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CASNo. $§:§ B4 B A | 2 8 H | ReprotoffiZhZEFE Ames | Yefafk | /MZ | T Ofh =}
88-18-6 3-503 |2-tert-TFNT =/ —)L @) @) O @) @) 1
2243-62-1 | 4-323 |1, 5—YT7IFTHLY @) 32




2tert-7FNT 2/ — VDT v +E S EOEORS ZHAR

Single Dose Oral Toxicity Test of 2-tert-Butylphenol in Rats

2

2tert-7TFNT =/ —Nid, BE, TH, #HiEEalE
TEEOEHTH L. S0, 2-tert-TFNT = ) —
IS VEEESEOSDE S v Mo lEEOKRS
L, *o8EEEEsRE L. BEHEIMHESX 20,
500, 100033 X UF2000 mg/kg & L7=.

DR, 1000 mg/kegfEDRELF B £ 072000 me/kg
BEDMEAR L EBIATET LI, BB TR, BS5A
CEIEEEOET, HITER, FRAE, BEGL, HEA
fiB XOHREET, 282 -OIc3F<<En, &
B, SRITRE, BEFAONS. FRTE, BREous
Ao/ EIEDT1000 ma/kg BEOHE & 2000 mg/kg BE D MERE,
i B O FMAT2000 me/kg O MEME, FEREROIGHIRD
B&{bd L O RE O E B o H L8 22000 mg/kg B
D, EROEENEYH2000 mg/keBOMICH LA
7o, WEARFREOHR, BT BE0ERRFELE
OB EETOEIR EEO%EM: - B%H11000 me/ke
BoOE, HE0U0 AEN2000 mg/kg BEDO MR, HRE
DREF AN ZERA (L AT2000 me/kg BEO &, TR AEHIRE
BH BB A HEL R o0 Hi ML A¥2000 mg/kg BEDHEWZZED b vz,

BT, %5 H12500 me/ke Bl E O S BEOME
HTEREBOET, HITEH, B, BB LY
FRETHARLONA, E20 LIS, 1000 mg/keRED
HETEREGHOETB LUCHRTEENE4H T T, 1000
mg/kg BOMCHRTREENEIAFTAHALIL, FED
{EEAT1000 38 & 172000 mg/kgBENHETELHIZA LR
7o, BT, WE OREEEAT1000 mg/kgBEORIZA
Hh, FEASEREOES, HEOEBRRETLEOS
EERFED bR,

2tert-TFNT /) -V HOS v FiZ1EEDR
LR, EHEIEE (LD, ME) X, #Tix1231
mg/kg (95 %{EFEMR 838~ 1808 mg/kg), WETIX1414
mg/kg LiER L7, -

HE

1. #EBEHE

ARBAEA ¥ FEETERER) & SR S iz 2-tert-
TFNT /)= (0y FESCIE9, #EEYST %) EE
B, EFHAEHTCTRELERALL, #BRYEORE
M, HBWHRERIVRET B8 EATL, B2
L7, #EBWHEA ) 7l GLEEEW) (il masL,
BERHFALL, BEBOREIZS4BW T, BS

1

T A CHERE L. ESRPOHEBRYE OWE
RFEEHFTTHIABOEEER, R5NIT0.44 5200
mg/mLDEECHEE L, T, ERAEHORSHE
gL, HBROEOREFEREREL 10 %BEATHS
ZERRRRLL.

2. HEREMS L UBINE

BASF ¥ — LR - ) N—@7r 5 CrjiCD(SD)IGS 7 v
F(SPF)Z AFL, 6 HIEHE - BILL:. 1HOBY
BUIMEHERSILE L, &SHE I, FEBEESH
HiEi X > THEBEOERENIIZE L b L HII8EST
L7z, 5.0 0@k 58E, HREHEITEA128~147
g, WEAF107~121gTHo7-.

| OBE - MM 0 EATERMEEL T, BE22

+ 2 C{EEME), HBEESS £ 15 % (BEHE), BEH
LE/ME(F 7Ly a7 — 48, BIEI12ER/
H(7:00-19:00) \cHBREG L-BEE2ER L. By
3, EBREWAERE(~N—-¥Fv 7, BEFr—LA -
D=z B A —R 3 PP, S
TR r— Y& b 5IRAT (R), BaTHREr—-v
HI-DSE(EMINAEL, AF L. Biipicid, £EEH
WRBRAL(MFF VY7 VERTER) L, 5um
D7 4Ny — s, SRR L AKERE ERICE
R &€7-.

3. BEEBLURERE

FlaABRL LT, BEEYE£0, 500, 16008 LT
2000 mg/kg DAETLHBEEEIEOSDART v MI1EH
FORES L, REETHEAEELL:. F0OER, 10008
£ 2000 mg/kg D AE CHEAFAMFET L7z, 10008 &
U2000 me/kg P BOETIIZRSBICEREOHEER
DETFHH 5 N7, 500 mg/kg DR TIRERE (LI
Lohizhot., IOREREPL, ARBROHEIIGIEY
$122000 mg/kg 2 RSHEL L, UTFARK2TI0H
L U500 mg/kg 3AERXRELL. ZOMICEBEOA
PRETAMREERITA. REEE XD ISEEMEE
B LTy MIBVYFREELLVIVIEHVT
1EEHEORES L, BEEHIFMEER 251 20
o7, BESEHEEIZI0mL/kek L, B#EEFHOEEICE
S TEH L.

4. BEREBLUBRESZE
TEROEEZHELL.
I1g&L/.

B, BOREIHSHEZSE
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BEROR S SRR

1) —HRESLUEE
— iR REOEISERE, K5 HITI315, 304, 1, 3Bk

CeRFE 5], DMEIX1IRIE M4 BEIZhi: -2 TIiTo 7.

S FEORERD, B5ER, $£4, 8BLUISHIZH
ElLIz. i, EEEIEOWTRERRCHEL .

2) REBFEHE
BEATE(EISA) ST FA -0 -
F NI AL BEET CIRABRZOIN - il L, &
WA BEMLS i, BUERIionTIIRER
BERLHPIHBR L. HRBCEEOLS R 1000
mg/ke BEO 258 & U°2000 me/kgBED 16, HE2F
HE, 2000 mg/ke B OMIFH O+ 8B ~ER, 2000
mg/kgBHOE1BIOFR, BITS L BB OB L
1%, BRKS L UCEERORRE, WisHtEs L vEE
HMBEFEWL, 10 %ty v EEHEL <) Y HTHE

EL, RELE 7, BHLABREDS B, £,

2000 mg/kg B O3 1 Pl RS X UEEIZ oW T
I3, EiFEICfE-TAT &)y nF YV EEERT
TESL, #ERL7

5. FHESEE (LD fE) OEH
BB TGRS S Van der WaerdenETEH L
7. .

B

1. FEHLULD,{E(Table 1)

1000 mg/kg BED 1615 & 152000 me/kg B O 4B
ISP SHGHRIEE,SE2R E TICRE LI,
LD, %, HC131231 me/kg (95 %A S 838 ~ 1808
mg/kg), #ETIE1414 ma/kg T o 72,

b

2. —REIREE

FETEWM T, BEACBRSZISSP»SERIRER
L, BREHOERT, HTEH, WRAE, EEA, f
BB X UHRBET, 2@ oficy <D,
R, BITRE, RESHRLNL.

HEEW T, #5-012500 mg/keg L OFE SO
WTEHEEFOET, HMTER, B, RRBEIY
FREFTAA NS, E20LEICE, 1000 mg/kgiE D
HETEREHOETBLTHRTRENE4A T, 1000
mg/kg BEOHETHITRENBIA T TAH ORI,

3. fFE

ST TR, FEOBEAH10008 X U2000 mg/kg
BOBETEIFICALNLY, DBEOFERINIATIEE
EREIRICHER L /-,

4, EifrRR

ECEMT, BEOUSL A BEH1000 mg/ke D
160, 2000 me/kgBEOME1IF L B2, BiE OFLMAT
2000 mg/kg HOMHESR 16, ZHEOREARY (EE)H

206

2000 mg/kg BEQHELF, - EIEAOEH&ROB®RES L r
SO ERERO R DB 72000 mg/kg BEOHE 1 FIH
b, .

EFEEM T, 1000 mg/ke DM IFICHE DEREE
Bh bz,

5. AEHMFRR
BT, SRRICTSA/REBBLIUNEOR
moieh®, BEEAOBEL LRSS X Ul

DHEEFEOBMEDORELITo 2. FOHEE, BT,

HEOEBRFLEOBEREBRED TR LEOEM -
HEA1000 mg/keBEOEIFIZ, BMIBOU S ARD
2000 mg/kg FEDMEMES 112, BRE DEEMBo =Rkt
2000 mg/kg OB IFHICED LA, T, BEKER
FIEIRIF AL # o M A°2000 me/kg DG TA LGN
. B, BIEREESROAebIcdbT 5885 0E
fbldabnizh oz,

EFEHYCIE, ARBICHSOEREBESA LR
1000 mg/kefEDE IO T rEE L-ER, EBRTL
S ADPCY AT AE (WA

E

2-tert-7F I T xS — L EMEDT v FIZ0, 500,
10005 & T°2000 mg/ke D E% 1 RIFEOHRES L AHR,
1000 mg/kg BEHHE1 BB X U7 2000 mg/kegFEDOHE4AF &
P AFEC LA, REBRYE O LD EIX, #TIE
1231 mg/kg(95 %SRS 838 ~ 1808 mg/kg), METHk
1414 mg/kg &G L7,

3Hk

1) L IERMEE, “190ERER FikEL v Fy &
R,7 (b TRHEH, W, 1993, p.540.

B
REAEIEH | IWTHLARER
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o-tert-FFNT ./ — I

Tzblel Mortality and LDy, values in rats after single oral administration of 2-tert-butylphenol

Dose Number of Number of dead animals L LDy, values
Sex . Mortality® .
{mg/kg)  animals Day. 1 9 3 4 5 P 7 815 (95 % confidence limits)
Male 0 5 ¢ 0 0 0 0 0 6] 0 0/5
500 5 4] 0] 0 0 0 0 0 0 0/5 1231 mg/kg
1000 5 0 1 0 0 0 0 0 0 1/5 (838 - 1808 mg/ke)
2000 5 1 3 0 0 t] 0 0 0 4/5
Female 0 5 0 0 0 ¢ 0. 0 0 0 0/5
500 5 0 0 0 0 0 0 0 0 0/5
414 ki
1000 5 6. 0 0 0 0 0 0 0 0/5 11 mg/kg
2000 5 2 3 5/5

a)number of dead animals/number of animals examined
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Twenty-eight-day Repeat Dose Oral Toxicity Test of 2-tert-Butylphenol in Rats

2tert-TFNT ) — ML, BE HH, #HRTELE
THEDOERCHALY. 40, 2-tert-TFNVTx ) —
#0, 4, 20, 1003 X U500 mg/kg O HE CHiElfE D SD
F5 v MI2SHERKERORS L, +0oHELEmEdE
FRRELE. . A

—fFRBICBNT, BSHAFICHTEFIS00
mg/keg BEDMEHET, TAEAT1008 X U500 me/ke T O
BT, REEELBVT, B5UHRTRICHEANE

BEOBEEAB00 mg/kg EOME T, FhFhBHohiz.

Zh oD%, BENAEDSZVERTRIZERD S
ol

Zof, EENE, BEENE, MEFRE, DL
CfbERE, RBE, R, WEHAAEREONRIE,
wEWERS CREETS L EL o NI BLkA SR D
=7,

PLE, BEHEWERS 1008 X U500 mg/kg BE TR
BRECEATL LEL LN B ED b —
REBIZB VT 100 mg/kg BEO MM THENAONAZ &
o, BRBREGTICBTE - tert-7F 72/ — D
#5588 (NOEL) i, v 91 & 20 mg/ke/day & §1
BrL7z.

Fik

1. #ERDE

KARA R ELERER) P oRME S A2 tert-
CFFNT )= (Ty FEECI69, {EE00.97 %)EE
B, SEHALGTCRELERL,. EBDEHORE
s, EBRpHRRE L VRETIEHFAFEL, B
L7, #BeEE4) 7 GLe2EEm) \nEiss L,
EFEHALE. HEROBEILGELEIT, F50HT
% CRRERTF L. REEPORBRYHEOSERTSR
BT THSAMOEENRE, HE5HENC0.45 5200
mg/mL OEFETHE L. T4, HEANECEAR
BoRSGHELZHMTL, EBRWEOBRESEEEREL10
YPANTHL I & ERERLE.

2. BEBEME S UEBNRE

AEFv— A J2-H» 6 Crj:CD(SD)IGS 7 v
F(SPFYZ AF L, THEWE - BL L. &5 6HAR
i, REBFMULEESMEEICL - TEEOFENZ
IBE— &% b X HITREST Lz, 1B oB I, M

208

&6PEE L, #EBRE, 1005 X U500 mg/kgBiconT
A 6 L HERE (E7EEIR 14 B B 2 221, 5
BaGES OBKG X 581G, HEEEIIMEN 154 ~185 g, 1
134 ~154 g Th o7z,

BRiE - BtMtECEATHMY@ELT, BE22
+2°C, HAAHEES5 + 16 %, BAYI2E/EE(F -V 7
Ly a7 —448), FBEII2W:R/ 8 (7:00~19:00) 1
HEVRE LW S 40 L. B Z5RE AR
(=¥ F v, BRFY WA A TR
DA —F A= PRy - PSR- Vh DB
(EE), BEOMTRABIR Y — Y7z 0 208 (R INEL,
AE LA B, EREWABRRSE(MF, 4
LYy VERTEERE, 5um®7 4 Ly —iEBH%, %
SRaT L7k EA s B e B S i,

3. BEEBLUBRSHE

T & LTHERYE %500, 10008 X UF200C
mg/kg DARTHRBIFEDRS LAEE, 10008 L T°
2000 mg/kg DEESFHFTEE L, MEOH TEEOHR
EEOBETHFED LN, 25420, 100, 3008 L TF
500 mg/ke MAE%SDEY v FICI2ABEERORS
L7858, HTEFH500 mg/keg O S L U300

. mg/kg B0, FROEN - HHEE O EEH500

mg/kg BN, FRES L PFROMATEEDOHMEATE00
mg/kgBORTELLNE:, THEOTHRABROBR
e, REBOBHEEIIS0 mg/kg & L, BLTAEST
100, 208 X F4 mg/ke DEHAHIEBE#HELL. &6
W CHY T A RS T A RER R R

HEEEII28BMEL, BV rFeEELLEVY Y
PEHWCTIHLIE, FRIFEMEORS L. &5
HEITIOmL/Akge L, BFHICHIEL - EKEILET
THEM L.

4, BESIURERE

TROEBEEZHKRELA. 28, HELBEOETIHRSH
WBATELIA, S1~THZSELBE LA, T/, £208
Lg% migHim & L.

1) —iIRE, AESLTEERE

SR OVT—EREL EHREL . FEBLUHE
ERHRESHEEL L Cr0RESLETEIE L. #F
BII2VWTIISEHAED1LSH- Y @l JFHENRE %
-0 BPAN :

HE
e




otert-FFINT S~

2) MEFEE

E290 (REESROBH)B L U430 (MIEHR®
THEIWEPAFIEEREETT, FF 1V y—NL+ 1Y
TAIZE ZREET CHARR L D iRMm L, RmERE (>
—~A7U—=DCA Y E—FrARHE), ~EFO¥Y
WE(SLSAEF/Q Y vi), ~< b2y MEGRMEE
25V A fEE ), mAVRE (¥~ A70—-DCA ¥
E— ¥ v Ak), AMERERF/DCA Y E€E—¥ 2
HitE) & £ H BRI R ITRE (NE-4500, A X v
7 AT, HELRE(TLIT L —F—rHn710
—H 4 kA MY —ik) % 5 BRI IR E 2 & (R-2000,
VAAY AT, 7OV VR (PT;Quick—
BEE)IBIUVBREILELES PO Y RTSAF VM
(APTT; gtk 7 7 0 73 2 F > i) % MREE &
HEEE (KC10A, TAAY Z7H) T, gMBREHE
(Wright BB EKER) 2 MEMBEESHFTEE

(MICROX HEG-70A, *+ A2 X)) C, #hfhiflE L]

¥ 7, BEOHRD L FEHRMIRER (MCV), FHHk
MmEk s (MCH), FHhakinzkil e EgE (MCHC)
FEMLE. FOur Y CEBRE L UEEEESES e
FPRT S AF EHEEOWECERBEREAE LT3Z %
X VEE=ZF MY TARERTFEAL, RLSELTE
Ll r B, FoEoEE ofiEizid, EEE
IEFEDTA-ZK TR L /-l & w7,

3) Mk iR

#2080 (REKBSHOEA) B L UHE43 B (EEHRRK
THE)ICERLALTHEO—S%2 SR THI0THEFERE
3000 rpm T L0 BLELTHEL, 186 Rz E AT,
. ASAT(GOT,JSCCixBi#), ALAT(GPT,JSCCELRE),

yGT(SSCCELRE), ALP(SCCitaiL), B ILE >
(BOD#), RFZEZE (Urease-GLDHE), 7 L 7F=
(Jatie#), V22— 2 {GlcK-G6PDH{E), #a VA7 1
— - (CES-CO-POD#), MU +%5 4 F(LPL-GK-
(G3PO-POD#:), #Z%ZEA (Biureti:), 773 ¥ (BCG
&), 2Ny a(0CPCHE), ##Y > (PNP-XOD-POD
B, T rUTA, AUTL, Su—L {4+ EREH
) % AT E (B2 736- 109 00 B s 8MERTC L b
WE Lz T4, REOCERPLA/GHREESBLL.

FRARE
ERIEHESICOT R+ $23 B (2 S HIRRSE) 25
LT, pH, B, YVa—A, ¥ by, €YY
v, @M, YOV =2 (REREE VT 4 AT 4
w7 A, NV ZHE) EROITEBR(Z V=T v ¥
100, 734 ) - =360 THEE L 7=

4)

5) WEPRE

20 0 (RAEE5H OB E) 5 & 0543 B (TEMMER

T#)cefficonT, |k, BEAERZ W - K
L, RERSE-EHBLL. ok, S 5 F
B, ThK, EURF, MR, RREE, MRE, SR, FE, B
B, TEE FREBOEETHELL. 2RO #F

5

B TEE, BEBIUN—F—J8, U NE(TE-
BREE, Mg, 5% WBIUREX, 8, T+°HB,
g, Wi, 58, R, B, EE, FREBLUL
BAME, G0, BREE, M, i, BT, Bb, #BE,
FRE LK, FEEE, WOALMRIEZE, OB, F8, KWEB X
U, KBEAB L PRERHRERIL, BEREN-F
—BEYEFYUVRT, BEBIURBRELEIZT7 Vil
T, FRALUAOBE - HI310 %Y CEBEESL
<) rETCEZEL, RELE.

GBI T BRICEREL L A- 3T B8 8F & 500 mg/kg BEDHE
memolglir, G O B EFE T, HBE
R, BE, BE, B, FHRER, B, EH,
AEAEE, KWS L & IR S U2B O RIRAY
BESBNIZEEEEsTAT b F2 Uy - 24V
(HE)BEiERe{E8 L, SHHRL:.

5. {REHEEAT
T #1%, Bartlett E TS GHOMERIT, 4
Bt L WiIg SR —mERES ST, THEFFL 2w
BE i Kruskal- WallisOBE %X To 2. BEICEELRE
HEED b N7z ¥4 it Dunnett i % 7213 Dunnett IO £ &
HERELIT 1. Rtk 7T — 7 B L UREAZITRL,
AXbOYBREZTV, FEENFEDLNLB A
Armitage D P RETHBRELEHEN LB LE. &
Bk % & L. :

RS

1. —fiREE

HERMERSICRRT B L LT, HTEN, 8%
EEIOET, WMEHNROSNA. HITERIFSEED
12500 mg/kg BECHEGF, MRS IIED LN,
AZBRSEIAPLbALR, BERIERL, B5HD
R IC iR Lz, BRESOET 14500 mg/kg O
ME2BIIC 1B S 7o BB RO & Rz, RIS
BICEHEL, RBEVAOESWE CIHE L. WD
100 mg/kgBED MG, HM2H, 500 mg/kefEiEaH,
IS A B, AEINT100 mg/ kg BEOHETHE LD
B, #TH14H, 500 meg/ke B D THT7 H LIEOHE
H5#308DARIIA LR —BUEDELTH o1, T,
500 mg/kg HOMIF CTIRESHOWEN AL RS, =
N o PEIZEFEPETICIIALRR Do k. '

2. fE(Fig. 1)
WEROEBEHRSEIIBWT Y, HEEEERES
R LA,

3. #EEEE(Fig. 2) _
WE RS IcERT A - BhAELiZEDO bR
hofs,
[E{EHR I R o 8836 H 121003 X 19500 mg/kg BEDHE T
EAEAS BN, RS GE L PRERTRIZAL
REVEHEZEILTH Y, HBRYERS LIEEEN 2w
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28 ABRESRSESHEHR

500 +
Male
450 +
400 +
350 +
T 300 &
=
=y
g 250 +
g —e— 0 mgrkg
@ 200
—— 4 mg/kg
—dk—
150 20 mg/kg
—- 100 mg/kg
100 -+ —%— 500 mg/kg
50 +-
« Administration period ——»4—  Recovery period —»
0 f - } f f ?
T 8 15 22 29 36 43 (Day)
Fig.1 Body weight changes of rats treated orally with 2-tert-butylphenol in twenty-eight-day repeat dose
toxicity test
30 T

51 .

—

Female
=—=————— N

]
o
1
T

Food consumption {(g)
-

10 —&— 4 mg/kg
—— 20 mgkg
—— 100 mg/kg
5 —— 500 ma/ka
4——  Administration period ———Pp<4— Recovery period —»
0 : { : 1 | +
1 _ 8 15 22 29 38 43 (Day)
Fig.2 Food consumption of rats treated orally with 2-tert-butylphenol in twenty-eight-day repeat dose

toxicity test

Significantly different from 0 mg/kg group; *p<0.05, *p<0.01
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o-tert-FFINT T/~

b L fIRT L 2.

4, MMHRFRE (Table 1)

BSHEATED LU NESRRTRORE T, HE
WMEBESICERTLI ERDRAEEZRO S N Do
FAS

[E45 A BT BF 2500 me/kg BEO TR MERE O =
HHEONRTH, BMLRERTHY, REPEATRIZIZ
AN b, HEBERS & IZEEO T VEL
EHINFL .

5. M#E{tH#HEE(Table 2)

HSHEETRS LUCRESRRTHORET, HE
WEHSIERTLEBDbhALEZD ok ho
7=,

ALP D EAEA P SRR T Biic4, 100, 500 mg/kg B
OHET, BRI TEZ500 meg/kgBHEOMHETHDOR
. LaL, WIRGEMLELTH Y, EEEAAD
EEITHAHZ &b b, HEBRWHERS LHEED L VWE{LE
HIRFL 7. -

6. [R#%ZE (Table 3)
FEHEEIGEORET, BLEED LN Eho7m.

7. #FZEEE(Table 4)

2 5 M T IR EE OB HEI500 me/ke B
D TRD bt EERRR TR, RELES
R, Y

G AERETEICRRANEEDKEH B £ U500
mg/kgBEOMTALNN, WIFRIBMAELTH
h, MEHEBICIEELESAONENWD &, EEHHE
AOEHTHAHZ D6, HEWERSLEEOLRWE
1k & i L 7.

