FKER I ER S N2 LEWE OB EEERR (V) 403

134,174 ppm & FHE S 17z,

A E DO ER TCAABMEBIMIECHMAAILK L TH 5
RISERL 22 &b, RERTHAFER SN T2,
CHMAA B F12 b GPMT TR BIEMR AR O b [37],
CHMAAIZEEED I L7z EVE Y MICAAIIKHLTYH
BHERIGETRT I EPRE [35] ShTwasZirn,
CAAYLCHMAAEBE WK ERCHEH T A Z L0
HENTz, Ll I —DOCAADENEENETH
HTCAAICEI L TR ECERRO b N h ok, %
B, TCAAHEOEFERBAERCE T MR 2, Zh
bDKRD,HCAAL CHMAAD LBIHEER . 2-
chloroacetamideffiiE & %\ i42-chloroethanedf & 2R 5 A K2
ARSI EE R RE LR LTWAH D LRSI,

CAAIL, EAKRE I D BIREELTOT. F2RE
ED25 %7 &) VEREMENFLEDATRETIAH S
DEEAEAELIL L7z (Table 1) T& 25, CAAVBIEE
VR R LR I A B BRI T B &
HEINZ, TRETIIHRAPFREBR LAY E DM,
B2RENED A TRAEP BT 2{LFEWHE & LTN-(1-
methylheptyl)-N’-phenyl-p-phenylenediamine [9]. 2-
(thiocyanomethylthio) benzothiazole [9] &A% 545, &
NoDORIRBEEEEIISH B \VIE10 ppm & &0l 4
3Bk L 7- CAA D BARIEVE IR 14500 ppmTH ) i
EEWHDOTIE R o720, CAAIRE2LREIEDA TR
ERRMN 3EHIEFHERLI LG, L 2 EHEHT
HoTHBIREDCAAIEFZEINIZHEIIRIES NS
fEREPHDTEERTETHILFWELEELONL,

2. BNPDO &R 1EM

ENEY PRV BNPDORE BEIEEICEE T A2 5RE
Ti&, OptimizationET3%7 1) VIRECTHERLA L
ECIEHBHRIEED ST, 0.1%KERD EAES
2 X AER TSR0 RE D LT 5 [25].
Maximization{k TIXEAZ H1E & L TO4%KIB T % FZERS
U728 33 HRSEERS bR, ZoERR
BrEE)ETE200EBURIEERONTED
[19). wFnbERFEDHBICL VBUREEETY
%o BNPDIM{LERER P OFE LA 5/ — K
DTEBREA-064L BNV D, REEAEIENE
RSN, COZELPERFECLIoTHEVERD
FERO—oEE2z LN, 22T, SHORBRTIEE
EROBRBRE*BREOEFEHNEMELA TS LTERIN

525,000 ppm& L7z REREMER T 2IREDBNPD
TERTHZ LT Y, BNPDO FEEEE I TE S,
REAEDIL L7-FED B8 UG & 3 BEE OB G & D
BUCBERE 2 = 5 I S h/zs L L, B
48 BRDERE Tt BB OB UEEHN20%, T
FEAA02TH 5018 L CRBHEMER (5000 ppm)
DY FUEEEHS50%, T3 5T 51 450.8 & W B¢ 0 i 12 BR
ELERRONT, HEWICVEEZT ol £
ZC. BNPDOEEEBMEL S LICTESEHDIT,
TOHEMRT-EEE2AVTERE T 08, B
&5,000 ppmBEVERE O 1 UG & IR A LB
HEEBRO LN Eo72, LHL, EERIEZEA I
BZET 5L, 5000 ppmRIERE O IFIIREE I L TR
D VB TH 55,000 ppmDEFRIC L » TEGORE
BTHRERG (—HOBELRLE) »RoOoh, T
BrMfirTERT L LMWL BEIMERS RS
EMHIDENEY MIBNPDICEES NATREYS
VEEZ Lz, BNPDIZEEZAEN RV & &2k
TRAEH A < (BRI 255,000 ppm) . €0
A BB E 2 EE O 106050,000 ppm % B AEST
(BBIREAE) § 2 L RGEMLICEFEIEL 5D TRM
BIBHBRICZIORELHERT I LASTE LNV L
B ENEY MBI AEERBREERERTH T 150
LB a s B oo nBREEZ SN,
k@ X 9 125,000 ppm BNPDREAERE TG ASELD

BN RI10BF LTI TH B DT, BNPDH

GPMTIZ B\ TR BRI DR bz L b I
b ERBHEED o, AT, HIHE L L CBNPDD
BEHOFEY R T I LENH 5, .
EFEANZ AV ERRERRE TR, 5%271) V&
BRI ER., 2.5%7 1) VERE Sy FTERLIL
EHERIRNR N & OmEI 2 (BRI
11/9338 X U°10/10) 5%, WIh b s hi-Ekik
Ere P CREBRIELHERTOMEGEDOHIBETHD
OTHELFERIZBELLTWEW [19), —F., BEFL
BEIBNPDE /Sy F L7k &, BXF0.1~3%DBEHN
BNPD (BTSN 2\ 0.25% TER) o3 L TR
Fiszirl, THHDBENBNPDIIE/ES LTV S
Bt AR &7z [19]o BNPDICRUS MR R R 42
BV IDL ) IREE ThH HERIL, BNPDO R EAE
FEAME 7z, fRAE SR 3E R ICBNPDAYE ] S L5 4R
BN TNX RV F TN VEEEANTE N D2
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SHOBFAVPLETH LY, SEHOGPMTTORER TS
BNPDOD R H BAERE DR S S 20—H L E 2 bhdz,
BNPDZME O O & DI RAEMME & LTabh
% formaldehyde?*d %, BNPD & formaldehyde & D385 K
JEHEC DV TiE, BNPDIZEEAE L 72 B3 A3 formaldehyde
b RIeHERT & DkE (20, 22] BHB—-HT,
FiLzwe T a@Es (21, 23] bHhH. —E0EH
BHELhTwhw, 22 THEOKBRITBVTY
formaldehyde % BNPDIZ & % &2 & [ BS 12 47 L 72 A%,
BHRIGIEEBO bR holz, F72, BNPDICKIG
% R T B Aformaldehyde I2 b FUGHE % /R T HE1E1/3
BETHH., Th5OBE)NT Tllformaldehyde il B fE
ENTWATRUEEEETERV, TNHLOI EPL,
BNPD D [ [ B AE (L & D5 1#Y) T d % formaldehyde (=
BEE%ERD D L) SBNPDERYFEERIEMEH TS &
ERDBFHFELEPL LIV, L2L, ZOBENS
¥ b 2317 % BNPD & formaldehyde & @ B D38 25 KU
EFRENHEETELDDOTId RV, #IZ. formaldehyde
WWEBEE - P HBNPDEEEGCEAT AR
BNPD#f##) T & 5 formaldehyde i~ KB § 5 fE itk 2H
HOTEEYET b,

3. ZPTO RSBt

FiwREB L KRR TEER08DOEY TZPTO K
REVEMERER (4 DREMEIREE | 5,000 ppm. H2LREAER
B 25%., mEEALIEE | 50,000 ppm) % EHE L 7zA5
W b BRSO bh kb o7, ZPTIRZF DL
HEHmERPSHETLEL Y ¥ ) — VKRG ERES
048 L BHENE VL B EN LN, EBROKEME I
21CT1 mg/mlBLF [38] &{kVy o IV TRRZPTOEE
FEBENEEOERE TI0.02% L FEF KRV L
T TG 2R TIRZPTO R BB 104%
MMy sL®ESNTWE [36), $/. U9 ¥, EL
v b, T ADOIEDEHY TOZPTO R JERIHIE I B
T HMEIL DOV TOME Tld, 20%ZPT% B EA L7:
EZAB, X T0%, 77 ATB%IEERIEMESR
bhi=h, TENEy PTREBMEEXRLATH,
v [26], o s, SEORBIER L -BTE
THHENEY MIXTT AZPTO R EBEIIIEE K
WIZEPHREND, I T, ZPTOREREEBM % i
T HOI, BREICT DGR TZPT (50008 & U
50,000 ppm) % %AW L TR FUS & B L7225, iR

