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ABSTRACT — Cosmetic ingredients are often complex mixtures from natural sources such as botani-
cal extracts that might contain minute amounts of constituents with sensitizing potential. The sensitivity
of in vitro skin sensitization test methods such as KeratinoSens™ and h-CLAT for the detection of minute
amounts of sensitizer in mixtures remains unclear. In this study, we assessed the detection sensitivity of
the binary test battery comprising KeratinoSens™ and h-CLAT for minute amounts of sensitizers by com-
paring the LLNA EC3 (estimated concentration of a substance expected to produce a stimulation index of
3) values to the minimum detection concentrations (MDCs) exceeding the positive criteria for each of the
two in vitro test methods. 146 sensitizers with both sets of in vitro data and LLNA data were used. MDC
values for KeratinoSens™ and h-CLAT were calculated from exposure concentrations exceeding positive
criteria for each in vitro test method (EC1.5 and minimum induction thresholds, respectively). The dilu-
tion rate used to expose culture medium was also considered. For 86% of analyzed sensitizers, the in vit-
ro test methods showed MDC values lower than LLNA EC3 values, suggesting that the binary test battery
with KeratinoSens™ and h-CLAT have greater sensitivity for detection of minute amounts of sensitizer
than LLNA. These results suggest the high applicability of KeratinoSens™ and h-CLAT for detecting skin
sensitizing constituents present in botanical extract.
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INTRODUCTION

Allergic contact dermatitis (ACD) is a dermatologi-
cal disease resulting from the development of skin sensi-
tization that occurs when skin sensitizing substances and
products contact the skin. Since ACD frequently worsens
the quality of life (QOL) of workers and consumers, skin
sensitization is considered to be one of the key human
health endpoints of safety assessment of the ingredients
comprising cosmetics and medicine. Skin sensitizing
potential has been assessed primarily using animal tests,
such as the guinea pig maximization test (Magnusson and
Kligman, 1969) and the murine local lymph node assay
(LLNA) (Basketter et al., 2002). However, the develop-
ment of non-animal test methods has been pursued due
to regulatory requirements and ethical issues. Non-ani-
mal test methods for skin sensitization have been devel-
oped by focusing on the first three key events (protein
binding, keratinocyte activation and dendritic cell activa-

tion) of the adverse outcome pathway (AOP) for the sen-
sitization induction phase (OECD, 2012). The direct pep-
tide reactivity assay (DPRA) addressing protein binding
(Gerberick et al., 2004, 2007), the KeratinoSens™
addressing keratinocyte activation (Emter et al., 2010) and
the human Cell Line Activation Test (h-CLAT) address-
ing dendritic cell activation (Ashikaga et al., 2010) have
therefore been developed. These test methods have been
accepted as OECD test guideline after their validation
against pure chemical reagents for intra-laboratory repeat-
ability and reproducibility, inter-laboratory transferabili-
ty and reproducibility, predictive capacity (accuracy) and
applicability domain (OECD, 2005; OECD, 2015, 2016a,
2016b). Furthermore, several integrated testing strategies
(ITS) that use multiple test methods have been active-
ly developed because one single test method is insuffi-
cient to cover the AOP and have high accuracy (OECD,
2016c¢).

