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Background: Within the toxicology community, considerable effort is directed toward the development of alternative methods
for skin sensitization testing. The availability of high-quality, relevant, and reliable in vivo data regarding skin sensitization is
essential for the effective evaluation of alternative methodologies. Ideally, data derived from humans would be the most appropriate
source because the test methods are attempting to predict a toxicologic effect in humans. Unfortunately, insufficient human data of
the necessary quality are available, so it is necessary to rely on the best available animal data. In recent years, the local lymph node
assay (LLNA) has emerged as a practical option for assessing the skin sensitization potential of chemicals. In addition to accurately
identifying skin sensitizers, the LLNA can also provide a reliable measure of relative sensitization potency, information that is pivotal
to the successful management of human health risks.

Objective: To provide a database of robust in vivo data to calibrate, evaluate, and eventually validate new approaches for skin
sensitization testing.

Methods: LLNA data derived from previously conducted studies were compiled from the published literature and un-
published sources.

Results: We provide a database that comprises LLNA data on 211 individual chemicals. This extensive chemical data set
encompasses both the chemical and biologic diversity of known chemical allergens. To cover the range of relative allergenic
potencies, the data set includes data on 13 extreme, 21 strong, 69 moderate, and 66 weak contact allergens, classified according to
each allergen’s mathematically estimated concentration of chemical required to induce a threefold stimulation index. In addition,
there are also 42 chemicals that are considered to be nonsensitizers. In terms of chemical diversity, the database contains data
pertaining to the chemical classes represented by aldehydes, ketones, aromatic amines, quinones, and acrylates, as well as
compounds that have different reactivity mechanisms. In addition to two-dimensional chemical structures, the physicochemical
parameters included are log Kp, log Ko,;w, and molecular weight.

Conclusions: The list of chemicals contained in the data set represents both the chemical and biologic diversity that is known to
exist for chemical allergens and non-allergens. It is anticipated that this database will help accelerate the development, evaluation,
and eventual validation of new approaches to skin sensitization assessment.

for the identification of skin-sensitizing hazards. More re-
cently, however, the local lymph node assay (LLNA) has
been accepted as a valid alternative approach; its method is
based on the characterization of induced proliferative
responses in the draining lymph nodes after topical expo-
sure of mice to chemicals.2-6 The LLNA has been adopted
by the Organization for Economic Cooperation and Devel-
opment (OECD) as a stand-alone test for skin sensitiza-
tion (OECD Test Guideline 429).7 This adoption resulted
from thorough and independent validations of the LLNA
in both the United States® and Europe.® The LLNA offers
clear scientific advantages as well as important animal welfare
benefits (in terms of both reduction and refinement) when
compared with traditional guinea pig tests. In addition to ac-

HE EVALUATION OF THE POTENTIAL to induce
allergic contact dermatitis (ACD) is an important
component of the safety assessment process for a new
chemical that may be encountered through the skin.! For
many years, the guinea pig has been the species of choice
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curately identifying skin sensitization hazards, the LLNA can
provide a reliable measure of relative allergenic potency,
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information that is critical to the risk assessment process.
This is achieved by consideration of the vigor with which
chemical allergens provoke proliferative responses in drain-
ing lymph node cells. The relative potency of a chemical
sensitizer is measured by deriving what is known as the
EC3 value, which indicates the test chemical concentra-
tion necessary to produce a threefold stimulation of pro-
liferation in draining lymph nodes as compared with
concurrent vehicle controls.!® Thus, the intrinsic sensitizing
potency of a chemical is defined as a function of the con-
centration required to elicit a threshold positive response, a
stimulation index (SI) equal to 3. For this reason, the lower
the EC3 value, the greater the relative skin sensitizing po-
tency of the chemical. This approach has already been ap-
plied with some success, and the LLNA is the preferred
method for estimating the potency of a contact allergen.11-12
Meeting the ultimate challenge of developing non-
animal predictive test methods to replace an in vivo skin
sensitization test such as the LLNA requires an understand-
ing of the biologic mechanisms involved in the develop-
ment of ACD.!314 Specifically, the in vitro approach should
be designed in such a way that the potential of a chemical
to penetrate the skin, react with protein/peptide (with or
without the need for biotransformation), and initiate an
antigen-specific immune response are incorporated into
the developed tests. Approaches could include in vitro
methods, based most commonly on chemically induced
responses in cell culture systems (eg, single-cell cultures or
more complex models such as skin explant and skin-
equivalent models), or in silico methods (eg, computer-
based expert or quantitative structure activity systems),
Currently, in vitro systems for the identification of
skin sensitizers are still in their infancy. One critical re-
quirement for the development of alternative test methods
will be the use of robust in vivo data to calibrate, evaluate,
and eventually validate new approaches. In this article, we
describe the compilation of an extensive chemical data set
that embraces a range of chemicals and skin-sensitizing
activity. All materials have been evaluated through LLNA;
for some chemicals, it has been demonstrated that the
LLNA EC3 value correlates closely with what is known of
the chemical’s relative ability to induce sensitization in
humans.!5-17 These data provide a unique and valuable list
of chemicals for which the sensitivity, selectivity, and
overall accuracy of proposed alternative methods for skin
sensitization can be judged. This compilation also pro-
vides an invaluable source of data with which to explore
other issues, such as the relationship between chemical
categorization (on the basis of mechanism of action) and
potency. It could also help to define the applicability