RO ONGD ol BB, T— IR LTV ERW
M, FE—ay bOEVEY PERAVTHEUNETSH S
DNCB D F& f§ B A R % ZPTO BEfE Bk & FAT L C
EREL-EZA, BMUEERBEEFEOONZZ EN D,
AEAWT Y OB EEEBEEDE IS LTRET
BREERT I LR SN,

ERRBYY & B\ /- ZPTO R BB IS A MR IR

PR v, REICBVWTGPMTIC & A ZPT 0 RS /e 5,

BRa S U7eAs, B BB DRERRICIE S Ldo
720 —H. B MIBAZPTOREBRMEMICEL T,
-1y NTIRENTT82AICZPTO 8y F57 A b EEL
FrE A, ZPTIEMTA T LAF— L HgE Sk Mid6
A (0.08%). HibptE (RERMEMEOTRELHD) L4
FENZE META (0.09%) LFEFLHTH- 72
[32]c ZPTIC & B b F ORAERESITIE, ZPTEAER Y v
V- ETRIES N ERE [27-31] o, IREME
BIRSE., BEZEIEBREFALR, EHLIKIHT
VIFEIERR W IGBRUE 7 HE 5 LTV B % IR R 2 E
YR [20, 31] SRTVBIEDLERLET S,

V. £&®

4@, GPMTIZ & » TR R 2RI L 223EOH
B #2-chloroacetamide (CAA). 2-bromo-2-nitropropane-
1,3-diol (BNPD) B X Uzinc bis(Z-byridylthio-l—oxide)
(zPT) HMLEEER 2 OHRE LA 2 & /7 — VKRG
%% (estimated log Pow) ¥ A FADEEXETLHHD
Tdhbo CAAILEE OCGPMTIE CHIREEABIL L,
TR ERA H IR BE 13500 ppm.  FRKEEZIRBE 131,600 ppm
THolze Flo. CAARE LAHERE LTHERASRT
V1 % 2-chloro-N-(hydroxymethylacetamide  (CHMAA) &
R RIS %R L7, BNPDIX5,000 ppmEAESE % 5,000
ppmTCER LE, b TP ifloBEesim gl sh
7B ES, BRI L AR R A LIk
o7z Tz, BNPDEEVEENYIZBNPDO 5 1) O —
DT® Aformaldehydellst L CRERIGHEZRE &do
7zo ZPTIZDWTIMERATE S B HiRE (REERES,000
ppm. EJEHEEES50,000 ppm) % AT R REAEM G 1E
CAIFERRL R o 7zs CAAB L U'BNPDIestimated
log PowDENHLFR L7288 ) KEWTH - 7245, ZPT
BARCBHICOEETH o7 ZOL) BYHIIONT
GPMTIC B 2 EFE L L UERTEICOWTED
CIRET AL EEEZ DD,
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WX

PUE Almethylene-bis(thiocyanate) D E )V E v MBS 5 [ 8 RAEM:

FFH M. WHEEX, BA Ok
PN A

Contact Allergenicity of Methylene-bis(thiocyanate) in the Guinea Pig Maximization Test

Tsutomu NODA, Tetsuo YAMANO and Mitsuru SHIMIZU
Osaka City Institute of Public Health and Environmental Sciences: 8-34, Tojo-cho, Tennoji-ku, Osaka 543-0026, Japan

Abstract

Methylene-bis(thiocyanate) (MBTC), an antimicrobial agent used in water-cooling systems, soluble cutting oils,
and paper mills, was evaluated for its skin sensitization potency in both the induction and elicitation phases in a
modified guinea pig maximization test (GPMT). MBTC showed strong sensitization potential in GPMT, so that a
topical application using a patch with a relatively high concentration of MBTC (10,000 ppm) was able to sensitize
100% of guinea pigs alone, without an intradermal injection. At a dose of 5 ppm in both the intradermal injection and
the topical application, the compound produced skin sensitization ing60% of animals. The strongest positive skin
reaction was elicited not in the group of animals sensitized with 5,000 ppm MBTC, the highest induction dose tested,
but in the group treated with 500 ppm MBTC. The lowest elicitation concentration was 50 ppm in groups sensitized
with 50 or 500 ppm MBTC. MBTC-sensitized animals cross-reacted to benzyl thiocyanate, chloromethyl thiocyanate,
and 2-(thiocyanomethylthio) benzothiazole, but not to calcium thiocyanate, methyl isothiocyanate, or methylene
dicyanide. The data showed that the presence of a thiocyanomethyl group in the chemical structure of a compound is
essential for cross-reactivity in MBTC-sensitized animals.

Keywords: methylene-bis(thiocyanate), benzyl thiocyanate, chloromethyl thiocyanate,
2-(thiocyanomethylthio)benzothiazole, skin sensitization, guinea pig maximization test

1. ¥#8

KEEM SICIIPUEAL, TBAL MEREA . B
EH 2 &4 B RABCEOLEYESFER ST,
AIEhb, BB IALOMEYEICEENICEE
ENBWEFE D, LELINLOFEPEOR
W, BICEEBEEICOWTIETSCRE S AT,
HEFEVE, RAIGEAZFOICRER M
RAa3NnbbEYWEOEEBEEERAELTELN, 4
Fi TR OZREA & LTHERA S LTV % methylene-
bis(thiocyanate) (MBTC) O f7EREEER T EML 720

T543-0026 KM AREFRHF LIT8-34
E-mail T.Noda@iphes.city.osaka.jp

MBTCIIBFEIZ F & L CKGHR L BT CHRER N
25 F 7 K OYFEF LD 72 I & ATV B A,
ABARMEREEOREA & LCb AV SR b TR
HEHLEYETH D, MBTCIZ & + TIIEFICxT A3
WMUESRESNTBY, SLICEBEELEEET LT
R A TV A [1] 25, MBTC#10%&H T 3
PRHITdH HCytox ISPV P TONRY FF A+
Tk, BT REERBAERYE T2 L OEHIZH TV
Vv [2-4]o —F. FENEY Fmaximization® [5] H0H
YIEER T IdCytox 352213 IC A REMME L s h T
W3 [6]o L2 LMBTCORIEBAERE B L URIEER
REREDMRBGREZREIN TRV, I TRER
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TIIHFE TH HMBTCZ V> TEINE v b maximization
EDNakamurab 12 & 2 BE (GPMT) [7] 1Ko T
REEEREL IURBEREESLEHRE L, &6
IZMBTC & SO (L2488 % B 3 5 thiocyanate; R LE 1)
B & Yisothiocyanate R{L AW & DREFIGHEICOWT
YIRES L 720

. ERMESLUEE

1. BEBEHWE (Fig. 1)
methylene-bis(thiocyanate)
(MBTC : CAS No. 6317-18-6, REF{LB THH)
5% . methylene dithiocyanate. methylene thiocyanate
FEE © >99.0 %

N=C-§ ~C-S-C=
H,

Fig. 1 Chemical structure of methylene-bis(thiocyanate)
(MBTC).

