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Evaluation of Biologically Inspired Ammonium
Xanthommatin as a Multifunctional Cosmetic
Ingredient

Leila F. Deravi1,2, Natalie C. Cox1 and Camille A. Martin1
We describe the investigation of an organic natural product, ammonium xanthommatin (Xanthochrome), in a
series of studies designed to not only assess its impact on endocrine receptor function in vitro but also
interrogate its mutagenic potential using bacterial reverse mutation assays. As a multifunctional raw material,
ammonium xanthommatin functions as an antioxidant with a broad absorption profile spanning the UV
through the visible spectrum, making it an interesting target for cosmetic applications. In solution, ammonium
xanthommatin contributes to <30% inhibition of hormonal activities, indicating that it is not an endocrine
disruptor. Furthermore, the compound does not cause gene mutations in the bacterial strains used, indicating
that it is nonmutagenic. Applications are also described, highlighting xanthommatin’s ability to boost the UVA
and UVB absorptive properties of traditional chemical UV filters by >50% across all filters tested. In addition to
these features, xanthommatin exhibited no phototoxic hazards in vitro when irradiated with UVA and visible
light, demonstrating its utility as a multifunctional cosmetic ingredient. Although these findings encourage the
use of xanthommatin in cosmetics, they represent only the beginning of the complete in vitro and in vivo data
package needed to support safety and efficacy claims for future applications in skin health.
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INTRODUCTION
Growing trends support the application and utility of bio-
logically derived or biologically inspired raw materials in
cosmetics, as the industry continues to push toward natural
and ecofriendly product offerings designed to replace many
nonsustainable and sometimes toxic counterparts (Bom et al.,
2020, 2019). Despite the origin of their inspiration or
sourcing, these biobased or bioinspired raw materials are still
subject to rigorous safety screening and standards before they
can be incorporated in over-the-counter products (Bom et al.,
2020, 2019). In this study, we describe the application and
testing of a recently registered cosmetic ingredient ammo-
nium xanthommatin (Xanthochrome) in vitro. Ammonium
xanthommatin (referred to as xanthommatin in this paper) is a
naturally occurring chromophore present in arthropods and
cephalopods and is formed during the metabolism of tryp-
tophan in these species (Deravi et al., 2014; Futahashi, 2012;
Osanai-Futahashi et al., 2016; Riou and Christidès, 2010;
Williams et al., 2019, 2016). It has a natural red/yellow color
depending on its oxidation state (Futahashi, 2012) that can
also be enhanced or muted depending on its formulation
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specifications. It has also recently been shown to behave as
an antioxidant and broad-spectrum absorber that spans the
UV through the visible range in vitro (Martin et al., 2019)—
two features that highlight its potential as multifunctional
cosmetic raw material. Given this exciting potential, our goal
is to understand the reactivity of xanthommatin in vitro.
Specifically, in this report, we evaluate the effect of xan-
thommatin on cell viability, endocrine receptor binding and/
or inhibition, phototoxicity, and the induction of genetic
alterrations according to the Organization for Economic Co-
operation and Development guidelines.

We chose to focus on the endocrine system as our primary
target because it is a major homeostatic system that regulates
normal functions in the body, including but not limited to the
female reproductive cycle, bone development and growth,
cellular proliferation, and behavioral properties (Marty et al.,
2011). Disruption or damage to the endocrine system
through exogenous factors, such as chemical ingredients,
would directly impact one or all of these physiological pro-
cesses; thus, it is imperative to first test how raw materials
designed to interface with the body impact these receptor
functions before going to market. One way to test these in-
teractions in vitro is through the steroidogenesis assay that
evaluates the production of testosterone and estradiol in cell
culture. We chose this assay together with androgen receptor
(AR)- and estrogen receptor (ER)-mediated transcriptional
activation assays to evaluate how xanthommatin induces
(i.e., acts as agonists) or suppresses (i.e., acts as antagonists)
AR- or ER-dependent transcription. Beyond the endocrine
system, we also investigated the mutagenic capacities of
xanthommatin using bacterial reverse mutation assays, where
the goal is to evaluate whether the presence of this
compound might introduce genetic mutations in vitro
matology. This is an open access article
4.0/). www.jidinnovations.org 1
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Figure 1. Results from the endocrine disruption test using the steroidogenesis

ELISA assay compared with those from the SC. (a) Graphical evaluation of

estradiol and testosterone fold change with XA in one trial (n ¼ 3, error is SD).