In the cosmetic industry, various naturally derived
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complex mixtures such as botanical extracts have been
used. It has been reported that some botanical extracts
contain skin sensitizing constituents and they might
induce ACD (Kiken and Cohen, 2002; Lalko and Api,
2006). These botanical extracts have frequently been
extracted and solubilized into vehicles, such as water, eth-
anol and 1,3-butylene glycol. Therefore, these botanical
extracts mainly consist of vehicle, which does not have
skin sensitizing potential, but contain extracts that might
have skin sensitizing potential. For skin sensitization
assessment of botanical extracts without animal testing,
the strategy using non-target analytical screening tech-
niques has been proposed (Koster et al., 2015). However,
in this approach, we need to perform fractionation of mix-
tures and then assess skin sensitization for the individual
fractions because skin sensitizers have various mechanis-
tic applicability domains and reaction mechanics (Aptula
and Roberts, 2006; Roberts et al., 2015). Therefore, non-
target qualitative and qualitative screening analysis of
skin sensitizing constituents in complex mixtures such as
botanical extracts is often difficult and time consuming.
In this study, we focused on developing skin sensitization
testing strategies using non-animal test methods. Howev-
er, reported non-animal ITS method are not applicable to
botanical extracts containing indeterminate constituents.
For example, in silico techniques are not applicable to
botanical extracts containing constituents without chem-
ical structural information, as they predict the skin sensi-
tizing potential based on chemical structure. DPRA is also
not applicable to botanical extract as the test chemical
needs to be mixed at a specified molecular weight ratio
with synthetic model peptides. Therefore, non-animal test
methods that are applicable to constituents without chem-
ical structural information are needed for skin sensitiza-
tion testing strategies for botanical extracts.

As a proof of principle for testing botanical extracts
with an in vitro test method, a study using Keratino-
Sens™ has been reported (Andres et al., 2013). In this
report, Andres et al. (2013) performed a pilot study to test
whether KeratinoSens™ is able to detect sensitizing con-
stituents in botanical extracts. They aimed to detect skin
sensitizers that were artificially spiked at different doses
into botanical extracts evaluated as negative by Keratino-
Sens™. As a result, the sensitizing potential of moderate
or weak sensitizers spiked doses at 2% of higher (Citral,
Cinnamic aldehyde, and Isoeugenol) were detected. How-
ever the number of analyzed skin sensitizers was limited
in this report. Further investigation is therefore needed to
clarify whether non-animal test methods are able to detect
various sensitizing constituents that might be present in
botanical extracts.
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The binary test battery with KeratinoSens™ and
h-CLAT was reported to be able to identify skin sensitiza-
tion hazards with high sensitivity (93.4% or 94.4% com-
pared with LLNA or human data) (Otsubo et al., 2017).
Among the non-animal test methods that have been listed
in the OECD test guidelines, KeratinoSens™ and h-CLAT
are technically applicable to the testing of multi-constit-
uent substances and mixtures. However, the sensitizers
might not be detected if present at very low concentra-
tions in botanical extracts. As proof of concept for test-
ing botanical extracts with KeratinoSens™ and h-CLAT,
an investigation into the detection limit (DL) of minute
amounts of sensitizing constituents in botanical extracts
was thus needed.

When a tested botanical extract is positive in a test
method, a skin sensitizer would be present in the extract
at the concentration exceeding the DL in the test meth-
od. For example, if a tested botanical extract applied to
the ear at 100% is positive in LLNA, it is expected that
the concentration of a sensitizer in the botanical extract
would exceed the EC3 value (estimated concentration of
a substance expected to produce a stimulation index of 3)
in LLNA (Fig. 1). However, it would be difficult to iden-
tify a skin sensitizer present in botanical extract, which
is complex mixture from natural sources. In this study,
based on the assumption that skin sensitizers showing
positive results with in vitro test methods might be present
in botanical extract, the DLs of skin sensitizers present in
botanical extract were compared between LLNA and in
vitro test methods (KeratinoSens™ and h-CLAT). The 146
sensitizers showing positive results with KeratinoSens™
and h-CLAT were assumed as potential constituents
present in botanical extracts. Furthermore, we assumed
that botanical extracts are water-soluble and non-cytotox-
ic, and that they do not show any general masking effect
on the DLs of any skin sensitizers present. We then per-
formed a pilot study in order to test whether botanical
extracts would show masking effect on the DLs of skin
sensitizers for h-CLAT.

