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Abstract: Photoactivation of cosmetic products and/or their ingredients may be associated with
adverse skin reactions. Concerns have been raised regarding potential adverse health effects associated
with the use of WEN by Chaz Dean (WCD) hair-cleansing conditioners, including alleged symptoms
of redness, burning sensation, and irritation. The objective of this study was to use a validated
phototoxicity test to evaluate the phototoxic potential of WCD hair-cleansing conditioners, and to
demonstrate this assay’s applicability to personal care and cosmetic products. Balb/c 3T3 mouse
fibroblast cells were exposed to the test articles for one hour. Following the incubation, one set of
treated 3T3 cells were irradiated with 5 J/cm2 Solar Simulated Light (SSL), while a duplicate set
of treated 3T3 cells were kept in the dark. After UV irradiation, cell viability was determined by
neutral red uptake. The difference in cell viability between the SSL exposed and non-exposed 3T3
cells were used to determine the phototoxic potential of the test articles. Under the conditions tested,
WCD hair-cleansing conditioners were not phototoxic, while the positive control was significantly
phototoxic. Taken together, these results demonstrate that that the use of WCD hair-cleansing
conditioners would not be expected to cause phototoxicity in consumers.
Keywords: phototoxicity; cosmetics; neutral red uptake

1. Introduction
A phototoxic reaction, also known as photoirritation, is an acute light-induced, non-immunological
skin response that occurs when a substance is applied to the body and subsequently elicits a toxic skin
reaction after exposure to UV light. For a chemical to demonstrate phototoxicity, it must: (1) absorb light
within the range of natural sunlight (290–700 nm), (2) generate reactive species following absorption of
UV-visible light, and (3) be applied to or distribute to light-exposed tissues (e.g., skin) [1]. Symptoms
from phototoxic reactions include burning sensations, redness, rashes, lesions, and blistering [2].
There is evidence that photoactivation of cosmetic products and/or their ingredients may be
associated with adverse skin reactions. For example, Hans et al. (2008) reported that lipstick and facial
cream cosmetic products generated reactive oxygen species, produced hemolysis, and caused lipid
peroxidation in human erythrocytes under sunlight exposure [3]. Additionally, ingredients commonly
used in personal care and cosmetic products, such as essential oils, fragrance chemicals, and botanicals
have been associated with phototoxic effects [4–6]. This is an area of rising interest, given the number
of personal care and cosmetic products available on the market, as well as the number of personal care
and cosmetic products applied per day [7].
Concerns have been raised regarding potential adverse health effects associated with the use
of WEN by Chaz Dean (WCD) hair-cleansing conditioners [8]. WCD hair-cleansing conditioners
were designed to eliminate and replace sulfate-containing detergents and other ingredients often
present in similar products with a mixture of botanical essential oils. In 2016, the US Food and Drug
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Administration (FDA) announced an investigation of adverse events reported to be associated with
the use of WCD hair-cleansing conditioners [9]. Reported adverse events included redness, burning,
rashes, and irritation. The FDA noted that it had not determined a possible cause for adverse events,
but called on the company to provide data to better understand potential factors of the alleged adverse
reactions [9].
No standardized test for phototoxicity is required under current FDA regulations for personal
care and cosmetic products; however, if UV exposure is anticipated following product use, evaluation
for phototoxic potential may be necessary. Therefore, the objective of this study was to evaluate
the phototoxic potential of WCD hair-cleansing conditioners and their ingredients. Specifically, we
performed in vitro phototoxicity testing of the three most popular WCD hair-cleansing conditioners.
This study demonstrates the use of a reliable predictive test of acute phototoxicity effects to evaluate a
personal care or cosmetic product with allegations of adverse skin reactions.
2. Materials and Methods
2.1. Test Articles
The three top-selling WCD hair cleansing conditioner products (Sweet Almond Mint, Lavender,
and Pomegranate) [test articles] and chlorpromazine (positive control) were evaluated in this analysis.
Test articles were tested at 0.007%, 0.010%, 0.015%, 0.022%, 0.032%, 0.046%, 0.068%, and 0.10% in Hanks’
Balanced Salt Solution (HBSS). Chlorpromazine was tested at 0.22 µg/mL, 0.32 µg/mL, 0.46 µg/mL,
0.68 µg/mL, 1.0 µg/mL, 1.47 µg/mL, 2.15 µg/mL, 3.16 µg/mL, 6.81 µg/mL, 10 µg/mL, 14.7 µg/mL,
21.5 µg/mL, 31.6 µg/mL, 46.4 µg/mL, 68.1 µg/mL, and 100 µg/mL in HBSS.
2.2. UV-VIS Spectrum
The OECD 432 guideline recommend that the ultraviolet-visible light (UV-VIS) absorption
spectrum of the test articles be determined prior to in vitro evaluation to determine whether the test
article is photoreactive [10]. A UV-VIS spectral scan was performed on a solution containing 1 mg/mL
of the WCD hair-cleansing conditioners in HBSS. A scan encompassing the wavelengths of 200 nm to
900 nm was performed using a spectrophotometer (Bio-Tek Instruments) with KCjr software (Bio-Tek
Instruments). A peak absorbance (corrected for background) of the solution was determined.
2.3. Preparation and Treatment
Balb/c 3T3 mouse fibroblast cells were plated and grown to 50–99% confluence (37 ± 1 ◦ C, 5 ± 1.0%
CO2 ) in growth medium (Dulbecco’s Modified Eagle’s Medium containing 0.1% gentamicin and 10%
fetal bovine serum [DMEM-10-FBS]). Cells were harvested by trypsinization and plated at a density of
approximately 10,000 cells/well in the central 60 wells of duplicate 96-well microplates. Media was
added to the peripheral wells, which were used as blanks. The two 96-well plates were then dosed
with the test articles. Vehicle controls were placed on the left and right columns of the dosing area and
consisted of vehicle alone (negative control). Each dosing group consisted of six wells of a microplate
treated identically with one concentration of the test article per column. Additionally, duplicate 96-well
plates were dosed with 16 serial dilutions of chlorpromazine. Both the test article and positive control
duplicate plates were treated for 60 min.
2.4. Irradiation
One plate of the treated 3T3 cells was subsequently irradiated with a dose of 5 J/cm2 Solar
Simulated Light (SSL) for approximately 50 min using a SOL 500 Solar Simulator (Honle). To better
simulate sunlight, the Solar Simulator was fitted with an H-1 filter to block UVC and more than 99%
UVB radiation. The duplicate plate of treated 3T3 cells remained in the dark (No SSL). Both analyses
were performed at room temperature.
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2.5. Cell Viability
Following UV irradiation, 3T3 cells were washed and incubated with culture medium for 18 to
24 h. After incubation, the culture medium was replaced with neutral red medium (50 µg/mL) and the
cells were incubated for an additional 3 h. The medium was then discarded, the wells were washed
with HBSS, and extraction solution (1% glacial acetic acid, 50% ethanol, and 49% distilled water) was
added to each well.
The absorbance of each well was measured at 540 nm on a MicroQuant plate reader (Bio-Tek
Instruments). The uptake of neutral red is proportional to cell viability (as reflected by the optical
density at 540 nm [OD540 ]) [10]. The mean optical density values of the blank outer wells (negative
control) were used as a reference. Percent viability was calculated as the optical density of the test article
divided by the optical density of the negative control. Additionally, the concentration at which cell
viability was reduced by 50% (IC50 ) was calculated. A photo-irritant factor (PIF; IC50 No SSL /IC50 + SSL )
of 5.0 or more is indicative of a compound having phototoxic potential, a PIF of greater than 2.0 and
less than 5.0 is indicative of a compound having a probable phototoxic potential, and a PIF of less than
2.0 is indicative of a compound having no phototoxic potential. Phototoxic potential criteria are shown
in Table 1.
Table 1. Phototoxicity classification criteria per OECD 432 guidelines.
PIF Range

