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SUMMARY The evidences that p16 and cyclin D

alterations occur in the earlier stages of many

human cancers and that its immunolocalization

can be used to study the cell cycle regulation,

coupled with the possibility that chronic use of

carbamide peroxide would induce DNA damage and

cell cycle alteration, prompted us to analyse the

effect of carbamide peroxide on the immunolocali-

zation of these proteins in rat oral mucosa. Ten male

Wistar rats were selected and submitted to topical

application of 35% carbamide peroxide over buccal

mucosa. The procedures were carried out twice a

week for 3 months consecutively. The animals were

killed after the last treatment and the buccal

mucosa was removed and stored at )70 �C. Only

distilled water was applied over the buccal mucosa

of the control animals. The biotin–streptavidin am-

plified system was used for identification of cyclin D

and p16 antigens and the percentage of basal and

suprabasal cells positive for each one were obtained.

The results did not show any difference between the

experimental and control groups regarding the im-

munolocalization of cyclin D and p16. In conclusion,

the present study showed that chronic use of

carbamide peroxide does not induce cell cycle

alteration in the oral mucosa of rats.
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Introduction

Bleaching of vital teeth is becoming a more usual

treatment in the dental office. Recently, a technique for

bleaching vital teeth involving the topical application of

35% carbamide peroxide has been introduced

(Haywood & Heymann, 1989). Since its use, significant

controversy has been generated regarding the risk of

tissue damage from the contact of this agent with the

oral mucosa (Woolverton, Haywood & Heymann,

1993; Curtis, Dickinson & Downey 1996; Rosenstiel,

Gagauff & Johnston, 1996; Floyd, 1997; Li, 1998).

Carbamide peroxide contains reactive oxygen species

that are capable of damaging proteins, lipids, carbohy-

drates and DNA (Schraufstätter et al., 1988). The most

significant is the damage to DNA, as even minor

damage can result in mutagenesis and sustained

damage can induce alterations of the cell cycle. Early

pre-malignant epithelial changes have been reported to

be induced by reactive oxygen species (McKenzie et al.,

1996; Royack et al., 2000).

Cellular proliferation follows an orderly progression

through the cell cycle, which is controlled by protein

complexes composed of cyclins and cyclin-dependent

kinases (CDK) (Cordon-Cardo, 1995). There are at least

five major classes of cyclins. The cyclins C, D1-3 and E

achieve a maximum of activity and synthesis during the

G1 phase, while the cyclins A and B1-2 achieve their

maximal levels later, during S and G2 phases. Cyclin D1

forms a complex with the CDK4 and 6, which leads to

their activation, resulting in phosphorylation and inac-

tivation of the retinoblastoma protein (pRb) (Cordon-

Cardo, 1995). The inactivation of pRb leads to its

dissociation from the E2F transcription factor and cell

cycle progression. Overexpression of cyclin D1 acceler-

ates cell entry into S-phase (Musgrove et al., 1994), and
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is reported in various human cancers (Kornmann et al.,

1998; Maeda et al., 1998).

There are two groups of inhibitory molecules of the

cell cycle; the INK4 family, composed of the proteins

p15 and 16, and the KIP family formed by the proteins

p21 and p27 (Sherr, 1995). The p16INK4 gene product

acts as a negative regulator of cellular proliferation by

interacting with CDK4 and inhibiting its kinase activity

(Cordon-Cardo, 1995). In the absence of functional

p16, CDK4 binds to cyclin D, which stimulates passage

through the G1 phase of the cell cycle. The p16 gene is

frequently deleted, mutated, or methylated in many

types of cancer, including squamous carcinoma of the

head and neck (Chaubert et al., 1997; Gulley et al.,

1998; El-Naggar et al., 1999).

Immunohistochemical assays can be used for screen-

ing the functional status of p16 and cyclin D (Adelaide

et al., 1995; Sheyn et al., 1997; El-Naggar et al., 1999).

