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ABSTRACT

Introduction: Patients undergoing dental bleaching relate 
to postoperative sensitivity, that is linked to hydrogen perox-
ide (H

2
O

2
) penetrating on the dental pulp. This study evalu-

ated the anti-inflammatory effect of ibuprofen, Otosporin®, 
and curcumin gel on the pulp of the rats’ teeth after bleach-
ing. Methods: Fifty rats were divided into CG: control-
placebo gel; BLE: bleached (35% H2O2, 30 minutes); BLE-I: 
bleached and ibuprofen oral administration (twice every 12 
hours in 2 successive  days); BLE-O: bleached followed by 
Otosporin® application in the molar surfaces (10 minutes); 
and BLE-C: bleaching session followed curcumin gel (10 
minutes). After two days, the rats were killed for histological 
analysis. Statistical tests were performed (P<.05). Results: 
BLE, BLE-I, and BLE-C had severe inflammation or necrosis 
in the occlusal third of coronal pulp (P>.05); BLE-O had mild 

inflammation and was similar from CG (P>.05) and different 
from other groups (P<.05). In the middle third, BLE-O group 
had lower inflammatory infiltration and remained differ-
ent from BLE group (P<.05); BLE, BLE-I, and BLE-C were 
similar (P>.05). In the cervical third, BLE, BLE-I, and BLE-C 
had a reduction of inflammation, without difference between 
bleached groups (P>.05). Conclusions: Otosporin® can 
reduce the inflammation in the pulp after dental bleaching; 
this result was not observed using ibuprofen or curcumin 
gel. Therefore, this study shows a new teeth bleaching post-
treatment possibility using Otosporin®, which minimizes the 
inflammation generated to the pulp tissue by the bleaching 
gel. This could consequently minimize the postoperative 
sensitivity.

Keywords: Anti-Inflammatory Agents. Hydrogen Perox-
ide. Dental Pulp. Tooth Bleaching
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Introduction
Dental bleaching has become popular in recent 

years due to the esthetic appeal of  a white smile.1 
There are two types of  bleaching for vital teeth: at-
home bleaching, using carbamide peroxide or low 
hydrogen peroxide (H

2
O

2
) concentrations associated 

with acetate trays; and in-office bleaching, using high 
H

2
O

2
 concentrations.2 In-office bleaching is for at-

tending to patients who do not tolerate the use of  
the tray for a long time in order to achieve immediate 
results3. They include major complications of  the use 
of  bleaching agents on the pulp.4

Most patients undergoing dental bleaching relate 
to postoperative sensitivity,3 which can occur even in 
healthy teeth, contrary to common tooth sensitivity, 
when pain occurs due to the exposed dentin. This is 
directly linked to H

2
O

2
 penetrating the hard tooth tis-

sues reaching the pulp-dentin complex.4

Though the mechanisms of  tooth sensitivity after 
the dental bleaching have not been fully determined, 
it is believed that inflammatory mediators may play 
an important role.5 The inflammatory reaction is a 
complex process that involves vascular and neuronal 
reactions.6 The increase of  substance-P in the pulp 
of  bleached teeth was reported, and is related to en-
hance of  pulpal blood flow and a rapid increase of  
inflammatory cells at the site of  the inflammation.2 
The presence of  severe inflammation or necrosis was 
also observed in the pulp after bleaching.4,7-10,11,12

Considering the inflammatory process generated 
in the pulp tissue by dental bleaching gels, anti-in-
flammatory substances could be used to minimize the 
damage5. The use of  ibuprofen, a nonsteroidal anti-
inflammatory drug (NSAID), has been widely studied 
for decreasing the tooth sensitivity after bleaching.1,5 
This drug may reduce the tooth intensity during5 
or up to one hour after the bleaching session1. Still, 
though ibuprofen has shown some ability to minimize 
tooth sensitivity, it does not reduce the absolute risk 
of  sensitivity.1 In addition, there is still insufficient evi-
dence regarding the use of  NSAIDs to prevent tooth 
sensitivity caused by in-office bleaching.13