(b) Summary of endocrine disruption studies comparing XA (3.125 mM) with

forskolin (induces estradiol and testosterone, 1 mM concentration shown in

this figure), prochloraz (inhibits estradiol and testosterone, 1 mM
concentration shown in this figure), and the solvent (blank). Experimental

results are normalized to the solvent control, which had a fold change of 1.

We found no cytotoxicity >20% in the tested concentration ranges compared

with that in the solvent control. In Figure 1a and b, the black bars represent

testosterone, and the white bars represent estradiol as denoted in the legend

in Figure 1b. SC, solvent control; XA, xanthommatin.

Figure 2. Analysis of agonist and antagonist properties of xanthommatin.

Results from the (a) AR and (b) ER transcriptional activation assays across a

broad range of xanthommatin concentrations. In both cases, xanthommatin

can be classified as negative in both agonist and antagonist assays when

assayed across these two gene types. n ¼ 3; error is SD. AR, androgen

receptor; ER, estrogen receptor.
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(Ames et al., 1973; Claxton et al., 1987; Maron and Ames,
1983). Finally, we end with a proof-of-concept demonstra-
tion that highlights the utility of xanthommatin as a UV filter
booster when combined with traditional chemical UV filters
and demonstrate that xanthommatin does not elicit any
phototoxic responses in the presence of UVA irradiation.
Results from this exploratory in vitro data package validate
the utility of this bioinspired material as a cytocompatible,
multifunctional ingredient, which is an important first step in
evaluating its performance for cosmetic applications.

RESULTS
To investigate whether xanthommatin induces or inhibits
endocrine receptor function, we first investigated how it
affected the production of testosterone and 17b-estradiol
in vitro. Before all experiments, cell viability was measured at
all concentrations using the MTT assay (Supplementary
Table S1). When assayed across a broad concentration
range (0.00003125‒31.25 mM); xanthommatin exhibited no
JID Innovations (2022), Volume 2
statistically significant increase or decrease in fold induction
of testosterone or estradiol formation compared with the
solvent control (Figure 1a and Supplementary Tables S2 and
S3). These results indicated that xanthommatin does not
behave as a hormonal disrupter within this specified range.
When compared directly with forskolin (1 mM) and pro-
chloraz (1 mM), which are known to induce and inhibit
testosterone and estradiol activity, respectively, xanthomma-
tin (3.16 mM) exhibited fold changes of 1 � 0.1 (testosterone)
and 0.9 � 0.21 (estradiol), whereas the fold changes asso-
ciated with forskolin (1.4 � 0.15 for testosterone and 37.8 �
5.2 for estradiol) and prochloraz (0.1 � 0 for testosterone and
0.2 � 0.04 for estradiol) indicated notable differences
(Figure 1b and Supplementary Tables S2 and 3). When taken
together, the findings from the steroidogenesis assays indicate
that xanthommatin did not induce estradiol and testosterone
expression within human adrenocortical carcinoma cell lines
within the specified range.