2. RERGSHREHE (Fig. 2)
1) benzy! thiocyanate

(BTC : CAS No. 3012-37-1, FIYeHide (%) &)
2) calcium thiocyanate tetrahydrate

(CTC : CAS No. 2092-16-2, FNHI3E (¥k) £
3) chloromethyl thiocyanate

(CMTC : CAS No. 3268-79-9. FlIafisk () )

NEC-S-C-@ N=C-§ Ca't"S-C=aN
HZ

benzyl thiocyanate calcium thiocyanate
(BTC) (CTC)

N
- N=C-8-C18-¢ D
H, H, S

N=C-S -C~Cl

chloromethyl thiocyanate 2-(thiocyanomethylthio)benzothiazole
(CMTC) (TCMTB)

N=C-C~-C=N
2

methyl isothiocyanate methylene dicyanide
(MITC) (MDC)

$=C=N-CH,

Fig. 2 Chemical structures of compounds tested for
cross-reactivity to MBTC,

4) 2-(thiocyanomethylthio)benzothiazole

(TCMTB : CAS No. 21564-17-0, /3v 7YY T HR T

b —XE)
5) methyl isothiocyanate

(MITC : CAS No. 556-61-6, FIJeitde (bh) )
6) methylene dicyanide

(MDC : CAS No. 109-77-3, FOJE#02E (1h) )

B4 © malononitrile

3. ZOMORSE

7042 FEETVa)NYF (FCA: Y ha v,
BEaTE) v BRTE Y. BEAY 7. B
AR,

4. fEREN

4:BEOStd:Hartley ROMEMELE Y b (71 =)
% HASLC (#]) 220 BA L. BB OBILEE 0% ER
W L7zo BERTBIC—RIREL L UHRSHLOEE
KEREOALNZVEYZ BIR L. SRICEERIE
0513720 BIIZBIMERIR S & CEBRBIRI L b 12, A
FrUVAB2#ELZ Y by — T (W40cm X L26cm X
H20cm) (AEBNCINE L. BEEMSHE (X)) x> 5Vl
B (%k) BRC-4) BLUKEARET BHICERS €L, f
BEILIRE23:2°C, HET:00~19:0002 8955 & h /- B AT
BFETITok

5. BEEREERBSE
1) BREBEEOEED X UELREEREB O R

MBTCO B ER (RA%S. PAZEIT. Rk
W) #EHL, TORBLE DT 048 %RITER
BAEMOBERE AL L L b ICELRBIERBEO R %
ME L7z

MBTCO#H T2 b REiG &% B1REEL L UF2
REBEMECH VLB (BREB 5,000 ppmB & 1710,000
ppm), BHERCTHW - IRERIERE D1/10,000% 51
KRB L CHELRBIECH VA (BAEE . wIFhbos
ppm) ., H2LRBAEME B TR BB BT 5 25D
ERET A0 CHIRERRER0 % (BEES) L
L. BoRBIERELSHER TRV - E2REMERE
ET AR (BIZERSIEE | 0 ppmB £ U10,000 ppm), B &
UrtBEELHRE L, 20, An-BRgEL LT
R Table 112R L7z,
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Table 1 Preliminary skin sensitization test of MBTC 48 and 72 h after the challenge dose.

— l)Inducnon : Chall'enge 481 77h
id injection topical N topical
ppm ppm ppm SR? MR SR MR
0 0 0.0 0 0.0
5 0 0.0 0 0.0
o] 0 5 50 0 0.0 0 0.0
500 0 0.0 0 0.0
5,000 100 1.0 0 0.0
0 0 0.0 0 0.0
5 0 0.0 0 0.0
0.5 0.5 5 50 0 0.0 0 0.0
500 0 0.0 0 0.0
5,000 100 1.8 20 0.4
0 0 0.0 0 0.0
5 0 0.0 0 0.0
5,000 10,000 5 S50 40 0.4 0 0.0
500 100 32 100 3.2
5,000 100 5.2 100 4.8
0 0 0.0 0 0.0
5 0 0.0 0 0.0
0 10,000 5 50 0 0.0 0 0.0
500 100 - 3.2 80 2.2
5,000 100 5.0 100 4.8

Y Intradermal injection

? Sensitization rate (%) = positive number of animals / total number of animals X 100
» Mean response = summation of numerical scoring / total numbe? of animals

2) RERBEEER

BEERFIRBLUE2RBEERELZF—BEL L
T, 0.05~5,000 ppm®D EIZ6HE % HE L 720 MBTCIZ
BREERIEREY D DO TE2RBIEICL > T10%
sodium lauryl sulfate (SLS) V-t VEKBLEIIEWE L
7o 20, ZORBRICHAWRS5E, EREBEB X
CMER B E Table 218 Lz, $72, BE2RS5T
BIERMERE AR [8] ICHELU TR 70

MBTCORB S, BIEREHED L OERREH %
WETHR (8] (it CTEML o KM KIGIIHNS LU
FEEROBEZERED [14] OFFMMEREICH > TH
FEHEITV, B RIGE (Sensitizasion Rate: SR) B X OF
EHEEfEA (Mean Response: MR) % & L7:, MRB
FUSRIZRRIC L o THI LT,

SR =HEME 8K
MR = §Fli D &5 2/ 2Bk

23, 50, 5003 & U'5,000 ppmEIERED BT I3 AT ER
MoOBEPARMLL. 86 ICFOBMICTE{LIERE &
NBELDNH oo TNHO/RE OB 134
He L,

FRe1~2E E%ICMBTC LRI L 72 #8& % AT A BTC
(25,000 ppm). CTC (10,000 ppm), CMTC (500 ppm).

. TCMTB (50 ppm). MITC (10,000 ppm) 5 & U'MDC

(10,000 ppm) % ERBEE L TKERCHEZRET L1,
WEROLFEYE b EBAEEORD b s ViRER
Bviteo RERIEEREBICE V28350 ppm BEIEH
(1061) . 500 ppm BEAERE (5H1) B L OxFREEE (5H1) &
L7z

. EERHER
1. BEBEMOFES L UE2RBIELEB DR

MBTCIZ DWW TERRBRIEMDOFE, FERIEREDHE
B L UELRBIELE OB RIT TR R TR
Ui-dE R % Table 11278 L7,

BREH (H1RBEIERRES000 ppm. HB2RRERE
10,000 ppm) DEFEIEEES0B L U500 ppm. B & UFAE
REAFEE (S5 1RRVRIRELO ppm, #E2REE(ER BE10,000
ppm) D EHEHEEE500 ppm IZHHRISSBE I Nz, L
PLERER (BB I UHE2REEREIIEI05
ppm) Ti3500 ppmbl FOERIRE CIIBEEISIIRD
bhdoi. —H. BEIRES000 ppmTIdiRRE %
EUETORTEMACHEIRDO LN, ZOREN
FCARLE BYY 123 L C BB RIMILIREE T 5 = & 250
&AM T o 7O CEHEOITE A b AL L7,
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MBTCIIBAZEM AT L BENRIZLLA-Z b, B
EREHOBEICE L TR, SR8 L UELREER
BEhAFR—REs LT LsE7

2. MBTCRAERED B8 RSt
MBTCO Rz § et s ER I B A HEREEORK R
Table 242775 L7,

xF BRHE CIEHRSIR 1,600 ppm il BT A48 OB
LTWIHEPROON, FHAEERETHLIL
PHELNER2DT, COREY KEBIES DM
DITEPEH L7z 500 ppmblh TOEAZRE Tl EHEA
MR ED s e ol,

MBTCRE/ERET. BRI 22500 ppmBl T 0%
RREECHHSOENE KGR O b N0k, BIEE

Table 2 Skin sensitization test of MBTC 48 and 72 h after the challenge dose.

