&E¥o—4

BEA b EER Y — MN RS- AR

(TRL204E10 A 24 B BR{E)
BN HEE
iggm CAS No. WEBH e TRl ]
EEES ARREE | 4REEE
3-503 | 88-18-6 |2—tert—TFILIx/—I)L —maEy 0 1
4-323 | 2243-62-1 |1, 5—SFI/FIELY “EEY L ZEEN 3
5-256 | 4979-32-2 f)f':’l‘\f_"/’m’\*‘/"’_2_’\’7*7‘/“"’7‘“’71’ it E R I
3-521 ~ o e o b i
3cog | 1207956 |2, 4= T —tert = RUFNTT/—)L PO ZEEEY 8
3-3034 | 19715-19-6 |3, 5—L —tert — T F LY YF LB P OSEIHEN 10
5-725 | 462-08-8 |3—TFI/EUDY 1 12
. TEHSTHL D g
3-4585 | 97042-18-7 {4 — [[4— (FZINAF ) D) ANKRZ N} T /=)L E‘:‘f_ré.‘ﬁ%jL c o ZERAES 14
[=~12 ¥’ H




BT mE A — b

B#AR | 3-503 CAS No. |88-18-6
RS
HER | ARBERE HOEETUEEYEARY
LR & FR:2—tert—T7FNTx ) —)b
HEEASE
OH CcH
\C:\a/CH3
CHj
& PRI, A X(EFEWEORLE - MARICET 2 REME (FR1 6 FER
F18 E TR
oREYE | EEoy Rt
LM | BB Then
Ames =3
WL 99.97%. At (DMSO—#5f#) .
TA98, TA100, TA1535, TA1537, WP2 uvrA.
5000 g/plate £ THIE L - HERERBER 22 BICUTOREE TER.
(AHABRT, II)
—S9mix &f : 200 u g/plate (TA98, TA100, TA1535, TA1537 :
100 u g/plate UL L CEOAEFRE.
WP2uvrA : kS HETHEOAFHE)
+S9mix B : 200 u g/plate (TA100, TA1535 : 100 u giplate LA L TEOAFAE,
TA98, TA1537, WP2uvrA : i i E CROAERE)
ek | BBtE
Re D20 fE=0.022mg/mL (4 S9mix & : #ERE)
+S9mix B THEREROCHOERTE OFHRE
FBE 99.97%. B (DMSO—f##). CHLAU.
0.14mg/mL (10mM) F TEfE L /- MEEMHEROERESEICUTOREET
E .
—S9mix ¥ : 0.12mg/mL. (EREFMEDO 2% 0.10mg/mL * THE)
+S9mix B : 0.02mg/mL (MEfAEHED 72 0.01lmg/mL ¥ THE)
28 B M| &EHE |BERORS Bl AU TH
RERS | i 99.97%
i 4 FIE(4, 20, 100, 500 mg/kg/day)
LA 2L

NOEL 20mg/kg/day

HEEARBL | —ARIREE (FREE : 100 L ER)

DTN | —gpikiE (BITRHA : 50000 L. ERES | : 5009)
A EE (BF ! : 50007 %)

B | RMERL




L DORER

“Elevated susceptibility of newborn as compared with young rats to
2-tert-butylphenol and 2,4-di-tert-butylphenol toxicity.”, Hirata-Koizumi M,
Hamamura M, Furukawa H, Fukuda N, Ito Y, Wako Y, Yamashita K, Takahashi M,
Kamata E, Ema M, Hasegawa R., Congenit Anom (Kyoto). Dec;45(4):146-153, (2005)

SD7yh REEERE (20, 60, 200 mg/kg/day) FHAIR 18 AR (4% 421 B)

HEE 99.97%

NOAEL : 20 mg/kg/day

—ACREE (BREF | : 60 L L2009, AITRMA - REK - #5771 : 20050 %)

ARE | : 20000 ¢

MERAELFERE (GTPT : 20060 2. TP T : 2005")

HHEE (FF: 60 LLE22000")

AR R, (N EEROMERFRRRER [829%] : 60 LI E 2200Y)

N 3-3-2
A ER
#

Ames RRIIEHETH 2 B aERERARIIBETH Y . NOEL20mg/kg/day THD Z &
7 6%:@%@&‘?%?*5 %,

[s=

|

e e oSS IO Y



B L EFEAEY— b

B AT | 4-323 CAS No. |2243-62-1
EHE
HIEZSR NERERE 8 Y E AR Y
TERYE BoRERITEWERY
s 4 B 1, 5T I)FT7ELY
1S
NH,
A& -
) IREEFE S K
Sy RRME B R
ZHME | SRMEETLY
ANEREZ | [ “Bioassay of 1,5-naphthalenediamine for possible carcinogenicity.”, National
# D #E M | Toxicology Program (NTP), Natl Cancer Inst Carcinog Tech Rep Ser, 143:1-123 (1978)
T Iv5iH 1
FEH AR
Fischer 344 7y1(0.05, 0.1% (103 M@IREHX 5)) 106~107 B £ THEIE, MK 89-90%
DA : @ THY 2R, +5)
L FE—NEMERY—7 - WRE(0.05% LA L) | FEEZAR—RAE - % (0.1%)
B6C3F1 v92(0.1, 0.2% (103 AIEEEHZ 5) ) 105~106 M ETHEE, HEK 89-90%
DA : B[ (FARER) . & (FARAR, AT, I6) ]
AL R AR —FLERIR AR AE - A A AT ARAE - FLERIR FERRIRAE (0.1% L4 )
@ FF—FFHEREHE , Bi—HBSE SIS b B RAE (0.1% L4 L) |
AARIR—C HRAaHE (0.2%)




[TARC Monographs on the evaluation of the carcinogenic risk of chemicals to humans
Vol:27, 127-132 (1982) 95| A ]
e AR BR [N TPIC L DR AR ERZ 5| . AT )
B6C3F1 v72(0.1%, 0.2% (103 @A+ &) ) 105-106 BEEES, MK 89%LL L
FR PR AR — e Aol R A A - FLERCK AR AE - SLERR S ARARIE : 0. 1% LA L & . HRAR
—C HufsE ., FF—AFrmpagE.
fiti—#B S A R BRAE - 85 0.1% LA L &
Fischer 344 7y} (0.05%, 0.1% (103 i@IREE#x 5-)) 106-107 AL, #EK 89% L. L
SRR —NRAE - 2. 0.056%LL | @
AAMIARCOEEI = TIE, BEBIEE IO TR THY ., MSFHREIXAIRN
WCEREDPHONIHAEDOHREREINZECERLTVS,

RE#REHE(FHERERR)
Fischer 344 7y} (3% % C (RAEHK5)) 8@
FET:0.3%LL £ KRE | | 0.1%LL FixEERL,
B6C3F1 vUA (3% T (REEHKR5)) 8ER
FEL:0.3%LL B FE | | 0.2% L TIXEEZL,

Ames 35k (TA100. -S9mix) : BtE

[IARC. Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Man.
Geneva: World Health Organization, International Agency for Research on Cancer,
1972-PRESENT. (Multivolume work)., p. S7 67 (1987)
Group 3: TEMIERAMERT ELTTSHSETEAV (Not Classifiable as to its
Carcinogenic) J.

["Reproducibility of Microbial Mutagenicity Assays:2. Testing of Carcinogens and
Noncarcinogens in Salmonella Typhimurium and Escherichia Coli”, Dunkel, Ve,
Zeiger,E, Brusick,D, Mccoy,E, Mcgregor,D, Mortelmans, K, Rosenkranz, Hs, and
Simmon,Vf; Environ. Mol. Mutagen., 7(Suppl. 5):1-248, (1985)J93| /]
Ames 5% : BHE

B 96% LA L. I DMSO, 7&h

Btk : TA98, TA100, TA1535, TA1537, TA1538, WP2 uvra

+: With metabolic activation

-: Without metabolic activation

Y- DMSO

- TA100 -+E£THttE (1~1000 pglplate)

+ TA1537 -[+E¥ TBAE (3.3~3333.3 pg/plate)

+ TA98 +# THi (1~1000, 3.3~3333.3 pg/plate)

- TA1538 +E£ CE (3.3~3333.3 pg/plate)

+ TA1535, WP2 uvra -/+# TRt (1~1000, 3.3~3333.3 pg/plate)

w7k
+TA98, TA100, TA1535 TA1537, TA1538, WP2 uvra -/+E£ Tk (0.3~333.3
ug/plate)

{” Salmonella mutagenicity tests: V. Results from the testing of 311 chemicals.”,
Zeiger E et al., Environ Mol Mutagen, 19 (Suppl. 21): 2-141, (1992)Xv3|H]
Ames B (TA100, TA9S8) : BB #EESCHAL

-[+S9mix, 10—3333 pg/plate

e - e .

AL ™



NEFEE
D 7 AR
i

Ames RERVBHETH Y | BBAMLEDND Z 00| EHICERENI GG AOR
AR IBENORW R H Lo, F BRI EMA,

BEAER
BH 2 3B

EMFE . Pseudokirchneriella subcapitata
AERE - LEE TG (2006)
HEEFIRE O BE
HIE - 985 %
HEREIE - FRTIEE 0.046, 0.10, 0.22, 0.46, 1.0, 2.2, 4.6, 10 mg/L
FEREREE 0.024, 0.075, 0.18, 0.34, 0.80. 1.7, 3.2, 6.4 mg/L. (/I F5)E)
Byl L
72hECH50 (ERHEIZHE-S<) =1.8 mg/L
72hNOEC (E#HEIZ#-5<) =0.34 mg/L

ORBRIAEN AR L T\ olod, B HEET 5 2D R RBAKRE S 260 mDiz

IR U 7B INGABR A 1T - TV A5, BMEEIX 72hECH0 (ERNHIZESL) =1.5mg/lL Th
D, BFEORBLIZIIR U ThHho7mZ & h, RBRERE 1T HEIC X 288K
& A EHIE LT,

I a
2lE vk
FH =B

HEWFE . A4 X V3 Daphnia magna
HERIE - ALFEE TG
RERS A EIRA 24 R IC UK
M - 985 %
FRERREL - RERE 046, 068, 1.0, 1.5, 22, 3.2, 46, 6.8 mg/L.
EHPRE 0.45, 0.68. 099, 1.5, 2.2, 3.3, 4.6, 6.6 mg/L (L& F1E)
Bl Ze L
48hEC50 (ERNEIZE-S<) =3.8 mg/L,

fREM
AR

‘EMFE . & A XN Oryzias latipes
HERIE - bEE TG
B A 24 BRRAEICHK
HE - 985 %
AR REEE 56, 7.5, 10, 13, 18, 24, 32, 42 mg/L
ERREE ST, 7.2, 94, 12, 17, 22, 30, 38 mg/L (BfIFEHI#H)
Bh&l: Ia L
96hLCH0 (EAMEIZES<) =17 mg/L

Fim, UTOREFHIIBWTUTO L S 2HBMERPFED b,

12mg/L Bf : #FvkEE (48hr 1/10, 72hr 10/10, 96hr 9/9)

17 mg/L &% : FEk R E+7RE%E (72hr 1/10, 96hr 1/6)
Werk % (48hr 3/10, 72hr 9/10, 96hr 5/6)

R A
HTEARTL

FEET I 2BERICAE L, 20 I Uy a iRk ERRIC BV T 48hEC50=3.8
mg/L., FEARMAERBRICBVT 72hEC50=1.8mg/L. TH D Z &b, H=FEERIZFE
AU ER

e

KIARREE © 40 mg/L (20°C)
ARLJE : 1.73x108 mmHg (20°C)




R LFmEEE— b

B#AR | 5256 CAS No. |4979-32-2
BEES
HIER |ABEE NEINEHFEROLRIEZELRIEMEICE LTS LB S,
Z2¥ ) & N N-Po7a~dFinN—2—R_YVF7S—=NANT T IR
HEE
N\ S
\N
& A ¥ DAF—/)VED = 1 FINEAR EEH
MR 204E 3 A 26 HEfE (LEMERZSTENERSLENENEESER
s X B L
RN | EEofRtE
LR | AR
BEAR | W . Pseudokirchneriella subcapitata
FLEAR | 5L - OECD-TG201 (1984)
BERLK RE SR
HLEE : 99.8%
HRERBE  BREEE 0.040*mg/L (RERERR) *ARefeREmBE
EREE  0.012 mg/l (${TEHEHE)
BhAl : DMF 100 n L/L
72hEC50 (FEHAMEIZE-S<) >0.012 mg/L
72hNOEC (EZHAWEIZES<) =0.012 mg/L (AHIREE THENRD L o1z,)
IV | W& - A4 Vv 3 Daphnia magna
SYELETK | 3Bk : OECD-TG202 (1984)
FRERER | B E1bAR, 24 BERIZICHUK
MIEE . 99.8%
HERBE . 3REEE 0.0050, 0.0084, 0.014, 0.024. 0.040*mg/L * FARIFIRER SR E
ERRE 0.0032, 0.0052, 0.0093, 0.019. 0.031 mg/L. (X&{FIE3{H)
Bh&l : DMF 100 n L/L
48hEC50 (FEAMEIZE-S<) >0.031 mg/l. (FRRRRE TRENRED L olz,)
IVa | EWFE . AA I P a Daphnia magna
¥ETEFEE | 3R%3% - OECD-TG211
AR HREFR : PIeAK, 7B #K
HLEE : 99.8%
RERBEE TR 0.0020, 0.0042, 0.0090, 0.019, 0.040*mg/L * AR AT RER B IRE
EHBEE 0.0013. 0.0027, 0.0059, 0.014. 0.033 mg/L (FERAMEEHE)
Bh&| : DMF 100 L/L
21dNOEC (ERMEIZESL) > 0.033 mg/l. (BRBE THENRDLNZIo7,)




Pk bR

EWFE . & A X1 Oryzias latipes

HHERER | K5 1E - OECD-TG203 (1992)

HER TR bk, 24 BRI IS UK

HE - 99:8%

HERBIEL . BRERE 0.040*mg/L. CRERE) *RAMFTREESRE

ERIERE 0.033 mg/L (L] L)

Bh#l : DMF 100 1 1/L

96hLC50 (EFMEIZE-S<) >0.033 mg/L. (BRRRE CREARD LR oTZ,)
ARERE | BEARMERR, I Va2 EkAERR, I VUV aEHRERBRE CRBRAMEEME
HERRL | RRICBWTEMRBE TEENBD LN LG, BEEERFHEARY TRV,
BRERAA R EHEE ik K HH 5 PH Rt T RR{E
% 1 KE H10 0/39 — 0.3(u g/l)

E" H10 0/39 — 0.01(u g/g-dry)

A - — - -
I ES 1 HILR EEDHELRE] (REARERENREZSH)

REEAREE - 0.039 me/L. (RREREEEIAIEE)




PR L EEA S — b

BHRAR | 3-521 CAS No. {120-95-6
BHES | 3526
HER |AREBEL FoREERTWEEY
AR 4 B2, 44— —tert— X FNT = ) —)L
s
OH
R TR, BEE, GRAIIER. A%, FIRAL s (28, #isH. mA)
XKIEFWEHORE - MARICET 2 EERAE (Frk1 6 FEER)
ax ) & &
SRR | B RN
SR | BBEE TR
BEAR | W . Pseudokirchneriella subcapitata
PEERR | R (L TG (2006)
BEAFNIRE SR
WL : 99.7%
REBRRE . RTBE 0.38, 0.68, 1.2, 2.1, 3.8 mg/L
FEARE 0.16, 0.27, 0.46, 0.88, 1.8 mg/L (BEIMNE FLHH)
8% : DMF 96 u L/L
72hEC50 (EEMEIZE-S<) =1.7mg/L
72hNOEC (E#EMEIZE-5<) =0.16 mg/L
V3| EMWFE . AP a Daphnia magna
SRR | RBRYE - (LEEE TG
AR | BB 1 kR, 24 BERIEICHK
i MEE : 99.7%
HRERME  REME  0.034. 0060, 0.11. 0.19. 0.34 mg/L
ERE  0.029, 0.048, 0.094, 0.17. 0.30 mg/l. (BERIMETELE)
Bh&l : DMF 1004 L/L ‘
I 48hEC50 (ERMEIKESL) = 0.12 mg/L
RERMY | AW . & A ¥V Oryzias latipes
HIERR | BBk - (LEE TG

REBRSA - 1Ak, 24 BRI HK
HEE - 99.7%
RRBE  RERE  0.15. 0.27, 048, 0.84, 1.5 mg/L
FERRE 011, 021, 040, 0.72, 1.3 mg/L (FRIINEFLHIE)
Bh#l : DMF 494 L/L
96hLC50 (ERMEIZE-S<) =0.29 mg/L

S WOMRCREWEY = vy

e —;




RS | L RMEARICK T T2hECH0=17 mg/l, I ¥ T AMEIHKRERARICE LT
FIEARL | 48hEC50=0.12me/L, MR H#1EMBRIC 35171 T 96hLC50=0.29mg/L Tih 5 = &b,
B TR UL ER

2= HER UK SRR -
FEfRECH 0 3.8 mg/l., Elendt M4 medium : 3.4 mg/L, Bi¥E#E/KEAK : 3.9 mg/L




