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1. BACKGROUND

The Scientific Committee on Cosmetics and Non Food Products intended for Consumers
(SCCNFP) has been consulted and expressed its views on the safety of hydrogen peroxide tooth
whitening systems in several occasions, most recently on 17 September 2002 (SCCNFP/0602/02,
final).

In October 2003 the SCCNFP was asked to clarify its opinion. On the basis of the dossiers
already submitted, the SCCNFP adopted opinion SCCNFP/0752/03 of 20 October 2003 on “The
Use of Hydrogen Peroxide in Tooth Whitening Products, Clarification concerning its opinion of
the Scientific Committee on Cosmetic Products and Non-Food Products intended for
Consumers”, concluding following: “It is known that the use of tobacco, and alcohol abuse,
cause an increased risk of oral cancer. Hydrogen peroxide may enhance this risk. This effect
cannot be quantified. It is not anticipated that the tooth whitening products of the type being
discussed will represent a risk of oral cancer in people neither using tobacco nor abusing
alcohol.

The tooth whitening products of the type being discussed should only be used under the
surveillance of a dentist. These tooth whitening product should not be freely available to

2

consumers.

In September 2003, a Member State provided the European Commission with the publication of
a review “Tooth bleaching - A Critical Review of the Biological Aspects”
Crit.Rev.Oral Biol. Med 14(4):292-304 (2003), and in November the European Commission
received from COLIPA' a third submission on “Hydrogen Peroxide and Hydrogen Peroxide
releasing Substances used in Tooth Whitening Products” with new human clinical safety data,
data on pharmacokinetics, on market experience and on the carcinogenic risk. In February the
European Commission received an evaluation by the French Committee on Cosmetology on
hydrogen peroxide and hydrogen peroxide releasing substances in tooth whitening products.

In addition the European Commission has received documents from COLIPA and PHD
Pharmaceuticals NV on hydrogen peroxide and hydrogen peroxide releasing substances in tooth
whitening products.

The SCCP was requested to clarify whether the terms “tooth whitening products” and “tooth

bleaching products” used in the opinion of the Scientific Committee defines the same kind of
cosmetic products.

2.  TERMS OF REFERENCE
The SCCP is requested to answer the following questions:
1. Does the SCCP agree that the new additional data provide the necessary reassurance to

support the safety of up to 6% hydrogen peroxide in tooth whitening products freely and
directly available to consumer in various application forms (strips, trays, etc.)?

"COLIPA - European Cosmetics Toiletry and Perfumery Association
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2. Considering the new additional data provided, does the SCCP recommend that any specific
information should be provided to consumers related to the safe use of these tooth whitening
products?

3. If the answer to the question on free and direct availability to consumer is negative, would

the SCCP identify and quantify any remaining risks that need to be addressed taking into
account in particular the overall data on pharmacokinetics and exposure?

3. OPINION

3.1. Chemical and Physical Specifications

‘ 3.1.1. Chemical identity

‘ 3.1.1.1.  Primary name and/or INCI name

Hydrogen peroxide, dihydrogen dioxide, hydrogen dioxide, hydrogen oxide, oxydol, peroxide.

Carbamide peroxide, urea peroxide, hydrogen peroxide carbamide, urea hydrogen peroxide,
urea, compd. with hydrogen peroxide (1:1).

3.1.1.2. Chemical names

Hydrogen peroxide
Carbamide peroxide

| 3.1.1.3.  Trade names and abbreviations

/

13.1.1.4.  CAS/EINECS number

Hydrogen peroxide : CAS : 7722-84-1
EINECS 231-765-0

Carbamide peroxide CAS : 124-43-6
EINECS 204-701-4

3.1.1.5.  Structural formula

Hydrogen peroxide HO—0OH

Carbamide peroxide

o
: H;L/ HO —OH
H
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3.1.1.6. Empirical formula

Hydrogen peroxide H,0,

Carbamide peroxide CO(NH,); " H,0O,

3.1.2. Physical form

Hydrogen peroxide  : Colourless liquid

Carbamide peroxide White crystals or crystal powder
3.1.3. Molecular weight

Hydrogen peroxide Mol. weight 34.0

Carbamide peroxide Mol. weight 94.1

3.14. Purity, composition and substance codes

Commercial products:

Hydrogen peroxide : Hydrogen peroxide — water solutions. Commercially supplied as a
33-37% aqueous solution. Common stabilisers include phosphoric or other mineral acid (to keep
the product acidic), pyrophosphate salts (complexing agents to inhibit metal-catalysed
decomposition) and stannate (a colloid-forming inhibitor).

Commercial solutions contain low (<0.1%) levels of organic impurities (total organic carbon)
and very low levels (<10 ppm) of inorganic impurities, with total heavy metals usually <2 ppm.

