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T e

E AEHLS g 120l EAUHFZ(AOP, Adverse Outcome Pathway) &
Y WA B4 dHA(key event)?] T-AlZ2] &30l F41S Hrlot= BHOEA UN
GHS 7120l we} AEE2 9] R34S Frloks 48T EAEY (LLNA: DA)o|t}.

2 A mBEgEd whs 3 % 7l(induction phase)o|] UEYE HRSS
Sol= Aoz AHEE FE H9 rpke "EZd YojA Fuj o FA 25
et ATP & FAHA-FA|HEtolA] ®HES 0|89 AHFHoz =745}
o R EA S s

LLNA: DA A8H2 7IU"g AY(TG 406)3 H|IL A, AREHE
AAAE 4= 1o of7|(challenge)ol oldl FEf= TF AFIRES Fo] " QoA

&7l Mzl =2 1%S ¢ & Ue FHol U+

T xzee

LLNA: DA A9 9] 7|2 dele 742 AdEde] o 48 79 77k
dxd oA foEs "HEAY FAS BU6he Aotk olHe HX

ANEEZ Ag F o7 FxH(auricular lymph node)ollAl S4H Axo J7H&
UEtY = ATP 42 S%sto] Hristth, ATPRF FAH AL FA|H2totA o 93
4 S EX061a WEE Yo A7l ATP 522t HlElob o= J=A|(luminometer)&
AMESHe] 83 AlgdTe FAIY RS Bt A0 it AEEELY B
219 ¥]&91 ZAA(Stimulation Index, SHZ UYEHHH, A|EEZS o2 AZE4Z

w7 HsiMe SI A7 1.8 o] (ST = 1.8)°]0foF it

ATP + Luciferin + O, —2<%¢ 5 Oxyluciferin + AMP + PP, + CO, + Light



ANEES FYo7] A AIFEZS] B 9 35t 1, Ee8sry 42, WA (in vitro)
E= AAAWGn vivo) SAE A, FRF0Z fARE 229 EAAE 2 &

AlgEdol sl e 7Fed FEE alHste] LLNA: DA Alg®o] sig Ald=20

A B9 EE@EREAFEAQ] A oA AFA
At Ued), A mE)sol z2h871e matels A|FEAZ(test chemical

(e) ju §
classes) = @Y Al EZ (substances) 52| 4% LLNA: DA A& Z-gof= A|3lo]

7] gz 71Uy A[H(TG 400)°] 2
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£ A1) A3 tloleHo] Aol wEH LLNA: DA AIERoA 91948 A7t v
UMY 82 ST 1.8~2.59] ghe WEREKell: Fdgk 7). mebA ST kel 1.8~2.5¢ ),
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v = oA FE AA A U 5 e TheAS L sfor et

AEEE2 CBA/] "R Aol AzET Al 3 &4t Fdo] gl 8~125F7% 9
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FANBELL vpe o] H83l7] A AHg G/ RPA o] G AY BetAL
PHET, B A oIS FAsiof Fit. AYAFEAL 2EA 2 ALY EE
slAsto] ARgRtTh Ql@r]7|olN Uutgos Uehts 284 AUEAES HEd
S AH3lo] 8% 75T RG] BE 8EEEE SHe 482 (exaggerated

o= F&%h Sul/RYAE oME £ 2AA0O, 41 v/v),
N,N-gu g 22E0lu] =(N,N-dimethylformamide), W27 E(methyl ehtyl ketone),
a2 gdZ2]E(propylene glycol), HHEAZA0]|=(dimethyl sulfoxide)”} HAE M
FES Bk AT ANEE A9 e 8u/RBAE AT 5 9l

extraction)!

AR SEE BE 445 dsse 3709 SEg ATl 100%, 50%,
25%, 10%, 5%, 2.5%, 1%, 0.5% &). AldEdy} HHE 7|9 BE S4PE(:
T4 B4 2 0% A4, 72 L skt JRET Aot 9 3§ PRHow
QA AFEA AN) 5 TSl Fol gL Ao} qth. o9 2 Fust

Rl A% ouIARE Aok Tt

SANEEEALE AEEEE &lT &/ FBAE At (FIAHED), FEd=E
E4L olqE : &8H @ YU(acetone: olive oil, AOO, 4:1, v/v)°oll 343t 25% 14
A4 d8] =(hexyl cinnamic aldehyde, HCA)2} 25% -Al&(eugenol)o] EAHL.

=] FHPRIES Tl AL PASHAEE LLNA: DA Al8S Ar|doz &8st
o), FeUEEY AEY Y& AL AHE =&t 5ES

il

HojF = HH%XPE% SHAt A Ae] A%, T F714:1 Al 6714 o5t
=:]
=u

1) F2=H(exaggerated extraction): 22 ARE 8&W(simulated-use extraction) oA 8&%+ %3} v|us}to]
o @2 F9 s5hy 2PES {E5] AT £ U

* AES] AREHE BoRt 8EH
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- S AR AF L AR AL A A vhen A, 7 ReRe B

Q2Ke]: SD, SEM)

=4 AR 7919 i A= 5 9 9 B

ZF o940 QbErAL 9 ATP 574 ARE
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EE.]| HOIE(OECD TG 442A)

TR FAYTHAEY: DA

Skin Sensitization: Local Lymph Node Assay: DA

407 A= ]E}(l) LLNA *]d‘ﬂ A5 AR AR 9 I Aol
P AE y&ol REIHB)NDB)6)(7)B)O9). LLNA AFHoA= HIF
A4S &2Aol= 9 WA 5YY4a Huld(thymidine) = 22E(jodine)s
AMESHE R WA %gg S B AR, H7] 5] #A7F E & As AGolA=
= o}, LLNA: DA(Daicel Chemical Industries, Ltd. 7=
HYgH HYA LLNA Al¥¥H(a modified non-radioactive LLNA method)2.&
=