8. EREAR

BOHERTRORE THBRYHES CERT A LB
bhaELIIRBO LR o,

O BRSUHEETES XUCREPERTRCEBEYERS
BTl OBENERY, BEon S K, MoBelE, F5
OB, FRBROSEFEENCZDLAL, Zhbid
WFhd 7y FTRDLWLBERFETHY, FORHE
CRELOEENF VI L OB ERSICREA L
TR LW LA

9. HEESFFR (Table 5)
© BSHMEET ORI 0500 me/ke B0 MR T
| BWEHRSCRET 2 LELhIERBEH O Mo
7.

W ER S B CLBO SRR, FRoM
IR B O ARaRERA L, ANAEIED & VR, B
- DIHERMIRAE, OO0, BELY, ERET R
ORTHB & CILEMOE IS, W R0 Jmm
HLiRTas, MOREMMISENE, TEREOHIENTD

BRI, WTFhb T v b ERWLERREBTLIILIE
HARERCEDONIELTHY, TORRICHEL
DEENZW I Ehb, HEMERSICRERLAELT
EawEHRTL A4

EE

Qtert-TFN T2/ —N%Q, 4, 20, 1008 L U500
mg/kg EETHMEDOSDRS v MI28 HHFERTE
L, zoHELNEEEHEEL L. :

—HRRBICBCT, HE5PEABICRTERAING0
mg/kg FEOME, WD 1005 X U800 me/ke B ol
W b, BITRFAIREHEBRMNIALRE
—EBROENTHo7. HIMLEHTHE 72/ —-NT
I, WAREICLY 5y Mo—BHEoBHEREREE
ITEPBREENRTVWEY, T, ARBHOKER
SCH, —BEOPHMEREEICL ViGRESEFENE
ZAHRIEFMLATWAEY, FHEAKENRETE, &
FRACEET 2 BN AEMEZED o dhois.
PEELL, FCRSHENEICERT Aot TH
0, HEDEOERNRBII LA RENELLRD
A%, 500 mg/kg BECIIRITERR L FETEALRLE I LD
B, PRAEESICEETATERLEETE L. =
ORI SR 12500 me/kefEOETHEEROET
PEER SN, IThboERIZNERBRICERA LR L
oz,

BEEREIIBWT, RSHIMETRHICHEAYE
EOEEANS00 me/kgBF OB TRO bR, L,
OB BRI E R 2B <, HEEENIC
PHMEEOERICHET 2EIIED R o 7.
EEMME TR, REGEAOREPoT2.

hEHE, BEEHZE, MEFERE, MasERE,
Figd, #t, WEABEREOHETIE, HRDER
BIERT EEAONAEIEA LN Lo,

BE, WY 1008 X U500 me/ke BECHEY
ARG ICRET A LELONIBEFROLN, —fE
REBIZBVTI00 me/kgBEOMRE TRENA LA Z &
b, RRBEGTIEB b2tert 7F VT 2/ =D
SR (NOEL) i, v 41 & 20 meg/ke/day & ¥
R AR

MR

1) {L2ETHRAHHE, “1994E5ER FLE 7y 7
A, ALFETEBAHEH, BX, p54o.

2) C. W. Flickinger, American Industrial Hygiene
Association Journal, 37, 596 (1976).

3} L.S. Andrews, R. Sunder, “F &2V —," eds.
by C. D. Klaassen, M. O. Amdur, J. Doull, 3, F3#&
BE, B, 1988, pp.6o9-692.
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Tablel Hematology of rats treated orally with 2-tert-butylphenol in twenty-eight-day repeat dose toxicity test

Sex Administration period Recovery period
Dase level (mg/kg) 0 1 20 100 500 0 100 500
Male

Number of animals & 6 6 6 6 6 6 &

RBC(XMr'/ul)  749.8£344 72752267 73534303  732.2%150  755.0427.0 78954275  784.7£19.1  801.244L7
Hemoglobinig/dL)  14.50+040  14.70:0.51 14384064  14.724033  14.85%0.35 1485052 14954033  15.05+0.23
Hematocrit(%) 41974098  4195+1.2¢ 41774124 42524139  4332%1.65 41974163 42304082 42.23£0.80
MCV (fL) 56.02+1.72  57.70£2.02  56.85%2.15  58.05k1.07  57.38£1.85 53.1841.28  53.93%1.14  52.78%2.17

" MCH (pg) 19.38+0.61 20.23+0.74 19574086  20.1040.11 19.67+0.57 18.82+0.55 19054051  18.82+0.81
MCHC (%) 34554045 35031073 34424052 3463052  34.32:0.68 35404054 35354048  35.62+40.28
Reticuocyte(%) ~ 30.9244.15 3097346  30.1744.28 28703341  31.23::2.08 2424239  2510+1.81  25.0744.61
Platelet (X101} 94874862 88674655 945711000 90.17+18.19 88.75+519 92.92+7.71  93.08+11.59 91.80+11.00
PT(sec) 13.58+0.21 13.6520.45 13.13+0.26  13.2780.30 13.28+0.29 14324042 1462+043 14324022
APTT (sec} 16.10£1.04 15.85+1.18 16:23+0.58 1530198  16.32+1.77 1700+0.89 16874126  16.93+0.99
WBC(XI0F/E)  108.18:+21.35 1198843428  97.73+2091 997241994 1162542030 1021741287 10143846 124.02:-13.87*

Differential leukocyte counts (%)

Lymphocytes  84.846.0 86.346.3 87.8+4.0 88.744.5 86.244.2 85.344.6 85.2:44.4 87.5+3.7
Neutrophils
Segmented  9.7+53 87451 7.543.0 6.7+3.4 8.5+3.2 80432 9.5:44.0 7.8+34
Rand 0.0+0.0 0.340.5 0.3+0.5 0.2:£04 0.3205 0.5105 03405 0.2£04
Eosinophils ~ 0.3+05 0.5+1.2 0.3+0.5 0505 0305 L3+1.0 122038 0.740.8
Basophils 0.040.0 0.00.0 0.0+0.0 0.00.0 0.0+0.0 0.00.0 0.0+0.0 0.0::0.0
Monocytes 52423 4.24:4.1 4.0+13 4.0£1.9 47429 4.843.0 3.8+1.9 35422
Female
Number of animals 6 6 6 6 6 6 ' 6 6
RBC(X10Y4L) 71004247  687.3+17.7  737.04306 71974226  720.8+88 72754565  751.84396  7A0.7 %128

Hemoglobinlg/dL)  14.3040.68  14.08:045 14.83+0.48 14.55::0.16 14.20:£0.31 14.2341.14 14.30+096  14.83%030
Hematocrit(%) 4040+142 40024106 41704159 40922075  40A42+134 39.15£2.96  AL274255  4L77L0.78

MCVA{fL) 56.93+145  58.23x145  56.58+1.01  56.80%1.00  56.07£2.15 53.83+1.26  51.90+237  54.80+07
MCH(pg) 20130094  2048+0.57 20124050  20.23£0.50  19.6840.53 19574056  19.7240.97  19.52+:0.35

. MCHC{%) 35402085 35.20+0.32 35.600.64 35.6040.44 35.15+048 36.33::0.43 35874046 3552070
Reticulocytel®e)  24.10%2.10 26.37:3.70 2140£1.65 24.98--1.81 24.6544.78 24 .02+8.95 22.20+3.54 29.78 662
Platelet(XI10%l}  87.27£10.11  84.453+9.46 82.6044.73 88.33£9.14 9.1.2821:13.28 80.62£1741 77.0318.13 84.95 £ 741
PT{sec) 14.18:4+0.34 14124048 13.853:0.65 13.9310.69 13.7740.61 15.18:+0.72 14.68+1.05 14.83+0.39
APTT (sec) 13.95:41.03 13.87+1.61 12.62+0.56 13.77+1.05 14.28--0.52 14.87+1.10 14A43-+2.09 13.32 & 146
WBCOX0/eL) 84302291 77.23+1345  75.02+4.33 72.8249.93 78.90£5.65 83.284:25.86 104.20+11.67 9172115456
Differential leukocyte counts(%)

Lymphocytes  88.0=3.3 85.8+4.3 £80.313.9 83.817.3 86.543.1 84.346.3 87.0:4.7 862139

Neutrophils

- Segmented 77132 6.312.3 6.0£3.0 10.5+7.3 8.54+2.2 8.5464 5.51+3.4 83434
Band - 0.2+04 0.54:0.8 0.2+04 0.0+0.0 T 08%1.0 0,000 02404 02+04

Eosinophils 0.8+1.2 1.8+1.8 0.5+08 0.730.5 12415 0.7£1.2 L5+1.0 10406

Basophils 0.0+0.0 0.0:0.0 0.0+0.0 0.0:0.0 0.03:0.0 0.0+0.0 0.040.0 0000

Monocytes 3.3+1.8 55+2.7 1.0+3.2 5.0+£1.8 30124 6.5+2.9 5.842.3 53437

Values are expressed as Mean+£5.D.
Significantly different from 0 mg/kg group; *p<0.05
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Table2 Blood chemistry of rats treated orally with 2-fert-hutylphenol in twenty-eight-day repeat dose toxicity test
Sex - Administration period Recovery period
Dose level (rag/kg} 0 1 20 100 500 0 100 500
Male
Number of arimals 6 G 6 6 6 6 6 6
GOT{U/L} 83.3+14.6 71.2+7.9 .515.0 67.015.3 68.8:+8.3 81.5%+13.1 91.0+8.9 80.0+11.1
GPT(U/L) 42.3+10.1 LUNE AT 42,0166 33.5+1.5 38.7+4.3 35.2+4.6 32,544 31.0+4.2
¥GT(U/L) 0.2+04 0.340.5 02104 0.3£0.8 0.3+0.5 . 0.2+£04 00100 0.24:04
ALP(U/L) 1151.72273.9 887.2:1+1504* 936.83116.2 763.5k157.0* 813.7+11t4** T01.8£51.9 738.8+85.8 560.74:75.6**
Totatbilinibin (mg/dL) (.00+0.00 0.00-£0,00 0.000.00 0.000.00 0.002:0.00 0.02+0.04 0.0040.00 0.00£0.00
Ureanitrogen(mg/dl)  12.13+1.66 12.3542.15 1297+2.14  13.23%£2.63 12.65x£1.36 1640237 16.33+3.07 17.27+1.80
Creatinine{mg/dL) 0.40+0.00 0.40+0.00 0.40£0.00 0.38+0.08 0.38+0.04 0.45:£0.05 045£0.05 0.45=0.05
Glucose {mg/dL} 151.3413.7 151.8+74 145.3+8.1 150.2:£13.2 152.54:8.7 146.3+11.0 141.0+£35 139.39.7
Total chaf. (mg/dl} 66.0£8.3 65.748.0 62.715.9 71.818.5 73.0£6.0 57.3+57 62.8:6.8 66.3+9.1
Triglyceride(mg/dL)  104.0+76.8 81.2434.7 60.3+18.5 80.7436.9 7124375 114.84+43.3 98,8335 104.83:484
Total protein(g/dL) 642+0.2]1 6.53+0.20 6.53+0.20 6.58+0.32 6.671+0.23 6.79:+0.45 6.78+0.26 6.871042
Mbumin(g/dL) 3.330.08 3.384+0.04 3.35+0.08 3.35%0.10 3424012 3.38:£0.08 3.38+0.12 3.38x0.15
A/G ratio 10830038 L0754:0.060 1.055=0.045 104040057 1.05240.052 1.01540,103  0.995::0.067  0.97530.059
Calctum{mg/dL) 9454019 9.55+0.33 0.48+0.31 9.5340.29 9.57+0.34 9.95:+049 9.97:£0.21 9.98+046
Inorganic phos.mg/dL) 8.52+0.17 8.33:£0.71 8.67+0.62 8.23+0.49 8.22+0.39 8.75:+0.33 837027 8.50+0.37
Na (ramol/L) 143,711 4 143.0*1.3 143.8+1.0 143.8104 143.3+0.5 143.5:40.5 143.2+0.8 143.8+1.2
K (mmol/L) 41483019 4431022 4.45+0.24 4.324+0.17 4431012 4.47£0.18 4574021 4471025
Cl(mmol/L) 99.5x1.0 98810 _ 99.04:0.9 99.24+1.5 98.2+1.2 08.8+1.5 99.2+1.0 100,013
Female
Nurnber of animals 6 6 "B 8 6 6 6 6
GOT(U/L} 66,8174 67.81+7.7 74,7194 67.510.3 74.8+19.1 72.2:+12.9 70089 ' 70.5+114
GPT(U/L) 24.8+3.9 26,3153 25, 7+5.0 238+£33 22.5+3.2 28.3+2.3 272448 27.7+144
+GT(U/L) 0.02:0.0 0.24:04 0.24:04 0.2+04 C 0,204 0.0:£00 02204 0.3+0.5
ALP(L/L) 512,3+180.8 551541705 487.8+134.2 530511109  396.0+100.0 3 16.3i9?.6 325.3£37.3 394.0=170.3
Total bilindinfmg/dL1 0.00£0.00 0.000.00 0.000.00 0.00+0.00 0.00:0.00 0.02:£0.01 0.00::0.00 0.00:£0.00
Ureasitrogen(mg/dl!  13.85:-1.39 14.024:1.80 12.65:+2.65  14.23:+3.34 12.33:+1.75 17.20+2.29 17.793+2.28 17.55+1.31
Creatining lang/dL) 0.48+0.04 047005 © 047005 0.4510.05 0454008 0.53+0.05 0.53%0.05 0.55+0.05
Gluccse(mg/d[..) 151.246.0 162.54:11.9  162.0+13.5  160.7+6.6 155.5+11.9 143.015.9 147.8:£10.6 149.5194
Total chol {mg/dL} 642365 61.0:8.1 62.3+10.8 70.047.5 76.0::8.3 832+129 75.51+9.6 78.58.9
‘Friglyceridetimg/dL) 16.0+5.8 15073 320+25.3 213+112 24,7102 51.0450.2 3L2+14.2 52.3+18.1
Total protein (g/dL) 6.6710.25 6.53+0.16 6.53+0.30 6.72+0.22 6.68+0.42 7.07+0.58 7.1040.28 7.02+0.26
Albumin(g/dL) 34840156 342010 3471012 3.5240.08 3.5840.19 3.53+0.29 3584010  3.52+008
A/G ratio 109340043 109840050 11330066 1.102+0.048  1.15840.056 1.000+£0,027 100720053  1.008+0.066
Calcium (mg/dL) 9, 12#0.19 8.07x0.12 9.27+0.16 9.12+0.16 0,124+0.29 0.884+0.17 9.85:+0.30 - 9.8240.38
Inorganic phosImg/dLi 7.63:+0.20 7.52+0.26 7.63::0.41 7.45+0.39 7.1740.22 7.433:0.55 7.881+0.38 7.3710.32
Na (mmol/L) 142.8+0.8 142.341.0 142,510 142.51+1.0 1417408 143.0+1.3 143.0+£13 1420411
K (mmel/L) 4.051+0.31 4053028 1.17+0.16 3924021 4.0510.22 4.0740.33 4.030.26 4.07£0.10
Cl(mmol/L} 101.2+1.0 101.0:£1.3 100.2+1.3 99.7+1.2 100,018, 100.5+2.0 ) 100.8+1.5 99.842.6
Values are expressed as Mean=®S.D.
Significantly different from 0 mg/kg group; *p<0.05, **p<0.01
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Table 3  Urinalysis of rats treated orally with 2-tert-butylphenol in twenty-eight-day repeat dose toxicity test
Administration period
Sex Male Female

Dose level (mg/kg} 0 4 20 100 500 .0 4 20 100 500
Number of animals 6 6 6 6 [ 6 & [ 6 6
pH 8.0 0 0 0 0_ 0 ] 1 ) 1] s}
6.5 0 0 0 0 0 0 1 [ 0 0

70 0 0 Q Q0 ¢ 1 Q 0 0 0

7.5 0 0 0 0} 0 0 0 0 1 2

80 2 2 2 A 2 3 2 2 2 1

85 4 4 4 4 4 2 2 q 3 2

>=0 0 0 0 0 0 0 0 0 0 1

Protein - 0 1] 0 0 0 2 2 3 2 1
{mg/dL)  +/- I 0 1 0 v 1 i 0 1 3
30 2 0 2 0 1 2 2 2 2 1

100 3 6 3 6 5 1 1 1 1 1

>=300 0 0 0 0 0 0 0 0 0 0

Glucose - 6 6 6 5 6 6 5 5 6 6
(g/dL) 0.1 0 0 4] 1 0 0 1 1 0 Q
0.25 0 0 0 0 0 0 Q 0 0 0

05 ¢ a 0 Q 0 (] 0 0 0 0

>=] 0 0 0 0 1] 0 o] 0 0 0

Ketones - 0 0 1 0 0 3 2 3 3 1
{mg/dL) 5 3 1 3 3 5 3 3 3 2 4
15 2 5 2 3 1 0 1 0 1 1

40 1 0 ¢] 0 Q0 0 0 0 0 0

>=80 0 0 0 0 t] 0 0 0 0 i}

Bilirubin - 5 3 6 5 4 ] & 6 6 [}
1+ 1 3 0 1 2 0 0 0 0 1]

2+ 0 0 0 0 0 o 0 0 0 0

3+ 0 0 0 0 ¢ 0 0 0 0 0

QOccult blood -~ N 6 6 6 6 6 6 6 . 6 6
+f- Q 0 0 0 4] 0 0 0 0 0

i+ 0 0 0 0 0 0 0 0 0 0

2+ 0 0 0 0 0 0 0 0 0 0

3+ 0 0 0 0 0 0 0 0 0 0

Urobilinogen 0.1 4 5 6 . 6 6 6 5 4

(EU/dL) 1 2 1 0 0 0 0 0 0

Grade; -:negative, +/-trace, 1+:slight, 2+ moderate, 3+ severe
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Table4  Absolute and relative organ weights of rats treated orally with 2-fert-butylphenol in twenty-eight-day
repeat dose toxicity test

Sex Administration period Recovery period

Dose level {mg/kg) 0 4 o 100" 500 0 100 500

Male

Number of animals 6 6 6 6 6 6 6 6

Final body weight (g) 395.2+39.1 397.7£30.8 393.7£23.5 386.21+22.8 373.0%33.1 444.0::32.1 437.7£22.1 42524176
Absolute organ weight )
Brain{g) 2.0830.060 2.0484+0.095 21050062 2.0700.085 2.042+0.062 213820072 214710064  2.0971+0.053
Pituitary(mg) 16.15+1.69 15.82+1.19 16.23+1.63 14.58+1.08 14.50:+2.03 15.82+1.48 16.27+1.32 15.95+0.81
Thyroids{mg)  34.40+7.93 31.70+6.86 30.8044.65 32574512 28.98+2.42 33424321 37.0815.69 3L.07+4.11
Thymus{mg) 558.3+82.2 607.0+£129.2  6092393.6 624.260.7 513.7+56.0 509.5+131.6 517.0+122.7  529.577.5
Lungs(g) 142840001 149740127 1.468+0.083 146720091 1.420::0.119 146240063  1.507+0065 1427+0.037
Heart{g) 130020092 1.31520.150  1.363::0.073  1.390£0.157  1.330=0.100 1447400182 143230084 1.313%0.082
Liver(g) 16.315£2.977 16.197:+2.243 16.137+1.318 16.5651-2.089 18.173£1.757 16.2351,200 15.877+1.076  14.945+1.073
Spleen(g) 0.810+0.114  0.8324+0.081 0.84540.125 (.727%0.107 0.750+0.096 085520076 0.91240.083 0.783%0.103
Kidneys (g) 2.735+£0.308 2.760+0.352 2.8524+0.220 2.850-£0.329 2.835%0.155 3.122+0.271 296520169  2.898::0.165
Adrenals(mg)  47.45+6.67 53.153:8.21 50.38::5.83 51.75%5.64 45.301+8.26 50.60+8.50 53.93+10.89  49.77%1.60
Testes(g) 3.04840.293  3.058+£0.220 3.19220247  3.06310.194 3.177+0.123 321220180 3.285%0.141  3.123+0.130
Epididymides(g) 0.803£0.050 0.807+0.040 0.783x0.085 0.7921+0.065 0.753+0.042 1.118+0.07F  1,13740.054  1.083::0.040
Relative organ weight
Brain(%} 053310044 051720037 (.537410.031 (.538+0.039 0.5500.039 0480£0.023 04930024  (.4953-0.022
Pitvitary{X10° %)  4.10:£0.45 3.98+0.32 4.1220.39 3.78+0.21 3.88+0.44 3.551+0.21 3.734+0.38 3.7840.31
Thyroids (¥10*%)  8.72+1.98 7.97+:1.47 7.82:£0.03 8.50+1.68 783x1.14 7.60::1.18 84710.96 7.35x1.18
Thymus{¥103%) 142.20+£23.38 151.78+22.87 151.67+21.33 16142+12.13 145.07+16.57 114.25£24.82  117.90+£25.85 124.77+20.02 .
Lungs (%) (.365+0.026 0375+0.020 0.373+£0.023 (.382+0.013  (.380=:0.014 033240016 03430015 0.3374£0.015
Heart (%) 0.328+0.023  0.330£0.020 0.34510010 0.360::0.022  0.36230.044 032740031 0.328+0.031  0,310:£0.018
Liver{%) 41.103+0.349  4.0581+0.278  4.100+£0.227 4.28040.365 4.870+0.172*¢ 366040139 3.62840.118 3.512+0.156
Spleen (%) 0.2050.015  0.210::0.011 0.21520.033 0,1870.023  0.202+0.028 019330016 0.208£0.020 0.1831+0.026
Kidneys ("36.1 0.692+0.035  0.,692+0.043 0.72550062  0.710£0.064 0.765:£0.071 070520052 0.678£0.024  (0.682H0.031
Adrenals(X10° %) 12.034:1.27 1340226 12.80+1.24 1343+1.80 12.13+1.81 11.38+1.63 12.33-£2.52 11.72:+0.35
Testes (%) 0.777+£0.109  0.7734:0.092 0.81010.026 (.793:£0.044 (.858+0.085 0.725610.055 0.753+£0.059  .73530.052
Epididymides g 02070031 0.203:0.020 019810013 020740023 0.20320.027 02530019 0.258%0.015 0.255+0.019

Values are expressed as Meant+S.D, i

Significantly different from 0 mg/kg group; *p<0.05, ¥*p<0.01
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Tabled  (continued)

Sex Administration period Recovery period

Dose level (mg/kg) 0 4 20 100 500 _ 0 100 500
Female )
: Number of animals 6 6 6 6 6 6 6 6
i Final hody weight(g) 242.0+10.3 25781214 246.0+24.1 243.0+£22.7 2317492 279.8+£27.0 264.5+17.2 268.74314
Absclute organ weight
i Brain(g) 1.913+0.058  1.882£0.079  1.918+0.064 1.907%0.058 1.943+0.074 1.97040.106 193740094  1.9301+0.026

: Pituitary(mg) 16.35%1.56  1813+158 16.7222.48 17.13:+2,77  16.3740.85 18474315 18924245  20.27%1.66

Thyroids(mg} 2367£3.71 23354520  26.15+3.24 24.98+£3.67  25.03x3.97 26304325  26.13%x291  24.50::4.26

Thymus{mg) 586.3:161.7 464.8:39.8 517.365.9  B34.7455.7  423.0£59.6 4270+93.9 481341003 449.2+55.9

