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Abstract
Objective: To establish an alternative 3T3 mouse fibroblast neutral red uptake assay and investigate 
the feasibility of utilizing an alternative in vitro method to replace the animal testing, in particular, in 
phototoxicity assessment of cosmetics.
Method: Fifteen phototoxic and nine non-phototoxic chemicals were tested and 20 functional cosmetic 
products were assessed. The mean photo effect (MPE) and the photo-irritation factor (PIF) of Balb/c3T3 cells 
were analyzed after exposure to specific chemicals and ultraviolet radiation, and then compared with the results 
of whole-animal phototoxicity testing.
Result: A negative result was obtained with all the non-phototoxic chemicals in the in vitro test, while fourteen 
out of the fifteen phototoxic chemicals gave a positive result. The Pearson's chi-square test indicated no 
statistically significant difference from the historic phototoxicity data. For the assessed 20 cosmetic products, a 
high correlation was found between in vitro and in vivo data.
Conclusion: The alternative 3T3 NRU phototoxicity assay was established successfully as a substitute for the 
guinea pig-based photoxicity test in assessing the phototoxic effects of cosmetics.
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Along with the rapid economic growth and social 
development, the cosmetics market witnesses an 
unprecedented expansion in China. In particular, 
the turnover of functional cosmetics is increasing 
at a rate above 10%. However, the broad variety of 
constituents of personal care products could present 
a potential phototoxic hazard. Permissions by the 
regulatory authority are required for manufacture 
and marketing of functional cosmetics in order to 
ensure the cosmetics are safe to use. Widely used for 
phototoxicity assessment of cosmetics, animal testing 
is controversial due to moral issues. In recent years, 
it has become a global tend to introduce in vitro 
alternative methods into phototoxicity evaluation 
[1]. In vitro 3T3 neutral red uptake phototoxicity test 
(3T3 NRU PT) has been approved and recommended 
by European Union and OECD to be used for 
phtotoxicity assessment of cosmetic products 
[2-5]. China has started research and utilization of 
alternative methods to replace animal testing lately 
and the present study is intended to establish an in 

vitro 3T3 NRU PT assay with fibroblast cells and 
to investigate the validity of this method and the 
feasibility of replacing animal testing in assessing the 
phototoxic effects of cosmetics. 

1. Materials and methods 
1.1 Test strain

3T3 fibroblasts Source: Institute of Tumor, 
Zhongshan Medical University
1.2 Test substances

The test chemicals were selected in accordance 
with the criteria adopted by the working group of 
European Center for the Validation of Alternative 
Methods ("EVCAM"), including 16 phototoxic 
substances and 8 non-phototoxic substances, all 
purchased from Sigma. Other chemical reagents 
used in the tests were of analytical or higher purity. 
Cosmetic products under evaluation were test 
samples registered with Center for Disease Control 
and Prevention of Guangdong Province ("CDCP") 
during the 2004-2005 period, 20 varieties in total, for 
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sun protection, spot removing and hair nourishing 
purposes respectively. 
1.3 Laboratory animal

Adult albino guinea pigs (250g-300g) were 
supplied by Laboratory Animal Center, Southern 
Medical University. Animal health certificate: No. 
0000831. 6 animals were used for each test sample. 
There was no limitation on whether female or male 
animal should be used. Animals were subject to 3-5 
days of quarantine and adaptation before test. Animal 
use permit: No. SYXK (YUE) 2003-0011. 
1.4 Test methods
1.4.1 3T3 NRU assay [2-3]

3T3 cells were cultured in 96-well plates for 
twenty-four hours before treated with chemicals 
of eight concentrations for one hour and exposed 
to UVA (1.67mW/cm). A parallel culture was not 
irradiated. The chemicals were washed away after 
fifty minutes. The cells were incubated in the culture 
medium containing neutral red for three hours and 
then washed. The optical density of NRU (540nm) 
was measured with a microplate reader. 
1.4.2 Whole-animal test [4]

In compliance with Hygienic Standard for 
Cosmetics (2002)
1.5 Statistics and data analysis [5]

Given the measured optical density, prediction 
models for mean photo effect ("MPE") and photo 
irritation factor ("PIF") was established respectively 
by use of PHOT032. Test results were analyzed and 
an analysis of correlation between in intro and in vivo 
data was made. 

2. Results 
2.1 Repeated tests of PIF-based classification  

The test procedure was repeated five times for 
3 phototoxic substances and 2 non-phototoxic 
substances. The results obtained with PIF-based 
classification were highly reproducible (Table 1). 
2.2 Efficacy analysis of PIF value based classification 

PIF values were used for c lass i f icat ion of 
phototoxicity potential. 14 phototoxic substances and 
9 non-phototoxic substances were identified correctly. 
Only one phototoxic substance (amiodarone) was 
falsely classified as non-phototoxic. A Pearson chi-
square test showed that the results of 3T3 NRU assay 
were highly correlative with historic in vivo data 
(Table 2). 

