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1.

SCCP/1069/06

BACKGROUND

Submission I on the UV-filter Oxybenzone (the INN name), also known as Benzophenone-3
or 2-hydroxy-4-methoxybenzone, has been submitted by COLIPA1.
Benzophenone-3 is proposed to be continued for use in sunscreen products at a maximum
concentration at 10% weight/weight.
The substance is currently regulated in the cosmetics directive in annex VII, part 1 list of
permitted UV filters which cosmetic product may contain. The regulation demands a
warning on the label "contains oxybenzone".
According to the preamble to annex VII the authorised UV-filters “may be added to other
cosmetic products within the limits and under the conditions laid down in this annex.”

2.

TERMS OF REFERENCE

1.

Does the SCCP consider the use of 2-hydroxy-4-methoxybenzone in a concentration
up to 10% w/w in sunscreen products safe for the consumer?

2.

Does the SCCP consider the use of 2-hydroxy-4-methoxybenzone in a concentration
up to 10% w/w in other products than sunscreen products safe for the consumer?

3.

Does the SCCP foresee any other restrictions to the safe use of 2-hydroxy-4methoxybenzone?

3.

OPINION

3.1

CHEMICAL AND PHYSICAL SPECIFICATIONS

3.1.1.

Chemical identity

3.1.1.1

Primary name and/or INCI name

INCI name:

3.1.1.2

Benzophenone-3

Ref.: 4, 5, 6, 46, 66

Chemical names

Oxybenzone (INN name)
2-hydroxy-4-methoxybenzophenone
(2-Hydroxy-4-methoxyphenyl)phenyl methanone
2-Benzoyl-5-methoxyphenol

3.1.1.3
Aduvex 24

1

Ref.: 46, 66

Trade names and abbreviations
Escalol 567

COLIPA - European Cosmetics Toiletry and Perfumery Association
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Advastab 45
Anuvex
ASL 24
Chimassorb 90
Cyasorb UV 9
Cyasorb UV 9 Light Absorber

Eusolex® 4360
MOB
Neo Heliopan BB
NSC 7778
Ongrostab HMB
Onzone

COLIPA n° S38

3.1.1.4

Spectra-Sorb UV 9
Sunscreen UV 15
Uvasorb MET/C
Uvinul® M 40
Uvistat 24
Viosorb 110
Ref.: 46

CAS / EINECS number

CAS:
EINECS:

3.1.1.5

SCCP/1069/06

131-57-7
205-031-5

Ref.: 4, 5, 6, 46, 66

Structural formula

O

OH

C

Ph

MeO
3.1.1.6.

Empirical formula

Molecular formula:

3.1.2 .

C14H12O3

Ref.: 4, 5, 6, 46, 66

Physical form

White yellowish, cream coloured powder

3.1.3 .

Ref.: 46

Molecular weight

228.26 g/mol

3.1.4 .

Ref.: 5, 6, 46, 63, 65, 66

Purity, composition and substance codes

Assay (GC):
IR-spectrum:
UV-spectrum:

≥ 99%*
conform**
conform**

Ref.: 4, 5, 6, 46

*

Capillary Gas Chromatography, chromatogram available, batch nr. stated; no
identification of 3 impurities at 0.1%)
** Just a mention in a Technical Data Sheet or Material Safety Data Sheet, no full
description of test (standard UV-spectrum available, without batch nr. tested).
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Impurities / accompanying contaminants

Organic solvents:
< 0.01% Xylene
Polycyclic aromatic hydrocarbons: < 10 ppb (total)
Benzo(a)-pyrene:
< 1 ppb
Heavy metals:
< 10 ppm (guaranteed
for
all
corresponding limits) [46]
3.1.6

batches,

with

Solubility

Water:
Glycerin:
Abil® AV 8853:
Jojoba oil:
Ethanol:
Isostearyl stearate:
Isostearyl neopentanoate:
Olive oil:
Peanut oil:
Cetiol® V:
Isopropyl stearate:
Isopropanol, butanol:
Isopropyl myristate:
Miglyol® 812:
Finsolv® TN:
Cetiol® HE:
Citroflex® 2:
Aceton:
Chloroform:

0.0037 g/l (20°C)
< 0.01%
2.0%
6.0%
6.0%
7.0%
8.0%
9.0%
9.0%
9.0%
9.0%
10.0%
11.0%
14.0%
15.0%
17.0%
> 20.0%
> 20.0%
> 20.0%

Ref.: 5, 6, 46

Note
These values are taken out of Technical Data Sheets or Material Safety Data Sheets.
3.1.7.

Partition coefficient (Log Pow)

> 3.7 (n-octanol/water)

Ref.: 46

Note
This value is taken out of a Material Safety Data Sheet.
3.1.8 .

Additional physical and chemical specifications

Melting point:
62° - 65°C
Solidification point:
62° - 65°C
Loss on drying (40° C):
< 2%
Relative density:
1.32 at 25°C
Ash content at 650°C:
0.1% (upper limit)
Colour number (Gardner):
<4
K-Value:
64 – 67
Odour:
almost odourless or faint characteristic
Flash point:
> 100°C
Extinction (UV/VIS spectrum in methanol) 400 (0.10 mg/ml cuvette 0.1 cm)
Specific absorbance:
630 - 670 (at 287 nm; 1%, 1 cm, methanol)
Ref.: 5, 6, 46, 63, 65, 66
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Note
These values are taken out of Technical Data Sheets or Material Safety Data Sheets.
3.1.9.

Stability

Shelf life:
Stability in
Stability in
Stability in
Stability in
Stability in

distilled water:
DMSO:
corn oil:
acetone:
oily lotion:

at
at
at
at
at
at

least
least
least
least
least
least

2 years
96 hours*
4 hours*
10 days**
3 weeks***
3 weeks***

*

determined within recent photomutagenicity studies (full description of stability study
under GLP available)
**
determined within recent prenatal developmental toxicity study, performed under GLP
*** determined within the oral and dermal US National Toxicology Program (NTP) studies
Ref.: 6, 11, 15, 30, 46, 63

General comments on chemical and physical specifications
Although it is acknowledged that Benzophenone-3 has been used for many years in several
types of applications and that the chemical and physical specifications have been
extensively studied in the past, it is the opinion of the SCCP that characterization and
determination of purity should be based upon raw data instead of simple mentions in
material technical/safety data sheets. At least the solubility in water, partition coefficient
and the chemical characterisation, including the UV-spectrum, should be given for a
recently tested batch.
3.2

FUNCTION AND USES

Benzophenone-3 is used as a broad-band UV filter in concentrations of up to 10% in
sunscreen products alone or in combination with other UV filters.
Beside the usage in sunscreens, Benzophenone-3 is incorporated in other types of cosmetic
products at concentrations ranging between 0.05 - 0.5% for product protection
(photoprotection).
Ref. : 5, 46, 66
3.3

TOXICOLOGICAL EVALUATION

3.3.1 Acute toxicity
A number of acute toxicity studies are
LD50-oral-rat
> 6,000 mg/kg
LD50-oral-rat
= 11,600 mg/kg
LD50-oral-rat
> 12,800 mg/kg
LD50-dermal-rabbit> 16,000 mg/kg

briefly described and generated the following values :
(1953)
(1964)
(1972)
(1953)

Comment
Due to their dates of execution, the studies were not performed according to the current
guidelines and GLP practices. Nevertheless it does not appear appropriate from an ethical
point of view to request more recent acute toxicity data on Benzophenone-3.
Ref.: 35, 44, 58
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Irritation and corrosivity

3.3.2.1

Skin irritation - rabbit

SCCP/1069/06

In a report of 1965, Benzophenone-3 is declared to be non-irritant to the rabbit skin (tested
in 6 rabbits, all scores remained 0) [59]. This finding is reinforced by a second report of
1976 [1].
A third report of 1979 mentions that 0.5 ml of a sunscreen called Protective Eye Cream was
also tested on the skin of 3 rabbits and was found to be non-irritating (all scores = 0) [16].
Comment
These 3 reports were very short (1-2 pages) and provided limited data information.
Ref.: 1, 16, 59
3.3.2.2

Mucous membrane irritation - rabbit

In a report of 1965, Benzophenone-3 is declared to be non-irritant to the rabbit eye (tested
in 6 animals, all scores remained 0) [60]. This finding was reinforced by two other reports,
respectively from 1953 [35] and 1976 [1].
A report of 1979 mentions that 0.1 ml of a sunscreen called Protective Eye Cream was
instilled in the eye of 3 rabbits and was found to be non-irritating (all scores = 0) [16].
Comment
Again the 4 available reports are very short (1-2 pages) and provide only limited data
information.
Ref.: 1, 35, 16, 60
3.3.2.3.

Overall conclusion on irritation

The available studies on the skin and mucous irritation potential of Benzophenone-3 are old
and therefore not conform to current guideline requirements. Nevertheless they may
provide some useful information, since more animals than currently required were used,
and in the skin irritation studies the test substance was also applied to the abraded skin
representing a worst case situation. Since all results are consistent with each other and
taking into consideration the aspect of animal welfare, it does not seem appropriate to ask
for new skin and/or eye irritation studies with Benzophenone-3. The compound was shown
to have no irritating potential for the skin and eyes of rabbits.

3.3.3.

Skin sensitisation

3.3.3.1.

Magnusson Kligman Maximisation test - Guinea pig

Date of study:
Guideline/method:
Species/strain:
Group size:
Test substance:
Dosage levels:
Route:
Batch:

July 1978
Maximization test according to Magnusson and Kligman (1969),
precursor of Annex V to Dir. 67/548/EEC, Method B.6
and OECD Guideline 406
Guinea pig/Hartley white
30 female animals in the control, 20 female animals in the test
groups
Uvinul M-40 (Benzophenone-3)
Induction: 10%, Challenge 2.5%
Intradermal (induction) and percutaneous (booster and challenge)
Not stated
8
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Not stated
Study performed prior to implementation of GLP

In a dose-range finding study concentrations of 0.25%, 2.5%, 5% and 10% of
Benzophenone-3 in petrolatum and the pure compound were applied on the shaved flanks
of the animals. Based on the results of this study the animals were intradermally injected
with 0.05 ml of 5% Benzophenone-3 in corn oil or 5% Benzophenone-3 in 50% aqueous
Freund’s complete adjuvant into the shaven shoulder region of 10 animals. One week after
the induction injection, a topical booster patch consisting of 0.1 ml of 10% test substance in
petrolatum was occlusively applied on the induction site for 48 hours. Prior to the booster,
10% aqueous Sodium Lauryl Sulfate was applied unoccluded to the induction sites of all
animals.
The challenge was performed by occlusive epicutaneous application of 0.1 ml of 2.5% test
material in petrolatum to a previously untreated site for 24 hours. The application sites
were scored 24 and 48 hours after removal of the patch.
At readings 48 hours after challenge 18/20 animals showed no evidence of any effect and
2/20 revealed a barely perceptible erythema. At the 72 hour readings 1/20 showed no skin
reaction and 3/20 barely perceptible erythema (different animals to the first reading). No
skin reactions were observed in the control group at challenge, while the animals of the
positive control group (2% phenylacetaldehyde in petrolatum) showed clear skin reactions
as indication of sensitization.
The study authors conclude that Benzophenone-3 did not exhibit any potential to induce
dermal sensitization in the performed Guinea pig Magnusson Kligman Maximization test.
Ref.: 2
3.3.3.2

Local Lymph Node Assay - mouse

Date of study:
Guideline/method:
Species/strain:
Group size:
Test substance:
Batch:
Purity:
Dosage levels:
Route:
GLP/QAU:

September 2005
Annex V to Dir. 67/548/EEC, Method B.42; OECD Guideline 429
Mouse, CBA/CaOlaHsd
4 female animals per treated and control group
Benzophenone-3
101
99.8% (GC-FID)
0 - 12.5 - 25 - 50% (w/v) in dimethylformamide (DMF)
Epidermal (topical) application on the dorsal ear lobe surface
Signed documents available

Three groups each of four female mice were treated daily with Benzophenone-3 at
concentrations of 12.5, 25 and 50% (w/v) in dimethylformamide (DMF) by topical
application to the dorsum of each ear lobe (left and right) for three consecutive days. A
control group of four mice was treated with the vehicle (DMF) only. Five days after the first
topical application the mice were injected intravenously into a tail vein with radio-labelled
thymidine (3H-methyl thymidine). Approximately five hours after intravenous injection, the
mice were sacrificed, the draining auricular lymph nodes excised and pooled per group.
Single cell suspensions of lymph node cells were prepared from pooled lymph nodes which
were subsequently washed and incubated with trichloroacetic acid overnight. The
proliferative capacity of pooled lymph node cells was determined by the incorporation of 3Hmethyl thymidine measured in a β-scintillation counter.
A test item is regarded as a sensitizer in the LLNA if the exposure to one or more test
concentrations results in a 3-fold or greater increase in incorporation of 3HTdR compared
with concurrent controls, as indicated by the Stimulation Index (S.I.). The estimated
concentration of test item required to produce a S.I. of 3 is referred to as the EC3 value.
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All treated animals survived the scheduled study period.
Stimulation Indices of 1.64, 1.33 and 1.61 were determined with the test item at
concentrations of 12.5, 25 and 50% (w/v) in DMF.
The study authors conclude that the test item Benzophenone-3 was not a skin sensitizer
under the described conditions.
Ref.: 13
3.3.4 .