R LFWEEE—F

|ra“$&ﬁ§,% 3-3034 CAS No. |19715-19-6
BHES
HIER |ARBEE FEEETRLFWERY
ZAY 70 4 3, 5—Y—tert— 7 FNLY Y FEE
BERE
0
HO OH
|
JipzS 1. EFHERSERER (BR. #58)
XIEFHEORE - MARICET 2 EERAE (FR1 6 FEE
8 SRR ES
SIERVE | BESRME
B R T EASAS
BEAR | AW . Pseudokirchneriella subcapitata
FREMER | 8 - (LEE TG (2006)
BEFRX : IRE D%
FEE : 96.8%
RERBE  RERE 1.0, 1.9, 36, 6.8, 13, 25 mg/L
ERRE 087, 1.7. 3.4, 6.4, 13, 24 mg/L. (FRIINEFHE)
BhAl: 72 L
i 72hEC50 (ERMEIZES<L) =6.8 mg/L
72hNOEC (FE#MEIZE-5<) =0.87 mg/L
WXTv= | 4AmiE: 343 Y>3 Daphnia magna
SHEREK | B ¢ LB TG ,
FRERR | RERL N : H bk, 24 BERI%ICHUK
HEE : 96.8%

HRRBE  RTRE 1.0, 1.8, 3.2, 5.6, 10mg/L

EREE  0.99. 1.8, 3.2. 5.5, 9.7 mg/L, (RFREIMNEFERHE)
BhAl: 2L
48hEC50 (EHMEIZE-S<) =3.2 mg/L

10




et

HWFE . © A X H Oryzias latipes

AR | RBRE - (LEE TG
AB& 7 kA, 24 B EIC UK
W 96.8%
ABREE  RERE 1.0, 1.8, 3.2, 56, 10 mg/L
EREE 097, 1.8, 3.1. 5.5, 9.7 mg/L (MM ELHHE)
Bh&E| - L
96hLC50 (EPMEIZE-D<) =2.7 mg/L
T, UTOBERIIBWTUTO XD 2HEERSED s,
1.8 mg/L £ : Wk RE (96 hr 1/10)
A RERE | AIHAMEMERRICEBVT 96hLCH0=2.Tmg/L TH D Z & » b, FZEERIFEYEHE
I EARHL | 24,
kS RER KSR EE -

AR 0 130 mg/L, Elendt M4 medium : 180 mg/L, BiEFEAKEK : 190 mg/L

11




B L FMEEE Y — b

BHATR | 5725 CAS No. |462-08-8
NEHES
HIFEZE A REE B EoREERLEWMEMRY
Z2F ) & #H:3-T73I/vYD»
BEXE
O~
N
Jizhes -
e [ RREoh e BRI OREET T
oRRE | BRSO FRME
LN | mBREE TRV
BEAR | AW . Pseudokirchneriella subcapitata
PEERER | 3Bk - {L3T1E TG (2006)
EFKX:RE HEE
WE - 999 %
SERMEET - SEREE 0.010. 0.022. 0.046. 0.10. 0.22. 0.46. 1.0, 2.2 mg/L
AR 0.010, 0.023, 0.051, 0.11, 0.24, 0.51, 1.1, 2.4 mg/L
(B (o] 251H)
BhAl: 22 L
72hEC50 (ERMEIZES<) =0.73 mg/L
72hNOEC (ERHEIZES<) =0.051 mg/L
IV A | EYRE . A4 Y3 Daphnia magna
BETETK | RERE: - (LEE TG
EAR | RBHR LA
HEE - 99.9 %
SERJEPT - SREME 046, 1.0, 2.2, 4.6, 10, 22, 46 mg/L
EREE 048, 1.0, 2.3, 4.8, 10, 23. 48 mg/L. (K{TEHIE)
BhR : 2L
48hEC50 (ERMEICESL) =7.1 mg/L

12
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PR

EWTE . v A X B Oryzias latipes
HERIE - (L E TG
BRI ek RS 24 BRI UK
HE 999 %
AR - REWE 3.2, 42, 56, 7.5, 10, 13 mg/L
EREE 3.3, 44, 5.7. 7.7. 10, 14 mg/L. (Z&{a7EHfH)
BhAl - 2L
96hLCH0 (EHUEIZHES<) = 8.6 me/l,

Flo, UTOBREBIIBOTUTOX S 2BWERSED T,

4.4 mg/L B : WEpkRE (24hr 5/10, 48hr 4/10, 72hr 4/10. 96hr 4/10)

5.7 mg/L B¥ : Wk B E+5 R +FER ¥ 5 (24hr 1/10, 48hr 3/10, 72hr 3/10, 96hr 4/10)
WErk g +FER 5% (24hr 8/10, 48hr 7/10, 72hr 7/10. 96hr 6/10)
A REF+HIER A (24hr 1/10)

7.7 mg/L B WEOK R E -+ R IR (48hr 1/8, 72hr 1/8, 96hr 1/8)
Wbk R +FER S (24hr 10/10, 48hr 7/8. 72hr 7/8. 96hr 7/8)

1 R B

FERT I 2ERICF L, oI Uy a2 ikl ERRICB VT 48hEC50=7.1

FIERIL | mg/L, BEARMERRICEB VT 72hEC50=0.73mg/L. 72hNOEC=0.051mg/L. fJE2
PR RBRIZF ) T 96hLC50=8.6mg/L. THHZ Lavh, B =BERFHEMY,

BREERE | A ERAFEE ETEN 4P %t R RRAE

%1 KE S58 0/30 — 0.1~2(u g/L)
Y S58 0/30 — 0.002~0.098(u g/g-dry)
piek el - - - -

e X1 SHIRR MEFWE LR REAREREBREZ LR

KVAREEE 97,900 mg/l, (25°C)
ASKJE : 0437 mmHg (25°C)

13




R EEE L — b

B#AK | 3-4585 CAS No. [97042-18-7

BRES

HEERE | ANEREE FoREELHEHERY TRy [Fk1 841 1A 1 0REREH]

AR E F-EERIIWEMAN

4 FF 4 44— {[4— (FTINALFXY) Jxz=n] ANKE=L} T /)—)b

HERE
ﬁ /N

HO |S| o] \

O

A& -

S8 HEHE

SrERYE | BESYREE

EHEE | SBEMHETRY

MNEERE | 5 _RBERILEMERY TRV [FHELEYWE L LTESER]

ﬁ*ﬂ/’i’*ﬁ KABRERIICEICRET 2L O THL-OHELH,

BEAER | £WFE . Pseudokirchneriella subcapitata

FRERER | R5 1k : OECD-TG201 (1984)

X1 BEFX KL HHEE

M : 99.2%
REREEE  WERE 039, 0.86. 1.9, 4.0, 8.8. 20 mg/L
ERAWE 040, 0.82, 1.8. 3.7. 7.7. 15 mg/L (&{IEHIH)
BhAl : DMF 100u L/L
72hEC50 (ERMEIZES<) =7.8 mg/L. OKIEARER)
72hNOEC (FEHHEIZZE3<) =1.8 mg/L ,

ITva
BHEAER
X1

HWFE . A A I P 2 Daphnia magna
REE . OECD-TG202 (1984)
H&H X ;- IEARK
BEEE © 99.2%
RERBE . REBRE 1.3, 25, 5.0, 10, 20 mg/L
ERBE 12, 24, 4.9, 9.3, 14mg/L (BTEHE)
Bh%| : DMF 100 u L/L
48hEC50 (ERMEICESL) = 14 mg/ll. OKEBMRER)

I a

SR E

* 1

HEWFE . A2 IV 2 Daphnia magna
ik OECD-TG211
HEFR Rk, BT 3 EI#HK
WP - 99.1%
ARBE  REBE 0073, 0.18, 045, 1.1, 2.8 mg/L
EHBE 0066, 0.16, 0.40, 1.0, 2.5 mg/L (BE#HFHHE)
8% : DMF 50uL/L
21dNOEC (FZREIZH-3<) =0.066 mg/L

14



RUREYE | £98 . =Y~ R Oncorhynchus m ykiss
BIERER | :B1: - OECD-TG203 (1992)
* 1 ARG R IEAK, A
HE . 99.9%
AR  ERE 094, 1.9, 3.8, 7.5, 15 mg/L
KERE 086, 1.7, 3.4, 7.1, 14 mg/l, (%[ FH4H)
% : DMF 100 x L/L
96hLC50 (KPMHIZHES<) = 4.5 mg/L
Lo, UTOREBUIBWTUTO L 5 e EMER»7mn Lz,
3.4 mg/L B¥ : FHrH#A (48h 2/7. 72h 3/7. 96 hr 2/7)
{Kfams{k. (48h 2/7)
KRBV | BT - 77 v b~y NI — Pimephales promelas
ATE B | %L OECD-TG210
BHAR | ABRF K FiAR
X1 HEE - 99.1%
ABRE  BERE 001, 0.032, 0.10, 0.32, 1.0 mg/L
EHE  0.0094. 0.024, 0.094, 0.28, 0.77 mg/L (H&{a FHE)
BhAl . THF 50 L/L
28dNOEC (PETH) (EAMEIZHE-S<) =0.094 mg/L
ERREE | IV aBHAERRICE T 21dNOEC=0.066 mg/L., fAiatEErERBAIC IV T
FIEARSL | 96hLC50=4.5mg/L, FEHIHETE BB AERIC I T 28dNOEC=0.094mg/L. T& %
&b, B FEEAR L EE AR Y,
= X1 AEMFHROBEICL-> TRIEEA-F—4,
KEEREIE - 5.95 mg/L. (20°C)
AZUE 1 206X 104 mmHg (25°C)

15
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Single Dose Oral Toxicity Test of 2-tert-Butylphenol in Rats

24

2-tert-7F N7 x ) — Vi, BE, &, #Higr s
TAHEROBERTHLY. 4>, 2-tert-TF N7/ — N
1B VELSILOSDRS v MC1E&EORS
L, FoatEliRE L. HSBSEES 120,
500, 10003 X TF2000 mg/kg & L7=.

F DR, 1000 mg/kgFEOMEL1H]B X V72000 mg/kg
oA L ERMsEC L. ETEYTIE, k58
ICEBEBORT, FITRHA, WA, BELL, SR
LB X UEEBET, F2RCEI0licy ¥, &
B, RITERE, REFALNL. HBRTE, BEoUus
A EEDT1000 me/kg BED i & 2000 mg/kg BE D HE,
B DO FMAT2000 mg/kg FEOMRE, BERNOIRHED
BH&Ebd & UM OBEHERFE o 1 5 A2000 mg/kg B
D, ZBOEENEWH2000 mg/kgBEOMIZA LN
. PBHEFREOEE, BTUWE0ERRELER
DB L ILE DGR EEDZEM - BEHT1000 mg/kg
B, SiIB0UL AREN2000 mg/kgBEOHE, IRE
DEEMIL O 2R {LAT2000 me/kg BEDOHE, HIERKENIRIG
BRI O B HT2000 mg/kgBEDOHEIZEED S /-,

EFBHYTIE, 5812500 mg/kg L EDHFSROM
HCTHRESOKT, HITEH, BEAG, BB LY
BIRE T A O h7:. $2H LRSI, 1000 mg/kgBED
BECEREHOBTB LUHITREMNE4HF T, 1000
mg/kg DO THITRENEIRTI CALNL, KED
{EAEAT1000 8 £ V2000 mg/kgHEDHETEIBIZA LR
7=, BIRTIE, BTE ORREAT1000 me/kg BEOHEIZH
Lh, FHAKFEBRETOESR, WEOERBRRFELENA
AR AE I RSY (AN

2-tert-7F N T 2/ — Vi EHEOT v 21 EZEOHE
S LR, $HEREE (LD E) X, #<Tix1231
mg/kg (95 %{EMHEM S 838 ~ 1808 mg/kg), HETiX1414
mg/kg LR L.

Bk

1. #ERMHE

KAFA ¥ FbELHROER) 2 H1R4E S N/ 2-tert-
TFNT 2/ = (ay bEFCIE9, HBEIT %) EE
m, EEFAFMTCRELEALL. BBRYWEORE
iz, HBRYHRHBELIVRETLIARECAFL, #Z
L. BEBEWEIEA ) 7l (A A REM) EmARL,
BEERHALL. EEHORREIZGLBEII T, &5

T2 CHEBREL.:. S HFOHBRMEOGE
REFEH T COIHBOLEMT, HEANIZ04% 6200
mg/mLOGHETHEZA L. 3/, EHEHORSHY
L, HBRYHEOBREIEEERELI0%UATHS
ZEEmHRELL.

2. HBR#ME L UEBMEE

BERF ¥ —IL A - ) x—H»6Crj:CD(SD)IGS T v
F(SPF) % AFL, 6 HRRE - BILL . 1EEDEY
BudmgERSEE L, SR, AEBILEESH
HiEC L > TEBOEEMIIY— & 25 X5 8BS
L7z, &5 B oBE51358%, AREHAIIHEH128~147
g, HENT107~121gTH o 7-.

B - BtM* e 0T BL T, RE22
+ 2 °C(B1ZfE), tHAHERESS £ 15 %(BEME), BEH
A/ (- 7Ly a7 —{it4y), BEB1288/
H(7:00-19:00) BB L -AEFZ2HEHLL. &
i3, ERHPHEKE(N—Fv 7, BXFY—NA -
Y= TENRY) A — KA — RS -T2, B
TEiEr— YS9 5LT (AN, Boudkitr—3o
S5 (EH)INEL, AF L. 8, £5E)
WRERAR(MF, 4 ) * v ¥ VEBTER) L, 5um
D74 N5 — g8, RRBHLAKEKEBHICE
i) G A

3. BEBHLUBRSHE

FHABRE LT, HERWE*0, 500, 10005 &
2000 mg/kg PRAET1EHMESIMCOSDFRT v Mizlld
AOKS L, REZTHRABEL. TOER, 10008
£ U2000 mg/kg D F B THESFAEEC L. 10008 &
2000 mg/kg DA BRDETIIRSBCEENHRES
DETHHAL NI, 500 mg/kgD AR TIIEE L ZLIt
Aohlhol:, ZOHERPG, RARBOBEIIMEL
$122000 mg/kg ZREEAEL L, UTAK2TI0008
U500 mg/kgDIFERXZELL. TOMIKBEOA
YIS TAMBEL SR, BEME LY I8N
HELSy MoBY U FREE LYY PERAWVT
1EEARIREORS L, 5 &O3RHEBE”ES 2 h
of. HEHEIZI0mL/kgd L, RSEMOKEICE
SWTHEH L.

4, BEBIURBRESFZE
TROHBXH®EL .
18& L7

8, HORZLBRFHEE
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1) —#REsLUH%E
—iIREOBSE, 58101315, 304, 1, 3B &

el SE, LI 181E14A8MIChIZoTTo 7.

SRS, K5ER, $4, 3BLUI5HIY
EL7. T, FEEEHYICOWTIIERRRCRIE L.

2) REFHRE
BERTHREEISA) CEFBWE TRV 5 — 0 -
FRY LI BREFFCREREBRE N - L, &
HIE G RER L. 37, BEBPICOVTIRER
BELPICHB L. HRBICEFEOA LN 1000
mg/kg BEDHE2 1B £ U2000 meg/kgBEDOHEL G, #2650
NG, 2000 mg/kg BOM1FIO+ B ~EE, 2000
mg/kg BN GINEE, BIE S L CERORH&E -
I, WBRES L CREOKRN®S, WHREHs LURED
MHA WML, 10 %Y v BEEH I LY YHTHE

EL, BELL. 34, RULLBEDI b, £FOH,

2000 mg/kg B D 1 B DIEHHRE S & U ELIEIZ DV T
i, BERE> AT ) v - ZF T RBERE
VERLL, SIRLT-.

5. FHFFEE (LD, B nEH
B THROFELEERSL S Van der WaerdeniE TEH L
7.

RS

1. T HLULD,E(Table 1)

1000 mg/kg BEDHE 1B X V2000 mg/kg BN 4 Fi
CHLFNFRSEHIBRI»OFE2HF TCIIFET L.
LDy ff 13, HETI131231 mg/ke (95 %EHEMR TR 838 ~ 1808
mg/kg), HETI31414 mg/kg TH o7z,

2. —fiReE

LTI, #5BICRSRISTD HERNER
L, BREBOET, H175A, WRAE, KOG, #
BB L UKRET, g2z < ED,
R, FITRE, KRERFAORL.

SFEY T, 512500 mg/kg L DOE G B O
BCAREBOBT, SITEHR, B, SREBLY
HRETHAOLNL. H2HBEEICIE, 1000 mg/kgBED
BHTAREBOBETB L USTRENS4AE T, 1000
mg/kg RO THFITRENEIBEITALNL,

3. @&

EHEEYTIE, KEOEMA10008 X 072000 mg/ke
BOETHEIRICAL N, DBEOAESIMIINTRE
LRBICHEB L.