domain of the LLNA as well as that of existing alternative
methodologies and those in development.

Materials and Methods
Chemicals

The chemicals identified in this article have been evaluated
for skin sensitization potential with the LLNA. For each
chemical listed in Table 1, the chemical abstract ser-
vice (CAS) number and two-dimensional structure are
specified. In addition, the molecular weight, the skin pene-
tration coefficient (log Kp: centimeters x hours — 1, here
expressed in its log scale), and the octanol-water partition
coefficient (log Kp,w) values are indicated for each che-
mical. The structures were graphically drawn with Cherm-
Draw, version 6.0 (CambridgeSoft, Cambridge, MA).
The molecular weight (MW), log Kp, and log Ko,w values
were obtained by analysis of the structures with the ex-
pert system DEREK for Windows, version 7 (Lhasa Limited,
Leeds, UK).!® The log Kp was calculated with the equation
of Potts and Guy,!? and the log Koy was calculated with
Moriguchi’s estimation.

Local Lymph Node Assay Protocol

The LLNA was conducted as described in the literature
(Fig 1).2-6 Briefly, groups of CBA female mice (7—12 weeks
of age) were exposed topically on the dorsum of both ears
to 25 pL of test material or to an equal volume of the rele-
vant vehicle alone. Treatment was performed daily for
3 consecutive days. Five days after the initiation of expo-
sure, all mice were injected via the tail vein with 250 pL of
phosphate-buffered saline containing 20 pCi of tritiated
thymidine. The mice were sacrificed 5 hours later, and the
draining auricular lymph nodes were excised and pooled
for each experimental group or each individual animal. The
incorporation of tritiated thymidine measured by beta
scintillation counting was reported in disintegrations per
minute. An SI was calculated for each chemical-treated
group as the ratio of the disintegrations per minute in the
treated group (or mean disintegrations per minute when
individual animals were assessed) to the disintegrations
per minute or mean disintegrations per minute of the con-
current vehicle control group. LLNA methodology assesses
skin sensitization, not photosensitization. A substance was
classified as a skin sensitizer if, at one or more test concen-
trations, it induced a threefold or greater increase in local
lymph node proliferative activity when compared with
concurrent vehicle-treated controls (SI, = 3). The compi-
lation of data from numerous laboratories is reported in
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Historical Local Lymph Node Data for the Fvaluation of Skin Sewsitization Tests

(38vd 1xau uo pauu1uos) “parewinss anpea,
*(IS) X3put UGHBMWIDS PEOJ33I[1 B 3OMPUT 0 AIBSSIIIU [EIMUYD 153} JO UOHENUSIUCI PAIBWHS AEINBUSE,