Classification

PIF < 2
2 < PIF < 5
PIF > 5

No phototoxic potential
Probable phototoxic potential
Phototoxic potential
PIF = photo-irritant factor.

2.6. Quality Check
For each phototoxicity assay, neutral red uptake of 3T3 cells following treatment with the positive
control chlorpromazine was determined in the presence (SSL) and absence (No SSL) of irradiation.
Acceptance criteria for the positive control chlorpromazine and negative control are shown in Table 2.
Table 2. Positive and negative control acceptance criteria and results per OECD 432 guidelines.
Control

Metric

Criteria Range

Test Article

Measured Value

Positive control

IC50 No SSL
IC50 + SSL
Photo-Irritant Factor
(PIF = IC50 No SSL /IC50 + SSL )

7.0–90.0 µg/mL
0.1–2.0 µg/mL

Chlorpromazine

22.1 µg/mL
0.4 µg/mL

≥6

55.3
Blank1

Negative control

Mean OD540 of all negative controls on a given plate

≥0.4

The difference in the mean of left and right negative
controls compared to the mean of all negative controls

≤15%

Cell viability of SSL negative control compared to cell
viability of No SSL negative control

≥80%

Blank2
Blank3
Blank1
Blank2
Blank3
Blank1
Blank2
Blank3

≥0.874
≥0.832
≥0.883
≤6%
≤4%
≤7%
102.7%
88.9%
102.5%

Blank1 = negative controls on WCD Lavender plate; Blank2 = negative controls on WCD Pomegranate plate;
Blank3 = negative controls on WCD Sweet Almond Mint plate; IC50 = concentration at which cell viability was
reduced by 50%; OD540 = optical density at 540 nm; WCD = WEN by Chaz Dean® ; SSL = Solar Simulated Light.