4. BIHBFRR

FECRWT, BEOUS A/ RIEA1000 mg/kgBE D
H16, 2000 mg/kgBEOME1FIEE2H], BB OFEMAT
2000 mg/kg BOREIEL 151, ZHEOREAEY (BE)H

206

2000 mg/kgBEDHE 1B, BEIERORBHEOBEILS LU
gl o L HEE B o ) fo 8 AT2000 mg/kg FEOHEL BT
X (AN

HFETIE, 1000 mg/kgBEOREIFIIHTE DERR
AN (A

5. REMEFMA
FEHWTI, HREBITSA/BEBIURENTE
noashi-g, BEROAGBILLEH#S L Ul

DEHBEROLMENREXIT-o /-, ZOHER, BT,

HENEBRTLENBELREDEIR 0% -
BivEAS1000 mg/kgBEDHIBIZ, REDU L ARER
2000 mg/kg BEOMERES 1 51, B S DEMRL D Z2Ra LAt
2000 mg/kgBEDMELPUZRO b Az, T, WERKEIR
BB o ¢ 452000 meg/kgBOHF1IFITHAO R
F:. 2B, BERERHEO GGG 5 ARFENE
{LizA SRR Ho 1.

EGBYCTE, ARBCHEOBRERENAS N
1000 mg/keg DRI FIN B2 RE LR, ERRETL
B DBIEHAH ST

ER

2-tert-TF N7/ — e fiEDT v FIZ0, 500,
1000 B X 172000 mg/kg DA E % 1 BIFOKG L H R,
1000 mg/kg B D1 161 5 L 172000 mg/kg BN 4 H) &
HEGINFELT L., REBRYEOLDfEIX, #TIH
1231 mg/kg (95 %ISHME R 838 ~ 1808 mg’ke), MET I3
1414 mg/kg L &5 L7,

3k

1) {LETRAHE, “1004 R FLEA > 7y 7
A" ALFET# A, TR, 1993, p.549.

M

RERFEH | ILTHAKER

REEME  AHEER, L5 8, SREL
MW=L L MRl BEARWRER
T314-0255 3K IERE B BRIk HTRD 1L 14

Tel 0479-46-2871 Fax 0479-46-2874
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14 Sunayama, Hasaki-machi, Kashima-gun,

Ibaraki, 314-0255, Japan.
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Table1l Mortality and LDy, values in rats after single oral administration of 2-tert-butylphenol

Dose Numnber of Number of dead animals Mortalit LD,, values
Sex (mg/kg) animals Day: 1 2 3 4 5 6 7 815 ortalty” (95 % confidence limits)
Male 0 5 0 0 0 0 0 0 0 0 0/5
500 5 Q (4] 0 0 4] 0 0 0 0/5 1231 mg/kg
1000 5 0 1 0 0 0 0 0 0 1/5 (838 - 1808 mg/kg)
2000 5 1 3 0 0 0 0 0 4] 4/5
Female 0 5 0 0 0 0 0 0 0 0 0/5
500 5 0 0 0 0 0 0 0 0 0/5
1414 mg/k
1000 5 0 0 0 0 o 0 /5 Brxe
2000 5 2 3 5/5

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

B4

2tert-7TFNT =/ — ik, BE, B, BEtihE
TEABOERTHAY. 46, 2-tert-7F N Tz /) — N
%0, 4, 20, 1003 X UF500 mg/kg » B & CHEMED SD
F7 v MI2SHMREZORS L, FoFEHLEOEN
FRE L7

—BKBIIBVT, BSHBHIZRTEAIG0
mg/kg BEDMET, HHAT1005 & U500 mg/kg B O
BT, REEECBVT, RS PURETEICFHEAYE

BOEEHS00 mg/kgBEDHHET, ThEhBH ORI,

Ih oD%, BIEBESS 5 VIGETHRIZIZZD S
hiahot.

Zoft, RERE, BHSEE, MRFRE, Mkt
LA, RRE, 8, REBEAGEREOKRILG,
HBRWHERSCERAT A L2 oA bida bz
A
PLE, HEHEVTRS 1008 X U500 mg/kg BE THERDD
BRSCRETALEZ ORI BD LN, — 4%
PEBIZBWTI00 mg/kgBEDOMIETCRENALNLZ L
»o, RRBEHTIIBT L2 tert7F N7 x /) — LD
EEEE (NOEL) 13, MMV I b 20 mg/kg/day & ¥
YA

&

1. #HBRHE

KEFRA ST ERCER) > iRt Shi-2-tert-
TFNT /) —=N(2y FEFCIE9, MEIIT %)% E
iR, SEHARMTTRELEALL. BBRYREORE
ﬁu}ﬁﬁ%ﬁ%ﬁ%lb%ﬁ?éﬁﬂ%k%L,ﬁ%
Lo, HEBRWRILH) 7 GUAEBSER) I RAs L,
SERHALL. BEUORARIBIET, FHCHT
6if€ﬁﬁﬁbt.&5&*@&&%E®¢E%#%
HTTOSHMOREML, 50445200
mg/mLOFEATHBL:. 7, DERRECERE
BoOKSHESN L, BBYWEOBENREREL10
YR THHZ &2 HEAL.

2. BRENS I UHIDRE

BEF ¥ =N« )23~ 6Crj:CD(SD)IGS T v
F(SPF) £ AFL, THMIRE - BILL 7. $K5HMkE
Biz, RERBIMLEFSMEEICL - TEHEVKEDNZ
Y- LB X HST L 1BHOBYEIT, HiE

208

6D E L, #BBEE, 10035 X U500 mg/kgBEIZ DWW T
R 6L EEEE (REMIR 14 B ) 23207, &5
FLGRE DR 5 ARG, REFEFIIMEANT154~185 g, HE
H134~154gTH o 7.

BiE - BULIR* S CEAEHM 2 EL T, RE22
+ 2T, MHAHEEESS £ 15 %, BEAHL12E/BFE -7
Uy oz 7—1{iti), BER1285//8 (7:00~19:00) i
HBASG L -AEE2EA L. S ERSDARKE
(N=FF 97, HEF X —IV R - YA—00) F PR
YA—RA— bRy — JICESTRIIR -V HI 5T
(Fth), BESTUBREEr - 20L(RH)INEL,
AHE L. #icid, ERBPYABEEH (MF, Y
IV NERTER) L, 5umD7 405 —i€BH%, %
SLREBET L 7 AGEK Z BHICIEERLE 7

3. BEEBLUBRSHE

FRRABE L CHERWHE %500, 10003 £ UF200C
mg/kg DABCHROZEOKRS LAER, 10008 X0
2000 mg/kg DLFINFE L, BHOETCEEONHASR
BHOBETHED SN, 5120, 100, 3008 X U

500 mg/kg PAIEXSDE T v M 12 AMREROES

L7468, $175FAH500 mg/kg BEDO MM 5 X U300
mg/kg BEOW, OB - HIFEROBMEA500
mg/kg BN, B L UFROHEHEEDEMHT500
mg/kg BN TED LN, ThODFRABROES
6, XEBROGREIEIS00 mg/kgd L, L TARKST
100, 208 X U4 mg/kgDEHARAERZHRELL. &6
WSEECH) 7)) DA ERST A BEER I,
HEHMIE28AMEL, BY U FRERLAEYY Y
PERVCIA LM, FuidicEsZORks L. kS
HWEIZI0mL/kgd L, BERICHEL-FEIZET
THEH L.

4. BEHIUREHE

TROBBE®RELL. &b, ALAOKRIIKSH
MB%ZMHIA, HI~THEHLAE L, T, %298
PxmEmEmme L.

1) —fHRE, $hEHLUEHEE

Pl onT—HIRELERRELL. KEBIURE
B SFEEBIUF0REALEREL 2. B
B2 THREHBEN IS/ -h 0l BFEHENEY
HHL.
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IMBARE
£29A (RS HORA) B L UF438 (NFHEH
THEIWEMEFFLEESHFTT, FFXY5—NF Y
VLA EAREET CHRARBIRE D ERMm L, AmIKxE (s
—Z2A70—-DCA v ¥—¥% ABHE), ~EF7ut >
BESLSNEFOY VE), A~ 7 )y MME(RILEK
NV A EEREE), mAMRE(S - AT7a—-DCA >~
¥ — & v A&HE), AnEBE(RF/DCA v -5 A
BE) * £ HE BRI IR T E (NE-4500, ¥ A X v
7 AT, W|RMFE(FLVIT L —HF—F w70
—i A b A MY ) F B EEAR I R E 2 E (R-2000,
SARA AT, Fubnyy EERPT; Quick—
BiE)BIUVEEILSES Mo v KT T A F CEFH
(APTT;iEtfbtt 7 70 77 AF v ) ¥ 4B 88
BIEE (KC 10A, TANY Z7#) T, QMKEDTE
(Wright BB KER) 2 MEARAS ST EE

2)

(MICROX HEG-70A, #* A1 ») T, #hEhPE L.

F7:, BEOERED LCEHHRAOREHE MCV), Bk
ek & ERE (MCH), ¥FHfkmikm g (MCHC)
FEM L. 7o bo s UEEEB LRSS b o
RTIAF UEEEOBEICSGERBLERE L T32%
s BEF MY LKBEEFERAL, EOS8EL TE
S v, Folttoig odlElzid, &ERE
1IEFEDTA-2K CTHLEE L /- i & Al w7,

MmiEEeFRE

E2OH (RRIFEHORA) B X U E43 8 (RE AR
THRIHERLAMEO - ZRTHI0OTHFER
3000 rpm C 105 BELEGCABEL, Bohnl-mis*HWT,
ASAT(GOT;JSCCe&tBi¥), ALAT(GPT;JSCCE2RE),
yGT(SSCCERiE), ALPOSCCEM ), BEYME Y
(BODix), REZEF (Urease-GLDH#), 7 L T7F =¥
(Jaffé k), 7V a— A {(GlcK-G6PDH ), #a L A7 0
— W (CES-CO-POD#), FYU 7Y +5 4 F(LPL-GK-
G3PO-POD#:), #£%&MA (Biuretik), 7NV 7 3 v (BCG
i), #¥ v L(OCPCH), #i#Y ~ (PNP-XOD-POD
B, FhUTA, AYTL, su—N (4t RIRER
) % BE)SATRE (B 736-10F, 608 L BUERT)IC X D
HEL. T4, BEOESE»SA/GHEEB L.

3)

RiRE
KEEMEHEGICOFEER % 5523 H (I 5 R B GH) 13
BLT, pH, &@, YVa—A, ¥ Lok, €YY
v, M, vavey -y (REEE,INT 4 AT A
v IR, NATN - ZHE) ERDWEB(I V=T v 7
100, /54 )b - =460 TRIE L /-,

4)

5) HEFRE

208 (B#HESEOBAH) B L US43 H (MM
TH) CeplicowT, Rilutk, BABRZ YK - Bl
L, RERSE-HHRLL. ok, O, i, §F
I, B, BT, MR, MM BE, SR, T8, BE
&, TEE, FRBOEELHELL. £, ¥

5

Bf, TEME, BERBIUN—F—, J v/ E (T -
BRI, MR, K, MBIUREX B, t7iEk,
Zehe g, B8, &, B, KR FRERSIUL
Bk, GO, BFER, REBR, EER, BIE. B, HHE,
WE ER T, BIOIBRAEYE, OBE, FE, KBEB X
OB, KEHES L ULEHELHERL, RKEN-%
—RRFEF Y VT, BEBIUBELERITT Vi
T, FhUSNDOBEE - Ai310 %ty v BREET LV
<) vHETCEZEL, RIELL.

P 5 R T BRI ERE L - A BEEE & 500 mg/kg BED M
emomig, L IR, MR FRE, BE, B,
WEEL LR, RETE, 9RHE, BN, HRACEEES, MES, REE),
PEMEE KRR S NI BREY S OREN
BREDMEEECH>TATYEF LYy - 24T
(HE)REERLER L, BBl

BatiRn

85— 13, Bartlettik CEFHOBEEITV, &7
BPE LVISSR—TERESHAN, SEPFEFEL kv
341 Kruskal-Wallis DRE X To 7o, BHICARE2E
MWD &N 735413 Dunnett i F 7213 Dunnett Bl £ &
HEREX T 7. RBETF— 5B LIUREBHEITRE,
aXbDREXTV, AEENSROLIIEEE
Armitage DR E CHBHEE SHERLRRLL. A
EoK#EIFS% E LT

5.

BR

1. —REIKEE

HEBWEESICERTAEE LT, HITEH, 8%
EEOBT, HENFZO LN, FITERITESHES
(2500 mg/kg BETHEOH, HEFIIHEMIIED LN,
ALLRELIAILSALN, HSHICRBEL, REES
BRRILIAICIER L. BREEBDOETIL500 mg/kgiE O
BE2BIIC 1B S 7 RIS S, REIRES
BIRBL, RERAOHKSAE TITHELA, WD
100 mg/kg B o6, H2F, 500 mg/kgFEDOHEEH],
MELIBC A b7z, AZE{LIZ100 meg/kgBEOHETH 13
H, TH148, 500 mg/kgBEOMBETET7HLUREOE
5#%305 UM AL 2 —BROEMTHo . T,
500 mg/kg BEDMELFI TRFSAOWEN A LN, &
NoOECEEEMMFICIAOR o 12,

2. {kx&E(Fig. 1)
WTNOBEBWRESEICBWTh, HBELEKIC
L.

3. fafEE (Fig. 2)
BERWEHSICERTALBDRAE{EIZO oG
AR AR
AR 036 8121008 X U500 mg/kgBHEDHET
EAED AR O NTAS, FREMEP B L URIHEETRICAL
NEWEMLEENTH Y, BBRYWERZS LEBEOZV
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Body weight (g)

Food consumption (g)

210

500
Male
450
400 +
350 +
300 -
250 +
—— 0 mg/k
200 + 9%
—— 4 mg/kg
150 —A— 20 mg/kg
—>— 100 mg/kg
100 1 —%~ 500 mg/kg
50 +
— Administration period ———————p4—  Recovery period —»
0 3 —t : : = +
1 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

30T
-—"
] ;/i
20 +
15 1 Female
+
—— 0 mg/kg
-8 4 mg/kg
10 -+
—A— 20.mg/kg
—— 100 mg/kg
5 —¥—. 500 mg/kg
4——  Administration period ‘—————p»4— Recovery period —P»
0 ; = : — + +
1 8 15 22 29 36 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

s i utt i pandnd

o2 ez Sl

W TR DI

i

STy,

it

e T M

A



otert-FFNT /— I

b e Hlr Lo,

4. M&RFHRE(Table 1)

HEHMZ TS L O REBRETRORET, #HE
WMERSIIRERATLEEbDh AETLEEDN P o
AR

[EFEART AR T B 12500 mg/kg BE DI CH MK D EE
NHALNIH, BMALELTHY, REMEETEICE
AohhnwZ edvb, HBYWEKRS LIIRED ZVELL
EHRTL .

5. MABRE(LFRE (Table 2)

BEYMETES LUEENMETHEORET, #HER
WHEGIIRET L LR AR bzt o
7z,

ALP OEAEA R SR T #5124, 100, 500 mg/kg B
OMET, BERIEAETRIC500 mg/kgBENOETRDHLN
2. LdL, Wi bBMARE{THY), EFEHEAD
LEHTHLZ LD, WHRWEARS LHEORVEILL
HIT L 7=,

6. FR#EZE (Table 3)
HEPHREOBRE T, RMtERo ool

7. #EEE (Table 4)

15 5 BT AT AR E B O EEAT500 mg/kg iR
ot TRD G, BEHEHMBATEICE, RAEEA
Shahois.

5 AR T B g M E B D RAEA B X U500
mg/kgBEOMETHLND, WTIRLEMEENTD
N, BHEEIIRAEELELAOR RV E, EFEHA
HOEFHTHAZ MG, HBYERS LHEEDLZWE
L& Hr L 7=,

8. ERBmMA

BEHBRTHRORE CHBRYERS CERT LR
Fo¥ (WL Su (P 20 9 RCR ( R/ /WA

BEHRETES X CRESRETRICERBRYEKS
BTHIRNEREE, RO, MoBal, 75
OB, BRBOAEFHEHIBOLNL ThbiE
WFhb 7y PTHEOLNLERFETHY, TORED
HEBELOBEN VI LD L HBYEESICERLL
LTIV EHINF L 2.

9. IRIEHMBFFREA (Table 5)

5 BRI T B O I8 21 0 500 mg/kg BEDREREIZHE
BYWEESCERT L LEDbhAE{ERO bR b o
AR

HBRYERSHCOROSERMIREE, FROM
IR A O ERIEEAL, NAFED X UIRIEE, B
OFERMRAE, 09K, BRELE, EREE LR
OWFHES L ULEMOLAILE, WHELAEOIELM
BEfEE, MoRESERBEE, FEREOIRNZD

LR, wIFhb Ty b AvwEERRBETLEILY
HBAKEMIIADONAETHY, TORBIHEL
OEEN VI EhE, BERWERKSICERALLENLT
3R L 7.

R

2tert-7FN T/ —N%0, 4, 20, 1008 X UF500
mg/kg DAETHHENSD R T v MZ28 HEREROK
5L, +0ERLEEEFHRE L.