“s[enalely aaueider] J0] AINILSU] Yoreasay] = NATH £O7) S|qUIES) 39 181201d = O

tpare[nores 10U = N HYStom Te[a[ot = M U0y [A32 [Ay1aw = YN Kesse apou ydud] (eoof = vNTT $(2[e2s Sof) 1uatonya03 uonensuad unjs = dy {(afeas Sof) juspFe00 uonnied I19jem-[0UERII0 = VOY HIOTRO0SSY SIZMISEINUEIA
PRNXT PUR 10ARY] = YNT] HOURIS = HOV 2PIXOJNS (AP = OSWNQ DPIUBLLIONAGSIP = JWN( S2184 PI[IISIP = OTHP ‘1e[eyiyd [AI91p = JH(J H5qUINT 3214156 10eXSqV [POIWSYD = SY7) {([) [I0 3AT[O PUE 3U012%8 = OOV

~o
o]
IUO-C-UIOZRIIOST
118 1B [ Aqusy swnxy 6000 @ —  — - L €Tl g — —_ — 010 €00 100 JWA 09'6%1 60 86'T— H-SS-TLII -p-J{@aw-z-0101yD-6
(paysiyqndun) O/\</>\<<</\_O
13A9[IUN Jelapoy 6 — — — A £ 91T — — —_ (R4 001 oS o0V 68'09T S9Y  10°1— 1-£0-098% SUBISPEXIYOLIORYD-T
O O
1] i
N N,
-0 0
10
o TE 32 3§ 553(aa07 Eliteitvet sOp — 0% 68 ¥r 81 €1 — §70 0 S0 ST00 100 e]0) cee0r €10 S0P L-00-L6 SUIZUIGOIUIP-F Z-010[YD-T
10
2 [819 [ AqUSY  I9ZnIsuasuoN IN — — — 91 L1 't — — — 0'sT 001 (13 ooV 95TIT 61T S8'I— £-06-801 QUZURGOIONYD)
e}
W, s\o
o
3
o
18 312 Md sHeqoy e2M o — — - A 0¢ 8T — - - 0'st 001 1R [010) WL st 00T~ T-67-S9% suoumnbiogdure)
Q
3 e}
§<§</
2 N o)
7z [B 19 d epensy Team 9T — — — €T e €t — - — £9°8¢ €€°6T €411 (o]0} 4 £9°6LE 1T ¥1— JUOE[ZY 61D
mesby w5 gs s = = EEE E E S B 5 E § §F 9 ounonis 0214210
= @
oy £ £ Z £ 2 2 : EE 2 E F & % I
= o =’ Ed z =z n ¥ X * 8 R R M S

panuyuo) Y 3jqerL




Gerberick et al

168

PIIBWINSI ANEA,

*(IS) XOpUI UOHE[MINS PJOJP2IY} € 3INPUT 0} AIBSSI9U [EDIUIAY3 153 JO UONBIIUIIUOD PIIBLENSa A[[RINeWaIeIN,
“s[eLIR)epy 20URIBeL] 10] 2IMINSU] YDIBAsSY = LY 0D J[qies x 181301 = DXd

pajemO[ED 10U = N $YSEM FE[IIOW = A [N DU0IY [A(33 jAy1ew = YW ‘Aesse apou ydwid] feao] = YNTT 4(3[e2s Sof) 1wsmytsed uonenauad upys = dy (aeds S0]) usidigaos uoniied 191em-[0Ue]IC = WO HOYRDOSSY SIZINISRMURIY
1PRIXT pue I0aBl = VNG OUEY2 = O DPIXOJns [AYISUNp = QSIN(T DPIUBULIONAIDWIP = JN(] $191em Paf[usip = OZHP ieEeyyd [ApaIp = J2( “13quin 314195 19eNsqy [edlayD) = SV {(1:F) [10 2Al0 pUR 3101308 = OOV