2.3 Repeated tests of MPE-based classification 
The test procedure was repeated five times for 

3 phototoxic substances and 2 non-phototoxic 
substances. The results obtained with MPE-based 
classification were highly reproducible (Table 3). 
2 . 4 E ff i c a c y a n a l y s i s o f M P E v a l u e b a s e d 
classification

MPE values were used for classification of 
phototoxicity potential. 14 phototoxic substances and 
9 non-phototoxic substances were identified correctly. 
Only one phototoxic substance (amiodarone) was 
falsely classified as non-phototoxic. A Pearson chi-
square test showed that the results of 3T3 NRU assay 
were highly correlative with historic in vivo data 
(Table 4). 
2.5 Results of 3T3 NRU assay of 20 cosmetic 
products

PIF and MPE values obtained in the 3T3 NRU 
assay of 20 cosmetic products indicated no phototoxic 
potential. 
2.6 Results of animal-based phototoxicity test of 20 
cosmetic products

Results of animal-based phototoxicity test of 20 
cosmetic products indicated no phototoxic potential. 
2.7 Correlation between results of 3T3 NRU assay 
and in vivo phototoxicity test

The comparison of 3T3 NRU/animal-based 
classification of phototoxic potential indicated no 
significant difference (Table 5). 

3. Discussion 
The prediction models for MPE and PIF [6] [7] 

respectively were established through the present 
study by analyzing the concentration response curves 

Table 1. Repeated tests of PIF-based classification

Substance 1st time 2nd time time 4th time 5th time CV Result 

6-methyl coumarin >16.35 >16.79 >9.37 >12.62 >11.09 0.245 +
Methoxsalen >56.92 >56.50 >53.52 >40.69 >49.01 0.131 +
Anthracene >473.72 >450.89 >462.7 >437.46 >468.1 0.032 +
Octyl Salicylate 1.00 1.00 1.00 1.00 1.00 0 -
Penicillin 1.03 1.00 1.00 1.00 1.08 0 -

Animal test
3T3 Test

Total
+ -

+ 14 1 15
- 0 9 9

Total 14 10 24

Table 2. Efficacy analysis of PIF value based classification for 
24 substances 

Note: The result of Pearson's chi-square (p>0.05) indicated no 
statistically significant difference between the results of the two 
test methods.  
Sensitivity (True positive rate, TPR) = 14/15 = 93.3%
Specificity (Spe) = 9/9 = 100%
Positive predictive value (PV+) = 14/14 = 1
Negative predictive value (PV-) = 9/10 = 0.9
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for cytotoxicity obtained in the presence (+UV) and 
in the absence (-UV) of a noncytotoxic irradiation 
with UVA/vis light. The study of the results obtained 
from the 3T3 NRU assay of 24 substances (15 
phototoxic and 9 non-phototoxic) revealed that PIF 
and MPE predictions models made substantially 
identical predictions of phototoxic potential and 
further revealed that the results obtained from the 3T3 
NRU assay were highly reproducible and significantly 
consistent with historic in vivo results [8,9], indicating 
that the present study successfully established the 
test method of 3T3 NRU phototoxicity assay. With 
respect to the false classification of amiodarone as 
non-phototoxic, we are investigating whether it is 
caused by any chemical reagent or any step in the test 
procedure. The cause is to be confirmed. 

No significant difference was found between in vitro 
and in vivo results for the 20 cosmetic products. Given 
the historic data, the 3T3 NRU assay revealed positive 
prediction value (PV+) = 1, negative prediction value 
(PV-) = 1, Yonden index (J) = 1, Kappa index (k) = 1 
and ROC curve differing from the diagonal reference 
line [10], indicating that the method can be used to 

replace the animal-based phototoxicity testing in 
assessing the phototoxic effects of cosmetics. 

Some studies showed that the solubil i ty of 
chemicals would have an impact on the test results. In 
the present study, we found that results obtained with 
chemicals of various degrees of solubility didn't vary 
much, supporting the observation of Spielmann H [11].

The EU cosmetics directive 2003/15/EC (7th 
amendment to Directive 76/768/EEC) stipulated 
banning on animal testing of cosmetics, i.e. no further 
animal testing of cosmetic ingredients or formulations 
by 2009 and complete banning on marketing of 
cosmetic ingredients and products based on animal 
testing by 2013 [12,13]. As an alternative in vitro 
method for in vivo phtotoxicity assay, 3T3 NRU PT 
has the advantages of easy operation, cost efficiency, 
good reproducibility and high correlation with in 
vivo results [14,15]. 3T3 NRU PT has been approved by 
the EU/COLIPA validation study and recommended 
by EU and OECD to be used in cosmetics safety 
assessment in EU countries. However, since 3T3 
NRU PT has specific requirements for pH value of 
reagents used, concentration, UV light source, UV 
sensitivity of cells and source of cells, etc, joint 
efforts of domestic laboratories in further research 
and validation are required before utilization in 
toxicological safety evaluation.  
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