5

>~
ek
rE
S
EB o.
S,
Tp
rﬂ

[e]
I =A19] ZHQl off|kAl 3AXHATP) TS A& T (bio-luminescence)

[e]
3 ekttt LLNA: DA Ald¥2 A5 9 dEZF o|RoAL =4 =87t

o] o5 IF AHHZ THAEA mFE AEY 9 ey 24 Adshed|
&3t Ao r FHHJTA0ADA2)(13). & A 7Zloj=gele sEoA
sletE4d o] nE A s B7ksH] flsl M= SlH TG 4062 71HE A[E,
53] 71Uy =Sdi3t AlF 4 Buehler Al@< ©]&3tH14). LLNA AIFH(TG 429)3%
HEPE v9Ad AJEQl LLNA: DA(TG 442A) 2 LLNA: BrdU-ELISA(TG 442B)
AHE 25 &5 ARS A4 7f4A9 SHolA TG 406(14)9] 711" Al HH
o]zq.%



SEE S LR SSUHAMAEYELABZEAZEY: DA) 710|=21¢l

oln

2. LLNA: DA AlE¥2 LLNASH "B/ 2 mi 32gol f=7](induction
phase)g TFHFH &%-1-3 B7to| A4t FFA dole & AlFeteh. £ mHA2H
229 3lolsl=t DNAL HAMA EX|o Algo] Hasix] gkomz o FH9]
Ak =& 2 H7E A EAY 7R wiAARIY. ol A= mRAAELS
gelst7] At A9 ARES SYAIT, HRGAS Algo] AMEE= 7IUE Y 5
=4 & AHIG 406)(14).

)

Q
o

<

Hoje B2 1o $25o] grt

o

Z7| DA 2 AR
4. LLNA: DA AIERE E7 AHdS 7HEA AR o] 424 AdEEdS
AE35}7] 93t Mg® LLNA A3 Holt} o]= 2E Lo LLNA(TG 429) E= 7YY
AB(TG 406)(14)& thA4lsto] LLNA: DA A|¥HE AR&dfoF Sttt 9jn|7} ofyzt,
LLNA: DA Al&Ho] 5%t 715S 7 ¥4 2 34 2o gRtHo = ¢ o)
7HAQl &elo] B ashA] k2 hANER O E A 5 SZl ZoItH10)11). A&
1

2~

= B L 2sfjof gttt o] g
JEol= AFEdY &4 2 38t #x, E93ety Ad, AAY(Gn vitro) T
BAW(Gn vivo) AT A, FRFC0E [ARE EEHY SHAE ZH 59

ZotETh. LLNA: DA Al¥o] o AldEd] AARMA(YR =49 A+
LLNA: DA AEHE ARE & glsbT IxRDE ZAdste AW Foi8=%Z

d7shztlol oz JEE Falshor it

5. LLNA: DA AR AW AR 2A, G274 H5 A4 E/(allergic
contact sensitising activity)?] H7lo| & AFE-S WA ¢ AT 7YY AY
(TG 400)(14)= HlaL A, Y271 HE 44 84S B7Isket AR EE 529 8
£4Y & Ut H&o] LLNA: DA AlEH-2 TG 406 Al@H = 2 oF7|(challenge)ell
o FEEe HF AHNrs fdo] BashA] 7] o dEErAE HE A

Ao A &9 AR A S MA(ES 2 s AT TG 400(14)°] H] s

10



LLNA: DA AJ®9] o]fo] glZolke E-total, AR AFH R QI8 TG 406 AlAHO|
83t AR7F AHell: B4 5549 Ald, fRA=EE9 A% LR
AHZGA 79 =210)(D), AdEEY] &5ix). E3F FAAA w759 8715
E3}5l= A|FIEA FH(test chemical classes) = dd AEE4(substances)(16)9]
71Y™ AJR(TG 4006(14))°] B8Z 4 QIth. LLNA AJdo] s &eld &
(1) LLNA: DA A]o“ﬂoﬂﬁ @%ﬁh A& BARTH10). £ LLNA: DA
A ATP 20l FTF= vA= AFAEEE@: ATP JAAZ A-&ot= AEEE
Al W ATPY] A&t S0 &= vA= AIF=2(C: ATP Esilaso] &4,
2xd f Al 9 ATPO] &) Algell AddstA] &2 4 Qlth o]} Zo] gele
AtdS AlQlstd AFEAC] E/4Jo] LLNA: DA AlEHO] Horo] JF& F4] o= o,
RE AFEZo| A8 2 9lct w3t 2R 4(Stimulation Index, SI) 1.8~2.5 Zo|
= BF I8 BAR A9 e -LE%HOF AH31~32F H=E). o=
A2A o = 1.8(6F &2) 7152 AHESh= 4471 &2 < ol o] o] FA s
U=, LLNA: DA AR 2 3270 LLNA 24 %@% dEoHA AERAT

A2 &4 1270 F 371 3 AESLL, 1 22452 AAAS 1.8~2.59 3=
UEPHTHA: 8%t AAN10). sHARE AR = st ARy 58S
Airsh=t] 5LRt HolHAEZF ARG EQOEE o] A= AA| d&8Z Ao
4y

’ N _4

_4
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ok m o
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Al Ee