Lungs(g) 1.078£0.081 1.07840.121  1.0900.094  1.083+0.099 1.097-:0.072 118800072 114580075  1.13540.077
Heart (g) 086040127  (.892+0.100 0.888£0.040 0.838+0.073 0.81310.072 0.958+0.097  0.89840.066  0.943=0.056
Liver(g} 886310633 9450%1.121 9.080%1.176 9.062-:0818 9.99310.726 9.980+1.217 8.830+0.835 9.658+1.347
Spleen(g) 0.525+0.076 0.543+0.083 052830055 0.502+0.065 0.548+0.057 0.812+0.531 0.623+0.108  0.605--0.080
Kidneys {(g) 1648+0.092  1.73310.062 1.698+0.121 1.72240.173 1.73840.099 1.82240.131 1.768+0.087 1.8670.117
Adrenals(mg) 6410821  66.03+%.72  63.7716.33 50324786  54.8345.97 6293835  66.10+6.61 6540£10.75
Ovaries(mg) 8603866  90.02+1112 886832324 85884581 81204808 94.00+13.50 82984636  97.25+13.88
Uterus{g) 066210241 05500209 03930067 048040222 0.580:0.198 0.527£0.291 = 042310052 0A48510.144

Relative organ weight
Brain (%) 0.790£0,032  0.733:0059 0.7874:0.089  0.790+£0.078 0.8400.042 07070042  0.73530.060 0.728:0.081
Pituitary (X10° %) 6.7510,72 7.0510.77 6.82+0.86 7.08+1.06 7.0710.61 6.6511.27 7.20%1,14 7.68+1.39
Thyroids(x10® %)  9.77=1.32 9.03+1.72 10.630.55 10.301:1.20 10.83:1.82 9.48+1.57 6.850.80 9.224+1.88

Thymus (X107 %} 240.97460.69 180.73+£15.00* 2118043215 221.07+0.03 182.67+25.18% 153.03%3049 181.80:35.74 168.22::22.00
Lungs (%) 0443+£0.025 041810019 044320019 044530018 0.472£0.021 04270025 0433+0.036 0427%0.037
Heart (%) 0.357£0.048 03470026 0.362£0.025 031710023 0.35510.027 0.345:0.048  0.340:£0.017  0.357:20.056
Liver (%) 366310217 3.660:0.204  3.683+0.165 3.737H0.227 4.315::0.304*F 357240361  333740.224  3.588+0.103
Spleen (%) 02180026 021230019 021520023 0.208:0.024 0.23830.029 0.205:0.200 0.235+0.033  0.225+0.015
Kidneys(%) 068220037 06750031 06970078 070840030 0.752::0.049 0.65240.036 06700046  0.703:-0.081
Adrenals(X10 %) 26.50£3.06 ~ 26150452 26.02::257 24404182 23.65+1.88 2253+267  25.00+2.11 24.73£5.58

Ovaries (X107 %) 3057344  34.97+3.89 35.80+£7.23  3552+3.09  35.02+3.31 33.55+3.21 31524337  3642+533

Uterus (%} 0.273:0.0% 02100101  0.160:£0.028  0.198+0.095 0.250=0.091 0.192+0.113  0.160:0.021  0.185+0.061

Values are expressed as Mean£S8.D,
Significantly different from 0 mg/kg group; **p<0.01
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Table 5 Summary of histopathological findings of rats treated orally with 2-tert-butylphenol in twenty-eight-day

repeat dose toxicity test

Sex Administration period Recovery period
Organ Dose level (mg/kg) 0 4 20 100 500 0 100 500
Finding Number of animals 6 6 6 6 5 6 G 6
Male (Grade)
Heart <6 <> <> <0> <G> <> <> <>
Inflammatory cell infiltration, focal 1+ 2 2
Spleen <G> <> <> <0> <6> <> <> <>
Increase in hematopoietic cell, erythrocytic 1+ 1 0
Lung <0> <> <0> <> <0> <1> <0> <0
Inflammatory cell infiltration, focal 1+ 1
Liver <6> <0> <0> <0> <6> <> <0> <0>
Microgranuloma 1+ 1 0]
Necrosis, focal 1+ 0 1
Kidney <> <> 1> <1> <G> <0> <> <>
Basophilic tubule 1+ 2 1 0 2
Cyst 1+ 3 1 1 1
Fibrosis, focal i+ a 1 0 G
Hyaline droplet, tubular epithelium, proximal 1+ 5 1 1 5
Minera[izatioﬁ, papilla 1+ 1 0 ] 1
Epididymis <G> <> <0> <0> <6> <> <> <>
Inflammatory cell infiltration, lymphocyte, focal 1+ 1 1
Female (Grade)
Spleen <G> <> <> <0 <6> <> . <> <0
Congestion 1+ 0 0 1
Lung <> <> <> <> <> <> <> <>
Foreign body granuloma 1+ 1 Q
i .
Inflammatory cell infiltration, focal 1+ ] 1
Liver <6> <0> <0> <O> <6> <Q> <0> <0>
Fatty change, hepatocyte, periportal 1+ 1 1
Microgranuloma 1+ 1 1
Kidney <6> <> <0> <0 <6> <> <0 <0>
Basophilie tubule 1+ 2 : 3 0
Cyst 1+ 2 1 0
Mineralization, papilla 1+ 0 1 0
Dilatation, pelvis 1+ 0 0 1
Uterus 3> <G> <> <1> <> <> <> <1>
Dilatation, lumen 1+ 3 2 1 2 1 1
< > Number of animals examined,
Grade; 1+:slight
14
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Reverse Mutation Test of 2-tert-Butylphenol on Bacteria

2-tert-TF N T =/ — VOBRETHRERFRBOE
LRI T L0, EZHVAEREESRYERKL
bt

ERIZ, IBEWELE LT Salmonella typhimurium .
TA100, TA1535, TA98, TA1537# X Uf Escherichia
coli WP2 uvrA % Hiv:, S9 mixJETFE (E#HE) B L UHF
RN L) FTT LA v an—va VgL Y
o, :

HEZ, AERERBORRILBHOEFHEIRD
LhHHAE*RRARE L, EEES L URBHNEELE
¥ % 126.25~ 200 pg/plate DFSE (AH2) TRE L1

HEEZ 2H1T - f;ﬁagﬂ'é_, KB OFECPIHDL
T, ETORRICBWTHERER I 0= —HOmintEE
oMot BOEFHEIIDWTE, EREDS
&, S. typhimurium T 100 pe/plate L T, WP2
uviATIE 200 pg/plate Bl E TR® 5 h, {AEEHLE

63, TAL00B L UFTA1535 Tl 100 ug/plate A £ T,
TA%8, TALS37H & WWP2 uvrATII200 pg/plate L E
THDH LN, '

MEDFERS, tert-7F VT = J — VOB IS

T ORIETRAEEFREIIEEEHE L.

Hik
1. J5H5Etk

[ 3E A HR AT e IR IR S A A S & 1994 4E 12 5 19

B35 % %14 S. typhimurium TA98, TAIO00,
TA1535, TA1537 433 L OFE. coli WF2 uvrA LYt X
Hwi:, £E%IE, BEBEC-80CLUTICHEEREL
7o,

HFEICHRL T, HEHHHRLRERE, 20Bul ¥ =2
— F Y22 b 712 A (Bacto nutrient broth dehydrated,
Difco Laboratories) #5515 mLIcHEEL, 37°CT
IZEFHBREREL L. BEROBBERILEEZ BIZ
L, BELEEFOBRERI N ImLazh 1 X 1008
DEBENFELNTWAI L 2HEL, RBHELL
7=,

EEHROBENEEREE, ERETFEOFRREET
CRBEBRILIITY, RRBIACW-ERSEHEORE
FRIFLTVAEZEERIFLS.

15

2. #HERHE

tert-TFN T = ) — (T FFEECLIEI, KHARA
¥R T (R ) i3, EEEEOHET, K
8w, VAFNVANFFS F(DMS0O), TLa—n
LUTEFCBETHN, MEENT7BRMHE LT,
Tz /=N 003%FEL)OWHETHL. WERIPE,
WA C) THER(ERAR) RE L.

EERTH, BRANWEBWHEE M LICHR TEk
Fuﬁ‘@aéli&ﬁ‘o 7=,

3. WEMHBEHGUEORH

HHA DMSO (FINCHEE T M) 2 Av, HRYEZ
B L TREREOMBEB IR 2HWRE L. ZORK
D~ & FRCTIRAHR L CHERABOMHRAKERRL
7o RS, MIRFERE L/,

4. [BiEEHES
BB E L LT TROLDEER L.
AF2:2-(2-79 V) 3-(5-= b a-2-7 U M) 7 7 )L
T3 R (R T 50
-AA2-T I T kT (AR T EEGR)
NaN;: 7 Z{bF b U 7 & (FhaisE TEm)
9-AA9-7 2/ 77 ¥ (Aldrich Chemical Co.)
AF-28 X UF2-AA X DMSO (FI 63 THER) 12,
NaN, B L U9-AAREE KGRI TIB)ITHERL
7z

5. i ,

1) BPTNI—-IEFTFRIER(TL— 1)
FAAT 4T AN (4 ) r o ¥ VEER T ) #

AL, FEALA BRIl VOHRIITEOLED

THh, B0 mmOTF v —L1#dH7-Hi30 mLE 5T
L-bDTHB.

b A s N ¥ v -} 02g
TR —KE 2g
) YERREZH VT A 10g
VBT rEST L 192¢
AKEMEF FU T A 066¢g
Fha—2A 20g
£ (0X0ID Agar No.1) 15¢

2) FI/BENRERER(Ny TTH-)
0.6 w/v% EXR % (Difco Laboratories) #3 & 170.5
w/veiEibd b T LAOHBORERZHEL, Jhil,
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ERZERRS

S. typhimurium RN 05 mM D- ¥ 145 > B & 0.5 mM
L-BAF I VREHE, E coli IZIZ05 mML- MY 7L
77 YREHEEV/I0BNE, Py FTH—L L

6. S9mix

L—LAFAPHBEES mix(Fva—< ) 2
AL, BEHe» ALNICEA L. 893, FEAMEL
T7x /75T — LB LUSE6U VT TRy 2HRE
L 7= Sprague-Dawley R v + DFFlERF HHE SN/
LOTHE.

7. EBEAHE

REiL, FLArFan—33 L ETITo.
REE CHEAEE, HRDEERED D VI EE
SRS E 0.1l mL AN, KW OEEETCIZ0I MY i
F kU 7 AR (DH 74) % 0.5 mL, UBHEMEGETIR
SO mixF05mlinx, BHWTHREBREEl mLE5EL,
37 CT2OMHEIREEE L. B8R THE, 46 °CItER
Lzby 77 H—2mLeMALBEWHE T L— b LiC
EE L. 37°CTRmERE, #FERau=-%
L, FANCEEEROETHECHEL EHRMEME
PHWCEHEL.. FL— i, HESEsBTiied
BEH1H, FRBTEINEFEALL. AREBRIL, M
—BE*HWT2[@T 7.

8. EROHE
HERMERLRE L - BYAEREREInZ-H
(TRE) AR B 28 L 2R L, BEKEES
LT UHEROBFHREFZO N L BE2BEE L,
fHL, BERLAEEFEFEO N L VIEEIIBVT
b, BEEE R TRABRERECFES B0 o SR
EHIETHIEE L

HBRSLUES

50~ 5000 pg/plate DEIE TITo - AEREREICE
Wi, fRBHEEILOE I PP ST, WThoFKk
I2BWTH 200 pg/plate L EDHETCEHOEFTRENR
BHoHN, F7, TAI0, TAI5358 & USTA1537 TlEEHE
BT 5100 pg/plate T b BEL & FHEFTO LR
. L9, AEBIIB 2By EOREL, B
EHE% 200 yg/plate & L, MTFAE2T, 100, 50, 25,
1253 X UF6.25 pg/plate & L7z,

B % 2 [T o 7245 R (Tables 1 ~4), EHiEEBL O
RBHEEibEOVThOBEd, ML TOERI
BOWTEREREI v~ HiT, BEGHEEDZELRL
B LiIhhor. HOEBTHECOWTREEEROS
4, S. typhimuriumTi3100 pg/plate L BT, WP2
A TIE200 pg/plate TEH LR, KBEHELEOEE
iZ, TAL003 X (FTA1535CI3100 ug/plate L LT,
TA98, TA15373 & UFWP2 uvrA TIX 200 pg/plate T
Hohis.

BLEDRENS, REBREGT TR, 2-tert-7F 07
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2tert-7FNT 2 /- NOFRILEWTD B d-tert-T
FNT /=N Pgec-TFNTx /= N58 4-gec-
FTFENT ST, 24-Ptert-TF VT ) — Y,
26-F-tert-7F R T/~ NI, 246-FY)-tert-7F I
Tl =0V, btert-TF N-mr 7 LS =N, 4 L-FF
YA (6-tert-7F N-m-7 LY - W)W B L 22~ A F b
YU A (6-tert-TF -p-7 L=, witht S
typhimurium 3 X O°E. coli, %721 S. typhimurium* A
WHERERRBTRELHSEATVWS, -, 4-
tert-7F N T2 - NBLUF26-V-tert-7F N7 2 ) —
VEBWTERBELTHWORGRTEREZERXBRTHE
HIEHEIRA TS,
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Table 1 Results of reverse mutation test of 2-tert-butylphenol on bacteria (1st trial)

[direct method :-S9 mix]

Test Zubstance Number of revertant colonies per plate [MeantS.D.]
0se
{pg/plate) TAL00 TA1535 WP2 uvrA TAS8 TA1537
Q0 97 . 103 125 8 I5 g 21 13 12 15 18 18 10 6 6
[108 + 15} [11 4] {15+5] [17+2] [7x2]
6.25 116 100 15 14 15 9 16 10 18 20 17 16 9 7 6
[110+9] [152:3] f15+4] [18+2] [742]
125 116 114 107 11 14 5 14 12 14 4 28 18 15 6 13
[112£5) [10£5] f13+1] [207] {11£3)
25 104 139 120 9 g 10 17 9 13 18 29 19 10 9 10
[121 18] [ox1] [13 £4] [22 £ 6] [ox1]
50 126 110 98 11 11 15 17 8 13 22 25 27 12 9 14
(111 +14] l12+2] " [135) [25+3] (123}
100 96% a0* 72* 7* q* o* 15 16 9 12* 16¥ 17* 3* 3* 2*
(86 % 121 [7+3] [13:4] [15%3] 3x1)
200 o 0* o* 0* 1* o* 0* 0¥ 0* o* o* o 0* o* 0*
[0%0] [0x1] [0+0] [o+0] [o=x0]
Positive control 1018 984 925 426 454 434 703 721 789 369 402 347 506 410 499"
[579 £ 48] (438 £ 141 [738 £ 45) [373 -+ 28] [472 £ 54]
*- Growth inhibition was chserved.
a) AF-2:2-(2-Furyl)-3- (5-nitro-2-furyl) acrytamide, G.01 pg/plate
b} Nal,:Sodium azide, 0.5 pg/plate
cJAF-2, 0.0M pg/plate
d) AF-2, 0.1 ug/plate
2)9-AAS-Aminoacridine, 80 gg/plate
Table 2 Results of reverse mutation test of 2-tert-butylphenol on bacteria {1st trial)
[activation method:+59 mix)
Test Zt;bstance Number of revertant colonies per plate [Mean-S.D.]
Se
(ng/plate) TAL00 TA1535 WP2 uvrA TA98 TA1537
. 0 98 109 96 10 9 7 24 20 23 25 38 29 11 13 15
(101 £7] [0+ 2] {22+2] 31+£7 41
6.25 142 139 124 14 8 8 16 17 10 23 27 33 10 12 13
[135 2 10] [1943] [14 = 4] [28 +5] [12+2]
125 127 128 139 8 10 10 20 20 12 25 32 41 10 11 12
: [131£7] [8x1] ’ [7+5] [33 £ 8] .o+l
25 152 139 133 8 11 1 1 22 14 38 36 30 T M 10
(141 £=10] [10+2] [13x9] [35£4]} (16 £4]
50 130 138 127 5 12 4 17 18 18 32 46 35 6 7 16
[132 6] [7+4] [18x1] (38£T7 [10 =6}
100 wo4*  112¢ 127 8* q* 1* 28 18 16 31 26 3 5 5 8
[114 +12] [5+2] [21£6) [30 4] 6x2]
200 8* o * 4* o 0* 14* 10* 10* 22* &* 28* o* o* 0*
[27+41] [1+2] [11x2} [9=11] [o%0]
Positivecontrol 535 551 498 179 125 25* 708 697 796 319 373 32 & & 100
[529 4= 20] {150+ 27] (731541 [340 = 30] (90 + 6]

*:Growth inhibition was observed.
2)2-AA:2-Aminoanthracene, 1 pg/plate
b)2-AA, 2 pg/plate

¢)2-AA, 10 pg/plate
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Table 3 Results of reverse mutation test of 2-fert-butylphenol on bacteria (2nd trial)
[direct method: —S9 mix]

Test sdubstance Number of revertant colonies per plate [Mean+S5.D.]
0se
(wg/plate) TAL) TA1535 WP2 uvrd TA98 TA1537
0 106 118 121 16 13 12 16 M7 22 28 27 7 3 8
[115 8] [14 23 [16 2] [26+3] [8=+1]
6.25 113 118 117 15 15 10 12 12 U 30 28 29 7 7 9
[116+3] {13£3] {13+1] [20%11 [81]
12.5 131 127 145 22 10 11 21 6 12 17 20 28 9 7 4
{134 £9] (1447 : [16 £ 5] [22+6] 10 4]
25 109 138 125 18 15 17 7 M i 22 30 kie] 7 6 10
(124 +15] fi7+2] [12 4] [30+9] [8:42]
50 105 98 101 10 7 6 12 121 24 26 22 13 12 12 .
[101 47 [8+2] f12+1] [24%2] [z2+1]
100 105 80  80* 14* 6 11+ 10 6 13 15% 16 15* 5* 4* q*
[88 =+ 14} [10+ 4] [13-:3] [15+1] [4£1]
200 0* 0* 0* 0# 0 0* 0* 0* 11* 0* 0* Ot 0# 0* 0*
[0::0] [0=0] [1+8] [0:0] [0+0]

Positive control 985 834 906~ 408 521 442 912 368 818" 405 372 383 683 550 508
[928 + 49} [457 £ 58] [856 £ 47] [387 £ 17}  [582+94]

*:Growth inhibition was chserved.

a) AF-2:2- (2-Furyl)-3- (5-nitro-2-furyl) acrylamide, 0.01 zg/plate
b) NaN;:Sodium azide, 0.5 ug/plate

CYAF-2, 0.04 pg/plate

d)AF-2, 0.1 pg/plate

e)9-AA :9-Aminoacridine, 80 pg/plate

Table 4 Results of reverse mutation test of 2-fert-butylphenol on bacteria (2nd trial)
[activation method ; +5% mix]

Test sdu.;lzztance Number of revertant colonies per plate [Mean£5.D.]
{pg/plate) TA100 TA1535 - WP2 uvrA TA98 TAI537
0 14 13 110 11 8 9 21 16 19 27 29 35 9 12 17
(112 :42] [9+2] [19+3] [30£4] [13:£4]
6.25 157 147 131 10 10 9 26 22 i 52 37 30 16 8 12
[145+13] [10%1] [21 =6} {40 +11] {12+4]
125 129 131 140 11 9 9 22 24 28 33 35 32 9 10 1
. [133+6] . [o£1] f25+3) (33 :4:2] {11%3]
25 43 138 131 17 3 12 I 20 16 42 28 27 8 10 13
[137 6] [12+5] [17 = 3] [32+8] [10+4]
50 152 134 119 7 8 13 21 15 21 3% 25 3 13 6 13
) {235 + 17] [9+3] [19+3] [32+6] TN
100 100+ 87*  109* 5 3 B* 20 20 21 28 H 3 7 16 8
[99 +11] [{£1] [20+1] [32£3) [10+5] ,
200 48* I* e o* 0* 4* gt 10 13* 16 Bt 0 0* 6*
{53 £ 55] [0+0] [8+3] [12+5] f2+3]

Positive control 670 589 644~ 162 164 162> 831 783 8l1° 318 PO 3/ 72 73 &
[634 +41] [163+1] (808 + 24} [338 + 26] [75%4]

*:Growth inhibition was observed.
a}2-AA 2-Aminoanthracene, 1 pg/plate
b)2-AA, 2 pg/plate

c)Z-AA, 10 ug/plate
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In Vitro Chromosomal Aberration Test of 2-tert-Butylphenol
on Cultured Chinese Hamster Cells

25

Ttert-FFNT /- VOREBRBREFREOEES
MHT LD, Fr4=—X - NAZY—iRRoGE
EM AR (CHL/IU) # F v in vitrol= 841 5 4515
HEILL AR ERTHRBRTERL .

REGREARCAV O HE RET 20, Wi
HEHRIREZ T > 28R, S mixFEFETTIR120
pe/mLEAE, S% mixfFHET Tidl0 pg/mLU EOHET
50 % % L[ 3 MR AMEI N RO b . Lt T,
REFREARICBITIHER, S mixIEFET TR
40, 60, 80, 100, 1103 X T¥120 wg/mL, S9 mix#FfE
TTI121.25, 25, 5, 75, 108 X020 ug/mL & L7,

HEoHR, SO mixdEFEET ¢, ReEEHk
OEMRETDH NG -7. S mixFETTIRESK
e ABEREHROBMABOON, 758k
U100 pg/mL TOXMBIEERS.S 3 & UF11.0 %) 3 58aT
ZRICERLLOTHo7:, T/, 10 pg/mL CTHEGE
EE(EEERR) 0FELEN(HEHES % L2
B BNz, S9 mixIEFEFT D10 pg/mL B L, S9 mix
- FHETO20 pg/mL CEMABBEEO - OBEET 255
hEREED N o, '

DNEDBEENS, 2-tert-TFN T x ) — NI,
CHL/IUMIRI 33 LB b B E 2 5557 5 (i) L &5
L7-.

Hik

1. Rz Hk '

B EESEREEMAREREEE (o B rfER
ERRTAC R 2 S IRAIG60E 1 B I3 RICAS £+ T
Fr{ ==X LAY —BEEOHEMEERBH
(CHL/TW) =R L7, {E3AME, SEMRECI10
vol% DENGTY AF VA NEF L F(DMSO, s
I ZRML, MEEFREFTTRELLLOEH
BRICEL, BHZoBRREMIEmECOLOEHERL
7=,

2. REER

Eagle-MEM #5 5445 (Gibco Laboratories) %% & 12 FE
VWHRE L, ZhiZIEE{kFEIMiE (Gibco Laboratories)
Z10vol% DEETHRML - b O % Hv /o,
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3. BERH

4 X IFE/mLOMREEOEFERS mLEF M v a
(16 cm, Becton Dickinson Co.} 2%, 37 ‘CHCO, A
rEF 2R~ —(5%CO,)ATREEL:.

B3R 3 B4 12 SO mixJEFTES L UTFET THEY
Hrorpfe L, LBRTHE, HEEBETILHICI8
s A

4, 59 mix

ek REREREES mix(Fy 2—< 00 £ 08
AL, &6y ALMICEER L7, Soid, FEHE L
T72 8V ES —VBIPEENY VT IR ZHRE
L 7-Sprague-Dawley %7 » FOIFE- B LI N7
LOTHAE.

5. MWEME

tert T FN T /=N (0y FHEECLIE9, KHEHAEA
R EETEMEREM) X, EEHORET, K
ICEEE, DAFLANKRF Y F(DMSO), Fia--E
FUTEMIBETHY, MBI %(AHMPL LT,
T/ —=N003%EEL)OYWETHL. HEWEIL,
WO TER(EETHRE L.

