 
mm of length and root canal with 1.2 mm in diameter, were 
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used for this test. Each group was composed of 10 teeth, and 
after their root canals were filled with the prepared pastes, 
they were sealed with gutta‑percha, immediately immersed in 
10 mL of distilled water (pH = 6.9), individually positioned into 
properly sealed plastic recipients, and placed into a dry‑heat 
oven (Fanem, São Paulo, SP, Brazil) in a fixed temperature 
of 37°C during all the experimental period. pH analysis 
performed at 24 and 48 h and 7, 14, and 21 days was made 
using a calibrated pH meter  (Quimis, Diadema, SP, Brazil) 
directly in the water where the teeth were immersed at the room 
temperature of 25°C. After this step, the teeth were immersed 
again in 10 mL of distilled water.

Calcium ion release analysis
Calcium release analysis  (in mg/L) was measured using an 
atomic absorption spectrophotometer  (AA6800; Shimadzu, 
Tokyo, Japan). The teeth remained submerged in the distilled 
water. A lanthanum nitrate solution at 2 mL was added to the 
8 mL of each sample.

Statistical analysis
To histological and histomorphometric analysis and calcium 
release evaluation, the data were submitted to Kruskal–Wallis 
and Dunn tests  (α = 0.05). To pH analysis, the data were 
submitted to ANOVA one‑way and Tukey’s tests (α = 0.05).

Results

Histological analysis
After 48 h, CH showed an intense acute inflammation with a 
diffuse neutrophilic infiltration. At day 7, a highly vascularized 
granulation tissue infiltrated by mononuclear leukocytes could 
be seen. At day 14, inflammation persisted, but now presenting 
foreign body multinucleated giant cells (GCs). On the other 
side, at day 21, inflammation decreased and collagen fibers 
were organized next to the material [Figure 1a‑d]. CH‑CHX 
showed after 48 h, acute inflammatory reaction permeated by 
tissue degeneration. However, after 7 days, granulation tissue 
was predominantly infiltrated by mononuclear leukocytes 
and eventual GCs, persisting at 14 and 21 days [Figure 1e‑h]. 
CH‑CHX‑10AT showed that, in 48 h, tissue reaction was similar 
to CH‑CHX. In 7 days, highly vascularized granulation tissue 
was observed, presenting sparse deposition of collagen fibers 
and mononuclear leukocytes, associated with degenerated 
tissue. In 14 and 21  days, the inflammatory condition 
was similar, now with the presence of CG  [Figure  2a‑d]. 
CH‑CHX‑20AT showed in 48 h, a severe inflammation with 
an exuberant neutrophilic infiltration and tissue degeneration. 
However, in 7 days, mononuclear leukocytes were predominant 
among a highly vascularized tissue next to the material, which 
persisted in the following periods along with a disorganized 
extracellular matrix  [Figure 2e‑h]. There are no differences 
among groups in the same period evaluation (P > 0.05).

Histomorphometric analysis
The existence of neutrophils, monocytes, and GCs considering 
each experimental period did not differ among the groups. 

Tables 1 and 2 show the median, minimum, and maximum 
values of neutrophils and mononuclear leukocytes, respectively. 
There are no differences among groups in the same period 
evaluation (P > 0.05).

pH analysis
After 24 h, CH and CH‑CHX presented the highest pH in 
comparison to the other groups (P < 0.05). CH‑CHX‑10AT 
presented higher pH values than CH‑CHX‑20AT (P < 0.05). 
After 48 h and 7 and 14 days, CH and CH‑CHX presented 
similar pH values (P > 0.05) but higher than CH‑CHX‑10AT 
and Ch‑CHX‑20AT (P < 0.05). There is no difference between 
CH‑CHX‑10AT and CH‑CHX‑20AT (P > 0.05). After 21 days, 
CH and CH‑CHX presented similar pH values (P > 0.05) but 
higher than other associations. CH‑CHX‑10AT presented a 
higher pH value than CH‑CHX‑20AT. Table 3 shows the pH 
arithmetic average and standard deviation presented by the 
different groups in the analyzed periods.

Calcium ion release analysis
In 24 h and 21 days, the several pastes presented similar calcium 
release values (P > 0.05). In 48 h and 7 days, CH presented 

Figure 1: CH paste:  (a) 48 h;  (b) 7 days;  (c) 14 days;  (d) 21 days. 
CH‑CHX paste: (e) 48 h; (f) 7 days; (g) 14 days; (h) 21 days. CH: Calcium 
hydroxide paste, CH‑CHX: Calcium hydroxide with 2% chlorhexidine paste
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higher calcium release than other CH pastes (P < 0.05). There 
are no differences among CH‑CHX, CH‑CHX‑10AT, and 
CH‑CHX‑20AT (P > 0.05). In 14 days, CH, CH‑CHX, and 
CH-CHX-10AT presented similar calcium release (P > 0.05) 
but higher than CH‑CHX‑20AT. Table 4 presents the median, 
minimum, and maximum values of calcium release by the 
different groups in the analyzed periods.