o/_\/\J\/\o

2
b T8 39 D Zommapeq eIM ¢ — — — €9 ¢ - - — (Vi 001 0's 00V  ¥#TTSI  $§T  S®I—  S-0F-T6ES jLislie]
o]
\
N
o T8 @ V(O mnayseq SIEIPON o0g — &Sl IZ 61 60 ¥I — 001 oS 4 a1 S0 o0V 91TEl 67T 061~ T-SS-F01 spAUPPpE SHueUuID)
(6]
.
;[ 19 | epensy Jea M I — — ¢ 6€ SE 8§ — 006 0°0S 0'sT 001 OOY  8UPEl  6TT 61— [-bS-501 [oqo3[e JruiEuuLy
1812 F eprisy FEIM g — — — €9 ¢ 1T — — — 008 0'sT 001 OOV P8TEC OUF  6UT—  6-BESTHT 2UEIZPENRIOIONYD-|
o] 10
o1t 19 eprasy e 9 = — — &L & LT - = - 008 se 001 ooV S6'98T P €8'0—  E-EE-98€E SUBIPEIOGION)-T
P Ve N
(paystqndun) o
LA DZSUSUON ON — —  — T 9l I - - — oS 05z 001 00Y 090 €67 ¥YI-  0-10-€4KC auenouvIoyn-|
AN
I 12 Ay Awanxy s - - i 98t Fst 91t — - hand o £G°0 STOQ ooV 205 6]’y LL0— {9801 auarAdpdatoroqyn -1
ERITRYRIRN Lodyn)y j = = = e = = = = = e = = = ke ~ = s} NP [
. £ = 2 = [ L B iy = 5 o2 -
owwg 2 2 2 £ 2 %2 2 2 2 £ £ 2 & § * L % %
n 2 2 g g % &2 & 2 = @@ & = ° E S
3
8

ponuuos)

*1 21981



m (a8vd peau uo panuzuod)
-
*(IS) xoput uoneMIRS PlOJa21Y) € 3InpUT 0} ATessPU [EDIAYI 5] JO UOREIUIIUOD PIIBLITISH Aeoneatpen,
) _ ‘S[eLiey 2oueSen] 105 23nIASUf YIIEIsIY = NN SO0 IqUIeD) )2 191001J = ORI
tpale[ndfed J0U = DN YFIem Je[naa[ow = p N fau012y ({33 [Ay1au = YN ‘Aesse spou yduwrf [e2o] = YNTT 4(3[e3s For) w1202 vonenauad unys = dy “(are0s 8o7) 1uaniya0 uonnied I31eM-[OURII0 = MOy (UONRDOSSY SIAIMIDBNIIEIA
PRI PUB 10ATH] = VINE] JOURYI2 = HOIT 2PPIXOJ[NS [AYIR1Ip = QSN PPIUBULCAGIAWIP = JN( Ha1em PSP = OTHP “efepyd [AQep = Jg( Y2quunt 314155 WENSQY [E2TWAY)) = §¥D {(1:F) [10 2AI[O PUE JU0IRIE = OOV
N &\U 1g
18
o)
(paystiqndurn) Fm
" I3AI[U[Y Suong 60 — - Ve s'e e ¥1L — - as 44 01 1 "G9T ) T -69- g ‘
£ S0 [e]0)4 ¥6'59T 16T 66T £759-1695€  umINqoueddIp-$*7-0woIqII-7°]
=
W U/\/\/;\/\/\O
m v [B 13 © 2aIMap1Eg JjeLapoy £ — G 9 € It €1 — 00t 0's 5T 01 0] 0oQv STFSL  PST 98 T—  1-1L-€l6E [BUIe-g-supy
3 2
2
oI
Z o)
g ol
3 °
- o B 12 YV I2nayseq ABIM aw — 7€ €' 1 €1 ¥ — 00s 0sT 001 €T (188 OOV 627061 8T¢  SS1-— £-66-€01 apAyapre uswepiy
3 g
Z
vmr aseqeiep o O
= VINDI/WAT  19Z0IsuasuoN DN — — — €t 6T LT — — - st 001 s ooV ST9P1 &1 97¢— S¥9-16 ULIEWINOY)
g
g N
o
S [
2 N
2
1D
zz'[8 12  epensy S1BIPOIN 8% — — — 0e 1€ 9T — — - 001 oS ST o0V SEYFE SCC TOI—  1-SL-€BSET sozewninio)
20uz13f3y A103210° ~ =~ ™~ = .
owq : £ : :EEEEE EEE E £ % & o5 3 S IR0
> 5 & = 2 2 £ £ £ £ = = g & = = o= o
e v w2 o2 ow o = 8 =8 8 2 N :§ - g
g
panunuo)  °1 Qe[




Gerberick et al

170

«

‘pareuIlse An[eA,
*(IS) X9PUl UOHE[NWINS PJOJOAIN] € ADNPUL 0] AIESSINAU [EDIUIYD 153} JO UCHBIUIIUC pajewss A[[EdNRWaqIE,
‘s[eaie 3dueISeL] 0J AININSU UDIBISIY = WATY 0D 2[quies) g J21201d = Dd

