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1. Terms of Reference 
 
1.1 Context of the question 
 
The adaptation to technical progress of the Annexes to Council Directive 76/768/EEC of 27 July 
1976 on the approximation of the laws of the Member States relating to cosmetic products. 
  
Commission Directive 95/34/DC of 10 July 1995 amended Annex II, reference number 358 as 
follows: “Furocoumarines (e.g. trioxysalan, 8-methoxypsoralen, 5-methoxypsoralen) except for 
normal content in natural essences used. In sun protection and in bronzing products, 
furocoumarines shall be below 1 mg/kg.” The technical adaptation was based on an opinion 
adopted by the Scientific Committee on Cosmetology (SCC) in 1990. Furocoumarines are 
recognized to photomutagenic and photocarcinogenic. The SCC had not been able to conclude 
from the available scientific, technical and epidemiological data at that time that the association 
of protective filters with furocoumarines would guarantee the safety of sun protection and 
bronzing products containing furocoumarines above a minimum level. Therefore, in order to 
protect public health, furocoumarines were limited to less than 1 mg/kg (1 ppm) in these 
products.  
 
The European Commission received in July 2003 a letter from Jean-Jacques Goupil indicating 
that new documents on the safety and efficacy of sun protection and bronzing products with an 
efficient dose of 15 to 60 ppm 5-methoxypsoralen had been transmitted to Health and Consumer 
Protection DG. Dr. Patricia Martin-Lamanthe supported the request by another letter in July 
2003.  
 
 
1.2 Request to the SCCNFP 
 
The SCCNFP is requested to answer the following question : 
 

• Does the data provided justify a higher limit for furocoumarins in sun protection and 
bronzing products? 

• If yes, which limit for furocoumarines is scientifically justified in sun protection and 
bronzing products in association with UV-filters?  

 
 
1.3 Statement on the toxicological evaluation 
 
The SCCNFP is the scientific advisory body to the European Commission in matters of 
consumer protection with respect to cosmetics and non-food products intended for consumers. 
 
The Commission’s general policy regarding research on animals supports the development of 
alternative methods to replace or to reduce animal testing when possible.  In this context, the 
SCCNFP has a specific working group on alternatives to animal testing which, in co-operation 
with other Commission services such as ECVAM (European Centre for Validation of Alternative 
Methods), evaluates these methods. 
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The extent to which these validated methods are applicable to cosmetic products and its 
ingredients is a matter of the SCCNFP. 
 
SCCNFP opinions include evaluations of experiments using laboratory animals; such tests are 
conducted in accordance with all legal provisions and preferably under chemical law regulations.  
Only in cases where no alternative method is available will such tests be evaluated and the 
resulting data accepted, in order to meet the fundamental requirements of the protection of 
consumer health. 
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2. Toxicological Evaluation and Characterisation 
 
The present Opinion will primarily deal with questions concerning photomutagenicity and 
photocarcinogenicity of the furocoumarines 5-methoxypsoralen and 8-methoxypsoralen.  
 
 
2.1.  General 
 
2.1.1.  Primary name 
 
5-Methoxypsoralen (5-MOP) 
 
8-Methoxypsoralen (8-MOP) 
 
2.1.2.  Chemical names 
 
5-MOP 
Chem. Abstr. Name:  4-Methoxy-7H-furo[3,2-g][1]benzopyran-7-one 
IUPAC Systematic Names:  6-Hydroxy-4-methoxy-5-benzofuranacrylic acid, δ-lactone; 
4-methoxy-7H-furo[3,2-g][1]benzopyran-7-one 
 
8-MOP 
Chem. Abstr. Name: 7H-Furo [3,2g] [1] benzopyran-7-one, 9-methoxy- 
IUPAC Systematic Name: 9-Methoxy-7H-furo[3,2g] benzopyran-7-one; 6-Hydroxy-7-
methoxy-5-benzofuranacrylic acid δ-lactone 
 
2.1.3.  Trade names and abbreviations 
 
5-MOP 
Bergaptan; bergapten; bergaptene; heraclin; majudin; 5-methoxy-6,7- 
furanocoumarin 
 
8-MOP 
6,7-furocoumarin; 9-methoxypsoralen; metoxsalen; oxypsoralen 
 
Ammoidin; Meladinin (VAN); Meladinine; Meladoxen; Meloxine: 
Methoxa-Dome; Mopsoralen; Oxsoralen; Soloxsalen; Trioxun; Xanthotoxin; 
Xanthotoxine 
 