KEBERTH, BAERDETONLCER REHC
B Do 7.

6. WEMHEMREORN

4R DMSO (RIBRIE TR £ v, #RWH %
ERLORERAEOMEAR (B MR L. ZOEHK
O—EEBHETIRFR L CASREOHARZ AL L
fo. HEBIE, BRFARL, 7074 v Y aRASOFEM
BiTHEEFEOOS vol% & L7,

7. {RBarTEMSIERE
REFEERBCAVIEBEYEOAETRET A

D, HBRYEOMBEERICREITEEEFH L. 0.1

wiv% Z VARSI F Ly PARBHETHRE L0

| HE R BB REMEER (E/ L — & — 1, MI-60,

AU Y NRARETER BB THEL, SENERED
MISETEE % 100 % & L0 5 H EE OB+
Lo FAR - '
| Z0#ER(Fig. 1), S9 mixdEEET T 120 pg/mLEL
L. SOmixFET TR0 pg/mL L EOHET0% % 1
[ % $MPL R IME AE S & h, 50 % B REIH A B
1%, #NZFR100~120 pg/mL B L U5~ 10 pg/mL 7 5
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120

—— treated for 6 hr without S8 mix

100

Cell growth (% of control)
(7] o]
= o

N
o

20|

L J
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o

Dose (ug/mL}

Fig.1 Growth inhibition of CHL/IU cells treated with
2-tert-butylphenol

EIICH DL b0 EHRTE N,

8. ERFEORE

i ENHREBEORRE, L, REEREHEIC B
LW AORE, 50 %AlgEmEnmAEORHRH
I, POSHEBLLO7F— s FBOLNL T ETER
LT, S9 mixIEEIET Cid40, 60, 80, 100, 110B &
120 pg/mL, S9 mixfFET TiE1.25, 2.5, 5, 7.5, 10
BLUE2W pg/mlOENREFRCRETRE L, HHEE
LT, HEATREE L RN IR R A

e iR L LT, SRRSO mix fF1E T Tl 34-
benzolalpyrene{B[a]P, Sigma Chemical Co.} % 10
pg/mL, S9 mixEFEE F € i 1-methyl-3-nitro-1-
nitrosoguanidine (MNNG, Aldrich Chemical Co.) % 2.5
pg/mLOBAETHW:, BEESEOCHERIZE, w
T b DMSO (G T3t 2fER L.

9. REMHFEROEH

FEFEAR T 208 BIRTIC 2L+ 3 K (Gibco Laboratories)
ERBBEEL LT02 sg/mLE % 5 X5 CERILAE, b
V7Y MBCHIRR R L, OIS DR E
L7, 75 mMIB{LH ) v AKREHCHREARE, H
RS L 7= A &/ — b - BEER(3: 1) iR A CHla %
BELA:. EREBETREFERLMERLALRE, 14
vol% ¥ AL CH 15 oM L.

10. REEOER
EF4 v 2B 1008, Thbb, 1HEHRSD2

21

120 ¢

--o-- treated for 6 hr with S8 mix 1

100 ¢-eeveven B e a,

0
o

.
(=]

Celi growth (% of control)
[+2]
o]

20

0 063 125 25 5 10 20
Dose {pg/mL)

Fig. 2 Growth inhibition of CHL/IU cells treated with
2-tert-butylphenol

Fa4ovia, 200O5RTHEE, REEER00ED
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Table I Chromosome analysis of Chinese hamster cells (CHL/IU) treated with 2-tert-butylphenol with and without

59 mix
< No. of cells with structural No. of cells with numerical

Group Dose S9 timeal - No.of aberrations gap aberrations cet
(ug/mLl) mix exposure cells (%) Growth
(he)  analysed o cte csb cse oth total(%F Polyploid Polyploid® total(%F *ate(®)

Solvent! 0 - 6(1® 20 2 1 0 0 0 3019 00 0 0 o) 100.0
2TBP 40 - 6{18 200 0 0 0 0 0 00 o5 0 0 0o 1055
60 - 6(18 20 0 1 0 I 0 2010 o 0 0 0(0) 97,0

80 - 6-(18) 200 ¢ 2 0 2 0 40 o0 1 0 1(0.5) 95.0

100 - 6018 20 3 6 0 0 0 840 00 0 0 00 50.5

110 - 608 Toxic — - — — — — - - - — 13.5

120 - 6-(18) Toxic — — — — — ~— — — — - 4.0

MNNG 25 - 6-(18 20 64 18 3 1 0 190(95.00* 3(L5) 0 0 a(0) —
Solvent 0 + 6018 200 0 0 0 1 0 105 00 1 0 1{05 1000
2TBP 126 + 608 20 1 1 0 0 0 20109 00 1 0 1{(0.5) 90.0
25 o+ 6-(18 20 1 2 ¢ 2 0 40 108 0 0 ()] 815

5 + 618} 200 1 2 0 o0 0 2.0 0@ 0 0 0(0) 70.0

75  +  6-(18) 200 2 1 0 0 0 11(65F 1(05 7 0 7(3.5) 43.0

10 + 6-(18) 200 8 18 0 ¢ 0O 22(1L.0% 0(0) 7 3 100501 265

20 + 6-(18) Toxic — — — — — — — — — — 165

BP 10 + 6018 20 13 68 1 ¢ 0 75(37.5* 0(0) ¢ 0 0 —

Abbreviations; gap:chromatid gap and chromosome gap, ctb:chromatid break, cte:chromatid exchange, csb:chromosome break,
cse:chromosome exchange (dicentric and ring}, oth:others, SA !structural aberration, NA:numerical aberration,

2TBP:2- tert-butyiphenol, MNNG 1-methyl-3-nitro- 1-nitrosoguanidine, BP:3,4-benzofalpyrene

1) Dimethyl sulfoxide was used as solvent,

2)Multi-sample ¥? test was done at p<C0.05 and then Fisher's exact test was done at p<{0.05 or p<0.01.

3)endoreduplication

*:Significantly different from solvent group data at p<0.05 by Fisher’s exact test.

**: Significantly different from solvent group data at p<0.01 by Fisher's exact test.
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Elevated susceptibility of newborn as compared with young rats to
2-tert-butylphenol and 2,4-di-fert-butylphenol toxicity
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ABSTRACT  In order to determine the susceptibility of
newborn rats to 2-fert-butylphenol (2TBP) and 24-di-fert-
butylphenol (DTBP) toxicity, studies were conducted with oral
administration from postnatal days (PND) 4 to 21 and the find-
. ings were compared with results for young rats exposed from 5
or 6 weeks of age for 28 days. In the newborn rats, specific
effects on physical and sexual development and reflex ontogeny
were not observed. While there were no clear differences in
toxicological profiles between newborn and young rats, the no-
observed-adverse-effect levels (NOAELs) differed markedly.
For 2TBP, clinical signs such as ataxic gait, decrease in locomo-
tor activity and effects on liver, such as increase in organ
weight, were ohserved and the NOAELs were concluded to be
20 and 100 mg/kg/day in newborn and young rats, respectively.
Based on hepatic and renal toxicity ¢histopathological changes
and increase in organ weight with bleod biochemical changes),
the respective NOAELs for DTBP were concluded to be 5 and
20 mg/kg/day. Therefore, the susceptibility of newborn rats to
2TBP and DTBP was found to be 4--5 times higher than that of
young rats, -

Key Words: 2, 4-di-terr-butylphenol, 2-tert-butylphenol, suscepti-
bility of newborn rats

INTRODUCTION

Protection of humans against disease and injury caused by chemi-
cals in the environment is the ultimate goal of risk assessment and
risk management (Landrigan et qf, 2004). However, the focus has
long been solely on adult exposure and toxicity and the fetus via
maternal trangfer, with little consideration given to early childhood.
In the past decade, stimulated especially by the 1993 US National
Research Council (NRC) report Pesticides in the Diets of Infants
and Children (NAS 1993), recognition that special consideration is
required for children in risk assessment has grown. The NRC report
noted that ‘children are not little adults’, because of their unique
patterns of exposures to environmental hazards and their particular
vulnerability.

For the susceptibility of children to environmental chemicals, the
early postnatal period (the suckling period) is of particular note.
During this period, the infant could be exposed to various chem-
icals not only through mothers’ milk, but also directly, by having

Correspondence: Mutsuko Hirata-Kejzumi, BSe, Division of Medicinal
Safety Science, National Institute of Health Sciences, 1-18-1 Kamiyoga,
Setagaya-ku, Tokyo 158-8501, Japan. Email: mkoizumi@nihs.go.jp
 Received June 17, 2003; revised and accepted September 2, 2005.
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chemical-contaminated baby food, mouthing toys or household
matenals, and so on; however, current risk assessment gives
no consideration to toxic effects resulting from direct exposure to
chemicals, An approach that adequately takes into account the
susceptibility of infancy is urgently required. However, because
there is no standard testing protocol intended for direct exposure
of preweaning animals (newbom animals) to chernicals, and toxic-
ity studies using newborn animals are complicated by practical
difficulties regarding grouping, direct dosing, and general and func-
tional observation, there is only limited information on susceptibil-
ity of the newborn at the present.

We therefore have established a new protocol for repeated dose
toxicity studies using newbom rats {(newborn rat studies) (Koizumi
et al. 2001) for systematic application. Results have been compared
with those of 28-day repeated dose toxicity studies using young
rats (young rat studies) to provide 2 basis of analyzing susceptibil-
ity. Since young rat studies are routinely conducted as ong of a
battery of minimum toxicity tests and data are stored for many
chemicals, comparative analyzes should provide important infor-
mation for considering effects of direct exposure to chemicals dur-

ing the suckling period,

We have already reported analytical results for eight chemicals
(4-nitrophenol, 2.4-dinitrophenol, 3-aminophenol, 3-methylphenol,
1,3-dibromopropane, 1,1,2,2-tefrabromoethane, Z2,4,6-trinitrophe-
nol, and tetrabromobisphenol A) (Koizumi et al. 2001, 2002, 2003;
Fukuda et al. 2004; Takahashi et al. 2004; Hirata-Koizumi er al.
2005). The susceptibility of newborn rats to the toxicity of the first
four agents was four times higher than that of their young counter-
paris at a maximum. For 1,3-dibromopropane and I,1,2,2-tetrabro-
moethane, while the doses causing clear toxicity were lower in
newborn rats, doses at which toxic signs began to appear were
paradoxically higher in the newborn case. These six chemicals had
no impact on development in the newborn period and showed
similar toxicity profiles in both age groups. For the other two
chemicals, there were marked differences in toxicity profile
between the newborn and young rats. Especially, in the case of
tetrabromobisphenol A, a specific rather than enhanced renal tox-
icity was observed in newbom case.

In the present investigation, two tert-butylphenols, 2-ters-
butylphenol (2TBP), and 24-di-fer-butylphenol (DTBP), were
chosen for comparative toxicity analysis. 2TBP has been used in
the production of agricultural chemicals, aroma chemicals, and
resins (New Chemical Index 2001), and DTBP in the production
of antioxidants and ultraviolet absorbers (Chemical Products’
Handbook 2004). For either chemical, there is no available toxicity
information on human. Regarding toxicity to experimental animais,
results from young rat studies of both chemicals are available in



Susceptibility of newborn to butylphenols 147

Toxicity Testing Reports of Environmental Chemicals of the Japa-
nese government (MHLW 2001a, 2001b), but no other data have
been reported regarding repeated dose toxicity. Since the young rats
were only evaluated for toxicity profiles and no-observed-effect
levels, we re-evaluated the results for 2 more practical evaluation
index, the no-observed-adverse-effect level (NOAEL), which could
serve as the basis for determining tolerable daily intake (TDI) or
acceptable daily intake (ADI) for risk assessment, and conducted
comparative analyzes with newborn rats.

MATERIALS

2-tert-Butylphenol (2TBP, CAS no. 88-18-6, purity: 99.97%) and
2,4-di-tert-butylphenol (DTBP, CAS no. 96-76-4, purity: 99.67%),
obtained from Dainippon Ink and Chemicals, Incorporated (Tokyo,
Japan), were dissolved in olive oil and corn oil, respectively. The
test solutions were prepared once a week as stability for eight days
"had been confirmed. All other reagents used in this study were
specific purity grade.

METHODS

All studies were performed under Good Laboratory Practice con-
ditions and in accordance with ‘Guidance for Animal Care and Use’
of Panapharm Laboratories Co., Ltd, Research Institute for Animal
Science in Biochemisiry and Toxicology, or Mitsubishi Chemical
Safety Institute Ltd.

Animals’

In the newborn r1at studies of 2TBP and DTBP, pregnaiit SPF
Sprague-Dawley rats {Crj:CD(SD)IGS] were purchased at gesta-
tion days 13-15 from Charles River Japan Inc. {Yokohama, Japan),
and allowed to deliver spontaneously. All newbom were separated
from dams at postnatal day (PND) 3 (the date of birth was defined
as PND 0), and pooled according to sex. At the same time, 12 foster
mothers were selected among dams, based on the nursing condi-
tion. Each foster mother suckled four male and four female new-
born, assigned to each of the four dose groups, including the
controls, up to weaning on PND 21 (termination of dosing). After
weaning, the animals of the recovery-maintenance group (see Study
Pesign} were individually maintained for nine weeks.

In the young rat studies, 4-5 week-old males and females of the
same strain were obtained from the same supplier as for the new-
born rat studies, and used at ages of 5-6 weeks after acclimation.

All animals were maintained in an environmentally controlled
room at 20-26°C with a relative humidity of 40-70%, a ventilation
rate of more than ten times per hour, and a 12:12 hlight/dark cycle.
They were allowed free access to a basal diet (MF: Oriental Yeast
Co. Lid, Tokyo, Japan, or LABO MR Stock; Nihon Nosan Kogyo
Inc., Yokohama, Japan) and water (sterile tap water or well waler
treated with sodium hypochlorite) throughout,

Study design

1. 18-day repeated dose toxicity study in newborn rats

(newborn rat study)

Newborn rats (12/sex/dose) were administered the test substances
by gastric intubation on PNDs 4-21. On PND 22, six males and
six fernales in each treated group were sacrificed for autopsy (the
scheduled-sacrifice group). The remaining animals in all groups (6
rats/sex/dose) were maintained for nine weeks without chemical
treatment and then sacrificed at 12 weeks of age (the recovery-
maintenance group).

25

Based on the results of dose-finding studies conducted prior to
the main study, the dose, which would show clear toxicity, was
selected as the top dose, that without potentially toxic effects as the
lowest dose, and the medium dose was set between ther. In the
dose-finding study for 2TBP (oral administration from PNDs 4—
21), some clinical signs and suppressed body weight gain were
observed at 200 mg/kg and an increase in relative liver weight at
60 mg/kg and more. For DBTP (oral administration from PNDs 4—
17), all of the four males and four females died at 500 mg/kg, and
the death of one of the four males, an increase in serum total
cholesterol and phospholipid, and increase in relative liver weight
were noted in the 100 mg/kg group. Therefore, the doses were
set at 0, 20, 60, or 200 mg/kg/day for 2TBP and at 0, 5, 40, or
300 mg/kg/day for DTBP.

During the study, the rats’ general condition was cbserved at
least once a day {details of clinical signs noted in this study are
described in ‘Glossary of terms for toxicity testing’ [NIHS
19941). Body weight and food consumption (only the recovery-
maintenance period) was examined once or more a week. As devel-
opmental parameters, fur appearance, incisor emuption, pinna
detachment and eye opening were assessed for physical develop-
ment, and testes descent or preputial separation and vaginal open-
ing for sexual development (OECD 2004). In addition, reflex
ontogeny, such as visual placing reflex, and surface and mid-air
righting reflexes, were also examined {Adams 1986; Jensh & Brent
1988). Urinalysis (color, occult blood, pH, protein, glucose, ketone
bodies, bilirubin, urobilinogen, sediment, specific gravity, and voi-
ume of the uring) was conducted in the last week of the recovery-
maintenance period.

At PNDs 22 and 85, blood was collected from the abdominal
aorta under ether anesthesia (for 2TBP) or from the postcaval vein
under pentobarbital sodium anesthesia (for DTBP) after overnight
starvation for the scheduled-sacrifice and recovery-maintenance
groups, Tespectively. One portion was treated with EDTA-2K and
examined for hematological parameters, such as the red blood cell
count, hemoglobin, hematocrit, mean corpuscular volume, mean
corpuscular hemoglobin, mean corpuscular hemoglobin concentra-
tion, white blood cell count, platelet count, reticulocyte count and
differential leukocyte count. In the recovery-maintenance group,
part of the blood was treated with 3.8% sodium citrate, and blood
clotting parameters such as prothrombin time (PT) and activated
partial thromboplastin time (APTT) were examined. Serum from
the remaining portions of blood for both the scheduled-sacrifice and
recovery-maintenance groups were analyzed for blood biechemis-
try (lotal protein, albumin, albumin-globulin ratio [A/G ratio], glu-
cose, total cholesterol, triglycerides, phospholipid, total bilirubin,
urea nitrogen [BUNT, creatinine, glutamate oxaloacetate transami-
nase, glutamate pyruvate transaminase, alkaline phosphatase, -
glutamyl trangpeptidase [y-GTP], calcium, inorganic phosphorus,
sodium, potassium, and chlorine). Following collection of blood,
all animals were sacrificed by exsanguination, and all organs and
tissues were macroscopically examined. Then, the brain, pituitary
gland, thymus, thyroids, heart, lungs, liver, spleen, kidneys,
adrenals, testes, epididymides, and ovaries were -removed and
weighed. Histopathological examination was conducted for the
control and the highest dose groups. The above-listed organs were
fixed in 10% buffered formalin-phosphate (following Bouin’s fix-
ation for testes and epididymides), and paraffin sections were
routinely prepared and stained with Hematoxylin-Eosin for
microscopy. For other groups, organs with macroscopically abnor-
mal findings or in which chemical-related effects were evident on
microscopic examination for the highest dose group, were similarly
investigated.
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2, 28-day repeated dose toxicity study in young rats

(young rat siudy)

Five to six week old rats were given the test substances by gastric
intubation daily for 28 days and sacrificed following the last treat-
ment (the scheduled-sacrifice group). Recovery groups wege main-
tained for two weeks without chemical treatment and sacrificed at
11 or 12 weeks of age. The number of animals was six for each
sex/dose for both scheduled-sacrificed and recovery cases,

-The doses were selected in the same way as the newbom rat
studies. In the 12-day dose-finding study for 2TBP, ataxic gait was
observed at 300 mg/kg and more, and increase in relative liver and
kidney weight at 500 mg/kg. For DTBP, with 14-day administra-
tion, the death of one of the four females, various changes in some
blood biochemical parameters, increase in relative liver weights and
light gray macules on kidneys were found at 500 mg/kg, Increase
in serum phospholipid and relative liver weights were also demon-
strated in the 100 mg/kg group. Based on the results, the doses were
determined at 0, 4, 20, 100, or 500 mg/kg/day for 2TBP and at 0,
5, 20, 75, or 300 mg/kg/day for DTBP. Recovery groups were set
at 0, 100, 500 mg/kg/day for 2TBP and 0, 300 mg/kg/day for
DTBPF.

During the study, rats were examined for general condition, body
weight, food consumption, urinalysis, hematology and blood bio-
chemistry, necropsy findings, organ weights, and histopathological
findings in compliance with the Test Guideline in the Japanese
Chemical Control Act (Official Name: Law Concerning the
Examination and Regulation of Manufacture, etc. of Chemical
Substances).

Statistical analysis

Data for body weights, food consumption, urinalysis findings
(except for the results of qualitative analysis), hematological, blood
biochemical findings (except for differential leukocyte count), and
organ weights were analyzed by the Bartlett’s test (Barilett 1937)
for homogeneity of distribution. When homogeneity was recog-
nized, Dunnett’s test (Dunnett 1964} was conducted for comparison
between control and individual treatment groups (¥ < (.01 or 0.05).
If not homogeneous or for qualitative urinalysis data and differen-
tial leukocyte count, the data were analyzed using Steel’s multiple
comparison tests (Steel 1959), or tests of the Dunnett type (Hol-
lander & Wolfe 1973) (P < 0.01 or 0.05). For reflex ontogeny, and
physical and sexual development parameters in the newborn rat
studies, the %*-test (Fisher 1922) was conducted (P < 0.01 or 0.05).

M. Hirata-Koizumi et al.

RESULTS
2-fert-butylphenel (2TBP)

Newborn rat study

Various clinical signs such as decrease in locomotor activity, ataxic
gait, deep respiration, and muscle weakness were observed
throughout the dosing period in the 200 mg/kg group, as shown in
Table 1. With 60 mg/kg, transient decrease in locomotor activity
wag noted on the first dosing day lirited to only one of 12 males.
Body weights were lowered by 8—17% from dosing day 7 through
to the end of the dosing period in males and to recovery-mainte-
nance day 14 in females given 200 mg/kg. At the scheduled sacri-
fice, there were no hematological changes at any dose, but blood
biochemical examination of the 200 mg/kg group showed increases
in 4-GTP in both sexes and total protein in males. In addition,
significant increase in relative liver weights was noted in 9% of the
females in the 60 mg/kg group and in 21-23% of both males and
females in the 200 mg/kg group. On histopathological examination,
slight hypertrophy of centrilobular hepatocytes was found in cne
female of the 60 mg/kg group, and in four males and three females
from the 200mg/kg group. During the recovery-mainienance
period, no clinical signs were observed and the lowered body
weights showed a tendency for recovery. In parameters for physical
and sexual development and reflex ontogeny, no definitive changes
were detected. At the end of the recovery-maintenance period, no

- chemical-related changes, also in urinalysis data, were found in any

dose group.

The results of the newbom rat study of 2TBP are summarized in
Table 2. Since clinical signs and histopathological changes in the
liver were observed in the 60 mg/kg group, the NOAEL was con-
cluded to be 20 mg/fkg/day.

Young raf study

Ataxic gait were observed sporadically during the dosing period in
nine males and 12 females, and decrease in locomotor activity in
two females from the 500 mg/kg group. Durning the dosing period,
there were no changes in body weight, food consumption, and
urinalysis data, At the scheduled sacrifice, hematological and blood
biocheinical examination also showed no changes. Eighteen to 19%
increases were found in relative liver weights of both sexes receiv-
ing 500 mg/kg, but no histopathological changes in liver were-
observed at any dose. No chemical-related changes were noted
during and at the end of the recovery period.

Table1 Clinical signs observed during the dosing period in the newborn rat study of 2-tert-butylphenol

Dose (mg/kg/day)

. 0 20 60 200
No. animals (Male/Female) 12/12 12712 12/12 12/12
No. animals with clinical signs
Decrease in locomotor activity 0/0 0/0 110 1212
Ataxic gait 0/0 0/0 0/0 4/6
Deep respiration ) 0/0 0/0 0/0 12/12
Tremors ~ 0/ 0/9 00 214
Muscle weakness 0/0 0/0 0/0 12/12
Emaciation 0/0 0/0 0/0 22
Pale skin 0/0 0/0 0/ 42

+Observed only on the first dosing day.
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Table 2 Summary of the tesults of the newborn and young rat study of 2-rerr-butylphenol

Newbom rat study

Dose (mg/kg/day)

Clinical signs

20

Body weight changes

60 200
M: Decrease in Varioust
locomotor activity
- 8-17%4
- GTPT, M: TPT

Blood biochemical changes

Changes in relative organ weights
Histopathological findings in liver

- Slight centrilobular hypertrophy of hepatocytes

F: Liver 9% T

M: 0/6, F: 1/6

Liver 21-23%T

M: 416, F: 3/6

Young rat study

Dose (mg/kg/day)

Clinical signs

Body weight changes -
Blood biochemical changes
Changes in relative organ weights
Histopathological findings

n.d.

n.d.