Dermal / percutaneous absorption

3.3.4.1

In vitro dermal / percutaneous absorption - human skin

In a publication of 1999, Benzophenone-3 formed part of a battery of five UV filters for
which standard operating procedures for their rapid analysis in various skin layers, were
established. Benzophenone-3 was included at 4.9% in a cosmetic formulation (composition
not stated) applied at 3 mg/cm² on fresh dermatomed (± 344 µm) human skin (6 samples
from different donors) put on static diffusion cells. The 3 ml receptor fluid (pH 7.4) was
maintained at 32°C and consisted of 1% bovine serum albumin, 0.9% NaCl, 0.02% KCl and
0.04% gentamycin in distilled water. The transepidermal water loss (TEWL) was recorded at
each site with a Tewameter. After an exposure time of 16 hours, the skin was washed and
dried with cotton swabs. The receptor fluid was collected and 16 strippings were carried out
on the skin surface to determine the stratum corneum (SC) content and subsequently the
epidermis was separated from the dermis. Analysis was preformed by isocratic RP-HPLC2
with UV detection.
Benzophenone-3 quantification led to the following results:
Total amount applied
Stratum corneum (SC)
Epidermis
Dermis
Receptor fluid
Washing solution
Recovery

147 µg/cm² (3mg cream/cm², 4.9% Benzophenone3)
8.5 ± 3.3 µg/cm²
0.3 ± 0.2 µg/cm²
0.4 ± 0.1 µg/cm²
1.0 ± 0.4 µg/cm²
85.7% ± 4.5%
93.4% ± 3.1%

The results indicate that the SC adsorbed the greatest proportion of the applied amount
(5.8%), while about 0.5% was absorbed in the viable skin and 0.7% was analyzed in the
receptor fluid.
According to the study authors the test can be considered as valid since the recovery was in
the accepted range of above 90%.
They estimate the dermal absorption of Benzophenone-3 in respect to bioavailability after
topical application to freshly dermatomed human skin for 16 hours as 1.7 µg/cm² (1.0
µg/cm² receptor fluid, 0.4 µg/cm³ dermis, 0.3 µg/cm² epidermis), corresponding to 1.16%
of the applied dose.
Ref.: 54
Comment
The following shortcomings can be noted:
- The test concentration of 4.9% is lower than the maximum allowed level of 10%.
- The solubility of the Benzophenone-3 in the receptor fluid at 32°C is not stated. This is
essential, since the compound's solubility in water is very low (0.0037g/l at 20°C).

2

Reverse Phase - High Performance Liquid Chromatography
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The composition of the cosmetic formulation is unknown.
Not all details on preservation and storage of skin are given.
The purity of the test substance is not stated.
Only one concentration of the test substance is used.
16 hours of contact is rather unusual. Normally, contact time is 24 hours.
6 samples from different donors is less than the requested amount.
Only measurements after 16h are available; no intermediate sampling has been
performed.

Several other studies were published dealing with in vitro skin penetration or certain
aspects thereof using Benzophenone-3 (labelled or unlabelled) or Benzophenone-3
containing products. New or modified penetration models, different analytical methods as
well as newly composed and/or different formulations were investigated and/or compared.
The different working groups used human skin (full thickness or split thickness), pig skin
(full thickness or dermatomed) or artificial membranes as test systems.
Each study has its own limitations since either no complete penetration but only penetration
in certain skin compartments were investigated and reported (stratum corneum, epidermis,
dermis), the application duration was changing (ranging from 30 minutes up to 10 hours at
maximum) or several deficiencies in respect to methodology and/or reporting, when
compared to guideline requirements exist.
Therefore only general statements can be derived from these studies, such as the fact that
the dermal absorption of Benzophenone-3 appears to be low, that the major proportion is
adsorbed by the stratum corneum and that certain formulations (o/w emulsion, w/o
emulsion, gels, oils, creams) can influence the absorption rate in respect to time-course and
amount of absorption.
Ref.: 10, 26, 27, 32, 54, 71, 72
3.3.4.2

In vivo dermal / percutaneous absorption - human

The published human studies (2002-2003) all concern the tape stripping methodology and
they
differ
in
duration
of
application,
analytical
methods,
calculation
of
adsorption/absorption and in the composition of the formulations used. Therefore, no
quantitative conclusion for the in vivo dermal absorption of Benzophone-3 is possible.
Qualitatively it can be stated that, as was the case in the in vitro studies, the stratum
corneum adsorbed the greatest fraction of the applied Benzophenone-3 and that only small
amounts could be considered as absorbed and systemically bioavailable. In addition, the
type of preparation/formulation had a clear influence on the extent of dermal absorption.
Ref.: 10, 27, 71
Comment
The following recent study on dermal absorption of Benzophenone-3 in volunteers has been
added by the SCCP:
In 2006, after the submission of the dossier, Gonzalez et al. published another human study
on the dermal absorption of Benzophenone-3 after repeated whole-body applications, with
and without UV irradiation. 25 volunteers applied 2 mg/cm² of a sunscreen containing 4%
of Benzophenone-3 to their whole body surface area, twice daily for 5 consecutive days. The
amount of sunscreen per application varied between the participants and ranged from 26 g
to 47 g. The volunteers were divided in two groups, of which one received UV-irradiation.
During the 5 days of application, all urine was collected and analyzed for Benzophenone-3
concentration through high-performance liquid chromatography with UV detection.
The test results indicate that there was a large variation in the total amount of
Benzophenone-3 excreted in the urine, even after compensation for the differences in body
surface area. However, UV-irradiation did not affect the urinary secretion of the compound.
The mean value of Benzophenone-3 found in the urine was 3.7% (1.2% - 8.7%). Other
excretion routes were not investigated, thus this value may still be an underestimation of
the total dermally absorbed percentage of Benzophenone-3. The volunteers excreted
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Benzophenone-3 many days after the last application, which could be expected viewing the
lipophilicity of the molecule.
Ref.: D
3.3.5

Repeated dose toxicity

3.3.5.1

Repeated dose (28 days) oral / dermal / inhalation toxicity - rat/mouse

A.

Subacute oral administration to rats and mice

A report dated 1953 describes a 27-day study in rats (10 animals per group) with dosages
of 7.2, 75 and 789 mg/kg bw/day. Food consumption and body weight gains of the test
groups were comparable to those of the control rats. There were no deaths and no
significant gross pathologic changes in any of the animals which could be attributed to the
administration of the test substance.
Ref.: 34
14-day oral toxicity in rat (1985-88)
Five F344/N rats per sex and group received Benzophenone-3 in concentrations of 0, 3,125,
6,250; 12,500; 25,000 and 50,000 ppm in the diet for 2 weeks. The dietary test substance
preparations were analyzed for stability and proved to be stable in the diet for at least
3 weeks. Clinical examinations covering clinical signs, mortality, body weight and food
consumption were performed in all animals. At termination of treatment, all animals were
sacrificed and macroscopically examined, organs were weighed and comprehensive
histopathology was performed.
The following effects were noted (dietary levels were converted to dosages):
303 mg/kg bw/day:
576 mg/kg bw/day:
1,132 mg/kg bw/day:
2,238 mg/kg bw/day:
3,868 mg/kg bw/day:

increased liver weights in males and females; increased kidney
weights in males
increased liver weights in males and females associated with the
presence of cytoplasmic vacuolisation of hepatocytes; increased
kidney weights in males
increased liver weights in males and females associated with the
presence of cytoplasmic vacuolisation of hepatocytes; increased
kidney weights in males
increased liver weights in males and females associated with the
presence of cytoplasmic vacuolisation of hepatocytes; increased
kidney weights in males
reduced feed consumption in males and females; reduced body
weight gain in males; increased liver weights in males and females
associated with the presence of cytoplasmic vacuolisation of
hepatocytes; increased kidney weights in males; focal dilatation of
renal tubules in the cortex and/or medulla

Study authors' conclusion: NOAEL (14d-oral) = 295/311 mg/kg bw/day for the male/female
rat.
Ref.: 30
14-day oral toxicity in mouse (1985-88)
Benzophenone-3 was administered in the diet to five B6C3F1 mice per sex and group at
concentrations of 0, 3,125; 6,250; 12,500; 25,000 and 50,000 ppm for 2 weeks. The
dietary test substance preparations were analyzed for stability and proved to be stable in
the diet for at least 3 weeks. Clinical examinations covering clinical signs, mortality, body
weight and food consumption were performed in all animals. At termination of treatment, all
12
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animals were sacrificed and macroscopically examined, organs were weighed and
comprehensive histopathology was performed.
The following effects were noted (dietary levels were converted to dosages):
1,021 mg/kg bw/day:
2,041 mg/kg bw/day:
4,430 mg/kg bw/day:
8,648 mg/kg bw/day:
20,796 mg/kg bw/day:

increased liver weights in males and females
increased liver weights in males and females associated with the
presence of cytoplasmic vacuolisation of hepatocytes
increased liver weights in males and females associated with the
presence of cytoplasmic vacuolisation of hepatocytes
increased liver weights in males and females associated with the
presence of cytoplasmic vacuolisation of hepatocytes; decreased
kidney weight in males
reduced body weight gain; increased liver weights in males and
females associated with the presence of cytoplasmic vacuolisation
of hepatocytes; decreased kidney weight in males

Study authors' conclusion: NOAEL (14d-oral) = 992/1050 mg/kg bw/day for the
male/female mouse.
B.

Ref.: 30

Subacute dermal administration to rats and mice

14-day dermal toxicity in rat (1985-88)
Five F344/N rats per sex and group received Benzophenone-3 at dose levels of 0, 1.25, 2.5,
5.0, 10.0, 20.0 mg/rat in acetone or lotion as vehicle for 5 days per week for 2 weeks. A
constant volume of 0.25 ml/rat was applied over a fixed standard area (10%) of the
interscapular region. The area was clipped 24 hours prior to initial application and weekly
thereafter. The preparations in acetone and the lotion were analyzed for stability and
proved to be stable in the diet for at least 3 weeks. Clinical examinations covering clinical
signs, mortality, body weight and food consumption were performed in all animals. At
termination of treatment, all animals were sacrificed and macroscopically examined, organs
were weighed and comprehensive histopathology was performed.
The following effects were noted (dietary levels were converted to dosages):
7.0 mg/kg bw/day:
13.6 mg/kg bw/day:
27.7 mg/kg bw/day:
54.9 mg/kg bw/day:
110 mg/kg bw/day:

no adverse effects noted
no adverse effects noted
slightly increased liver weights in females
slightly increased liver weights in female
slightly increased liver weights in females; slightly increased
kidney weights

Study authors' conclusion: NOAEL (14d-dermal) = 100/140 mg/kg bw/day for the
male/female rat.

Ref.: 30

28-day dermal toxicity in rat (1985-88)
A publication of 1995 describes how 6 male Sprague-Dawley rats per group received
Benzophenone-3, formulated in petroleum jelly base, at dosage levels of 0 and 100
mg/kg bw/day, twice daily for 4 weeks. Clinical examinations covering clinical signs and
body weight were performed in all animals. Blood samples for haematology and clinical
chemistry were taken prior to the start of treatment and on day 16. At termination, the
animals were sacrificed, organs were weighed (liver, kidney, testes) and liver, kidneys,
testes and skin from treated and untreated area were collected and histopathologically
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examined. In addition, on day 16 of treatment, blood samples for GSH determination were
collected.
No animal died premature. There was no substance-related effect on body weight, relative
organ weights, haematological and clinical-chemical parameters. Physical examination of
the skin revealed no substance-related changes. Histopathological examination of livers,
kidney and testes revealed no significant difference between control and treated animals
and no abnormalities were observed in the skin from treated or untreated areas.
Ref.: 51
14-day dermal toxicity in mouse (1985-88)
Five B6C3F1mice per sex and group received Benzophenone-3 preparations at dose levels
of 0, 0.5, 1.0, 2.0, 4.0, 8.0 mg/mouse in acetone or lotion as vehicle for 5 days per week
for 2 weeks.
A constant volume of 0.1 ml was applied over a fixed standard area (10%) of the
interscapular region. The area was clipped 24 hours prior to initial application and weekly
thereafter. The preparations in acetone and the lotion were analyzed for stability. Clinical
examinations covering clinical signs, mortality, body weight and food consumption were
performed in all animals. At termination of treatment, all animals were sacrificed and
macroscopically examined, organs were weighed and comprehensive histopathology was
performed.
The following effects were noted (applied doses were converted to dosages):
24.8 mg/kg bw/day: none
48.4 mg/kg bw/day:
none
100 mg/kg bw/day:
none
196 mg/kg bw/day:
increased liver weight
388 mg/kg bw/day:
increased liver weight
Study authors' conclusion:
male/female mouse.