 
2.1.4.  CAS no. and EINECS no. 
 
5-MOP 
CAS no : 484-20-8 
EINEC no : 207-604-5 
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8-MOP 
CAS no : 298-81-7 
EINEC no : 206-066-9 
 
2.1.5.  Structural formula 
 
5-MOP 
 

8-MOP  

          
 
2.1.6.  Empirical formula and molecular weight 
 
5-MOP 
C12H8O4  Mol.wt: 216.19 
 
8-MOP 
C12H8O4  Mol.wt: 216.19 
 
 
2.1.7.  Purity, composition and substance codes 
 
One preparation of 5-MOP contained 7.3% of a dimethoxypsoralen isomer 
8-MOP is available in USA as a USP grade with 98.0-102.0% active substance 
 
2.1.8.  Physical properties 
 
5-MOP 
Subst. Code : / 
Appearance : Needles when crystallized from ethanol 
Melting point : 188oC with sublimation 
Boiling point : / 
Density  : / 
Rel. vap. dens. : / 
Vapour Press. : / 
Log Pow  : / 
Flash point  : / 
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8-MOP 
Subst. Code : / 
Appearance : White to cream-coloured, odourless, fluffy, needle-like crystals 
Melting point : 143-148°C 
Boiling point : / 
Density  : / 
Rel. vap. dens. : / 
Vapour Press. : / 
Log Pow  : / 
Flash point  : / 
 
 
2.1.9.  Solubility 
 
5-MOP 
Practically insoluble in water, slightly soluble in glacial acetic acid, benzene and warm phenol, 
soluble in absolute ethanol. 
 
8-MOP   
Practically insoluble in cold water; sparingly soluble in boiling-water and diethyl ether; soluble 
in boiling ethanol, acetone, acetic acid, vegetable oils, propylene glycol, benzene and 
chloroform. 
 
 
2.2  Function and Uses 
 
Furocoumarins constitute a family of natural chemicals present in different plant extracts. These 
plant extracts are widely used as ingredients in fragrances.  
 
Due to the phototoxic, photomutagenic and photocarcinogenic properties reported for certain 
furocoumarins, they are not permitted for use in cosmetic products as such, except for the normal 
content in natural essences if the total concentration of furocoumarin-like substances in the 
finished cosmetic product does not exceed 1 ppm.  
 
These agents are used as drug in combination with UVA to treat skin diseases.  
 
 
 
  
  TOXICOLOGICAL CHARACTERISATION 
 
The present opinion will primarily deal with the photomutagenic and photocarcinogenic 
properties of 5-MOP and 8-MOP. 
  
 
2.3.   Toxicity 
 
Not evaluated. 
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2.4.  Irritation & corrosivity 
 
Not evaluated. 
 
 
2.5.  Sensitisation 
 
Not evaluated. 
 
 
2.6.  Reproductive toxicity 
 
Not evaluated. 
 
 
2.7.  Toxicokinetics (incl. Percutaneous Absorption) 
 
Not evaluated. 
 
2.8.  Genotoxicity 

  
5-MOP tested in the absence of UVA, was reported to be weakly mutagenic to bacteria. 

Ref. : 3 
8-MOP tested in the absence of UVA, induced mutation in bacteria, but inconclusive results 
were obtained with respect to chromosomal aberrations and sister chromatid exchanges in human 
cells in vitro, gene mutation and DNA damage in rodent cells in vitro and mutation in yeast. 

Ref. : 3 
 
2.9.  Carcinogenicity 
 
 
2.9.1.  Animal studies 
 
5-MOP  
IARC has concluded that the studies available were inadequate to evaluate the local and 
systemic carcinogenicity of 5-MOP itself. 

Ref. : 1, 3 
8-MOP 
IARC has concluded that when 8-MOP was tested alone in mice by intraperitoneal 
administration or by skin painting, it did not induce skin tumours. The studies were inadequate to 
evaluate the systemic carcinogenicity of 8-MOP. 

Ref. : 2, 3 
 
2.9.2.  Human studies 
 
One small survey showed no excess prevalence of skin tumors in workers in the bergamot oil 
(contain 0.23% 5-MOP and 2.2% bergamottin. 8-MOP not detected), production industry, but 
this study had methodological weaknesses. See also section 2.10.4.2. 