100 500

20
- Ataxic gait
F: Decrease in locomotor activity

Liver 18-19%T

nd,

Statistically significant increases (P < 0.05) in body weights, blood biochemical parameters and relative organ weights are shown as T,
while decreases are shown as 4. Data on histopathological findings are given as no. of animals with the findings/no. of animals examined,
according to sex. Changes observed only in males or females are shown as ‘M’ or ‘F’, respectively, while neither ‘M’ nor ‘F is mentioned
in the case of changes noted in both sexes, No chemical-related changes were observed in developmental parameters (conducted only in
newborn rat study), urinalysis (only in young rat study), and hematological parameters. tDecrease in locomotor activity, ataxic gait, deep
respiration, tremors, muscle weakness, emaciation, and pale skin were observed, as shown in Table 1. GTP, yv-GTP; TP, total protein; —, no

change; n.d., not determined.

A sﬁrnmaxy of the results of the young rat study of 2TBP is given
in Table 2. The NOAEL was concluded te be 100 mg/kg/day, at
which no changes were observed.

2 4-~di-tert-butylphenol (DTBP)

Newborn rat study

Two males and one female of the 300 mg/kg group were found dead
on dosing days 3, 4, and 7. In this group, decrease in locomotor
activity (12 males and 12 females), bradypnea (10 males and 10
females}, and hypothermia {one male) were observed from the first
dosing day, but then the incidence decreased, with disappearance
after dosing day 7. Body weights of the 300 mg/kg group were
lowered by 15-25% in males and by 9-20% in females duoring the
dosing period, compared with the control values, There were no
definitive changes in parameters for physical development and
reflex ontogeny in any dose group. At the scheduled sacrifice, blood
biochemical examinaion showed an increase in total bilirubin and
a decrease in the A/G ratic in both sexes, an increase in ¥v-GTP in
males, and an increase in total protein and BUN in females of the
300 mg/kg group. In the 300 mg/ke group, there was a 39-51%
increase in relative liver weights, a 37-41% increase in relative
kidney weights in both sexes, and a 24% decrease in relative spleen
weights in males. In the 40 mg/kg group, 14% increases in relative
weight of liver were found in females. On histopathological exam-
ination, various changes were observed in livers and kidneys in the
300 mg/kg group, as shown in Table 3. Furthermore, periportal
fatty degeneration of hepatocytes was evident in one female given
40 mg/kg, and basophilic tubules in kidneys in one animal of each
sex receiving 40 mg/kg and one control group male. Regarding
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parameters of sexual development, a slight delay in preputial sep-
aration was noted in the 300 mg/kg group (the incidences were 0/
5, compared with 2/6 in the control group at PND 42 [recovery-
maintenance day 21]; 0/5, 3/6 at PND 43; 2/5, 5/6 at PND 44; 2/5,
6/6 al PND 46; 4/5, 6/6 at PND 47; and 5/5, 6/6 at PND 48). During
this observation period, body weights were lowered by approxi-
mately 10% in males given 300 mg/kg than control levels, which
was not statistically significant. In the last week of the recovery-
maintenance period, there were no chemical-related changes on
urinalysis in any dose group. At the end of the recovery period,
changes noted in the scheduled-sacrifice group were not observed
except for histopathological changes in the kidneys, significant in
the 300 mg/kg group (Table 3).

A summary of the resulis of the newborn rat study of DTBP is
shown in Table 4. Since fatly degeneration of hepatocytes and
increase in liver weight were demonstrated at 40 mgrkg, the
NOAEL. was concluded to be 5 mg/kg/day.

Young rat study

No chemical-related changes were found in general condition, body
weight, and food consumption at any dose. On urinalysis at the
fourth week of dosing, an increase in urine volume, and a decrease
in specific gravity and osmotic pressure were noted in both sexes
of the 300 mg/kg group. At the scheduled sacrifice, hematological
examination showed a decrease in hemoglobin and hematocrit, an
increase in segmented neutrophils in females, and prolongation of
PT and APTT in males at 300 mg/kg. On blood biochemical exam- -
ination, there was an increase in total bilirubin in males given
300 mg/kg, and an increase in total cholesterol and phospholipid in
females given 75 mg/kg and above. For organ weights, there were
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Table 3 Histopathological findings for the newborn rat siudy of 2,4-di-ters-butyiphenol

Recovery-
maintenance
Scheduled-sacrifice group groupt
Dose (mg/kg/day) Grade 0 5 40 300 0 300
No. of animals examined (Male/Female) 6/6 6/6 6/6 56 6/6 5/5
Liver
— Fatty degeneration of periportal hepatocytes + 0/0 0/0 0/1 0/0 0/0 0/0
++ 0/0 G/0 0/ 34 0/0 0/0
+++ 0/0 0/0 0/0 2 0/0 0/0
Kidneys
— Basophilic tubules + 10 n.d. i 4/4 /0 3/0
— Granular casts + 0/0 n.d. 0/0 412 0/0 00
— Cystic dilatation of collecting tubules + 0/0 n.d. 0/0 0/0 0/0 5/4
++ 0/0 n.d. 0/0 3/4 /0 0/0
+++ 0/0 n.d. 0/0 22 0/0 0/0
— Cellular infiltration of neutrophils + 0/0 nd. 070 21 0/0 110
++ 00 n.d. 0/0 111 0/0 1/0
+4+ 0/0 n.d. 0/0 /1 0/0 0/0

tNo histopathological examination was conducted at S and 40 mg/kg in the recovery-maintenance group. +, mild; ++, moderate; +++,

marked; n.d., not determined.

increases in relative Liver weights by 40-43% in both sexes given
300 mg/kg, and by 13% in females receiving 75 mg/kg. On histo-
pathological examination, mild to marked changes in livers and
kidneys were observed in both sexes from the 300 mg/kg group, as
shown in Table 5. At the end of the recovery period, the increase
in total cholesterol and phospholipid and renal histopathological
changes observed in the scheduled-sacrifice group remained signif-
icant in the highest-dose group (Table 5).

The results of the young rat study are sumimnarized in Table 4.
Based on increase in the relative liver weights with some changes
in blood biochemical parameters in females given 75 mg/kg, the
NOAEL was concluded to be 20 mg/kg/day.

DISCUSSION

During development, many rapid and complex biological changes
occur, which can have profound consequences on sensitivity to the
effects of exogenous chemicals {(Scheuplein et al. 2002). Although
the neonatal body at birth is reasonably well prepared for the abrupt
changes associated with parturition, and most functional systems
possess a significant portion of their adult capacity (Dourson ef al.
2002), it is known that the various functions rema.in,immamre in
early postnatal period and that some organs and tissues, especially
in the nervous, immune and reproductive systems, continue to
develop after birth (NAS 1993). Therefore, it is important to
evaluate toxic effects by exposure to chemicals during the early

postnatal perdod as well as the fetal period for comprehensive -

risk assessment. However, economic issues and lack of human
resources, arising from practical difficulties regarding protocols,
have hindered roufine implementation of toxicity studies using
newborn animals. Our series of comparative analyzes on suscepti-
bility of the newborn are therefore of particular importance for risk
assessment,
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In the present study on 2TBP and DTBP, there were no clear
differences in toxicity profiles between the newborn and young rats
in either case. For 2TBP, clinical signs such as a decrease in loco-
motor activity and ataxic gait, and effects on liver such as an
increase in organ weight were observed. In the DTBP case, hepatic
and renal toxicity (histopathological changes, increase in organ
weight, etc.) were noted. As acharacteristic effect of DTBP on male
sexual development, slight delay in preputial separation was also
observed in the newborn rat study. Preputial separation, an
androgen-dependent process which is an early marker of puberty,
tepresents a reliable non-invasive indicator of chemical-induced
perturbation of male pubertal development in the rat (Gaytan ef al.
1988). However, it is known that decreased body weights can result
in non-specific delay in pubetty (Ashby & Lefevre 2000). Since
DTBP lowered body weights in the period of observation of prepu-
tial separation and there were no DTBP-related changes in weights
or histopathology of the testes and epididymides, well known to be
essentially androgen-dependent, no specific effect on male sexual
development could be concluded in the present study. As for
NOAELs of both chemicals, clear differences were observed
between newborn and young rats, with values of 20 and 5 mg/kg/
day in newborm rats, and 100 and 20 mg/kg/day in young rats for
2TBP and DTBP, respectively. Therefore, the susceptibility was
four- to five-fold higher in newborn than in young rats.

Our previous amalysis of 1,3-dibromopropane and 1,1,2,2-
tetrabromoethane (Hirata-Kolzumi et al. 2005) showed dose—
response curves to be very different between newborn and young

_ tats. The same was recently reported for the widely used organo-

phosphorus insecticide, chlorpyrifos (Zheng et al. 2000), as well as
pyrethroid insecticides (Shafer ef al. 2005). These data showed the
importance of estitnating unequivocally toxic levels (UETLs),
defined for our comparative toxicity analysis as equivalent toxic
doses inducing clear toxicity, including death, clinical toxic signs,
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Table4 Summary of the resulis of the newbom and young rat study of 2,4-di-rert-butylphenol

Newborn rat study
Dose (mg/kg/day) 5 40
Death - -
Clinical signs - -

Body weight changes - -
Urinalysis n.d. n.d.
Hematological changes - -
Blood bicchemical changes - -
Changes in relative organ weights  —

Histopathological findings -
Developmental parameters - -

F: Liver 14%T

F: Fatty degeneration in liver

300
M: 2112, F: 1112
Decrease in locomotor activity
bradypnea, hypothermia
9-25%L
n.d.
Varioust
Liver 39-51%T, Kidney 37-41%1
M: Spleen 24%.1
Various changes in liver and kidney}

Young 1at study
Dose (mg/kg/day) 5 20
Death - _
Clinical signs - -
Body weight changes - -
“Urinalysis — _
Hematological changes - -
Blood biochemical changes - -

Changes in relative organ weights - -
Histopathological findings n.d, n.d.

Slight delay in preputial separation

s 300

- uvTsGl ord
- Various§
F: TchoT PhoT M: TBT
F: TchoT Phot
F: Liver 13%T Liver 40-43%T
- Various changes in
liver and kidney{

Data on death are shown as no. of dead animals/no. of animals examined, according to sex. Statistically significant increases (P < 0.05)
in body weights, urinalysis and blood biochemical parameters, and relative organ weights are shown as T, while decreases are shown as
J. Changes observed only in males or females are shown as ‘M’ or ‘F’, respectively, while neither “M’ nor ‘F' is mentioned in the case of
. changes noted in both sexes. 1Increase in total bilirubin and decrease in the A/G ratio in both sexes, increase iny-GTP in males, and increase

in total protein and BUN in females were noted. $Various changes were observed as shown in Table 3, §Various hematological changes
were noted such as decrease in hemoglobin and hematocrit and increase in segmented neutrophils in females and prolongation of PT and
APTT in maies. {Various changes were observed as shown in Table 5. OP: osmotic pressure; Pho: phospholipid; SG: specific gravity; TB:
total bilirubin; Tcho: total cholesterol; UV: urine volume; — no change; n.d.: not determined.

or critical histopathological damage (Koizumi et al. 2001}. We here
tried to apply this UETL approach to the present study. For 2TBP,
clinical signs such as decrease in locomotor activity and ataxic gait
were noted in most of the animals given 200 mg/kg (newborn rats)
and 500 mg/kg (young rats) (Table 2). Furthermore, a 8-17% low-
ering of body weight was observed at 200 mg/kg in newbom rats,
but not in the young rat study. Therefore, equivalent toxic effects
to these observed at 500 mg/kg in young-rats might be cxpected to
appear at 100-150 mg/kg in newbom animals. The UETLs were
concluded to be 100-150 and 500 mgfkg/day in newborn and
young rats, respectively, In the case of DTBP, clear toxicity was
observed at the top dose of 300 mg/kg in both newborn and young
rat studies (Table 4), but the level of severity was very different, for
example, deaths were only noted in the newborn cases. It was
considered difficult to estimate the UETLs from the results of main
studies only. However, the most critical endpoint for toxicity, mor-
tality, was also'noted at 100 mg/kg and more, and 500 mg/kg, in
the dose-finding studies of newbom and young rats, respectively.
Therefore, it would be possible to estimate the appropriate UETLs
as the minimum lethal dose by taking the results of the dose-finding
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studies into consideration. The UETLs were concluded to be
100 mg/kg/day for the newborn, and 500 mg/kg/day for young rats,
at which one out of eight rats was found dead in both cases. These
analyzes of UETLs, considering equivalence in toxic degree,
showed 3.3-5.0 times higher susceptibility of newborn rats to 2TBP
and DTBP than young rats, consistent with our analytical results
for NOAELs.

Higher susceptibility of newbom rats was also demonstrated
in our_previous analyzes of five phenols (4-nitrophenol, 2.4-
dinitrophenol, 3-aminophenol, 3-methylphenol and 2.4.6-
trinitrophenol) (Koizumi ef 2f. 2001, 2002, 2003; Takahashi et al.
2004), considered mainly due to thejr poor metabolic and excretory
capacity (Horster 1977; Cresteil ef al. 1986). It has actually been
reported that UDP-glucuronyltransferase and sulfotransferase
activities, when 4-nitrophenol is used as the substrate, are lower in
microsomes prepared from livers of newborn rats, and that the
elimination rate of 2,4-dinitrophenol from serum of newborn rab-
bits is markediy slower than in young adults (Gehring & Buerge
1969; Matsui & Watanabe 1982). Unfortunately, there is no infor-
mation on the toxicity mechanism and toxicokinetics of both 2TBP



152

M. Hirata-Koizumi et al,

Table 5 Histopathological findings for the young rat study of 2,4-di-ters-butylphenol

Scheduled-sacrifice groupt Recovery group

Dose (mg/kg/day) Grade 0 75 300 0 300

No. of animals examined (Male/Female) 6/6 6/6 6/6 6/6 6/6

Liver

— Centrilobutar hypertrophy of hepatocytes + 00 0/0 4/4 0/0 0/0

Kidneys

— Basophilic tubules + 0/0 0/0 1/4 0/0 . 31
++ 0/0 0/0 4/0 0/0 2/0
b 0/0 0/0 1. 0/0 1/0

— Qranular casts + o0 0/0 5/2 0/0 40
++ 0/0 0/0 1/1 0/0 0/0

— Proteinaceous casts + Q0 00 5/1 0/0 210
++ /0 /0 1/ 00 0/G

TNo histopathological examination was conducted for the 5 and 20 mg/kg scheduled-sacrifice groups. +, mild; ++, moderate; +++,

marked.

and DTBP; however, the immature funcfions involved in the toxi-
cokinetics in newborn rats would be implicated in the higher
susceptibility, as in the case of five phenols previcusly analyzed.
While there are very little data on toxicokinetics of environmental
chemicals in the newbomn, relatively plentiful information has
been reported in humans for pharmaceuticals which are clinically
applied during the early postnatal period. Recently, Ginsberg et al.
{2002) conducted comparative analysis of pharmacokinetic param-
eters for 45 drugs in both children and adults, and showed half-
lives in children aged two months or under to generally be two-fold
Ionger than in adults.

As for the susceptibility of the newbom to toxicity of chemicals,
although it is generally important to take the sensitivity of target
organs and tissues themselves (toxicodynamies) into consideration
besides loxicokinelics, there are insufficient dala on differences
between newborn and young/adult animals. For appearance of tox-
icity, which is the outcome of toxicokinetics and toxicodynamics,
some comparative studies have relied on EDsp values (Goldenthal
1971; Sheehan & Gaylor 1990). However, it 1s not considered that
information on acute toxicity at lethal dosage is appropriate when
considering the susceptibility of newbom in risk assessment,
because dose-response curves could differ, as mentioned above.
With prolonged, subtoxic doses, which are basis for TDI or ADI,
our series of comparalive studies constitute the first systematic
asscssment, providing an important base for development of new
methods of risk assessment of susceptibility of the newborn.

In conclusion, clinical signs and effects on the liver were
observed for 2TBP, and hepatic and renal toxicity for DTBP.
Although there were no clear differences in toxicity profiles
between the newbormn and young rats for both chemicals, the tox-
icity levels differed markedly. The susceptibility of the newborn to

these chemicals appears to be 4-5 times higher than that of young
animals. .
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FOREWORD: This report presents the results of the bioassay of
1,5-naphthalenedianine conducted for the Carcinogenesis Testing Pro-
gram, Division of Cancer Cause and Prevention, National Cancer Insti-
tute (NCI), National Institutes of Health, Bethesda, Maryland. This
is one of a series of experiments designed to determine whether se-
lected chemicals have the capacity to produce cancer in animals. Neg-
ative results, in which the test animals do not have a significantly
greater incidence of cancer than control animals, do not necessarily
mean the test chemical is not a carcinogen because the experiments
are conducted under a limited set of circumstances. Positive results
demonstrate that the test chemical is carcinegenic for animals under
the conditions of the test and indicate a potential risk to man. The
actual determination of the risk to man from apimal carcinogens re—
quires a wider analysis.

CONTRIBUTORS: This bicassay of 1,5-naphthalenediamine was conducted
by Mason Research Institute, Worcester, Massachusetts, initially
under direct contract to the NCI and currently under a subcontract
to Tracor Jiteo, Inec., prime contractor for the NCI Carc1nogene51s
Testing Program.

The experimental design was determined by the NCI Project Offi-
cers, Dr. J. H. Weisburger (1,2) and Dr. E. K. Weisburger {(1)}. The
principal investigators for the contract were Dr. E. Smith (3} and
Dr. A, Handler (3). Animal treatmeat and observation were supervised
by Mr. G. Wade (3) and Ms. E. Zepp (3). Chemical analysis was per-
formed by Midwest Research Imstitute (4) and the analytical results
were reviewed by Dr. B. Zimmerman (5).

Histopathologic examinations were performed by Dr. A. S. Krishna
Murthy (3), Pr. A. Russfield {3) and Dr. D. 8. Wyand {3) at the Mason
Research Imstitute, the pathology marratives were written by Dr. A.
Russfield (3) and Dr. D. 5. Wyand (3), and the diagnoses included in
this report represent the interpretation of these pathologists. His-
topathology findings and reports were reviewed by Dr. R. L. Schueler

(6).

Compilation of individual animal survival, pathology, and sum-—
mary tables was performed by EG&G Mason Research Institute (7); the
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statistical analysis was performed by Mr. W. W. Belew (5,8) and Mr.
R. M. Helfand (5}, using methods selected for the Carcinogenesis
Teésting Program by Dr. J. J. Gart (9).

This report was prepared at METREK, a Division of The MITRE Cor-
poration (5) under the direction of the NCI. Those responsible for
this report at METREK are the project coordinator, Dr. L. W. Thomas
(5), task leader Dr. M. R. Kornreich (5,10), senior biologist Ms. P.
Walker (S5), biochemist Mr. §. C. Drill (5), and technical editor Ms.
P. A. Miller (5). The final report was reviewed by members of the
participating organizations.

The following other scientists at the National Cancer Institute
were responsible for evaluating the bioassay experiment, interpreting
the results, and reporting the findings: Dr. K. €. Chu {1}, Dr. C.
Cueto, Jr. (1), Dr. J. F. Douglas (1), Dr. D. G. Coodman (1,10), Dr.
R. A. Griesemer (1), Dr. M. H. Levitt (l}, Dr. H. A. Milman (1), Dr.
T. W. Orme (1), Dr. R. A, Squire (1,11), Dr. 8. F, Stimson (1), Dr.
J. M. Ward (1), and Dr. C. E. Whitmire (1).

1. Carcinogenesis Testing Program, Division of Cancer Cause and
Prevention, Natiomal Cancer Institute, National Institutes of
Health, Bethesda, Maryland.
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Missouri.
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SUMMARY

A biocassay of 1,5~naphthalenediamine for possible carcinogenicity
was conducted using Fischer 344 rats and B6C3F1 mice. 1,5-Naphthalene-
diamine was administered in the feed, at either of two concentrations,
to groups of 50 male and 50 female animals of each species. The high
and low dietary concentrations utilized in the chronic bicassay were,
respectively, 0.1 and 0.05 percent for rats and 0.2 and D.l percent
for mice. The compound was administered in the diet for 103 weeks,
followed by up to 4 weeks of observation. Fifty mice of each sex and
25 rats of each sex were placed on test as controls. These animals
were observed for up to 110 weeks.

There were no significant positive associations between the ad~
ministered concentrations of 1,5-naphthalenediamine and wortality in
either sex of rats or mice. In all groups adequate numbers of animals
survived sufficiently long to be at risk from late-developing tumors.

Among dosed female rats, a statistically significant increase
in endometrial stromal polyps -was observed. Several of these tumors
underwent malignant transformation to endometrial stromal sarcomas.
The incidenrce of female rats having either adenoma or carcinoma of
the clitoral gland was statistically significant. No neoplasms were
observed at significantly increased incidences in dosed male rats.
Based on lack of clinical signs or weight loss, the male rats may
have been able to withstand a higher dose.

In mice, dose-related increases in thyroid neoplasms were observed
in both sexes. The incidence of thyroid C-cell carcinomas was signifi-
cant for high dose female mice. The combined incidences of papillary
adenomas, follicular-cell adenomas and “papillary cystadenomas of the
thyroid were significant for mice of both sexes. The incidence of
hepatocellular carcinomas and the incidence of alveolar/bronchiolar
adenowmas were each significant for dosed female mice.

Under the conditions of this bioassay, |,5-naphthalenediamine was
carcinogenic in female Fischer 344 rats, causing clitoral and uterine
neoplasms. 1,5-Naphthalenediamine was also carcinogenic for B6C3F]
mice, producing thyroid neoplasms in males and neoplasms of the thyroid,
liver, and lung in females. Insufficient evidence was provided for the
carcinogenicity of the compound in male Fischer 344 rats.

vii

36



TABLE OF CONTENTS

I. INTRODUCTION

IT. MATERIALS AND METHODS

A.
B.
C.
D.
E.
F.
G.
H.

Chemicals

Dietary Preparation

Animals

Animal Maintenance

Selection of Initial Concentrations
Experimental Design

Clinical and Histopathologic Examinations
Data Recording and Statistical Analyses

I1I1. CHRONIC TESTING RESULTS: RATS

Body Weights and Clinical Observatioms
Survival

Pathology

Statistical Analyses of Results

IV. CHRONIC TESTING RESULTS: MICE

A.
B.
C.
.

Body Weights and Climical Observations
Survival

Pathology

Statistical Analyses of Results

V. DISCUSSION

VI. BIBLIOGRAPHY

APPENDIX A
APPENDIX B

APPENDIX C

APPENDIX D

SUMMARY QF THE INCIDENCE OF NEOPLASMS IN
RATS TREATED WITH 1,5-NAPHTHALENEDIAMINE

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN
MICE TREATED WITH 1,5-NAPHTHALENEDIAMINE

SUMMARY OF THE INCIDENCE OF NONWNEOPLASTIC
LESIONS IN RATS TREATED WITH l,5-NAFHTHA-
LENEDIAMINE

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC

LESIONS IN MICE TREATED WITH 1,5-NAPHTHA-
LENEDIAMINE

37

I~

20
20
23
26

39
39
39
42
44
54

56

D-1



I. TINTRODUCTION

1,5-Naphthalenediamine (Figure 1) (NCI No. C03021), a bicyclic
aromatic amine used in the dye industry, was selected for biocassay by
the Natiomal Cancer Institute because of the high incidence of bladdef
cancer reported among dye manufacturing industry workers (Anthony and
Thomas, 1970; Wynder et al,, 1963). Aromatic amines are one class of
chemicals believed to contribute to the increased cancer risk in this
industry {Wynder et al., 1963). The structural similarity of 1,5~
napﬂthalenediamine te both the human bladder carcimogen 2-maphthyla-
mine (International Agency for Research on Cancer [IARC], 1974) and
the suspected carcinogen l;naphthyiamine (TARC, 1974) was an addi-
tional factor in its selection for testing.