The use of  topical medications with anti-inflam-
matory potential in dental tissue after the bleaching 
procedure may be a promising alternative to minimiz-
ing the pulp damage. The Otosporin® (Farmoquími-
ca-S/A, Rio de Janeiro, RJ, Brazil), a neomycin/poly-

myxin B/hydrocortisone association, is commonly 
used in endodontic procedures14-16 and presents 
anti-inflammatory, immunosuppressive and vasocon-
strictor effects.14,15 It is recommended for treatment 
in deep cavities to prevent or alleviate dentinal and 
pulpal pain and hypersensitivity due the diffusion 
ability in the dentin, and it is capable of  reducing 
the intrapulpal pressure.17,18 It is also used during the 
treatment of  pulp capping and pulpotomy.19

The bleaching gel increases in quantity the depth 
the microcracks presented in dental enamel20 and fa-
cilitates the penetration of  topical medications in the 
pulp. Thus, Otosporin® and other topical medications 
may be effective in the treatment of  pulp inflamma-
tion caused by the bleaching.

The curcumin extracted from Curcuma longa roots 
(turmeric) rhizome has immunomodulatory and anti-
inflammatory antioxidant properties,21 which would 
minimize the damage in the pulp tissue. Still, it has 
an anti-fibrotic effect22 and can reduce the maturation 
of  collagen fibers of  dental pulp that occurs after a 
bleaching procedure.8

Therefore, in the search of  an alternative treat-
ment for patients who want to whiten their teeth 
without negative consequences, we compared the 
anti-inflammatory potential of  ibuprofen -a drug used 
by clinicians- with the topical medications proposed 
in this study, Otosporin® and curcumin gel, on the rat 
pulp tissue after bleaching. The null hypothesis of  the 
study is that anti-inflammatory drugs are not able to 
minimize pulp inflammation caused by dental bleach-
ing.

Materials and Methods 
A total of 50 male Wistar albino rats (approximately 200g 

each) were used. The rats were housed in a temperature-

controlled environment (22°C±1°C) on a standard light/

dark schedule with food and water ad libitum. The experi-

mental protocol was approved by the Institutional Ethics 

Committee of São Paulo State University (CEUA-00885) 

of the local and conducted in accordance with relevant 

guidelines.

Tooth Bleaching 
The rats were anesthetized by intramuscular in-

jections of  Ketamine 10% (87mg/kg, União Química 
Farmacêutica-S/A, Embu-Guaçu, SP, Brazil) and Xy-
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lazine (13 mg/kg, Syntec Brasil LTDA, Cotia, SP, Bra-
zil). Their upper first molars were randomly divided 
into (n=10): CG: control group-placebo gel; BLE: one 
bleaching session; BLE-I: one bleaching session and 
ibuprofen oral administration; BLE-O: one bleach-
ing session followed by Otosporin® application; and 
BLE-C: one bleaching session followed by curcumin 
gel application.

The bleaching was performed with 0.01mL of  35% 
H2O2 gel (Whiteness HP-Maxx; FGM Dental-Prod-
ucts, Joinville, SC, Brazil) in a single application of  30 
minutes7,23; the CG received a placebo gel. After the 
bleaching, the teeth were washed and dried. The ibu-
profen (Medley-Farmacêutica LTDA, Campinas, SP, 
Brazil), was administrated via gavage (50mg/kg body 
weight)24 as the animals recovered from the anes-
thesia twice every 12 hours in successive 2 days. The 
0.01mL of  Otosporin® or curcumin gel (2% curcumin, 
2% carbopol and 30% ethanol, Aphoticário, Araçatuba, 
SP, Brazil)25 were applied to the surface of  the upper 
bleached molars for 10 minutes (Table 1).