Ref. : 1, 3 
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2.10.  Special investigations 
 
2.10.1.  Photochemical properties 
 
Not evaluated. 
 
2.10.2. Photosensitisation / Photoallergy 
 
Not evaluated. 
 
2.10.3. Photomutagenicity/photocarcinogenicity 
 
2.10.3.1.  Photomutagenicity/Genotoxicity, in vitro 
 
Table 1 summarises in vitro photogenotoxic data for some furocoumarines and the classification 
by IARC.  
 
Table 1. Overall assessment of data from bacteria (or isolated DNA) and mammalian cells from 
short-term in vitro tests in the present of UVA (320 – 400 nm [max 355 nm]) irradiation and 
degree of evidence for animal carcinogenesis (A) and activity in short-term tests (G).  
Fungi/Green plant and Insects not included in the Table. 

 

Substance 
 

Organism 
 

DNA 
damage

 

 
Muta-
tion 

 
Chromoso-
mal effects 

 
IARCA 

A  G 

Angelicin Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+ 

+  
+ 

L  S 

5-Methyl-
angelicin 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+3 

+ 
+ 

 
+ 

L  S 

4,4’-Dimethyl-
angelicin 

Bacteria (or isolated DNA) 
Mammalian cells 

+ +  N  L 

4,5’-Dimethyl-
angelicin 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+ 

+ 
+ 

 L  S 

4,4’,6-Trimethyl-
angelicin 

Bacteria (or isolated DNA) 
Mammalian cells 

+ +  N  I 

3-Carbethoxy-
psoralen 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+1 

 
+ 

 
+ 

N  S 

5-Methoxy-
psoralen 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+ 

+ 
+ 

 
+ 

S  S 

8-Methoxy-
psoralen 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+ 

+ 
+ 

 
+ 

S  S 

Pyrido[3,4-c]-
psoralen 

Bacteria (or isolated DNA) 
Mammalian cells 

+  
+2 

 
+ 

I  S 

7-Methylpyrido-
[3,4-c]psoralen 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+ 

 
+2 

 
+ 

I  S 

4,5’,8-Trimethyl-
psoralen 

Bacteria (or isolated DNA) 
Mammalian cells 

+ 
+ 

+  
+ 

I  S 
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ADegree of evidence in evaluation by IARC. S = Sufficient evidence, L = Limited evidence, I = Inadequate 
evidence N = No data. 

 
1Gunther EJ, Yeasky TM, Gasparro FP, Glazer PM. Mutagenesis by 8-methoxypsoralen and 5-methylangelicin 
photoadducts in mouse fibroblasts: Mutations at cross-linkable sites induced by monoadducts as well as cross-links. 
Cancer Res 55: 1283-1288, 1995. 
 
2Moysan A, Vigny P, Dardalhon M, Averbeck D, Voituriez L, Cadet J. 3-Carbethoxypsoralen-DNA photolesions: 
Identification and quantitative detection in yeast and mammalian cells of the two cis-syn diastereoisomers formed 
with thymidine. Photochem Photobiol 47: 803-808, 1988. 
 
3Papadopoulo D, Moustacchi E. Mutagenic effects photoinduced in normal human lymphoblasts by a 
monofunctional pyridopsoralen in comparison to 8-methoxypsoralen. Mutat Res 245: 259-266, 1990. 
 

Ref. : 1, 3 
 

5-MOP 
Table 2 show results from in vitro photogenotoxic studies with 5-MOP + UVA radiation. 
 
Table 2.   

 
Ref. : 4 

 
The lowest doses giving a genotoxic response are given in ppm in column 6. It is apparent that 
for 12 of the 23 tests listed, the lowest dose giving a genotoxic response was of the order of 1 
ppm or lower. The lowest doses giving response were found for mutation in CHO cells (0.3 
ppm) and prophage induction (0.005 ppm).   
 
In a later study using human lymphocytes increased chromosome aberrations were found with 
0.001 ppm 5-MOP. 

Ref. : 5 
 
 
Table 3 show results from in vitro photogenotoxic studies with 8-MOP + UVA radiation. 
 
 
 
Table 3. 



SCCNFP/0765/03 
 

Evaluation and opinion on Furocoumarins in sun protection and bronzing products 
____________________________________________________________________________________________ 

10 

    
 

Ref. : 4 
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The lowest doses giving a genotoxic response are given in ppm in column 6. It is apparent that 
for 30 of the 93 tests listed, the lowest dose giving a genotoxic response was of the order of 1 
ppm or lower. The lowest doses giving response were found for mutation in CHL V79 cells 
(0.03 ppm) and sister chromatid exchange in human lymphocytes (three different experiments 
0.004 – 0.01 ppm).   
 