MATERIALS AND METHODS

Chemicals

Compilation of the currently available data was initial-
ly based on the published dataset (Urbisch ef al., 2015;
Takenouchi et al., 2015), and then 22 chemicals were
added from datasets in different studies (Jaworska et al.,
2015). Moreover, unpublished results for h-CLAT were
used for 3-Methyl-1-phenylpyrazolone. From this data-
set, a total of 147 chemicals with original references that
had already been evaluated and were positive on LLNA
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The expected result in LLNA based on the concentration of a sensitizer present in botanical extract. (a) If the concentration

of a sensitizer in the botanical extract is below the EC3 value, the botanical extract is expected to be negative in LLNA. (b)
If the concentration of a sensitizer in the botanical extract exceeds the EC3 value, the botanical extract is expected to be

positive in LLNA.

and binary test battery were selected. Benzo(a)pyrene
was excluded from the dataset because its EC3 value
came from extrapolation with a high stimulation index
(> 15) and it might be unreliable (Kern ef al.,
2010). Thus, a total of 146 chemicals were analyzed
(Supplemental Table 1) in this study. In the dataset of 146
chemicals, 116 and 129 chemicals were evaluated as pos-
itive by KeratinoSens™ and h-CLAT, respectively.

In vitro test methods
KeratinoSens™: OECD (2016a)

KeratinoSens™ addresses keratinocyte activation by
measuring activation of the keapl-Nrf2-ARE pathway
(Emter et al., 2010). KeratinoSens™ is a reporter cell-
based assay measuring luciferase gene induction as an
indicator of ARE activation in HaCaT. Cells were incu-
bated with test chemical for 48 hr, and then luciferase
induction was measured by luminometer. Test chemi-
cals were classified as positive if luciferase gene induc-
tion showed a statistically significant increase greater
than 1.5-fold over the vehicle control with cell viability
> 70%. The estimated concentration of 1.5-fold luciferase
induction (EC1.5) was calculated by linear interpolation.
KeratinoSens™ is technically applicable to the testing of
multi-constituent substances and mixtures.

h-CLAT: OECD (2016b)

h-CLAT addresses dendritic cell activation. Den-
dritic cells are known to up-regulate the expression of
CD86 and CD54 cell surface proteins following expo-
sure to sensitizers. h-CLAT is measures CD86 and CD54
expression on THP-1 cells that serve as a dendritic cell
surrogate (Ashikaga et al., 2006, 2010; Sakaguchi et al.,
2006). Cells were treated with a test chemical for 24 hr
at concentrations based on predetermined CV75 (concen-

tration yielding 75% cell viability) and stained with fluo-
rescence-labeled antibodies for CD86 or CD54. Changes
in CD86 and CD54 expression induced by the test chem-
ical are then measured by flow cytometry. Relative fluo-
rescence intensity (RFI) to vehicle control was measured
by flow cytometry. When CD86 RFI is equal to or greater
than 150% or CD54 RFI is equal to or greater than 200%,
the test chemical is classified as positive. The estimated
concentration inducing 150% of CD86 RFI and/or 200%
of CD54 RFI (EC150 or EC200) is calculated, similarly
to EC3 value determination in the LLNA. The lower EC
value is chosen as the minimal induction threshold (MIT).
h-CLAT is technically applicable to the testing of multi-
constituent substances and mixtures.

Detection limits (DLs) of skin sensitizers in
botanical extracts

DLs of skin sensitizers present in botanical extracts
were calculated from exposure concentrations exceed-
ing the positive criteria for each test method, which are
the EC3 values of LLNA, EC1.5 of KeratinoSens™, and
MIT of h-CLAT (Table 1). DLs were calculated on the
assumption that botanical extracts showed no masking or
boosting effect to the DLs of skin sensitizers in these test
methods. We did not have the LLNA data for botanical
extracts containing certain skin sensitizers, but consider-
ing that the LLNA EC3 values are the concentrations of
skin sensitizers expected to produce a stimulation index of
3, we would not expect to be able to detect levels below
EC3(%) in a botanical extract if it was applied to the ear
at 100%. Most botanical extracts would be applicable to
the ear at 100% in LLNA because botanical extracts have
frequently been extracted and solubilized into vehicles
such as water, ethanol and 1,3-butylene glycol. Therefore
DLs of skin sensitizers assuming to be present in botani-
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Table 1. DLs of skin sensitizers calculated from estimated concentrations exceeding positive criteria for each test

method (EC3, EC1.5, and MIT).