Carbamide peroxide : Products containing minimum 97% of the hydrogen peroxide —
Urea adducts are available.

|3.1.5. Impurities / accompanying contaminants
/
13.1.6.  Solubility

Hydrogen peroxide is miscible with water.
Carbamide peroxide is soluble in water.

‘ 3.1.7. Partition coefficient (Log Poy)
/

‘ 3.1.8. Additional physical and chemical specifications
Hydrogen peroxide
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Pure H,O, (not commercially available in EU)

Melting point -0.4°C
Boiling point 150-152°C
Density : 1.4425 g/em’
Vapour pressure : 3 hPa

Carbamide peroxide

Melting point 75-85°C
Boiling point not available
Density : 1.4 g/lem’
Vapour pressure : not available

3.2. Function and uses

Hydrogen peroxide is capable of undergoing numerous reactions (e.g., molecular additions,
substitutions, oxidations and reductions). It is a strong oxidant and can form free radical by
homolytic cleavage. Carbamide peroxide contains approximately 35% hydrogen peroxide and
forms hydrogen peroxide and urea in liquid solution. 750,000 tonnes hydrogen peroxide
(calculated as 100% H,0,) were produced in Europe in 1995.

The main usage of hydrogen peroxide is in production of chemicals and bleaching of cellulose
pulp and textiles. Small quantities are used for such purposes as disinfection of eye contact
lenses, disinfections of wounds and mouth washing. Both hydrogen peroxide and carbamide
peroxide are used for hair bleaching, oral antiseptics, dentifrices, oxidation of permanent waves,
hair relaxer, ear drops, sores and tooth bleaching.

Peroxide compounds including hydrogen peroxide and carbamide peroxide have been used in
various dental procedures for many years. Reports of using peroxides to bleach or whiten teeth
can be traced back to more than a century ago. Current peroxide containing whiteners used in
USA can be classified into 3 categories: 1) Those containing high concentration of hydrogen
peroxide (30-35%) or carbamide peroxide (35%) for professional use only; 2) materials that are
dispensed by dentists and used by patients at home (up to 10% hydrogen peroxide or 16%
carbamide peroxide); and 3) over-the-counter products with hydrogen peroxide content up to 6%
and available to consumers for home use (Li, 1996).

The first articles on bleaching teeth using night guard whitening bleaching were published in
1989 (Christensen, 1989a, b; Haywood and Heymann, 1989). The whitening effect is due to
degradation of high molecular weight, complex organic molecules that reflect a specific
wavelength of light and is responsible for the colour of the stain. The resulting degradation
products are of lower molecular weights and are less complex molecules that reflect less light
and result in a reduction or elimination of the discoloration (Flaitz and Hicks, 1996). Both the
dentin and the enamel change colour as a result of the easy passage of the peroxide and urea
through the tooth. Extended treatment times have been developed for difficult situations. Heavy
tobacco stains may require as much as three months of treatment. Tetracycline-stained teeth have
responded in two to six months of nightly treatment, although not to the extent of normal teeth.
Single dark teeth can also be bleached successfully. It is reported in one study that after 18
months 74% and after 3 years 62% of patients whose teeth were bleached, still exhibited stable
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colour, and “touch-up” generally requires only one to two days of retreatment for each week
taken for initial treatment (see Marshall et al., 1995, Haywood, 1997). In another study (Leonard,
1998) 17% (4 persons) responded that there were no obvious change in the colour 13-25 months
after the treatment, while 57% (13 persons) stated that there was a slight darkening, but it was
not noticeable by other people. 75-89 months after the treatment, 10% (3 persons) responded
there were no obvious change in colour and 25% (7 persons) that there was a slight darkening,
but it was not noticeable by other persons. 48% (14 persons) responded that there had been some
darkening, but they had retreated the teeth back to acceptable colour.

Several different techniques are used for bleaching teeth at home. The peroxide may be placed in
dentist produced trays or commercial available trays. Later strips containing from 6% and up to
14% hydrogen peroxide have become commercially available. The textured strip is made of
polyethylene and the backing is made of polyester. The strips are designed to adhere directly to
the surface of the teeth. The strips should be worn twice a day for 30 minutes over a period of 14
days. After using all of the upper teeth strips, the process is repeated on the lower teeth. After
premarketing period, the strips have been extensively marketed in USA from May 2001.
Recently, peroxide containing paint-on gels for tooth whitening have become available. The gel
stays on the teeth overnight for a certain time period.

For the purpose of this Opinion the terms “tooth whitening products” and “tooth bleaching
products” define the same kind of products.

3.3. Toxicological Evaluation

| 3.3.1. Acute toxicity

13.3.1.1. Acute oral toxicity

Hydrogen peroxide:

* QOral LDs - values for rats vary between 600-1617 mg/kg bw (Y .Li, unpublished; Ito et al.,
1976).