Solutions of either calf thymus DNA or poly(dA-dT) containing 5-MOP or 8-MOP (0.18 mM) 
were exposed to 419 nm light for 2 h at 4oC. The psoralen intercalate with DNA based pairs and 
the studies showed that the photochemical properties of 5-MOP and 8-MOP were similar. The 
primary photoproduct was 4’,5’-monoadducts. The 4’,5’-monoadducts were converted to 
crosslinks when the samples were subsequently exposed to UVA radiation (1 and 2 J/cm2).  

Ref. : 6 
 
 
2.10.3.2.  Photomutagenicity/genotoxicity, in vivo 
 
5-MOP 
Four skin type I volunteers and three skin type II volunteers received, to previously untreated 
sites (approximately 1 cm2) on their buttocks, 10 daily tanning exposure of 0.7 MED (minimal 
erythema dose) over 14 days using either a) SSR (solar simulated radiation) alone, b) sunscreen 
+ SSR, or c) sunscreen + 5 MOP (30 ppm) + SSR; 1 week later there were challenge with 2 
MED SSR. The sunscreen lotion contained 2-ethylhexyl-4’-methoxycinnamate (5%). DNA 
damage was measured on fixed skin sections by use of monoclonal antibodies to thymidine 
dimers. Unscheduled DNA synthesis (UDS) was measured by incubation of sliced skin with 
methyl3H thymine followed by autoradiography. The result showed a significant level of 
protection by the 5-MOP sunscreen tanning regimes. The protection was seen for both UDS and 
thymine dimers formation and was observed both with skin type II and I volunteers.  

Ref. : 7 
 

Sites of previously unexposed buttock skin of eight human volunteers (skin type II) were treated 
daily for 3, 5, 8, or 10 days with suberythemogenic doses of solar-simulated radiation (SSR) in 
the presence of a UVB sunscreen containing 2-ethylhexyl-4’-methoxycinnamate (2%), 1-7,7-
trimethyl-3-(4-methylbenzylidene)bicyclo-[2,2,2]-2-heptanone (1%) and 5-MOP (30 ppm), or 
daily for 10 days with SSR + the same sunscreen without 5-MOP. One week after cessation of 
treatment, these sites together with a control-unexposed site, were challenged with 2 minimal 
erythema doses (2 MED) of SSR. Biopsy samples were taken within 15 min of the challenge 
dose and were incubated for 1 h in tritiated thymidine. UV-induced DNA damage was measured 
indirectly by unscheduled DNA synthesis (UDS), and directly using a monoclonal antibody to 
thymine dimers. The level of pigmentation was assessed in sections in a semiquantitative fashion 
with Masson-Fontana staining, and the number of layers in the stratum corneum was used to 
assess changes in epidermal thickness. It was found that 5-MOP showed a photochemoprotection 
after three to five daily exposures with a maximum after eight daily exposures. The onset of this 
protection coincided with increases in melanin and in stratum corneum thickness. In an 
extension of this study, it was found that 10 daily exposures, 5-MOP photochemoprotection 
declined at a rate of about 5% per week. The authors point out that there was a good correlation 
between the photochemoprotection endpoints of UDS and thymine dimer levels. 

Ref. : 8 
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Comment 
The above experiments were unable to provide information on the question of whether 5-MOP 
photochemoprotection was mediated by an increase in melanin pigmentation or stratum corneum 
thickness or a combination of both.  
 
 
IARC has reported 6 experiment in vivo with 8-MOP 
Injection 8-MOP at a dose of 5 mg/kg bw together with UVA irradiation enhanced sister 
chromatid exchange in hamster. In 4 experiments with humans at doses up to between 0.6 and 
0.8 mg/kg bw 8-MOP together with UVA, no enhancement in sister chromatid exchange was 
found. Likewise in 1 experiment with 0.7 mg/kg bw 8-MOP together with UVA, no 
enhancement in chromosome aberrations was found.       