Estimated concentration

Sensitization test . o .
exceeding positive criteria

Detection limit of skin
sensitizer in non-cytotoxic
botanical extract

Maximum tested
concentration

Dilution rate

LLNA EC3 100 [%] 1 EC3 [%]
KeratinoSens™ EC1.5 400 [pg/mL] 2500 EC1.5 x 2500 [pug/mL]
h-CLAT MIT 5000 [pg/mL] 200 MIT x 200 [pg/mL]

cal extracts for LLNA were able to be calculated as EC3
values. For KeratinoSens™ and h-CLAT, dilution of test-
ed botanical extracts by medium was necessary. For non-
cytotoxic botanical extracts with no defined molecular
weight, serial dilutions from maximum concentration of
400 pg/mL are prepared for KeratinoSens™ in order to
obtain the desired final concentrations of the test chem-
icals. Finally, botanical extracts were diluted by a factor
of 2500 to be tested. Thus DLs of skin sensitizer could
be calculated as EC1.5 x 2500 pg/mL. After unit con-
version (ug/mL to 10-4%), the detection concentration of
KeratinoSens™ (DC, ) was defined as the DL of skin sen-
sitizer. Likewise, for h-CLAT, serial dilutions from maxi-
mum concentration of 5000 ug/mL were prepared. Botan-
ical extracts were diluted by a factor of 200 to be tested.
Thus, the detection concentration of h-CLAT (DC,) was
defined as the DL of skin sensitizer. The lower value of
DCy and DC, was defined as the minimal detection con-
centration (MDC) for the DL of the binary test battery.

Effects of other constituents on DL for h-CLAT
For non-cytotoxic botanical extracts, there was no gen-
eral masking effect (i.c., botanical extracts do not signifi-
cantly affect the EC1.5 values of spiked sensitizers) in the
pilot study using KeratinoSens™ (Andres et al., 2013).
In this study, we performed a pilot study for h-CLAT
in order to investigate whether botanical extract signifi-
cantly affects the EC150 or EC200 values of sensitiz-
er in botanical extracts. We used two botanical extracts,
Extract A (2% of active botanical content, solubilized
in 80% ethanol) and Extract B (0.5% of active botani-
cal content, solubilized in 50% 1,3-butylene glycol). Eth-
anol and 1,3-butylene glycol have frequently been used
as the vehicle of botanical extracts. Skin sensitizers were
tested with or without botanical extracts at 5000 pg/mL,
which is the maximum concentration for the h-CLAT. The
detection concentration of skin sensitizers was compared
with or without botanical extracts. If 5000 pg/mL botan-
ical extract did not affect the detection concentration of
spiked skin sensitizers, this suggests that there is no gen-
eral masking or boosting effect by botanical extracts. In
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this pilot study, we used two skin sensitizers, cinnamic
aldehyde and citral. It is known that cinnamic aldehyde
is potentially present in Cinnamomum Camphora (Cam-
phor) Bark Oil and citral is potentially present in Litsea
cubeba or Lemongrass oil.

RESULTS

Comparison of DLs for skin sensitizers

DLs of skin sensitizers were compared between LLNA
and KeratinoSens™. EC3 values (DLs for the LLNA)
and DC, values (DLs for KeratinoSens™) were plot-
ted in Fig. 2 (a). DC values were lower than EC3 val-
ues for 88 of 116 analyzed sensitizers. This suggests
that 76% (88/116) of sensitizers could be detected by
KeratinoSens™ at lower concentrations than LLNA
(Table 2). Likewise, DLs of skin sensitizers were com-
pared between LLNA and h-CLAT. EC3 values and DC,
values (DLs for h-CLAT) were plotted in Fig. 2 (b). DC,
values were lower than EC3 values for 105 of 129 ana-
lyzed sensitizers. This suggests that 81% (105/129) of
sensitizers could be detected by h-CLAT at lower concen-
trations than LLNA (Table 2).