* A 16-month-old boy was found playing with an empty bottle that had contained about 230
g of 3% hydrogen peroxide solution. The container had a cracked lid that allowed the
contents to be sucked. White foam emerged from the child’s mouth and nose. He then
walked to bed and was found dead 10 hours later. In a post-mortem examination there was
frothy blood in the right ventricle of the heart and the portal venous system. The gastric
mucosa was red and the brain oedematous. Histopathological examination showed oedema
in the lungs, and diffuse interstitial emphysema was evident. Gas emboli are found within
the pulmonary vasculature and gastric and intestinal lymphatics. Clear vacuoles were also
found within the walls of the gastrointestinal tract, in the spleen, kidney and myocardium
(Cina et al., 1994). The estimated dose of hydrogen peroxide ingested was 7 g, about 600
mg/kg bw for a boy of 11.6 kg.

* An uncommon route of absorption from a cavity presumably lined by well-vascularized
granulomatous tissue involved an obese 54-year-old male who underwent irrigation of an
infected and fistulous herniorrhaphy wound with 5 x 20 ml volume of 3 % hydrogen
peroxide. Not all irrigating volume seemed to have drained from the wound. On the fifth
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irrigation, the patient suddenly lost consciousness, showed cardiac shock and fell to coma
which lasted for 15 min. There was no indication of red cell damage. ECG showed signs of
transient myocardial ischaemia. The patient made a full recovery within 3 days. The
authors attributed this occurrence to widespread embolization of oxygen microbubbles,
especially to the cerebral and coronary arteries (Bassan et al., 1982). If it is presumed that
as much as one half of the volume of the irrigating solution was absorbed, the hydrogen
peroxide dose would have been 1.5 g implying for an obese person (assumed weight of 100
kg) about 15 mg/kg bw.

Oxygen embolism has been reported in several infants following intestinal irrigation with
hydrogen peroxide to remove meconium (Danis et al., 1967; Shaw et al., 1967). In one
case a 36-hour old infant died following use of 1% hydrogen peroxide to remove
inspissated meconium from the bowel due to meconium ileus (Shaw et al., 1967).

Tooth whiteners containing 10-22% carbamide peroxide:

sk

sk

Oral LDsy - values for rats reported >5.000 mg/kg bw (Rope [Report], 1993; Huang
[Report], 1996; Adam-Rodwell et al., 1994; Cherry et al., 1993). (It appears that LDs,
studies with rats for doses less than 5.000 mg/kg bw has not been performed)

Oral LDs - values for mice vary between 87.2-143.8 mg/kg bw (Woolverton et al., 1993).

3.3.1.2. Acute dermal toxicity

Hydrogen peroxide

%

%

Dermal LDs -values for rats vary between 700->7500 mg/kg bw (FDA, 1983).

Dermal LDsy —values in rabbits about 630 mg/kg bw (FDA, 1983).

3.3.1.3.  Acute inhalation toxicity

/
| 3.3.2. Irritation and corrosivity
13.3.2.1.  Skin irritation
Hydrogen peroxide:

*

Skin irritation tests in rabbits with concentration of hydrogen peroxide of 3-8% were non-
irritating to intact and abraded skin following exposure for 24 hours under occlusive
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dressing (cited in ECETOC, 1996). Irritation was slight following 4 hour exposure to 10%
hydrogen peroxide and mild with 35% hydrogen peroxide. Desquamation occurred in 2 of
6 animals at day 14 with the latter concentration (Aguinaldo et al. [Abstract], 1992).

Tooth whiteners containing 10-22% carbamide peroxide:

%

Primary irritation of the skin of rabbits was not found with tooth whitener (Rope [Report],
1993).

3.3.2.2. Eye irritation

Hydrogen peroxide:

k

Eye irritation studies with rabbits indicate that a 5% hydrogen peroxide solution is non-
irritant to mild-irritant (Weiner et al. [Abstract], 1990).

Several drops of a 2-5% solution induced much clouding of the cornea and inflammation
of the conjunctiva of rabbit eyes. A 1% solution applied repeatedly caused conjunctival
hyperaemia and slight corneal haze, followed by recovery (Koster, 1921 as quoted by
Grant, 1986).

Testing of eye irritancy for hydrogen peroxide with the Draize method indicated that 5%
solution was slightly irritating (FMC, 1987a), 8% solution was moderately irritating (EU
classification irritating) (FMC, 1987b), and 10% solution was highly irritating (EU
classification risk of serious damage to eyes) (FMC, 1985).

A woman who had inadvertently stored a contact lens in a 3% hydrogen peroxide
disinfectant solution experienced hyperaemia, tearing, and eyelid spasm (Knoph, 1984).

In 10 human volunteers, the threshold of detection for irritation was about 0.1% when
hydrogen peroxide was administered as drops directly to the eye (McNally, 1990).

When a hydrogen peroxide solution was administered to the eye of human volunteers via
soaking contact lenses, the threshold of detection for hydrogen peroxide irritation was less
than 0.03% (McNally, 1990).