Next, xanthommatin was assayed against stably transfected
AR-EcoScreen (Figure 2a) and human ERa HeLa-9903
(Figure 2b and Supplementary Figure S1) cell lines at multi-
ple concentrations to determine whether xanthommatin has
the potential to activate (i.e, act as an agonist) and/or
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suppress (i.e, act as an antagonist) receptor-dependent tran-
scription. These findings are important and have the potential
to elucidate whether this compound may activate or block
receptor function in a cell type‒dependent manner. In the
agonist assay, the ability to induce AR-mediated trans-
activation of luciferase gene expression was determined. In
the antagonist assay, the ability to reduce the relative tran-
scriptional activity when coexposed with 5a-dihy-
drotestosterone (a potent androgen agonist) compared with
the ability when exposed to the potent 5a-dihydrotestoster-
one alone was evaluated. In both cases, xanthommatin
neither bound to nor activated the transcription of AR and ER
responsive genes, where the average relative transcriptional
activity across all concentrations for the antagonist assays
was 98.6 � 4.6% and 108 � 10.9% for the AR and ER genes,
respectively. No 30% inhibitory concentration values could
be calculated because the inhibitory effect of xanthommatin
was <30% across this concentration range, further support-
ing that xanthommatin has no antagonistic activity.
Conversely, the positive control, 5a-dihydrotestosterone (500
pM), generated a mean luciferase activity of 9.2-fold and 6.5-
fold over two independent runs (Supplementary Figure S2).
The average relative transcriptional activities in the agonist
assays were 0.4 � 0.5 and ‒1.5 � 0.8 for AR and ER genes,
respectively. Again, throughout the agonist assays, no PC10

value could be calculated because the maximum level of
response induced by xanthommatin (i.e., its RPCMax) was
below the 10% threshold of the positive control (PC). Spe-
cifically, the RPCMax was ‒0.6% of the response of the pos-
itive control (1 nM 17b-estradiol, a potent estrogen agonist)
in the first run and was 3.6% in a second independent run.
Furthermore, no logPC10 values could be calculated, con-
firming that xanthommatin has no agonistic activity. In all
cases, cells maintained >95% cell viability within the spec-
ified test concentrations, as validated using the MTT assay.

Given its cytocompatibility and its ability to not disrupt
endocrine receptor function in vitro, we expanded this data
set in separate bacterial cell lines to next evaluate whether
the presence of xanthommatin leads to any adverse genetic
mutations within Salmonella typhimurium and E. coli tester
trains (Table 1). Because these bacterial reverse mutation
assays directly measure heritable DNA mutations, which
have been linked to adverse physiological effects (McCann
et al., 1975; Zeiger et al., 1992, 1988), they provide useful
information on whether specific mutations occur on applica-
tion of exogenous raw materials. According to the specific
assay employed (e.g., either direct plate incorporation or the
preincubation method), the bacteria are first exposed to solu-
tions of the raw material (e.g., xanthommatin in DMSO) with
and without metabolic activation. After an incubation time of
48e72 hours, revertant colonies are then counted (Maron and
Ames, 1983). At least five different concentrations of xan-
thommatin were tested with approximately half-log intervals
between test points (Table 1 and Supplementary Table S4).
Positive, negative, and solvent controls (Gatehouse et al.,
1994) were also tested in parallel. Throughout the two inde-
pendent experiments run, no significant increases in revertant
colony numbers were observed across the five tester strains
when treated with xanthommatin up to the highest recom-
mended concentration of 5 mg/ml, neither in the presence nor
www.jidinnovations.org 3
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Figure 3. UV filter‒‒boosting properties of XA. Results depicting (a) the absorptive properties of varying concentrations of XA in DMSO and (a) absorptive

properties of XA compared directly with those of traditional UV filters at a fixed concentration (0.1‒0.2 mM) where XA is at 0.6 mM in DMSO. (c) A comparison

of the UVA (recorded at 360 nm) with UVB (recorded at 300 nm) absorbance of traditional UV filters alone, filters blended with XA (þ0.6 mM), and XA only (0.6

mM), showing that the addition of XA contributes to the enhanced performance of traditional UV filters, eliciting broad-spectrum protection against solar UV.

AU, arbitrary unit; AVO, avobenzone; HOMOSAL, homosalte: OCTINOX, octinoxate; OCTISAL, octisalate; OCTOCRY, octocrylene; OXY, oxybenzone; XA,

xanthommatin.
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in the absence of metabolic activation, indicating that xan-
thommatin can be classified as nonmutagenic.