The Chemical Abstracts Service (CAS) Ninth Collective Index

(1977) name for this compound is 1,5—naphthalenediamine.* It is alse
known as l,5-diaminomnaphthalene.
1,5-Naphthalenediamine can be used as an oxidation base {Colour

Index [C.I.] 76595}, an intermediate in the synthesis of the dye
Napﬂthylene Red (C.I. 21650) (Society of Dyers and Colourists, 1956),
and in the production of a black trisazo dye for cotton (Taube, 1973).
1,5-Naphthalenediamine has also been used as a precursor for 1,5-naph- -
éhalenediisocyanate (Hirai and Yamamoto, 1975); as an intermediate

in the synthesis of drugs for the symptomatic treatment of asthma oxr

- .
The CAS registry number is 2243-62-1
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FIGURE 1
CHEMICAL STRUCTURE OF 1,6-NAPHTHALENEDIAMINE

2
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rhinitis (Hall, 1976}; as a component of piperazine-modified aromatic
polyamides (Fujiwara et al., 1974); and as a modifier for phenolic
resing used in rapid curing compounds (Freeman et al., 1974); however,
these uses appear to be purely experimental.

Specific production data for 1,5-naphthalenediamine are not
available; however, the exclusion'of this compound from the 1977

Directory of Chemical Producers, U.S.A. (Stanford Research Institute,

1977) implies that it is not produced in commercial quantities (in
excess of 1600 pounds or $1000 in value annually).

The potential for exposure to 1,5-naphthalenediamine may be
greatest for workers in the dye industry andvpersons engaged in

chemical research with this compound.
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II. MATERIALS AND METHODS

A. Chemicals

I,5-Naphthalenediamine was purchased from Carroll Products, Wood
River Junction, Rhode Island by the NCI for Mason Research Inétitute,
Worcester, Massachusetts, and chemical analysis was performed by Mid-
west Research Institute, Kansas City, Missouri. The experimentally
determined melting point of 190° to 191°C suggested a compound of
high purity based on its narrow range and its close proximity to the
value (190°C) reported in the literature (Pollock and Stevens, 1965).
Elemental analysis was consistent with CIOHLONZ' the molecular formula
for 1,5-naphthalenediamine. However, nonaqueous amine group titration
was approximately 89 to 90 percent of that expected on a theoretical
basis, Vapor-phase chromatography revealed one homogeneous peak, but
thin-layer chromatography utilizing two solvent systems (acetone:ammo-
nium hydroxide and methylethylketone:formie acid}, each visualized with
254 nm and 367 nm light, indicated the presence of one nommotile im~
purity. Nuclear magnetic‘and infrared analyses were consistent with

the structure of the compound. Ultraviolet analysis showed X ax at
. m

232, 328 and 498 nm with ¢ values of 62,800, 10,640 and 9, respec-

tively. The literature (Sadtler Standard Spectra) indicates a Kmax

at 328.5 nm with ¢ = 10,000 for 1,5-naphthalenediamine. The observed
€ at 328 nm was 10,640 {6 percent greater than expected}.

Throughout this report the term 1,5-naphthalenediamine is used

to represent this compound.
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B. Dietary Preparation

The basal laboratory diet for both dosed and control animals
consisted of Wayne Lab—Blox()(Allied Mills, Inc., Chicage, Illinois).
1,5-Naphthalenediamine was administered to the dosed animals as a
component of the diet. Under an exhaust hood, proper amounts of the
chemical were removed from the stock bottle. The compound was
blended in an aluminum bowl with an aliquot of the ground feed.

Once visual homogeneity was attained, the mixture wasg placed into a
6 kg ;apacity Patterson-Kelley twin-shell stainless steel V-blender,
along with the remainder of the meal and blended for 20 minutes.
Prepared diers were placed in double plastic bags and stored in the
dark at 4°C. The mixture was used for I week only.

C. Animals

Two animél species, rats and mice, were used in the carcinogeni-
city bioassay. Fischer 344 rats and B6C3F]l mice were obtained through
contracts of the Division of Cancer Treatment, National Cancer Insti~
tute. All animals were obtained from Charles River Breeding Labora-
tories, Inc., Wilmington, Massachusetts. Dosed and control animals
were received in separate shipments. Upon arrival, a sample of ani-
mals was examined for parasites and other signs of disease. ALl ani-
mals appeared to have parasites. They were treated with 3.0 gm of
piperazine adipate per liter of drink;ng water, ad libitum, for 3
days, followed by 3 days of plain tapwater and 3 subsequent days of

piperazine adipate administration. During this period, new cages
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with fresh bedding were provided daily. Animals were held in quar-
antine by species for 2 weeks prior to initiation of test, Animals
were %ssigned to groups and distributed among cages so that average
body weight per cage was approximately equal for a given sex and
species.

D. Animal Maiantenance

All animals were housed by species in rooms having a temperature
range of 23° to 34°C. Incoming air was filtered through Tri-Dek
15/40 denier Dacrod:)filters (Tri=-Dim Filter Corp., Hawthorne, New
Jersey) providing six changes of room air per hour. Fluorescent
lighting was provided on a iz-hour—daily cycle.

Rats were housed five per cage by sex. During quarantine and
for the first 14 months of study rats were housed in galvanized-steel
wire-mesh cages suspended over newspapers. Newspapers under cages
were replaced daily and cages and racks washed weekly. For the re-
mainder of thé study, rats were held in suspended polycarbonate cages
eguipped with disposable nonwo;’en fiber filter shee!:.s. Clean bedding
and cages were provided twice weekly. SAN4I—CEﬂE)corncob bedding
(Paxton Processing Company, Paxton, Illinois) was used for the first
2 months that rats were housed in polycarbonate cages. For the re-
‘mainder of the study, Aspen hardwood chip bedding (American Excelsior
Company, Baltimore, Maryland) was used, Stainless steel cage racks
wvere cleaned once every Z weeks, and disposable filters were replaced

at that time.
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Mice were housed by sex in polycarbonate shoe box type cages.
Gages were fitted with perforated stainless steel lids (Lab Products,
Inc., Garfield, New Jersey). WNouwoven fiber filter bonnets were used
over cage lids. Control mice were housed ten per cage for the first
month of study and five per cage thereafter. Dosed mice were held
five per cage throughout the study. Clean cages, lids, and bedding
were provided twice per week., SAN—I—CEﬂE)was used during the first 9
months of study. A second corncob bedding (Bed~o~Cobs@% The Andersons
Cob Division, Maumee, Ohio) was used for the next 8 months. Aspen
bedding was used for the remainder of the study. Reusable filter
bonnets and pipe racks were sanitized every 2 weeks throughout the
study.

Water was available from 250 ml polycarbonate water bottles
equipped with rubber stoppers and stainless éteel sipper tubes.
Bottles were replaced twice weekly anﬁ, for rats only, water was
supplied as needed between changes. Food and water were available
ad libitum.

Wayne Lab—ﬁloé@)meal wag supplied to rats for 12 months and mice
for 11 months from Alpine(® aluminum feed cups (Gurtin Matheson Scien—
tifie, Imc., Woburn, Massachusetts) containing stainless steel baffles.
After that period, meal was supplied from stainless steel gangstyle
food hoppers (Scientific Cages, Inc., Bryan, Texas). During the

2~year period of chemical administration, dosed animals were supplied
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with meal containing the apprupriate concentrations of 1,5-naphthalene-
diamine. Control animals had untreated meal available. Food hoppers
were changed on the same schedule as were cages. Food was replemished
daily in AlpineCDfeed CUPS. .

All rats utilized in the 1,5-naphthalenediamine bioassay were
housed in a room with other rats receiving diets cqntainiug* acetyl-
aminofluorene (53-96-3); sodium nitrite (76-32-00-0)}; L-arginine gluta~
mate (4320-30-3); N-butylurea (592-31-4); N,N—dimethylﬂﬁ-nitrosoaﬁiline
(138-89-6); 2,5~toluenediamine sulfate (6369-59-1); 2,4-dinitrotoluene
(12i—l4—2); 4-nitroanthranilic acid (619~17-0); N-(l-naphthyl)ethylene-
diamine dihydrochloride (1465-25-4); 2~chloro-p-phenylenediamine sul-
fate (61702-44-1); aniline hydrochloride (142-04-1); and p-anisidine
hydrochloride (20265-97-8).

Dosed mice were in a room with mice intubated with m—cresidine
(102-50-1); and with other mice receiving diets containing N-(l-naph-~
thyl)ethyienediamine dihydrochloride (1465-25-4) and lH-benzotriazole
{95~14-7). Control mice were in a room with other mice receiving
diets containing hydrazobenzene (530-50-7); 2,3,5,6-tetrachloro—4-
nitroanisole (2438-88-2); tris(2,3-dibromopropyl)phosphate (126-72-7);
N-{l-naphthyl)ethylenediamine dihydrochloride (1465-25-4); aniline

hydrochloride (142-04-1); and 2-chloro—o-phenylenediamine sulfate.

* . . .
CAS registry numbers are given in parentheses.
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E. Selection of Initial Concentrations

In order to establish the maximum tolerated concentrations of
1,5-naphthalenediamine for administration to dosed animals in the
chronic studies, subchronic toxicity studies were conducted with both
rats and mice. Animals of each species were distributed among six
groups, each consisting of five males and five females. 1,5-Naphtha-
lenediamine was incorporated into the basal laboratory diet and sup-
plied ad libitum to five of the six rat groups and five of the six
mouse groups in concentrations of 0.03, 0.1, 0.3, 1.0, and 3.0
percént. The sixth group of each species served as a control gréup,
receiving only the basal laboratory diet. The dosed dietary prepa~
rations were administered for & weeks.

The highest conceutration causing no deaths, no compound-related
gross abnormalities, and no mean body weight depression in excess of
20 percent relative to controls was selectedvas the high concentration
for the chroanic bioassay.

Deaths were recorded for all groups of rats receiving'concen—
trations of 0.3 percent or more. Mean body weight depression was
approximately 19 and 9 percent, respectively, iﬁ males and females
dosed with 0.l percent l,5-naphthalenediamine. The coﬁcentration
of I,S-naphthalehediamine selected for administration as the high
dose in the rat chronic bicassay was 0.1 percént. |

Deaths were recorded for all groups of mice receiving concen—

trations of 0.3 percent or more and in the group of female mice
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receiving 0.03 percent. Mean body weight depression was approximately
22 and 3 percent, reSpectively, in males and females dosed with 0.3
percent. Males receiving 0.1 percent experienced mean body weight
depression of approximately 3 percent, while females receiving the

s ame concentration had a greater mean body weight tﬁan the controls.
The concentration of 1,5—naphthalenediaﬁine selected for administra-
tion as the high dose in the mouse chronic bioassay was 0.2 percent.

F. Experimental Design

The experimental design parameters for the chronic study (spe-
cies, sex, group size, concentrations administered, and duration of
treated and untreated observation periods) are summarized in Tables
1 and 2.

Rats were all approximately 7 weeks old at the time they were
placed on test. Dosed rats were born approximately 1 month earlier
than controls and were started om test 1 month earlier than controls,
The dietary concentrations of l,5-naphthalenediamine administered
were 0,10 and 0.05 percent. Throughout this report those rats
receiving the former concentration are referred to as the high dose
groups and those receiving the latter concentration are referred to

‘as the low dose groups., The dosed rats were supplied with feed com-
taining 1,5-naphthalenediamine for a total of 103 weeks, followed by
a2 3—- to 4-week observation period.

All mice were approximately 7 weeks old at the time they were

placed on test. Dosed mice were born approximately 1 month earliex

io
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TABLE 1

DESIGN SUMMARY FOR FISCHER 344 RATS
1,5-NAPHTHALENEDIAMINE FEEDING EXPERIMENT

1,5-NAPHTHALENE-

INITIAL DIAMINE OBSERVATICN PERIOD
GROUP CONCENTRATION TREATED UNTREATED
SIZE ( PERCENT) {WEEKS) (WEEKS)
MALE
CONTROL 25 0 0 109
LOW DOSE 50 0.05 103
0 3
HIGH DOSE 50 0.10 103
0 3
FEMALE
CONTROL 25 0 0 110
LOW DOSE 50 0.05 103
0 3
HIGH DOSE 50 0.10 103
0 4
11
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DESIGN SUMMARY FOR B6C3F1 MICE

TABLE 2

1,5-NAPHTHALENEDIAMINE FEEDLNG EXPERIMENT

1,5-NAPHTHALENE-

INITIAL DIAMINE OBSERVATION PERIOD
GROUP CONCENTRATION TREATED UNTREATED
SIZE (PERCENT) (WEEKS)  (WEEKS)
MALE
CONTROL 50 a g 109
LOW DOSE 50 0.1 103
0 2
HIGH DOSE 50 0.2 103
0 2
~ FEMALE
CONTROL 50 0 0 109
LOW DOSE 50 0.1 103
1} 2
HIGH DOSE 50 0.2 103
1] 3.
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than controls and were started on test 1 month earlier than controls.
The dietary concentrations of l,5-naphthalenedismine administered
were 0.2 and 0.1 percent. Throughﬁut this report those mice receiv-
ing the former concentration are referred to as the high dose groups
and these receiving the latter concentration are referred to as the
low dose groups. The dosed mice were supplied with feed containing
1,5-naphthalenediamine for a total of 103 weeks, followed by a 2- to
3-week observation period,

G. Clinical and Histopathologic Examinations

Animals were weighed immediately prior to initiation of the
experiment. Body weights were recorded twice weekly for the first
12 weeks of the study and at monthly intervals thereafter. From the
first day, all animals were inspected twice daily for mortality.

Food consumption, for two cages from each group, was monitored for
seven consecutive days once a month for the first nine months of the
bigassay and for three comsecutive days each month thereafter. The
presence of tissue masses and lesions was determined by monthly ob-
servation and palpation of each animal.

A necropsy was performed on each animal regardless of whether it
died, was killed when moribund, or was sacrificed at the end of the
bicassay. The animals were euthanized by carbon dioxide inhalation,
and were immediately necropsied. The histbpathologic exam{uatiok con~

sisted of gross and microscopic examination of major tissues, organs,

13
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and gross lesions taken from sacrificed animals and, whenever possi-
ble, from animals found dead.

Tissues were preserved in 10 percent buffered formalin, embedded
in paraffin, sectioned, and stained with hematoxylin and eosin prior
to microscopic examination. An occasional section was subjected to
special staining technigues for more definitive diagnosis.

Slides were prepared from the following tissues: skin, subcuta-
meous tissue, larynx, lungs and bronchi, trachea, bone marrow, spleen,
lymph nodes, thymus, heart, salivary gland, liver, gallbladder (mice),
pancreas, esophagus, stomach, small intestine, large intéstine, kid-
ney, urinary bladder, pituitary, adrenal, thyroid, parathyroid, ear,
brain, testis, prostate, uterus, mammary gland, and ovary.

A few tissues were not examined for some animals, particularly
for those that died early. Also, some animals were missing, canni~
balizea, or judged to be in such an advanced state of autolysis as to
preclude.histopathologic interpretation. Thus, the number of animals
for which particular organs, tissues, or lesions were examined micro-
scopically varies and does not necessarily represent the number of
animals that were placed.on experiment in each graup.

H. Data Recording and Statistical Analyses

Pertinent data on this experiment have been recorded in an auto-~
matic data processing system, the Carcinogenesis Bicassay Data System
(Linhart et al., 1974). The data elements include descriptive infor-

mation on the chemicals, animals, experimental design, clinical

14
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observations, survival, body weight, and individual pathologi? results,
as recommended by the International Union Against Cancer (Berenblum,
1969). Data tables were generated for verification of data.transcrip-
tion and for statistical review.

These data were analyzed using the statistical techniques de-
scribed in this section. Those analyses of the experimental results
that bear om the possibility of carcinogenicity are discussed in the
statistical narrative sections.

Probabilities of survival were estimated by the product-limit

'procedure of Kaplan and Meier (1958) and are presented in this report
in the form of graphs. Animals were statistically censored as of the
time that they died of other than natural causes or were found to be
missing; animals dying from natural causes were nobt statistically
censored. Statistical analyses for a possible dose-related effect
on survival used the method of Cox (1972) when testing two groups for
equalit§.and used Tarone's (1975) extensions of Cox's methods when
testing a dose-related trend. One-tailed P-values have been reported
for all tests except the departure from linearity test, which is only
reported when its two-tailed P-value is less than 0.05.

The incidence of neoplastic or nonneoplastic lesiomns has been
given as the ratio of the number of animals bearing such lesions at a
specific anatomic site (numerator) to the number of animals in which
that site was examined (denominator). In most instances, the denomi-

nators included only those animals for which that site was examined
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noted, the direction of the significant trend'was a positive dose re-
lationship. This method also provides a two-tailed test of departure
from linear trend.

A time-adjusted analysis was applied when numerous early‘deaths
resulted from causes that were not associated with the formation of
tumors. In this analysis, deaths that occurred before the first
tumor was observed were excluded by basing the statistical tests on
animals that survived at least 52 weeks, unless a tumor was found at
the anatomic site of interest before week 52. When such an early
tumor was found, comparisons were based exclusively on animals that
survived at least as long as the animal in which the first tumor was
found. Once this reduced set of data was obtained, the standard pro-
cedures for analyses of the incidence of tumors (Fisher exact tests,
Cochran—Armitage tests, etc.) were followed.

When appropriate, life-table methods were-used to analyze the
incidence of tumors. Curves of the proportions surviving without am
observed tumor were computed as inm Saffiotti et al. (1972). The week
during which animals died naturally or were sacrificed was entered as
the time point of tumor observation. Cox's methods of comparing
these curves were used for two groups; Tarone's éxtension to testing
for linear trend was used for three groups. The statistical tests for
the incidence of tumors which used life-table methods were omne-tailed

and, unless otherwise noted, in the direction of a positive dose
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relationship. Significant departures from linearity (P < 0.0G3, two-
tailed test) were also noted.

The approximate 95 percent confidence interval for the relative
risk of each dosed group compared to its control was calculated from
the exact interval on the odds ratio (Gart, 1971). The relative risk
is defined as pt/pc where pt is the true binomial probability of.the
incidence of a specific type of tumor in a treated gioup of animals
and P, is the true probability of the spontaneous incidence of the
same type of tumor in a control group. The hypothesis of equality
between the true proportion of a specific tumor in a treated group
and the proportion in a control group corresponds to a relative risk
of unity. values in excess of unity represent the condition of a
larger proportion in the treated group than in the coﬁtrol.

The lower and upper limits of the confidence interval of the
relative risk have been included in the tables of statistical analy-
ses, The interpretation of the limits is that in approximétely 95
percent of a large number of identical experiments, the true ratio
of tﬁe risk in a treated group of animals to that in a control group
wquld be within the interval calculated from the experiment. When
the lower limi't of the confidence interval is greater than one, it
can.be inferred that a statistically significant result (a P < 0.025
one-tailed test whem the control incidence is not- zero, P < 0.050
when the control incidence is zero) has pecurred. When the lower

limit is less than unity but the upper limit is greater than unity,
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the lower limit indicates the absence of a significant result while
the upper limit indicates that there is a theoretical possibility

of the induction of tumors by the test chemical which could not be

detected under the conditions of this test.

19

56



I11. CHRONIC TESTING RESULTS: RATS

A, Body Weights and.Clinical Observations

There was no appreciable depression ip mean body weight when
dosed rats were compared with their respective controls (Figure 2).

Subcutaneous masses were observed in 2 high dose, 3 low dose,
and 1 control males, and in 12 high dose, 3 low dose, and 2 control
females. Crusted cutaneous masses occurrxed in 4 high dose males, 1
low dose male, 2 low dose females, and 1 control female, while firm
nodular growths were detected in 1 high dose, 2 low dose, and 2
control males, and in 1 low dose female. Swelling of the eyes was
exhibited by Z high dose males, 2 high dose females, and 2 low dose
females and swelling of the nose by 1 low dose male, Only.l control
female experienced crusted lesions in the vaginal area while 4 low
dose and 9_high dose females were so effected. Alopecia was recorded
for 1 low dose female, emaciation wés observed in 1 male and 1 female
cgntrol, and 1 female control exhibited abdominal distention.
B, Survival

The estimated probabilities of survival for male and female rats
in the control and 1,5-naphthalenediamine-dosed groups.are'shdwn in
Figure 3. There was no significant positive asgociation between
dosage and mortality for either mzle or female rats.

Adequate numberslof male rats were at risk from late-developing
tumors with 74 percent {37/50) of the high dose, B0 percent (40/50)

of the low dose and 68 percent (17/25) of the control surviving on
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FIGURE 2
GROWTH CURVES FOR 1,5-NAPHTHALENEDIAMINE CHRONIC STUDY RATS
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test until the termination of the study; No lesions were reported
for the 4 control rats that died in week 55.

With 76 percent (38/50) of the high dose, 76 percent {38/50) of
the low dose and 64 percent (16/25) of the control rats surviving on
test until the termination of the study, adequate numbers of females
were at risk from late-developing tumors.

C. Pathology

Histopathologic findings on neoplasms in rats are summarized in
Appendix A (Tables Al and A2); findings on nonneoplastic lesions are
summarized in Appendix € (Tables €l and C2).

The incidence of liver neoplasms in male and female rats admin-
istered 1,5-naphthalenediamine in the diet appeared to be increased
relative to controls. In female rats, tumors of the clitoral gland,
uterus, and C-cell neoplasms of the thyroid appeared to be related

to compound administration, The incidences of these tumors are as

follows:
MALES FEMALES
Con-" Low High Con- Low High
trol Dose Dose trol Dose Dose
LIVER

{Number of animals with tissues
examined histopathologically) (25) (49) (49)  (28) (50) (49)

Neoplastic Nodule 1 3
Hepatocellular Carcinoma 0 4

Mt

0 3 4
0 1 0

PREPUTIAL/ CLITORAL GLAND
{Number of animals necropsied) (25) (49) (500 (24) (50) (50)

Carcinoma 0 0 1 1 3 8
Adenoma 0 0 1 0 1] 5
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MALES FEMALES
Con—~ Low High Con— Low High
trol Dose Dose trol Dose Dose

UTERUS AND ENDOMETRIUM
(Number of animals with tissues

examined histopathologically) - - - (24) (49) (48)
Adenocarcinoma 1 2 4
Endometrial Stromal Polyp 2 14 20
Endometrial Stromal Sarcoma 1 2 2

THYROID
(Number of aunimals with tissues _
examined histopathologically) (21) (&a7) (47) (21) (49) (48)
C-Cell Adenoma ' 0 2 5 0 7 3
C-Cell Carcinoma 2 3 3 o1 5 1
Neoplasms of the clitoral {preputial) gland were presented
grossly as round, fluctuant cystic subcutaneous lesions in the geni-
tal area, which on section were filled with pasty green material. On
microscopic examination, the cyst contents consisted of desquamated
epithelial cells, frequently mixed with leukocytes from secondary
inflammation. The innerx portion of the cyst wall was lined by hyper-
keratinized squamous epithelium often throwm into papillary folds.
Peripheral to.this was a zone of large, round glandular cells at least
a few of which had coarse, brighfly eosinophilic cytoplasmic granules.
1f the peripheral border appeared smooth and intact, the lesion was
classified as an adenoma. TIf there was disorganization of the glan-

dular structure and invasion into the surrounding stroma, the tumor

was called a carcinoma.
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Thyroid C-cell tumors were observed in dosed female rats at
incidences increased relative to controls {4/48 [8 percent] high
dose, 12/49 {24 percent] low dose, 1/21 [5 percent] controls). C-
cell adenomas were discrete masses of these cells, often containing
small cysts lined by flat epithelium and containing colloid-like
material. In C-cell carcinomas, the tumor cells often assumed a
spindle shape and tended to invade su;rounding tissue.