DLs of skin sensitizers were also compared between
LLNA and the binary test battery. LLNA EC3 values and
MDC values (DLs for binary test battery) were plotted in
Fig. 2 (c). MDC values were lower than EC3 values for
125 of 146 analyzed sensitizers. This suggests that 86%
(125/146) of sensitizers could be detected by the bina-
ry test battery at lower concentrations than LLNA. When
compared to KeratinoSens™ or h-CLAT alone, the bina-
ry test battery was able to detect more sensitizers at lower
concentrations than LLNA (Table 2). On the other hand,
21 sensitizers showed higher MDC values in the binary
test battery than LLNA EC3 values (Table 3).

Effects of other constituents on DLs for h-CLAT
Cinnamic aldehyde and citral were tested with or with-
out Extract A at 5000 ug/mL, which is the maximum con-
centration for h-CLAT. The detection concentrations of
these skin sensitizers were compared with or without
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Fig. 2. DLs of skin sensitizers were compared between LLNA and in vitro test method. (a) EC3 values and DC;, values were plot-
ted for 116 analyzed sensitizers. The dot-line suggests that EC3 values were equal to DC, values. Sensitizers that showed
higher DC, values than EC3 values were plotted above the dot-line and sensitizers that showed lower DC; values than EC3
values were plotted below the dot-line. (b) EC3 values and DC, values were plotted for 129 analyzed sensitizers. The dot-
line suggests that EC3 values were equal to DC, values. Sensitizers that showed higher DC, values than EC3 values were
plotted above the dot-line and sensitizers that showed lower DC, values than EC3 values were plotted below the dot-line.
(c) EC3 values and MDC values were plotted for 146 analyzed sensitizers. The dot-line suggests that EC3 values were equal
to MDC values. Sensitizers that showed higher MDC values than EC3 values were plotted above the dot-line and sensitizers
that showed lower MDC values than EC3 values were plotted below the dot-line.

Table 2. Ratio of sensitizers that showed lower DLs for in vitro test method than EC3 values in analyzed sensitizers.

KeratinoSens™ h-CLAT Binary test battery
Analysed chemicals 116 129 146
Lower detection concentration vs. LLNA 88 105 125
Ratio 76% 81% 86%

botanical extract. For each skin sensitizer, EC150 val-
ues were similar with or without Extract A (Table 4 (a)),
and EC200 values were similar with or without Extract A.
For EC150 or EC200 without botanical extracts, histori-
cal data (Otsubo et al., 2017) were used. In addition, cin-

namic aldehyde and citral were tested with or without the
Extract B at 5000 pg/mL. EC150 or EC200 values were
similar with or without Extract B (Table 4 (b)).

Vol. 44 No. 1
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Table 3. Twenty one sensitizers that showed higher MDC values than LLNA EC3 values.