In the first test, xanthommatin precipitation was observed
at the highest concentration (5,000 mg/plate) in all tester
strains used with metabolic activation. Toxic effects were
noted in test concentrations �316 mg/plate without metabolic
activation in the TA98 tester strain and at 2,500 mg/plate
without metabolic activation in the TA1537 tester strain
(Table 1). In the second test, precipitation was observed at
concentrations �2,500 mg/plate in all strains used with
metabolic activation. Toxic effects were noted in test con-
centrations �1,000 mg/plate without metabolic activation for
TA98 and TA1535; at 316 mg/plate without metabolic acti-
vation for TA100, TA1537, and E. coli WP2 uvrA (pKM101);
at 5,000 mg/plate with metabolic activation for TA98 and
TA100; and at 2,500 mg/plate with metabolic activation for
E. coliWP2 uvrA (pKM101) (Supplementary Table S4). Across
all concentrations, xanthommatin did not cause gene muta-
tions by either base-pair changes or frameshifts in the genome
when tested against the five strains, further supporting claims
that it is a nonmutagenic material.

We next sought to test the performance features of the raw
material as a broad-spectrum absorber. Given the growing
controversies surrounding the safety of approved organic UV
JID Innovations (2022), Volume 2
filters (Krause et al., 2012; Lindqvist et al., 2014; Planta,
2011), we asked whether the natural optical features of
xanthommatin could be applied as a UV filter booster for low
(<0.2 mM) concentrations of organic UV filters. To test this
hypothesis, we evaluated xanthommatin’s absorbance capa-
bilities alone in solution (Figure 3a) and in combination with
Food and Drug Administration‒approved organic UV filters
(Figure 3b and c) over a spectral range of 280‒500 nm.
Similar to previous reports (Martin et al., 2019), we observed
a clear relationship between increasing concentrations of
xanthommatin and the absorption of UV through visible light
(Figure 3a). Specifically, the absorptive behavior of xan-
thommatin (0.6 mM in DMSO) exhibited a broader profile
that spanned the UVB through visible light regions than the
absorptive behaviors of the pure organic UV filters (0.1‒0.2
mM in DMSO). When xanthommatin was combined with the
chemical UV filters, a significant increase in both the UVB
(w300 nm) and UVA (w360 nm) range was achieved across
all filters tested, where we observed at least a 50% increase in
UVA and UVB performance on addition with xanthommatin
(Figure 3c). These results effectively show that xanthommatin
boosts the absorption profiles of organic filters in solution.

Given the UV filter‒boosting features of xanthommatin, we
next tested its cytotoxicity with and without exposure to a



Figure 4. In vitro phototoxicity measurements of xanthommatin with and without exposure to UVA light (from 315 to 400 nm and a measuring range between

0 and 199.9 mW/cm2). The viability (%) of BALB/c 3T3 fibroblasts reported for each concentration of (a) xanthommatin compared with that of (b) positive

control, chlorpromazine with and without (�) UVA irradiation. In this figure, the gray lines represent data collected in the absence of UVA (‒UVA), and the

black lines represent data collected with exposure to UVA (þUVA). Data were collected for three independent experiments.
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noncytotoxic dose of UVA light (from 315 to 400 nm and a
measuring range between 0 and 199.9 mW/cm2). In these
experiments, cytotoxicity was expressed as a concentration-
dependent reduction of a neutral red dye uptake within
BALB/c 3T3 mouse fibroblast cell lines after treatment both
with and without the presence of UVA exposure according to
previous protocols (Borenfreund and Puerner, 1985). In the
presence of UVA, the cells treated with xanthommatin
showed cytotoxic effects, where the relative cell viability at
the highest test item concentration across three
independent þ UVA experiments was 18.1 %, 29.7%, and
62.3% compared with the relative cell viability in the ex-
periments UVA controls (88.5%, 99.3 %, and 100.6% for the
three experiments) (Figure 4a). Because no half-maximal
effective concentration (i.e., EC50)-value could be calcu-
lated for the experiments without UVA, a photoirritation
factor (PIF ¼ EC50 [‒UVA]/EC50[þUVA]) could not be
calculated. Instead, the mean photoeffect�
MPE ¼

Pn

i¼1
wiPECiPn

i¼1
wi

�
was calculated; where, the photoeffect

(i.e., PE) at any concentration (i.e., C) is defined as the
product of the response effect and the dose effect concen-
trations. Mean photoeffect values of 0.019, 0.199, and 0.042
were measured for the three independent experiments with
xanthommatin. An mean photoeffect value >0.15 indicates
phototoxicity. In our experiments, two of the three datasets
were below this threshold; thus, xanthommatin was classified
as not phototoxic.