{pare[no[ed 10U = N ySom eNoa[ouE = M PUOIIY [A1 [Aaw = YA HAesse spou ydud] (e3o] = VNTT (37805 50]) 1uapyj30) uopenauad unys = dyf {(2[eas Sof) 1uaraygacs uonnled 101EM-[OURII0 = MO (LONEDOSSY SIAIMPEINUE]Y

PenXy pue J0avl] = VNI JOuEa = HGI RPXOJNS [Aawip = QSN “PIUBLLIOfApaup = JIN( Ha3em P[MSIp = OTHP 2leeqiyd [K{aip = d3( U2qUInT 53IA12S 1DBASY [e2IUdY]) = SVD {(1:F) [10 2410 PUE 2U0IIE = QOV

0.9
o
LO )

0
gz [E 3@ VO uedy  19ZUISUISUON ON — — _ 1 €1 oI —_ — — 07001 005 0'st (ele)4 ¥TCTC 281 SLT— T-99-78 Sm_mﬁx&»ﬁm_a
2
js)
a a
fa )
L4792 uoIp-¢°1
(paysyqndun) DR AeLPON 9% — — — 81 Tel 6¢ — @ — — Q0 o) 001 BuowY 1T P F8I— 866491 -aureinq (Husydiipad5iz)-1
0
o O /|o
4
s 1B 12 VD uedy aeiapoy \8°C — —_— -_— I'el 9T €91 — - —_— 0001 aos 08T ooV 81°CLY 69°0 Prre— 6-50-191 apeaqeu [Ayatc
Z/\/ \./\Z
N
217 12 ¥(T 1ouaysey ATRPO g — —  —  — 1T vy — - — - ST 001 00V LI'0f 620  PI'E— 0-0F-111 amwemauadL
o] o]
Y
o}
e [0 32 O Z2IMafieg R LCAYN 9L - £91 FT 80 [ - _ 0000 05l Qs et ooV 91°001 95T €TT— 1-96-26 apdyapeiade (a1
ERITETRI DY Srofany = = = = o~ = = ﬂ o = o = = = = by == I'e) npPIRGS YT
) b et = =3 & = =
owwg £ 2 F F F 2 £ £ 2 £ £ £ £ 0§ 0 % % z
mow B o2z 2 & & o 2 8 & =& s ° 3 £
o
2
z

PanupLoe’)

‘I 9[qelL




171

Historical Local Lymph Node Data for the Evaluation of Skin Sensitization Tests
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Historical Local Lymph Node Duata for the Evaluation of Skin Sensitization Tests
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Day 6, inject 20 uCi
Apply 25 pl. test [*H] methyl thymidine
material to each via the tail vein
ear, days 1,2, &3

5 h later,

suspension

Precipitate cells

with
trichloroacetic
acid overnight

Determine tritium
incorporation by 3-
scintillation
counting

Mix precipitated
cells and
scintillation
cocktail

Figure 1. Schematic of local lymph node assay.

this article and in Table 1. The data are derived from pre-
vious studies that used LLNA methodology as described in
the OECD guideline.? References for the sources of LLNA
data for each of the chemicals are listed in Table 1,16:21-48

Potency Estimation in the Local Lymph Node Assay

The approach to the estimation of the relative skin sensi-
tization potency of chemicals in the LLNA has been pre-
viously described in detail.1? It is based on the mathematical
estimation of the concentration of chemical necessary to
obtain a threshold positive response (SI = 3); this is termed
the EC3 value. When the LILNA dose-response curve
included concentrations that induced at least one
SI greater than 3 and one SI less than 3, EC3 values were
calculated by linear interpolation. For chemicals that in-
duced an SI greater than or equal to 3 at all concentrations
tested, an EC3 value was extrapolated from the two lowest
doses used.®® For conducting this extrapolation method, a
dose response should be evident. The relative sensitizing
potencies of the chemical allergens were categorized with
a recently proposed arbitrary classification scheme.'! The
system, shown in Table 2, is composed of four sensitization
potency categories based on EC3 values. Compounds that
did not induce a threefold increase at any concentration
tested (generally > 20%) are categorized as nonsensitizing.