—fRBICB VT, HSWERPICHEITEHASIS00
mg/kg BEDMEHE, HAEAT1008 £ U500 mg/kg BF O
WWEDH LN, FTERFIIRSHBHULRIIALNR D
—BHUOELTH 7. FLEYTHHT7 =/ — VT
X, BAREICL Yy MI—BHOHFESLHLE
IFoEsmEshTwL2, T, AREHIOKER
5T, —BEOPRMEREICL YV IGRERRRAIE
IATENALATVEY, FEAKRENRETE, ¥
TFHRFET D EBbNAELERBO O o7
WEEE, FICRSRENEICERRTLI-AEORLTH
h, HEMEAOEEN LB LATREEIELONS
A5, 500 mg/kgBETIHITERLHFETAHLORL D
O, PHMREEIIRATAMREOEETE 2. &
OB SR 2500 me/kg BEOM THFEEEHDRT
MPEE EN Th o OERIIEERRSIZRALNR 2
Ho .

BESEERT BT, HSHMETRICHEAEGE
BOEMEA500 mg/kgBENMEETROLNT. LA L,
FROMHER ITIIFELELIE 2, REBHESOC
LHMBEEOEEICEET A T(LIIED LR ho 7.
EEMMRTEICE, A bidaohido k.

#HERE, BESNE, MNFERE, NHEELFRE,
RRE, 8K, REBEAMEERTOERIIE, BHBRWHRE
BT L EZORAE{LIIALON Do,

BLE, w3 $ 1008 X U500 mg/kg B THERY
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Table1  Hematology of rats treated orally with 2- tert-butylphenol in twenty-eight-day repeat dose toxicity test

Sex Administration period Recovery period
Dose level (mg/kg) 0 4 20 100 500 0 100 500
Male

Number of animals 6 6 0 6 6 6 6 6

RBC(X10'/ul)  749.8+34.4 727.5+26.7 735.3£30.3 732.2%15.0 755.0+27.0 789.5+27.5 784.7+19.1 801.2441.7
Hemoglobin(g/dL)  14.502:0.40 14.70+0.51 14.38+0.64 14.7240.33 14.8540.35 14.851+0.52 14.9540.38 15.05140.23
Hematocrit (%)  41.9740.98 41.95+1.24 41.77x1.24 42.52+1.39 43.32£1.65 41.97+1.63 12.30£0.82  12.23+0.80
MCV(fL) 56.02%1.72 57.70+2.02 56.85%2.15 58.05+1.07 57.38+1.85 53.18%1.28 53.93+1.14 52.78+2.17
MCH (pg) 19.38+0.61 20.23+0.74 19.5710.86 20.104+0.11 19.674+0.57 18.8240.55 19.05+0.51 18.82+0.81
MCHC (%) 34.55+045 35.03+£0.73 34.4210.52 34.6310.52 34.324+0.68 35.40+0.51 35354048  35.6210.28
Reticulocyte(%)  30.92+4.15 30.97+3.46 30.17+4.28 28.70+341 31.23+2.08 24.4242.39 25.10+1.81 25.071+4.61
Platelet(X10'/ul)  94.87+8.62 88.67+6.55 94.57+10.00  90.17%+18.19  88.75+5.19 92.92+7.71 93.08%11.59 91.80+11.00
PT(sec) 13.58+0.21 13.65+0.45 13.131+0.26 13.271+0.30 13.28%+0.29 14.32+042 14.62+0.43 14.32140.22
APTT (sec) 16.10£1.04 15.85+1.18 16:23+0.58 15.30+1.98 16.32+1.77 17.0010.89 16.87£1.26 16.93+0.99
WBC(X10/ul)  108.18+21.35 119.88+34.28 97.73+2091 99.72+19.94 116.25+20.30 102.17+12.82 101.43+846 124.021+13.87*
Differential leukocyte counts{%)

Lymphocytes  81.8+6.0 86.3+6.3 87.814.0 88.714.5 86.2+4.2 85.314.6 85.2+44 87.5+3.7
Neutrophils
Segmented 9.745.3 8.7t5.1 7.5£3.0 6.74+34 8.513.2 8.0+3.2 9.5+4.0 7.8+34
Band 0.0£0.0 0.3+0.5 0.3+0.5 0.240.4 0.3+0.5 0.5+0.5 0.3+0.5 0.24+04
Eosinophils 0.3+0.5 0.5%x1.2 0.3+0.5 0.51+0.5 0.3+0.5 1.3+1.0 1.2+0.8 0.7+0.8
Basophils 0.0+0.0 0.0£0.0 0.0+0.0 0.040.0 0.0+0.0 0.04£0.0 0.0+0.0 0.0+0.0
Monocytes 52423 4.244.1 4.0+18 1.0%1.9 4.7+2.9 1.8+3.0 3.8+1.9 3.8+22
Female
Number of animals 6 6 6 6 6 6 6 6
RBC(X10Y/4l) 71004247  687.3%17.7 737.0+30.6 719.7422.6 720.8+8.8 727.5+56.5  751.8+39.6  760.7+128

Hemoglobin(g/dL) 14.3040.68 14.08+0.45 14.83+0.48 14.5540.16 14.20+0.31 14.2341.14 14.8010.96 14.83 £0.30
Hematocrit(%)  4040+1.42 40.021+1.06 41.70%1.59 40.9240.75 41042+1.34 39.15+2.96 41.27+2.55 41.77 £0.78
MCV (fL) 56.93+1.45 58.231£1.45 56.58+1.01 56.904:1.00 56.07+2.15 53.83%1.26 51.90+2.37 .90 £ 0.71
MCH (pg) 20.1310.91 2048+0.57 20.12+0.50 20.23+0.50 19.68+0.53 19.5740.56 19.7240.97 19.52 £0.35
MCHC (%) 35.40+0.85 35.20+0.32 35.601+0.61 35.6010.441 35.1540.18 36.33+0.43 35.87+0416 35.52+£0.70
Reticulocyte (%)  24.10+2.10 26.37+3.70 21.40%1.65 24.98+1.81 24.651+4.78 24.021+8.95 22.204+3.54 29.78 £6.62
Platelet(X10'/ul)  87.27+10.11 84451946 82.60+4.73 88.3349.14 9‘1.28:t13.28 80.62+1741  77.03+8.13 84.95+ 741
PT(sec) 14.18+0.34 14.12+0.48 13.851+0.65 13.9310.69 13.7710.61 15.18i0.72 14.68+1.05 1483 +£0.39
APTT (sec) 13.95+1.03 13.87+1.64 12.621+0.56 13.77+1.05 14.2840.52 14.87+1.10 14.43+2.09 1332+ 146
WBC (XIO’/ ul) 84.30£2291 77.23+1345  75.02+4.33 72.8249.93 78.90+5.55 83.28+25.86 104.20+11.67 -91.72£1545
Differential leukocyte counts (%)

Lymphocytes  88.0+3.3 85.8+4.3 89.3+3.9 83.8+£7.3 86.5£3.1 84.316.3 87.0+4.7 852+39
Neutrophils
Segmented - 7.7£3.2 6.31+2.3 6.0£3.0 10.5+7.3 8.5+2.2 8.546.4 5.5+34 83+34
Band 0.2+04 0.5+0.8 0.2+04 0.040.0 0.8+1.0 0.0+£0.0 02404 02404
Eosinophils 0.8+1.2 1.8+1.8 0.5+0.8 0.710.5 12415 0.7£1.2 1.5+1.0 1006
Basophils 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.010.0 0.0+00
Monocytes 3.3+18 5.542.7 4.0+£3.2 5.0+1.8 3.0+24 6.5+2.9 5.8+2.3 53+37

Values are expressed as Mean+S.D.
Significantly different from 0 mg/kg group; *p<0.05
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Table2  Blood chemistry of ;’ats treated orally with 2-tert-butylphenol in twenty-eight-day repeat dose toxicity test
Sex Administration period Recovery period
Dose level (mg/kg) 0 1 20 100 500 0 100 500
Male
Number of animals 6 6 6 6 6 6 6 6
GOT(U/L) 83.3%12.6 71.2+7.9 74.5+5.0 67.0+15.3 68.8+8.3 91.5+13.1 91.0+8.9 80.0+11.1
GPT(U/L) 42.3%10.1 10.74+54 4120466 33.5%1.5 38.7+4.3 35.2+46 32.5444 31.0+4.2
yGT(U/L) 0.2+04 0.3+0.5 0.2+04 0.3+0.8 0.3+0.5 0.2+04 0.0+0.0 0.2+04
ALP(U/L) 1151.74273.9 887.2+1504* 936.8+116.2 763.5%157.0** 813.7+1114** 701.8+£54.9 738.8+85.8 560.7+75.6**
Total blindin{mg/dL) 0.0010.00 0.00+0.00 0.00-£0.00 0.0010.00 0.000.00 0.02+0.04 0.00+0.00 0.00+0.00
Ureanitrogen(mg/dl)  12.13£1.66  12.35+2.45 12.974+2.14  13.23+2.63 12.65%1.36 16.40+2.37 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 0.45%0.05 0.45+0.05
Glucose(mg/dL} 151.3+13.7 151874 145.3+8.1 150.2+13.2 152.54+8.7 146.3+11.0 141.0+3.5 139.3+9.7
Total chol. (mg/dL) 66.0+:8.3 65.749.0 62.7+5.9 71.8+8.5 73.0£6.0 573457 62.846.8 66.319.1
Trigyeride(mg/dl)  104.0+76.8 81.2434.7 60.3+18.5  89.7+36.9 71.24375 114.8+43.3 98.8433.5 104.8+484
Total protein(g/dL) 6.42140.21 6.53+0.20 6.5310.20 6.58+0.32 6.67+0.23 6.75+045 6.7810.26 6.87+0.42
Abbumin(g/dL} 3.33+0.08 3.384+0.04 3.3540.08 3.35+0.10 3.4240.12 3.38+0.08 3.3840.12 3.381+0.15
A/G ratio 1.0834+0.038 1.075+0.060 1.05540.045 1.04040.057 1.052+0.052 1.01540.103  0.995+0.067  0.97510.059
Calcium{mg/dL) 9.451+0.19 9.5540.33 9.48+0.31 9.53+0.29 9.57+0.34 9.95+049 9.97+0.21 9.9840.46
Inorganic phos.mg/dLi 8.5240.17 8.33+0.71 8.671+0.62 8.23+0.419 8.2240.39 8.75+0.33 8.37+0.27 8.50+0.37
Na (mmol/L) 143.7+14 143.0+1.3 143.8+1.0 143.8+041 143.3+0.5 143.54+0.5 143.21+0.8 143.8+1.2
K (mmol/L) 4.48+0.19 4.4340.22 4.453:0.24 4.3240.17 443+0.12 4.4710.12 4.5740.21 447+0.25
Cl(mmol/L) 99.54:1.0 98.811.0 99.0+0.9 99.2+1.5 98.2+1.2 98.8+1.5 99.2+1.0 100.0+1.3
Female
Number of animals 6 6 6 6 6 6 6 6
GOT(U/L) 66.8+74 67.8+7.7 74.7£194 67.5+10.3 74.8+19.1 72.2+12.9 70.0+8.9 70.5%114
GPT(U/L) 24.8+3.9 26.3+5.3 25.715.0 23.8+3.3 22.513.2 - 28.3+2.3 27.2448 27.7x44
+GT(U/L) 0.0£0.0 0.2+04 021404 0.2+04 0.2404 0.0+0.0 0.2+04 0.31+0.5
ALP(U/L) 512.3+180.8 551.5+170.5 487.8+134.2 530.5+1109 396.0+100.0 316.3+97.6 325.3+37.3 394.0+170.3
Totalblinbinlmg/dl)  0.00:0.00 0.00£0.00 0.00+0.00  0.000.00 0.00+0.00 0.02+0.01 0.000.00 0.004-0.00
Ureanitrogen(mg/dl)  13.85+1.39  14.02+1.80 12.651+2.65 14.2343.34 12.83+1.75 17.20+2.29 17.73+2.28 17.55+1.31
Creatinine{mg/dL! 0.4814-0.04 0.47+0.05 04710.05 0.454+0.05 0.4510.08 0.531+0.05 0.53+0.05 0.55+0.05
Glucose (mg/dL) 151.2146.0 162.5+11.9 1620+135 160.716.6 155.5+11.9 148.0:!:5.9 117.8%+10.6 149.5+9.4
Total chol. {mg/dL) 64.216.5 61.0+8.1 62.3+10.8 70.0+7.5 76.0+8.3 83.2+12.9 75.51+9.6 78.5+8.9
Triglyceride(mg/dL) 16.0£5.8 15.0+7.3 3204253 °  21.3%11.2 24.7+102 51.0+50.2 31.21+14.2 52.3+48.1
Totalprotein(g/dl)  6.67+0.25 6.5310.16 6.5310.30  6.72140.22 6.68+0.42 7.07+0.58 7.1520.28 7.02+0.26
Abumin{g/dL) '3.4840.15 3421+0.10 3474012 3.52+0.08 3.58+0.19 3.53+0.29 3.58+0.10 3.52+0.08
A/G ratio 1.093+0.043 1.098+0.050  1.133+0.066" 1.102+0.048  1.158+0.056 100040027 1.007£0.053  1.008+0.066
Calcium(mg/dL) 9.12:1;0.19 9.07+0.12 9.27140.16 9.1240.16 9.124+0.29 9.88+0.17 9.85+0.30 - 9.82+0.38
Inorganic phos mgfdLi 7.632£0.29 7.52+0.26 7.631+041 7.4540.39 7.1740.22 7431055  7.881+0.38 7.3740.32
Na(mmol/L) 128+08  1423+10  1425+10 M25£10  ML7408 130£13 1430413 120411
K (mmol/L}) 4.05+0.31 4.054+0.29 4171016 3.9240.21 4.0510.22 4.07+0.33 4.03+0.26 4.07+0.10
Cl(mmol/L) 101,2+10 101.0+1.3 100.2+1.3 99.7+1.2  100.0*1.8. 1005120 100.8£15 99.8+2.6
Values are expressed as Mean+S.D.
Significantly different from 0 mg/kg group; *p<0.05, **p<0.01
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Table3  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 6 6
pH 6.0 0 0 0 0 0 0 1 0 0 0
6.5 0 0 0 0 0 0 1 0 0 0
70 0 0 0 0 0 1 0 0 0 0
75 0 0 0 0 0 0 0 0 1 2
8.0 2 2 2 2 2 3 2 2 2 1
8.5 1 4 1 4 4 2 2 1 3 2
>=9 0 0 0 0 0 0 0 0 0 1
Protein - 0 0 0 0 0 2 2 3 2 1
(mg/dL) +/- 1 0 1 0 0 1 1 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 0 1 0 0 1 1 0 0
0.25 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0
>=1. 0 0 0 0 0 0 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 1
15 2 5 2 3 1 0] 1 0 1 1
40 1 0 0 0 0 0 0 0 0 0
>=80 0 0 0 0 0 0 0 0 0 0
Bilirubin - 5 3 6 5 4 6 6 6 6 6
1+ 1 3 0 1 2 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
Occult blood - 6 6 6 6 6 6 6 6 6 6
+/- 0 0 0 0 0 0 0 0 0 0
1+ 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 4
(EU/dL) 1 2 1 0 0 0 0 0 0 1

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-tert-butylphenol in twenty-eight-day
repeat dose toxicity test