In::l)uctlon : Challlenge 48h 77h
id injection topical N topical
ppm ppm ppm SR?  MmR" SR MR
0 0 0.0 0 0.0
16 0 0.0 0 0.0
50 0 0.0 0 0.0
0 0 5 160 0 0.0 0 0.0
500 0 0.0 0 0.0
1,600 40 04 0 0.0
0 0 0.0 0 0.0
16 0 0.0 0 0.0
50 0 0.0 0 0.0
0.05 0.05 10 Lo 0 00 0 0.0
500 ¢ 0. 0.0 0 0.0
1,600 20 02 0 0.0
0 0 0.0 0 0.0
16 0 0.0 6 0.0
50 0 0.0 0 0.0
05 05 10 160 0 0.0 0 0.0
500 0 0.0 0 0.0
1,600 10 0.1 0 0.0
0 0 0.0 0 0.0
16 0 0.0 0 0.0
50 0 0.0 0 0.0
3 > 10 160 20 0.2 20 0.2
500 60 14 60 11
1,600 80 32 80 2.9
0 0 0.0 0 0.0
16 0 0.0 0 0.0
50 40 04 40 0.4
50 30 10 160 100 32 100 2.7
500 100 4.8 100 5.1
1.600 100 59 100 5.8
0 0 0.0 0 0.0
16 0 0.0 0 0.0
50 20 0.2 20 0.2
500 500 > 160 100 22 100 1.4
500 100 50 100 4.6
1.600 100 56 100 5.6
0 0 00 0 0.0
16 0 0.0 0 0.0
‘ 50 0 0.0 0 0.0
5, ; 5
000 3,000 160 80 12 80 0.8
500 100 4.0 100 3.2
1,600 100 54 100 5.0

D Intradermal injection

? Sensitization mte (%) = positive number of animals / total number of animals X 100
» Mean response = summation of numerical scoring / total number of animals

—(51) —
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JE5~5,000 ppmDEHETH 072, 58 & 185,000 ppmIELE
##13160 ppmbl L OEAEIRE T, 508 & U500 ppmB&LE
B350 ppmll EOBRBE THERISI RO bz,
5,000 ppmBTERED B BUS S, FHRFES (MR) Tl
503 % V2 12500 ppmBEAERE X ) bIEA o 720 50B LU
500 ppmBAEHED R RIIHIZL AL RARETH o7
BRCIREECH LT, BMERUSE (SR) T35 ppmEk
EBERBRWTT CIZ100%L & ) E vz B8 RsHid
D LN LoD, MRTEIWThoOBERED &hwn
ABRIGHERED b Nz, &b EBIEE 2500
ppmBAEBE D K ERTIREE & B RIC OB % Fig. 3107R
L 720 BASIEEES0A 5500 ppm® ) THEATIRE D145 fE
EMROMICRFREMBEFRERON, 22 THLM
REREE L ORA, ThbHEROREIZ48.6 ppm
LEM ST, |

pe

110

y =4,797x + 11.098

-3 -2 -1 0 0

Challenge concentration (log %)

Fig. 3 Relationship between challenge concentration and
skin reaction score for a group of animals sensitized
with 500 ppm MBTC.

MR: mean response

PlEo X 5 1IMBTCIZBIEFEIRE B L UBREBED
BACHELCHERBEPIRO bz, 2B, 50, 500
B X U5,000 ppmBA/ERE TIIBA A8\ L 728 B#R
WA EHOBRLEBSFBEE SN LB
Ranhi,.

Lok R, MBTCORIREAERE LS ppm, RIEE
FRREILS0 ppmT &H o 126

% B, MBTCHME LW h OB b BIEERTH
FT, —RBICHFETRERFEEIRD LN b o7z,

3. MBTCOIERIME

R D1~ 28 B % (ZBTC (25,000 ppm) . CTC
(10,000 ppm), CMTC (500 ppm). TCMTB (50 ppm).
MITC (10,000 ppm) 33 & U'MDC (10,000 ppm) 7+t b
VT 3T ERBE, 508 X U500 ppm MBTCRE/EREDEH
KHBRERA LTINS DLEYORERICHZRE L
TR % Table 3I2/R L7z,

BTC . CMTCH & 'TCMTBMD 483 X U728 M % 0 8
ETHUERBIROLN, CRLPTEREEYHT
5 EDHL L% o208, CTC, MITCH L UMDCIZ
WEARER SR D b P o7,

V. % &

KEGERP BT THEE, V¥, N2 FVTED
S DO DOFERIE LTHER SR TV 2MBTCO
EEBIEMRERE ., T EY }F HVv /2maximizationiE
[5] ®Nakamura® |Z & 2% B (7] <> TEBL .

MBTCASGPMTIZ B W TIHBERICE R Z L33 TIC
AnderSen Hamann [6] Lo THREENTWEDT,
AERCHBEFEB I UVERRGONSICHETAH
ERUSES L EULEY & DRRER DS BET L7,

MBTCII AR5 IC & B BIRBELTHO T, H2RE
Y£010,000 ppm™7 1) Y EKEMEBFLE DA THL 2
CREDSHALT 5 & V) IHER LA (Table 1), 2O
L) R ERTEFEWE CIREBORE LS 2o
T, E2RBERE+BY CHATRELZRSEE CHEE
Ly BIRBAEREOS TR SR LERDOFEL RS
ZEIRHRZEV, FZTHERGEOHENICE L T,
BIRBIUE2LRREBRELF—BEL LTRLEY
PAS

MBTC® Bz 8 BA R I IR BIREE B & UERIREE
ORFIE L THEBRIGHESRD b, BIEFHER
BB LT, REMEEREIZ0S ppmTH Y. 5085
3 U500 ppmfRVERE T3 100%D B (2 Bt RUGATERD &
N, BmOBBIEFRIL Lo LA LAEHER LR
ERAEFBIRRE TdH 55,000 ppmBEEHEIISRIZ100% T H
o 727%, MRIZ5038 & U500 ppmBAEREL ) & L A1
Tl 2OZLITHBEOMBTCE NS & ) Rk
BRANOBEAPRR LD EEL LN, SEOHR
BRCR A R & 72508 X US500 ppmBEBE TR D &
N7=MBTC D R LR 1450 ppm TdH o 720

Andersen & Hamann [6] 3. MBTC#*10%&%E T 51

—(52) —
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B #Cytox 3522% AV CGPMT® EMi L. BEHRS55%
(MBTC& L 5,000 ppm) . FIZEREfH10% (MBTCY LT

Table 3 Cross-reactivity to thiocyanate, isothiocyanate and dicyanide compounds.

— .Indll)xcnon _ Chall'enge 48 h 72h
id injection topical N topical
ppm ppm ppm SR?  MR” SR MR
25,000 BTC” 0 0.0 0 0.0
10,000 CTCY 0 0.0 0 0.0
0 o s 500 CMTC6)7 0 0.0 0 0.0
50 TCMTB” 0 0.0 0 0.0
10,000 MITCY 0 0.0 0 0.0
10,000 MDC” 0 0.0 0 0.0
25,000 BTC 70 1.8 60 L1
10,000 CTC 0 0.0 0 0.0
o o 10 500 CMTC 100 19 100 3.9
50 TCMTB 100 4.9 100 48
10,000 MITC 0 0.0 0 0.0
10,000 MDC 0 0.0 0 0.0
25,000 BTC 80 1.8 80 1.8
10,000 CTC 0 0.0 0 0.0
500 500 s 500 CMTC 100 4.2 100 4.0
© 50 TCMTB 100 4.6 100 46
10,000 MITC 0 0.0 0 0.0
10,000 MDC ‘o0 0.0 0 0.0

MBTC-sensitized animals (50 or 500 ppm MBTC) and controls were rechallenged with BTC, CTC, CMTC
TCMTB, MITC or MDC 1 or 2 weeks after the challenge procedure.