3.3.5.2
A.

NOAEL

(14d-dermal)

=

384/432 mg/kg bw/day

for

the

Ref.: 30

Sub-chronic (90 days) oral / dermal / inhalation toxicity - rat/mouse

Sub-chronic oral administration to rats and mice

90-day oral toxicity in rat (1) (1972)
Benzophenone-3 (source and batch not cited) was examined in 12 male and 12 female rats
per sex and group at dosages of approximately 0, 20, 100, 500 and 1,000 mg/kg bw/day
for 13 weeks. The animals were observed for clinical findings and body weight and food
consumption was determined weekly. Blood samples for haematology were collected in the
6th and 12th week. In addition, at termination liver enzyme activities and clinical chemistry
parameters were examined in six rats per sex and dosage group. All animals were sacrificed
and macroscopically examined, organs were weighed and comprehensive histopathology
was performed.
The following effects were noted:
No deaths occurred.
20 mg/kg bw/day:
100 mg/kg bw/day:
500 mg/kg bw/day:

no adverse effects noted
no adverse effects noted
reduced body weights and body weight gains; reduced
haemoglobin and leukocytosis (with an increase in lymphocytes
and decrease in neutrophils) after 6 weeks in females; anaemia,
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lymphocytosis and reduced number of granulocytes after 12 weeks
in females; decreased absolute weights of the thymus and heart in
males and females; decreased relative weights of the pituitary
gland, thymus, heart and adrenal glands in males and females;
first stages of degenerative nephritis in kidneys of males and
females
reduced body weights and body weight gains; ruffled fur and rigid
limbs (reversible within 4 weeks); reduced haemoglobin and
leukocytosis (with an increase in lymphocytes and decrease in
neutrophils) after 6 weeks in females; anaemia, lymphocytosis and
reduced number of granulocytes after 12 weeks in females;
decreased absolute weights of the thymus, heart, pituitary gland,
lungs, spleen, adrenal glands, and gonads in males and females;
decreased relative weights of the pituitary gland, thymus, heart
and adrenal glands in males and females; decreased relative
weights of the lungs and spleen in females; increased relative
thyroid weight in females; degenerative nephritis in kidneys of
males and females

Study authors' conclusion: NOEL (90d-oral) = 100 mg/kg bw/day for male and female rats.
Ref.: 44
90-day oral toxicity in rat (2) (1985-1988)
Ten F344/N rats per sex and group received Benzophenone-3 in concentrations of 0; 3,125;
6,250; 12,500; 25,000 and 50,000 ppm in the diet for 13 weeks. The dietary test substance
preparations were analyzed for stability and proved to be stable in the diet for at least
3 weeks. Clinical examinations covering clinical signs, mortality, body weight and food
consumption were performed in all animals at regular intervals. Samples for haematological
and clinical-chemical examination and urinalysis were taken on days 3 and 15 and in week
12 of treatment. Sperm morphology/motility and vaginal cytology examinations were
performed at dietary levels of 0; 3,125; 12,500 and 50,000 ppm. At termination of
treatment, all animals were sacrificed and macroscopically examined, organs were weighed
and comprehensive histopathology was performed.
The following effects were noted (dietary levels were converted to dosages):
204 mg/kg bw/day:
411 mg/kg bw/day:
828 mg/kg bw/day:
1,702 mg/kg bw/day:

3,458 mg/kg bw/day:

coloured urine; increased liver weight
coloured urine; increased liver weight; disturbed serum protein
levels
coloured urine; increased liver weight; disturbed serum protein
levels
decreased growth and body weight gain in males and females;
coloured urine; enlarged kidneys with abnormal shape and
granular surface; increased absolute and relative kidney weights in
females; dilatation of renal tubules; increased liver weight;
increased platelet counts; disturbed serum protein levels
decreased growth and body weight gain in males and females;
coloured urine; enlarged kidneys with abnormal shape and
granular surface; increased absolute and relative kidney weights in
males and females; dilatation of renal tubules; mild to moderate
inflammation with fibrosis in the renal interstitium; increased liver
weight; increased platelet counts; disturbed serum protein levels;
reduced sperm motility in males, increase in estrous cycle of
females
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Study authors' conclusion: NOAEL (90d-oral) = 429/393 mg/kg bw/day for the male/female
rat.
Ref.: 30
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90-day oral toxicity in mouse (1985-88)
Ten B6C3F1 mice per sex and group received Benzophenone-3 in concentrations of 0, 3125,
6,250; 12,500; 25,000 and 50,000 ppm in the diet for 13 weeks. The dietary test substance
preparations were analyzed for stability and proved to be stable in the diet for at least
3 weeks. Clinical examinations covering clinical signs, mortality, body weight and food
consumption were regularly performed. Sperm morphology/motility and vaginal cytology
examinations were performed at dietary levels of 0; 3,125; 12,500 and 50,000 ppm. At
termination of treatment, all animals were sacrificed and macroscopically examined, organs
were weighed and comprehensive histopathology was performed.
The following effects were noted (dietary levels were converted to dosages):
554 mg/kg bw/day:
1,246 mg/kg bw/day:
2,860 mg/kg bw/day:
6,780 mg/kg bw/day:
16,238 mg/kg bw/day:

no adverse effects noted
increased liver weight
increased liver weight
decreased body weight gain in males and females; increased liver
weight; minimal cytoplasmic vacuolisation of hepatocytes
decreased body weight gain in males and females; minimal renal
lesions in males; increased liver weight; minimal cytoplasmic
vacuolisation of hepatocytes; decreased sperm density and
increased abnormal sperm in males; increased estrous cycle length
in females

Study authors' conclusion: NOAEL (90d-oral) = 1068/1425 mg/kg bw/day for the
male/female mouse.

B.

Ref.: 30

Sub-chronic dermal administration to rats and mice

90-day dermal toxicity in rat (1985-88)
Ten F344/N rats per sex and groups received Benzophenone-3 preparations at dosage
levels of 0, 12.5, 25, 50, 100, 200 mg/kg bw/day in acetone for 5 days per week over a
period of 13 weeks. A constant volume of 0.25 ml/rat was applied over a fixed standard
area (10%) of the interscapular region. The area was clipped 24 hours prior to initial
application and weekly thereafter. The preparations in acetone were analyzed for stability.
Clinical examinations covering clinical signs, mortality, body weight and food consumption
were performed in all animals at regular intervals.
Samples for haematological and clinical-chemical examination and urinalysis were taken on
days 3 and 15 and in week 12 of treatment. Sperm morphology/motility and vaginal
cytology examinations were performed at dosage levels of 0, 12.5, 50 and
200 mg/kg bw/day. At termination of treatment, all animals were sacrificed and
macroscopically examined, organs were weighed and comprehensive histopathology was
performed.
The following effects were noted (dietary levels were converted to dosages):
12.5 mg/kg bw/day:
25 mg/kg bw/day:
50 mg/kg bw/day:
100 mg/kg bw/day:

decreased reticulocyte count
non-dosage related increase in relative kidney weight in females;
decreased reticulocyte count
non-dosage related increase in relative kidney weight in females;
decreased reticulocyte count; increased platelet count
non-dosage related increase in relative kidney weight in females;
decreased reticulocyte count; increased platelet count
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non-dosage related increase in relative kidney weight in females;
decreased reticulocyte count; increased platelet count; increased
whole blood cell count produced by lymphocytosis

Study authors' conclusion: NOAEL (90d-dermal) = 200 mg/kg bw/day for male and female
rats.
Ref.: 30
90-day dermal toxicity in mouse
Ten B6C3F1 mice per sex and group received Benzophenone-3 preparations at dosage
levels of 0, 22.8, 45.5, 91, 182, 364 mg/kg bw/day in acetone for 5 days per week over a
period of 13 weeks. A constant volume of 0.1 ml was applied over a fixed standard area
(10%) of the interscapular region. The area was clipped 24 hours prior to initial application
and weekly thereafter. The preparations in acetone were analyzed for stability. Clinical
examinations covering clinical signs, mortality, body weight and food consumption were
performed in all animals at regular intervals. Sperm morphology/motility and vaginal
cytology examinations were performed at dosage levels of 0, 22.8, 91, 364 mg/kg bw/day.
At termination of treatment, all animals were sacrificed and macroscopically examined,
organs were weighed and comprehensive histopathology was performed.
At all dosage levels, a mild increase in relative kidney weight in males, together with a
decrease in epididymal sperm density, was noted. No other abnormalities were observed.
Study authors' conclusion: NOAEL (90d-dermal) = 364 mg/kg bw/day for male and female
mice.
Ref.: 30
3.3.5.3

Chronic (> 12 months) toxicity

No data.
3.3.5.4

Overall conclusion of the submission authors on repeated dose toxicity

The toxicity of Benzophenone-3 after repeated application was comprehensively examined
in subacute up to subchronic studies in rats and mice using the oral and dermal application
route.
The systemic toxicity after repeated oral application was low and effects could mainly be
observed at dose levels which were in the range or clearly above the current internationally
accepted limit dose level of 1000 mg/kg bw/day for repeated toxicity studies. Beside
unspecific signs of systemic toxicity in the form of reduced food consumption and retarded
body weight gain, the identified target organs were the kidney and liver, partly associated
with changes in clinical chemistry at high dose levels. Very often the most susceptible
parameter was the increase in liver weight. However, this effect without any
histopathological correlate does not reflect an adverse effect per se but is considered as an
adaptive metabolic response, which is known to be reversible.
At very high dose levels clearly >3000 mg/kg bw/day in rats and >13000 mg/kg bw/day in
mice after subchronic oral treatment, an impairment of selective reproductive parameters
was noted. However, these are finally assessed in the reproduction section within this
dossier (section 3.3.8 Reproductive toxicity).
Repeated dermal application of up to 13 weeks in rats and mice did not lead to any reliable
substance-related local or systemic findings up to the highest dose level investigated in
each case.
Finally, the reliable No-Adverse-Effect-Level (NOAEL) for subchronic toxicity after oral
treatment was 6250 ppm (429/393 mg/kg bw/day in males/females) in rats and 6250 ppm
(1068/1425 mg/kg bw/day in males/females) in mice.
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For subchronic dermal treatment in each case the highest dose level was the reliable NoAdverse-Effect-Level (NOAEL), namely 200 mg/kg bw/day in rats and 364 mg/kg bw/day in
mice.
3.3.6

Mutagenicity / genotoxicity

3.3.6.1

Mutagenicity/Genotoxicity in vitro

A.

In vitro bacterial mutation assay (Ames test)

A number of publications (1980-1992) describe the results of Benzophenone-3 studied in
the Ames test. The level of detail provided in these publications ranges from a summary
and a title page [36] to a more extensive description of the materials and methods [73].
Generally the test substance was tested for mutagenicity in the reverse mutation assay on
bacteria both, with and without metabolic activation (S9 mix from the liver of Aroclor 1254induced male Sprague-Dawley and male Syrian hamster or rat livers). The mixes were
prepared immediately prior to use and contained 10% S9. The tested Salmonella
typhimurium strains were combinations of TA97, TA98, TA100, TA1535, TA1537 and/or
TA1538 and were exposed to the test substance at various concentrations of
Benzophenone-3 with and without S9 mix. Positive controls were included to demonstrate
the sensitivity and validity of the test system used.
Bacteriotoxicity was reported [73] to be observed at a varying degree at and above 333
µg/plate and at 1000 µg/plate in all tested strains (TA98, TA100, TA1535, TA1537). In that
same publication, Salmonella Typhimurium TA97 was additionally tested and showed a
weak mutagenic response using 30% of S9 hamster mix.
However, no effect was noted using 10% hamster or 10% and 30% rat S9 mix compared to
the respective controls, the increase in the numbers of revertants was less than 2-fold
compared to the solvent control and there was no dose-response relationship.
Benzophenone-3 showed to be negative for the induction of revertants in all other strains at
the tested concentration range between 3 and 333 µg/plate. All other studies (not including
TA97 in their testing battery) showed Benzophenone-3 to be negative in the Ames test.
Considering the fact that Benzophenone-3 did not induce gene mutations by base pair
changes or frame shifts in the genome of the Salmonella typhimurium strains used in the
presence and absence of S9-mix, the compound is considered to be non-mutagenic in the
Ames test. The single weak positive response in one strain with a very high concentration of
one specific S9 mix, is considered irrelevant by the authors of the submission.
Ref.: 8, 30, 36, 73
B.

In vitro chromosome aberration test in Chinese Hamster Ovary cells

A US National Toxicology program report (1992) briefly describes the results of cytogenetic
tests with Chinese hamster ovary cells, in which Benzophenone-3-induced sister-chromatid
exchanges (effective dose range 5-50µg/ml) and chromosomal aberrations (20-45µg/ml) in
the presence of Aroclor 1254-induced male Sprague Dawley rat liver S9.
One trial delivered a questionable result, while another trial appeared to be clearly negative.
Ref.: 30
Note
The cited reference for the chromosome aberration test (i.e. the NTP report) does not
provide the level of detail displayed in the submission summary. Probably these details were
extracted out of additional test descriptions / references not included in the submission.
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Mutagenicity/Genotoxicity in vivo

In vivo micronucleus test (Follow-up of the 90-day oral study in the mouse)

A US National Toxicology program report (1992) mentions that peripheral blood smears
from the mice used in the 90-day studies as described under 3.3.5.2.A, were analyzed for
the frequency of micronucleated normochromatic erythrocytes. No increase was noted in
either male or female mice treated with up to 16,238 mg/kg bw/day of Benzophenone-3
administered orally.
Ref.: 30
B.