Sex Administration period Recovery period

Dose level (mg/kg) 0 1 20 100 500 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  393.7:4235 38624228  373.0+33.1 444.0£32.1 43771221 125.2+17.6
Absolute organ weight
Brain(g) 2.088+0.060 2.048+0.095 2.105+0.062 2.070+0.085 2.042+0.062 2.138+£0.072  2.147£0.061  2.09710.053
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 15.9540.81
Thyroids(mg)  3440£7.93  31.7046.86  30.80+4.69 32574512  28.98+242 3342£3.21  37.08+569  31.07+#4.11
Thymus(mg) 55834822  607.0+129.2 609.2+93.6 624.2+69.7  513.7196.0 509.5+131.6 517.0%122.7 529.5%+77.5
Lungs(g) 142840.091 149740.127 1.468+0.083  1.467+0.091 1.420+0.119 1.462+0.063  1.507+0.065 1.42710.037
Heart(g) 1.30040.092  1.315+0.150  1.363+0.073  1.390+0.157  1.330-0.100 14474+0.182  1.432+0.084  1.313+0.082
Liver(g) 16.315+2.977 16.197£2.243 16.137+1:318 16.565+2.089 18.173£1.797  16.235+1.200 15.877+1.076 14.945+1.073
Spleen(g) 0.810+0.114  0.832+0.081  0.815+0.125 0.727+0.107  0.7500.096 0.855::0.076  0.912+0.083 °  (.78310.103
Kidneys(g) 2.735+0.308  2.7601+0.352  2.852+0.220  2.850::0.329 2.83540.155 3.12240.271  2.9651+0.169  2.898+0.165
Adrenals(mg)  47451%6.67  53.15+8.21 50.38+5.83 51.75+5.64  45.301+8.26 50.60+8.59  53.93+£10.89 49.77+1.60
Testes(g) 3.04840.293  3.058+0.220  3.192+0.247  3.0631+0.194  3.17740.123 3.212+0.180  3.285%0.141  3.123+0.130
Epididymides(g)  0.80310.050 0.80740.040 0.783+0.085 0.79240.065 0.753+0.042 1.118+0.071 1.1374+0.054  1.08340.040
Relative organ weight
Brain(%) 0.533+£0.044  0.517+0.037 0.537+0.031  0.5384+0.039 0.550+0.039 048010.023  0.493+0.024  0.495+0.022
Pituitary(X10° %} 4.104045 3.98+0.32 4.124+0.39 3.78+0.21 3.88+0.41 3.551+0.21 3.731038 3.78140.31
Thyroids(X10° %)  8.72+1.98 7.97+1A47 7.82+0.93 8.50+1.68 7.83+1.14 7.60+1.18 8.4710.96 7.35%1.18
Thymus(X10° %) 142.20+23.38 1517842287 154.67+21.33 1614241213 145071657 114.25424.82 1 17.90+25.85 124.77+20.02
Lungs (%) 0.365+0.026  0.375+0.020 0.373+0.023  0.382+0.013  0.380+0.014 0.33240.016  0.343+0.015 0.337+0.015
Heart(%) 0.328:0.023  0.330:£0.020 0.345+0.010  0.360+0.022  0.362+0.044 0.32740.031 0.328+0.031 0.31040.018
Liver(%) 410330349  1.058+0.278  1.100+£0.227 4.280+0.365 4.870+0.172** 3.660::0.139 3.628+0.118 3.51240.156
Spleen (%) 0.205+£0.015  0.210+0.011 0.215+0.033  0.18740.023  0.202+0.028 0.193+0.016  0.208+0.020  0.183+0.026
Kidneys (%) 0.6924+0.035 0.69230.M3  0.725+0.062 0.740+0.061  0.7651+0.071 0.705+0.052 0.678+0.024  0.682+0.031
Adrenals(X10°%) 12.03+1.27  1340+2.26 12.80+1.4 1343+1.80  12.13+1.84 11.38+1.63 12.33+2.52 11.72+0.35
Testes (%) 0777+0.109  0.7733:0.092  0.810£0.026  0.793+0.044  0.858::0.085 0.725+0.055 0.753+0.059  0.73540.052
Epididymides ® 020710031 0.203+0.020 0.198+0.013  0.20740.023 0.203+0.027 0.253+0.019 0.258+0.015 0.255+0.019

Values are expressed as Mean+S.D. )

Significantly different from 0 mg/kg group; *p<0.05, **p<0.01

12

216

Sy —

i, NI N LI S Al TR YRR

B w LR R TRt R - e o

XE OSSN

)

o —

AR ST

1]



otert-TFNT x/ —IL

Table4  (continued)

Administration period

Recovery period

Sex
Dose level (mg/kg) 0 4 20 100 500 0 100 500
Female
Number of animals 6 6 6 6 6 6 6 6
Final body weight(g) 242.0+10.3  257.8+214 246.0£24.1 243.0+22.7  231.749.2 279.8+27.0  264.5*17.2 268.7£314
Absolute organ weight
Brain(g) 1.913+0.059 1.88240.079 1918+0.064 1.907+£0.059 1.94310.074 1.97040.106  1.93740.094  1.93040.026
Pituitary(mg) 16.35+1.56 18.13+1.58 16.72+2.48 17.13+£2.77  16.3710.85 18.47+3.15 18.92+245  20.27x1.66
Thyroids(mg) 23.67+3.71 23.35£5.20 26.151+3.24 24.98+3.67 25.03+3.97 26.30+3.25 26.131£291 24.5014.26
Thymus(mg) 586.3+£161.7 464.8+39.8 517.3+65.9 534.7£957  423.01£59.6 42704939  481.3+100.3  449.2+559
Lungs(g) 1.076+0.081  1.078+0.121 1090#0.094  1.083+0.099 1.097+0.072 1.18840.072  1.145+£0.075  1.135+0.077
Heart (g) 086040127 0.892+0.100 0.888+0.010 083840073 0.813+0.072 0.958+0.097 0.898+0.066  0.943+0.056
Liver (g) 8.863+0.633 9450+1.121  9.080+1.176  9.062+0.818 9.993+0.726 9.980:£1.217 8.830+0.835  9.658%1.347
Spleen (g) 0525+0.076  0.54340.083 0.528+0.055 0.502+0.065 0.548+0.057 0.812+0.531  0.623+0.108  0.605+0.080
Kidneys (g) 1.648+0.092 1.733£0.062 1.698+0.121 1.72240.173  1.738+0.099 1.82240.131  1.768+0.087  1.86710.117
Adrenals(mg) 64.10£8.2] 66.93+9.72 63.7746.33 59.32+7.86  54.83%5.97 62.93+8.35 66.1016.61 65.40£10.75
Ovaries(mg)  86.03%8.66 90.02+11.12 88.68+23.24  85.88+5.81 81.20+8.98 94.00+13.50 82.98+6.36 97.25+13.88
Uterus (g) 066240241  055040.299  0.393+0.067 0.480+0.222 0.580+0.198 0.527+0.291  0423+0.052  0.48510.141
Relative organ weight
Brain(%) 0.790+0.032 0.733+0.059  0.787+0.089  0.790+0.078  0.840+0.042 0.707+0.012  0.735£0.060  0.728+0.081
Pituitary(X10® %)  6.75+0.72 7.0510.77 6.8210.86 7.08+1.06 7.07+0.61 6.65+1.27 7.20x1.14 7.68+1.39
Thyroids (X107 %) 9.77+1.32 9.03+1.72 10.631+0.55 10.30+£1.20  10.83+1.82 948+1.57 9.85+0.80 9.22+1.88
Thymus{X10® %) 240.97+60.69 180.73+15.00* 211.80+32.15 221.07+40.03 182.67+25.18* 153.03£3019 181 80435.74 168.22+22.00
Lungs (%) 044340.025 0418+0.019 0443+0.019 0445%0.018 0472:+0.021 0427+0.025 0433+0.03¢ 0427+0.037
Heart (%) 0.357+0.018 0.347+0.026 0.362+0.025 0.347+£0.023 0.355:0.027 0.345+0.048  0.31030.017  0.357£0.056
Liver{(%) 3.663+0.217 3.660+0.204 3.683+0.165 3.73740.227 4.315£0.304*  3.57240.361 3.337+0.224  3.588+0.103
Spleen (%) 0218+0.026 0.212+0.019  0.215+0.023  0.2081+0.024 0.238%+0.029 0.29540.209  0.235+0.033  0.225+0.015
Kidneys (%) 068240037 0.67510.034 0.697+0.078  0.708+0.030  0.752+0.049 0.652+0.036  0.670+£0.016  0.703+0.094
Adrenals(X107 %) 26.50+3.09 26.15+4.52 26.02:+2.57 2440+1.82 23.65+1.88 22.53+2.67 25.00+2.11 24.73+5.58
Ovaries (X10* %) 35.57+3.44 34.97+3.89 35.80+7.23 35.52+3.09  35.02+3.34 33.55+3.21 31524337 36424533
Uterus (%) 0.27340.09  0.210+0.101  0.160+0.028  0.198+0.095 0.25010.091 0.192+0.113  0.1601+0.021  0.1853:0.061
Values are expressed as Mean+S.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

218

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 6 6 6
Male (Grade)
Heart <6> <0> <0> <0> <6> <0> <0> <0>
Inflammatory cell infiltration, focal 1+ 2 2
Spleen <6> <0> <0> <0> <6> <0> <0> <0>
Increase in hematopoietic cell, erythrocytic 1+ 1 0
Lung <0> <0> <0> <0> <> <1> <> <0>
Inflammatory cell infiltration, focal 1+ 1
Livér <6> <0> <0> <0> <6> <0> <0> <0>
Microgranuloma 1+ 1 0
Necrosis, focal 1+ 0 1
Kidney <6> <0> <1> <1> <6> <0> <> <0>
Basophilic tubule 1+ 2 1 0 2
Cyst 1+ 3 1 1 1
Fibrosis, focal 1+ 0 1 0 0
Hyaline droplet, tubular epithelium, proximal 1+ 5 1 1 5
Mineralization, papilla 1+ 1 0 0 1
" Epididymis <6> <0> <0> <0> <6> <0> <0> <0>
Inflammatory cell infiltration, lymphocyte, focal 1+ 1 1
Female (Grade)
Spleen <6> <0> <> <0> <6> <1> <0> <0>
Congestion 1+ 0 0 1
Lung <1> <0> <0> <> <1> <0> <0> <0>
Foreign body granuloma 1+ 1 0
Inflammatory cell infiltration, focal 1+ 0 1
Liver <6> <0> <0> <0> <6> <0> <0> <0>
Fatty change, hepatocyte, periportal 1+ 1 1
Microgranuloma 1+ 1 1
Kidney <6> <0> <0> <> <6> <1> <0> <0>
Basophilic tubule 1+ 2 3 0
Cyst 1+ 2 1 0
Mineralization, papilla 1+ 0 1 0
Dilatation, pelvis 1+ 0 0 1
Uterus <3> <2> <0> <1> <2> <1> <0> <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

£330

2-tert-7F N7 x ) — VOBIETFERERFRUDOE
EXRET L0, BETAVIERERABRYERL
7z

HEXIE, FEEH KL L T Salmonella typhimurium
TA100, TA1535, TA98, TA1537 1 & Uf Escherichia
coli WP2 uvrA % Fiv», S9 mixFEHTE (HEE) B L UHF
EUCBHE L) TTT LA v F ax—va vk
fTo17-.

HEl, AEReABoRErCHOEFTHEN ZD
SNARBYREAEE L, HEES I URENERLE
& H126.25~ 200 pg/plate DFIFE (A H2) TRE L.

HERF 2T o 4R, KBHEHILOFEII I P DO
3, ETOEKIBWTERER 0= - HOBIMIIEE
HoNaro. BOEBRECOVWTL, ERENYE
&, S. typhimurium Tl3100 gg/plateﬁi_tf, WP2
uvrATI3200 pg/plate L ETED &, {BHERILED
a1, TA1008 X UFTA1535 Tid100 pg/platel«l_}:f,
TA98, TA1537# £ U'WP2 uvrA Ti3200 ug/plate Ll E
TR LM,

BEOBEDS, 2-tert-7F N7 2/ —VOMEAI
T HEETERERFREIEELHELL.

Kk

1. jEEEH%

B ARGERMBREHEFR» O 19944612/ 19
Bico5 %578, typhimurium TA98, TA100,
TA1535, TA1537 '35 L U°E. coli WP2 uvrA ? D5 Witk %
A, SHKE, BEEET-80CUTICHEERTFL
7=,

HKERICIR LT, BREHKRE MARE, TOBuL =2
— FY ¥ k70 X (Bacto nutrient broth dehydrated,
Difco Laboratories) ¥ #5115 mLiZ##& L, 37°CT
1285 FREBIE R L. BEZOBBHARIBELWE
L, SELERKOBERI YV ImLH/D1 X108
DEBEEMNBORTWAZ L 2HERL, RBRERE L
7-.

BZEROBEHEEREL, FERERORARIELEY
WKEEBRI LTV, AREBRIZHVWERNREDIFHE
PREEFLTWLZ L 2REEL.

2. #RME

Itert-TF N7/ — (v FEECLE9, KHEA
VR LFETEM(ER) R 3, EREHOWEKT, K
WEEE, YAFLALEFY F(DMSO), ThA2—LB
IUTEFIZBETHY, HEWNIT (AL LT,
T2/ 003%FS)DWHETHL. HRWHE,
HEEF4°C) THER(BERB)RELL.

EEBRET%, BABBRWHELOWNLIER, TEHC
P 2o

3. #HEBRMEHBEAORY

BRI DMSOFIEHETEW * Ay, HBRYHA%
BRLTESHEOHRW (B * AR L. ZOFH
O—FE BRCIEAFRLUCHERABOMABETFTRL
7o, fiEEkiEid, FREELL.

4, BEiEERmE
BB EE LTCTRENb O FERALL.
AF-2:2-(2-7 Y N)-3-(5-= +TO-2-7 Y N)T 7Y b
T 3 F (O T 0)
2-AA2-T I/ T v b Ik s (T TER)
NaN,: 7 J{tF bV 77 4 (FIEHSE T )
9-AA :9-7 3 /7 # ) ¥ > (Aldrich Chemical Co.)
AF-23 X UF2-AA I DMSO (AN YC A3 TE0) 12,
NaN; 3 X UF9-AA LA (RRIFERETI) ISEHL
7z,

5. ki

1) BYPITNA-IEXFREHR(TL— )
FARAF A TANE# () =0 ¥ VEERR T W) ¢ i

AL, AL, BBl L7V 0MBRRTRENESLY

THYH, FOmmNY v —V1HH7 N30 mLESiE

L72bDOTHA.

o A A AR oV, & -3 02g
y oK —KiE 2g
V) UBAKREZAY T A 10g
Y yB—T e A 192¢g
AELF YT A 0.66 g
Iva—A 20g
%X (OXOID Agar No.1) 15g

2) FI/BEMEKEXRER(Fy TTH-)
0.6 w/v% ZEX$% (Difco Laboratories) # & U70.5
w/v%iaftF b U o AOHAROKEREHEL, Zhil,
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S. typhimuriumRIZ1305 mM D-¥ + 5 > 8 L 1°0.5 mM
L-E 252 VKB, E coliBiZiZ05 mML-+1Y 7 b
77 yRBEEFVIOEMZ, by TTH - LI

6. S9 mix

L—LRATAMAFEHESI mix(Fya—~ @) %
AL, BuEE6 s AUPMICER L. S9ud, FHEmMe L
T7x/VES —UBLUS56-R2VTITKEY %S
L 7- Sprague-Dawley Rl 7 v b OfFiE» S HEL X /-
bDOTH 5.

7. BBRAE

RERIE, LA F a2 3 Y ETTo7.

HBRE I EHGE, HBRYEHRRED D IR
WREIEHZ 01 mLAR, ROCEEETIZOIMY V&
F b U Y L@ E (pH 74) % 0.5 mL, XBHEM LETI
SO mix % 0.5 mLiN%, $#WCREREWO.l mL%5EL,
7°CT00MIREEEL -, BEHRTH, 45°Ci2gE
Lcby 77 H—2mLahx-iB&#% 7L — b EIC
ER L7, 37°CTASRERIES RS, BRLEEau=—%
BHEL, FARCIEEREROAEFTFHEDS E+ EHTEME
FHWTHBELL. FL—3, ABRERBRCREH
BEEOHIN, ARBCIISHEEALL. RRABIE, [
—HETHVW 20T 7.

8. ¥HEoHE
HEBYERE L - FMIBUYAERERIU - — K
(CEBlE) »ARBED 25U L2 R L, ASKESS
SUHREOBHENZOONLEE5EEMEE LT,

BL, BRELAEREEIZO O VFEIIBNT
b, BHEE TR TABRERICHERASENES S WuTiEHE
CHETBIEELE. '

BREIUER

50~5000 ug/plate DEHE T o -FAELZERERIZE
Wi, fBHERILOEEIZ»2HS 3, wTFhoEk
BWTH 200 pg/plate A EOHETH DA FHEHNR
Hoh, ¥/, TAI00, TA15353 X U'TAL537 CIIEE
HFIIBIT 5100 pg/plate CHBELEFTHENZDLR
7:. Lizh> T, ARBUBI2HBHEOAER, &
EHE%*200ug/plate & L, LTFTAK2T, 100, 50, 25,
1253 X U°6.25 ug/plate & L 7-. ,

HE % 2017 o 7245 R (Tables 1 ~4), BEEB LU
REFRAEOTROGES, HRALLZLTOREKIC
BWERERIo = —Hid, @R EN2E+RL
23 nhol. BOEFHEI OV TIIEZENS
£, S. typhimuriumTiX100 ug/plate LA LT, WP2
uvrATI3200 ug/plate TR L h, BHERILEDSHE
¥, TA1003 & UFTA1535 T2 100 pg/plate Bl kT,
TA98, TA153735 & U'WP2 uvrA TiX200 pg/plate T2
L 15% (WA

DEOBENPS, RERENTTHE, 2-tert-7F N7

220

/= VOB TFEALTRERGEIBEEENEL.
2-tert-7F I T x ) — WDIFEFLEMTH L 4-tert-7

FHT 2/ —N3Y, 2-sec-TFNT =/ —>8 4-sec-

TFANT /=N, 24-F-tert-TF N T /) —NLE,
2.6-F-tert-7F N7 x J — W3, 246-0Y)-tert-TF N
T/ =N 6tert-TFN-m7 LS — VW0 4 4-FF
YA (6-tert-7FN-m-7 L/ = N) B XU22-2AF 1
¥R (6-tert-TF N-p-7 LS =) 12g, iR S,
typhimurium3 & O°F. coli, % 7:13S. typhimurium*
WIERERERRTREELBEIATVE, T/, 4-
tert-7FN 727 - NBELU26-F-tert 7FNT x /) —
MIBWTIREBBLTHVWEEETERERABRCLE
I EHEIR TS,

ik

1) D. M. Maron, B. N. Ames, Mutat. Res., 113, 173
(1983).