Uterine horns containing neoplasms were usually grossly enlarged.
The neoplasms themselves were varicolored, polypoid, frequently
gelatinous masses projecting into the uterine cavity. Endometrial
stromal polyps had a fibrous connective tissue core richly supplied
with large vessels. The surface of the polyps was covered with well-
differentiated endometrium which often formed glands in the superfi-
cial portion of the polyps. These tumors frequently became necrotic
at the tip and exhibited hemorrhage and secohd&rj inflammation, In
a few rats, the conmective tissue stroma of these lesions underwent
malignant transformation characterized by increased cellularity,
mitoses, and formatiom of plump, pleomorphic nuclei. Such tumors
were classified as stromal sarcomas. A uterine adenocarcinoma was a
collection of fairly well-differentiated glands arranged back-to-back
with no obvious intervening stroma. Nuclei of the glands were
markedly plecmorphic with frequent mitoses, There was invasion into

the myometrium and sometimes into extra uterine structures.
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There were instances in this study, as noted in the summary
tables, where neoplastic lesions occurred only in dosed animals,
or with increased frequency when compared to the control group. No
pulmonary neoplasms were foumd in the controls; alveolar/bronchiolar
tumors were seen in dosed rats of both sexes. There was only one
urinary tract neoplasm in a female control; & few more occurred in
dosed rats, both male and female., WNo gliomas of the brain were seen
in controls; a few gliomas were found in dosed rats of both sexes.,
These neoplasms occurred in such small numbers that a conclusive
interpretation as to their significance is not possible.

Rats in all groups exhibited a variety of nouneoplastic inflam-
matory and degenerative changes, and none were associated with admin-
istration of the compound.

Based upon the results of this path&logic examination, 1,5-naph-
thalenediamine was carcinogenic to female Fischer 344 rats since
feeding of the compound was associated with adenomas and carcinomas
of the clitoral gland. 1In addition, 1,5-naphthalenediamine feeding
appeared to be associated with increased incidences of thyroid, liver
and uterine neoplasms in female rats and liver neoplasms in male-
rats. ‘

. Statistical Analyses of Results

The results of the statistical analyses of tumor incidence in

rats are summarized in Tables 3 and 4. The analysis is included for
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TABLE 3

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT a
SPECIFIC SITES IN MALE RATS TREATED WITH 1,5-NAPHTHALENEDIAMINE

. . . . Low HIGH
TOPQGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Subcutaneous Tissue: Fibroma® | 1/25(0.04) 3/49(0.06) 2/50(0.04)
P Values® N.S. N.S. N.S.
Relative Risk (Control)% — 1.531 1.000

Lower Limit e 0.133 0.056

Upper Limit —_— 78.493 56.712
Weeks to First Observed Tumor 99 106 102
Skin: Squamous~Cell Papillomab 2/25(0.08) 1/49(0.02) 1/50(0.02)
P Values® N.S, N.S. N.S.
Relative Risk (Control)d —_— 0.255 0.250

Lower Limit -_— 0.005 0.004

Upper Limit -— §.707 4.616
Weeks to First Observed Tumor 169 106 106
Lung: Alveolar/Bronchiolar Adencma or

Alveolar/Bronchiolar CarcinomaP 0/25(0.00) 3/49(0.06) 4/47(0.09)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d — Infinite Infinite

Lower Limit - 0.315 0.508
"Upper Limit — Infinite Infinite
Weeks to First Observed Tumor ——— 104 106
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TABLE 3 (CONTINUED)

_ LW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Hematopoletic System: Leukemia ox

Malignant Lymphoma 1/25(C.04) 10/49(0.20) 10/50(0.20)
P Values® _ N.S. N.S. N.S.
Relative Risk fCon‘t:rol)d — 5.102 5.000

Lower Limit — 0.801 Q.787

Upper Limit - 212,137 213,351
Weeks to First Observed Tumor 109 100 97
Liver: Hepatccellular Carcinoma or

Neoplastic NoduleP 1/25(0.04) 7/49¢0.14) 4/49(0.08)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —_— 3.571 2.041

Lower Limit -— 0.503 0.218

Upper Limit —— 156.046 96.949
Weeks to First Observed Tumor 10¢ 106 104
Pituitary: Adenoma NOE, Chromophobe

Adenoma, Acidophil Adenoma, or

Basophil Adenomab 2/22(0.09) 7/44¢0.16) 11/44(0.25)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d e 1.750 2.750

Lower Limit —_— 0.376 0.683
Upper Limit — 16,265 24,081
Weeks to First Observed Tumor o8 96 €5
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TABLE 3 (CONTINUED)

LOW HIGH
TOPOGRAPRY :MORPHOLOGY CONTROL DOSE DOSE
Adrenal: Pheochromocytoma or Malignant )
Pheochromocytoma 2/24(0.08) 4/48(0.08) 5/48(0.10)
P Values® ’ N.S. N.S. N.S.
Relative Risk (Control)® — 1.000 1.250
Lower Limit —_ 0.157 0.226
Upper Limit e 10.563 12,529
Weeks to First Observed Tumor 109 106 i02
Thyroid: C-Cell Carcinomab 2/21(0.10) 3/47(0.06) 3/47(0.06)
P Valves® N.S. N.S. N.S.
Relative Risk (Control)d — 0.670 0.670
Lower Limit —_— 0.084% 0.084
Upper Limit ——— 7.650 7.650
Weeks to First Observed Tumor 97 100 106
Thyrold: C—-Cell Adenoma or (-Cell
Carcinomab 2/21(0.10) 5/47(0.11) 8/47(0.17)
P Valuesc N.S5. N.S. N.S.
Relative Risk (Comtrol)® i 1,117 1,787
Lower Limit - 0.205 0.405
Upper Limit -— 11.249 16.445
Weeks to First Observed Tumor 97 100 104
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TABLE 3 (CONCLUDED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Pancreatic Islets: Islet-Cell Adenoma
or Islet-Cell Carcinomab 1/25(0.04) 2/48(0,04) 5/45(0.11)
P Values® o N.S. N.S. N.S.
Relative Risk (Cont'rol)d —_— 1.042 2.778
Lower Limit . - " 0.058 0.340
Upper Limit — 60.184 128.213
Weeks to First Observed Tumor 98 106 104
Testis: Interstitlal-Cell Tumorb 21/25(0.84) 44/49(0.90) 45/49(0.92)
P Values® ' ¥.S. N.S. N.S.
Relative Risk (Control)d - 1.069 1.093
Lower Limit — 0.890 0,912
Upper Limit — 1.325 1.324
Weeks to First Observed Tumor 97 94 65

aTre_ated groups received doses of 0.05 or 0.10 percent in feed.

bNumber of tumor-bearing animals/number of animals examined at site (proportion).

S The probability level for the Cochran~Armitage test is given beneath the incidence of tumors in
the control group when P < 0.05; otherwise, not significant (N.S5.) is indicated. The probability
level for the Fisher exact test for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not gsignifi-
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa-
tion (N) indicates a lower incidence in the treated-group(s) than in the control group.

dThe 95% confidence interval on the relative risk of the treated group to the control group.



89

1€

TABLE 4

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT

SPECIFIC SITES IN FEMALE RATS TREATED WITH 1,5-NAPHTHALENEDIAMINEa

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Hematopoietic System:; Leukemia or
Malignant LymphomaP 3/24(0.13) 7/50(0.14) 1/50(0.02)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d . -_— 1.120 0.160
Lower Limit —— 0.287 0.003
Upper Limit ——— 6.292 1.890
Weeks to First Observed Tumor 94 76 103
Liver: Hepatocellular Cafcinoma or
Neoplastic Noduleb 0/24(0.00) 4/50(0.08) 4/49(0.08)
P Valuesc N.S. N.S§. N.S.
Relative Risk (Control)d —_— Infinite Infinite
Lower Limit —-— 0.458 0.467
Upper Limit —— Infinite Infinite
Weeks to First .Observed Tumor ——— 102 106
Pitultary: Adenoma NOS, Chromophobe
Adenoma, Acidophil Adenoma, or Baso-
phil Adenomab : 6/21(0.29) 10/50¢0. 20) 17/47(0.36)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d1 — 0.700 1.266
Lower Limit —— 0.275 0.577
Upper Limit — 2.090 3.426
Weeks to First Observed Tumor 91 98 98
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' TABLE 4 (CONTINUED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Pituitary: Carcinoma NOS, Adenoma NOS,
Chromophobe Adenoma, Chromophobe Car-
cinoma, Acidophil Adenoma, or Basophil
Adenomab , 6/21(0,29) 11/50(0.22) 18/47(0.38)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d e 0.770 1.340
Lower Limit ‘ - 0.312 0.618
Upper Limit —— 2.262 3.606
Weeks to First Observed Tumor 91 88 98
Adrenal: Cortical Adenoma or Cortical ,
CarcinomaP : 0/24(0.00) 3/50¢0.06) 1/49(0.02)
P Values® N.S. ©N.S. N.S.
Relative Risk (Control)d - Infinite Infinite
Lower Limit —_— 0.297 0.027
Upper Limit —— Infinite Infinite
Weeks to First Observed Tumor —— 106 106
Adrenal: Pheochromocytomab 1/24(0.04) 0/50(0.00) 3/49(0.06)
P Values® 1.8, ¥.S. N.S.
Relative Risk (Control)® — 0.000 1.469
Lower Limit —_— 0.000 0.127
Upper Limit —— B.966 75.534

Weeks to First Observed Tumor 110 ——

106
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TABLE 4 (CONTINUED)

] . LOW HIGH
TOPOGRAPHY :MORPHOLOGY " CONTROL DOSE DOSE
Thyroid: C-Cell Ca;cinomab 1/21(0.05) 5/49{0,.10) 1/48(0.02)
P Values® N.S. N.S. N.S.
Relative Risk (Control)? — 2,143 0.438
Lower Limit —— 0.266 0.006
Upper Limit - 99.147 33,659
Weeks to First Observed Tumor 109 106 106
Thyroid: C-Cell Adenoma or C~Cell
Carcinoma ' 1/21(0.05) 12/49(0.24) 4/48(0.08)
P Values® N.S. P = 0.046 N.5.
Departure from Linear Trend® P = 0.009 —— ——
Relative Rdisk (Control)d - 5.143 1.750
Lower Limit - 0.855 0.192
Upper Limit- — 215.370 83.548
Weeks to First Observed Tumor 109 104 103
Thyroid: Papillary Carcinoma, Follicular-
Cell Carcinoma, or Papillary
Cystadenocarcinoma Nosb 1/21(0.05) 1/49(0.02) 3/48(0.06)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —_— 0.429 1.313
Lower Limit e 0.006 0.115
Upper Limit - 32.983 67.452
Weeks to First Observed Tumor 110 106 99
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TABLE 4 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Thyrold: Papillary Carcinoma, Follicular-
Cell Carcinoma, Papillary Cystadenocar-
cinoma NOS, or Papillary Cystadenomab . 1/21(0.05) 2/49(0.04) 4/48(0.08)
P Values® ' ' N.S. N.S. N.S.
Relative Risk (Control)d -— 0.857 1.750
Lower Limit —_— 0.648 0.191
Upper Limit - 48,555 84.310
Weeks to First Observed Tumor 110 106 81
Mammary Gland: Fibroadenoma’ 4/26(0.17) 5/50(0.10) 13/50(0. 26)
P Values® , N.S. N.S. N.S.
Relative Risk (Control)S —- 0.600 1.560
Lower Limit —-—— 0.145 0.556
Upper Limit — 2.812 6.019
Weeks to First Observed Tumor 109 102 98
Mammary Gland: Fibroadenoma, Adenocar- b
cinoma NOS, or Papillary Adenocarcinoma  4/24(0.17) 5/50(0.10) 14/506(0.28)
P Values® ) N.S. N.S. N.S.
Relative Risk (Control)d —-—— 0.600 1.680
Lower Limit —— 0.145 0.609
Upper Limit — 2.807 6.412
Weeks to First Observed Tumor 109 102 98




L

St

- TABLE 4 (CONTINUED)

oW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Clitoral Gland: Carcinoma NOS® 1/24(0.04) 3/50(0.06) 8/50(0.16)
P Values® ¥.S. N.S. N.S.
Relative Risk (Control)® — 1,440 3.840
Lower Limit - 0.125 0.566
Upper Limit — 75,487 168,221
Weeks to First Observed Tumor 110 106 69
Clitoral Gland: Adenoma NOS or
Carcinoma NOSP 1/24(0.04) 3/50(0.06) 13/50(0.26)
P Values® P = 0.003 N.8. P = 0.021
Relative Risk (Cdntrol}d —-—— 1.440 6.240
Lower Limit —— 0.125 1.043
Upper Limit — 74,077 258. 268
Weeks to First Observed Tumor 110 106 69
Uterus: Endometrial Stromal Polyp’ 2/24(0.08) 14749(0.29) 20/48(0.42)
P Values® P = 0.003 P = 0.043 P = 0,003
Relative Risk (Control)d ——— 3.429 5.000
Lower Limit ——= 0.892 1.385
Upper Limit - 29.588 41.202
Weeks to First Observed Tumor 102 88 96
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TABLE 4 (CONCLUDED)

Low HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Uterus and Endometrium: Adenccarcinoma
Nosb 1/24(0.04) 2/49(0.04) 4/48(0.08)
P Values® _ N.S. N.S. N.S.
Relative Risk (Control)d _— . 0.980 2.000
Lower Limit —_ 0.054 0.216
Upper Limit —_— 56.627 96,367
Weeks to First Observed Tumor 110 104 106
Zymbal's Gland: Sebaceous Adenocar-
cinoma 0/24(0.00) 0/50(0.00) 3/50(0.06)
P Values® . N.S. N.S. N.S.
Relative Risk (Control)d - —-— Infinite
Lower Limit — — 0.296
Upper Limit o —_— Infinite
Weeks to First Observed Tumor ——— — 89

qrreated groups received doses of 0.05 or 0.10 percent in feed.

Number of tumor-bearing animals/number of animals examined at site (proportion).

“The probability level For the Cochran-Armitage test is given beneath the incidence of tumeors in

the control group when P < 0.05; otherwise, not significant (N.S5.) is indicated.

The probability

level for the Fisher exact test for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signif~
icant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa-

d

©The probability level of the test for departure

group when P <_0.05.

tion (N) indicates a lower incidence In the treated group(s} than in the control group.
The 95% confidence interval on the relative risk of the treated group to the ceontrol group.

from linear trend is given beneath the control



every type of tumor in either sex where at least two such tumors were
observed 'in at least ome of the control or 1,5-naphthalenediamine~
dosed groups and where such tumors were observed in at least 5 per-
cent of the group.

For female rats an increased incidence of endometrial stromal
polyps was observed in both the high and low dose groups compared to
the control group. The Cochran-Armitage test indicated a significant
(P = 0.003) positive association between compound administration and
tumor incidence, The Fisher exact tests supported this result with a
significant (P = 0.003) comparison of the high dose group to the con-
trol; for the low dose cémparison the probability level was P = 0,043,
a marginal result which was not significant under the Bonferroni cri-
terion. Based on these results, the administration of 1,5-naphthal-

"enediamine was associated with an elevated incidence of éndometrial
stromal polyps in female rats.

A number of adenomas NOS and carcinomas NOS of the clitoral gland
were observed in female rats. The Cochran-Armitage test indicated a
significant (P = 0.003) positive association between dose and the
combined incidence of adenomas NOS or carcinomas NOS of the clitoral
gland. The Fisher exact test comparing high dose to control was also
significant (P = 0.021). 1In histofical data collected by this labora-
tory for the NCI Carcinogenesis Testing Program, 4/249 (2 percent) of

the untreated female Fischer 344 rats had one of these tumors, com-

pared to the 13/50 (26 percent) observed in the high dose group im
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this biocassay. Based upon these statistical results, the administra-
tion of 1,5-naphthalenediamine was associated with an elevated iunci-
dence of clitoral gland neoplasms in female rats.,

For females the Fisher exact test comparing control to low dose
for the combined incidence of C~cell adenomas or C-cell carcinomas of
the thyroid had 2 probability level of P = 0.046, a marginal result
which was not significant under the Bonferroni eriteriom.

Based on these statistical tests, it is concluded that I,5-naph-
thalenediamine was carcinogenib for female rats, producing tumors of

the clitoral gland and uterus.
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IV. CHRONIC TESTING RESULTS: MIGE

A, Body Weights and Clinical Observatioms

Mean body weight depression was readily apparent in dosed male
mice when compared to controls. A similar but less pronounced trend
wag evident in dosed females (Figure 4).

One low dose male had a soft subéuﬁaneous mass on the leg and
two males in this group had palpable abdominal masses, . Firm nodular
growths developed in one low dose male and two high dose females,
Alopecia was observed in 27 control males, 16 low dase méles, 4 high
dose males, 25 control females, and 3 low dose females. Two low dose
and two high dose males experienced noticeable swelling of the eyes.
Abdominal distention was observed in one control male and one control
female mouse.

B. Survival

The estimated probabilities of survival for maie and female mice
in the contrel and 1,5-naphthalenediamine-dosed groups are shown‘in
Figure 5. There was no significant positive association between dos-—
age and mortality for either male or female mice. |

Adequate numbers of male mice were at risk from late~developing
tumors with 58 percent (29/50) of the high dose, 78 percent (39/50)
of the low dose and 66 perceﬁt (33/50) of the éontfols surviving on

‘test until the termination of the stud¥, The 6 control male mice
that died in week 11 were autolyzed, as were 2 of the 4 high dose

male mice that died in week 41.
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FIGURE 4

GROWTH CURVES FOR 1,5-NAPHTHALENEDIAMINE CHRONIC STUDY MICE
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FIGURE 5

SURVIVAL COMPARISONS OF 1,56NAPHTHALENEDIAMINE CHRONIC STUDY MICE
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For female mice, with 68 percent (34/50) of the high dose, 82
percent (41/50) of the low dose and 60 percent (30/50) of the control
mice surviving on test until the terminatiom of the study, adequate
numbers were at risk from late-developing tumors.

C. Pathology

Histopathologic findings on neoplasms in mice are summarized in
Appendix B (Tables Bl and B2); findings om nonneoplastic lesions are
summarized in Appendix D (Tables D1 and D2).

Dietar& administration of 1,5-naphthalenediamine produced an
increase in hepatocellular neoplasms in female mice, and it produced
a dose-related increase in thyroid neoplasms and compound-related
nonneoplastic thyroid lesions in both sexes. The compound-related
lesions are summarized below:

MALES FEMALES

Con~ Low High Con- Low  High
trol Dose Dose trol Dose Dose

LIVER
(Number of animals with
tissues examined histo—

pathologically) ‘ (39) (45) (43) (46) (49) (46)
Hepatocellular Carcinoma 12 10 7 1 25 16
Hepatocellular Adenoma o 3 6 0 3 11
THYROID

{Number of animals with

tissues examined hiato-

pathologically) (38) (46) (43 (44) (49) (45)
Follicular-Gell Adenoma

{Papillary or Follicular-Cell

Adenoma, Papillary

Cystadenoma) 0 8 16 2 17 14
Follicular-Cell Carcinoma 0 L 1 2 0 1
Follicular-Cell Hyperplasia 2 12 9 2 1 4
{-Cell Adenoma 0 2 0 0 1 2
C~Cell Carcinoma 0 0 4 0 1 6
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In male mice, dietary administration of the compound did not
increase the incidence of hepatocellular neoplasmg, whereas dosed
females showed a striking increase in hepatocellular carcinowas and
hepatocellular adenomas.

Grossly, hepatocellular neoplasms appeared as smooth, nodular,
rountded masses distorting the normal shape of the liver. Color
varied, many neoplasms appearing pale tan or dark red. Microscopic-—
ally, hepatocellular carcinomas were expansi#e masses of hepatocytes
exhibiting loss of normal architectural pattern,lthe cells being
arranged in sheets or trabeculae instead of the normal lobules.
Nuclei were frequently uniform, although variable amounts of pleomor-
phism did occur. The cytoplasm was either basophilic or acidophilic,
sometimes varying from one region of the tumor to another, and was
frequently pale. Lesions classified as hepatocellular adenomas were
smaller, usually better differentiated, and were less pleomorphic
than the hepatocellular carcinomas.

The criteria for classification of thyroid neoplasms in mice
were the same as those used to clasgsify thyroid neoplasms in ratss
The nonneoplastice tﬂyroid lesions found in dosed mice were similar
to those in the rats but occurred in higher incidences. Hyperplasia
of follicular cells {focal, papillary or ademomatous} were found in
2/38 (5 percent) control, 12/46 (26 percent) low dose, and 2/43 (21
percent) high dose male mice. Abundant golden brown pigment was seen

in follicular epithelium, colloid, and macrophages. In the mice,
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there were frequent foci of lymphocytes in the thyroid parenchyma and
occasional cystic areas filled with amorphous material containing
long clefts suggesting cholesterol crystals.

Three transitional-cell papillomas occurred in the bladder or
urethra of dosed mice (two high dose méles and one high dose female),
but none occurred in controls. ‘ |

Based upon the results of this pathologic examination? 1,5-
naphthalenediamine was carcinogenic to B6C3Fl mice, producing
hepatocellular neoplasms in females and thyroid neoplasms in both
sexes.

D. Statistical Analyses of Results

The results of the statistical analyses of tumor incidence in
mice are summarized in Tables 5 and 6. The analysis is included for
every type of tumor in either sex where at least two such tumors
were observed in at least one of the control or 1,5-naphthalenedia-
mine-dosed groups and where such tumors were observed in at least 5
percent of the group. |

Por both male and female mice elevated incidences of thyroid tu-
‘mors were observed-in the dosed groups. In female mice the Cochran-
Armitage test indicated a significant (P = 0.005) positive association
between Aietary concentration and the incidence of C~cell carcinomas.