The evidence that p16 and cyclin D alterations may

occur in the earlier stages of many human cancers

(Kurasono et al., 1998; El-Naggar et al., 1999) and that

its immunolocalization can be used to study the cell

cycle regulation, coupled with the possibility that

chronic use of carbamide peroxide would induce DNA

damage and cell cycle alteration, prompted us to

analyse the effect of carbamide peroxide on the immu-

nolocalization of these proteins in rat oral mucosa.

Materials and methods

Ten male Wistar rats weighing 190–255 g were used in

the experiments. The animals were allowed to have free

access to a standard pellet chow and water. At the time

of the study there were no clinical signs of disease in

any animals. The rats were anaesthetized with an intra-

peritoneal injection mixture of ketamine* and xylazine†

as previously described (Smith, 1993). Anaesthetic

cocktails were made up as a single injection (ketamine,

72 mg kg body weight)1, and xylazine, 11 mg kg body

weight)1). Intra-peritoneal injections were undertaken

with animals in dorsal recumbence and they were

allowed to recover on a 38 · 28 cm dry base pad in a

warm draught-free room. After washing the buccal

mucosa surface with distilled water, 35% carbamide

peroxide (Opalescence‡) was applied. Only distilled

water was applied on the control animals (n ¼ 5). The

procedures were performed twice a week for 3 months

consecutively. The animals were killed after the last

treatment and the buccal mucosa was removed and

stored at )70 �C. Only distilled water was applied on

the buccal mucosa of the control animals.

Immunohistochemical methods

Frozen sections obtained at the cryostat (Microm – HM

500 OM)§ were subjected to the biotin–streptavidin

amplified system for p16 and cyclin D immunostaining.

The immunohistochemical methods were performed as

described elsewhere (Souza et al., 1999). Briefly, the

sections were fixed in cold acetone for 10 min and

immersed in 3% methanol–hydrogen peroxide solution

for 10 min to block endogenous peroxidase activity.

The sections were washed in 20 mM tris–HCl buffer

containing 0Æ19 M NaCl (pH 7Æ4) and incubated with

anti-p16 (Clone F-12¶) and anti-cyclin D1 (Clone

H-295¶), both diluted in 1 : 20 Tris–HCl buffer for

18 h at 4 �C. After washing again in Tris–HCl buffer

(pH 7Æ4), the sections were incubated at room tem-

perature with: (1) biotinylated swine antirabbit immu-

noglobulin** diluted 1:100 in Tris–HCl for 30 min; (2)

washed with Tris–HCl twice for 10 min; (3) incubated

for 30 min with horseradish peroxidase-conjugated

streptavidin** prepared according to the manufacturer’s

directions; (4) washed with tris–HCl; (5) incubated for

3 min with 0Æ01% diaminobenzidine tetrahydrochlo-

ride†† and 0Æ3% H2O2 in Tris–HCl buffer (pH 7Æ4); (6)

rinsed in distilled H2O for 10 min and counterstained

with Mayer’s haematoxylin. To avoid false positive

results, a series of tissue sections were stained with

omission of the primary antibody. Oral squamous cell

carcinoma tissues were used as positive controls.

Cell quantification and statistical analysis

The immunolocalization of cyclin D1 and p16 were

quantitatively analysed. Epithelial cells were consid-

ered to be positive if there was any staining of the

nucleus, regardless of staining intensity. Cell count

was performed on six high-power microscopic fields

*Ketalar, Parke-Davis, Itapira, Brazil.
†Rompun, Bayer, Sâo Paulo, Brazil.
‡Ultradent Products, South Jordan, U.S.A.

§Microm International GmbH Walldorf, Germany.
¶Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.

**DAKO, Carpinteria, U.S.A.
††SIGMA, St Louis, MO, U.S.A.
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(400·) by one investigator without knowledge about

which of the samples were control or experimental.

The percentage of cyclin D1 and p16 positive basal and

suprabasal cells were obtained. As percentage does not

conform to normal distribution, the Mann–Whitney

test was used for statistical analysis. The values were

considered significantly different when the P-value

was less than 0Æ05.