6. LLNA: DA A|g¥9] 7|2 El= A& AldEdo] 38 #99 7Pk d=2d

oA g2 42 FEsks Aot ol#dt o] F42 HEste FH =T

2 FH99 & (dose) ¥ Fs(potency)oll HlEsH7] Wil RS HFH

Z7ol 7hssith. HET SA42 4 AldEddYy FIAdERTS Bd 42T S4 =

Hlaste] SRt FPANRTY Hd SAC did AldEELe] B 49
A A= A2A71

HLREAAS)E AL, ARBAS HRUABAR B
(]

1.8 °o]H(SI = 1.8)0]ofoF gttt & 7ol



SEE S LR SSUHAMAEYELABZEAZEY: DA) 710|=21¢l

A A (auricular lymph node)ollAl 2418 AEpe] 2742 Uefs ATP 32
AETHECINE A5t JRBATE YL FEA AD17)22 Sk 2
7]_%0‘%11}(18)(19) AEEEL O}EHPJ grgol wet ATPQ} ‘“—*luﬂadii B A

ATP + Luciferin + O, —2<%%¢ 5 Oxyluciferin + AMP + PP, + CO, + Light

H=E 99 Al7|(light intensity)= ATP X2} v ol ZZ=A(luminometer)S
ARgSto] A3t FAHA-FA|H 2ol B4 ATP Aol AMEE= 47t =2
Ao R uf9 ThFet 3-8-FofoA o] 8= TH20).

Al 23

7. AYPEERZE oheAS ARSItk LLNA: DA A@HO AZ A7} CBA/J
ASLE g et s Fol AaEH(12)(13), EAF 2 d4l FHol Y= AAet
A5 ARESITE ATE AJFF Al BE-AE 8~12580]0fof ot AT HA=
= B ASY 20%E ZASHA = ¢ Hrh. LLNA: DA Al Z3joA]
k-A9] Agoluh ol 23t Aol glok= AL S9Yst= HlolE7 383 U=

ARG B AEEH

8. uhes AE ARge] i Wt 3747} MEE A3 g B mheak
§42 ASCUAE U UFEYS R 2 & U2 FAHCE A

Fhsee e 30%°18 @, 74 70%E %111 goror s, ddEs=d A
AE ALBEAL 50~60%2 H ol lojof et 282 B/% F71E 12/\17J kel

At ARE QutHel APERE ARE AgSH S84E FAR FFwh
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SEE S LR SSUHAMAEYELABZEAZEY: DA) 710|=21¢l

oln

St} Agoks FHANZEZL obfE | 28]H @ U(acetone: olive oil, AOO, 4:1, v/v)°l
3)A%E 25% AU AE|5]| E(hexyl cinnamic aldehyde, HCA)CAS Y13 101-86-0)2F
25% Al =(eugenol)(CAS ¥& 97-53-0)°|t}. &3 EfFAdo] AAH= 45, H19

7|€0 Fedole e FduzEdE AT & At

12. &A1 FHz2Y xZde dFste W, LLNA: DA AldE #7|3e=
S5t ol F4 gt ¥ o)), FAURTE 2HE AN Ja AEoHA &St
582 USst= wWiAA=(historical PC database)S 2HHE3H AFPA HL
FAHERT F7140 AlF(@: 671 olst 1HA) = 7hestrt. AFAE A3t 717
Well(1d =9 24 10319 =HZQ AloA R didd 4 2=

13.  LLNA: DA AIE Aol HAo] 3=
AERH], AdEsE T4 59 ¥WAE) §
HAAARRS Al EILAS] Z]ZsjoF qirt. o3k AlF AXpe] W7 o] o]
H7gA = o] Ad/go] ojwet FFE F=A AEsto <

A48} 517] {13 2L viEAEY] Fido] BRTA] AA ok

Al Atolol BEE 4 AIE AIHEA FAHET floDY Ad(adequancy) &
F-8/3(acceptability)ol] FFZ Ethe A& Lolof Atk AE E0f, 7714 FHx2
Aol 915744 A7 ugtthd, 3714 Fdixe AE2AR7F U2 v A e 3
= AIF U AR Afololl E AR 24 AFtol thsiAes A= 4 |t
A U ELE ZIE AYA Ee 7714 FHERLE A8 AR E 2T
woll= ol=gt FIFE AlFSHA LEdfoF Tt FA FAHRE] AR EE FEY
5 Fol= Aol HHoR st diEaL, AlY 7ol HiAARE A st
e £ FE Aol Thssitte A HolFe A9, A FAHx2Y 58 +Y
AAEE Aok FHTH22).
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23. A FA9 25% S7H26)(27) oo = FIA N2 dH] Ald=ETNA
A FAY SAALE {FoFt S7F= LLNAOIA A= st d ARETH28)(29)
(GOGBDGB2BIGBY. 1Y A FAS S7H7F 25% vTL o SAHLZ o5t
Uehd 4= AR, ol EEsH =g A5 AdHA = =tH30)(32)(33)(34).