Histological Analysis
After two days, the animals were killed by over-

dose of  the anesthetic solution (240mg/Kg, Thio-
pentax; Cristália-Produtos Químicos-Farmacêuticos 
LTDA, Itapira, SP, Brazil). The right and left maxil-

lae  from the rats were fixed in 10% buffered formalin 
(24 hours), decalcified in a 10% ethylenediaminetet-
raacetic acid solution (three months) and dehydrated 
in a graded ethanol series, and then it was clarified 
and embedded in paraffin.

Six-micron sections were cut in the vestibular-lin-
gual plane and stained with hematoxylin-eosin. The 
serial histological sections were selected from the 
point where the mesial root of  the first molar was 
seen in all its longitudinal extension.4,9

To histological analysis, the pulp chamber of  the 
first molar was divided into thirds (occlusal, middle, 
and cervical)9. The inflammation was scored accord-
ing to the approximate average number of  inflamma-
tory cells in each third of  the same specimen (Table 
2). The histological analysis was performed by a 
single calibrated operator in a blinded manner under 
light microscopy (400x, DM 4000 B; Leica-Microsys-
tems, Wetzlar, Germany).

Data were collected and submitted to Kruskal-
Wallis and Dunn statistical tests; the significance level 
was 5%.

Results
The pulp tissue of  the control group showed his-

tological characteristics of  healthy pulp tissue: well-
defined odontoblastic layer and even distribution of  

Table 1. Distribution of experimental groups according to the treatment.

CG: control group; BLE: dental bleaching; I: ibuprofen administration; O: Otosporin application; C: Curcumin application.

Groups Session Bleaching Post-bleaching treatment

CG _ _ _ _ _ _ _ _ _ _ _ _ _ _

BLE 1 application of bleaching gel for 30 min _ _ _ _ _ _ _

BLE-I 1 application of bleaching gel for 30 min Oral Ibuprofen for 2 days, 12/12 hours

BLE-O 1 application of bleaching gel for 30 min 1 topical application of Otosporin for 10 min

BLE-C 1 application of bleaching gel for 30 min 1 topical application of Curcumin gel for 10 min

Table 2. Scores attributed to the intensity of inflammatory cell infiltration

Score Pulpal tissue condition

1 Inflammatory cells absent or negligible in number

2 Mild inflammatory infiltrate (<25 cells per field)

3 Moderate inflammatory infiltrate (between 25 and 125 cells per field)

4 Severe inflammatory infiltrate (>125 cells per field) or necrosis
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blood vessels in intact extracellular matrix, with ab-
sence of  inflammation (Fig 1A e B). Most specimens 
of  the BLE group showed severe inflammation, with 
lymphocytes, macrophages, and plasmocytes or ne-
crosis in the occlusal third; the middle third had mod-
erate inflammation; mild inflammation could still be 
found in the cervical third of  the coronal pulp (Fig 
1C e D).

The BLE-I group had severe inflammation or ne-
crosis in the region of  pulp horns; in the middle third, 
it showed mild or moderate inflammation and inflam-
matory cells in negligible numbers or mild inflamma-
tion in the cervical third (Fig 1E e F). The BLE-O 
group showed mild inflammation in the occlusal third 
of  the coronal pulp with cellular disorganization in 
the pulp horn region and inflammatory cells in negli-
gible numbers; in the middle and cervical thirds, most 
of  the specimens presented no inflammation with an 
intact pulp (Fig 1G e H). The BLE-C group showed 
from moderate inflammation to necrosis in the oc-
clusal third, and mild to moderate inflammation in the 
middle third; the cervical thirds showed tissue disor-

ganization and mild inflammation (Fig 1I e J). The 
inflammatory cells observed characterized a chronic 
inflammatory infiltrate .