Y Intradermal injection

D Sensitization rate (%) = positive number of animals / total number of animals X 100
9 Mean response = summation of numerical scoring / total number of animals

4’Benzy] thiocyanate

* Calcium thiocyanate tetrahydrate

a Chloromethyl thiocyanate .
o (Thlocyanomethylthlo)benzothmzole

¥ Methyl isothiocyanate '
9 Methylene dicyanide

B T3
%Ebk%&%@f&ot

AR, HXBEREDMICB LT, 6

4B ORERDFES, MBTC

10,000 ppm) THWE BAET 5 & . BRIEE0.1%
(MBTC& L T100 ppm) DA ETHMEFIGSED LNz L
HELTWES,
BE & LTHEIZ5 ppm MBTCCRELEZ THI &Il &>
TRAEARIL Y 5 2 & 2 FERR L. MBTCASER EAERSE
BEA BT B LEBALPICLI o
Fig. 3ICRTERICHT 2 HERIDE ﬁ@xiﬁm &: D%
Rdrbx =0 (Htﬁﬁmmmwm)ifo_ﬁTE%
% A TRV E DM ER DO -2 DIEE L.
LCTHWAZ L ®BELTWAS [9]o MBTCTIXZ DfE
F12.8 L BHE S htzo HA DT THEML 22 BIEMER
B TR IR 1 & 52 L 7220 DLW E B . MBTCO
RARREVERE (5 ppm) liN—(cyclohexylthxo)phthallmlde
(BRI © 0.01 ppmBLTF) [10] 3 & UM2,4,5,6-
tetrachloroisophthalonitrile (FRIERBAEIREL | 0.5 ppm) [11]

AETRA S EIRS B & OB R

Gimﬁijféﬁﬁ&z‘o L UERRE L b I B LW E
ThHIEFWLBE KT,

5045 &.0°500 ppm MBTCRERE 5 & USKHREE % AV C
thiocyanoZ: % % § 54D 144 (BTC. CTC. CMTC,
TCMTB) < 1soth10cyano%’$:§ﬁ'7; 1fED{LEY (MITC)
B b3 Ucyano%% HYHI1EDLEY (MDC) L OO
#ﬁfﬁ%m#Lto%@#% MBTCI3BTC. CMTC
B L UTCMTB & ¢ RI238 2 R A 50 b, CTC,
MITC,. MDC & O B2 & 382 RS MG 320 & M b o 726

BLEABMBTC Y ORE RIS I Fig. 2 DR CH

L7z thiocyanomethyl#ABI 5- L T\ 2 TTREMAE X b 1
7z B, BTCH & UCMTCO B JEFIEICH T % 15
i&w# TCMTBD K H BRAEMICDOWTH, 4l
'mMm#%m&%ﬁW&%ﬁ¢6 ExWmELL (1206
7oy SEEBAEMATR® & i dr o 72CTC. MITC,
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" MDCO RSB L T, MITCR BB % F
THZEHHE SR TWS [13] 5, CTCH L UMDCIZ
DV RVEIC B T 2 BRIz,

MBTC® ¥~ B BAEHIZ DV TRV {22 D%
EWHb, Fre—27 TI06ADKRBRBEIC
0.2%Cytox 35227t 1) VEkE (200 ppm MBTCIZHE4 ¥
B) RBHELEEZASHIICEBOMENR S D5,
CDOHBEAEMBTCIL L A7 LAVE—TH B E R TE
Lhodz [2]c MBTCICERRE L TV 2348 DHER
ICMBTCO /Sy F5 A P #EM L COHAMLRT LV F—
b ohshor: (4], 72, HEBRICESREL
TWAHKRBRBEB L UNBBRICMBTC: /Sy FLC
b, EEREEHELORABECTCHo - (3] T4b
B, MBTCIRE BRSNS L UBAESEEETAZ L hb,
Ny FF A MBI B RIEEE RO R BT L v
TENFORRD—2hb LA, Jippinenk
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Allergenicity evaluation of Bioban CS-1135 in
experimental animals
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An industrial preservative, Bioban CS-1135, was evaluated for its contact allergenicity by means of
multiple-dose guinea-pig maximization test and non-radioactive murine local lymph node assay. In
the guinea-pig test, an induction dose of 0.5% Bioban CS-1135 sensitized all animals of the group.
The dose-response study of the elicitation phase determined a minimum elicitation dose of 5% for
positive skin reactions. In the murine assay, Bioban CS-1135 at doses of 10% and more exerted
significant effects on lymphoid cell proliferation. Although the data clearly designated Bioban CS-
1135 as a skin sensitizer, its relative potency was ranked lowest among skin-sensitizing biocides

previously evaluated in this laboratory.

Key words: 5-bromo-2'-deoxyuridine; allergic contact dermatitis; biocides; guinea-pig maximization
test; murine local lymph node assay; risk assessment. © Blackwell Munksgaard, 2004.
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Bioban CS-1135 is a broad-spectrum bactericide
based on oxazolidine (4,4-dimethyloxazolidine)
chemistry. It has been widely used as a preserva-
tive in products and applications such as metal-
working fluids, oilfield water systems and mineral
slurries. Most biocides exert their toxic effects on
microorganisms through reactivity with proteins,
and this, in turn, suggests a higher risk of biocides
as skin sensitizers, because a low molecular
weight chemical has to bind with endogenous
proteins/peptides to be recognized as an immuno-
gen. In fact, numerous cases of allergic contact
dermatitis from various kinds of biocides have
been reported (1, 2). Among them, positive skin
reactions to a series of Biobans are not rare,
especially in metalworkers, with 3.4% of 408
workers being positive to some kinds of Biobans
(3). However, the skin reactions are often weak
and not reproducible. Furthermore, in many
cases, the clinical relevance of skin reactions
with the use of Biobans is not ascertained. These
data suggest that, although Biobans have intrinsic
potencies for skin sensitization, the potencies are
relatively weak compared with other biocides.
Thus, in this study, we decided to evaluate the
sensitization potency of Bioban CS-1135 using 2
- different animal tests: multiple-dose guinea-pig

maximization test (GPMT) and non-radioactive
local lymph node assay (LLNA).

Materials and Methods

Chemicals

Bioban CS-1135 (active ingredient: 78% 4,4-
dimethyl-1,3-oxazolidine) was obtained from
Nagase & Co., Ltd. (Tokyo, Japan). All other
reagents used were of superior grade.

Guinea-pig maximization test

5- to 6-week-old female Hartley guinea pigs from
Japan SLC, Inc. (Shizuoka, Japan) were used.
The GPMT (4) was performed with some mod-
ifications in that dose-response profiles were
evaluated for both induction and elicitation
phases, and challenge test was done openly (5). 5
or 10 animals were used for each sensitization
group. The concentrations for the first (intrader-
mal) and the second (topical) inductions are sum-
marized in Tables 1 and 2. 2 weeks after topical
induction, 0.1 ml aliquots of various concentra-
tions of Bioban CS-1135 in acetone or an undi-
luted solution were applied all at once to a shaved
area of the flank for challenge. 48h after the
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Table 1. Results of first guinea-pig maximization test for Bioban CS-1135

Induction (%)

Topical

Intradermal Elicitation (%)* SR (%) n
0 0 100 0 5
0 10 100 60 5
0.5 10 100 100 5

SR = sensitization rate.

*Animals were challenged 2 weeks after 2nd induction with 100% Bioban CS-1135, and skin reactions were evaluated 48 h thereafter.

challenge, each site was scored for erythema (0-4)
and oedema (0-3) according to the criteria of Sato
et al. (6). For each challenge concentration group,
the percentage of animals showing a positive reac-
tion was taken as the sensitization rate.