In vivo rat bone marrow chromosome aberration test

A publication of 1995 describes how Benzophenone-3 was examined for its cytogenic
potential in vivo in male and female Sprague-Dawley rats after a single or repeated (5
consecutive days) oral application by gavage. The test substance was dissolved in corn oil
and was applied either once in dose levels of 0; 500; 1,670 and 5,000 mg/kg bw/day or for
the repeated application at dose levels of 0 and 5000 mg/kg bw/day. Cclophosphamide was
used as positive control substance and was orally administered as a single bolus or on five
consecutive days at a dose level of 20 mg/kg bw/day. Since previously performed cell cycle
kinetic studies investigating bromodeoxyuridine (BrdU) incorporation demonstrated that
Benzophenone-3 did not affect the average generation time after single treatment of
5,000 mg/kg bw/day or after daily application for 5 days, bone marrow collection times
were set at 8 and 12 hours after single application and at 12 hours after repeated
administration.
Bone marrow smears were prepared, stained by fluorescence-plus – Giemsa and a total of
50 metaphase spreads from each animal were scored for chromosomal aberrations. In
addition, the mitotic index was determined and the percentages of polyploid and
endoreduplicated cells were analyzed.
No substance-related mortality occurred. The single treatment or the treatment for
5 consecutive days did not disturb the cell cycle and had no effect on the average
generation time. No increase in the frequency of chromosomal aberrations was observed in
bone marrow cells of male and female rats. Sex differences were not noted. The positive
control substance caused chromosomal aberrations confirming the sensitivity of the test
system.
The authors conclude that, since neither single nor repeated treatment up to
5,000 mg/kg bw/day in male and female Sprague-Dawley rats caused chromosomal
aberrations, Benzophenone-3 was shown to be exhibit no clastogenic potential in vivo.
In that same publication, Benzophenone-3 is also reported to be investigated in the
Drosophila somatic mutation and recombination test (SMART). Larvae from mated multiple
wing hair females with heterocygotous flare males were fed a diet containing the test
substance at concentrations of 0; 3,000 and 3,500 ppm for 72 hours. None of the fed larvae
produced flies with significantly more single or multiple wing spots than negative controls.
In contrast, positive control larvae produced flies with significantly more single or multiple
wing spots than negative controls and confirmed the sensitivity of the test system. Finally,
it was shown that Benzophenone-3 did not induce mutations, chromosome damage or
genetic recombination in Drosophila using the SMART procedure.
Ref.: 55
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Overall conclusion of the submission authors on mutagenicity/genotoxicity

Benzophenone-3 was tested in bacterial and mammalian test systems in vitro. No
genotoxic/mutagenic potential was noted in three bacterial gene mutation assays in
Salmonella typhimurium strains in the presence or absence of metabolic activation. The
reported effect in a single strain after metabolic activation with an unusual high proportion
was finally considered as irrelevant due to reporting and assessment deficiencies.
In mammalian cells systems, Benzophenone-3 showed no clastogenic potential and no
ability to induce SCEs in the absence of metabolic activation. With metabolic activation a
slight and/or non-concentration related increase in structural aberrations and the SCE rate
were reported.
In vivo Benzophenone-3 was shown to be negative in the mouse micronucleus test after
dietary administration for 13 weeks and in a chromosome aberration test in rats. Thus, the
questionable effect observed in vitro was shown to posses no relevance for the in vivo
situation.
Furthermore, Benzophenone-3 did not induce mutations, chromosome damage or genetic
recombination in Drosophila using the SMART procedure.
3.3.7.

Carcinogenicity

No data.
3.3.8 .

Reproductive toxicity

3.3.8.1

Reproduction toxicity screening tests - rat/mouse

A.

Oral reproduction toxicity screening tests

Reproductive toxicity pre-screening at the end of the 90-day oral toxicity in rat
Ten F344/N rats per sex and group received Benzophenone-3 in concentrations of 0; 3,125;
12,500 and 50,000 ppm in the diet for 13 weeks (stability of test substance in diet proven
to be at least 3 weeks). At termination of the study, some specific examinations were
performed to screen the potential reproductive toxicity of the substance. Observations in
the male animals consisted of testicular, epididymal and caudal weights, sperm motility and
morphology and sperm number per caudal tissue weight. Observations in the females
included vaginal cytology examinations and estrual cyclicity.
The following effects were noted (dietary levels were converted to dosages):
204 mg/kg bw/day:
828 mg/kg bw/day:
3,458 mg/kg bw/day:

no deviations among the reproductive parameters studied
no deviations among the reproductive parameters studied
males: decreased right caudal, testicular and epididymal weights;
decreased sperm number per caudal tissue
females : prolonged cycle length.

Study authors' conclusion: NOAEL (reproduction) = 828 mg/kg bw/day for male and female
rats.
Ref.: 24, 30
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Reproductive toxicity pre-screening at the end of the 90-day oral toxicity in mouse
Ten B6C3F1 mice per sex and group received Benzophenone-3 in concentrations of 0;
3,125; 12,500 and 50,000 ppm in the diet for 13 weeks (stability of test substance in diet
proven to be at least 3 weeks). At termination of the study, some specific examinations
were performed to screen the potential reproductive toxicity of the substance. Observations
in the male animals consisted of testicular, epididymal and caudal weights, sperm motility
and morphology and sperm number per caudal tissue weight. Observations in the females
included vaginal cytology examinations and estrual cyclicity.
The following effects were noted (dietary levels were converted to dosages):
554 mg/kg bw/day:
2,860 mg/kg bw/day:
16,238 mg/kg bw/day:

no deviations among the reproductive parameters studied
no deviations among the reproductive parameters studied
decreased sperm number per caudal tissue and increased
incidence of abnormal sperm in the males

Study authors' conclusion: NOAEL (reproduction) = 2,860 mg/kg bw/day for male and
female mice.
Ref.: 24, 30
Reproductive Assessment by Continuous Breeding (RACB) in the mouse (1991)
The "Continuous Breeding Protocol" is a test design used by the US National Toxicology
Program. It consists of four related tasks (see figure below), which are not all necessarily
performed for every compound tested.

TASK 1
Dose finding study
(14 days treatment)

TASK 2
Continuous breeding phase
F0 generation
(1 week + 14 weeks + holding period)

Positive
response

Negative
response

TASK 4
Offspring assessment
F1 generation
(Control + 1 dosed group)

TASK 3
Determination of
affected sex
(F0 generation)

TASK 4
Offspring assessment
F1 generation
(Control + 3 dosed groups)

Necropsy
Sperm morphology
Vaginal cytology

Necropsy
Sperm morphology
Vaginal cytology

Necropsy
Sperm morphology
Vaginal cytology

optional

optional

optional

Histopathology
Hormone assays

Histopathology
Hormone assays

Histopathology
Hormone assays
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In the performed study, Task 1 consisted of administering Benzophenone-3 in the diets3 of
groups of 8 CD-1 mice per sex at dosages of 0; 1,000; 2,100; 4,700; 10,200 and
15,700 mg/kg bw/day for 14 days. During the continuous breeding phase (Task 2), groups
of 20 mice per sex were fed diets containing the test substance at dosage levels of about
1,850; 3,950 and 9,050 mg/kg bw/day, while the controls consisted of 40 animals per sex
fed with unsupplemented diet. Feeding was started 1 week prior to mating and was
continued for another 21 weeks. During this period the mice were cohabitated for 14 weeks
(study week 2 to 17). Five litters were delivered during the whole study. The endpoints
comprised clinical signs, body weight and food consumption, reproductive and fertility
parameters and developmental endpoints in the progeny. The 1 week cross-over mating
trial to determine the affected sex (Task 3) was not performed in this study, since no noted
impairment of fertility occurred.
Finally, in Task 4, the development of the offspring was investigated using the last litter
from Task 2. This progeny was reared, weaned and kept until mating (at 74 ± 10 days). At
sexual maturity, a male and female from different litters were mated. The examinations in
this phase were identical to the parents with the addition for checking the presence of a
copulatory plug. The body weights were measured and estrous cyclicity was monitored by
vaginal lavage 12 days prior to necropsy. In the males, epididymal sperm motility, sperm
morphology and sperm count were investigated. At termination, necropsy was performed,
organs were weighed and preserved for histopathology (especially reproductive organs).
The following effects were noted:
1,850 mg/kg bw/day:
3,950 mg/kg bw/day:
9,050mg/kg bw/day:

5 dams died unexpectedly during the Task 2 20-day period
reduced number of pups / litter; reduced dam weights; 4 dams
died unexpectedly during the Task 2 20-day period
reduced number of pups / litter; reduced dam weights; 9 dams
died unexpectedly during the Task 2 20-day period

Study authors' conclusion: NOAEL (fertility) = 8600/9500 mg/kg bw/day for male/female
mice.
Ref.: 9, 31
B.

Dermal reproduction toxicity screening tests

A short communication published in 1993 describes the assessment of the reproductive
toxic potential of Benzophenone-3 in male B6C3F1 mice after a 13-week repeated dermal
application of dosages of 0, 20, 100 and 400 mg/kg bw/day. Reproductive organ weights,
cauda epididymal sperm concentration, proportion of motile and abnormal sperm and
testicular spermatid concentration were determined and testicular histology was evaluated.
Since neither any effect on body weight gain nor any abnormalities in the measured
reproductive parameters were noted, the study authors conclude that topically applied
Benzophenone-3 has no reproductive toxic potential in male B6C3F1 mice at dosages up to
400 mg/kg bw/day.
Study authors' conclusion: NOAEL (reproduction) = 400 mg/kg bw/day for male and female
mice.
Ref.: 21
Finally, the results of the examinations of sperm morphology/motility and vaginal cytology
in the dermal sub-chronic toxicity studies as described under 3.3.5.2.B, revealed a decrease
in epididymal sperm density in the male mice. However, this finding is considered incidental

3

Stability of Benzophenone-3 in the diet : at least 3 weeks
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since there was no other effect on reproductive organs in the study, neither in the other
selective reproductive parameters, weight of the reproductive organs nor histopathological
examination. Therefore the NOAEL for the investigated reproductive effects in male and
female rats and mice was in each case considered the highest dose level applied, more
specifically 200 mg/kg bw/day for the rat and 364 mg/kg bw/day for the mouse.
Ref.: 30
3.3.8.2.

Teratogenicity - rat - oral

Date of study:
Guideline/method:
Species/strain:
Group size:
Test substance:
Batch:
Purity:
Dosage levels:
Route:
GLP/QAU:

01-16 November 2004
Annex V to Dir. 67/548/EEC, Method B.31; OECD Guideline 414
Crl : WI(Han) Wistar rat
25 mated females per dosage group
Benzophenone-3
101
99.8% (GC-FID)
0, 40, 200 and 1000 mg/kg bw/day
Oral (by gavage)
Signed documents available

Benzophenone-3 was administered as a suspension in corn oil to 25 time-mated female rats
per group by gavage at dosages of 40; 200 and 1,000 mg/kg bw/day on day 6 through day
19 post coitum (p.c.). A standard dose volume of 5 ml/kg body weight was used for each
group. The control group, consisting of 25 females, was dosed with the vehicle (corn oil) in
parallel. The oily test substance preparations were analyzed for stability prior to the study
and for correct concentrations and homogeneity.
Food consumption and body weights of the animals were recorded regularly throughout the
study period. The state of health of the animals was checked on a daily basis.
On day 20 post coitum all females were sacrificed and assessed by gross pathology
(including weight determinations of the unopened uterus and the placenta). For each dam,
corpora lutea were counted and number and distribution of implantation sites (differentiated
as resorptions, live and dead foetuses) were determined. The foetuses were removed from
the uterus, sexed, weighed and further investigated for external findings. Thereafter, nearly
one half of the foetuses of each litter were examined for soft tissue findings and the
remaining foetuses for skeletal (inclusive cartilage) findings.
The following effects were noted:
40 mg/kg bw/day:
200 mg/kg bw/day:
1,000 mg/kg bw/day:

no test-substance related effects on dams, gestational parameters
or foetuses
transient salivation in 3/25 rats immediately after dosing; no testsubstance related effects on gestational parameters or foetuses
transient salivation immediately after dosing; stained/reddish
coloured urine; reduced food consumption and body weight (gain);
slightly increased rates of foetuses/litter with skeletal variations
(incomplete ossification of different skull bones and cervical arch,
supernumerary 14th ribs(s)) and as a consequence increased rates
of total variations; no test-substance related effects on gestational
parameters

The performing laboratory concludes that Benzophenone-3 did not display any teratogenic
effect and that the NOAEL for maternal and prenatal developmental toxicity is
200 mg/kg bw/day.
Ref.: 11
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Overall conclusion of the submission authors on reproductive toxicity

Benzophenone-3 was shown to have no effect on fertility when tested up to very high dose
levels within a RACB (Reproductive Assessment by Continuous Breeding) study in mice. The
NOAEL for fertility was the highest investigated dosage level of 8600/9500 mg/kg bw/day in
male/female mice. Within this study the reproductive performance was affected in the form
of a slightly lower number of live pups at birth. Signs of developmental toxicity consisted of
impaired body weight/body weight gain of the pups. However, in any case these effects
were only noted at a dosage level with overt parental toxicity. Consequently, the NOAEL for
systemic, reproductive and developmental toxicity was 1800/1900 mg/kg bw/day in
males/females.
Repeated oral application of Benzophenone-3 for 13 weeks to rats and mice caused only
slight effects in selective parameters accompanied with overt systemic toxicity at the
highest investigated dosage levels of 3656/3261 mg/kg bw/day in male/female rats and
13937/18539 mg/kg bw/day in male/female mice). In rats, the epididymal sperm count was
reduced and a decreased absolute cauda, epididymal and testis weight as a consequence of
the reduced body weight was noted. In female rats, an increase in the length of the
oestrous cycle was noted. In mice, a decrease in the epididymal sperm count and an
increase the incidence of abnormal sperm was recorded, while female mice (as in rats)
revealed an increase in the length of the oestrous cycle. However, in rats and in mice, the
oestrous cyclicity was not affected. In any case, the next lower investigated dose level was
a clear NOAEL for the investigated reproductive parameters.
After subchronic dermal application for 13 weeks no clear or reliable effect on selective
reproduction parameter was noted and therefore, the NOAEL was in each case the highest
dose level applied, namely 200 mg/kg bw/d in rats and 364 mg/kg bw/d in mice. Although
in mice a decrease in the epididymal sperm count was reported at all investigated dose
levels, a relation to treatment is considered as very unlikely since in the oral study the
administration of dose levels up to 16-fold higher had no effect. Moreover, repeated dermal
application of Benzophenone-3 to male mice of another strain for the same period led to no
signs of reproductive toxicity up to the slightly higher dose level of 400 mg/kg bw/d. Thus,
the reported effect on the sperm count was finally considered as incidental.
A recent prenatal developmental toxicity study performed according to valid test guideline
and under GLP conditions with characterized test material resulted in marginal effect on few
components of the skeleton was at the high dose level in association with overt maternal
toxicity, the achieved NOAEL was 200 mg/kg bw/d for maternal and prenatal developmental
toxicity.
3.3.9.