' This was supported by a significant (P =.0.014) Fisher exact test for
the high dose group. For males the Cochran—Armitage test result

was also significant (P = 0.017), but the Fisher exact tests were
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" TABLE 5
ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT

SPECIFIC SITES IN MALE MICE TREATED WITH l,S-NAPHTHALENEDIAMINEa
LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Lung: Alveolar/Bronchiolar Cal:'r.-:I_m'mt_a.b 2/39(0.05) 3/46(0.07) 0/45(0.00)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d — 1.272 0.000
Lower Limit —_— 0.153 0.000
Upper Limit —— 14,686 4.478
Weeks to First Observed Tumor 109 . 82 e
Lung: Alveolar/Bronchiolar Adenpma or
Alveolar/Bronchiolar Carcinoma’ 4/39(0.10) 9/46(0. 20) 2/45(0.04)
P Values® N.S. N.S. N.S.
Departure from Linear Trend® P = 0.037 — —
Relative Risk (Ccmt:‘rol)d -— 1.908 0.433
Lower Limit —_— 0.582 0.041
Upper Limit - 7.882 2.871
Weeks to First Observed Tumor 109 82 105
Hematopoietic System: Malignant .
LymphomaP 13/39(0.33) 14/47(0.30) 5/49(0.10)
P Values® P = 0.007(N) N.S. P = 0,008(N)
Relative Risk (Control)d -— 0.894 0.306
. Lower Limit ——— 0.448 0.094
Upper Limit —— 1.817 0.829
Weeks to First Observed Tumor 100 82 95
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TABLE 5 (CONTINUED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Liver: Hepatocellular Careinoma® 12/39(0.3L) 10/45(0.,22) 7/43(0.16)
P Values® N.S. .S, N.S.
Relazive Risk (Control)d _— 0.722 0.529
Lower Limit —— 0.318 0.198
Upper Limit —_— 1.620 1,306
Weeks to First Observed Tumor 86 88 105
Liver: Hepatocellular Carcinoma or
Hepatocellular Adenomab 12/39(0,31) ©13/45(0.29) 13/43(0.30)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d — 0.939 0.983
Lower Limit —_— 0.453 0.473
Upper Limit — 1.981 2,071
Weeks to First Observed Tumor 86 88 105
Thyroid: C-Cell Carcinoma® 0/38(0.00) 0/46(0.00) 4/43(0.09)
P Values® P = 0.017. N.S. N.S.
Relative Risk ((.'.omtrol)d -_— ——- Infinite
Lower Limit — —— 0.8?5
Upper Limit —— —— Infinite

Weeks to First Observed Tumor

105
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TABLE 5 (CONCLUDED)

LOW HIGH
TOQPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Thyroid: C-Cell Carcinoma or C-Cell
Adenoma 0/38(0.00) 2/46(0.04) 4/43(0.09)
P Valuesc b= 0.044 N.S. N.S.
Relative Rigk (Contrnl)a —— Infinite Infinite
Lower Limit —_— 0.246 0.825
Upper Limit — Infinite Infinite
Weeks to First Observed Tumor — 105 105
Thyrold: Papillary Adenoma, Follicular-
Cell Adenoma, or Papillary Cystadenoma
Nosb 0/38¢0.00) 8/46(0.17) 16/43(0.37)
P Values®. P < 0.001 P = 0.006 P < 0.001
Relative Risk (Control)d —— Infinite Infinite
Leower Limit — 1.905 4.523
Upper Limit — Infinite Infinite
Weeks to Flrst Observed Tumor _—— 105 a8

8Treated groups received doses of 0.1 or 0.2 percent in feed.

b

Number of tumor-bearing anirals/nurber of animals examined at site {proportion).

“The probability level for the Cochran-Armitage test is giﬁen,beneath the incidence of tumors in

the control group when P < 0.05; otherwise, not gignificant (N.%.) is indicated,

The probability

level for the Fisher exact test for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi-
cant (K.8.) is indicated. Tor both Cochran-Armitage and Fisher exact tests a negative designa-
tion (N) indicates a lower incidence in the treated group{s) than in the control group.

®The probability level of the test for departure from linear trend is given beneath the control

grouyp when P < 0.05,
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TABLE 6

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT

SPECIFIC SITES IN FEMALE MICE TREATED WITH l,S—NAPHTHALENEDIAMINEa

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL, DOSE DOSE
Lung: Alveolar/Bronchiolar Carcinoma’ 0/49(0.00) 1/48(0.02) 3/46(0.07)
P Valuesc N,S. N.S8. N.S5.
Relative Risk (Gontrol)d — Infinite Infinite
. Lower Limit — 0.055 D.638
Upper Limit - Infinite Infinite
Weeks to First Observed Tumor — 89 91
Lung: Alveolar/Bronchiolar Adenoma or

Alveolar/Bronchiclar Carcinoma 0/43(0.00) 10/48(0,21) 5/46(0,11)
P Values® ' N.S. P = 0.001 P = 0.024
Departure from Linear 'I‘re.nde P = 0.005 —-— e
Relative Risk (Control)d — Infinite Infinite

Lower Limit —_— - 3.037 1.347

Upper Limit —_— Infinite Infinite
Weeks to First Observed Tumor -——— 89 a1
Hematopoietic System: Leukemia or .

Malignant Lymphoma® 13/49(0.27) 19/50(0.38) 5/46(0.11)
P Values® N.S. N.S. P = 0.045(N)
Departure from Linear Trend® P = 0.011 —_— -—=
Relative Risk (Control)? — 1.432 0.410

Lower Limit —_— 0.760 0.124
Upper Limit . ——— 2.781 1.117
Weeks to First Observed Tumor 57 63 105
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. TABLE 6 (CONTINUED)

' LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Liver: Hepatocellular Carcinomab 1/46¢0.02) 25/49(0.51) 16/46(0, 35)
P Values® P = 0.001 P < 0.001 P < 0.001
Departure from Linear Trende P < 0.001 —_— ———
Relative Risk (Control)d — 23.469 16.000
Lower Limit ——— 4.156 2.683
Upper Limit —— 906.346 646.516
Weeks to First Observed Tumor 109 74 a9
Liver: Hepatocellular Adencma or .
Hepatocellular Carcinomab 1/46(0.02) 28/49(0.57) . 27/46(0.59)
P Values® P < 0.001 P < 0.001 P < 0,001
Departure from Linear Trende P = 0.002 —— —
Relative Risk (Control}d _—— 26.286 27.000
Lower Limit — 4.741 4.874
Upper Limit —— 1030.801 1027.943
Weeks to First Observed Tumor 109 74 99
Stomach: Squamous-Cell Papilloma.b 0/41¢0.00) 3/47(0.06) 0/46(0.00)
P Values® N.S. N.S. X.S.
Departuré from Linear Trend® P = 0,017 —— ——
Relative Risk (Control)d -— Infinite —_—
Lower Limit - - ., 0.529 ———
Upper Limit —_— Infinite _—
Weeks to Firstc Observed Tumor —_— 105 ———
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TABLE 6 (CONTINUED)

) : - LOW HIGH
. TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Pituitary: Adenoma NOS, Chromophobe
Adenoma or Acidophil Adenomab‘ 3/34(0.09) 4/35(0.11) 1/30(0.03)
P Values® N.S. N.S. N.S.
Relative Risk (Control)c1 — 1,295 0.378
Lower Limit —_— 0.238 0.007
Upper Limit -— 8.188 4,424
Weeks to First Observed Tumor 109 . 105 106
Adrenal: Pheochromocytoma’ 3/46(0.07) 0/440.00) 0/44(0.00)
P Values P = 0,040(N) N.S. N.5.
Relative Risk (Com::r:ol)d -— 0.000 0.000
Lower Limit —— 0.000 0.000
Upper Limit -— 1.731 1.731
Weeks to First Observed Tumor 68 ———— —
Thyroid: C-Cell Carcinomab 0/44¢0.00) 1/49(0.02) 6/45(0.13)
P Values® P = 0.005 N.S. P = 0.014
Relative Risk (Ccmt:'f:o."l.)c1 —— Infinite Infinite
Lower Limit - 0.048 1.574
Upper Limit - Infinite Infinite
Weeks to First Observed Tumor — 105 105
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TABLE 6 (CONCLUDED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Thyroid: C-Cell Adenoma or C~Cell
Carcinomab 0/44(0.00) 2/49(0.04) B/45(0.18)
P Values® P = 0.001 N.S. P = 0,003
Relative Risk (Control)d —— Infinite Infinite
Lower Limit - 0.267 2,250
Upper Limit — Infinite Infinite
Weeks to First Cbserved Tumor —_— 105 &1
Thyroid: Papillary Adenoma, Follicular-Cell
Adenoma, or Papillary Cystadenoma NOSP 2/44(0.65) 17/49(0.35) 14/45(0.31)
P Values® | P = 0.003 P < 0.001 P = 0.001
Departure frcm Linear Trend® ' P = 0.025 —- -
Relative Risk (Control)® - — 7.633 6.844
Lower Limit — 1.971 1.709
Upper Limit — 64.662 58,827
Weeks to First Cbserved Tumor 80 105 91

B reated groups received doses of 0.1 or 0.2 percent in feed.

bNumber of tumor-bearing animals/number of animals examined at site (proportion).

“The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in

the control group when P < 0.05; otherwise, rot significant (¥.S.) is indicated.

The probability

level for the Fisher exact test for the comparison of a treated group with the control group is -
given beneath the incidence of tumcres in the treated group when P < 0.05; ctherwise, nct signifi-
cant (N.5.) 1e indicated. For beth Cochran-Amitage and Fisher exact tests a nepative designa-
ticn (N) indicates a lower incidence in the treated group(s) than in the control group.

dThe 857 confidence interval en the relative risk of the trested group to the control grcup.

®The probability level of the test for departure from linear trend is given beneath the corntrcl

grcup when P < C.05,



not. When incidences were combined so that the numerator represented
mice with either a papillary adenoma, a follicular-cell adenoma, or a
papillary cystadenoma of the thyroid, the Cochran—Armitage test indi-
cated a significant positive association between dietary concentration
and tumor incidence for both males (P < 0.001) and females (P = 0.003).
These were supported by significant (P £ 0.006) Fisher exact test
results in each sex for comparisons of each dosed group to the control
group. Based on these results, the administration of 1,5-naphthalene-
diamine was associated with the incidence of thyroi@ neoplasms in both
male and female mice.

For females an increased incidence of hepatocellular ca¥Cinomas
wag also observed among the dosed mice. The Cochran-Armitage test
indicated s significant (P = 0.001) positive association between dose
and incidence. This was supported by significant (P < 0.001) com- -
parisons of both the high and low dose to the control group using
the Fisher exact test. Based on these results the administration of
I,S—napbthalenediamine was associlated with the incidence of hepato-
cellular carcinomas in female mice.’

For female mice, when the inpidence of alveolar/bronchiolar
adenomas and alveolar/bronchiolar carcinomas were.combined, an in-
creased incidence in the dosed groups was noted. The Fisher exact
test was significant.for both the high (P = 0.024) and low (P = 0.001)
dose groups. Iﬁe departure from linear trend was significant since .

tumor incidence was increased more in the low dose than in the high
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dose group. In historical control data compiled by this laboratory
for the NCI Carcinogenesis Testing Program, 17/275 (6 percent) of the
untreated female B6C3Fl mice had an alveolar/bronchiolar neoplasm.
Based upon tﬁese results the administration of 1,5-naphthalenediamine
was associated with the incidence of alveolar/bronchiolar neoplasms
in female mice.

For females the Fisher exact test comparing the incidence of
leukemia or malignant lymphoma in high dose mice with that in the
controls had a probability level in the negative direction of
P = 0.045, a marginal result which was not significant under the
Bonferroni criterion.

Also for females the Cochran—Armitage test showed a significant
(P = 0.040) negative association between dose and the incidence of
‘adrenal pheochromocytomas, but the Fisher exact tests were not sig-—
nificant. |

In male mice the possibility of a negative association bgtween
dose and the incidence of malignantllymphomas or leukemia was noted.

Based upon these statistical results the administratiom of 1,5-
naphthalenediamine was associated with the increased incidence‘of
thyroid neoplasms in male mice and of thyroid neoplasms, of hepato-
cellular carcinomas, and of alveolar/bronchiolar neoplasms in female

mice.
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V. DISCUSSION

There were no significant positive associations between dietary
concentrations of l,5-naphthalenediamine and mortality in either sex
of rats or mice, In all groups adequate numbers of animals survived
sufficiently long to be at risk from late-developing tumors.

Several uterine neoplasms occurred in dosed female rats at higher
incidences than in corresponding controls. There was a significant
positive association between dietary concentration of the compound
and the incidences of endometrial stromal polyps in female rats. In

.addition, the high dose to control Fisher exact comparison was sig-—
nificant. Endometrial stromal sarcomas were observed in two low dose
and two high dose female rats, but not in controls. Uterine adenocar-—
cinomas occurred at a higher_iﬁcidence in the high dose female rat
group than in the control group, but the difference in tumor incidence
was not statistically significant.

The administration of 1,5-naphthalenediamine was associated with
an elevated incidence of. clitoral gland uneoplasms in female rats.
There ﬁas a significant positive assoclation between the concentration
of the chemical a&aed éo the diet and the incidence of either adenomas
or carcinomas of the clitoral gland in female rats. The incidence of
either of these neoplasms in the high dose female rat group ﬁas
significant relative to the incidence in the contreol group.

Elevated incidences of thyroid neoplasms were observed among
dosed mice. For mice of both sexes there were significant positive
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associations between dietary concentration of 1,5-naphthalenediamine
and the incidences of thyroid C-cell carcinomas, For the females the
high dose to control Fisher exact comparison supported the finding;
this was not true for males. When the mice were grouped so that the
numerator of the incidence represented those animals with a papillary
adenoma, a follicular-cell adenoma, or a papillary cystadenoma of

the thyroid, the Cochran-Armitage test was significantly positive for
both males and females and all the Fisher exact comparisons supported
the findings.

The incidence of hepatocellular carcinomas in female mice was
gignificantly associated with increased concentration of 1,5-naphtha-
lenediamine. 1In addition, the high dose to control and the low dose
to control Fisher exact comparisons were significanﬁ. The incidence
of alveolar/bronchiclar adenomas was significant, relative to con—
trols, in both the low dose and the high dose female mouse groups.

Under the conditions of this bioassay, l,5-naphthalenediamine
was carcinogenic in female Fischer 344 rats, causing clitoral and
uterine necoplasms. 1,5-Naphthalenediamine was also carcinogeunic for
B6C3F]1 mice, producing thyroid neoplasms in males and neoplasms of the
thyreid, liver, and lung in females. Insufficient evidence was pro-

vided for the carcinogenicity of the compound in male Fischer 344 rats.
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Review of the Bioassay of 1,5-Naphthalenediamine¥
for Carcinogenicity

by the Data Evaluaticn/Risk Assessment Subgroup

of the Clearinghouse on Environmental Carcinogens

June 29, 1978

The Clearinghouse on Environmental Carcinogens was
established in May, 1976, in compliance with DHEW Committee
Regulations and the Provisions of the Federal Advisory
Committee Act. The purpose of the Clearinghouse is to
advise the Director of the National Cancer Institute (NCI)
on its biocassay program to identify and to evaluate chemical
carcinogens in the environment to which humans may be exposed.
The members of the Clearinghouse have been drawn from
academia, industry, organized labor, public interest groups,
State health officials, and quasi-public health and research
organizations. Members have been selected on the basls of
their experience in carcinogenesis or related flelds and,
collectively, provide expertise in chemistry, blochemistry,
blostatistices, toxicology, pathology, and epidemiology.
Representatives of wvarious Governmental agencies participate
as ad hoc members. The Data Evaluation/Risk Assessment
Subgroup of the Clearinghouse is charged with the responsl-
bility of providing a peer review of reports prepared on
NCI-sponsored bioassays of chemicals studied for carcinogenic-
ity. It is in this context that the below critique is glven
on the biocassay of 1,5-Naphthalenediamine for carcinogenicity.

The reviewer agreed with the conclusion in the report
that 1,5-Naphthalenediamine was carcinogenic in treated
female rats and in both sexes of mice. He noted that the
study was conducted in a room in which other compounds were
under test. 'Based on the experimental findings, he con-
cluded that 1,5-Naphthalenediamine may pose a carcinogenie
risk to humans. The reviewer moved that the report on the
bicassay of 1,5=-Naphthalenediamine be accepted as written.
The motion was approved without objection.

Clearinghouse Members present:

Arnold L. Brown (Chairman), Mayo Clinie

Paul Nettesheim, National Institute of Environmental
Health Sciences

Verne Ray, Pfizer Medical Research Laboratory

Verald K. Rowe, Dow Chemical U.S.A.

Michael B. Shimkin, University of Californla at San Diego

- Louise Strong, University of Texas Health Sclences Center

¥ Subsequent to this review, changes may have been made
in the biocassay report either as a result of the review
- or other reasons. Thus, certalin comments and criticisms

reflected in the review may no longer be appropriate.
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1,5-NAPHTHALENEDIAMINE 127

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 2243-62-1
Chem. Abstr. Name and IUPAC Systematic Name: 1,5-Naphthalenediamine
Synonyms: 1,5-Diaminonaphthalene; 1,5-naphthylenediamine

1.2 Structural and molecular formulae and molecular weight
NH;

Q0

NH,

ClngoNg Mol. wt: 158.2

1.3 Chemical and physical properties of the pure substance

From Weast (1979), unless otherwise specified

(a) Description: Colourless crystals (Hawley, 1977)

(b) Boiling-point: Sublimes

(c) Melting-point: 190°

(d) Density: 1.4 :

(e) Solubility: Soluble in hot water, ethanol and diethyl ether; very soluble in chloroform,
hot ethanol and hot diethyl ether

() Spectroscopic data: Infra-red and ultra-violet spectral data have been reported
(Sadtler Research Laboratories, Inc., undated). ’

1.4 Technical products and impurities

No data were avéilable to the Working Group.
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

1,5-Naphthalenediamine can be prepared by the reduction of 1,5-dinitronaphthalene
(Sandridge & Staley, 1978) or by ammonolysis of 1,5-dihydroxynaphthalene. Both methods
are believed to be used for its commercial production in Japan.

1,5-Naphthalenediamine is believed to be produced by two companies in the Federal
Republic of Germany. It has been produced commercially in Japan since 1957; in 1979, two
companies produced an estimated 50 thousand kg.

No evidence was found that 1,5-naphthalencdiamine has ever been produced in
commercial quantities in the US. Two thousand kg were imported through principal US
customs districts in 1979 (US International Trade Commission, 1980).

(b) Use

1,5-Naphthalenediamine is believed to be used almost exclusively as an intermediate for
the manufacture of 1,5-naphthalene diisocyanate and organic dyes. In Japan, an estimated
75% is consumed in the production of the isocyanate and 25% in dye synthesis.

1,5-Naphthalene diisocyanate, the subject of an earlier monograph (IARC, 1979), is used
in Japan and western Europe in the production of polyurethane elastomers. The Society of
Dyers & Colourists (1971} reports that 1,5-naphthalenediamine can serve as an oxidation
base and that one dye can be prepared from it. No evidence was found that it is presently
used commercially in these two applications. The nature of the .dyes presently being
produced in commercial quantities from 1,5-naphthalenediamine is not known.

2.2 Occurrence

1,5-Naphthalenediamine has not been reported to occur as a natural product. No data on
' its occurrence in the environment were available to the Working Group.

2.3 Analysis

An JARC manual (Egan ef al., 1981) gives selected methods for the analysis of aromatic
amines. No information on quantitative methods of analysis for 1,5-naphthalenediamine
were available to the Working Group.
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1,5-NAPHTHALENEDIAMINE A 129

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
Oral administration

Mouse: Groups of 50 male and 50 female B6C3F, mice, approximately seven weeks of
age, were fed diets containing 1000 or 2000 mg/kg 1,5-naphthalenediamine (probably no
more than 89% pure, with at least one unspecified impurity detected by thin-layer
chromatography) for 103 weeks. The doses were selected on the basis of a range-finding
study [see section 3.2(a)]. Groups of 50 mice of each sex served as matched controls. All
animals in the study received food and water ad libitum and all were treated for parasites
with 3 g/L piperazine adipate added for three days per week to the drinking-water for two
weeks prior to treatment with the test chemical. The observation periods were 105-106
weeks for treated mice and 109 weeks for controls. There was no significant association
between dose of 1,5-naphthalenediamine and mortality in animals of either sex; 58-82% of
treated mice and 60-66% of controls survived the observation period. Statistically
significant increases in tumour incidence were observed for the following neoplasms: (a) a
dose-related increase (P = 0.005) in C-cell carcinomas of the thyroid gland in females:
conirols, 0/44; low-dose, 1/49; high-dose, 6/45 (P = 0.014); (b) dose-related increases
(P<0.001 and P = 0.003) in neoplasms of the thyroid gland (follicular-cell adenomas,
. papillary adenomas and papillary adenomas plus papillary cystadenomas) in 0/38 male
controls, 8/46 low-dose males (P = 0.006), 16/43 high-dose males (P < 0.001), 2/44 female
controls, 17/49 low-dose females (P < 0.001) and 14/45 high-dose females (P = 0.001); (c)
an increase in hepatocellular carcinomas in females: controls, 1/46; low-dose, 25/49
(P <0.001); high-dose, 16/46 (P < 0.001); and (d) an increase in alveolar/bronchiolar
adenomas and carcinomas in females: controls, 0/49; low-dose, 10/48 (P = 0.001);
high-dose, 5/46 (P = 0.024) (National Cancer Institute, 1978).

Rat: Groups of 50 male and 50 female Fischer 344 rats, approximately seven weeks of
age, were fed diets containing 500 or 1000 mg/kg 1,5-naphthalenediamine (same sample as
used above) for 103 weeks. The doses were selected on the basis of a range-finding study
[see section 3.2(a)]. Groups of 25 rats of each sex served as matched controls. All animals
under study received food and water ad libitum, and all were treated for parasites with
~ piperazine adipate added for three days to the drinking-water (followed by three days of
plain tap-water and three subsequent days of piperazine adipate) two weeks prior to
treatment with the test chemical. The observation periods were 106-107 weeks for treated
rats and 109-110 weeks for controls. There was no significant association between dose of
1,5-naphthalenediamine and mortality of animals of either sex: 74-80% of treated rats and
. 64-68% of controls survived the observation period. A statistically significant, dose-related
increase (P = 0.003) in the incidence of adenomas plus carcinomas of the clitoral gland was
observed: controls, 1/24; low-dose, 3/50; high-dose, 13/50 (P = 0.021) (National Cancer
Institute, 1978). [The Working Group noted that the increase in the incidence of clitoral
gland tumours was only marginally significant, and that histological section of this organ
was performed only when it showed gross abnormality.]
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3.2 Other relevant biological data

(a) Experimental systems
Toxic effects
No LDs, values were available to the Working Group.

In eight-week subchronic feeding studies, male and female Fischer 344 rats and B6C3F,
mice received up to 3.0% 1,5-naphthalenediamine in the diet. Some deaths were observed in
treated groups fed 0.3% or more. Mean body weight gain was depressed by 3-22%. No
compound-related lesions were observed in chronic studies with 1,5-naphthalenediamine in
rats and mice (highest dose, 0.1% in rats and 0.2% in mice) (National Cancer Institute,
1978).

Effects on reproduciion and prenatal toxicity

No data were available to the Working Group.
Absorption, distribution, excretion and metabolism
No data were available to the Working Group.
Mutagenicity and other short-term tests

1,5-Naphthalenediamine (same sample as used in the carcinogenicity tests) was
mutagenic to Salmonella typhimurium strain TA100 without metabolic activation (Dunkel &
Simmon, 1930).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the Working Group.
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

1,5-Naphthalenediamine (technical grade) was tested in one experiment in mice and in
one experiment in rats by dietary administration. It produced adenomas of the thyroid in
male mice and carcinomas and adenomas of the thyroid and lungs and carcinomas of the
liver in female mice, The experiment in rats was inadequate for evaluation.

1,5-Naphthalenediamine (technical-grade) was mutagenic to Salmonella typhimurium.

4.2 Huoman data

1,5-Naphthalenediamine has been produced commercially since at least 1957. Its use as
an-intermediate in the manufacture of 1,5-naphthalene diisocyanate and of dyes could result
in occupational exposure.

No case report or epidemiological study was available to the Working Group.

4.3 Evaluation

There is limited evidence for the cércinogenicity of 1,5-naphthalenediamine in
experimental animals.

- No evaluation of the carcinogenicity of 1,5-naphthalenediamine to humans could be
made.
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