2) M. H. L. Green, “Handbook of Mutagenicity Test
Procedures,” 1, Vol. 3, eds. by B. J. Kilbey, M.
Legator, W. Nichols, C. Ramel, Elsevier,
Amsterdam, New York, Oxford, 1984, pp.161-187.

3} B.J. Dean, T. M. Brooks, G. Hadson-Walker, D. H.
Hutson, Mutat. Res., 153, 57(1985).

4) WA, WERF, HEAET, BED, BSHG,
WMAREE, HhF&d, HE R, (tEWESNH
RERHRE, 4,295(1996).

5) K. Mortelmans, S. Haworth, T. Lawlor, W. Speck, B.
Tainer, E. Zeiger, Environ. Mutagen., 8(suppl.7), 1
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Table 1 Results of reverse mutation test of 2-tert-butylphenol on bacteria (1st trial)
[direct method :-S9 mix]

Test substance

Number of revertant colonies per plate [Mean+S.D.}

dose

(ug/plate) TA100 TA1535 WP2 uvrA TA98 TA1537
0 97 103 125 8 15 9 21 13 12 15 18 18 10 6 6
{108 £ 15] [11 %4} [15+5] [17+2) f7+2}
6.25 116 100 115 14 15 9 16 10 18 20 17 16 9 7 6
[110+9} (13+3] (15%4] [18 +£2) [7+2]
125 116 114 107 11 14 5 4 12 14 14 28 18 15 6 13
[112£5] {10+5) {13+1) [20+7) [1145)
25 104 139 120 9 9 10 17 9 13 18 29 19 10 9 10
(121 £ 18] (9+1] [13%4) (22 + 6] [10£1]
50 126 110 98 11 1 15 17 8 13 22 25 27 12 9 "
(111 £ 143 [12+2) (13£5] (25+3] (12+3)
100 9%* 90* 72% 7* 4* 9* 15 16 9 12* 16* 17* 3% 3* 2*
(86 +12] (7+3) [13+4] [15+3] [3+1)
200 o* 0* 0* o* 1* o* 0* 0* o* 0* o* o* 0* 0* 0*
[0+0) fox1] [0+0] [o+o0] [0+0]
Positive control 1018 994 925 426 4514 434> 703 721 789 369 402 347* 506 410 499
[979 + 48] (138 + 14] {738 +45] [373 + 28] [472 £ 54]
*: Growth inhibition was observed.
a)AF-2:2-(2-Furyl)-3- (5-nitro-2-furyl) acrylamide, 6.01 pg/plate
b) NaN;: Sodium azide, 0.5 ug/plate
¢)AF-2, 0.04 pg/plate
d)AF-2, 0.1 ug/plate
2)9-AA:9-Aminoacridine, 80 pg/plate
Table 2 Results of reverse mutation test of 2-tert-butylphenol on bacteria (1st trial)
[activation method : +59 mix]
Test zubstance Number of revertant colonies per plate [Mean£S.D.]
ase
(ug/plate) TA100 TA1535 WP2 uvrA TA98 TA1537
0 98 109 9 10 9 7 2 20 23 25 38 29 1 13 15
[101£7) (9+2) [22+2] 817 (14 £1]
6.25 M2 139 1A 14 8 8 16 17 10 23 27 33 10 12 13
(135 £ 10) (10 +3]) (11 + 4] {28 5] {12+2)
125 127 128 139 8 10 10 20 20 12 25 32 11 10 11 12
(13173 [9+1] (17 +5) (33+8] [1+1]
25 152 139 133 8 11 1 1 22 14 38 36 30 7 14 10
(141 % 10] (10+2] (13+9] [35£41) (10+4)
50 130 138" 127 5 12 4 17 18 18 32 46 35 6 7 16
[132 6] [7+4] (18 +1] {38+7] {10+6]
100 104 112* 127+ 8* 4* 4* 28 18 16 31 26 A 5 5 8
{114 £12} (5+2] [21%6) [(30+4] [6+2)
200 8 .0t T 1+ 0 0* M* 10t 10 22* 6+ 28 o o o
[27£41] 1+2] [11+2] [19:t11] foxo]
Positivecontrol .- 536 554 498 179 125 245 708 697 796 319 37 3™ g & 100
_ [529 + 29] {150 + 27 (731 £54] (31030} f90+9)
*:Growth inhibition was observed. ‘
a)2-AA:2-Aminoanthracene, 1 zg/plate”
b)2-AA, 2 pg/plate
c)2-AA, 10 ug/plate
18
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Table 3 Results of reverse mutation test of 2-tert-butylphenol on bacteria (2nd trial)
[direct method: —S9 mix]

Test substance Number of revertant colonies per plate [Mean+S.D.]

dose
(ug/plate) TA100 TA1535 WP2 uvrA TA98 TA1537
0 106 118 121 16 13 12 16 14 17 22 28 27 7 8 8
{115+ 8] (14 = 2] {16 + 2] (26 £ 3] 8+1]
6.25 113 118 117 15 15 10 12 12 14 30 28 29 7 7 g
[116 £ 3] [13%3] [13£1]} [29+1) {8+1]
12.5 131 127 145 22 10 11 21 16 12 17 20 28 9 7 1
{134 9] (14 7} [16 £ 5] [22 + 6] {10243
25 109 138 125 18 15 17 7 14 )t 22 30 39 7 6 10
{124 + 15] 17x2] (12+4} [30+9] {8x2]
50 105 98 101 10 7 6 12 13 11 24 26 22 13 12 12
{101 = 4] [8+2] {12113 [24 +2] (12 +1]
100 105* 80*  80* 14* 6 11* 10 16 13 15* 16* 15* 5 1* 4*
[88 £ 14] [10+£4] {13£3] {15+1] [4£1]
200 0* o* 0* o* 0 o* o* 0* 11* 0* 0* o* 0* 0* 0*
[0£0] [0+ 0] {1+6] [o+0] fox0]
Positive control 985 894 906" 409 521  442° 912 868 818 405 372 383 688 550 508
[928 +-49] {457 + 58] (866 +47] (387 +17] [582 £ 94]
*:Growth inhibition was observed.
a) AF-2:2-(2-Furyl) -3- (5-nitro-2-furyl) acrylamide, 0.01 pxg/plate
b) NaN,:Sodium azide, 0.5 pg/plate
c¢)AF-2, 0.04 pg/plate
d)AF-2,0.1 pug/plate
e)9-AA:9-Aminoacridine, 80 ug/plate
Table 4 Results of reverse mutation test of 2-tert-butylphenol on bacteria (2nd trial)
[activation method :+S9 mix]
Test Zubstance Number of revertant colonies per plate (Mean+S.D.]
ose
(vg/plate) TA100 TA1535 WPZ uvrA TA98 TA1537
0 114 113 110 11 8 9 21 16 19 27 29 35 9 12 17
f112+2) [9+2] {19+3]) [30 £ 41 [13+4]
6.25 157 147 131 10 10 9 26 22 14 52 37 30 16 8 12
145+ 13) 10+1} [21 £ 6] (40113 [12+4]
12.5 129 131 140 11 9 9 22 24 28 33 35 32 9 10 “
{1331 6] {1ox1] [25 +3] [33x2] {11£3]
25 143 138 131 17 8 12 1 20 16 42 28 27 6 10 13
[137 £ 6} [12£5] f17+3} - [32+38} [10£4]
50 152 134 119 7 8 13 21 15 21 36 25 34 13 6 13
' 135+ 17] [9+3) [19+3] (32+6] {11 +4]
100 100* 87*  109* 5* 3* 5% 20 20 21 28 K7 34 7 16 8
{99 +11] [Ax1] [20+1] [3243] (105]
200 48* 1* 111+ (1 o* o* 4* 9* 10* 13* 16* 6* 0* o* 6*
{53 £55] [o+0) [8+3] {12 +5] [2+3]
Positive control 670 589 614> 162 164 162 831 783 811« 318 330 367 72 73 8¢
{634 £ 41] [163 +1] {808 £ 24] (338 + 26] (75 4]
*: Growth inhibition was chserved.
a)2-AA:2-Aminoanthracene, 1 ug/plate
b)2-AA, 2 pg/plate
c)2-AA, 10 pg/plate
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In Vitro Chromosomal Aberration Test of 2-tert-Butylphenol
on Cultured Chinese Hamster Cells

28

2tert-7TFNT = ) - VOREBEREFEEOEES
BRET D, FxA4=—X - NARY —BilROBHE
MBI (CHL/IU) % AV Cin vitrolZ B\ 5 G EE AL
BHECLHREHRRERBRTERL .

FEARERRIAVIAERRET 5720, Mia
MG AR LT o R, SO mixFEFETFTTIZ120
pg/mLELE, S9 mixFET TR0 pg/mL LOHET
50 % % L[5 MmO b, Lzds T,
REERERBRCBITAHENL, SO mixIEFET T
40, 60, 80, 100, 1103 X UT120 xg/mL, S9 mixF7E
TTIX1.25, 25, 5 75 108X U20ug/mLE L7:.

REROFER, SO mixFEFET CIE, REKEEHE
DIEINIED SN b o 7o, S9 mixFE T TIHAEK
FHLREABERFABROEMARD SN, 758 %
U10 pg/mL TOHIM(HRHAESS5 B L U711.0 %) (3#kE!
FWHELODTHo7:. 72, 10 pg/mL CHER
FHie (B OB E LM (HBIEES0 %) bR
Honz, S mixFFFEET D110 wg/mLELE, S9 mix
HFETO2 pg/mLTIIHRBENO - DBEETE 2 9H
FHHRERD SN o 1z,

DEOEEDNPS, 2-tert-7F N7 =/ — Wik,
CHL/TUMIRE X L B HRELERT 5 (i) L5
L.

FHik

1. Rk

B ERmR oA EF R ERREE (o B #iER
BRATZE REMLE) 26 BBA604E1 A 1382052 2157
FrAo—X - NAAF RO BEFHEHE
(CHL/IU) 2R L. #t5MRI, #EMEic 10
Vol DEIET I A F M ANKF S F(DMSO, HIkitiss
TER@) WML, BEEELEGHTTRELLOOLYE
EHICRL, BAZOBABIIEETTCOLOLBEAL
7.

2. BER

Eagle-MEM #} F 55 #b (Gibco Laboratories) % % 82 5
WERRE L, THhIZIESLF A4 MmiE (Gibco Laboratories)
Z10vol% DEAETHRMLI b D% A,

224

3. EEEM

4 X 1@/ mLOMREECEERS mLE T4 vV
(1#6 cm, Becton Dickinson Co.) {21z, 37 *CHCO, A
Y ¥ 2n— 5 —(5%C0,) TR

BEERG3 8121059 mix FFESL L UHFET THEY
BAORFMMAE L, MEERTHR, FEHEEHRTILIZI8
BRRIEEE L.

4. SS9 mix

R AEYABRAFEES) mix(Fya—< () i
AL, BuEH%6 s ALMICER L7, S9ik, FEHL L
TT7x/NNET—LBIU56-XV 75K 3%k
L 7= Sprague-Dawley %7 v F OFE» SR I N/
bDOTH5.

5. #H&RMHE

2-tert-7F N7 x /- (1 FEHESCLE9, KAAA
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Table 1 Chromosome analysis of Chinese hamster cells (CHL/IU) treated with 2-tert-butylphenol with and without

S9 mix
Timeof No.of No. of cells with structural ‘No. of cells with numerical Cell
G Dose 59 . berrations gap aberrations
ou a
roup (ug/ml) mix exposure  cells (%) Grow;h
(hr)  analysed ., cte csb cse oth total(%¥ Polyploid Polyploid® total(%? T ate (%)
Solvent' 0 - 6-(18) 200 2 1 0 0 © 3(15) 0 0 0 0(0) 100.0
2TBP 10 - 6-(18) 200 0 0 0 0 ¢ 0(0) 1(0.5) 0 0 0(0) 105.5
60 - 6-(18) 200 o 1 0 1 0 2(1.0 0(0) 0 0 0(0) 97.0
80 - 6-(18) 200 0o 2 0 2 0 4(2.0) 0(0) 1 0 1(0.5) 95.0
100 - 6-(18) 200 3 6 0 0 0 8(4.0) 0(0) 0 4] 0(0) 50.5
110 - 6-(18) Toxic — — — — — — — — — — 135
120 - 6-(18) Toxic — — — — — - - — — — 1.0
MNNG 2.5 - 6-(18) 200 64 1838 3 0 190(95.0%* 3(1.5 0 0 0(0) —
Solvent 0 + 6-(18) 200 0o 0 o 1 0 1(0.5) 0(0) 1 0 1(0.5 100.0
2TBP 125 + 6-(18) 200 1 1 0 0 0 2(1.0) 00 1 0 1(0.5) 90.0
25  +  6-(18) 200 1 2 0 2 0 420 1(05 0 0 0(0) 815
5 + 6-(18) 200 1 2 0 0 0 2(1.0) 0(0) 0 0 0(0) 70.0
7.5 + 6-(18) 200 2 10 0 0 0 165 1005 7 0 7(3.5) 413.0
10 + 6-(18) 200 8§ 18 0 0 0 22(10* 000 7 3 10(5.0)* 26.5
20 + 6-(18) Toxic — — — — -— — — — — — 16.5
BP 10 + 6-(18) 200 13 68 1 0 0 75(37.5* 00 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 lothers, SA :structural aberration, NA :numerical aberration,
2TBP: 2-tert-butylphenol, MNNG : 1-methyl-3-nitro-1-nitrosoguanidine, BP 34 -benzo[alpyrene
1) Dimethyl sulfoxide was used as solvent.
2) Muiti-sample x? test was done at p<<0.05 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.
23 227
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Elevated susceptibility of newborn as compared with young rats to
2-tert-butylphenol and 2,4-di-tert-butylphenol toxicity
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Science in Biochemistry and Toxicology, Sagamihara-shi, Kanagawa; and *Kashima Laboratory, Mitsubishi Chemical Safety Institute Lid,

Ibaraki, Japan

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 newbomn 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 observed and the NOAELSs 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 blood 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-fert-butylphenol, 2-fers-butylphenol, suscepti-
bility of newborm 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 al. 2004). However, the focus has
long been solely on adult exposure and toxicity and the fetus via
maternal transfer, 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
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chemical-contaminated baby food, mouthing toys or household
materials, 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 (newborn animals) to chemicals, and toxic-
ity studies using newbomn 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 newbomn 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 a basis of analyzing susceptibil-
ity. Since young rat studies are routinely conducted as one 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-tetrabromoethane, 2,4,6-trinitrophe-
nol, and tetrabromobisphenol A) (Koizumi er al. 2001, 2002, 2003;
Fukuda ef al. 2004; Takahashi er al. 2004; Hirata-Koizumi et 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-
parts at a maximum. For 1,3-dibromopropane and 1,1,2,2-tetrabro-
moethane, while the doses causing clear toxicity were lower in
newbom 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 newbomn 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-tert-
butylphenol (2TBP), and 24-di-tert-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 animals,
results from young rat studies of both chemicals are available in
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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 a 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 com 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 Biochemistry and Toxicology, or Mitsubishi Chemical
Safety Institute Ltd.

Animals

In the newborn rat studies of 2TBP and DTBP, pregnant 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 newborn 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
Design) 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 h light/dark cycle.
They were allowed free access to a basal diet (MF: Oriental Yeast
Co. L, Tokyo, Japan, or LABO MR Stock: Nihon Nosan Kogyo
Inc., Yokohama, Japan) and water (sterile tap water or well water
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 females 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 them. 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 observed at
least once a day (details of clinical signs noted in this study are
described in ‘Glossary of terms for toxicity testing’ [NIHS
1994)]). Body weight and food consumption (only the recovery-
maintenance period) was examined once or more a week. As devel-
opmental parameters, fur appearance, incisor eruption, 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 vol-
ume of the urine) 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, respectively. One portion was treated with EDTA-2K and
examined for hematological parameters, such as the red blood celt
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 biochemis-
try (total protein, albumin, albumin-globulin ratio {A/G ratio], glu-
cose, total cholesterol, triglycerides, phospholipid, total bilirubin,
urea nitrogen [BUN], creatinine, glutamate oxaloacetate transami-
nase, glutamate pyruvate transaminase, alkaline phosphatase, y-
glutamyl transpeptidase [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 study)

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 were 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 newborn 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 O,
5, 20, 75, or 300 mg/kg/day for DTBP. Recovery groups were set
at 0, 100, 500 mg/kg/day for 2TBP and O, 300 mg/kg/day for
DTBP. ‘

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 Conceming 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 (Bartlett 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 (P < 0.01 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 x?-test (Fisher 1922) was conducted (P < 0.01 or 0.05).

M. Hirata-Koizumi et al.

RESULTS
2-tert-butylphenol 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
was noted on the first dosing day limited 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 v-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 one
female of the 60 mg/kg group, and in four males and three females
from the 200 mg/kg group. During the recovéry-maintenance
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/kg/day.

Young rat 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. During the dosing period,
there were no changes in body weight, food consumption, and
urinalysis data. At the scheduled sacrifice, hematological and blood
biochemical 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.