3.3.2.3. Mucous membrane irritation

Hydrogen peroxide:

%

1 or 1.2% hydrogen peroxide applied to the gingivae or tongues of anaesthetised dogs by
continuous drip caused oedema, followed by destruction and sloughing of the cornified
epithelial layer of the gingivae (Martin et al., 1968, Dorman and Bishop, 1970).
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Tooth whiteners containing 10-22% carbamide peroxide:

%

No evidence of oral mucosal irritation after applying tooth whiteners containing 10% or
22% carbamide peroxide for up to 6 week in experiments with rats, hamsters and rabbits
has been reported (Rope [Report], 1993; Huang [Report], 1996; Adam-Rodwell et al.,
1994; Li et al. [Abstract], 1996; Webb [Report], 1996).

Stomach gavage of 15 and 50 mg/kg bw carbamide peroxide or 150 and 500 mg/kg bw
whitener containing 10% carbamide peroxide produced ulceration of gastric mucosa in the
1-hour rats; the lesions appeared to be healing after 24 hours (Dahl and Becher, 1995).

Stomach gavage of doses up to 2,000 mg/kg bw of tooth whiteners containing 10%
carbamide peroxide or 70 mg hydrogen peroxide was given weekdays for 15 weeks or 6
months to Chinese hamsters. Cyclophosphamide and water served as control substances.
(Concentration and results with cyclophosphamide not stated). Histopathological findings
of the gastroduodenal tissue were comparable among the groups (Li et al. [Abstract],
1993).

13.3.3.

Skin sensitisation

Hydrogen peroxide:

sk

Ten guinea pigs were exposed to 3 or 6% hydrogen peroxide on intact or abraded skin and
by intradermal injections of 0.1 ml of test solution in saline. Test solutions were re-applied
9 times over a 2 week period prior to a challenge to evaluate sensitisation. The final
reactions did not indicate induction of skin sensitization with either solution (DuPont
[Report], 1953).

A case report observed skin sensitisation reaction from two women who had been exposed
to hydrogen peroxide as an ingredient in commercial hair dyes. Both women tested
positively to 3% hydrogen peroxide and numerous other ingredients in the hair dyes. The
author reported that 156 hairdressers patch tested negatively to 3% hydrogen peroxide. In
general, the data do not provide evidence that hydrogen peroxide is a skin sensitiser in man
(Aguire et al., 1994).

1334

Dermal / percutaneous absorption

Biological membranes are highly permeable to hydrogen peroxide and it is expected that
hydrogen peroxide is readily taken up by the cells constituting the absorption surfaces, but at the

same

time it is effectively metabolised, and it is uncertain to what extent the unchanged

substance may enter the blood circulation.

3.3.5.

Repeated dose toxicity

1335,

1.  Repeated Dose (28 days) oral / dermal / inhalation toxicity

/

10
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3.3.5.2. Sub-chronic (90 days) oral / dermal / inhalation toxicity

Hydrogen peroxide
Mice

Mice drinking 0.15% hydrogen peroxide (about 150 mg/kg/day) ad libitum grew normally and
developed no visible abnormalities during a 35-week test period (FDA, 1983). Necropsy results
show changes in the liver, kidney and stomach and small intestine. Hydrogen peroxide solutions
at >1% (> 1 g/kg/day) caused pronounced weight loss and death of mice within 2 weeks (FDA,
1983).

Mice (C57BL/6N, catalase deficient) (groups of 15/sex) received solutions of 0, 100, 300, 1000
or 3000 ppm hydrogen peroxide in distilled water for 13 weeks. Mild-minimal duodenal mucosal
hyperplasia was noted in animals receiving 1000 and 3000 ppm hydrogen peroxide and in one
male receiving 300 ppm hydrogen peroxide for 13 weeks. All effects noted during treatment
period, including the duodenal hyperplasia, were reversible during the 6 weeks recovery period.
The NOAEL was 100 ppm or 26 and 37 mg/kg/day hydrogen peroxide for males and females
respectively (Weiner et al., 1998).

Rats

When rats were administered hydrogen peroxide by oral gastric tube 6 days weekly for 90 days,
the dose of 506 mg/kg suppressed bodyweight gain, decreased food consumption, and caused
changes in haematology, blood chemistry, and organ weights. Principal organ affected was
gastric mucosa, and the effect was local. The no-observed-effect-level (NOEL) of hydrogen
peroxide was 56.2 mg/kg/day (Ito et al., 1976).

In another rat study (Kawasaki et al.,, 1969) the NOAEL of hydrogen peroxide was 30
mg/kg/day, when the animals were treated by oral gastric tubing daily for 100 days. The same
study showed no adverse effect in rats receiving a diet containing 6 mg hydrogen peroxide in 20
g of food (about 12 mg/kg/day).