BAYY HY FoI8HL AT 4 YTk EF 7]
H2g, AushALt QAR A ol4e] mE 2
9 AAEL B A TefEolof dek v AR e B 4 BET 1EL

ol nheAk Qe AI7ITH36).
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27. HZAEO ATP & J7h= ATP &4 7IEAEUHE Hg DdH(Relative
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Skin Sensitization: Local Lyvmph Node Assav: DA

INTRODUCTION

1. OECD Guidelines for the Testing of Chemicals are periodically reviewed in light of scientific
progress, changing regulatory needs. and amimal welfare considerations. The first Test Guideline (TG) for
the determination of skin sensitization m the mouse, the Local Lymph Node Assay (LLNA; TG 429) was
adopted in 2002, and has since then been revised (1). The details of the validation of the LINA and a
review of the associated work have been published (23 (3) 4) (3) (6) (7) (8) (9). In the LLNA,
radicisotopic thymidine or iodine is used to measure lymphocyte proliferation and therefore the assay has
limited use in regions where the acquisition, use, or disposal of radicactivity is problematic. The
LLNA: DA (developed by Daicel Chemical Industries, Ltd) is a non-radioactive modification to the
LLNA, which guantifies adenosine triphosphate (ATP) content via bio-luminescence as an indicator of
lymphocyte proliferation. The LLNA: DA test method has been validated and reviewed and recommended
by an international peer review panel as considered useful for identifying skin sensitizing and non-
sensitizing substances, with certain limitations (10) (11} (12) (13). This Test Guideline is designed for
assessing skin sensitization potential of chemicals in anmmals. TG 406 utilises gumea pig tests, notably the
guinea pig maximisation test and the Buehler test (14). The LLNA (TG 429) and the two nan-rad.ioactive
medifications, LLNA: DA (TG 442 A) and LLNA: BrdU-ELISA (TG 442 B), all provide an advantage
over the guinea pig tests in TG 406 (14) in terms of reduction and refinement of animal use.

2 Smular to the LTINA, the LINA: DA studies the induction phase of skin sensitization and
provides quantitative data switable for dose-response assessment. Furthermore, an ability to detect skin
sensitizers without the necessity for using a radiclabel for DNA elimmates the potential for occupational
exposure to radioactivity and waste disposal 1ssues. This in turn may allow for the increased use of mice to
detect skin sensitizers. which could further reduce the use of guinea pigs to test for skin sensitization
potential (i.e. TG 408) (14).

DEFINITIONS
3. Defimifions used are provided in Annex 1.
INITIAL CONSIDERATIONS AND LIMITATIONS

4. The LLNA: DA i1s a modified LLNA method for identifying potential skin sensiizing test
substances, with specific limitations. This does not necessarily mmply that in all instances the LLNA: DA
should be used in place of the LINA or guinea pig tests (i.e. TG 406) (14), but rather that the assay 1s of
equal merit and may be employed as an altemative in which positive and negative results generally no
longer require further confirmation (10} (11). The testing laboratory should comsider all awvailable
information on the test substance prior to conducting the study. Such information will include the identity
and chemical structure of the test substance; its physicochemical properties; the results of any other in vifre
of in vive toxicity tests on the test substance; and toxicelogical data on structurally related test substances.
This information should be considered in order to determine whether the LLINA: DA is appropniate for the
test substance (given the incompatibility of limited types of test substances with the ITNA: DA [see
paragraph 5]) and to aid in dose selection.
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3. The LLNA: DA is an in vive method and, as a consequence, will not eliminate the use of animals
in the assessment of allergic contact sensitizing activity. It has, however, the potential to reduce animal use
for this purpose when compared to the guinea pig tests (TG 406) (14). Moreover, the LLNA: DA offers a
substantial refinement (less pain and distress) of the way in which animals are used for allergic contact
sensitization testing, since unlike the TG 406, the LLNA: DA does not require that challenge-induced
dermal hypersensitivity reactions be elicited. Despite the advantages of the LLNA: DA over TG 406 (14),
there are certain mitations that may necessitate the use of TG 406 (e.g. the testing of certain metals, false
positive findings with certain skin rritants [such as some surfactant-type substances] (6) (1), solubility of
the test substance). In addition, test substance classes or substances containing functional groups shown to
act as potential confounders (16) may necessitate the use of guunea pig tests (i.e. TG 406 (14)). Limtations
that hawve been identified for the LLNA (1) have been recommended to apply also to the LLNA: DA (10).
Addifionally, the use of the LLNA: DA might not be appropnate for testing test substances that affect ATP
levels {(e.g. test substances that function as ATP inhibitors) or those that affect the accurate measurement of
intracellular ATP (e.g. presence of ATP degrading enzymes, presence of extracellular ATP in the lymph
node). Other than such identified hmitations, the ILNA: DA should be applicable for testing any test
substances unless there are properties associated with these substances that may interfere with the accuracy
of the LLNA:DA. In addition, consideration should be given to the possibility of borderline positive
results when Stmulation Index (5I) values between 1.8 and 2.5 are obtained (see paragraphs 31-32). This
is based on the validation database of 44 substances using an SI= 1.8 (see paragraph §) for which the
LINA: DA correctly identified all 32 LLNA sensitizers, but mmnecﬂ}f identified thres of 12 LLNA non-
sensifizers with SI values between 1.8 and 2.5 (i.e. borderline positive) (10). However, as the same dataset
was used for setting the SI-values and calculating the predictive properties of the test, the stated results
may be an over-estimation of the real predictive properties.

PRINCIPLE OF THE TEST

6. The basic principle underlying the LINA:DA is that sensitizers induce proliferation of
lymphocytes m the lymph nodes draming the site of test substance apphication. This prohiferation is
proportional to the dose and to the potency of the appled allergen and provides a simple means of
obtaining a quantitative measurement of sensitization. Proliferation is measured by comparing the mean
proliferation mn each test group to the mean proliferation in the vehicle treated control (VC) group. The
ratio of the mean preliferation in each treated group to that m the concurrent VC group, termed the 5L 1s
determined, and should be =1.8 before further evaluation of the test substance as a potential skin sensitizer
is warranted. The methods described here are based on the use of measuning ATP content by
bioluminescence (known te correlate with living cell number) (17) to indicate an mcreased number of
proliferating cells in the draming aunicular lymph nodes (18) (19). The hicluminescent method utilises the
luciferase enzyme to catalyse the formation of light from ATP and luciferin according to the following
reaction:

ATP+ Luciferin + 0, —2952 ., Oxyluciferin + AMP+ PP + CO, + Light

The emutted light imtensity is linearly related to the ATP concenfration and is measured using a
luminometer. The lucifenm-luciferase assay 15 a sensifive method for ATP quantitation used n a wide
vanety of applications (20).