Ref. : 4 
 
2.10.4.  Photocarcinogenicity 
 
2.10.4.1.  Animal studies 
 
5-MOP 
5-Methoxypsoralen was tested in mice by skin application in combination with ultraviolet A 
radiation or solar-simulated radiation, producing skin papillomas and carcinomas; in these 
studies, no or few skin tumors were observed with ultraviolet A radiation or solar-simulated 
radiation alone.  IARC concludes that there is sufficient evidence for carcinogenicity of 5-MOP 
+ UVA radiation in experimental animals. 

Ref. : 1, 3 
 
A study on the effect of UVA irradiation on mice after application of a UVB sunscreen 
containing 5-MOP is described in more details below.  
 
Mouse 
Groups of 15 female HRS/J hairless albino mice, eight weeks old, received skin application of 4 
µL/cm2 Sun System III oil (containing 25 ppm 5-MOP and ethyl hexyl-p-methoxycinnamate as 
UVB screen) on their backs on five days per week for 20 weeks. The mice were immobilized for 
60 min after each application and were irradiated with UVA  Groups received 2.5 × 104 , 5 × 104 
or 10 × 104 J/m2 UVA radiation. One control group of 15 mice received applications of Sun 
System III oil only, and another group of six mice received UVA irradiation only (10 × 104 
J/m2). The number of tumors > 1 mm in diameter per surviving mouse at 44 weeks of 
observation was dependent on the dose of radiation: 0.8 tumors at 2.5, 3.5 tumors at 5 and 8 
tumors at 10 × 104 J/m2; the percentages of animals with two or more tumors at that time were 
13 at 2.5, 86 at 5 and 100 at 10 × 104 J/m2. At 44 weeks, 15/15, 14/15 and 9/15 animals were 
still alive in the three groups, respectively. By 52 weeks, some of the tumors had developed into 
large invasive tumors fixed to underlying tissue, especially in the group receiving the highest 
dose of radiation. Histological examination showed that atypical squamous-cell papillomas had 
progressed to invasive squamous-cell carcinomas. A shorter latency period for tumour 
development was seen with larger UVA doses. Control groups (SS III without UVA and UVA 
without SS III) remained free of tumours. 

Ref. : 9 
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Comment 
The experiment showed that a sunscreen (UVB screen) containing 5-MOP enhanced tumour 
formation in mice exposed to UVA radiation. 
 
 
8-MOP 
8-Methoxypsoralen was tested by oral and intraperitoneal administration and by skin application 
in combination with ultraviolet A radiation in mice, producing epidermal and dermal tumors. 
IARC concludes that there is sufficient evidence for carcinogenicity of 8-MOP + UVA radiation 
in experimental animals. 

Ref. : 2, 3 
 

A study with both 5-MOP and 8-MOP is described in more details below. 
 
Mouse 
Groups of 20 male and 20 female hairless albino mice, eight to ten weeks old, received topical 
applications of 0.01% (100 ppm) or 0.03% (300 ppm) solutions of 5-MOP or 8-MOP (purity, 
100%) in 70:30 (v/v) BP-grade arachis oil and isopropyl myristate on both flanks on five days 
per week for up to 37 weeks. After each application, the animals were immobilized for 30 min 
and then received simulated solar irradiation (SSR) for 50 min. The estimated daily dose of 
irradiation was 1.7 × 104 J/m2, of which approximately 400 J/m2 were UVB radiation. Seven 
control groups were either left untreated or were treated with vehicle alone, arachis oil alone, 
simulated solar irradiation alone, vehicle plus irradiation, or applications of 0.03% 5-MOP or 
0.03% 8-MOP without irradiation. Mortality rates and mean numbers of skin tumours > 1 mm in 
diameter per surviving animal after 26 weeks of treatment are summarized in Table 4. A random 
sample of tumours was examined histologically, and 83% of the skin tumours in the group 
treated with 5-MOP and irradiation were found to be papillomas. Trend tests using life-table 
methods indicated a positive dose-related trend in incidence for treatment with either 5-MOP (p 
< 0.01) or 8-MOP (p < 0.01) in combination with simulated solar radiation.  