The controls confirmed the validity of the study, in which
negative controls of the experiments with UVA exhibited cell
viabilities of 86.80% (experiment 1), 92.03% (experiment 2),
and 102.39% (experiment 3) relative to the untreated, control
experiments without UVA. In contrast, the calculated half-
maximal effective concentration values of the positive
controls containing chlorpromazine for the experiments
without UVA (8.327 mg/ml for experiment 1, 15.530 mg/ml
for experiment 2, and 18.809 mg/ml for experiment 3) and for
the experiment with UVA (0.221 mg/ml for experiment 1,
0.413 mg/ml for experiment 2, and 0469 mg/ml for experi-
ment 3) were within the validity ranges. The photoirritation
factor values for the positive controls were 37.81, 37.74, and
40.33 for the first, second, and third experiments, respec-
tively, further supporting the validity of our claims (Figure 4b).

Because the toxicological endpoint of this in vitro 3T3
Neutral Red Uptake phototoxicity assay was developed and
validated in a joint European Cosmetic, Toiletry and Perfumery
Association project (Spielmann et al., 1998, 1994), this assay is
awell-recognized in vitro alternative to the various in vivo tests
in use. According to these guidelines, our data infer that xan-
thommatin is neither phototoxic nor a photoirritant, where
phototoxicity is defined as a toxic response that either occurs
after the first exposure to the test chemicals followed by sub-
sequent exposure to light or is induced after systemic admin-
istration of a chemical after irradiation.

DISCUSSION
Xanthommatin was assayed across three human cell types
and five bacterial strains in vitro, with the aim of determining
its propensity to disrupt endocrine receptor function or cause
genetic mutations. Specifically, the induction/inhibition po-
tential of xanthommatin was evaluated, and no statistically
significant increase or decrease in fold induction of testos-
terone or estradiol formation was observed when compared
with that of the solvent control. This finding was com-
plemented with two additional assays designed to test
whether xanthommatin bound to and/or activated AR or ER
responsive genes. In both cases, xanthommatin did not
significantly alter normal luciferase gene expression. These
www.jidinnovations.org 5
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data collectively show that xanthommatin does not behave as
a hormonal disrupter. When studied using bacterial reverse
mutation assays, xanthommatin did not exhibit any muta-
genic potential at concentrations <5,000 mg/plate over the
five tester strains assayed. These observations were important,
considering the potential application for xanthommatin in
cosmetics. Specifically, in this report, we showed that xan-
thommatin contributed to UV filter‒boosting activity of low
concentrations (<0.2 mM) of Food and Drug Administration‒
approved chemical UV filters in solution and exhibited no
toxicities or irritation in vitro when exposed to UVA light,
supporting its classification as a nonphototoxic material.
These combined findings are timely considering the growing
controversies surrounding the safety profiles of some of the
Food and Drug Administration‒approved organic UV filters.

Although the lack of hormonal action, negative Ames
mutagenicity, and negative phototoxicity results were
encouraging results, future studies will be required to fully
evaluate the safety profile of xanthommatin in vitro and
in vivo in solution and as part of a finished formulation. These
include but are not limited to a micronucleus test for geno-
toxicity, Organization for Economic Co-operation and
Development‒validated skin irradiation and sensitization
assays, and systemic absorption tests using ex vivo human or
porcine skin and/or in vitro reconstructed human epidermis
skin models. In addition to this next suite of more rigorous
safety studies, future tests will also include investigations of
allergic reactions on application to the skin. For now, the
results from the assays presented in this report represent
important and promising first steps that highlight the future of
xanthommatin as a powerful cosmetic ingredient.