Chemicals CAS LLNA Binary Discussion
EC3 [%] test battery
MDC [%]
Diphenylcyclopropenone 886-38-4 0.003 0.03 Lipophilic, LogKow=3.25
Oxazolone 15646-46-5  0.003 0.05
Chlorothalonil 1897-45-6 0.004 0.0042 Lipophilic, LogKow=3.66
26172-55-4
MCI/MI & 2682-20-4 0.0050 0.044
1,4-Benzoquinone 106-51-4 0.0099 0.04
Dinitrofluorobenzene 70-34-8 0.03 0.04
Tetrachlorosalicylanilide 1154-59-2 0.04 0.06 Lipophilic, LogKow=5.87
Maleic anhydride 108-31-6 0.16 5.97 Susceptible to hydrolysis
Hexyl salicylate 6259-76-3 0.18 1.05 LLNA false-positive (Urbisch et al., 2015)
Propyl gallate 121-79-9 0.32 0.65 Putative pre-/pro-hapten (Jaworska et al., 2015)
chloramine T 127-65-1 0.6 4.68 Putative pre-/pro-hapten (Jaworska et al., 2015)
Cobalt chloride 7646-79-9 0.6 0.71
2-Methyl-4H,3,1-benzoxazin-4-one 525-76-8 0.7 5.44
24-Dinitrobenzenesulfonic acid sodium salt ~ 885-62-1 2 4.36
Allyl phenoxyacetate 7493-74-5 3.1 33.51
Diethyl sulphate 64-67-5 33 4.81
3.,4-Dihydrocoumarin 119-84-6 5.6 10.63
Anisyl Alcohol 105-13-5 59 9.23 Putative pre-/pro-hapten (Jaworska et al., 2015)
Dihydroeugenol (2-methoxy-4-propyl-phenol) 2785-87-7 6.8 19.20 Putative pre-/pro-hapten (Jaworska et al., 2015)
1-lodohexadecane 544-77-4 19 20.28 Lipophilic, LogKow=8.96
Penicillin G 61-33-6 30 75.09

DISCUSSION

This study aimed to clarify the applicability of in vitro
test methods (KeratinoSens™ and h-CLAT) for detecting
skin sensitizing constituents present in botanical extracts.
It would be difficult to identify skin sensitizers assumed
to be present at very low concentrations in botanical
extracts, which are complex mixtures from natural sourc-
es. In this study, the DLs of skin sensitizers assumed to
be present in botanical extracts were compared between
LLNA and in vitro test methods using the dataset of 146
sensitizers that had already been evaluated by LLNA,
KeratinoSens™ and h-CLAT. The 146 sensitizers were
assumed as indeterminate constituents present in botan-
ical extracts. The sensitivity of detecting minor sensitiz-
ers present in botanical extracts were compared between
LLNA and in vitro test methods. We assumed that botan-
ical extracts were water-soluble and non-cytotoxic, and
that botanical extracts showed no general masking effect
on the DLs of skin sensitizers in botanical extracts. We
also performed a pilot study to test whether botanical
extracts showed masking effects on DLs of skin sensitiz-
ers for h-CLAT.

When a tested botanical extract is positive using a test
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method, the concentration of a skin sensitizer in a tested
extract needs to exceed the DL for the test method. There-
fore, DLs of skin sensitizers were calculated from expo-
sure concentrations exceeding positive criteria for each
test method, which were EC3 values in LLNA, EC1.5
values in KeratinoSens™, and MIT in h-CLAT. The DLs
of skin sensitizers were compared between LLNA and in
vitro test methods (KeratinoSens™, h-CLAT and binary
test battery). For 76% and 81% of analyzed sensitizers,
DLs were lower than the LLNA for KeratinoSens™ and
h-CLAT, respectively. For 86% of analyzed sensitizers,
the binary test battery showed that MDC values (DLs for
binary test battery) were lower than the DLs for LLNA.
This indicates that the binary test battery of Keratino-
Sens™ and h-CLAT has higher sensitivity for the detec-
tion of minor sensitizing constituents in botanical extracts
when compared to LLNA. The binary test battery also
showed higher sensitivity when compared to Keratino-
Sens™ or h-CLAT alone. This suggests that KeratinoSen-
s™ or h-CLAT could cover for each other by using the
binary test battery, and showed higher sensitivity than the
single test method in terms of both hazard identification
and detection of minor sensitizing constituents in botan-
ical extracts.
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Table 4. h-CLAT results for cinnamic aldehyde and citral in botanical extract.
(a) h-CLAT results for cinnamic aldehyde and citral with/without Extract A at 5000 pg/mL.

(b) h-CLAT results for cinnamic aldehyde and citral with/without Extract B at 5000 pg/mL.