 
 
Table 4. Total and mean no. of skin tumours per mouse surviving at 26 weeks 
 
Treatment Total no. of tumors 

No. of surviving mice 

 
Mean no. of tumors/mice 

No treatment 2/40 0.05 
Vehicle alone 1/31 0.03 
Arachis oil alone 8/39 0.2 
SSR alone 18/33 0.5 
Vehicle + SSR 14/39 0.4 
8-MOP alone (0.03%) 6/26 0.2 
5-MOP alone (0.03%) 5/31 0.2 
8-MOP (0.03%) + SSR 372/38 9.8 
5-MOP (0.03%) + SSR 179/31 5.8 
8-MOP (0.01%) + SSR 69/36 1.9 
5-MOP (0.01%) + SSR 84/34 2.5 
 

Ref. : 10 
Comment 
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The results indicate a linear relationship between the concentrations of furocoumarines and mean 
no. of  tumors induced by SSR. Application of a solution containing 100 ppm increased the no. 
of tumors per mice more than 5 times. It should be noted that the treatment only lasted about 1/4 
to 1/3 of the lifespan of the animals.   
 
2.10.4.2.  Human studies 
 
5-MOP 
IARC concludes that there is inadequate evidence from epidemiological studies that 5-MOP + 
UV radiation is carcinogenic to humans. The overall evaluation by IARC is that 5-MOP + UV is 
probably carcinogenic to humans (Group 2A). 

Ref. : 3 
 
 

8-MOP 
The development of nonmelanocytic skin cancer (basal- and squamous-cell skin cancers) has 
been reported in patients treated with 8-MOP and UVA (PUVA) for psoriasis or mycosis 
fungoides. Three cases of malignant melanoma of the skin have been reported in patients with 
psoriasis treated with PUVA. The strongest evidence for a causal association between PUVA 
treatment and nonmelanocytic skin cancer comes from the follow-up of 1380 psoriatic patients 
treated in the USA. The standardized incidence ratio (SIR) for squamous-cell carcinoma 
increased from 4.1 (95% confidence interval, 2.3-6.8) at low doses to 22.3 (13.5-34.1) at 
medium doses, and 56.8 (42.7-74.2) at high doses; this effect was independent of possible 
confounding effects of therapy with ionizing radiation and topical tar. The effect on basal-cell 
cancer incidence was much weaker (high doses: SIR, 4.5; 2.8-6.9)8. One cohort study of 525 
psoriatic patients treated with PUVA did not suggest an increase in the incidence of skin cancer 
(mean follow-up period, 2.1 years). This ‘negative’ result could have been due to lack of 
statistical power and to the low doses used in the study. Another study with a five-year follow up 
showed no skin tumour in 94 patients treated with PUVA for psoriasis or mycosis fungoides.  

Ref. : 3 
 

IARC concludes that there is sufficient evidence from epidemiological studies that 8-MOP + UV 
radiation is carcinogenic to humans. The overall evaluation by IARC is that 8-MOP + UV is 
carcinogenic to humans (Group 1). 

Ref. : 3 
 
 
2.10.4.3.   Groups at extra risk 
 
Not evaluated. 
 
 
2.11.  Safety evaluation 
 
2.11.1.  Assessment of human exposure 
 
Not evaluated. 
 
2.11.2.  Effects of concern 
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Photomutagenicity and photocarcinogenicity are the main effects of concern in relation to the 
use of furocoumarins in cosmetics. In studies on 5-MOP and 8-MOP, photogenotoxic and 
photomutagenic effects in vitro have been observed at concentrations below 0.01 and 0.1 ppm, 
respectively. The data submitted is not adequate for evaluation of the safety at a higher limit for 
furocoumarines in sun protection and bronzing products. The industry submitted two articles 
indicating that the presence of 30 ppm 5-MOP in a UVB sunscreen reduced the formation of 
thymine dimers and unscheduled DNA synthesis in human skin after solar-simulated radiation. 
In contrast, in mouse experiments 25 ppm 5-MOP in a UVB sunscreen enhanced tumour 
formation after UVA irradiation. Mice experiments suggest that the risk of skin tumour 
formation increases linearly with the amount of 5-MOP or 8-MOP applied to the skin prior to 
solar-simulated radiation. 
 
The International Agency for Research on Cancer (IARC) has classified 5-MOP and 8-MOP 
plus ultraviolet radiation in Group 2A (probably carcinogenic to humans) and in Group 1 
(carcinogenic to humans), respectively.    
 
 
2.12.  Opinion 
 
SCCNFP concludes that the data available from in vitro short-term studies, experimental studies 
in animals, and epidemiological studies on humans on the effect of furocoumarines in sun 
protection and sun bronzing product do not justify a higher limit than 1 ppm (not to be 
intentionally added) for furocoumarines in cosmetics. This Opinion should be interpreted in 
conjunction with the Opinion on CMR substances (SCCNFP/0474/01, final, Adopted 25 
September 2001) 
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