Table 1 Clinical signs observed during the dosing period in the newborn rat study of 2-fer¢-butyliphenol

Dose (mg/kg/day)

_ 0 20 60 200
No. animals (Male/Female) 127/12 12712 122712 12/12
No. animals with clinical signs
Decrease in locomdtor actiVity 0/0 0/0 11/0 12/12
Ataxic gait 0/0 0/0 0/0 4/6
Deep respiration 0/0 0/0 0/0 12/12
Tremors 0/0 0/0 0/0 24
Muscle weakness 0/0 0/0 0/0 12/12
Emaciation 0/0 0/0 0/0 22
Pale skin 0/0 0/0 0/0 42

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

Newborn 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%7

M: 0/6, F: 1/6

Liver 21-23%T

M: 4/6, 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.

20

100

500
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 . 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, v-GTP; TP, total protein; ~, no

change; n.d., not determined.

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

2,4-di-ert-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 during 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 examination showed an increase in total bilirubin and
a decrease in the A/G ratio in both sexes, an increase in Y-GTP in
males, and an increase in total protein and BUN in females of the
300 mg/kg group. In the 300 mg/kg 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/
S, 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 at 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 results of the newborn fat study of DTBP is
shown in Table 4. Since fatty degeneration of hepatocytes and
increase in liver weight were -demonstrated at 40 mg/kg, 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 study of 2,4-di-tert-butylphenol

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 6/6 516 6/6 5I5
Liver
— Fatty degeneration of periportal hepatocytes + 0/0 0/0 0/1 0/0 0/0 0/0
++ 0/0 0/0 0/0 3/4 0/0 0/0
+++ 0/0 0/0 0/0 22 0/0 0/0
Kidneys
— Basophilic tubules + 1/0 nd. o 4/4 0/0 3/0
— Granular casts + 0/0 n.d. 0/0 4/2 0/0 0/0
— Cystic dilatation of collecting tubules + 0/0 nd. 0/0 0/0 0/0 5/4
++ 0/0 nd. 0/0 3/4 0/0 0/0
+++ 0/0 nd. 0/0 2/2 0/0 0/0
~ Cellular infiltration of neutrophils + 0/0 nd. 0/0 2/1 0/0 1/0
++ 010 nd. 0/0 171 00 110
+++ 0/0 nd. 0/0 1/1 0/0 0/0

+No histopathological examination was conducted at 5 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 summarized 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 et al.
2002), it is known that the various functions remain immature 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 period 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 routine 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.

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 a characteristic 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,
represents a reliable non-invasive indicator of chemical-induced
perturbation of male pubertal development in the rat (Gaytan et al.
1988). However, it is known that decreased body weights can result
in non-specific delay in puberty (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 newbom and young rats, with values of 20 and 5 mg/kg/
day in newbom 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 newbom than in-young rats.

Our previous analysis of 1,3-dibromopropane and 1,1,2,2-
tetrabromoethane (Hirata-Koizumi eral. 2005) showed dose-
response curves to be very different between newbom and young
rats. The same was recently reported for the widely used organo-
phosphorus insecticide, chlorpyrifos (Zheng et al. 2000), as well as
pyrethroid insecticides (Shafer et al. 2005). These data showed the
importance of estimating 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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Table 4 Summary of the results of the newborn and young rat study of 2.4-di-tert-butylphenol

Newbom rat study
Dose (mg/kg/day) 5 40
Death — _
Clinical signs - -

Body weight changes - -
Urinalysis nd. nd.
Hematological changes - -
Blood biochemical changes - -
Changes in relative organ weights -

Histopathological findings —  F: Fatty degeneration in liver

Developmental parameters - -

F: Liver 14%7

300
M: 212, F: 112
Decrease in locomotor activity
bradypnea, hypothermia
9-25%1
n.d.
Varioust
Liver 39-51%T, Kidney 37-41%T
M: Spleen 24%-
Various changes in liver and kidney}
Slight delay in preputial separation

Young rat 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.

75 300
- uvTsGl opld
— Various§
F: TchoT PhoT M: TBT
F: TchoT Pho¥
F: Liver 13%T Liver 40-43%T"

- Various changes in
liver and kidneyq

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
1. 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. tIncrease in total bilirubin and decrease in the A/G ratio in both sexes, increase in y-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 males. fVarious 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 2TBF,
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 newborn rats,
but not in the young rat study. Therefore, equivalent toxic effects
to these observed at 500 mg/kg in young rats might be expected to
appear at 100-150 mg/kg in newborn animals. The UETLs were
concluded to be 100-150 and 500 mg/kg/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 studiés (Table 4), but the level of severity was very different, for
example, deaths were only noted in the newbom 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 newborn 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 et al. 2001, 2002, 2003; Takahashi et al.
2004), considered mainly due to their poor metabolic and excretory
capacity (Horster 1977; Creisteil et 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 markedly 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
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Table 5 Histopathological findings for the young rat study of 2,4-di-rers-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
— Centrilobular hypertrophy of hepatocytes + 0/0 0/0 4/4 0/0 0/0
Kidneys
— Basophilic tubules + 0/0 0/0 1/4 0/0 3n
++ 0/0 0/0 4/0 0/0 2/0
+++ 0/0 0/0 171 0/0 1/0
— Granular casts + 0/0 0/0 52 0/0 4/0
++ 0/0 0/0 1/1 0/0 0/0
- Proteinaceous casts + 0/0 0/0 5/1 0/0 2/0
++ 0/0 0/0 1/0 0/0 0/0

1No histopathological examination was conducted for the 5 and 20 mg/kg scheduled-sacrifice groups. +, mild; ++, moderate; +++,

marked.

and DTBP; however, the immature functions involved in the toxi-
cokinetics in newbomn rats would be implicated in the higher
susceptibility, as in the case of five phenols previously 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
longer than in adults.

As for the susceptibility of the newborn to toxicity of chemicals,
although it is generally important to take the sensitivity of target
organs and tissues themselves (toxicodynamics) into consideration
besides toxicokinetics, there are insufficient data 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 LDs, values (Goldenthal
1971; Sheehan & Gaylor 1990). However, it is not considered that
information on acute toxicity at lethal dosage is appropriate when
considering the susceptibility of newborn 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 comparative studies constitute the first systematic
assessment, 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 newborn and young rats for both chemicals, the tox-
icity levels différed 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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REPORT ON THE BIOASSAY OF 1,5-NAPHTHALENEDIAMINE
FOR POSSIBLE CARCINOGENICITY

CARCINOGENESIS TESTING PROGRAM
DIVISION OF CANCER CAUSE AND PREVENTION
NATIONAL CANCER INSTITUTE, NATIONAL INSTITUTES OF HEALTH

FOREWORD: This report presents the results of the bioassay of
1,5-naphthalenediamine 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 sigunificantly
greater incidence of cancer than contrel 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 carcinogenic for animals under
the conditions of the test and indicate a potential risk to man. The
actual determination of the risk to man from animal carcinogens re-
quires a wider analysis.

CONTRIBUTORS: This bioassay of !,5-naphthalenediamine was conducted
by Mason Research Institute, Worcester, Massachusetts, initially
under direct contract to the NCI and currently under a subcontract
to Tracor Jitco, Inc., prime contractor for the NCI Carcinogenesis
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 comtract were Dr. E. Smith (3) and
Dr. A. Handler (3). Animal treatment and observation were supervised
by Mr. G. Wade (3) and Ms. E. Zepp (3). Chemical analysis was per-
formed by Midwest Research Institute (4) and the analytical results
were reviewed by Dr. N. Zimmerman (5).

Histopathologic examinations were performed by Dr. A. S. Krishna
Murthy (3), Dr. A. Russfield (3) and Dr. D, S. Wyand (3) at the Mason
Research Institute, the pathology narratives were writtem by Dr. A.
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SUMMARY

A bioassay of 1,5-naphthalenediamine for possible carcinogenicity
was conducted using Fischer 344 rats and B6C3F] 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 bioassay were,
respectively, 0.1 and 0.05 percent for rats and 0.2 and 0.1 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 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.

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 incidence 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
adenomas 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 B6C3Fl
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
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I. INTRODUCTION

1,5-Naphthalenediamine (Figure 1) (NCI No. €03021), a bicyclic
aromatic amine used in the dye industry, was selected for biocassay by
the National Cancer Institute because of the high incidence of bladder
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-
naphthalenediamine to both the human bladder carcinogen 2-naphthyla-
mine (Iﬁternational Agency for Research on Cancer [IARC), 1974) and
the suspected carcinogen l-naphthylamine (IARC, 1974) was an addi-
tional factor in its selection for testing.

The Chemical Abstracts Service (CAS) Ninth Collective Index

(1977) name for this compound 1is l,S—naphthalenediamine.* It is also
known as l,5~diaminonaphthalene.

1,5-Naphthalenediamine can be used as an oxidation base {(Colour
Index [C.I.] 76595), an intermediate in the synthesis of the dye
.Napﬁthylene 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—
thalenediisocyanate (Hirai and Yamamoto, 1975); as an intermediate

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

- . , »
The CAS registry number is 2243-62-1

38

e AT B e

— . W

- MR N T e T BTy T T

X
5
#
i
{
i
&




NH

NH,

: FIGURE 1
CHEMICAL STRUCTURE OF 1,6-NAPHTHALENEDIAMINE
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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
resins 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 1000 pounds or $1000 in value annually).

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

chemical research with this compound.
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IT. MATERIALS AND METHODS

A. Chemicals

1,5-Naphthalenediamine was purchased from Carroll Products, Wood
River Junction, Rhode Island by the NCI for Mason Research Institute,
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 CIOH the molecular formula

102’
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:formic acid), each visualized with
254 nm and 367 nm light, indicated the presence of one noumotile im-
purity. Nuclear magnetic and infrared analyses were consistent with
the structure of the compound. Ultraviolet analysis showed xmax at

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

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

ax

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

Throughout this report the term l,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., Chicago, 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 was placed into a
6 kg capacity Patterson-Kelley twin-shell stainless steel V-blender,
along with the remainder of the meal and blended for 20 minutes.
Prepared diets were placed in double plastic bags and stored in the
dark at 4°C. The mixture was used for 1 week only.

C. Animals

Two animal species, rats and mice, were used in the carcinogeni~
city bioassay. Fischer 344 rats and B6CIFl mice were obtained through
contracts of the Division of Cancer Treatment, National Cancer Imnsti~
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 drinking 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 assigned to groups and distributed among cages so that average
body weight per cage was approximately equal for a given sex and
species.

D. Animal Maintenance

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 Dacro;:)filters (Tri-Dim Filter Corp., Hawthorne, New
Jersey) providing six changes of room air per hour. Fluorescent
lighting was provided on a 12-hour-daily cycle.

Rats were housed five per cage by sex. During quarantine and
for the first l4 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 the study, rats were held in suspended polycarbonate cages
equipped with disposable nonwoven fiber filter sheets. Clean bedding
and cages were provided twice weekly. SAN*I—CEﬁC)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
were cleaned once every 2 weeks, and disposable filters were replaced

at that time.
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Mice were housed by sex in polycarbonate shoe box type cages.
Cages were fitted with perforated stainless steel lids (Lab Products,
Inc., Garfield, New Jersey). Nonwoven 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-CEﬁD was used during the first 9
months of study. A second corncob bedding (Bed-o~CobsG% 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 steel sipper tubes.
Bottles were replaced twice weekly and, for rats only, water was
supplied as needed béetween changes. Food and water were available
ad libitum.

Wayne Lab-Blo£E>meal was supplied to rats for 12 months and mice
for 11 months from Alpinéa aluminum feed cups (Curtin Matheson Scien-
tific, Inc., Woburn, Massachusetts) containing stainless steel baffles.
After thaﬁ 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 appropriate 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 replenished
daily in Alpine()feed cups.

All rats utilized in the 1,5-naphthalenediamine bioassay were
housed in a room with other rats receiving diets containing* 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-dimethyl-p-nitroscaniline
(138-89-6); 2,5~toluenediamine sulfate (6369-59-1); 2,4-dinitrotoluene
(121-14-2); 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)ethylenediamine 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-(1-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 councentrations 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
percent. The sixth group of each species served as a control group,
receiving only the tasal laboratory diet. The dosed dietary prepa-
rations were administered for 8 weeks.

The highest concentration causing no deaths, no compound-related
gross abnormalities, and no mean body weight depression in excess of
20 percent relative to controls was selected as the high concentration
for the chronic 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, in males and females
‘dosed with 0.1 percent 1,5-naphthalenediamine. - The concenpration
of 1,5-naphthalenediamine selected for administration as the high
dose in the rat chronic bioassay was 0.1 percent.

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 experierced mean body weight
depression of approximately 3 percent, while females receiving the
same concentration had a greater mean body weight than the controls.
The concentration of 1,5-naphthalenediamine 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 scarted on test 1 month earlier than controls.
The dietary concentrations of 1,5-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 coun-
taining 1,5-naphthalenediamine for a total of 103 weeks, followed by
a 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 earlier
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TABLE 1

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

1,5-NAPHTHALENE-

INITIAL DIAMINE OBSERVATION 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 FEEDING EXPERIMENT

1,5-NAPHTHALENE-

INITIAL DIAMINE OBSERVATION PERIOD
GROUP CONCENTRATION TREATED UNTREATED
SIZE ( PERCENT) (WEEKS)  (WEEKS)
MALE
CONTROL 50 0 0 109
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
0 2
HIGH DOSE 50 0.2 103
0 3

12
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than controls and were started on test ] month earlier than controls.
The dietary concentrations of 1,5-naphthalenediamine administered
were 0.2 and 0.1 percent. Throughout this report those mice receiv-
ing 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 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 Examinatioas

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
bioassay 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

bioassay. The animals were euthanized by carbon dioxide inhalation,

and were immediately necropsied. The histopathologic examination 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 techniques for more definitive diagnosis.

Slides were prepared from the following tissues: skin, subcuta-
neous tissue, larynx, lungs and bronchi, trachea, bone marrow, spleen,
lymph nodes, thymus, heart, salivary gland, liver, gallbladder (mice),
pancreas, esophagus, stomach, small intestine, large intestine, 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-
balized, 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 group.

H. Data Recording and Statistical Analyses

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

mation on the chemicals, animals, experimental design, clinical
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observations, survival, body weight, and individual pathologic 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 on 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 tham natural causes or were found to be
missing; animals dying from natural causes were not statistically
censored. Statistical analyses for a possible dose-related effect
on survival used the method of Cox (1972) when testing two groups for
equality and used Tarone's (1975) extensions of Cox's methods when
testing a dose-related trend. Ome-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 nomneoplastic lesions has been
given as the ratio of the number of animals bearing such lesions at a
specific anatomic site (numerator) to the number of aniwals in which
that sice was examined (denominator). In most instances, the denomi-

nators included only those animals for which that site was examined

15

52



histologically. However, when macroscopic examination was required

to detect lesions prior to histologic sampling (e.g., skin or mammary

tumors), or when lesions could have appeared at multiple sites (e.g.,

lymphomas), the denominators consist of the numbers of animals necrop-
sied.

The purpose of the statistical analyses of tumor incidence is to
determine whether animals receiving the test chemical developed a sig-
nificantly higher proportion of tumors than did the control animals.
As a part of these analyses, the one-tailed Fisher exact test (Cox,
1970, pp. 48-52) was used to compare the tumor incidence of a control
group to that of a group of treated animals at each dose level. When
results for a number of treated groups, k, are compared simultaneously
with those for a control group, a correction to ensure an overall
significance level of 0.05 may be made., The Bonferroni inequality
(Miller, 1966, pp. 6-10) requires that the P-value for any comparison
be less than or equal to 0.05/k. 1In cases where this correction was
used, it is discussed in the narrative section. It is not, however,
presented in the tables, where the Fisher exact P-values are shown.

The Cochran-Armitage test for linear trend in proportions, with
continuity correction (Armitage, 1971, pp. 362-365), was also used
when appropriate. Under the assumption of a linear trend, this test
determined if the slope of the dose-response curve is different from

zero at the one-tailed 0.05 level of significance. Unless otherwise
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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. 1In this analysis, deaths that occurred before the first
tumor was observed were excluded by basing the statistical tests an
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 an
observed tumor were computed as in 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 extension to testing
for linear trend was used for three groups. The statistical tests for
the incidence of tumors which used life~-table methods were one-tailed

and, unless otherwise noted, in the direction of a positive dose
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relationship. Significant departures from linearity (P < 0.05, 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 P, is the true binomial probability of the
incidence of a specific type of tumor in a treated group 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 control.

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 approximately 95
percent of a large number of identical experiments, the true ratio
of the risk in a treated group of animals to that in a control group
would be within the interval calculated from the experiment. When
the lower limit of the confidence interval is greater than one, it
can be inferred that a statistically significant result (a P < 0.025
one-tailed test when the control incidence is not zero, P < 0.050
when the control incidence is zero) has occurred. 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.
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II1. CHRONIC TESTING RESULTS: RATS

A.  Body Weights and Clinical Observations

There was no appreciable depression in 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 occurred 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 2 high dose males, 2 high dose females, and 2 low dose
females and swelling of the nose by 1 low dose male. Only 1 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 was observed in 1 male and 1 female
control, 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 shown in
Figure 3. There was no significant positive association between
dosage and mortality for either male or female rats.