S())tanical extract Spiking sensitizer CD86 EC150 [pg/mL] CD54 EC200 [pg/mL]
Extract A No -(0/2) - -(0/2) -
Extract A gfg:ﬁ;‘é‘g +(3/3) 5.4 +(3/3) 10.2

No extract El‘g:;‘;‘(‘i‘g +(3/3) 10.2 +(3/3) 12.3
Extract A Citral +(2/3) 15.4 +(3/3) 12.3

No extract Citral +(3/3) 8.4 +(3/3) 15.0

(b)

Botanical extract Spiking sensitizer CD86 EC150 [pg/mL] CD54 EC200 [pg/mL]
Extract B No -(0/2) - -(0/2) -
Extract B 51‘2:1';‘;“(;; +(3/3) 4.8 +(3/3) 45

No extract gllggs;‘:;: +(3/3) 10.2 +(3/3) 12.3
Extract B Citral +(3/3) 13.5 +(3/3) 14.6

No extract Citral +(3/3) 8.4 +(3/3) 15.0

For EC150 or EC200 values without botanical extracts, historical data were used.

We performed a pilot study for h-CLAT to investi-
gate whether the EC values of sensitizers, cinnamic alde-
hyde and citral, can be affected when intentionally add-
ed into botanical extracts. The botanical extracts even at
5000 pg/mL are negative in h-CLAT and did not signif-
icantly affect the EC150 or EC200 values of cinnamic
aldehyde and citral. This suggests that there would be no
general masking effect in botanical extracts. No general
masking effect was also observed in the pilot study using
KeratinoSens™ (Andres et al., 2013). Therefore, based
on the assumption that botanical extracts did not signifi-
cantly affect the DLs in KeratinoSens™ and h-CLAT, the
DLs of skin sensitizer assumed to be present in botanical
extracts could be calculated from EC1.5 and MIT.

This study suggests that DLs for the in vitro test meth-
ods were lower than those for LLNA. For LLNA, tested
chemicals would penetrate into ear skin through stratum
corneum and be exposed to dermal cells. On the other
hand, for in vitro test methods, tested chemicals would
be directly exposed to cells. This difference in exposure
process may be one of the reasons for lower DLs for in
vitro test methods.

However, there were some sensitizers that showed
higher DLs for in vitro test methods than LLNA. In fact,
21 of 146 analyzed sensitizers showed higher MDC val-
ues in the binary test battery than LLNA EC3 values
(Table 3). Hexyl salicylate was positive in LLNA, but this
was probably a false positive, as confirmed by the Human
Repeat Insult Patch Test (HRIPT) and Human Maximiza-
tion Test (HMT) results (no induction at 35,433 pg/cm?
in HRIPT and no induction at 20,654 pg/cm? in HMT)
found in the database of the Research Institute for Fra-
grance Materials (RIFM) (Urbisch et al., 2015). Maleic
anhydride is susceptible to hydrolysis in aqueous solu-
tion. Therefore, this chemical may need to be tested at
apparently higher concentrations to identify its sensi-
tizing potential in the cell culture system, which would
lead to a higher MDC in in vitro test methods. Chloroth-
alonil, Tetrachlorosalicylanilide, 1-lodohexadecane are
lipophilic with Log Kow > 3.5. In KeratinoSens™ and
h-CLAT, lipophilic chemicals tend to produce false neg-
ative results and negative results with test chemicals with
high Log Kow should not be considered (OECD, 2016a,
2016b). KeratinoSens™ and h-CLAT correctly identified
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as a skin sensitizer for these sensitizers. However these
sensitizers may also need to be tested at apparently high-
er concentrations due to unstable soluble state in aque-
ous solution, which would lead to higher MDC values in
in vitro test methods. In addition to these 3 sensitizers,
diphenylcyclopropenone also had a relatively high Log
Kow (= 3.25). Thus, it was possible that diphenylcyclo-
propenone showed high MDC values due to the aqueous
nature of the cell culture system. MCI/MI, propyl gallate,
chloramine T, Anisyl Alcohol and Dihydroeugenol were
putative pre-/pro-hapten (Jaworska et al., 2015). Pre-hap-
tens need to be abiotically (through autoxidation) activat-
ed to act as sensitizers before coming into contact with
the skin or on the skin itself. Pro-haptens need to be met-
abolically activated to act as sensitizers within the skin.
It is possible that these putative pre-/pro-haptens showed
high MDC values due to the limited abiotic and/or enzy-
matic activation of the cell culture system. It has been
noted that the in vitro test methods may have limitations
in detecting the sensitizing potential of chemicals that are
susceptible to hydrolysis, lipophilic or putative pre-/pro-
haptens (Urbisch ef al., 2015).