Toxicokinetics

In a study published in 1986, the disposition of Benzophenone-3 in rats dosed orally,
intravenously and topically, has been investigated.
[14C]Benzophenone-3 was administered orally at dosages of 3, 28, 293 and 2570 mg/kg,
dermally at approximate dosages of 0.2, 0.6, 0.8 and 3.2 mg/kg and intravenously at a
dosage of 4.6 mg/kg. The dermal dosage of 0.6 mg/kg involved the use of a sunscreen
lotion as vehicle, while the other dermal dosage levels concerned alcoholic solutions of the
compound.
Through all routes and dosages, Benzophenone-3 appeared to be well-absorbed and urinary
secretion clearly showed to be the major route of elimination, followed by the faecal route.
Only trace amounts appeared to be measured in tissues after 72 hours.
The absorption rates did not differ between topical application of the compound in ethanol
compared to the sunscreen lotion, indicating that there is no major vehicle effect on the
dermal absorption of Benzophenone-3.
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Five metabolites were identified and mainly consisted of glucuronide and sulfate conjugates.
Ref.: 23, 30
A US research group published three papers in 1993-94 describing the metabolism and
disposition of Benzophenone-3 when administered orally in rats and mice and dermally in
the rat at a uniform single dosage of 100 mg/kg bw.
The same metabolites are detected in all cases: 2,4-Dihydroxybenzone (DHB), 2,2'dihydroxy-4-methoxybenzone (DHMB) and 2,3,4-trihydroxybenzophenone (THB). They
have been identified in their free and conjugated (glucuronidated or sulfonated) forms.
However, some species-differences became very clear. More specifically, in dermally or
orally exposed rats, the primary elimination route clearly is urine, followed by feces,
whereas in mice, the excretion was divided between urine and fecal routes. In addition, the
elimination from the plasma occurs via a biphasic model in the rat, while the mouse obeys a
one-compartment elimination model. There also appears to be a higher level of
accumulation in the rat liver and kidney compared to the mouse.
The authors attribute the major disparities in metabolism to the species-differences in
cytochrome P-450 isoenzyme expression patterns that exist between rats and mice.
In both species and for both exposure routes tested, Benzophenone-3 was rapidly
absorbed, metabolized and distributed.
Ref.: 49, 50, 52
The submission contains a paper of 2004 investigating the human dermal absorption and
effect on reproductive hormone levels of 3 UV-filters after a whole body topical application
of a highly concentrated sunscreen. In this study, 32 volunteers were treated with
2 mg/cm² of a basic cream formulation on a daily basis for 4 days during the first week,
followed by the same treatment regime with a sunscreen containing 30% of UV-filters in
total (10% 4-Methylbenzylidene Camphor, 10% Benzophenone-3 and 10% Ethylhexyl
Methoxycinnamate) during the second week. Blood was collected at several time intervals
on the first day of treatment and subsequently on a daily basis.
All three compounds were detected in their parent forms both in plasma (Benzophenone-3
up to 300 ng/ml) and urine, showing that there is a substantial skin penetration, dermal
uptake and urinary excretion in humans. The systemic concentrations achieved did not
affect any hormone level measured (testosterone, follicle-stimulating hormone, sex
hormone binding globulin, luteinizing hormone, estradiol) under the conditions of the test.
Ref.: 38
The results of a study of 2002 investigating the urinary content of Benzophenone-3 after
topical application to human volunteers can be considered as an indication for low
bioavailability. A commercial available sunscreen containing 4% Benzophenone-3 was
topically applied in an amount of 40 g to the average body area of 2.0 m² of each of 11
volunteers and urine samples were collected subsequently during 48 hours. Although the
urine is known as the major excretion route for absorbed and bioavailable material, only
0.4% (corresponding a median of 9.8 mg/volunteer) of the applied Benzophenone-3 dose
was recovered in the urine within the 48 hours sampling period.
Ref.: 33
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Photo-induced toxicity

3.3.10.1

Phototoxicity/photoirritation and photosensitisation

A.

SCCP/1069/06

In vitro phototoxicity

In the ECVAM4 validation study of the 3T3 Neutral Red Uptake Phototoxicity Test (3T3 NRU
PT), Benzophenone-3 was included in the battery of UV-filters employed to check the
accuracy and repeatability of the proposed in vitro assay.
The 3T3 NRU PT test makes use of Balb/c 3T3 mouse fibroblasts which are incubated for
60 minutes with several concentrations (usually eight) of the test compound. Thereafter the
cells are exposed to a sun simulator for 50 minutes. After 24 hours the neutral red uptake
(NRU) is measured and the respective EC50 values are defined as the concentrations of the
test material which cause 50% reduction of NRU compared to the untreated control
cultures. Subsequently the Photo Irritation Factor (PIF) is calculated. The PIF is defined as
the factor generated by comparing two equally effective cytotoxic concentrations (EC50) of
the test chemical obtained in the absence (-UV) and in the presence (+UV) of a
noncytotoxic irradiation with UVA/vis light [PIF = EC50(-UV) / EC50(+UV)]. If the PIF is ≥ 5,
the substance is considered phototoxic. If a chemical is only cytotoxic +UVA and not when
tested -UVA, the Mean Photo Effect (MPE) is calculated by a special computer software. In
case the MEP, a measure which is based on comparison of the complete concentration
response curves, is ≥ 0.1, the substance is considered phototoxic.
The validation study states that for Benzophenone-3 no animal data are available for
comparison. Out of the 11 laboratories who have tested the compound through the in vitro
3T3 NRU PT protocol, the results for Benzophenone-3 were below the respective cut-off
criteria for phototoxicity with the exception of one single PIF value of >2.7 and one MPE
value of 0.195 obtained by one single lab. This single event was considered as incidental.
Ref.: 61
Benzophenone-3 was tested in another 3T3 NRU phototoxicity test in Balb/c fibroblasts and
was found to be not phototoxic.
This conclusion was reinforced by the results of two separate photohemolysis and
haemoglobin photo-oxidation tests, respectively performed with human erythrocytes and
sheep red blood cells. Both assays showed that Benzophenone-3 had no phototoxic
potential.
Ref.: 48, 53
Some other in vitro methods including the use of Saccharomyces Cerevisiae or Escherichia
Coli plasmids as test organisms, showed Benzophenone-3 to be non-phototoxic.
Ref.: 40, 47
In vivo phototoxicity in guinea pigs
In a publication of 1999, the authors refer to a study published in 1974 in which the
phototoxic potential of Benzophenone-3 was examined in vivo in guinea pigs. Five albino
Hartley guinea pigs received a 0.05 ml aliquot of a 10% solution of Benzophenone-3 in
petrolatum on two dorsal sites of the previously shaven and depilated skin. One application
site was covered with aluminium foil. After 30 minutes, the uncovered site was irradiated
with ultraviolet light (UV-A) for 60 minutes. Skin reactions were assessed 24 and 48 hours
after irradiation, according to standard scoring systems (grade 0-4). No skin reactions were
seen in any animal at any application site at any time point.
Ref.: 48
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In vitro Photosensitisation

In vitro Photosensitisation (mechanistic in vitro test)
Viewing the fact that the 3T3 NRU PT study does not enable to make the distinction
between phototoxicity and photosensitisation, Benzophenone-3 was tested for its human
serum albumin photobinding and histidine photo-oxidation potential in a newly proposed
mechanistic in vitro test for the discrimination of the photo-allergic and photo-irritant
potential of various test substances. Benzophenone-3 revealed no phototoxic and no photoallergenic potential in this test.
Ref.: 45
In vivo Photosensitisation in rabbits
Although a short description of the test is provided in the submission summary, the
appropriate reference [25] is missing in the dossier.
The test was claimed to be negative.
Ref.: 25
Phototoxicity and photosensitisation : human data
The dossier contains very brief descriptions of three unpublished reports (1978-1980) on
the clinical safety assessment of sunscreens or other cosmetic products containing
Benzophenone-3 up to 3.5% (full compositions are unknown). These older reports were
supplied and assessed by the cosmetic ingredient review panel and published in the “Final
Report on the Safety Assessment of Benzophenones-1, -3, -4, 5, -9, and -11 (J. American
Coll. Toxicol., 2, 1983)”. The conclusion of these reports is that Benzophenone-3 appears to
have no phototoxic or photoallergenic potential when used as a cosmetic ingredient.
Ref.: 16, 29, 69
Finally, a number of publications of dermatological departments are available in which the
authors display the result of a photopatch test with a number of UV filters including
Benzophenone-3, in a population of patients with a history of photosensitisation. The results
of these studies are summarized in the following table:
Survey
period

19851990

19901993

# of
patients

187

108

Country
code

USA

IT

UV-filters tested

pos.*
reactions

Benzophenone-3

9

PABA**

1

Pentyl dimethyl PABA

2

Octyl Dimethyl PABA

5

Butyl MethoxyDibenzoylmethane
Benzophenone-3
PABA
Octyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane
Ethylhexyl-pmethoxycinnamate
Isoamylmethoxycinnamate
4-MBC

0

Ref

- most reactions to
sunscreens observed in last
3 years
- trend towards increasing
allergic response to
Benzophenone-3 over time

22

The authors conclude that
photocontact dermatitis
caused by Benzophenone-3
is becoming more frequent
confirming its increasing
diffusion.

70

4
1
0
0
2
0
0
0
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Survey
period

19821992

19811996

19901996

19901994

2002

19911997

# of
patients

283

402

355

370

1

1261

Country
code

DK

DE

SV

FR

USA

Central
EU

UV-filters tested
Benzophenone-3
PABA
Octyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane
Ethylhexyl-pmethoxycinnamate
Isoamyl-pmethoxycinnamate
4-MBC
Benzophenone-3
PABA
Octyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane
Ethylhexyl-pmethoxycinnamate
Isoamyl-pmethoxycinnamate
4-MBC
Benzophenone-3
PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane
Ethylhexyl-pmethoxycinnamate
4-MBC
Benzophenone-3
PABA
Octyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane

Ethylhexyl-pmethoxycinnama
te
Isoamyl-pmethoxycinnama
te
4-MBC

pos.*
reactions
35
3
14
0
5
3
0
0
9
2
2
13
32
4
10

Remarks

Ref

As in previous studies,
Benzophenone-3 is the major
cause for photocontact
dermatitis in tested patients
and photocontact dermatitis is
much more frequent than
contact dermatitis (practically
not observed).

67

Most of the photoallergic
reactions appear to occur in
the category of UVA
absorbers.
The authors advise to put in
place a registry for adverse
reporting of sunscreen agents
in general.

57

Photocontact reactions by far
outnumbered contact
reactions.

7

5
15
2
6
8
3
0
21
1
1
4
7

2

Most of the positive cases to
Benzophenone-3 were
diagnosed before 1993.
In France, the UV-filter is not
being used in sunscreens any
more; only in other cosmetics,
such as daily moisturisers.

39

One specific case where both
immediate and delayed
hypersensitivity against
Benzophenone-3 occurred.

43

0
1

Benzophenone-3

1

Benzophenone-3
PABA
Octyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane
Ethylhexyl-pmethoxycinnamate
Isoamyl-pmethoxycinnamate
4-MBC

8
3
0
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2
7
2
5
1
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* Positive reactions are restricted to photocontact allergy. Direct contact allergy is not
taken into account in these figures.
** PABA = Para-amino Benzoic Acid
Ref.: 22, 70, 67, 57, 7, 39, 43, 62
Conclusion of the submission authors

8 Phototoxicity/photoirritation in vitro and in vivo
In vitro Benzophenone-3 was comprehensively examined for its phototoxic potential within
the frame work of the EU/COLIPA validation process. In respect to the weight of evidence
Benzophenone-3 was proven to be not phototoxic in the 3T3 NRU assay, in the red blood
cells assay or in human primary keratinocytes in the presence or absence of artificial
sunlight. The failure to induce photohemolysis or photohaemoglobin oxidation was also
confirmed independently in a further published red blood cell phototoxicity test.
In vivo there exists also no indication for a phototoxic potential in guinea pigs or mice.
However, as the animals number in the guinea pig study was low and in mice, not primarily
the phototoxic effect but the protective effect of broad-spectrum sunscreens was
investigated, these investigations serve only for information.