Cosmetics 2019, 6, 53

4 of 8

3. Results
3.1. UV-VIS Spectrum
None of the WCD hair-cleansing conditioners showed significant absorption in the UVA range of
315 nm to 400 nm (region of potential reactivity when testing for phototoxicity in the 3T3 assay) or the
UVB range of 280 nm to 315 nm. These results indicate that the WCD hair-cleansing conditioners are
not photoreactive.
3.2. Phototoxicity-Quality Control
The positive control chlorpromazine reduced cell viability with a PIF of 55.3 and was classified as
phototoxic, according to OECD guideline criteria (Table 1). Additionally, the positive and negative
control requirements were met for each test of the WCD hair-cleansing conditioners (Table 2).
3.3. Phototoxicity-WCD Cleansing Conditioners
The phototoxicity findings for the WCD hair-cleansing conditioners are shown in Table 3.
According to OECD guidelines, the WCD hair-cleansing conditioners did not exhibit any phototoxic
potential, as IC50 values were greater than 0.1% (the maximum tested concentration) and the PIF could
not be calculated. These results demonstrate that the WCD hair-cleansing conditioners evaluated in
this study do not exhibit phototoxicity.
Table 3. WCD Cleansing Conditioner Phototoxicity Test Results.
Test Sample

Concentration
Range

IC50
No SSL

IC50
+SSL

PIF

WCD Sweet Almond Mint cleansing conditioner
WCD Lavender cleansing conditioner
WCD Pomegranate cleansing conditioner

0.007–0.1%
0.007–0.1%
0.007–0.1%

>0.1%
>0.1%
>0.1%

>0.1%
>0.1%
>0.1%

n/a *
n/a *
n/a *

PIF = photo-irritant factor; WCD = WEN by Chaz Dean® ; SSL = Solar Simulated Light; IC50 = half maximal effective
concentration. * PIF could not be calculated since IC50 values for both No SSL and +SSL results were >0.1%.

Results are also presented as percent of vehicle treatment (negative control) for the WCD
hair-cleansing conditioners (Figures 1–3) and positive control chlorpromazine (Figure 4). The mean
OD540 of the non-irradiated controls (No SSL) and irradiated controls (SSL) for each test was set to
Cosmetics 2019, 6, x FOR PEER REVIEW
5 of 8
100% control (Figures 1–4).

Cell Viability
(% of Control Avg)

No SSL

SSL

120.0%
100.0%
80.0%
60.0%
40.0%
20.0%
0.0%
Control
Avg.

0.007%

0.010%

0.015%

0.022%

0.032%

0.046%

0.068%

0.10%

WCD Lavender Cleansing Conditioner Concentration
Figure 1. Lavender results. Cell viability by concentration of Lavender WCD cleansing conditioner,
Figure
1. Lavender
results.
Cellsolar
viability
by concentration
stratified
by with and
without
simulated
light (SSL). of Lavender WCD cleansing conditioner,
stratified by with and without solar simulated light (SSL).

iability
trol Avg)

No SSL
120.0%
100.0%
80.0%

SSL

Avg.
WCD Lavender Cleansing Conditioner Concentration
Figure 1. Lavender results. Cell viability by concentration of Lavender WCD cleansing conditioner,
stratified by with and without solar simulated light (SSL).
Figure 1. Lavender results. Cell viability by concentration of Lavender WCD cleansing conditioner,
Cosmetics
2019, by
6, 53
5 of 8
stratified
with and without solar simulated light (SSL).
No SSL
SSL

Cell Viability
Cell Viability
of Control
(%
Avg) Avg)
(% of Control

120.0%
100.0%
120.0%
80.0%
100.0%
60.0%
80.0%
40.0%
60.0%
20.0%
40.0%
0.0%
20.0%
0.0%

No SSL

SSL

Control 0.007% 0.010% 0.015% 0.022% 0.032% 0.046% 0.068%
Avg.
Control 0.007%
0.010% 0.015%
0.022%
0.032% Concentration
0.046% 0.068%
WCD Pomegranate
Cleansing
Conditioner
Avg.