For sensitizers whose MDC(%) was higher than
EC3(%), if the concentration in tested botanical extract
is > EC3(%) and <MDC(%), the botanical extract may
give a false negative result on the binary test battery ver-
sus LLNA. To evaluate botanical extracts using Keratino-
Sens™ and h-CLAT, and formulate into a final cosmetic
product, we need to consider the risk that tested botanical
extracts might contain these sensitizers.

We assumed three preconditions for the investiga-
tion in this study. First, we used 146 chemicals showing
positive results with LLNA and in vitro test methods as
skin sensitizers based on the assumption that these ana-
lyzed chemicals might be present in botanical extracts.
As described above, it would be difficult to identify skin
sensitizers assumed to be present at very low concentra-
tions in botanical extracts. Thus, we conservatively took
into account the possibility of indeterminate sensitizers
being present in botanical extracts, and analyzed the DLs
for the dataset of 146 chemicals. Second, we assumed
that botanical extracts were water-soluble and non-cy-
totoxic because botanical extracts have frequently been
extracted and solubilized into vehicles such as water, eth-
anol and 1,3-butylene glycol. Therefore, this assump-
tion would be applicable to many botanical extracts with
the exception of oil-based vehicles, such as essential oils
or cytotoxic extracts. Third, we assumed that botanical
extracts showed no general masking effect on the DLs
of skin sensitizers present in botanical extract. Botanical
extracts did not significantly affect the DL of sensitizers
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present in botanical extracts in the pilot study for Kerati-
noSens™ and h-CLAT. On the other hand, whether botan-
ical extracts affect the DLs of sensitizers in LLNA has
not been investigated. There has been no specific report
on significant effect to detect sensitizers present in botan-
ical extract in LLNA; thus, in this study we assumed that
botanical extract showed no general effect on EC3 val-
ues of skin sensitizers assumed to be present in botani-
cal extracts. If a significant effect on EC3 value of certain
skin sensitizers present in botanical extracts is expected,
the methods in this study should be carefully performed.

This study gave a proof of principle for the sensitivity
of detecting minor sensitizers present in botanical extracts
without considering the variability of EC3, EC1.5, and
MIT values. For LLNA, Dumont et al. (2016) analyzed
the variability of LLNA for a set of chemicals for which
multiple studies are available and reported the importance
of considering the variability of reference data. Thus, fur-
ther investigation on the variability of EC3, EC1.5, and
MIT values might be needed.

In this study, we assessed the applicability of in vit-
ro test methods for botanical extracts by comparison of
the DLs of sensitizers between in vitro test methods and
LLNA. The results suggested the high applicability of
KeratinoSens™ and h-CLAT for detecting skin sensitiz-
ing constituents present in botanical extracts. On the oth-
er hand, it should be noted that there are limitations to
apply in vitro test methods exist for oil-based or cytotox-
ic botanical extracts. In addition, some sensitizers showed
higher DLs on in vitro test methods than LLNA, suggest-
ing that the botanical extract with the sensitizer might
be positive in LLNA but negative in the binary test bat-
tery. Further evaluation such as a risk assessment strategy
would be needed to minimize uncertainty resulted from
less sensitivity for detecting these particular sensitizers.
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