8 Photosensitization in vivo
The study investigating this endpoint is only available as secondary citation and the results
should therefore be treated with caution. However, no photosensitization was reported after
topical treatment of albino rabbits with a sunscreen containing 6% Benzophenone-3.
Finally, Benzophenone-3 can be regarded to be of no concern for photo-induced toxicity for
humans.
Comment
The following publications were not included in the submission and have been added by the
SCCP:
Survey
period

19831998

20002002

# of
patients

2175

1155

Country
code

UK

UK
IRL
NL

UV-filters tested
Benzophenone-3
Benzophenone-10
PABA
Octyl Dimethyl PABA
Amyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isopopropyl
Dibenzoylmethane
Isoamylmethoxycinnamate
Ethylmethoxycinnamate
Ethylhexylmethoxycinnamate
Benzophenone-3
Benzophenone-4
PABA
Octyl Dimethyl PABA
Butyl MethoxyDibenzoylmethane
Isoamylmethoxycinnamate
Ethylhexylmethoxycinnamate
4-MBC

20012003

82

Colombia

pos.*
reactions
14
10
5
5
2
4
6
2
2
2
21
6
1
2
17
11
6

Remarks

Ref

The authors conclude that,
despite the large increase in
the use of UV-filters over the
last years, the development of
photo-allergic reactions
remains rare. Photopatch test
series should be regularly
reviewed and updated, but
meanwhile, there is no
evidence that photo-allergic
reactions represent a common
clinical problem.

A

The publication discusses the
methodology of photopatch
testing in general and does
not provide an assessment of
the potential photo-allergy of
the compounds tested.

B

3

Benzophenone-3
Octyl Dimethyl PABA
4-MBC

30

22
1
1

C
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Survey
period

# of
patients

Country
code

UV-filters tested
Ethylhexylmethoxycinnamate

pos.*
reactions

SCCP/1069/06

Remarks

Ref

8

* Positive reactions are restricted to photocontact allergy. Direct contact allergy is not
taken into account in these figures.
3.3.10.2

Photomutagenicity / photoclastogenicity

A. In vitro photomutagenicity : bacterial mutation assay
Date of study:
Guideline/method:
Test system:
Test substance:
Batch:
Purity:
Doses tested:
GLP/QAU:

October - December 2004
Annex V to Dir. 67/548/EEC, Method B.13/14; OECD Guideline 471
Salmonella Typhimurium strains TA1537, TA98, TA100 and TA102
Benzophenone-3
101
99.8% (GC-FID)
3; 10; 33; 100; 333; 1,000; 2,500 and 5,000 µg/plate
Signed documents available

Benzophenone-3 was investigated for its potential to induce gene mutations under
irradiation with artificial sunlight according to the plate incorporation test (experiment I)
and the preincubation test (experiment II) using the Salmonella typhimurium strains TA
1537, TA 98, TA 100, and TA 102. The test was performed in two independent experiments.
Each concentration, including the controls, was tested in triplicate and concentrations of 3;
10; 33; 100; 333; 1000; 2500; and 5000 µg/plate in experiment I of 10; 33; 100; 333;
1000; 2500; and 5000 µg/plate in experiment II were investigated. The test substance was
dissolved in DMSO. Prior to the main experiments, the induction of toxicity and
mutagenicity was investigated in a pre-experiment with all strains.
Toxic effects evident as a reduction in the number of revertants, were observed in the
preexperiment (without irradiation) and in both main experiments in nearly all strains used.
The plates incubated with the test item showed normal background growth up to 5000
µg/plate in all strains used. No substantial increase in revertant colony numbers of any of
the four tester strains was observed following treatment with Benzophenone-3 under
irradiation with artificial sunlight at any dose level. There was also no tendency of higher
mutation rates with increasing concentrations in the range below the generally
acknowledged border of biological relevance.
The sensitivity and validity of the test system used was demonstrated by the expected
induction of a significantly increased number of revertants with the appropriate positive
controls.
The study authors conclude that Benzophenone-3 did not induce gene mutations by base
pair changes or frameshifts in the genome of the bacterial strains used and was therefore
shown to be non-photomutagenic in this Salmonella typhimurium photomutagenicity test.
Ref.: 14
B.

In vitro photomutagenicity : chromosome aberration test

Date of study:
Guideline/method:
Test system:
Test substance:
Batch:
Purity:
Doses tested:
GLP/QAU:

November 2004 - February 2005
Annex V to Dir. 67/548/EEC, Method B.10; OECD Guideline 473
V79 Chinese Hamster lung cell lines
Benzophenone-3
101
99.8% (GC-FID)
3.1; 6.3; 12.5; 25.0; 50.0 and 75.0 µg/ml
Signed documents available
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Benzophenone-3 was investigated for its potential to induce structural chromosomal
aberrations in V79 Chinese Hamster cells in the absence and the presence of artificial
sunlight in two independent experiments. A xenon burner with an additional special filter
glass, emitting visible light and UVA/UVB light (ratio: about 30:1) > 290 nm was used as
light source. The cultures were pre-incubated with the test item for 30 min. After preincubation, the cultures were exposed to 225 mJ/cm² UVA (Exp. I and II) or 375 mJ/cm²
UVA (Exp. II). Three hours after start of treatment, the cultures were washed.
Corresponding cultures with the test item were kept in the dark for the 3 hrs exposure
period. The chromosomes were prepared 18 hrs (Exp. I) and 28 hrs (Exp. II) after start of
treatment. Two parallel cultures were investigated and at least 100 metaphase plates were
scored for structural chromosome aberrations in each culture, except for the positive
controls, where only 50 metaphase plates were scored.
The highest applied concentration in the pre-test on toxicity (2,230 µg/ml, approx. 10 mM)
was chosen with regard to the molecular weight of the test item in line with requirements of
the current OECD Guideline 473. Dose selection for the cytogenetic experiments was
performed considering the toxicity data and the occurrence of test item precipitation.
In the absence and the presence of irradiation, toxic effects were observed in both
experiments as indicated by clearly reduced mitotic indices or cell numbers of below 50 %
of control. However, partly concentrations showing clear cytotoxicity could not be scored for
cytogenetic damage. In Experiment I and II, in the absence and the presence of irradiation,
no biologically relevant increase in the number of cells carrying structural chromosomal
aberrations was observed after treatment. The statistically significant differences to the
solvent control were observed occasionally in this study but were considered as biologically
irrelevant due to the lack of dose-dependency and the values were clearly within the
respective historical control data ranges.
No relevant increase in the frequencies of polyploid metaphases was found after treatment
with the test item when compared to the controls and the range of the historical control
data.
The sensitivity of the system was demonstrated since the positive controls induced
statistically significant increases in cells showing structural chromosome aberrations.
The study authors conclude that Benzophenone-3 did not induce structural chromosome
aberrations in the absence or presence of artificial sunlight as determined by the
chromosomal aberration test in V79 Chinese Hamster cells and was thus shown to be nonclastogenic in this chromosomal aberration photomutagenicity test when tested up to
cytotoxic concentrations.
Ref.: 12
C.

Additional information

A publication of 2001 describes the plasmid-relaxation assay as a rapid screening system
for the detection of photogenotoxic chemicals. Benzophenone-3 showed to be negative in
this assay.
Ref.: 47
D. Conclusion
of
the
submission
photomutagenicity/photoclasto-genicity

authors

with

regard

to

Benzophenone-3 was tested in bacterial and mammalian test systems according to valid
testing guidelines and under GLP conditions with the characterized test material. No
photogenotoxic/photomutagenic potential was noted in the bacterial gene mutation assays
in Salmonella typhimurium strains and no photoclastogenic potential was recorded in the
chromosome aberration test in Chinese hamster V79 cells, both with and without
irradiation.
In addition, a published screening test revealed no indication that Benzophenone-3 may
cause DNA damage with or without irradiation.
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Human data

A human patch test (1965) showed that Benzophenone-3 was non-irritating to human skin
after 24 hours of patching [59].
In a modified Draize Shelanski Repeat Insult Patch Test performed in 1979, approximately
300 mg of the test material UV-95 was applied to patch sites to the backs or volar forearms
of 100 subjects at a concentration of 25% in petrolatum for ten alternate day 24 hour
periods under occlusion. After a seven day rest period, challenge patches with 25% of UV-9
in petrolatum were applied in the same manner to fresh sites on the backs or volar
forearms of all subjects for 24 hours. There were no instances of irritation or sensitisation
from the material in this test (scores remained 0 at all times) [41].
In 1978, a Human Repeat Insult Patch Test was performed with 2 sunscreen products called
Sun Tan Lotion and Protective Face Cream6. 24 hour occlusive patches with about 200 mg
of test substance were applied on the skin of 56 subjects, 10 times with a resting period of
24 hours in between. Ten to fourteen days after the last patch, the challenge patch was
applied. None of the products was considered capable of inducing significant irritation or
sensitisation [29].
Ref.: 59, 41
The submission summary contains a description of more than 10 human volunteer studies,
not performed with Benzophenone-3 as such, but with representative products (mostly
sunscreens) with a varying concentration of Benzophenone-3 (from 5% up to 10%). The
main purpose of these studies is described to be the investigation of the safe usage of these
products under enhanced and comprehensive use conditions. No irritation, allergic reaction,
photo-irritation or photo-allergy related to the use of the tested sunscreens was noted. The
full references of these studies are stated to be "available upon request".
Ref.: 76, 77, 78, 79, 80, 81, 82, 83, 85, 86, 87, 88, 89
3.3.12

Special investigations

Estrogenic potential
The submission authors state that this endpoint was not considered within this dossier since
there is a very intensive evaluation of the SCCNFP (Opinion on the Evaluation of Potentially
Estrogenic Effects of UV-filters adopted during the 17th plenary meeting of 12 June 2001)
available. The final conclusion was that based on the actual scientific knowledge, the
SCCNFP is of the opinion that the organic UV-filters used in cosmetic sunscreen products,
allowed in the EU market today, have no estrogenic effects that could potentially affect
human health.
Ref.: 56
Moreover, a recent study investigated whether 10% of Benzophenone-3 in a sunscreen
formulation and 10% of other UV filters were absorbed and influenced endogenous
reproductive hormone levels in humans after topical application. In this blinded study 32
healthy volunteers (15 young males and 17 postmenopausal females) received whole-body
topical application of 2 mg per cm² of basic cream formulation without (week 1) and with
(week 2) the sunscreens at 10% (wt/wt) daily. Benzophenone-3 was absorbed and
maximum plasma concentrations were 200 ng/ml for females and 300 ng/ml for males. In

5
6

Exact identity not stated.
Composition unknown for both products
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the urine, approximately 60 ng/ml was detected in females and 140 ng/ml in males The
exposure of the sunscreen containing 10% Benzophenone-3 caused no effect on either of
the examined hormones (FSH, LH, SHBG, estradiol, inhibin B, testosterone). Minor
variations observed were considered to reflect the known and normal biological variations.
Ref.: 38
3.3.13

Safety evaluation (including calculation of the MoS)