Comparison among the Groups
The scores attributed to each third are presented in 

Table 3; The inflammation was observed in bleached 
groups with disorganization of  the odontoblastic, con-
gested blood vessels and alteration of  the loose con-
nective tissue of  the central pulp. The CG and the 
BLE-O group did not present any statistical difference 
when comparing all thirds (P>.05). There was a signifi-
cant difference in the occlusal third between the BLE-
O with the BLE, BLE-C, and BLE-I groups (P<.05). 
Similar histological findings were still observed in the 
middle third of  the pulp between the BLE, BLE-C, and 
BLE-I groups (P>.05) that presented moderate inflam-
mation; no difference was found between the bleached 
groups that received the medications (P>.05); however, 
there was a significant difference between the BLE-
O compared to the BLE group (P<.05) and between 
BLE-I and BLE-C with the CG (P<.05). In the cervi-

Table 3. Scores observed for inflammatory cell response according to the groups.

Thirds of coronal pulp Score
2 days

Groups

CG BLE BLE-I BLE-O BLE-C p

Occlusal

1 10/10 0/10 0/10 4/10 0/10

< 0,001

2 0/10 0/10 0/10 5/10 0/10

3 0/10 4/10 4/10 1/10 5/10

4 0/10 6/10 6/10 0/10 5/10

Median* 1a 4b 4b 2a 4b

Middle 

1 10/10 0/10 0/10 5/10 0/10

 < 0,001

2 0/10 3/10 5/10 4/10 4/10

3 0/10 6/10 5/10 1/10 5/10

4 0/10 1/10 0/10 0/10 1/10

Median* 1a 3b 3bc 1ac 3bc

Cervical

1 10/10 2/10 6/10 9/10 3/10

< 0,001

2 0/10 7/10 4/10 1/10 6/10

3 0/10 1/10 0/10 0/10 1/10

4 0/10 0/10 0/10 0/10 0/10

Median* 1a 2b 1ab 1ab 2ab

*Same letters on the line indicate no statistical difference among the groups (P>.05).
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Figure 1. Representative images of coronal pulp tissue of the control group and the experimental groups: CG (A, B); BLE (c, d); BLE-I (E, F); BLE-O 

(G, H); and BLE-C (I, J) (100x magnification). Panels a-j are magnified images of insets, indicating the occlusal (A, C, E, G, I) and middle thirds (B, 

D, F, H, J) of the pulp tissue (400x magnification). [Hematoxylin-eosin staining]
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cal third, the bleached groups had a reduction in the 
inflammation and there was no difference between 
them (P>.05); nevertheless, a difference was present 
between BLE and the CG (P<.05).

Discussion 
This study compared the anti-inflammatory po-

tential of  ibuprofen, Otosporin® and  curcumin gel 
on the pulp of  rat teeth after bleaching, and the null 
hypothesis was in part supported: out of  the tested 
drugs, only Otosporin® was capable of  reducing the 
inflammation in the pulp tissue. Previous studies 
showed that the H

2
O

2 
and the products of  its degrada-

tion, such as reactive oxygen species (ROS),20 caused 
alterations on teeth structures.9,20 As ROS molecules 
have low molecular weight, they can penetrate the 
pulp, resulting in damage as necrosis.4,7,9,10,12

The tooth sensibility after bleaching may be re-
lated to the release of  ROS in the pulp, promoting the 
presence of  chemical mediators, such as prostaglan-
dins, that activates nociceptors and results in pain.5,6 
This justifies the use of  NSAIDs, such as ibuprofen. 
This drug has a high analgesic and anti-inflammatory 
action and acts by inhibiting cyclooxygenases, pre-
venting the activation of  prostaglandins.6

This medication has been used in endodontic cas-
es to relieve moderate to severe pain1. Clinical stud-
ies showed that ibuprofen reduced tooth sensitivity 
caused by dental bleaching1,5, but is not completely 
effective1. The current study showed that, in the used 
dosage, the ibuprofen did not present an anti-inflam-
matory effect on the pulp tissue. It is suggested that 
prostaglandin’s expression may occur in the first hour 
after bleaching and then other pro-inflammatory me-
diators may be expressed, triggering tooth sensitivity.1 
The neuropeptides that increase after dental bleach-
ing2 are known for being involved in pulp pain and 
inflammation,2,26 and ibuprofen is not able to prevent 
their production.1

The main question is: can topical medications 
act in the inflammation of  the dentin-pulp complex? 
The answer is based on the diffusion of  the medica-
tion through the micropore or cracks present in teeth 
enamel.20 Still, the bleaching agents, when applied to 
the enamel, increase the pores due to the disruption of  
matrix proteins20, allowing the medication to penetrate 
through the enamel and dentin, reaching the pulp.