DESCRIPTION OF THE ASSAY
Selection of animal species

1 The mouse is the species of choice for this test. Validation studies for the LINA: DA were
conducted exclusively with the CBA/T stram, which 1s therefore considered the preferred stram (12} (13).
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Young adult female mice, which are nulliparous and non-pregnant, are used. At the start of the study,
animals should be between 2-12 weeks old, and the weight variation of the animals should be minimal and
not exceed 20% of the mean weight Alternatively, other strains and males may be used when sufficient
data are generated to demonstrate that significant strain and/or gender-specific differences in the LLNA:
DA response do not exist.

Housing and feeding condifions

8. Mice should be group-housed (21), unless adequate scienbific rationale for housing mice
individually is provided. The temperature of the experimental amimal room should be 22 + 3°C. Although
the relative humdity should be at least 30% and preferably not exceed 70%, other than during room
cleaning, the aim should be 30-60%. Lighting should be artificial. the sequence being 12 hours light, 12
hours dark. For feeding, conventional laboratery diets may be used with an unlimited supply of dnnking
water.

Preparation of animals

9 The animals are randomly selected, marked to permit individual identification (but not by any
form of ear marking). and kept in their cages for at least five days prior to the start of dosing to allow for
acclimatisation to the laboratory conditions. Prior to the start of treatment all animals are examined to
ensure that they have no observable skin lesions.

Preparation of dosing solutions

10. Sohd test substances should be disselved or suspended in solvents/wvehicles and diluted, if
appm}mﬂte prior to application to an ear of the mice. Liguid test substances mav be applied neat or diluted
prior to dosmg Insoluble test substances, such as those generally seen in medical dev.'lces.. should be
subjected to an exaggerated extraction in an appropnate solvent to reveal all extractable constituents for
testing prior te application to an ear of the mice. Test substances should be prepared daily unless stability

data demonstrate the acceptability of storage.
Reliability check

11. Positive controls (PC) are used to demonstrate appropriate performance of the assay by
responding with adequate and reproducible sensitivity to a sensitizing test substance for which the
magmtude of the response 15 well charactensed. Inclusion of a concurrent PC 1s recommended because 1t
demonstrates competency of the laboratory to successfully conduct each assay and allows for an
assessment of intra-, and inter-laboratory reproducibility and comparability. Some regulatory authorities
also requre a PC for each study and therefore users are encouraged to consult the relevant authonties prior
to conducting the LLNA: DA. Accordingly. the routme use of a concurrent PC 15 encouraged to aveid the
need for additional animal testing to meet such requirements that might arise from the use of a periodic PC
(see paragraph 12). The PC should produce a positive LLINA: DA response at an exposure level expected
to give an mncrease i the SI= 1.8 over the negative control (NC) group. The PC dose should be chosen
such that 1t does not cause excessive skin imitation or systemic toxicity and the induction is reproducible
but not excessive (g.g. 5I= 10 would be considered excessive). Preferred PC test substances are 25% hexyl
cinmamic aldehyde (Chemical Abstracts Service [CAS] No 101-86-0) and 25% eugenol (CAS No 97-53-0)
mn acetone: olive oil {4:1, wv). There may be circumstances in which, given adequate justification, other
PC test substances, meeting the above criteria, may be used.

12. While inclusion of a concurrent PC group is recommended, there may be sitnations in which
periodic testing (f.e. at intervals =6 months) of the PC test substance may be adequate for laboratories that
conduct the TINA: DA regularly (ie. conduct the IINA- DA at a frequency of no less than once per
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month) and have an established historical PC database that demonstrates the laboratory’s ability to ebtain
reproducible and accurate results with PCs. Adequate proficiency with the LLNA: DA can be successfully
demonstrated by generating consistent posifive results with the PC m at least 10 independent tests
conducted within a reasonable peried of time (i e. less than ene year).

13. A concurrent PC group should always be included when there is a procedural change to the
LLNA: DA (e.g. change in trained personnel, change in fest methed materials and/or reagents, change in
test method equipment, change in source of test animals), and such changes should be documented in
laboratory reports. Consideration should be given to the mmpact of these changes on the adequacy of the
previously established histonical database m determuming the necessity for establishing a new lstorical
database to document consistency in the PC results.

14. Investigators should be aware that the decision to conduct a PC study on a periodic basis instead
of concurrently has ramifications on the adegquacy and acceptability of negative study results generated
without a concurrent PC during the interval between each peniodic PC study. For example, if a false
negative result 1s obtamed mn the penodic PC study, negative test substance results obtamed i the mterval
between the last acceptable periedic PC study and the inacceptable periodic PC study may be questioned.
Implications of these outcomes should be carefully considered when determiming whether to include
concurrent PCs or to only conduct penodic PCs. Consideration should also be given to using fewer animals
in the concurrent PC group when this is scientifically justified and if the laboratory demonstrates, based on
laboratory-specific historical data, that fewer mice can be used (22).

15. Although the PC test substance should be tested in the vehicle that is known to elicit a consistent
response (£.g acetone: olive oil; 4:1, vv), there may be certain regulatory situations in which testing in a
non-standard vehicle (clinically/chemically relevant formulation) will also be mnecessary (23). If the
concurrent PC test substance is tested in a different vehicle than the test substance, then a separate VC for
the concurrent PC should be included.