0.10%
0.10%

WCD Pomegranate Cleansing Conditioner Concentration
Figure 2. Pomegranate results. Cell viability by concentration of Pomegranate WCD cleansing
Figure 2. stratified
Pomegranate
results.
Cell viability
by concentration
conditioner,
by with
and without
solar simulated
light (SSL).of Pomegranate WCD cleansing
conditioner,
stratified byresults.
with and
without
solar
light (SSL).
Figure
2. Pomegranate
Cell
viability
bysimulated
concentration
of Pomegranate WCD cleansing
conditioner, stratified by with and without solar simulated light (SSL).
No SSL
SSL
No SSL

SSL

Cell Viability
Cell Viability
of Control
(%
Avg) Avg)
(% of Control

120.0%
100.0%
120.0%
80.0%
100.0%
60.0%
80.0%
40.0%
60.0%
20.0%
40.0%
0.0%
20.0%

Control 0.007% 0.010% 0.015% 0.022% 0.032% 0.046% 0.068%
0.10%
Avg.
Control 0.007%
0.010%
0.015%
0.022% Conditioner
0.032% 0.046%
0.068%
0.10%
WCD Sweet
Almond
Mint Cleansing
Concentration
Avg.
Figure 3. Sweet Almond Mint results. Cell viability by concentration of Sweet Almond Mint WCD
Cosmetics 2019, 6, x FOR PEER REVIEW
WCD Sweet Almond Mint Cleansing Conditioner Concentration 6 of 8
cleansing
conditioner,
by with
without
simulatedof
light
(SSL).
Figure
3. Sweet
Almondstratified
Mint results.
Celland
viability
bysolar
concentration
Sweet
Almond Mint WCD
cleansing conditioner, stratified by with and without solar simulated light (SSL).
No SSLby concentration
SSL
Figure 3. Sweet Almond Mint results. Cell viability
of Sweet Almond Mint WCD
cleansing conditioner, stratified by with and without solar simulated light (SSL).
120.0%
0.0%

Cell Viability
(% of Control Avg)

100.0%
80.0%
60.0%
40.0%
20.0%
0.0%

Concentration of Chlorpromazine (positive control)

Figure 4. Positive control results. Cell viability by concentration of chlorpromazine (positive control),
Figure 4. Positive control results. Cell viability by concentration of chlorpromazine (positive control),
stratified by with and without solar simulated light (SSL).
stratified by with and without solar simulated light (SSL).

4. Discussion
This analysis performed an in vitro phototoxicity assay on three popular WCD hair-cleansing
conditioners that have allegations of adverse skin reactions. Based on findings from this study, the
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4. Discussion
This analysis performed an in vitro phototoxicity assay on three popular WCD hair-cleansing
conditioners that have allegations of adverse skin reactions. Based on findings from this study,
the evaluated WCD hair-cleansing conditioners were not considered to have phototoxic potential at
the concentrations tested in the 3T3 Neutral Red Uptake Phototoxicity Test.
The FDA’s Center for Food Safety and Applied Nutrition’s Adverse Event Reporting System
(CFSAN) contains information on adverse events and product complaint reports submitted to the FDA
for foods, dietary supplements, and cosmetics [11]. This data was made publicly available in 2016
in an effort to increase transparency of the safety surveillance program. Specific reported symptoms
included burning sensation, irritation, rash, and ulcers [11].
Given that no standardized test for phototoxicity is required under current FDA regulations for
personal care and cosmetic products, this analysis demonstrates the use of a reliable predictive test of
acute phototoxicity effects to evaluate a personal care product with allegations of adverse skin reactions.
Both the European Centre for the Validation of Alternative Methods and the European Cosmetic,
Toiletry, and Perfumery Association concluded that the 3T3 Neutral Red Uptake Phototoxicity Test
is a scientifically validated in vitro test that can be used for regulatory purposes for assessing the
phototoxicity potential of chemicals [12]. It has also been reported that the test is characterized by
high sensitivity, specificity, and reproducibility, and has achieved a correlation between in vivo and
in vitro results of between 95% and 100% [6]. This is particularly relevant given the global push to
utilize alternative tests to assess product safety that removes the need for animal testing, including
new legislation in California to prohibit the sale of cosmetic products and ingredients tested on
animals [13]. This methodology is consistent with other analyses that have used the 3T3 Neutral Red
Uptake Phototoxicity Test to examine the phototoxicity of personal care and cosmetic products [14–16].
Although the OECD 432 is a validated in vitro guideline study, it is not without limitations.
The guideline is limited by the solubility of the test article. If the test article is overly viscous and
cannot be readily dissolved, it may be difficult to apply to the cells and may cause viscosity-related cell
death. Thus, the observed cell death may not accurately reflect the test article’s phototoxic potential.
Additionally, the color of the test article may interfere with the results of the study. If the test article
overlaps the 540 nm wavelength for the neural red uptake analysis, the residual test article in the
media may interfere with the analysis and not accurately reflect cell viability after treatment.
Our findings provide evidence that the use of WCD hair-cleansing conditioners would not be
expected to cause phototoxicity in consumers using these products under their intended conditions
of use. These results agree with previous analyses that suggest that use of WCD hair-cleansing
conditioners would not be expected to cause skin irritation or induce skin sensitization among
consumers [17,18]. Additional testing may be needed to assess the safety of this product line.
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