Non-radioactive murine LLNA

6- to 8-week-old female BALB/c mice from
CLEA Japan, Inc. (Tokyo, Japan) were used.
The assay was performed according to the
method of Takeyoshi et al. (7) with some modifi-
cations (8). Briefly, groups of mice (n=4) were
exposed to 25 pl of various concentrations of Bio-
ban CS-1135 in vehicle (acetone/olive oil, 4: 1) or
as an undiluted solution, through application to
the dorsum of both ears on 3 consecutive days
(days 0-2). On day 4, 5-bromo-2'-deoxyuridine
(BrdU, 150 mg/kg/15ml saline) was administered

intraperitoneally to each mouse. The next day, a

pair of auricular lymph nodes from each mouse
was excised, and single-cell suspensions were pre-
pared by gentle mechanical disaggregation in sal-
ine. The total cell count in each suspension was
measured, and the suspensions were then diluted
with saline to a concentration of 4 x 10° cells/ml
and dispensed (50ul) into the wells of a flat-
bottom microplate. BrdU concentrations in the
wells were measured by enzyme-linked immuno-
sorbent assay (ELISA). Total lymph node cell

count in a chemical-treated animal divided by
mean lymph node cell count in control group
was designated as a cellularity index, whereas
BrdU incorporation (OD) per well of cells from
a chemical-treated animal divided by mean BrdU
incorporation (OD) per well of cells from a con-
trol group was used as a BrdU incorporation
index. A stimulation index (SI) was calculated
by multiplying the cellularity index by the BrdU
incorporation index.

Statistical analysis

In the LENA, index values for each chemical-
treated group and vehicle-treated control group
were compared via Dunnett’s or Steel’s multiple
comparison method using a StatLight software
package (Yukms Co., Ltd, Tokyo, Japan).

Resuits

GPMT results for Bioban CS-1135 are summar-
ized in Tables 1 and 2. An intradermal induction
concentration of 0.5% and a topical induction
dose of 10% were selected as the maximum toler-
able doses for each step of the GPMT. All of 5
guinea pigs sensitized with maximum induction
doses exhibited positive skin reactions when
challenged with 100% Bioban CS-1135. Notably,
Bioban CS-1135 could sensitize animals by the

Table 2. Results of second guinea-pig maximization test for Bioban CS-1135

Induction dose*

SR (%)t
Challenge dose (%) 0%3 0.005% 0.05% 0.5%
0.05 0 0 0 0
0.5 0 0 0 0
5 0 0 0 70
25 0 0 0 100
50 0 0 0 100
100 0 0 0 100

SR = sensitization rate. Number of animals was 5 for 0% induction-dose group and 10 for the other 3 induction-dose groups.
*EBach group of animals was sensitized using the same dose of Bioban CS-1135 for both intradermal and topical induction procedures.

1Skin reactions were evaluated 48 h after challenge.

tAnimals were treated with vehicle in both intradermal and topical induction procedures.
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topical induction procedure alone, although the
sensitization rate of the group was lower than
that of the maximally sensitized group (Table1).
Because the topical induction procedure alone
sensilized the animals, in the subsequent dose—
response_study, the topical induction concen-
trations were varied in line with intradermal
induction concentrations. As summarized in Table 2,
positive skin reactions were observed only at the
highest induction dose of 0.5%. The minimum
challenge dose of Bioban CS-1135 that elicited
positive skin reaction in this group was 5%.

A dose-response profile for the allergenicity of
Bioban CS-1135 in the induction phase was
further evaluated by another animal test, the
non-radioactive LLNA (Table 3). Statistically sig-
nificant increases in the cellularity index, the
BrdU index and SI, which is obtained by multi-
plying the cellularity and BrdU indices, were
observed at doses of 10% and more of Bioban
CS-1135.

We have thus far evaluated dose-response pro-
files for both induction and elicitation phases of
allergic contact dermatitis with 20 different bio-
cides using multiple-dose GPMT, and 15 of them
have been designated as positive skin sensitizers.
As summarized in Table4, both the minimum
induction dose and minimum elicitation dose of
Bioban CS-1135 in the guinea-pig test ranked last
place among the designated sensitizers.

Discussion

This study clearly designated Bioban CS-1135 as
a contact sensitizer using 2 representative animal
tests, GPMT and LLNA. Recently, Brinkmeier
et al. (3) reported the patch test results on expo-
sure to a series of Biobans among metalworkers, a
high-risk group for this group of preservatives.
The test showed that 3.4% out of 408 workers

Table 3. Results of local lymph node assay for Bioban CS-1135

reacted to at least 1 of the Biobans (2.2% P-1487,
2.0% CS-1246 and 1.5% CS-1135). Previous mul-
ticentre patch test data provided by the Informa-
tion Network of Departments of Dermatology in
Germany and Austria (2) showed a 1.1% positive
reaction rate to Bioban CS-1135 in 1760 patients.
In both reports, skin reaction was weak and most
reactions were not reproducible during retesting.

In order to improve occupational hygiene and
protect consumers from the risk of skin sensitiza-
tion, it is essential to elucidate the relative sensi-
tizing potencies of individual sensitizers. There
have been several animal studies evaluating
dose~-response profiles of skin-sensitizing biocides
(9-11). In our database of biocide-sensitizing
potencies evaluated using multiple-dose GPMT,
Bioban CS-1135 ranked last place in the list,
especially for the minimum elicitation dose.
Although the minimum induction dose of 0.5%
Bioban CS-1135 in the multiple-dose GPMT also
ranked last, this dose was within the range of
those for other biocides. The minimum induction
dose of 10% Bioban CS-1135 in the mouse test
also seemed in the range of those for other che-
mical allergens. In our recent studies using non-
radioactive LLNA, the minimum induction doses
for 2 preservatives, p-chloro-m-cresol (PCMC)
and p-chloro-m-xylenol (PCMX), were 10% and
25%, respectively (8). The results may suggest
that the potency of Bioban CS-1135 to induce
specific T-cell proliferation is comparable to
other biocides, but that its intrinsic potency to
cause positive skin reaction is relatively weak.
This is in line with the weak skin reactions
observed in patch testing in clinical studies,
because it is the elicitation reaction that is
observed in the patch test.

In addition to evaluating relative potencies,
cross-reactivity is another important factor in
risk assessment for skin sensitizers. With respect

Induction dose (%) Cellularity index

BrdU incorporation index Stimulation index

0 1.0£0.2
1 1.0£0.2
3 1.0+0.2
10 1.7+0.3%
25 3.0£0.37
50 2.4404%
100 2.7+0.5t

1.0+£0.2 1.040.0
1.0+0.2 1.0£03
1.0£0.2 1.1£0.4
1.5£0.3} 2.7X£0.6%
1.8£0.21 5.441.0%
1.8+£0.2F 4.441.0%
1.8+0.3% 4.8409*

Values are means + SD.

Cellularity index =

total lymph node cell count in a chemical - treated animal

BrdU incorporation index =

mean lymph node cell count in control group
BrdU incorporation (OD) per well of cells from a chemical - treated animal

*Significantly different from control, P <0.05.
1Significantly different from control, P <0.01.

mean BrdU incorporation (OD) per well of cells from control group
Stimulation index = Cellularity index x BrdU incorporation index.



YAMANO ET AL.