Results
Skin Sensitization Data Set: Chemical Information

Table 1 lists 211 chemical compounds along with their
respective CAS numbers and two-dimensional chemical
structures. It is clear from review of the structures them-
selves that the data set embraces the wide chemical diver-
sity known to exist among skin allergens. For example,
aldehydes, ketones, aromatic amines, quinones, and acry-
lates are represented in the data set. It is also known that
the chemical data set lists compounds that demonstrate
different protein reactivity mechanisms (eg, Schiff base,
Michael addition). The physicochemical diversity of the al-
lergens is reflected also by the log K values, which range
from less than —3 to greater than 5 (Table 3 and Fig2). The
majority of the allergens (92.3%), however, have log
Kojw values in the ranges of ~1 to 3 and 3 to 5. This is
not surprising because chemicals with these ranges are
known to be very good and good skin permeants, respec-
tively.1:50-53 The potency of an allergen does not seem to
be associated with any one log Kopw range (eg, extreme
allergens are represented in four of the five log Kow
categories). The nonallergens represented in the database
have a log Koy distribution similar to that of the allergens.
Similar ranges of log Kp values are evident for both the
allergens and nonallergens {data not shown).

Not surprisingly, all of the allergens listed in Table 1
have an MW of less than 500 D, which is consistent with
what has been published previously.’ The MW distribu-
tion of the allergens shows that the majority are in the
ranges of 100 to 200 D (52.7%) and 200 to 300 D (26.6%)
(Table 4 and Fig 3). It is generally believed that chemical
allergens have low MWs (< 500 D) and log Kow values of
greater than 1, which are thought to favor the penetration of
the chemical across the lipid-rich stratum corneum.>> For
the most part, all potency categories are associated with
the MW cutoff ranges depicted in Table 4. The distribution
of the nonallergens in the database is similar to that of
the allergens.

Table 2. Classification of Relative Skin Sensitization Potency by
Local Lymph Node Assay EC3 Values

EC3 Value (%) Potency Classification
=10 to < 100 Weak
>1to< 10 Moderate
=201to<1 Strong

< 0.1 Extreme
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Table 3. Log Koy (Log P) Distribution of Allergens by Potency Classification

Log Ko Range Skin Penetration Allergen Potency* Distribution
< -3 Very poor skin permeant, very hydrophobic 0

> -3 to —1 Poor skin permeant, hydrophilic 4 (2E, 1S, OM, 1W)
>-1to3 Very good skin permeant, amphiphilic 113 (7E, 175, 54M, 35W)
=231t05 Good skin permeant, slightly lipophilic 43 (2F, 3S, 11M, 27W)
=5 Moderate skin permeant but decreasing 9 (2E, 0S, 4M, 3W)

with increasing log Koyw

*Designated as E (extreme), S (strong), M (moderate), and W (weak).

Skin Sensitization Data Set: Biologic Data

The LLNA data for each of the 211 chemicals are displayed
in Table 1. The data set includes weak, moderate, strong,
and extreme skin sensitizers, as well as nonsensitizers. The
LLNA data in this database were from studies that used the
standard LLNA protocol as described in OECD Test Guide-
line 429.7 For some chemicals (such as those that formed
the basis of the various interlaboratory trials), several
different EC3 values were available albeit within a narrow
range. In each of these cases, the data shown in Table 1
derive from one representative experiment that we feel
reflects accurately the results obtained with the chemical.
For all of the studies represented in Table 1, a common
vehicle as described in OECD Test Guideline 429 was used
(eg, acetone and olive oil 4:1 [AOO], and dimethyl sulf-
oxide). In instances in which the chemical was tested in
more than one vehicle, the data set for AOO was selected.

160

. Non-Allergens

Allergens

140~

120

100

80

60

Number of Chemicals

40

20-

0 , : . ] :
<3 >31041 >-1t03 >3t05 55

Log K 51w

Figure 2. Distribution of log Ko values of allergens and nonallergens.