16. In instances where test substances of a specific chemical class or range of responses are being
evaluated, benchmark test substances may also be useful to demonstrate that the test method is fimetioning
properly for detecting the skin sensitization potential of these types of test substances. Appropriate
benchmark substances should have the following properties:

» structural and functional similanty to the class of the test substance being tested;
+  known physical'chemical characteristics;

= supporting data from the ILNA: DA;

+ supporting data from other amimal models and/or from humans.

TEST PROCEDURE

Number of amimals and dose levels

17. A mmimum of four animals is used per dose group, with a mimimum of three concentrations of
the test substance, plus a concurrent NC group treated only with the vehicle for the test substance, and a PC
(concurrent or recent. based on laboratory policy in considering paragraphs 11-15). Testing multiple doses
of the PC should be considered, especially when testing the PC on an intermittent basis. Except for absence
of treatment with the test substance, ammals in the confrol groups should ke handled and treated in a
manner identical to that of animals in the treatment groups.
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18. Dose and vehicle selection should be based on the recommendations given in references (2) and
(24). Consecutive doses are normally selected from an appropriate concentration series such as 100%,
50%, 25%, 10%, 3%, 2.5%. 1%, 0.5%. etc. Adequate scientfic rationale should accompany the selection
of the concentration series used. All existing toxicological information (eg. acute toxicity and dermal
imtation) and structural and physicochemical information on the test substance of interest (andfor
structurally related test substances) should be considered, where available, mn selectmg the three
consecutive concentrations so that the highest concentration maximises exposure while avoiding systemic
toxicity and/or excessive local skin imitation (24) (25). In the absence of such mformation, an mitial pre-
screen test may be necessary (see paragraphs 21-24).

19. The vehicle should not interfere with or bias the test result and should be selected on the basis of
maximising the solubility in order to obtain the highest concentration achievable while producing a
solution/suspension switable for application of the test substance. Recommended vehicles are acetone: olive
oil (4:1 viv), N, N-dimethylformamide, methyl ethyl ketone, propylene glycol, and dimethyl sulphoxide (&)
but others may be used if sufficient scientific rationale 15 provided. In certain sitwations it may be necessary
to use a clinically relevant solvent or the commercial formmlation in which the test substance is marketed
as an additional control. Particular care should be taken to ensure that hydrophilic substances are
mncorporated into a vehicle system, which wets the skin and dees not immediately min off, by incorporation
of appropriate solubilisers (e.g. 1% Pluronic® 192). Thus, wholly aqueous vehicles are to be avoided.

20. The processing of lymph nodes from individual mice allows for the assessment of inter-animal
vanability and a statistical companson of the difference between test substance and VC group
measurements (see paragraph 33). In addition, evaluating the possibility of reducing the mmmber of mice in
the PC group 1s only feasible when mdividual ammal data are collected (221). Further, some national
regulatory authorities require the cellechion of mmdividual amimal data. FRegular collection of mdividual
animal data provides an animal welfare advantage by avoiding duplicate testing that would be necessary if
the test substance results enginally collected in one manner (e.g. via pooled animal data) were to be
considerad later by regulatory authonties with other requirements (¢.g. individual animal data).

Pre-screen test

21 In the absence of information to determine the highest dose to be tested (see paragraph 18), a pre-
screen test should be performed in order to define the appropnate dose level to test in the LLNA: DA. The
purpose of the pre-screen test 1s to provide guidance for selecting the maximum dose level to use i the
main LLNA: DA study, where information on the concentration that induces systemic toxicity (see
paragraph 24} and/or excessive local skin umtation (see paragraph 23) 15 not available. The maxinum dose
level tested should be 100% of the test substance for liquids or the maximmum possible concentration for
solids or suspensions.

22. The pre-screen test is conducted under conditions 1dentical to the main LINA: DA study, except
there 15 no assessment of lymph nede proliferation and fewer animals per dose group can be used. One or
two animals per dose group are suggested. All mice will be cbserved daily for any clinical signs of
systemic toxicity or local irmitation at the application site. Body weights are recorded pre-test and prior to
termuination (Day 8). Both ears of each mouse are observed for erythema and scored using Table 1 (25). Ear
thickness measurements are taken using a thickmess gauge (2.g. digital micrometer or Peacock Dial
thickness gauge) on Day 1 (pre-dose), Day 3 (approximately 48 hours after the first dose), Day 7 (24 hours
prior to termination) and Day 8. Additionally on Day 8, ear thickness could be determmed by ear punch
weight determinations, which should be performed after the animals are humanely killed. Excessive local
imtation 15 indicated by an erythema score=3 and/or ear thickness of =25% on any day of measurement
(26) (27). The highest dose selected for the main ITNA: DA study will be the next lower dose in the pre-

(]
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SCTEEn concentration series (see paragraph 18) that does not induce systemic toxicity and/or excessive local
skin irmitation.

Table 1. Erythema Scores

Observation Score
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to eschar formation preventing grading of erythema 4
23. In addition to a 23% increase in ear thickness (26) (27), a statistically significant increase in ear

thickness m the treated mice compared to control mice has alse been used to 1dentify umtants in the LLNA
(28) (29) (30) (31) (32) (33) (34). However, while statistically significant increases can occur when ear
thickness 15 less than 23% they have not been associated specifically with excessive mmtation (30) (31)
(32) (33) (34).