Discussion

In the present study, the addition of the 10AT or 20AT did 
not have beneficial effects on biological compatibility, 
hydrogenionic potential, and calcium release of the CH with 
2% CHX paste. Therefore, the null hypothesis was rejected. 
Our study presented divergent results of the previous research 

that evaluated the effects of AT when used as an antioxidant 
agent in dental practice.[19,20]

CH concentration in a medication exerts a direct effect on its 
biological properties, being considered ideal at 50% and 60% 
when associated with an aqueous vehicle or 35% when associated 
with methyl‑cellulose.[21] Therefore, a decrease in its concentration, 
when agreed with CHX and/or an antioxidant (AT), can justify 
tissue degeneration, as observed in the initial periods (48 h and 
7 days), mainly in CH‑CHX‑10AT and CH‑CHX‑20AT. However, 
after 14 or 21 days, the amount of the neutrophils, mononuclear 
leukocytes, and giant cells was similar among several composition 
CH pastes. However, exceptionally, in CH‑CHX‑10AT and 
CH‑CHX‑20AT, we observe a small incidence of degenerated 
tissue near the experimental pastes. This degeneration reaction 
can also be related to tissue reaction caused by the tocopherol 
excipients used in the present study, since it is composed of 
400 mg of the active ingredient added to conservatives, such as 
methylparaben, which is toxic to the tissues.[22,23]

Histomorphometry analysis revealed a direct relationship 
between the reduction in the number of inflammatory cells 
and the time evaluation regardless of CH composition 
paste. The presence of PCA in the CH‑added CHX paste is 
almost inexistent but being detected mainly the oxidative 
radicals (ROS).[12] Since the presence of the inflammatory cells 
was similar among the groups and periods, it is possible that 
AT had no effect on ROS in agreement with Chapple et al. 
who observed the noninterference of this antioxidant on the 
extracellular release of ROS by TLR‑stimulated cells.[24]

On the other side, Vitamin E is constituted by four tocopherols 
and four tocotrienols, being the AT the predominant form of this 

Table 1: Median  (M), minimum  (min), and maximum  (max) values of neutrophils in the different experimental periods

48 h 7 days 14 days 21 days

Median Minimum‑maximum Median Minimum‑maximum Median Minimum‑maximum Median Minimum‑maximum
G1 209 80‑368.5 2.5 0‑190 1 0‑18 0.5 0‑7
G2 154 67‑246.5 0 0‑19.5 2 0‑11.5 2.5 0‑6
G3 121.5 10.5‑354.5 0 0‑14 1.5 0‑14 2 0‑3.5
G4 173.5 23.5‑393 0 0‑21.5 1.5 0‑3 3 0‑3
No significant difference was detected among the groups considering the same period (P>0.05). G1 – Calcium hydroxide, G2 – Calcium hydroxide 
+ 2% chlorhexidine digluconate, G3 – Calcium hydroxide + 2% chlorhexidine digluconate + 10% alpha‑tocopherol, G4 – Calcium hydroxide + 2% 
chlorhexidine digluconate + 20% alpha‑tocopherol

Table 2: Median  (M), minimum  (min), and maximum  (max) values of mononuclear leukocytes in the different 
experimental periods

48 h 7 days 14 days 21 days

Median Minimum‑maximum Median Minimum‑maximum Median Minimum‑maximum Median Minimum‑maximum
G1 51.5 24.5‑71.5 146 77‑200 151 56‑269 177 127‑280
G2 48.5 23‑91.5 111 61.5‑135.5 166 63‑230 234.1 52‑348
G3 65.7 15.5‑155 84.7 22.5‑211 302 141‑432 143 63.5‑205
G4 51 18.5‑164 160 104‑214.5 235.5 97‑343 171 113‑269
No significant difference was detected among the groups considering the same period (P>0.05). G1 – Calcium hydroxide, G2 – Calcium hydroxide 
+ 2% chlorhexidine digluconate, G3 – Calcium hydroxide + 2% chlorhexidine digluconate + 10% alpha‑tocopherol, G4 – Calcium hydroxide + 2% 
chlorhexidine digluconate + 20% alpha‑tocopherol