The specific reference for the source of the LLNA data for
each chemical is indicated in Table 1. The data set includes
42 nonsensitizers, 66 weak sensitizers, 69 moderate sensi-
tizers, 21 strong sensitizers, and 13 extreme sensitizers, fora
total of 211 compounds (Fig 4). For the nonsensitizers,
materials that did not give a positive response in the LLNA
up to the highest dose tested were included (data for
nonsensitizers were most often tested at concentrations of
> 209%). For positive chemicals in the LLNA database, EC3
values (calculated from linear interpolation) range from as
low as 0.003% (for the sensitizer oxazolone) to as high as
89% (for aniline). In Table 1, we have also included EC3
values estimated by the extrapolation method; these are
indicated by a footnote marker. Of course, caution should
be used in interpreting and using extrapolated EC3 values
that have been estimated from less-than-perfect dose-
response data. However, it is our opinion that these data
can still provide important benchmark information to
investigators who are developing alternative skin sensitiza-
tion testing methods.

Discussion

One major focus area for scientists from academia and
industry over the past decade has been to develop alterna-
tive nonanimal test methods for skin sensitization testing.

Table 4. Molecular Weight Distribution of Allergen Potency

MW Range Allergen Potency™ Distribution

< 100 10 (OE, 28, 3M, 5W)

2> 100 to 200 89 (5E, 115, 45M, 28W)
= 200 to 300 45 (7E, 48, 12M, 22W)
> 300 to 400 23 (1E, 3§, 8M, 11W)
= 400 2 (OE, 1S, 1M, OW)

MW = molecular weight.
*Designated as E (extreme), S (strong), M (moderate), and W (weak),
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120

- Nonallergens

Allergens ]

100
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Figure 3. Distribution of molecular weights of allergens and non-
allergens.

It is an enormous challenge to reproduce accurately in vitro
the complex immunobiologic mechanisms that act in con-
cert to permit skin sensitization. For example, numerous
cell types (eg, T lymphocytes, Langerhans cells, keratino-
cytes) and a plethora of immune and inflammatory medi-
ators (including cytokines and chemokines) are involved
in the initiation and expression of an ACD response. The
key to success will be the development of a test method or
methods that incorporate all aspects of our understand-
ing of the chemistry and biology of contact allergy.

Whatever new methods are developed, whether they
are in silico quantitative structure activity system models or
in vitro cell-based methods, they will be required to have
their performance characteristics assessed, particularly
their sensitivity, selectivity, and overall accuracy. This in
turn requires the selection of a robust chemical data set to
interrogate and calibrate the method.4>% One essential
criterion is that the activity of each of the chemicals used
must be supported by relevant and reliable in vivo data of
high quality. In addition, it is important to select chemicals
that display a wide range of potencies and that represent
the relevant classes of chemicals and physical properties
of the materials known to cause the specific endpoint. To
this end, we compiled a data set of chemicals to be used for
evaluating alternative approaches to skin sensitization test-
ing that meet these criteria and that encompass the chemi-
cal and biologic diversity of chemicals known to cause skin
sensitization in animals and/or in humans.

The chemicals listed in Table 1 have clearly different
protein reaction mechanisms (eg, Schiff base formation,

Michael addition) and include representatives from various
chemical classes of materials, including aldehydes, ke-
tones, diketones, acrylates, and aromatic amines. The
two-dimensional structure and CAS number of each com-
pound is provided to aid investigators in obtaining the
correct materials. It is well known that skin allergens must
have a relatively low MW (< 500 D)% and appropriate
physicochemical properties (eg, lipophilicity).2757 The
chemicals compiled in this data set demonstrate a distri-
bution of log Kp/w values and MWs that are consistent
with chemicals known to be good to very good skin pene-
trants (see Tables 3 and 4 and Figs 2 and 3). It is known also
that chemicals of equal molecular weight can have very
different skin penetration potentials, depending on their
lipophilicity. For example, most skin permeants are amphi-
philic (or amphipathic) chemicals with a trend toward
slight lipophilicity. It is also interesting that the allergenic
potency of the chemicals compiled in the database are
not associated with any one particular log Kow or MW
category {see Tables 3 and 4). The nonallergens in the
database show similar distributions for the log Koy and
MW categories.