Humans

Several studies have reported the use of 0.75 or 1.5% hydrogen peroxides as a mouthwash or
mouth rinse for periods of up to three months. Tombes et al. (1993) reported discoloration of the
mucosal surfaces and the tongue following 5 weeks of rinsing 4 times daily with 0.75% or 1.5%
hydrogen peroxide-containing solutions. Shibly et al. (1997) reported no adverse effects from a
1.5% hydrogen peroxide mouthwash, used for 60 days. Winer et al. (1991) reported that 4 times
a day use of a 1.5% hydrogen peroxide mouthwash for 90 days resulted in no intraoral soft tissue
adverse effects.

Use of 3% hydrogen peroxide 3 to 5 times per day as a mouth rinse resulted in mucosal
irritations in 2 individuals with prior tissue injury. The pre-existing lesions worsened after
exposure to hydrogen peroxide (Rees and Orth, 1986). Herrin et al. (1987) have shown that use
of 3% hydrogen peroxide with sodium bicarbonate did not cause lesions in healthy individuals.
Gingival lesions were seen in patients who used home care solutions employing 5 M sodium
chloride in addition to 3% hydrogen peroxide and sodium bicarbonate.

1"
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A group of 88 dental students self-administered 6-12.5% hydrogen peroxide. They used it as a
mouth wash and dipped their toothbrushes into the solution before brushing their teeth.
Application of the hydrogen peroxide was 2-3 times per day for 1-2.5 months. Some gingival
changes were noted: 6.4% of the subjects showed “redder” gums, 3.4% showed “paler” gums,
and 6.6% developed hyperkeratinised filiform papillae of the tongue (Miller et al., 1938).

3.3.5.3.  Chronic (> 12 months) toxicity

Hydrogen peroxide
Humans

Daily use of a 0.75% hydrogen peroxide-containing dentifrice for a 6-month treatment period or
a 1.5% hydrogen peroxide-containing mouthrinse for 18 months or two years resulted in no
reported adverse effects on oral health. Adults who brushed with a 0.87% hydrogen peroxide/5%
baking soda dentifrice twice per day and once per day with a control dentifrice for 6 months
showed no differences in gingival health relative to controls (Fischman et al., 1992). Daily
rinsing with a mouthwash of 1.5% hydrogen peroxide and 0.05% sodium fluoride for 18 months
resulted in an improvement in gingival health, relative to baseline (Boyd, 1989). Use of a 1.5%
hydrogen peroxide-containing mouthwash twice daily for a two-year period resulted in
significant improvements in gingival health (Gangler and Staab, 1985).

3.3.6. Mutagenicity / Genotoxicity

Hydrogen peroxide:
The in vitro and in vivo genotoxic potential of H,O, is summarised in Table 3.1.

Table 3.1. Summary of genotoxicity of hydrogen peroxide (ECETOC 1996).

End-point Test system Results
In vitro
Gene mutation Salmonella typhimurium | +ve  without activation

decrease of the genotoxic
potential in presence of
exogenous S9 or catalase

Escherichia coli +ve without activation
Saccharomyces cerevisae | +/-ve without activation
Bacillus subtilis +ve without activation
Mammalian cells +ve without activation
Primary DNA damage
DNA-repair Salmonella typhimurium | +ve without activation
Escherichia coli +ve without activation
- ve with activation
Sister chromatid exchanges Mammalian cells +ve without activation

Mammalian cells +ve with activation

12
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End-point Test system Results
Mammalian cells +ve without activation
decrease of the SCE
induction in presence of
exogenous S9 or catalase

Chromosomal aberration Mammalian cells +ve without activation
In vivo
Gene mutation Drosophila melanogaster | -ve

Salmonella typhimurium
(host mediated assay in | +ve
mice)

Chromosomal aberration
Micronucleus or metaphase | Mice and rats -ve
analysis

In addition to the studies reported by ECETOC (1996) it has been found that hydrogen peroxide
in concentrations of 0.2 pg/ml induces cell transformation in the Syrian hamster embryo assay
(Mikalsen et al., 1990). Hydrogen peroxide enhanced N-methyl-N-nitrosourea (MNU)-initiated
transformation of MYP3 cells, an anchorage-dependent non-tumorgenic rat bladder epithelial
cell line. Moreover, hydrogen peroxide treatment alone also caused transformation. The
transformants induced by MNU plus hydrogen peroxide or hydrogen peroxide alone formed
high-grade transitional cell carcinomas when injected into nude mice (Okamato et al., 1996).
Hydrogen peroxide inhibited gap junction intercellular communication (GJIC) in WB-F-344 rat
liver epithelial cells with an Isy of 6.8 pg/ml. The results indicated that the effects were not
caused by free radical damage (Upham et al., 1997). In other systems it has been found that
hydrogen peroxide enhances GJIC (Mikalsen and Sanner, 1994).