Table 3: Median and standard deviation of pH values 
shown by groups in different periods analyzed

G1 G2 G3 G4
24 h 11.73 (0.05)a 11.68 (0.04)a 11.58 (0.04)b 11.50 (0.09)c

48 h 11.21 (0.05)a 11.29 (0.06)a 11.12 (0.04)b 11.08 (0.09)b

7 days 11.42 (0.03)a 11.46 (0.04)a 11.36 (0.03)b 11.34 (0.05)b

14 days 11.40 (0.08)a 11.41 (0.05)a 11.27 (0.03)b 11.22 (0.03)b

21 days 10.77 (0.06)ab 10.80 (0.01)a 10.70 (0.04)bc 10.64 (0.09)c

28 days 9.83 (0.08)ab 9.88 (0.05)a 9.77 (0.05)bc 9.73 (0.09)c

a,b,cDifferent letters in the same line indicate statistical differences 
(P<0,05). No significant difference was detected among the groups 
considering the same period (P>0.05). G1 – Calcium hydroxide, 
G2 – Calcium hydroxide + 2% chlorhexidine digluconate, G3 – Calcium 
hydroxide + 2% chlorhexidine digluconate + 10% alpha‑tocopherol, 
G4 – Calcium hydroxide + 2% chlorhexidine digluconate + 20% 
alpha‑tocopherol
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vitamin. However, γ‑tocopherol, δ‑tocopherol, and γ‑tocotrienol 
forms present higher antioxidant and anti‑inflammatory 

properties than AT, since scavenging reactive nitrogen species 
inhibit cyclooxygenase‑  and 5‑lipoxygenase‑catalyzed 
eicosanoids and suppress pro‑inflammatory signaling such as 
NF‑κB and STAT3/ 6.[25] It is presumed that we obtained these 
results due to antioxidant effects which have been minimized, 
because in the present study only, the AT form was added to the 
CH‑CHX paste, which resulted in similar histomorphometric 
values, despite the period evaluated.

Hydrogenionic potential of the medication used showed a 
different behavior in each analyzed period. At the end of the 
experimental periods, medication with 20% of AT presented 
the lowest pH value than the other compositions, possibly due 
to the oil characteristic of the compound, since the chemical 
structure of the vehicle interferes with the physicochemical 
properties of the medication containing CH, such as the pH 
and calcium release.[25‑31]

Considering calcium release, several variations occurred 
among the groups during the periods. However, in 21 days, all 
groups were similar in agreement with Duarte et al.[30] In this 
way, facing the results taken from the performed methods, it 
is possible to verify that AT incorporation into the medication 
containing CH and 2% CHX is not necessary and that the 
eventual free radicals released due to this association did not 
interfere in its biological behavior.

It is important to emphasize that the results were obtained 
by analyzing the medication containing the CH associated 
with the 2% CHX, as indicated by Zehnder.[9] Further 
analyses should be made to evaluate the effects of antioxidant 
incorporation, such as AT and its analogs, in the medication 
containing higher concentrations of CHX, as described by 
previous studies.[26]

Conclusion

Notwithstanding the limitations of this study, it can be 
concluded that 10AT or 20AT, as an antioxidant agent, 

Figure 2: CH‑CHX‑10AT paste: (a) 48 h; (b) 7 days; (c) 14 days; (d) 21 days. 
CH‑CHX‑20AT paste:  (e) 48 h;  (f) 7  days;  (g) 14 days;  (h) 21 days. 
CH‑CHX‑10AT or CH‑CHX‑20AT, calcium hydroxide with 2% chlorhexidine 
paste and 10% or 20%, respectively, alpha‑tocopherol calcium hydroxide paste
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Table 4: Median, maximum, and minimum values of calcium release  (mg/L) shown by groups in different periods 
analyzed

Period Values of calcium release G1 G2 G3 G4
24 h Median 30.9a 21.8a 21.5a 22.2a

Minimum‑maximum 21.6‑52.2 19.4‑77.7 17.3‑41.6 13.6‑36.2
48 h Median 24.8a 11.6b 10.6b 12.6b

Minimum‑maximum 18.9‑49.7 6.11‑15.8 8.8‑17.8 11.6‑14.8
7 days Median 19.3a 15.8ab 10.6bc 10.1c

Minimum‑maximum 11.6‑22.6 8.9‑19.1 8.8‑17.1 9.0‑13.2
14 days Median 13.5b 41.5a 33.3a 27.5a

Minimum‑maximum 10.1‑17.6 12.7‑49.1 15.1‑34.9 14.4‑37.2
21 days Median 5.6a 6.1a 2.7a 3.7a