Adequate numbers of male rats were at risk from late-developing
tumors with 74 percent (37/50) of the high dose, 80 percent (40/50)

of the low dose and 68 percent (17/25) of the control surviving on
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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 C (Tables Cl 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 tuwmors 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 2 0 3 4
Hepatocellular Carcinoma 0 4 2 0 1 0
PREPUTIAL/ CLITORAL GLAND
{Number of animals necropsied) (25) (49) (50) (24) (50) (50)
Carcinoma 0 0 1 1 3 8
Adenoma 0 0 1 0 0 5
23
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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 animals with tissues

examined histopathologically) (21) (&7 &7y  (21) <(49) (48)
C-Cell Adenoma . (] 2 5 0 7 3
C-Cell Carcinoma 2 3 3 1 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 inner portion of the cyst wall was lined by hyper-
keratinized squamous epithelium often thrown into papillary folds.
Peripheral to this was a zone of large, round glandular cells at least
a few of which had coarse, brightly eosinophilic cytoplasmic granules.
1f the peripheral border appeared smooth and intact, the lesion was
classified as an adenoma. If 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 surrounding 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 secondary inflammation. In
a few rats, the connective tissue stroma of these lesions underwent
malignant transformation characterized by increased cellularity,
mitoses, and formation 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 pleomorphic 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 found 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; a few more occurred in
dosed rats, both male and female. No 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 counclusive
interpretation as to their significance is not possible.

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

Based upon the results of this pathologic 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. In 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.

D. 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

SPECIFIC SITES IN MALE RATS TREATED WITH 1,5-NAPHTHALENEDIAMINE®

Low HIGH
TOPOGRAPHY :MORPHOLOGY ‘ CONTROL DOSE DOSE
Subcutaneous Tissue: Fibromab 1/25(0.04) 3/49(0.06) 2/50(0.04)
P_Valuesc N.S. N.S. N.S.
Relative Risk (Control)d -— 1,531 1.000
Lower Limit —— 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)® —- 0.255 0.250
Lower Limit —— 0.005 0.004
Upper Limit — 4,707 4,616
Weeks to First Observed Tumor 109 106 106
Lung: Alveolar/Bronchiolar Adenoma 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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TAPLE 3 (CONTINUED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Hematopoietic System: Leukemia or
Malignant Lymphoma 1/25(C.04) 10/49(0.20) 10/50(0.20)
P Values® N.S. N.S. N.S.
Relative Risk (Control)® - 5.102 5.000
Lower Limit — 0.801 0.787
Upper Limit —— 212,137 213.351
Weeks to First Observed Tumor 109 100 97
Liver: Hepatocellular Carcinoma or
Neoplastic Noduleb 1/25(0.04) 7/49(0.14) 4/49(0.08)
P Values® N.S. N.S. N.S.
Relative Risk (Cont:rol)d —— 3.571 2.041
Lower Limit .- G.503 0.218
Upper Limit —— 156.046 96.949
Weeks to First Observed Tumor 10¢ 106 104
Pituitary: Adenoma NOS, Chromophobe
Adenoma, Acidophil Adenoma, or
Basophil Adenomab 2/22(0.09) 7/64(0.16) 11/44(0.25)
P Values® N.S. N.S. N.S.
Relative Risk ,(Control)d ——- 1.75¢ 2.750
Lower Limit —— 0.376 0.683
Upper Limit - 16.365 24,081
Weeks to First Observed Tumor 98 96 €5
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TABLE 3 (CONTINUED)

. LOW HIGH
TOPOGRAPHY: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)d —- 1.000 1.250
Lower Limit — 0.157 0.226
Upper Limit ——— 10.563 12,529
Weeks to First Observed Tumor 109 106 102
Thyroid: C;Cell Carcinomab 2/21(0.10) 3/47(0.06) 3/47(0.06)
P Values® N.S. N.S. N.S.
Relative Risk (Cont:rol)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
Thyroid: C-Cell Adenoma or C-Cell
Carcinomab ’ 2/21(0.10) 5/47(0.11) 8/47(0.17)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —-— 1.117 1.787
Lower Limit — 0.205 0.405
Upper Limit -—— 11.249 16.445
Weeks to First Observed Tumor 97 100 104

e
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TABLE 3 (CONCLUDED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Pancreatic Islets: Iglet-Cell Adenoma
or Islet-Cell Carcinomab 1/25(0.04) 2/48(0.04) 5/45(0.11)
P Values® 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
Testie: Interstitial-Cell Tumor’ 21/25(0.84) 44/49(0.90) 45/69(0.92)
P Values® N.S. N.S. N.S.
d
Relative Risk (Control) - 1.069 1.093
Lower Limit -_— 0.890 0.912
Upper Limit —— 1.325 1.324
Weeks to First Observed Tumor 87 94 65

81reated groups received doses of 0.05 or 0.10 percent in feed.
bNumber of tumor-bearing animals/number of animals examined at site (proportion).

SThe probability level for the Cochran-Armitage test 1s given beneath the incidence of tumors in

the control group when P < 0.05; otherwise, not significant (N.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 tumors in the treated group when P < 0.05; otherwise, not aignifi-
cant (N.S.) is i{ndicated. For both Cochran-Armitage and Fisher exact tests a negative designa-
tion (N) {ndicates a lower i{ncidence in the treated group(s) than in the control group.

dThe 95% confidence {nterval on the relative risk of the treated group to the control group.
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TABLE 4 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Thyroid: C-Cell Carcinoma’ 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) 12/749(0.24) 4/48(0.08)
P Values® N.S. P = 0.046 N.S.
Departure from Linear Trend® P = 0.009 - ——
Relative Risk (Control)? — 5.143 1.750
Lower Limit —— 0.855 0.192
Upper Limit ——— 215.370 83.548
Weeks to First Observed Tumor 109 104 103
Th&roid:‘ Papillary Carcinoma, Follicular-
Cell Carcinoma, or Papillary
‘Cystadenocarcinoma NosB 1/21(0.05) 1/49(0.02) 3/48(0.06)
P Valuesc N.S N.S. N.S.
Relative Risk (Control)® — 0.429 1.313
Lower Limit —_— 0.006 0.115
Upper Limit — 32.983 67.452
110 106 99

Weeks to First Observed Tumor
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TABLE 4 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Thyroid: Papillary Carcinoma, Follicular-
Cell Carcinoma, Papillary Cystadenocar-
cinoma NOS, or Papillary CystadenomaP 1/21(0.05) 2/49(0.04) 4/48(0.08)
P Valuesc N.S. N.S. N.S.
Relative Risk (Control)d —-— 0.857 1.750
Lower Limit -— 0.648 0.191
Upper Limit -— 49,555 84,310
Weeks to First Observed Tumor 110 106 81
Mammary Gland: Fibroadenomab 4/24(0.17) 5/50(0.10) 13/50(0.26)
P Values® N.S. N.S. N.S.
Relative Risk (Cont:rol)d —— 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-
cinoma NOS, or Papillary Adenocarcinoma  4/24(0.17) 5/50(0.10) 14/50(0. 28)
P Valuesc N.S. N.S. N.S.
Relative Risk (Cont:rol)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
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TABLE 4 (CONTINUED)

Low HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Clitoral Gland: Carcinoma NOS® 1/24(0.04) 3/50(0.06) 8/50(0.16)
P Values® N.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.S. P = 0.021
Relative Risk (Control)? — 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 Polypb 2/24(0,08) 14/49(0.29) 20/48(0.42)
P Values® P = 0.003 P = 0.043 P = 0.003
Relative Risk (Cont:rcl)c-1 —— 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: Adenocarcinoma
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 -— — Infinite
Weeks to First Observed Tumor - —— 89

8rreated groups received doses of 0.05 or 0.10 percent in feed.

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

“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.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 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-
"tion (N) indicates a lower incidence in the treated group(s) than in the control group.

d’I“ne 95% confidence interval on the relative risk of the treated group to the control group.

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

group when P < 0.05,



every type of tumor in either sex where at least two such tumors were
observed in at least ome of the control or l,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 comparison 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 endometrial
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
signixicant (P'= 0.021). In historical 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 in
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this bicassay. Based upon these statistical results, the administra-
tion of 1,5-naphthalenediamine was associated with an elevated inci-
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 a probability level of P = 0.046, a marginal result
which was not significant under the Bonferroni criterion.

Based on these statistical tests, it is concluded that 1,5-naph-
thalenediamine was carcinogenic for female rats, producing tumors of

the clitoral gland and uterus.

38

75



IV. CHRONIC TESTING RESULTS: MICE

A. Body Weights and Clinical Observationms

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

One low dose male had a soft subcutaneous 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 dose males, 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 ome comntrol
female mouse.

B. Survival

The estimated probabilities of survival for male and female mice
in the control 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 percent (33/50) of the controls surviving on
test until the termination of the study. The 6 control male mice
that died in week 11 were autolyzed, as were 2 of the & high dose

male mice that died in week 41.
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FIGURES
SURVIVAL COMPARISONS OF 1,6-NAPHTHALENED|AMINE 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 termination 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 on nonneoplastic lesions are
summarized in Appendix D (Tables D1 and D2).

Dietary 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 0 3 6 0 3 11
THYROID

(Number of animals with
tissues examined histo-
pathologically) (38) (46) (43) (44) (49) (45)
Follicular-Cell Adenoma
(Papillary or Follicular-Cell
Adenoma, Papillary

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

Grossly, hepatocellular neoplasms appeared as smooth, nodular,
rounded masses distorting the normal shape of the liver. Color
varied, many neoplasms appearing pale tan or dark red. Microscopic—
ally, hepatocellular carcinomas were expansive masses of hepatocytes
exhibiting loss of normal architectural pattern, the 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 classify thyroid neoplasms im rats.
The nonneoplastic thyroid 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 9/43 (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 males 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.

For 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 dietary 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 a
SPECTFIC SITES IN MALE MICE TREATED WITH 1,5~NAPHTHALENEDIAMINE

C8

Sy

. LOW . HIGH
TOPOGRAPHY :MORPHOLOGY. CONTROL DOSE DOSE
Lung: Alveolar/Bronchiolar Carcinom_ab 2/39(0.05) 3/46(0.07) 0/45(0.00)
P Values® _ N.S. N.S. N.S.
Relative Risk (Cont:rol)d -_— 1.272 0.000
Lower Limit ——— 0.153 0.000
Upper Limit —_—— 14.686 4,478
Weeks to First Observed Tumor 109 82 —_—
Lung: - Alveolar/Bronchiolar Adenoma 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 (Control)® —— 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
Lymphoma 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 (Cont:rol)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 Carcinomab 12/39(0.31) 10/45(0.22) 7/43(0.16)
P Values® N.S. N.S. N.S.
Relacive Risk (Control)S ——- 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)® — 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 Carcinomab 0/38(0.00) 0/46(0.00) 4/43(0.09)
P Values® P = 0.017 N.S. N.S.
Relative Risk (Control)d - —-—- Infinite
Lower Limit — —~— 0.825
Upper Limit —— ——— Infinite
Weeks to First Observed Tumor - ——— 105
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TABLE 5 (CONCLUDED)

— LOW HIGH
TOPOGRA?HY:MORPHOLOGY CONTROL DOSE DOSE
Thyroid: C-Cell Carcinoma or C-Cell
Adenomna 0/38(0.00) 2/46(0.04) 4/43(0.09)
P Values® I = 0.044 N:S. N.S.
Relative Riskv(Control)q —— Infinite Infinite
Lower Limit - 0.246 0.825
Upper Limit —_— Infinite Infinite
Weeks to First Observed Tumor -— 105 105
Thyroid: 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
Lewer Limit -— 1.905 4,523
Upper Limit —— Infinite Infinite
Weeks to First Observed Tumor - 105 a8

aTreated groups received doses of 0.1 or 0.2 percent in feed.
bNumber of tumor-bearing anirals/nurber 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, not significant (N.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 tumors in the treated group when P < 0.05; otherwise, not signifi-
cant (N.S.) is indicated. TFor 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
group 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 Values® N.S. N.S. N.S.
Relative Risk (Control)d —— Infinite Infinite
Lower Limit — 0.055 0.638
Upper Limit —-— Infinite Infinite
Weeks to First Observed Tumor —— 89 91
Lung: Alveolar/Bronchiolar Adenoma or
Alveolar/Bronchiolar CarcinomaP 0/49(0.00) 10/48(0.21) 5/46(0.11)
P Values® N.S. P = 0.001 P = 0.024
Departure from Linear Trende P = 0.005 —-— -—
Relative Risk (Control)d - Infinite Infinite
Lower Limit —— 3.037 1.347
Upper Limit — Infinite Infinite
Weeks to First Observed Tumor - 89 91
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)d — 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 Ce_n:'c:inomab 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 Trend® P < 0,001 - -
Relative Risk (Com:rol)d - 23.469 16.000
Lower Limit - 4,156 2.683
Upper Limit - 906.346 646.516
Weeks to First Observed Tumor 109 74 99
Liver: Hepatocellular Adenoma or '
. Hepatocellular Carcinoma 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 'I‘x'ende P = 0.002 — —_—
Relative Risk (Control)® ——— 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 Pa.pillomab 0/41(0.00) 3/47(0.06) 0/46(0.00)
P Values® N.S. N.S. N.S.
Departuré from Linear 'I‘rende P = 0,017 — ——
Relative Risk (Control)d _— Infinite —
Lower Limit - 0.529 ——
Upper Limit —— Infinite —_—
Weeks to First Observed Tumor —— 105 ——
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TABLE 6 (CONTINUED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Pituitary: Adenoma NOS, Chromophobe
Adenoma or Acidophil AdenomaP 3/34(0.09) 4/35(0.11) 1/30(0.03)
P Values® N.S. N.S. N.S.
Relative Risk (Cont:rol)d ——- 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) 0/44(0.00) 0/44(0.00)
P Values® P = 0.040(N) N.S. N.S.
Relative Risk (Control)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 Carcinoma® 0/44(0.00) 1/49(0.02) 6/45(0.13)
P Values® P = 0.005 N.S. P = 0.01l4
Relative Risk (Control).d — 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) 8/45(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 41
Thyroid: Papillary Adenoma, Follicular-Cell
Adenoma, or Papillary Cystadenoma Nost 2/44(0.05) 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 Observed Tumor 80 105 91

3 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).

SThe 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 (N.S.) is indicated.

The probability

level for the Fisher exact test for the comparison of a treated group with the control group is
given teneath the incidence of tumcre in the treated group when P < 0.05; otherwise, nct signifi-

cant (N.S.) 1e dndicated.

For beth 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.

d

The 957% confidence interval on the relative risk of the trestel group to the control greup.

®The probability level of the test for departure frem linear trend 1s given beneath the contrcel

grcup when P < 0.05.




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 comparisouns 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 thyroid neoplasms in both
male and female mice.

For females an increased incidence of hepatocellular carcinomas
was also observed among the dosed mice. The Cochran-Armitage test
indicated a 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 countrol group using
the Fisher exact test. Based on these results the administration of
1,5-naphthalenediamine was associated with the incidence of hepato-
cellular carcinomas in female mice.

For female mice, when the incidence of alveolar/bronchiolar
adenomas and alveolar/bronchiolar carcinomas were combined, an ip~
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. The 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 these 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 between
dose and the incidence of malignant. lymphomas or leukemia was noted.

Based upon these statistical results the administration of 1,5-
naphthalenediamine was associated with the increased incidence of
thyroid neopl;sms 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 1,5-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. 1In
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 céntrols. Uterine adenocar-
cinomas occurred at a higher incidence 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 neoplasms in female rats.
There was a significant positive association between the concentration
of the chemical added to 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 was
significant relative to the incidence in the control 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
significantly 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 significant. The incidence
of alveolar/bronchiolar adenomas was significant, relative to com-
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 neoplasms. 1,5-Naphthalenediamine was also carcinogenic for
B6C3F]1 mice, producing thyroid neoplasms in males and neoplasms of the
thyroid, 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 Biocassay of 1,5-Naphthalenediamine¥
for Carcinogenicity

by the Data Evaluation/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 basis of
their experience in carcinogenesis or related fields and,
collectively, provide expertise in chemistry, blochemistry,
biostatlstics, toxlcology, pathology, and epidemlology.
Representatives of various Governmental agencies participate
as ad hoc members. The Data Evaluation/Risk Assessment
Subgroup of the Clearinghouse 1s charged with the responsi-
bility of providing a peer review of reports prepared on
NCI-sponsored biocassays of chemicals studied for carcinogenic-
ity. It is in this context that the below critique 1s glven
on the bioassay 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 carcinogenic
risk to humans. The reviewer moved that the report on the
bioassay of 1,5-Naphthalenediamine be accepted as written.
The motion was approved without objection.

Clearinghouse Members present:

Arnold L. Brown (Chairman), Mayo Clinic

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 California at San Diego

Loulse Strong, Unilversity of Texas Health Sciences 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, certain 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,

CioHoN; 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 weré available to the Working Group.
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128 IARC MONOGRAPHS VOLUME 27
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-naphthalenediamine 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% 1s 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 et 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 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- naphthalenedxamme 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:
controls, 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 drmkmg-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 ﬁoted 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 LDsq 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 reproduction 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, 1980).

(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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