Conclusion on mutagenicity (EU, 2003)

Hydrogen peroxide is a mutagen and genotoxicant in a variety of in vitro test systems. The
responses observed were modified by the presence of degrading enzymes (catalase), the extent of
formation of hydroxyl radicals by Fenton reaction, and the cells repair abilities. Regarding in
vivo genotoxicity, studies employing modern methodologies have explored DNA repair in liver
cells of rats administered hydrogen peroxide by intravenous infusion for 30 minutes (CEFIC,
1997), as well as micronucleus formation in mice in the context of a 2-week drinking water
exposure (Du Pont, 1995), or after a single intraperitoneal injection (CEFIC, 1995), all with a
negative outcome. Intravenous administration of hydrogen peroxide in the in vivo-in vitro
unscheduled DNA synthesis study ensured that the substance had a fair chance to reach the target
(liver) cells, although the duration of exposure was limited (CEFIC, 1997). In the micronucleus
study by oral drinking water exposure (Du Pont, 1995), the systemic fate of hydrogen peroxide
was uncertain, and there was no decrease in the ratio of polychromatic/normochromatic
erythrocytes in the bone marrow. In the other micronucleus study (CEFIC, 1995), a single
intraperitoneal injection of a large dose of hydrogen peroxide somehow affected the bone
marrow (because the PE/NE decreased), but the absence of micronucleus formation must be
viewed with caution because of the presumably very short lifetime of hydrogen peroxide. With a
view to exploring target tissue in vivo genotoxicity and mutagenicity as a pre-screen for
carcinogenicity, hydrogen peroxide 0.2-3.2% solutions in ethanol were applied to the skin of
Sencar mice twice weekly for 4 weeks (Society for Plastic Industry, 1997). There was no

13
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indication of induced DNA damage (increased 8-OH-dG), c-Ha-ras mutations, epidermal
hyperplasia and dermal cellularity changes. Thus at low concentrations, and with a low
application frequency, hydrogen peroxide did not induce local mutagenicity in this tissue model.
In conclusion, the available studies are not in support of a significant genotoxicity/mutagenicity
for hydrogen peroxide under in vivo conditions. A wider database of genotoxicity and
mutagenicity observations on other relevant target tissues in direct contact with hydrogen
peroxide is, however, desirable. Mechanistic studies suggest that cells are adapted to repair DNA
damage caused by oxidants; on the other hand there is some evidence that hydrogen peroxide
may inhibit the repair of DNA lesions inflicted by other types of reactive chemicals (Churg et al.,
1995, Pero et al., 1990, Hu et al., 1995).

According to the principles followed in the EU, hydrogen peroxide is not classified as a
mutagen.

Tooth whiteners

The genotoxicity of tooth whiteners has been investigated in a number of studies. Two studies
(Adam-Rodwell et al., 1994; Lee [Report], 1996) found that tooth whiteners containing 10%
carbamide peroxide were not mutagenic in the Salmonella test. Other studies showed a dose
response effect of tooth whiteners containing 10% carbamide peroxide in TA102 when tested
without S9 (Li et al. [Abstract], 1992; Li [Report], 1997). In the test with S9, the tooth whiteners
were not mutagenic. When comparing data obtained from hydrogen peroxide and carbamide
peroxide examined in the same test, the observed effect of tooth whiteners appears to be
associated with their peroxide contents (Li et al. [Abstract], 1992; Li [Report], 1997). Several in
vivo studies on peroxide containing tooth whiteners detected no genotoxicity. No increased
frequency of micronuclei was observed in bone marrow cells of mice that were gavage-fed with
two solutions containing 10% carbamide peroxide (Woolveton et al., 1993). Three tooth
whiteners containing 10% carbamide peroxide did not increase the SCE frequency in bone
marrow cells of Chinese hamsters and mice after the animals were incubated with up to a dose of
10 g/kg (Li et al. [Abstract], 1992, 1993; Lee [Report], 1996). Also using the SCE assay, a tooth
whitener paste containing 10% carbamide peroxide was found to be non-genotoxic when
administered to rats at doses ranging from 0.1 to 1.0 g/kg for 5 days (Adam-Rodwell et al.,
1994). A long term study showed that oral administration of tooth whiteners of 10% carbamide
peroxide up to 2 g/kg daily on week days for 3 or 6 months did not affect the SCE frequency of
bone marrow cells of Chinese hamsters (Li et al.[ Abstract], 1993).

The effect of four bleaching agents containing hydrogen peroxide or carbamide peroxide was
studied in different E. coli strains with various capabilities to repair damages to DNA. The
bleaching agents tested decreased the survival fractions of all strains studied and the effect was
greatest on the strains with the lowest ability to repair DNA damage. The authors conclude that
the results on dental bleaching agents generate biological effect like the ionising radiations and
that their use must be strictly controlled by a dentist in order to prevent any contact with gingival
and mucous tissues (Zouain-Ferreira et al., 2002).