Otosporin® is commonly used as intracanal medi-
cation14,15 or in pulp capping and pulpotomy.16 A study 
in animals showed that Otosporin®, used as intraca-
nal medication, preserves the integrity of  the pulp 
stump and improves its healing after over-instrumen-
tation.14 The positive effects of  Otosporin® are re-
lated to its intimate interaction with the vehicle and 
the elevated penetration potential in tissues14. For this 
reason, it is also widely used in direct contact with the 
pulp, promoting its corticosteroid action, which can 
minimize the dilation of  blood vessels and the inflam-
matory process27. Its penetration in dentin is also well 
documented18 as being used to reduce sensitivity af-
ter the preparation of  deep cavities in the tooth with 
excellent clinical and histological results18.

Therefore, we believe Otosporin® has potential in 
minimizing the pulp damage caused by the bleach-
ing. Knowing that tooth sensibility is related to the 
inflammation on the pulp caused by dental bleaching 
agents,3 we observed that the group BLE-O present-
ed better-defined cellular organization and a milder 
inflammation when compared to other bleached 
groups. This result helps to illuminate the properties 
of  this medication’s effectiveness against the bleach-
ing agent consequences.

The other medication used was the curcumin 
gel. It has been studied regarding a number of  hu-
man diseases,28 but its action on the pulp tissue is not 
known. A previous study showed that curcumin could 
down-regulate the expression of  TNF-a in all the 
diseases for which TNF blockers are currently being 
used.1 However, the present study observed that the 
protocol of  the curcumin application did not act as 
anti-inflammatory agent. This result might be related 
to curcumin insolubility, resulting in a poor bioavail-
ability and a slow cellular uptake, meaning repetitive 
doses are necessary to achieve significant concentra-
tions for an anti-inflammatory effect.21 Our study ap-
plied the curcumin gel only once, which might have 
contributed to the non-effective anti-inflammatory 
effect on the pulp.

Despite studies evaluating the effects of  medica-
tions and their interaction with the pulp,1,5,14-16 just few 
evaluated its effects with regards to adverse bleaching 
effects.1,5,29 One of  these studies observed that pulp 
tissue from ascorbic acid-treated rats featured faster 
regenerative potential over time, but a slight reduc-
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tion in initial pulp damage during post-bleaching was 
promoted by this medication.29 Despite this favorable 
response, in another study from a randomized clinical 
trial, oral administration of  500mg ascorbic acid in 
human subjects one hour prior to in-office bleaching 
and up to 48 hours post-bleaching, showed no sig-
nificant difference for the risk and intensity of  tooth 
sensitivity in patients with or without ascorbic acid 
administration.30

Regardless of  the study limitations, the methodol-
ogy used may be useful for further investigations, es-
pecially for the assessment of  products to reduce the 
undesirable effects of  bleaching, such as pulp inflam-
mation. Considering the enamel and dentin thick-
ness, rat molar teeth were used to simulate the events 
commonly found in human mandibular incisors.9,10 

Furthermore, this study can start to deeper studies 
of  a future alteration in the clinical protocol of  dental 
bleaching: as severe damage was shown in the pulp of  
the teeth after bleaching, Otosporin® could be used to 
minimize this damage and, consequently, tooth sensi-
tivity. Nevertheless, as it is a bleaching procedure, it 
is also necessary to verify if  the use of  topical anti-
inflammatories may impair the whitening effect of  
this procedure.

Conclusion 
Otosporin® applied topically after dental bleach-

ing was able to minimize the cytotoxic effect of  the 
bleaching, reducing the inflammation in the pulp. 
This result was not observed using ibuprofen or cur-
cumin gel.
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