342

‘eyep poysiqndun e 10 BPONS§

-dnoig o) Tl [RWIUE SUO 1SBI 1B UOTOBAI UDS OISIS[E PS1Ie 18Y] 95OP 23US[[BYD WNWITUIIAL
-Kpuis ssuodsai-osop e Ul dnoid paznisuss A[[EWIXEBW 9U] UT PIAISSQO 9B UOLRZNISUAG]
-dnois oy} Ul [EWIUE SUO JSEI] J& PIZIIISUSS B} 9SO UOHONPUI ([RULISPRIIUL) ISIL WINTUITIA

00005 001 000§  SEI1-SD ueqorg SUIPI[OZEXO0-¢* [ -AYIoUND-F*p

AY; 0008 01 g 0005 ddNg j01p-¢*1-ouedoidoniu-z-0wWoIq-7
(81) 00$ 0T 000 1iadg SUO-¢-UI[OZBIY10SIZUq-7 [-[AINg-t-p
(8) 000¢ 06 - S XNDd [ousjAx-ur-o10yq0-d
@n 0091 001 " 00S YV SpIUre}adBOIOYI-T
(oD 0008 0 000S OH [to eqiy
(8 00S 001 S OINDd [osa10-u-o10[go-d
(s1) 0001 001 01 gdADgNH  (epruoIq wniuiplIAd[Aoop-[-[AOUWRGIEd-},)SIq-SUSAYISWIRXAY-~ NN
(s 0001 001 001 gdaDgNL  (eprwo1q wnpuAdiAoop-]-[A0WEqIes-4)SIq-oUs[AT1SWEN)- N ‘N
(€1) 001 001 S o4adl oyeureqreoifing [Kukdoid-z-opor-¢
49 0S 0 0s RAE: SUO-¢-UI[OZBIIOSIZUSq-7
§- 0S 001 0s dSIWDL sutpuAd(jAuoydms[AY1ow)-H-0I0[oBNA-9G ¢ T
(€D 0S 001 S didD AuniojiASredoidopor-g-jAusydoiofyo-d
@n I 001 01 I141NDL 9[0ZBIY}10ZUaq(OT1AIoTOTRAIOTY)-7
§ S0 001 S0 NdL S[LITHOeY1YdoSIOIO[DRIR-9°S T
oouarsyey  i(wrd-d) ssop uoneyons umwmiruily  1(%) YS «(urd-d) ssop uononpul UENIIITIIAL TONRIASIQQY s[eorwIay)

SOPIOOIq STIOLIBA 1O 159} uonjezruxewt Sid-goumns Jo s}nssy ¢ a|quf



ALLERGENICITY OF BIOBAN CS-1135 ‘ : 343

to the 3 sensitizing Biobans, P-1487, CS-1135 and
CS-1246, some patients reacted to 2 or 3 of them
(3). Although both CS-1135 and CS-1246 have
- the structure to release a formaldehyde molecule,
it is difficult to elucidate whether the cross-
reaction was due to structural analogy or simply
due to concomitant exposure to them. In this
respect, the GPMT has an advantage in that
it can precisely evaluate cross-reactivity among
sensitizers under strictly controlled conditions.
Further information including animal study data
would appear to be necessary to assess the risk of
a wide range of preservatives such as Biobans,
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Abstract

We compared the results of the multiple-dose guinea pig maximization test (GPMT) and the non-radioactive murine local
Iymph-node assay (LLNA) for various biocides. Thirteen out of 17 positive biocides in the GPMT gave positive results in the
LLNA. In the GPMT, the minimum first induction doses ranged over four orders (0.00005-0.5%), while elicitation-threshold
doses, which were evaluated using an optimally sensitized group of animals in the multiple-dose studies, ranged over five orders
(0.00006-2.8%). In the LLNA, minimum induction doses ranged over more than three orders (0.01-30%). With respect to
13 biocides that were positive in both the GPMT and the LLNA, results were quantitatively compared. When compared after
conversion to corresponding area doses (jLg/cm), the minimum doses required to elicit skin reaction in guinea pigs were always
lower than that for induction in mice with all biocides. Correlation between minimum induction doses from the GPMT and the
LLNA seemed poor (r=0.57), while that between minimum induction doses in the LLNA and elicitation-threshold doses in the
GPMT was relatively good (r=0.73). The results suggest the possibility to estimate human elicitation-threshold doses, which
are definitely lacking in the process of risk assessment for skin-sensitizers, from the data of the LLNA.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Contact dermatitis; Murine local lymph-node assay; Guinea pig maximization test; 5-Bromo-2/-deoxyuridine; Risk assessment;
Elicitation threshold; Minimum induction dose

1. Introduction threshold values for both phases has been reported

- ) . ) (Basketter et al., 1997; Kimber et al., 1999). Risk for

, All.erglc contact d.errr.latltls consists of two phases, skin-sensitization, thus, should be managed based on

induction and elicitation, and the existence of threshold doses and dose—response profiles for both

. phases. The murine local lymph-node assay (LLNA),
Corresponding author. Tel.: +81 6 6771 3186; . .

fax: +81 6 6772 0676, an internationally accepted stand-alone method for

E-mail address: tetsuo.yamano @iphes.city.osaka.jp detection of contact allergens, quantitatively evaluates

(T. Yamano). induction potencies. Recent analytical studies have

0300-483X/$ ~ see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.t0x.2005.02.014



166 - T Yamano et al. / Toxicology 211 (2005) 165-175

reported a close relationship between minimum induc-
tion doses from the LLNA and experimental human
induction threshold values, and the use of LLNA data
has been recommended for categorizing potencies of
skin-sensitizers (Griem et al., 2003; Kimber et al.,
2003; Schneider and Akkan, 2004). The LLNA, how-
ever, has several disadvantages such that by its nature,
it can only be used to evaluate the induction phase.
Although the original guinea pig maximization test
(GPMT) was proposed by Magnusson and Kligman
(1969) as a method to identify skin-sensitizers, profiles
of both phases can be examined by varying induction
and elicitation doses using a modified protocol of
the GPMT (Nakamura et al., 1994). Our laboratory
has reported threshold values of both phases with
various allergens using this method (Yamano et al.,
2001a, 2003, 2004). However, relationships between
data from the GPMT to those of the LLNA or human
experiments have not been evaluated thus far.
Numerous cases of allergic contact dermatitis due to
various kinds of biocides have been reported (Jacobs et
al., 1995; Schnuch et al., 1998). This is because most
biocides exert their toxic effects on microorganisms
through reactivity with proteins, which is a critical fac-
tor in determining skin-sensitizers. Thus, it seems ap-

propriate to compare the results from different methods -

to evaluate skin-sensitizing potencies using biocides as
amodel group of test compounds. In this study, we eval-

uated dose—response profiles of induction phases for 17
biocides using the non-radioactive LLNA (Yamano et
al., 2003). The data were compared with those
previously obtained from the multiple-dose GPMT
to reveal quantitative relationships between these two
standard animal tests for skin-sensitizers.

2. Methods
2.1. Chemicals

The names, abbreviations and the octanol-water
partition coefficients (log Ko ) of the 17 biocides em-
ployed are listed in Table 1. All other reagents used for
the GPMT or the LLNA were of superior grade.

2.2. Multiple-dose GPMT

Five- to six-week-old female Hartley guinea pigs
from Japan SLC Inc. (Shizuoka, Japan) were used.
The GPMT was performed as described previously
(Nakamura et al., 1994); 5 or 10 animals were used
for each sensitization group. In a pilot study, each bio-
cide was evaluated to see if it could sensitize animals by
the topical, occluded step alone using a tolerable maxi-
mum dose, without the first intradermal induction step.
When at least one animal in the group exhibited skin re-

Table 1

List of biocides tested

Chemical name Abbreviation log Kojw
2,4,5,6-Tetrachloroisophthalonitrile TPN 3.05
Methylene-bis(thiocyanate) MBTC 0.62
3-Iodo-2-propynyl butylcarbamate IPBC 2.45
2,3,5,6-Tetrachloro-4-(methylsulfonyl)pyridine TCMSP 1.95
p-Chlorophenyl-3-iodopropargylformyl CPIP 348
p-Chloro-m-cresol PCMC 2.70
p-Chloro-m-xylenol PCMX 3.25
2-(Thiocyanomethylthio)benzothiazole TCMTBT 3.30
N,N'-Hexamethylene-bis(4-carbamoyl-1-decylpyridinium bromide) HMBCDPB nd
1,2-Benzisothiazolin-3-one BIT ' 0.64
1-Bromo-3-ethoxycarbonyloxy-1,2-diiodo-1-propene BECDIP nd
N-n-Butyl-1,2-benzisothiazolin-3-one BBIT nd
N,N'-Tetramethylene-bis(4-carbamoyl-1-decylpyridinium bromide) TMBCDPB nd
2-Chloroacetamide CAA —0.58
2-Bromo-2-nitropropane-1,3-diol BNPD, —0.64
4,4’ -Dimethyl-1,3-oxazoline DMO —0.08
Hiba oil HO nd

nd, no data available.
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action using this procedure, then the induction profiles
were evaluated by varying the intradermal induction
doses in line with those for topical induction (Yamano
et al., 2001b). Otherwise, the induction profiles were
evaluated by varying the intradermal induction doses
with fixed second induction doses at tolerable max-
imum levels. Maximum doses for the first induction
were set at 5% or the highest non-necrotic dose, and
three to four doses in logarithmic dilutions were used
in a dose-response study.