Whitening gel containing hydrocarbon-oxo-borate complex were compared with commercial
hydrogen peroxide and carbamide peroxide products. The effects of human epithelial cell line for
induction of DNA damage and subsequent induction of apoptosis and necrosis have been
studied. The study was used in MCF-7 (human breast cancer cells). The result show that the two
hydrogen peroxide and the one carbamide peroxide based products induce significant DNA

14
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breakdown in MCF-7 cells while the hydrocarbon-oxo-borate complex showed much less DNA
breakdown even at the highest concentration. While the hydrogen peroxide and carbamide
peroxide bleaching agents induced massive necrosis at both 1 mg/ml and 10 mg/ml and no
induction of apoptosis, the borate gel induce physiological cell death (apoptosis), both at 1
mg/ml and 10 mg/ml, while virtually no necrosis was found (Li and Ramaekers, 2004).

3.3.7. Carcinogenicity
Hydrogen peroxide
Mice

C57BL/6J mice, groups of 50 males and 50 females (eight weeks old) were given 0 (control),
0.1, and 0.4% hydrogen peroxide in drinking water for 100 weeks. The bodyweight of the
hydrogen peroxide treated groups were comparable to those of control mice except for a slight
decrease in the bodyweight of females of the 0.4% group at 15 months of age. Survival among
control mice (54%) was lower than for mice treated with hydrogen peroxide (63% for high dose
and 61% for low dose). An increased frequency of tumours in the duodenum was found (Table
3.2) (Ito et al., 1981).

Table 3.2. Incidence of gastro-duodenal lesions in C57BL/6J mice after receiving hydrogen
peroxide in the drinking water (Ito et al., 1981)

Concentration in Duodenum
drinking water | Hyperplasia Adenoma Carcinoma
(%) Males Females Males Females Males Females
0 2 (14%) | 7 (14%) 0 (2%) 1 (2%) 0 (0%) 0 (0%)
0.1 16 (48%) | 24 (48%) | 2 (4%) 4 (8%) 1 (2%) 0 (0%)
0.4 30 (63%) | 31 (63%) | 2 (4 %) 0 (0%) 1 (2%) 4 (8%)

When the data for male and female mice were combined (Ito et al., 1981), there was a
statistically significant increase in the incidence of duodenal carcinomas, but when treated
separately and analysed statistically with Fisher’s Exact Test, there was no significant difference
between dosage groups. Ito et al. (1981) reported invasion of the duodenal carcinomas into the
muscular layer and small vessels, but no metastatic tumours were evident. No treatment-related
tumours were noted elsewhere. The latency of tumour induction was decreased in the treated
mice, the first lesion occurring at about 42 weeks in mice treated with 0.4% H,O,. The decreased
latency was based on animals that died and not those from interim kills. The authors suggested
that the neoplastic nodules developed mainly in the duodenum because H>O, is unstable under
alkaline conditions.

A group of 138 male and female C57BL/6N mice were treated with 0.4% hydrogen peroxide in
the drinking water. Groups of 5-17 mice were killed sequentially at 30-day intervals up to 210
days and then every 60, 70 or 90 days up to 630 days; 29 mice were killed on day 700, when the
experiment was terminated. Gastric erosions appeared at the first kill (30 days) and were present
consistently at each subsequent kill. “Nodules” (hyperplastic lesions, adenomas and carcinomas)
were found in both duodenum and stomach from 90 days until the end of the experiment, but not
on days 210 and 360 in the stomach. The lesions did not appear to increase in frequency, but
atypical hyperplasia appeared late in the experiment, and 5% of the animals developed duodenal
adenocarcinoma. No such lesion was observed in controls. The reversibility of the lesions was
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investigated in groups of mice treated with 0.4% hydrogen peroxide for 120, 140, 150 or 180
days after a treatment-free period of 10-30 days. The stomach lesions regressed completely,
irrespective of length of treatment, but some of the duodenal lesions persisted. Groups of 22
DBA/2N, 39 BALBcAnN and C57BL/6N mice of both sexes were given 0.4% hydrogen
peroxide in drinking water. The mice were examined sequentially from 90 to 210 days of
treatment for strain differences in the development of gastric and duodenal “nodules”
(hyperplastic lesions, adenomas and carcinomas). The incidences of gastric nodules were 2/22
(9%), 1/39 (3%) and 12/34 (35%), and those of duodenal nodules were 14/22 (64%), 7/39 (18%)
and 22/34 (65%) in DBA, BALB/c and C57BL mice, respectively. The duodenal nodules
appeared at 90 days in all three strains (Ito et al., 1982).

Groups of 18-24 female C3H/HeN, B6C3F1 and C3H/Cs mice with different levels of catalase
activity in the duodenal mucosa were given 0.4% hydrogen peroxide in drinking-water for 6 or 7
months. The incidence of duodenal “nodules” (hyperplastic lesions, adenomas and carcinomas)
is shown in Table 3.3 (Ito et al., 1984). (The IARC Group noted that the pathology of the
tumours was not well documented.)