Minimum‑maximum 2.3‑10.2 2.3‑10.5 1.9‑5.8 1.7‑8.4
28 days Median 2.4a 4.2a 2.2a 2.1a

Minimum‑maximum 1.1‑7.2 1.1‑7.3 1.1‑3.6 0.3‑6.2
a,b,cDifferent letters in the same line indicate statistical differences l (P<0.05). No significant difference was detected among the groups considering the 
same period (P>0.05). G1 – Calcium hydroxide, G2 – Calcium hydroxide + 2% chlorhexidine digluconate, G3 – Calcium hydroxide + 2% chlorhexidine 
digluconate + 10% alpha‑tocopherol, G4 – Calcium hydroxide + 2% chlorhexidine digluconate+20% alpha‑tocopherol
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incorporation to CH and 2% CHX paste negatively affected 
biological and physicochemical properties.

Acknowledgments
We thank Prof. Marco Duarte (FOB‑USP) for permission to 
use the atomic absorption spectrophotometer.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Kawashima  N, Wadachi  R, Suda  H, Yeng  T, Parashos  P. Root canal 

medicaments. Int Dent J 2009;59:5‑11.
2.	 Siqueira JF Jr. Endodontic infections: Concepts, paradigms, and 

perspectives. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2002;94:281‑93.

3.	 Sathorn  C, Parashos  P, Messer  H. Antibacterial efficacy of calcium 
hydroxide intracanal dressing: A systematic review and meta‑analysis. 
Int Endod J 2007;40:2‑10.

4.	 Ahirwar  P, Shashikiran  ND, Sundarraj  RK, Singhla  S, Thakur  RA, 
Maran S. A clinical trial comparing antimicrobial efficacy of “essential 
oil of Ocimum sanctum with triple antibiotic paste as an intracanal 
medicament in primary molars. J  Indian Soc Pedod Prev Dent 
2018;36:191‑7.

5.	 Sirén EK, Haapasalo  MP, Waltimo  TM, Ørstavik D. In vitro 
antibacterial effect of calcium hydroxide combined with chlorhexidine 
or iodine potassium iodide on Enterococcus faecalis. Eur J Oral Sci 
2004;112:326‑31.

6.	 Portenier I, Waltimo T, Ørstavik D, Haapasalo M. The susceptibility of 
starved, stationary phase, and growing cells of Enterococcus faecalis to 
endodontic medicaments. J Endod 2005;31:380‑6.

7.	 Wang  CS, Arnold  RR, Trope  M, Teixeira  FB. Clinical efficiency 
of 2% chlorhexidine gel in reducing intracanal bacteria. J  Endod 
2007;33:1283‑9.

8.	 Siqueira JF Jr., Paiva  SS, Rôças IN. Reduction in the cultivable 
bacterial populations in infected root canals by a chlorhexidine‑based 
antimicrobial protocol. J Endod 2007;33:541‑7.

9.	 Zehnder M. Root canal irrigants. J Endod 2006;32:389‑98.
10.	 Zerella  JA, Fouad  AF, Spångberg LS. Effectiveness of a calcium 

hydroxide and chlorhexidine digluconate mixture as disinfectant during 
retreatment of failed endodontic cases. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2005;100:756‑61.

11.	 Basrani BR, Manek S, Fillery E. Using diazotization to characterize the 
effect of heat or sodium hypochlorite on 2.0% chlorhexidine. J Endod 
2009;35:1296‑9.

12.	 Barbin  LE, Saquy  PC, Guedes  DF, Sousa‑Neto  MD, Estrela  C, 
Pécora JD. Determination of para‑chloroaniline and reactive oxygen 
species in chlorhexidine and chlorhexidine associated with calcium 
hydroxide. J Endod 2008;34:1508‑14.

13.	 Barbin  LE, Estrela  C, Guedes  DF, Spanó JC, Sousa‑Neto  MD, 
Pécora JD. Detection of para‑chloroaniline, reactive oxygen species, 
and 1‑chloro‑4‑nitrobenzene in high concentrations of chlorhexidine 
and in a mixture of chlorhexidine and calcium hydroxide. J  Endod 
2013;39:664‑8.

14.	 Pereira  MS, Faria  G, Bezerra da Silva  LA, Tanomaru‑Filho  M, 

Kuga MC, Rossi MA. Response of mice connective tissue to intracanal 
dressings containing chlorhexidine. Microsc Res Tech 2012;75:1653‑8.