MATERIALS AND METHODS
Participating organizations and structure of the study

No human or animal studies were conducted in this work. Studies

were conducted in accordance with the Organization for Economic

Co-operation and Development guidelines number 456 (H295R

Steroidogenesis Assay [OECD, 2011] using human cell line—

H295R), number 455 (Performance-based Test Guideline for Stably

Transfected Transactivation in vitro Assays to Detect Estrogen Re-

ceptor Agonist and Antagonists using the human ERa HeLa-9903

cell line [OECD, 2016]), number 458 (Stably Transfected Human

Androgen Receptor Transcriptional Activation Assay for detection of

Androgen Agonist and Antagonist Activity of Chemicals using the

AR-EcoScreen cell line [OECD, 2020a]), number 432 (In vitro 3T3

HRU Phototoxicity Test [OECD, 2019]), number 101 (UV-Vis Ab-

sorption Spectra [OECD, 1981]), and number 471 (bacteria reverse

mutation test, [OECD, 2020b]) at Eurofins BioPharma Product

Testing Munich GmbH (Eurofins Scientific, Planegg, Germany).

Eurofins also contributed to technical readout and analysis. All ex-

periments were conducted in compliance with Good Laboratory

Practice Regulations. There were no circumstances that may have

affected the quality or integrity of the study.

Test and reference chemicals

Ammonium xanthommatin (CAS number 521-58-4) was acquired by

Seaspire Skincare as a brown powder (purity > 95%)

(Supplementary Figure S3). All remaining reference chemicals, sol-

vents, and buffers were purchased from Sigma-Aldrich (St. Louis,

MO) unless otherwise stated. All tests were conducted with freshly
JID Innovations (2022), Volume 2
prepared material before use. Xanthommatin-containing solutions

were made with DMSO (CAS number 67-68-5, Sigma-Aldrich) and

diluted at 1:1,000 with a cell culture medium. In each condition, the

solvent was present at a constant volume ratio of 0.1% (v/v). Two

independent experiments were done for each condition, with three

technical replicates per concentration. Concentrations in the endo-

crine studies included 3.125, 0.3125, 0.03125, 0.003125,

0.0003125, and 0.00003125 mM. Concentrations >3.125 mM pre-

sented solubility issues that interfered with the assay and were not

included in these studies. Concentrations for the phototoxicity tests

ranged from 0.0316 to 100 mg/ml. Concentrations in the bacteria

assays ranged from 31.6 to 5,000 mg/plate.

Overview of steroidogenesis assay

H295R cells were thawed and cultured through passage 4 to achieve

80‒90% confluency, where approximately 3.0 � 105 cells were

assayed in each of the test concentrations and reference samples

(including control and blank) for 48 hours. Testosterone and estra-

diol concentrations were measured in each sample using an ELISA

system (estradiol EIA and testosterone EIA, Cayman Chemicals, Ann

Arbor, MI) and were compared with the concentrations of the solvent

control and reference materials.

Overview of ERa transactivation assay

Stably transfected human ERa HeLa-9903 cell line was used ac-

cording to the suppliers’ specifications. On reaching up to 90%

confluency, cells were washed, and a single-cell suspension at 1 �
105 cells per ml was used to determine luciferase activity after 24

hours.

Overview of AR transactivation assay

An AR-EcoScreen cell line was derived from Chinese hamster ovary

cells (CHO-K1). On reaching up to 75‒90% confluency, cells were

trypsinized, after which time the medium was supplemented with

5% Dextran-coated charcoal‒treated fetal bovine serum (5%

Dextran-coated charcoal‒treated fetal bovine serum DMEM), peni-

cillin (100 U/ml), and streptomycin (100 mg/ml) and resuspended

and assayed at a resulting concentration of 9 � 103 cells/well and

incubated at 37 �C and 5% carbon dioxide for 24 hours before

chemical exposure

Overview of bacterial reverse mutation test

Tester strains TA98, TA1535, and E. coli were obtained from Mo-

lecular Toxicology (Boone, NC). Tester strains TA100 and TA1537

were obtained from Xenometrix AG (Allschwil, Switzerland). Tester

strains of S. typhimurium (TA100, TA1535, TA98, and TA1537) and

E. coli WP2 uvrA (pKM101) were tested without metabolic activa-

tion, and tester strains of S. typhimurium (TA98, TA100, TA1535, and

TA1537) and E. coliWP2 uvrA (pKM101) were tested with metabolic

activation. The four strains of S. typhimurium and one strain of E. coli

WP2 uvrA (pKM101) with the following characteristics were used:

for TA98, his D 3052, rfa‒, uvrB‒, and frameshift mutations for R-

factor; for TA100, his G 46, rfa‒, uvrB‒, and base-pair substitutions

for R-factor; for TA1535, his G 46, rfa‒, uvrB‒, and base-pair sub-

stitutions; for TA1537, his C 3076, rfa‒, uvrB‒, and frameshift mu-

tations; and for E. coli WP2 uvrA (pKM101), trp‒, uvrA‒, and base-

pair substitutions. For the experiments, S. typhimurium strains TA98,

TA100, TA1535, and TA1537 and tester strain E. coli WP2 uvrA

(pKM101) were used to evaluate the effects of xanthommatin at

concentrations ranging from 31.6 to 5,000 mg/plate. All concentra-
tions, including those of the controls, were tested in triplicate across

two independent experiments.
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Stock solutions of xanthommatin and organic UV filters—oxy-

benzone, homosalate, octisalate, octinoxate, octocrylene, and avo-

benzone—were prepared. A 96-well plate was utilized to measure

the absorbance of xanthommatin alone and in combination with the

organic UV filters. The concentration of all organic UV filters was

kept constant while increasing concentrations of Xanthommatin

were mixed into each sample well. The absorbance of each well was

measured with a Molecular Devices spectrophotometer over the

280‒500 nm range with 10 nm steps. All concentrations, including

those of the controls, were tested in triplicate across two indepen-

dent experiments.

Overview of phototoxicity test

The in vitro 3T3 Neutral Red Uptake phototoxicity assay used in this

study was developed and validated in a joint EU/COLIPA project

from 1992‒1997 (Spielmann et al., 1998, 1994) to establish a valid

in vitro alternative to the various in vivo tests to detect the phototoxic

potential of a test item. In this study, a BALB/c 3T3 mouse fibroblast

cell line (CCL-163, clone A31, ATCC, Manassas, VA) was used in

standard culture medium containing DMEM with 10% calf serum at

37 � 1 �C and 5% carbon dioxide at passage numbers 85 in the first

experiment, 80 in the second experiment, and 92 in the third

experiment. For each test item, two plates were prepared: one for

determination of cytotoxicity (without UVA) and the other for

determination of photocytotoxicity (with UVA). The cells were

incubated for 24 � 2 hours (5% carbon dioxide, 37 � 1 �C) until
they formed a half-confluent monolayer, during which 100 ml of the
test item or just solvent was added to the cells. The cells were then

incubated in the dark for 60 minutes. To perform the þUVA part of

the assay, the cells were irradiated for 50 minutes through the lid of

the 96-well plate using solar simulator SOL-500 equipped with an

H1-filter for 1.5‒1.7 mW/cm2 (UVA ¼ 4.5‒5.1 J/cm2) in the first

experiment, 1.4‒1.7 mW/cm2 (UVA ¼ 4.2‒5.1 J/cm2) in the second

experiment, and 1.2‒1.8 mW/cm2 (UVA ¼ 3.6‒5.4 J/cm2) in the

third experiment. The positions of the plates with low and high

irradiance were exchanged after half time of the irradiation (25

minutes). Duplicate plates were kept at room temperature in a dark

box for 50 minutes (‒UVA exposure time). After the exposition, cells

were washed and incubated overnight (18‒22 hours), were then

analyzed on incubation with neutral red medium for 3 hours, and

were then washed with neutral red desorb solution (freshly prepared

ethanol/acetic acid) measuring the optical density at 540 nm in a

microplate autoreader, using blanks as a reference.

Statistical analysis

Statistical analysis using the Dunnett’s test was performed only for

the steroidogenesis assay. Differences were considered significant at

P � 0.05 from the solvent control over the two or three independent

runs.
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