Table 3.3. Incidence of duodenal tumours in 4 strains of female mice treated with 0.4% H,O, in
drinking water (Ito et al., 1984)

Number of Catalase Number of mice Total
Strain mice activity with tumours number of
1o0* k/mg (% incidence) tumours
protein)
C3H/HeN 18 53 2 (11.1%) 2
B6C3F1 22 1.7 7 (31.8%) 8
C57BL/6N 21 0.7 21 (100 %) 82
C3H/C 24 0.4 22 (91.7%) 63

Rats

Hydrogen peroxide was administered to Fischer 344 rats in drinking water at concentrations of
0%, 0.3% or 0.6% for 78 weeks followed by a 6-month recovery phase. Survival was similar to
that of the controls (41/50), except for male rats in the 0.3% group (approximately 30%
mortality; 36/50 alive at 97 weeks). Tumours of the testes, mammary gland and skin were
observed in rats that died during the study; there were no differences in tumour incidence
between control and treated rats. After 45 weeks of administration, body weight was decreased
by about 6% in male and female rats in the 0.3% group and 10% in the 0.6% group. Nasal
bleeding was observed in the treated groups; the significance of this is uncertain. At the end of
the study (104 weeks), all surviving animals were killed. No significant differences were
observed between treated rats and controls relative to the incidence and types of tumours. The
authors concluded that, under the conditions of this study, hydrogen peroxide was not
carcinogenic to Fischer 344 rats. Because this study was not published in detail, its quality
cannot be assessed. Furthermore, no account was taken of other measurements made during the
study, and a full characterisation of the pathological changes was not given (Ishikawa and
Takayama [Abstract], 1984).
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In other studies, forestomach papillomas were observed in rats exposed to hydrogen peroxide in
drinking water (1%) (see Takahashi et al., 1986 [below]).

Hydrogen peroxide in initiation — promotion experiments
Mice

Groups of 60 female Sencar mice, aged 7 to 9 weeks, were used to test the tumour-promoting
(A), tumour-initiating (B) and complete carcinogenic (C) activity of hydrogen peroxide on the
skin. Mice in experiment (A) received a single topical application of 10 nmol DMBA in 0.2 ml
acetone, followed one week later by applications of a 30% solution of hydrogen peroxide diluted
1:1 (once and twice weekly), 1:2 or 1:5 in 0.2 ml acetone twice weekly for 25 weeks. Controls
received acetone alone. The proportions of mice with papillomas at 25 weeks were 0/60 (0%)
(controls), 3/58 (5%), 5/59 (8%), 6/59 (10%) and 6/60 (10%), respectively. Mice in experiment
(B) received a single topical application of hydrogen peroxide diluted 1:1 in 0.2 ml acetone, or
acetone alone (controls), followed one week later by twice-weekly applications of 2 pug 12-O-
tetradecanoylphorbol 13-acetate (TPA) in acetone for 25 weeks. Papillomas were found after 25
weeks in 3/56 (5%) and 6/58 (10%) control and hydrogen peroxide-treated animals, respectively.
Mice in experiment (C) received twice-weekly topical applications of hydrogen peroxide diluted
1:1 in 0.2 ml acetone for 25 week; 3/57 (5%) had papillomas at that time. No squamous-cell
carcinoma was found when these animals were observed up to 50 weeks (Klein-Szanto and
Slaga, 1982) (The IARC Working Group noted the absence of a DMBA-treated control group for
the promotion experiment and the short duration of the experiment for complete carcinogenicity
evaluation).

In similar studies, mice were treated dermally for up to 58 weeks with 3% or 5% hydrogen
peroxide following initiation with DMBA (Shamberger, 1972; Bock et al., 1975; Kurokawa et
al., 1984). In these studies there were no significant increases in the incidence of skin tumours,
although epidermal hyperplasia was evident in most of the mice treated.

Rats

Takahashi et al. (1986) examined the potential of hydrogen peroxide to promote N-methyl-N’-
nitro-N-nitrosoguanidine (MNNG) initiated gastric tumours in rats. Two groups of rats (n=30
and 21) received MNNG-treated drinking water and food supplemented with 10% sodium
chloride, the water of one group being supplemented with 1% hydrogen peroxide for 7 weeks ad
libitum after which the animals were maintained on normal food and tap water. A third group
(n=10) was not given MNNG or a sodium chloride supplemented diet, but was administered 1%
hydrogen peroxide in the drinking water. Adenocarcinomas were observed in the pyloric
stomach and duodenum of the MNNG-treated rats, and “preneoplastic hyperplasia” was
observed in the pylorus (Table 3.4). In rats treated with MNNG and hydrogen peroxide, there
was no enhancement in the number of gastrointestinal tumours, although all treated animals
exhibited forestomac