15.	 Jordão‑Basso  KC, Kuga  MC, Dantas  AA, Tonetto  MR, Lima  SN, 
Bandéca MC. Effects of alpha‑tocopherol on fracture resistance 
after endodontic treatment, bleaching and restoration. Braz Oral Res 
2016;30:1-6.

16.	 Harrison  MS, Wang  Y, Frick  KJ, Moniz  J, Walker  MP. Effects of 
Alpha‑tocopherol Antioxidant on Dentin‑composite Microtensile Bond 
Strength after Sodium Perborate Bleaching. J Endod 2019;45:1053‑9.

17.	 Khoroushi  M, Feiz  A, Khodamoradi  R. Fracture resistance of 
endodontically‑treated teeth: Effect of combination bleaching and an 
antioxidant. Oper Dent 2010;35:530‑7.

18.	 Magro  MG, Kuga  MC, Aranda‑Garcia  AJ, Victorino  KR, 
Chávez‑Andrade GM, Faria G, et al. Effectiveness of several solutions 
to prevent the formation of precipitate due to the interaction between 
sodium hypochlorite and chlorhexidine and its effect on bond strength 
of an epoxy‑based sealer. Int Endod J 2015;48:478‑83.

19.	 Sasaki  RT, Flório FM, Basting  RT. Effect of 10% sodium ascorbate 
and 10% alpha‑tocopherol in different formulations on the shear bond 
strength of enamel and dentin submitted to a home‑use bleaching 
treatment. Oper Dent 2009;34:746‑52.

20.	 Garcia EJ, Oldoni TL, Alencar SM, Reis A, Loguercio AD, Grande RH. 
Antioxidant activity by DPPH assay of potential solutions to be applied 
on bleached teeth. Braz Dent J 2012;23:22‑7.

21.	 Blanscet ML, Tordik PA, Goodell GG. An agar diffusion comparison 
of the antimicrobial effect of calcium hydroxide at five different 
concentrations with three different vehicles. J Endod 2008;34:1246‑8.

22.	 Epstein SP, Ahdoot M, Marcus E, Asbell PA. Comparative toxicity of 
preservatives on immortalized corneal and conjunctival epithelial cells. 
J Ocul Pharmacol Ther 2009;25:113‑9.

23.	 Khanna S, Darbre PD. Parabens enable suspension growth of MCF‑10A 
immortalized, non‑transformed human breast epithelial cells. J  Appl 
Toxicol 2013;33:378‑82.

24.	 Chapple  IL, Matthews  JB, Wright  HJ, Scott  AE, Griffiths  HR, 
Grant MM. Ascorbate and α‑tocopherol differentially modulate reactive 
oxygen species generation by neutrophils in response to FcγR and TLR 
agonists. Innate Immun 2013;19:152‑9.

25.	 Jiang  Q. Natural forms of vitamin E: Metabolism, antioxidant, and 
anti‑inflammatory activities and their role in disease prevention and 
therapy. Free Radic Biol Med 2014;72:76‑90.

26.	 Vianna  ME, Zilio  DM, Ferraz  CC, Zaia  AA, de Souza‑Filho  FJ, 
Gomes BP. Concentration of hydrogen ions in several calcium hydroxide 
pastes over different periods of time. Braz Dent J 2009;20:382‑8.

27.	 Mori GG, Ferreira FC, Batista FR, Godoy AM, Nunes DC. Evaluation of 
the diffusion capacity of calcium hydroxide pastes through the dentinal 
tubules. Braz Oral Res 2009;23:113‑8.

28.	 Poorni S, Miglani R, Srinivasan MR, Indira R. Comparative evaluation 
of the surface tension and the pH of calcium hydroxide mixed with five 
different vehicles: An in vitro study. Indian J Dent Res 2009;20:17‑20.

29.	 Pacios  MG, de la Casa  ML, de Bulacio Ml, López ME. Influence of 
different vehicles on the pH of calcium hydroxide pastes. J  Oral Sci 
2004;46:107‑11.

30.	 Duarte  MA, Midena  RZ, Zeferino  MA, Vivan  RR, Weckwerth  PH, 
Dos Santos  F, et  al. Evaluation of pH and calcium ion release of 
calcium hydroxide pastes containing different substances. J  Endod 
2009;35:1274‑7.

31.	 De Faria‑Júnior NB, Keine  KC, Só MV, Weckwerth  PH, 
Guerreiro‑Tanomaru  JM, Kuga  MC. Residues of calcium 
hydroxide‑based intracanal medication associated with different 
vehicles: A scanning electron microscopy evaluation. Microsc Res Tech 
2012;75:898‑902.