Results

The clinical and histopathological examination of the

oral mucosa from the experimental and control groups

did not demonstrate any significant alteration. The

mean percentage and the median of cyclin D1 and p16

immunopositive cells in the basal and supra-basal layers

of the epithelium of the buccal mucosa on the animals

treated by 35% carbamide peroxide and controls are in

Table 1. No statistical difference was observed between

both groups when compared by the Mann–Whitney

test. Cyclin D1 immunopositive cells were mainly

observed at the basal layer. With regard to p16

immunostaining no predominant layer was observed.

Discussion

Cyclins are positive regulators of the cell cycle. Their

concentrations rise and fall at specific points through-

out the cycle and they are classified into two groups.

The first group (G1 cyclins) regulates the G1 ⁄S trans-

ition, while the second one (mitotic cyclins) controls

G2 ⁄M transition. Cyclin D1 is a G1 cyclin that reaches a

maximum peak in the early G1 phase of the cycle.

During this stage it induces the activation of CDKs 4

and 6, resulting in pRb inactivation and the final release

of E2F transcription factor, which permits cells to enter

the S phase and replicate (Sherr, 1996). On the other

hand, there are cyclin-dependent kinase inhibitors that

operate as tumour suppressors. The p16INK4 gene

product acts as a negative regulator of cellular prolif-

eration by interacting with CDK4 and inhibiting its

kinase activity (Cordon-Cardo, 1995).

The carcinogenic potentiality of bleaching agents is

controversial. Hyperchromatic cells and mild dysplasia

induced by bleaching agents is reported in the oral

mucosa of experimental animals (Weitzman et al.,

1986). On the other hand, additional studies have not

confirmed that hydrogen peroxide is carcinogenic or

cocarcinogenic (Bock, Myers & Fox, 1975; Klein-Szanto

& Slaga, 1982; Marshall, Kuhn & Torrey, 1996). Royack

et al. (2000) showed alterations in the cell cycle and

morphological changes indicative of increased cell

proliferation in cultures of normal human oral epithe-

lial cells exposed to H2O2.

Since the development of immunohistochemical

assays for cell cycle regulating proteins, the multistep

process of carcinogenesis has been more understood.

Although clinically no alteration was observed in the

oral mucosa that received chronically carbamide per-

oxide, the present report attempted to verify whether

its use was able to induce abnormal immunostaining

of the cell cycle associated proteins cyclin D and p16.

The results showed that the chronic use of carbamide

peroxide did not induce altered immunolocalization of

both proteins. This fact indicates that bleaching agents

did not induce cell cycle alteration in the epithelial

tissues. Although it can be speculated that carbamide

peroxide may not induce early epithelial changes

related to oral carcinogenesis, our data does not

permit to conclude that these agents are completely

safe. The effects of carbamide peroxide used together

with other known carcinogens (tobacco, alcohol, etc.)

are not known and were not tested in the present

study. Therefore, its use must be supervised by a

professional able to assess the risks and benefits of it

for each patient.

In conclusion, the present study showed that chro-

nic use of carbamide peroxide does not induce cell

cycle alteration in the oral mucosa of rats. Even so,

additional studies are necessary to establish the carci-

nogenic potential, if any, of the chronic use of it in

human beings.

Table 1. Percentage of cyclin D1 and p16 immunopositive cells in

buccal mucosa of animals treated with carbamide peroxide 35%

and controls

Basal layer Supra-basal layer

Mean Median Mean Median

Cyclin D

Carbamide peroxide 47Æ3 53Æ1 35Æ4 30Æ7
Control 48Æ7 51Æ3 40Æ5 40Æ4

p16

Carbamide peroxide 50Æ5 42Æ4 39Æ6 44Æ4
Control 58Æ9 62Æ6 60Æ4 61Æ2

The percentage of cyclin D1 and p16 immunopositive cells in both

groups in the basal and supra-basal layers were not statistically

different.
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