Not applicable.
3.3.14

Discussion

The safety of Benzophenone-3 for its usage in sunscreen products for over the counter
(OTC) products was first peer reviewed by the US FDA in 1978 [16]. Based on the data
available at that time the FDA expert panel classified Benzophenone-3 as safe and effective.
Subsequently, published and unpublished information on Benzophenone-3 including other
Benzophenones were reviewed by an expert panel and published as cosmetic ingredient
review (CIR) in 1983 [17]. The expert panel concluded on the basis of all available data and
clinical human experience that Benzophenone-3 is safe for topical application to human skin
in the present practices of use and concentrations in cosmetics.
Benzophenone-3 is a widespread UV-filter for which over the years a large amount of data
have been generated, many of them between 1970 and 1988. This is reflected in the
identification and physicochemical data section. The majority of the data are statements out
of the technical and material data sheets. Only a number of determinations (quantification
through capillary gas chromatography and part of the stability studies) have been
performed according to GLP, clearly mentioning the batch tested and accompanied by a full
description of the method. All other parameters are not individually referenced. Two of the
references with regard to the identification of the substance (74, 75), are only "available
upon request". They should have been included in the submission.
The quality of the toxicological dossier suffers from the fact that studies are often outdated
and/or only available as publications in journals, with the result that on several occasions
batch number and purity of the test substance are not mentioned, compositions of tested
formulations are unknown, etc. Nevertheless the submission summary provides a
comprehensive and well-structured overview of the available test descriptions and
publications.
The UV-filter displays a low acute toxicity profile with oral and dermal LD50-values exceeding
the classification limit of 2000 mg/kg.
Benzophenone-3 is not considered as being irritating to the skin and the eyes. The studies
to support this statement are unfortunately outdated and not performed according to
current guidelines and GLP, but the human data with the compound under in-use conditions
do not provide any indication of skin and eye irritation due to Benzophenone-3. Therefore
additional testing in this area does not appear to be necessary.
Benzophenone-3 has been extensively tested for its photoirritating potential in vitro during
the validation of the 3T3 NRU PT test and was found negative in the majority of cases.
With regard to the sensitising potential of the compound, two animal tests are available : a
guinea pig Magnusson Kligman Maximisation test of 1978 and a LLNA of 2005. Both indicate
that Benzophenone-3 is non-sensitising.
About 14 additional references, mainly consisting of repeated insult patch tests with
Benzophenone-3 containing test formulations, are stated to be "available upon request" and
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are described in the submission's summary. However, they do not add additional arguments
to the discussion.
In addition, the submission contains a number of reports of clinical trials with regard to the
photoallergenic potential of UV-filters in general. In each of these, a number of clear
positive reactions to Benzophenone-3 are described. In the current report, some extra
references on this issue have been added by the SCCP to the ones included in the
submission. Looking at the positive photoallergic reactions to Benzophenone-3, it must be
emphasized that the study population in all tests consisted of patients with a suggested
history of photocontact allergy. As a general rule, results of clinical trials should be followed
up in order to detect potential trends towards an increasing incidence of (photo)allergic
reactions to specific compounds.
In the case of Benzophenone-3, the presented publications clearly indicate that the UV-filter
is a photoallergen.
As far as the dermal absorption of Benzophenone-3 is concerned, some diverging results
have been obtained. An in vitro study of 1999 generates a dermal absorption value of
1.7 µg/cm² or 1.16% of the applied dose, but the test suffers several shortcomings (tested
concentration too low, solubility in receptor fluid not stated, composition of the tested
formulation unknown, skin preservation and storage details not given, purity of test
substance not stated, only one concentration tested, unusual contact time, insufficient skin
samples and no intermediate sampling). All other in vitro studies indicate "low dermal
absorption", but do not allow any quantitative determination.
Looking at the available in vivo human data, it is clear that Benzophenone-3 is absorbed
through the skin to a certain extent, but again quantification is impossible. In one human
study, where a 4% Benzophenone 3 sunscreen was applied at 2 mg/cm² on the whole body
surface, the absorption was considered to be as low as 0.4 %. In another study, in which a
sunscreen containing 10% Benzophenone-3 together with 10% 4-MBC and 10% Ethylhexyl
Methoxycinnamate, the absorption appears to be higher, but no exact values are stated and
the combination of the three UV-filters in one sunscreen at such high concentrations might
influence the result.
A more recent study added by the SCCP and not included in the submission, shows that a
sunscreen containing 4% of Benzophenone-3, could lead to a mean urinary excretion of
3.7% (1.2%-8.7%) of Benzophenone-3. However, in this study, again the compound was
combined with two other UV-filters, it was not tested at the maximum requested
concentration of 10% and other routes of excretion have not been considered.
Therefore, no conclusion can be drawn with regard to the dermal absorption of
Benzophenone-3.
After repeated oral administration of Benzophenone-3 in rats and mice, the most frequently
encountered adverse effects consist of some unspecific signs of systemic toxicity in the form
of reduced food consumption and retarded body weight gain, together with some effects on
the identified target organs being the kidney and the liver. These effects were partly
associated with changes in clinical chemistry. Very often the most susceptible parameter
was the increase in liver weight. The latter, however, without any histopathological
correlate, is not considered by the submission authors to reflect an adverse effect per se
but should be considered as an adaptive metabolic response which is known to be
reversible. Therefore, according to the submission, the oral NOAEL corresponds to
411 mg/kg bw/day.
With regard to the results of the dermal repeated dose studies, a dermal NOAEL of
200 mg/kg bw/day is put forward, on the assumption that deviations without dose-response
relationship and without correlated histopathological findings (e.g. the decreased
reticulocyte count, increased relative kidney weight, increased platelet count and whole
blood cell count in the 90d dermal study in rat) should not be taken into account.
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It should be noted that, taking the complete set of oral and dermal subacute and subchronic
toxicity studies together, the choice of the dosages may raise some questions. In the oral
studies, the dosages appear to be extremely high (up to 20,796 mg/kg bw/day) whereas
the dosage levels in the dermal studies appear to be very low (down to 7 mg/kg bw/day).
Even though the results indicate that Benzophenone-3 causes adverse effects at lower
dosages through the dermal route compared to oral administration, the dermal dosages
remain at the low side and this is also confirmed by the absence of clear toxicity signs at
the highest levels tested (as requested in the official EC B.9/OECD 410 and
EC B.28/OECD 411 testing guidelines).
A recently performed and well-described teratogenicity study in rat showed Benzophenone3 to be non-teratogenic under the conditions of the test. Only at the highest dosage level,
which also caused maternal toxicity, some skeletal aberrations were noted. The NOAELvalue for maternal and developmental toxicity was 200 mg/kg bw/day.
Instead of a 2-generation study, the submission contains some specific reproductive toxicity
parameter measurements made at the end of the subchronic toxicity studies described
earlier, together with the description of a reproduction screening assay according to the
"Continuous Breeding Protocol". Out of these results, a NOAEL value of 400 mg/kg bw/day
for reproductive toxicity, was extracted. Although the test is not commonly performed
within the EU regulatory framework and although a number of animals in all dosage groups
unexpectedly died, it does not seem to be acceptable from an ethical point of view, to
request a new 2-generation study with Benzophenone-3.
Toxicokinetic studies indicate that Benzophenone-3 is readily biotransformed into its three
major metabolites 2,4-Dihydroxybenzone (DHB), 2,2'-dihydroxy-4-methoxybenzone
(DHMB) and 2,3,4-trihydroxybenzophenone (THB), which have been identified in their free
and conjugated (glucuronidated or sulfonated) forms. Excretion in the rat primary occurs
via the urine, while in the mouse the fecal route appears to be equally important.
As far as the (photo)mutagenic/(photo)genotoxic potential of Benzophenone-3 is concerned,
the presented in vitro and in vivo assays indicate that the substance does not possess
(photo)mutagenic of (photo) genotoxic properties. With regard to the studies mentioned in
the US National Toxicology Program report, the full text references of the summarised tests
should have been provided.

4.

CONCLUSION

It is the opinion of the SCCP that insufficient data are presented to calculate the Margin of
Safety of Benzophenone-3 under the proposed conditions of use.
The following additional information is required:
-

A dermal absorption study with Benzophenone-3 under its in-use concentrations (up to
10%) according to OECD Guideline 428 combined with SCCP/0970/06.

These data are requested before end of March 2007.

5.

MINORITY OPINION

Not applicable

36

OPINION ON BENZOPHENONE-3

SCCP/1069/06

6.

REFERENCES

1.

American Cyanamid Company (ACC, 1976) Toxicity data –Rabbit skin irritation with
Ultraviolet Absorber No. 9, Wayne New Jersey, USA, not published but submitted by
CIR as unpublished data on benzophenone, appendix 2c (skin and eye irritation in
rabbits)
Avon Product Inc. (1979) –Guinea pig allergy study –the Magnusson-Kligman
maximization procedure, study code : GPA-11-78, Research and Product Quality,
Product Safety Department, Toxicology, Suffern, NY, USA, 21 February 1979, not
published but submitted to CIR as data on benzophenone, appendix 4a (sensitization
in Guinea pigs according to Kligman Maximization procedure)
BASF AG (1996) Photostability of oil-soluble UV-Absorbers, Uvinul M40
BASF AG (2004), Characterization of Benzophenone before start of toxicological
studies, GKA Kompentenzzentrum Analytik, BASF AG, Ludwigshafen, Germany, Study
No. 04L00126, 23 June 2004
BASF AG (2005) Technical Information, Uvinul, T-Lite and Z-Cote grades, MEMC
050103e-00/Page 1 of 28, May 2005
Beiersdorf (2005) Mixed physical-chemical data including solubilities
Berne B; Ros AM (1998) 7 years experience of photopatch testing with sunscreen
allergens in Sweden, Contact dermatitis; 38, 61-64
Bonin A. M., Arlauskas A. P., Angus D. S., Baker R. S. U., Gallagher C. R., Greenoak
G., Lane Brown M. M., Meher-Homji K. M. and Reeve V. (1982) UV-absorbing and
other sunprotecting substances : genotoxicity of 2-ethylhexyl P-methoxycinnamate,
Mutation Res., 105, 303-308
Chapin R., Gulati D. and Mounce R. (1997) 2-Hydroxy-4-mehoxybenzophenone, CAS#
131-57-7, Swiss CD-1 mice, at 0.0, 1.25, 2.5, and 5.0% in feed, Environmental
Health Research and Testing, Environ. Health Perspect., 105 (Suppl. 1), 313 –314
Chatelain E., Gabard B and Surber C. (2003) Skin penetration and sun protection
factor of five UV filters : Effect of the vehicle, Skin Pharmacol. Skin Physiol., 16, 28-35
Chemie Wirtschaftsförderungs GmbH (CWFG, 2005a) –Benzophenone 3 –Prenatal
developmental toxicity study in Wistar rats, oral administration, Experimental
Toxicology and Ecology, BASF AG, Ludwigshafen, Germany, BASF Project No.
30R0194/04025, unpublished data, 08 July 2005
Chemie Wirtschaftsförderungs GmbH (CWFG, 2005b)–Chromosome aberration test in
vitro : Photomutagenicity in Chinese hamster V79 cells with Benzophenone-3, RCC,
Cytotest Cell Research GmbH, Rossdorf, Germany, RCC-CCR Study No. 837702,
unpublished data, 18 May 2005
Chemie Wirtschaftsförderungs GmbH (CWFG, 2005c)–Local lymph node assay (LLNA)
in mice with Benzophenone-3, RCC, Cytotest Cell Research GmbH, Rossdorf,
Germany, RCC-CCR Study No. 837703, unpublished data, 03 November 2005
Chemie Wirtschaftsförderungs GmbH (CWFG, 2005d)–Photomutagenicity in a
Salmonella typhimurium reverse mutation assay with Benzophenone-3, RCC, Cytotest
Cell Research GmbH, Rossdorf, Germany, RCC-CCR Study No. 837701, unpublished
data, 18 May 2005
Chemie Wirtschaftsförderungs GmbH (CWFG, 2005e)–Analytical Report : Stability
analysis of Benzophenone-3 in doubly distilled water and DMSO, Experimental
Toxicology and Ecology, BASF AG, Ludwigshafen, Germany, BASF Project No.
01Y0194/048042, unpublished data, 09 May 2005
CIR data package supplied December 2003 including Fed. Reg., 43, 38206 –38268
(1978) and selected original reports supplied for CIR Expert Panel (1983) Final report
on the safety assessment of Benzophenones-1, -3, -4, -5, -9, and -11 J. American
Coll. Toxicol., 2(5), 35-77
CIR Expert Panel (1983) Final report on the safety assessment of Benzophenones-1, 3, -4, -5, -9, and -11 J. American Coll. Toxicol., 2(5), 35-77
Clothier R., Willshaw A., Cox H., Garle M., Bowler H. and Combes R. (1999) The use of

2.

3.
4.
5.
6.
7.
8.

9.
10.
11.

12.

13.
14.

15.

16.

17.
18.

37

OPINION ON BENZOPHENONE-3

19.

20.

21.

22.

24.

25.

26.

27.
28.
29.

30.

31.

32.

SCCP/1069/06

Human keratinocytes in the EU/COLIPA international in vitro phototoxicity test
validation study and the ECVAM/COLIPA study on UV filter chemicals, ATLA, 27, 247259
CTFA (Dec. 1979) Submission of data, unpublished data, appendix 7h (Human
phototoxicity and photosensitization) cited in CIR Expert Panel (1983) Final report on
the safety assessment of Benzophenones-1, -3, -4, -5, -9, and -11 J. American Coll.
Toxicol., 2(5), 35-77
CTFA (Feb. 1980) Submission of data, unpublished data, appendix 7f (Human
modified Draize RIPT) cited in CIR Expert Panel (1983) Final report on the safety
assessment of Benzophenones-1, -3, -4, -5, -9, and -11 J. American Coll. Toxicol.,
2(5), 35-77
Daston G. P., Gettings S. D., Carlton B. D., Chudowski M., Davis R. A., Kraus A. L.,
Luke C. F., Ouellette R. E., Re T. A., Hoberman A. M. and Sambuco C. P. (1993) Short
Communication, Assessment of the reproductive toxic potential of dermally applied 2hydroxy-4-methoxybenzophenone to male B6C3F1 mice, Fundam. Appl. Toxicol., 20,
120–124
DeLeo VA, Suarez SM, Maso MJ (1992) Photoallergic contact dermatitis : Results of
photopatch testing in New York, 1985 to 1990, Acta Dermatol., 128, 1513-1518 23. El
Dareer S. M., Kalin J. R., Tillery K. F. and Hill D. L. (1986) Disposition of 2-hydoxy-4methoxybenzophenone in rats dosed orally, intravenously, or topically, J. Toxicol.
Environ. Health, 19, 491 –502
Environmental Health Research and Testing (EHRT, 1987), 2-hydroxy-4methoxybenzophenone : Sperm morphology, vaginal cytology evaluation in rodents,
National Toxicology Programm, Contract No. NO1-ES-5026, Study No. SMVCE-87-095,
19 November 1987 (investigations were part of NTP sponsored subchronic studies in
rodents reported by French J. E. (1992)
FDA (Aug 25, 1978) Report on sunscreen drug products for over the counter Human
drugs, 32 Fed. Reg. 412 (photosensitization in albino rabbits, Human modified Draize,
SIPT, RIPT) cited in CIR Expert Panel (1983) Final report on the safety assessment of
Benzophenones-1, -3, -4, -5, -9, and -11 J. American Coll. Toxicol., 2(5), 35-77
Fernandez C., Marti-Mestres G., Ramos J. and Maillols H. (2000) LC analysis of
benzophenone-3 : II application to determination of in vitro and in vivo skin
penetration from solvents, coarse and submicron emulsions, J. Pharmaceutical
Biomedical Analysis, 24, 155–165
Fernandez C., Nielloud F., Fortune R., Vian L. and Marti-Mestres G. (2002)
Benzophenone-3 : rapid prediction and evaluation using non-invasove methods of in
vivo human penetration, J. Pharmaceutical Biomedical Analysis, 28, 57 –63
Fischer T, Bergström (1991) Evaluation of customers' complaints about sunscreen
cosmetics sold by the Swedish pharmaceutical company, Contact Dermatitis, 25, 319322
Food and Drug Research Labs (FDRL) (Nov. 1978) Final Report –Clinical safety
evaluation of two products (suntan lotion and face sunscreen), East Orange, New
Jersey, USA, not published but submitted by CIR as unpublished data on
benzophenone, appendix 7e and supplement (Human irritation and sensitization)
French J. E. (1992) NTP Technical Report on toxicity studies of 2-hyddroxy-4methoxybenzophenone (CAS No. 131-57-7) administered topically and in dosed feed
to F344/N rats and B6C3F1 mice, National Toxicology Program, National Institute of
Environmental Health Science, Research Triangle Park, NC 27709, NIH Publication No.
92- 3344, U. S. Department of Health and Human Services, Public Health Service,
National Institute of Health
Gulati D. K., Mounce R. C., Chapin R. E. and Heindel J. (1991) Final report on the
reproductive toxicity of 2-hydroxy-4-methoxybenzophenone (CAS No. 131-57-7) in
CD-1 Swiss mice, National Toxicology Program, National Institute of Environmental
Health Science, Research Triangle Park, NC 27709, Report No. T0195, U. S.
Department of Health and Human Services, Public Health Service, National Institute of
Health
Gupta V. K., Zatz J. L. and Rerek M. (1999) Percutaneous absorption of sunscreens

38

OPINION ON BENZOPHENONE-3

34.
35.