Two weeks after the second (topical, occluded) in-
duction, 100 pl aliquots of various concentrations of
test chemicals in acetone were applied all at once for
challenge on shaved circular areas (1.4cm in diame-
ter) of the flank. Forty-eight hours after the challenge,
each site was scored for erythema (0—4) and edema
(0-3) according to the criteria of Sato et al. (1981). To-
tal group scores (erythema plus edema) with the same
challenge concentration in a group were summed and
divided by the number of animals in the group to give
the mean response (MR) value as an index of skin re-

action to challenge with a given concentration of test

chemical. For each elicitation-dose group, the percent-
age of animals showing a positive reaction was taken as
the sensitization rate (SR). In some cases, MR values
were plotted against log elicitation doses and a linear
regression calculated. The area under the linear regres-
sion line (AUL) between the x-intercept, and 1% of
elicitation dose was defined as the relative elicitation
potency index value of the allergen (elicitation AUL)
(Yamano et al., 2001a).

2.3. Non-radioactive murine LLNA

Six- to eight-week-old female BALB/c mice from
CLEA Japan (Tokyo, Japan) were used. The LLNA
was performed as previously reported (Takeyoshi et
al., 2001; Yamano et al., 2003). Four animals were used
for each sensitization group. Skin irritation was judged
from apparent ear erythema and swelling. Total lymph-
" node cell count in a chemical-treated animal divided
by mean lymph-node cell count in control group was
designated as a cellularity index, whereas 5-bromo-2’-
deoxyuridine (BrdU) incorporation (expressed as opti-
cal density) per well of cells from a chemical-treated
animal divided by mean BrdU incorporation per well
of cells from a control group was used as a BrdU incor-
poration index. A stimulation index (SI) was calculated

by multiplying the cellularity index by the BrdU incor-
poration index.

_ 2.4. Statistical analysis

Inthe LLNA, index values for each chemical-treated
group and vehicle-treated control group were compared
via Dunnett’s or Steel’s multiple comparison method
using a StatLight software package (Yukms Co., Ltd.,
Tokyo, Japan).

3. Results

3.1. Dose—response analysis of induction phase
with GPMT

Table 2 summarizes the results of 17 positive bio-
cides in the GPMT. In the multiple-dose GPMT, a
chemical was designated positive, when at least one
animal in the sensitized groups exhibited skin reaction
with maximum non-irritative elicitation doses. Of the
17 biocides, 8 were found to sensitize guinea pigs using
the second (topical) induction step alone, whereas the
others required the first (intradermal) induction pro-
cedure. In both cases, dose-response profiles of the
induction phase were evaluated against the first induc-
tion dose. The minimum induction doses ranged over
four orders, 0.5-5000 ppm. Dose-response profiles for
the induction phase in the GPMT were categorized
into three patterns: (1) saturation of sensitization rate
was observed within the induction dose range used; (2)
overload effect of skin reaction was observed within
the induction dose range used; (3) positive skin reac-
tion was observed only at the highest dose used. Typical
examples of each pattern are shown in Fig. 1.

The influence of the first induction dose on the
elicitation-dose-related skin reaction in the GPMT is
shown in Fig. 2 using HMBCDPB as an example. In
0.001 and 0.01% HMBCDPB-sensitized groups, the
minimum elicitation dose was 1%, while one order
Tower HMPCDPB-elicited skin reaction in 0.1 and
1% HMBCDPB-sensitized groups. At an elicitation
dose of 1%, positive skin reaction rates in each group
were 30, 70, 100 and 60% in 0.001, 0.01, 0.1 and 1%
HMPCDPB-sensitized groups, respectively. The result
suggests the importance of using a maximally sen-
sitized group of animals in the multiple-dose GPMT
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Table 2
Results of GPMT for 17 biocides
Biocide Intradermal and  Topical Minimum Maximum SR*(%) Elicitation- Elicitation- References

topical induction  induction induction threshold threshold

induction® only? dose® (ppm)  dose? (ppm) dosef (ppm) area dose®

(ug/em)?

TPN Positive Positive 0.5 50 100 0.6 0.04 Unpublished data
MBTC Positive Positive 5 500 100 49 32 Noda et al. (2004b)
IPBC Positive Negative 5 500 100 88 3.7 Shimizu et al. (2000)
TCMSP Positive Positive 5 500 100 17 L1 Unpublished data
CPIP Positive Negative 5 500 100 15 1.0 Shimizu et al. (2000)
PCMC Positive - Positive 5 5000 100 444 29 Yamano et al. (2003)
PCMX Positive Positive 5 5000 90 1375 89 Yamano et al. (2003)
TCMTBT  Positive Positive 10 100 100 0.8 0.05 Yamano et al. (2001b)
HMBCDPB Positive Negative 10 1000 100 316 21 Shimizu et al. (2002)
BIT Positive Negative 50 5000 50 48 3.1 Noda et al. (1998)
BECDIP Positive Negative 50 50 10 68 4.4 Shimizu et al. (2000)
BBIT Positive Negative 50 5000 90 327 21 Noda et al. (2001)
TMBCDPB Positive Negative 100 1000 100 249 16 Shimizu et al. (2002)
CAA Positive Positive 500 5000 100 763 50 Noda et al. (2004a)
BNPD Positive Negative 5000 5000 10 3981 259 Noda et al. (2004a)
DMO Positive Positive 5000 5000 100 28303 1840 Yamano et al. (2004)
HO Positive Negative 5000 50000 50 501 33 Noda and Shimizu (2000)

 Designated as positive, when at least one animal in the group exhibited sldgl reaction with maximum intradermal and topical induction and

challenge doses.

b Designated as positive, when at least one animal in the group exhibited skin reaction with maximum topical induction and challenge doses

without intradermal induction.

¢ Minimum first induction dose that sensitized at least one animal in the group.

4 First induction dose that maximally sensitized animals in the group"in a dose—response study.

¢ Sensitization rate observed in the maximally sensitized group in a dose-response study.

f Calculated from linear regression lines between log elicitation doses and mean response scores.

& Calculated by multiplying elicitation-threshold dose by factor of 0.065.

100
% -@- TPN
S 804 —— TMBCDPB
P
g 60 -e-DMO
=i
.O
£ 40
N
R=
G 20
]
W
7] 0

T T T

o 4

T T
5 4 3 2 4
First induction dose (log%)

Fig. 1. Dose-related skin reaction for the first induction dose with
three biocides in the GPMT. With each biocide, three to five doses
were employed with respect to the intradermal induction step, Bach
symbol represents the sensitization rate of the group 48h after
challenge with maximum concentration of each compound; TPN,
saturation of sensitization rate was observed within the induction
dose range used; TMBCDPB, overload effect of skin reaction was
observed within the induction dose range used; DMO, positive
skin reaction was observed only at the non-necrotic highest dose
used.
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Fig. 2. Relationship between the first induction dose and the
elicitation-dose-related skin reaction in the GPMT. Each group of
animals was sensitized at intradermal induction doses of 0.001, 0.01,
0.1 or 1% HMBCDPB. Each symbol represents the sensitization rate
48 h after challenge with each elicitation dose.