24 The following clinical observations may indicate systemic toxicity (35) when used as part of an
mtegrated assessment and therefore may indicate the maximum dose level to use m the main LTLNA: DA:
changes in nervous system function (eg pilo-erection, ataxia, tremors, and comvulsions); changes in
behaviour (e.g. aggressiveness, change in grooming activity, marked change in activity level); changes in
respiratory pattems (i.e. changes in frequency and mtensity of breathing such as dyspnea, gasping, and
rales), and changes in food and water consumption. In addition, signs of letharzy and/or unresponsiveness
and any clmical signs of more than shght or mementary pam and distress, or a =5% reduction m body
weight from Day 1 to Day 8 and mortality, should be considered in the evaluation. Mornbund ammals or
animals showing signs of severe pain and distress should be himanely killed (36).

Mamn study experimental schedule

25 The expenimental schedule of the assay is as follows:

* Day 1:

Individually identify and record the weight of each animal and any clinical observation.
Apply 1% sodmm lauryl sulfate (SL%) aqueous solution to the dorsum of each ear by using
a brush dipped in the SLS sclution to cover the entire dorsum of each ear with four to five
strokes. One hour after the SLS treatment, apply 25 pL of the appropriate dilution of the
test substance, the velucle alone, or the PC (concurent or recent, based on laboratory
policy in considenng paragraphs 11-13), to the dorsum of each ear.

. Days 2, 3and 7:

Fepeat the 1% SLS aqueous solution pre-treatment and test substance applhication
procedure camed out on Day 1.

. Days 4. 3, and 6:

No treatment.
. Day §:
© OCDE, (2010) 4]
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Record the weight of each animal and any clinical observation. Approximately 24 to 30
hours after the start of application on Day 7, humanely kill the animals. Excise the
drammg auricular lymph nodes from each mouse ear and process separately m phosphate
buffered saline (PBS) for each amimal Details and diagrams of the lymph node
1dentification and dissection can be found in reference (22). To further monitor the local
skin response m the mamn study, additional parameters such as sconng of ear erythema or
ear thickness measurements (obtained either by using a thickness gauge, or ear punch
weight determinations at necropsy) may be meluded in the study protocol.

Preparation of cell suspensions

26. From each mouse, a smglecell suspension of lymph node cells (LNC) excised bilaterally 1s
prepared by sandwiching the lymph nodes between two glass slides and applying light pressure to cmsh
the nodes. After confirming that the tissue has spread out thunly pull the two shdes apart. Suspend the
tissue on both slides in PBS by holding each slide at an angle over the Petri dish and nnsmg with PBS
while concurrently scraping the tissue off of the shide with a cell scraper. Further. the lymph nodes in NC
animals are small, so careful operation is important to avoid any artificial effects on SI values. A total
volume of 1 mL PBS should be used for rinsing both slides. The LNC suspension in the Petri dish should
be homogenised lightly with the cell scraper. A 20 pl aliquot of the LNC suspension is then collected with
a micropipette, taking care not to take up the membrane that 15 visible to the eye, and subsequently nuxed
with 1.98 ml of PBS to yield a 2 ml sample. A second 2 mL sample is then prepared using the same
procedure so that two samples are prepared for each ammal.

Determination of cellular proliferation (measnrement of ATP content of ymphocites)

7. Increases m ATP content in the lymph nodes are measured by the luciferm/Tuciferase method
using an ATP measurement kit, which measures bioluminescence in Felative Luminescence Units (BLL).
The assay time from time of animal sacrifice to measurement of ATP content for each individual animal
should be kept uniform, within approximately 30 mimutes, because the ATP content is considered to
gradually decrease with time after animal sacrifice (12). Thus, the series of procedures from excision of
auricular lymph nodes to ATP measurement should be completed within 20 minutes by the pre-deternuned
time schedule that is the same for each ammal. ATP luminescence should be measured in each 2 mL
sample so that a total of two ATP measurements are collected for each amimal The mean ATP
luminescence 15 then determined and used m subsequent calculations (see paragraph 31).

OBSERVATIONS
Climical observations

28 Each mouse should be carefully observed at least once daily for any clinical signs, either of local
imtation at the application site or of systemic toxicity. All observations are systematically recorded with
records being mamntained for each mouse. Monitoring plans should include criteria to promptly identify
those mice exhibiting systemic toxicity, excessive local skin imitation, or corrosion of skin for euthanasia

(36).
Body weights

29, As stated in paragraph 23, individual animal body weights should be measured at the start of the
test and at the scheduled humane kill.
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CALCULATION OF RESULTS

30. Pesults for each treatment group are expressed as the mean SI. The S1is derived by dividing the
mean R1U/mouse within each test substance group and the PC group by the mean RLU/mouse for the
solvent/VC group. The average SI for the VCs 1s then one.

31 The decision process regards a result as positive when 51 = 1.8 (10). However, the strength of the
dose-response relationship, the statistical sigmficance and the consistency of the selvent/vehicle and PC
responses may also be used when determiming whether a borderline result (i.e. SI value between 1.8 and

2.5) 1s declared positive (2} (3) (37).

32 For a borderline positive response between an SI of 1.8 and 2.3, users may want to consider
additional information such as dose-response relationship, evidence of systemic toxicity or excessive
irmtation, and where appropriate, statistical significance together with SI values to confirm that such results
are positives (10). Consideration should alse be given to various properties of the test substance, including
whether it has a structural relationship to known skin sensitizers, whether it causes excessive skin imtation
m the mouse, and the nature of the dose-response relationship observed. These and other considerations are
discussed in detail elsewhere (4).