In addition to chemical diversity, it is particularly
important that the enormous range of potencies known
for skin allergens be encompassed. It is believed that dif-
ferences between contact allergens with respect to their
relative skin sensitizing potencies can span four or more
orders of magnitude.!1:15:58 The chemicals compiled in this
LLNA database display a range of potencies, which is re-
ferred to as the EC3 value.l The preferred method for
deriving EC3 values is linear interpolation using the data
points (concentration and SI) immediately above and
below the SI value of 3 on the LLNA dose-response curve.
In addition, we employed a method for estimating EC3
values that can be applied in instances in which none of the

70
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Figure 4. European Centre for Ecotoxicology and Toxicology of
Chemicals (ECETOQC) potency category distribution for allergens.
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tested concentrations results in an SI of less than 3 and in
which there is clear evidence of a dose response.*® Al-
though caution needs to be taken when employing this
extrapolation method to obtain an EC3 value estimate,
the method can provide information regarding likely
threshold values and may obviate the need for repeat ani-
mal testing, It is also important to note that the data sets
provided in this article are representative of the types of
dose responses observed in the assay. For some chemicals
(eg, camphorquinone), a decrease in SI values at the highest
concentration tested may be indicative of local or sys-
temnic toxicity. Additional information such as body weight
data can provide guidance in interpreting these types
of responses.

The LLNA EC3 values listed in Table 1 show an enor-
mous range of potency, covering four orders of magnitude,
from weak allergens to extreme allergens. Each of the
ECETOC potency categories established by the European
Centre for Ecotoxicology and Toxicology of Chemicals!?!?
is well represented among the 211 chemicals in the data
set (ie, 42 nonsensitizers, 66 weak sensitizers, 69 moderate
sensitizers, 21 strong sensitizers, and 13 extreme sensitizers)
(see Fig 4). Our experience is that the allergenic potency
for mice as determined with the LLNA is similar to that
known for humans.16:17:59

In terms of hazard identification (to the standards
required globally for regulatory classification), the LLNA
demonstrates the same accuracy as the Buehler and guinea
pig maximization tests for predicting the human response.®
Thus, there are a few compounds that demonstrate dis-
cordance between the LLNA results and human experience.
For completeness, we chose to include those chemicals
as well in this data set. For example, benzocaine, methyl
4-hydroxybenzoate (methylparaben), streptomycin sulfate,
and vanillin are chemicals that are not detected as skin
sensitizers in the LLNA but that have been reported as
human allergens.!617:25,28:35 1t is jmportant to note that
none of these chemicals that escaped detection in the LLNA
are considered significant human contact allergens, nor
do they typically give positive results in guinea pig tests.
In addition, there are chemicals that give positive responses
in the LLNA but are not considered skin allergens in
humans. For example, isopropyl myristate and sodium
lauryl sulfate yielded positive LLNA responses (albeit weak)
whereas human experience suggests that these compounds
are nonallergens,?33

It is well known that some chemical allergens require
biotransformation to be capable of initiating a skin sensi-
tization response in vivo.27 Thus, chemicals that are known
to undergo activation or metabolism in the skin to acquire

reactivity are represented in this data set. (Such chemi-
cals are called prohaptens; for example, eugenol and iso-
eugenol are considered to be prohaptens.)?7-2 Because it is
known that some chemical allergens must undergo bio-
transformation prior to reacting with proteins/peptideS,
it will be critical to incorporate a metabolism component
into alternative assays in order to address these types
of molecules,

An important measure of any new in vitro test method
will be the extent of its usefulness in the skin sensitization
risk assessment process. Although it would be of value to
have in vitro methods available to assess the skin sensitiza-
tion hazard of novel chemicals, it would be more valuable
to have available methods that can extrapolate that hazard
as risk to humans.! In addition to determining skin sensi-
tization potential (hazard), the LLNA yields important
information for assessing sensitization risk, the relative
allergenic potency of a chemical.!%17:28 Therefore, it will
be useful to compare any new in vitro skin sensitization test
method to the murine LLNA for its ability to determine
allergenic potency. On the other hand, in vitro methods
that can be used only for hazard identification would still
be valuable because they can be used for screening pur-
poses and will help to reduce the need for animal testing.

Thelist of chemicals contained in the data set represents
both the chemical and biologic diversity known to exist for
chemical allergens and nonallergens. It is our hope that
publishing this LLNA data set will provide investigators
with key information needed to accelerate the development
and subsequent evaluation of alternative test methods
and ultimately reduce the reliance on animals for assessing
the skin sensitization potential of new chemicals.
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