36.
37.

38.

39.
40.
41.

43.
44.

45.
46.
47.
48.
49.
50.

SCCP/1069/06

through Micro-Yucatan pig skin in vitro, Pharmaceutical Res., 16 (10), 1602 –1607 33.
Gustavson Gonzales H., Farbot A. and Larkö O. (2002) Percutaneous absorption of
benzophenone-3, a common component of topical sunscreens, Clinical Experimental
Dermatology, 27, 691-694
Hazleton Labs (Nov. 1953), Subacute feeding –Albino rats with Ultraviolet Absorber
No. 9, Virginia, USA, not published but submitted by CIR as unpublished data on
benzophenone, appendix 2a (acute dermal and subacute toxicity)
Hazleton Labs. (Oct. 1953), Acute oral administration –male albino rats with
UltravioletAbsorber No. 9, Virginia, USA, not published but submitted by CIR as
unpublished data on benzophenone, appendix 2b (acute oral toxicity in rats, eye
irritation in rabbits) including inter-office correspondence covering acute oral, acute
dermal, skin and eye irritation and repeated feeding, January 6, 1954
Hill Top Research Inc. (1980), The Salmonella/Microsomal assay for bacterial
mutagenic activity of Uvinul samples : N-35, M-40, MS-40, D-49, DS-49, 400 and N539 for BASF Wyandotte (Reference 80-0592-21)
Hombrowski S. (1968) Studies on the toxicity of additives applied in the domestic
production of plastics, 3. Acute and subacute toxicity of some Benzophenone
derivatives, Rosz. Panstw. Zakl. Hig., 19 (2), 179 –187 cited in CIR Expert Panel
(1983) Final report on the safety assessment of Benzophenones-1, -3, -4, -5, -9, and
-11 J. American Coll. Toxicol., 2(5), 35-77
Janjua NR, Mogensen B, Andersson AM, Petersen JH, Henriksen M, Skakkebæk NE,
Wulf HC (2004) Systemic Absorption of the Sunscreens Benzophenone-3, OctylMethoxycinnamate, and 3-(4-Methyl-Benzylidene) Camphor After Whole-Body Topical
Application and Reproductive Hormone Levels in Humans, J Invest Dermatol 123, 57 –
61
Journe F; Marguery MC; Rakotondrazafy J; El Sayed F; Bazex J (1999) Sunscreen
sensitization : a 5-year study, Acta dermato-venereologica, 79, 211-213
Kefala V., Kostara I., Karageorgiou H. and Varanos D. D. (1998) In vitro model for the
evaluation of sunscreen agents phototoxic activity, Epitheorese Klinikes Farmakologias
Kai Farmakokinetikes, International Edition, 12, 59 –62
Kligman A. M. (Feb. 1976), Synopsis report –Objective : To evaluate the irritancy and
sensitizing properties of : UV-9, 25% induction, 10% challenge in petrolatum, not
published but submitted by CIR as unpublished data on benzophenone, appendix 2d
42. Kligman L. H., Zheng P. and Kligman A. M. (1995) Photoirritation : A new
photobiologic phenomenon induced by long wavelength UVA radiation in hairless mice
treated with broad-spectrum sunscreens, Acta Derm. Venereol., 75, 205 – 211
Landers M, Law S, Storrs FJ (2003), Contact urticaria, allergic contact dermatitis and
photoallergic contact dermatitis from Oxybenzone, American J., Contact Dermatitis,
14, 33-34
Lewerenz H. J., Lewerenz G. and Plass R. (1972) Akute und subchronische
Toxizitätsuntersuchungen des UV-Absorbers MOB and Ratten [Acute and subchronic
toxicity studies with the UV absorbing agent MOB in rats], Fd. Cosmet. Toxicol., 10,
41 – 50
Lovell W. W. and Jones P. A. (2000) An evaluation of mechanistic in vitro tests for the
discrimination of photoallergic and photoirritant potential, ATLA, 28, 707 –724
Merck KGaA (2003), Cosmetic Ingredient Dossier, Eusolex®4360, October 2003 47.
Nakagawa Y. Takigawa Y. and Tanaka N. (2001) The rapid screening of
photogenotoxic compounds using photo plasmid-relaxation assay, Environ. Mutagen.
Res., 23, 107 –118
Okamoto Y., Ryu A. and Ohkoshi K. (1999) In vitro alternatives and phototoxicity
testing : I. Evaluation of in vitro phototoxicity assays, ATLA, 27, 639 –664
Okereke C. S. and Abdel-Rhaman M. S. (1994) Species differences in the disposition
of benzophenone-3 after oral administration in rat and mouse, Toxic Subst. J., 13, 239
–251
Okereke C. S., Abdel-Rhaman M. S. and Friedman M. A. (1994) Disposition of
benzophenone-3 after dermal administration in male rats, Toxicol. Letters, 73, 113 –
122

39

OPINION ON BENZOPHENONE-3
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

62.

63.
64.
65.
66.
67.
68.

69.
70.
71.
72.

SCCP/1069/06

Okereke C. S., Barat S. A. and Abdel-Rahman M. S. (1995) Safety evaluation of
benzophenone-3 after dermal administration in rats, Toxicol. Letters, 80, 61 –67
Okereke C. S., Kadry A. M., Abdel-Rhaman M. S., Davis R. A. and Friedman M. A.
(1993) Metabolism of benzophenone-3 in rats, Drug Metabolism Disposition, 21 (5),
788 –791
Pape WJW, Maurer T, Pfannenbecker U, Steiling W (2001) The red blood cell
phototoxicity test (photohaemolysis and haemoglobin oxidation) : EU/COLIPA
validation programme on phototoxicity (Phase II), ATLA 29, 145-162
Potard G., Laugel C., Baillet A., Schaefer H. and Marty J. P. (1999) Quantitative HPLC
analysis of sunscreens and caffeine during in vitro percutaneous penetration studies,
Int. J. Pharmaceutics, 189, 249 –260
Robinson S. H., Odio M. R., Thompson E. D., Aardema M. J. and Kraus A. L. (1994)
Assessment of in vivo genotoxicity of 2-hydroxy-4-methoxybenzophenone, Environ.
Molecular Mutagen., 23, 312 –317
SCCNFP, Opinion on the Evaluation of Potentially Estrogenic Effects of UV-filters
adopted by the SCCNFP during the 17th Plenary meeting of 12 June 2001 (http :
//europa.eu.int/comm/food/fs/sc/sccp/out145_en.html)
Schauder S, Ippen H (1997) Contact and photocontact sensitivity to sunscreens :
Review of a 15-year experience and of the literature, Contact Dermatitis, 37, 221-232
Shelanski M. V. and Gittes H. R. (1964) Acute oral toxicity study, Industrial Biology
Laboratories Inc. on behalf of General Aniline & Film Corporation
Shelanski M. V. and Gittes H. R. (1965) Primary skin irritation study, Industrial Biology
Laboratories Inc. on behalf of General Aniline & Film Corporation
Shelanski M. V. and Gittes H. R. (1965) Rabbit eye irritation study, Industrial Biology
Laboratories Inc. on behalf of General Aniline & Film Corporation
Spielmann H., Balls M., Dupuis J., Pape W. J., Pechovitch G., De Silva O., Holzhüter H.
G., Clothier R., Desolle P., Gerberick F., Liebsch M., Lovell W. W., Maurer T.,
Pfannenbecker U., Potthast J. M., Csato M., Sladowski D., Steiling W. and Brantom P.
(1998) The international EU/COLIPA in vitro phototoxicity validation study : Results of
phase II (blind trial). Part 1 : The 3T3 NRU Phototoxicity test, Toxicology in vitro, 12,
305-327
Spielmann H., Müller L, Averbeck D, Balls M., Brender-Schwaab S, Castell JV, Curren
R, DeSilva O, Gibbs NK, Liebsch M, Lovell WW, Merk HF, Nash JF, Neumann NJ, Pape
WJW, Ulrich P, Vohr HW (2000) The second ECVAM Workshop on phototoxicity
testing : The report and recommendation of ECVAM Workshop 42, ATLA, 28, 777-814
Symrise (2004a), Analytical specification, NEO HELIOPANE®BB, 15 April 2004
Symrise (2004b), GC-MS, 11 May 2004
Symrise (2005a), Fiche De Donnes De Securite, 11621ONHBB, 02 August 2005
Symrise (2005b), Product Information, 11621ONHBB_doppelt, 02 August 2005
Szczurko C; Dompmartin A; Michel M; Moreau A; Leroy D (1994) Photocontact allergy
to oxybenzone : ten years of experience, Photodermatology, photoimmunology &
photomedicine; 10, 144-147
Technical Report, prepared by GAF based on studies of IBL, Shelanski M., Philadelphia,
Pennsylvania, USA cited as IBL. (Apr. 1967), submitted by CFTA as unpublished data,
appendix 1h (eye irritation in rabbits, human SIPT) in CIR Expert Panel (1983) Final
report on the safety assessment of Benzophenones-1, -3, -4, -5, -9, and -11 J.
American Coll. Toxicol., 2(5), 35-77
Testkit Laboratories, Inc. (1980) Test –Phototoxicity study 80-15A with Lotion CLE 0318, New York 10022, USA
Trevisi P; Vincenzi C; Chieregato C; Guerra L; Tosti A (1994) Sunscreen sensitization :
a three-year study, Dermatology, 189, 55-57
Wissing S. A. and Müller R. H. (2002) Solid lipid nanoparticles as carrier for
sunscreens : in vitro release and in vivo skin penetration, J. Controlled Release, 81,
225 –233
Yener G., Hadgraft J. and Pugh W. J. (1998) Penetration of two sunscreens in various
formulations through a synthetic membrane as compared to Human skin in vitro, Acta
Pharmaceutica Turcica, XXXX, (1), 27 –32

40

OPINION ON BENZOPHENONE-3
73.
A.
B.

C.
D.

SCCP/1069/06

Zeiger E., Anderson B., Haworth S., Lawlor T., Mortelmans K. and Speck W. (1987)
Salmonella mutagenicity tests : III. Results from testing 255 chemicals, Environ.
Mutagen., 9 (Suppl. 9), 1 –110
Darvay A., White I.R., Rycroft R.J.G., Jones A.B., Hawk J.L.M. and McFadden J.P.
(2001) Photoallergic contact dermatitis is uncommon, Br. J. Dermatol., 145, 597-601
Bryden A.M., Moseley H., Ibbotson S.H., Chowdhury M.M.U., Beck M.H., Bourke J.,
English J., Farr P., Foulds I.S., Gawkrodger D.J., George S., Orton D.I., Shaw S.,
McFadden J., Norris P., Podmore P., Powell S., Rhodes L.E., Sansom J., Wilkinson M.,
van Weelden H. and Ferguson J. (2006) Photopatch testing of 1155 patients of the
U.K. multicentre photopatch study group, Br. J. Dermatol., 155, 737-747.
Rodriguez E., Valbuena M.C., Rey M. and Porras de Quintana L. (2006), Causal agents
of photoallergic contact dermatitis diagnosed in the national institute of dermatology
of Colombia, Photodermatol. Photoimmunol. Photomed., 22, 189-192
Gonzalez H., Farbrot A., Larkö O. and Wennberg A.-M. (2006), Pecrutaneous
absorption of the sunscreen benzophenone-3 after whole-body applications, with and
without ultraviolet irradiation, Br. J. Dermatol. 154, 337-340.

41