3. Collecting data at the level of the individual mouse will enable a statistical analysis for presence
and degree of dese-response relationship in the data. Amny statistical assessment could include an evaluation
of the dose-response relationship as well as smtably adjusted companisons of test groups (e.g. pair-wise
dosed group versus concurrent solvent/vehicle control comparisons). Statistical analyses may include, e.g.
Linear regression or Williams's test to assess doseresponse trends, and Dhmnett's test for par-wise
comparisons. In choosing an approprate method of statistical analysis, the investigator should maintain an
awareness of possible mequalibes of vanances and other related problems that may necesaitate a data

transformation or a non-parametric statistical analysis. In any case, the investigator may need to carry out
SI calculations and statistical analyses with and without certain data points (sometimes called “outliers™).

DATA AND REFORTING
Data
34 Data should be summarised in tabular form showing the individual animal ELT values, the group
mean RIU/animal. its associated emor term (e.g. SD, SEM), and the mean SI for each dose group
compared against the concurrent solventivehicle control group.
Test report
35 The test report should contain the following information:
Test substance and control test substances:
- wdentification data (e.g. CAS number, if available; source; punty; known impunties; lot
number);
- physical nature and physicochemucal properties (e.g. volatlity, stability, solubility);
— if formulation, composition and relative percentages of components;

Solvent/vehicle:

— identification data (purity; concentration, where appropriate; volume used);

@ 0CDE, (2010) b
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qustification for cheice of velucle;

source of CBA mice;

mucrobiological status of the animals, when known;
number and age of animals;

source of animals, housing conditions, diet, ete;

the source, lot number and manufacturer’s quality assurance/quality control data for the
ATP kit;

details of test substance preparation and application;

Justification for dose selection (including results from pre-screen test, if conducted);
vehicle and test substance concentrations used, and total amount of test substance applied;
details of food and water quality (including diet type/source, water source);

details of treatment and sampling schedules;

methods for measurement of toxicity;

crtenia for considening studies as positive or negative;

details of any protocol deviations and an explanation on how the dewviation affects the
study design and results;

Reliability check:

Results:

a summary of results of latest reliabality check, including information on test substance,
concentration and vehicle used;

concurrent and/or historical PC and concurrent negative (selvent/vehicle) contrel data for
testing laboratory;

if a concurrent PC was not included, the date and laboratory report for the most recent
peniodic PC and a report detailing the hustonical PC data for the laboratory justfying the
basis for not conducting a concurrent PC;

mdividual weights of mice at start of dosing and at scheduled kill; as well as mean and
associated error term (e.g. SD, SEM) for each treatment group;

time course of onset amnd signs of toxicity, including dermal imitation at site of
admimistration, 1f any, for each animal;

time of ammal sacnfice and time of ATP measurement for each ammal;

a table of individual mouse ELU values and 51 values for each dose treatment group;
mean and asseciated emor term (e.g. SD, SEM) for ELU/mouse for each treatment group
and the results of outlier analysis for each treatment group;

caleulated 51 and an appropriate measure of variability that takes into account the inter-
animal variability in both the test substance and control groups;

dose response relationship;

statistical analyses. where appropriate;

Discussion of results:

9 @ OECD, (2010)
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- a bnef commentary on the results, the dose-response amalysis, and stahstical analyses,
where appropnate, with a conclusion as to whether the test substance should be considered
a skin sensitizer.
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ANNEX 1
DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted reference values. Itis a
measure of test method performance and one aspect of relevance. The term is often used interchangeably
with “concordance™ to mean the propertion of correct outcomes of a test method (38).

Benchmark substance: A sensihzing or non-sensifizing substance used as a standard for compansen to a
test substance. A benchmark substance should have the following properties; (1) a consistent and reliable
source(s); (i) structural and functional similarity to the class of substances being tested; (i) kmown
physical'chemical charactenistics; (iv) supporting data on known effects, and (v) known potency i the
range of the desired response.

False negative: A substance mcomectly idenfified as negative or non-active by a test method, when i fact
it is positive or active.

False positive: A substance incorrectly identified as positive or active by a test, when in fact it is negative
or non-active.

Hazard: The potential for an adverse health or ecological effect. The adverse effect is manifested only if
there is an exposure of sufficient level.

Inter-laboratory reproducibility: A measure of the extent to which different qualified laberatories, using
the same protocol and testing the same test substances, can produce qualitatively and quantitatively sinular
results. Inter-laboratory reproducibility 1s determined dunng the pre-validabion and validation processes,
and indicates the extent to which a test can be successfully transferred between laboratories, also referred
to as between-laboratory reproducibility (38).

Intra-laboratory reproducibility: A determination of the extent that qualified pecple within the same
laboratery can successfully replicate results using a specific protecol at different times. Also referred to as
within-laboratory reproducibility (38).

Qutlier: An outlier 15 an observation that 15 markedly different from other values in a random sample from
a population.

Quality assuramce: A management process by which adherence to laboratory testing standards,
requirements, and record keeping procedures, and the accuracy of data transfer, are assessed by mdividuals
who are independent from those performing the testing.

Reliability: Measures of the extent that a test method can be performed reproducibly within and between
laboratonies over time, when performed using the same protocol. It is assessed by calculating infra- and
mter-laboratory reproducibility (38).

Skin sensitization: An immumological process that results when a susceptible individual is exposed
topically to an mducing chemical allergen, which provokes a cutaneous immune response that can lead to
the development of contact sensitization.

Stimulation Index (SI): A value calculated to assess the skin sensifization potential of a test substance that
is the ratic of the proliferation in treated groups to that in the concurrent vehicle control group.

15 ® QECD, (2010)
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Test substance: Any material tested using this TG, whether it is a single compound or consists of multiple
components (e.g. final products, formulations). When testing fornmlations, consideration should be given
to the fact that certamn regulatory anthonties only require testing of the final product formulation. However,
there may also be testing requirements for the active ingredient(s) of a product formulation.
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