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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
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/= 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,
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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
19 223
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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,
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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
YREETEMERRE) E, ERFHOMRKT, K
WZEEVE, UAFLANFFY F(DMSO), TIAI-LB

LU TEFZBETHY, MBE9.97 %(RfME LT,

7x/-=N003%%EL)OWEATHL. HERWEIL,
GHERT(4°C) CTER(EEZEREBE L.

EBRTH, BAEBRYEESWLUER, REHIC
RIEEIX oo 72,

6. HWERHMEHSEROEN

HEICDMSOFIEMELRM) t AV, HBRYH%
HERLCRSAEOHAB(BER) # R L. ZOEH)
D—WEBECTHERGR L e AR EHREL
7o, BRI, FARSREL, 2071 v P2 RANOEN
EIXIEERE D05 vol% & L 7=,

7. HERATEMSIER

FEARERRICAVIBBYEORRERET 7
O, HBEYEOMBERIIRIZTEE LR, 0.1
WNB T Y AT NISL G Uy PARBHECRE LMD
FErEEEERREESN (T /L —% -1, MI-60,
F) U NRAKETER) EHVCHEL, BRNBRO
MRLETER % 100 % & L B0 & ARBEOMEIEHE 4
K-,

FDHEF (Fig. 1), S9 mixIEFET Ti3120 pg/mL LA
Lk, SOmixFET TIL10 pg/mL YL EOHETS0% % £
6 % MRS IHI 2D &, 50 %R MING HE
i¥, FREN100~ 120 pg/mL B & 055~ 10 pg/mL DM
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120 ¢

F« treated for 6 hr without S9 mix

100

801

60 [

Cell growth (% of control)

20t

0 i A 1 1 ] A L |
(0] 16 20 40 60 80 100 120 140

Dose (ug/mL)

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

BRHICHAEbO LTS

8. ERBOIE

WBTEIRRBOEREL L, REREFHABRIIBY
LHEBRWEOAEIL, 50 %MABEENH A EOF &N
&ih, POSHEULOF- 52 BONLT L EER
LT, S9 mixJEFF7E T TIl140, 60, 80, 100, 1108 &
120 pg/ml, S9 mix fF7E F T3 1.25, 2.5, 5, 7.5, 10
BrU20 ug/mLoOFhEheAELRELL. ML
LT, @B L TR,

BiEdiRE LT, GEEMAEESI mix FFET TiE34-
benzo{alpyrene (B[a]P, Sigma Chemical Co.) % 10
pg/mL, S9 mixFEFELET TR 1-methyl-3-nitro-1-
nitrosoguanidine (MNNG, Aldrich Chemical Co.) % 2.5
pg/mLORARTHV:. BB EOFRIWE, v
b DMSO (I HESE T # AL /.

9. HABKREAOEN

BT 2BERIRTIC 2 L& 3 K (Gibeo Laboratories)
P EBEL LT02 ug/mLE 2B R MLA. b
YT RE TR R L, RO X VR E
W L7, 75 mMIEALH ) 7 AkB R TERRRER, A
BB LGHAY 2 — L - B G D RARTHR
BE L. ZREBETCRERERLERLIE, 14
vol% ¥ A HHLCH IS RgE L.

10. REHEOBER
£7F4vvabioh100f, $4bb, 1HESHALN2

21

120 ¢

|7»-o-~ treated for 6 hr with S9 mix

100 ¢-------- o-.. RO

80t

60 |

Cell growth (% of control)

40 f

20t

0 063 125 25 5 10 20
Dose (ug/mL)

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

F4 v, 0005 HPHEY, LEEE0ED
SHMSE T CHIS L .. EAIETa— FLL, ERIET
HE AT . REEOSHIE, ARREEEREFS -
WALEBWHRERSHE(MMS) IZ L 25 REVICEOWT
Fv, pEEHHLVIIERESEROYIN, KitLED
HEERE LS (Polyploid) D F EIZDOWTEHE
L.

1. EHFEHE

BEE L -, BEREOEH LS L UEREd
OB OWTHESL, REELT:.

e AR EEIAE & UEEEHROMBBEEICD
WT, SRECREXITVEEZ (BEKES BLUT)H
T b RIEAIE, T4y Yy - OEEREEFEVT
BEGBELZHAERL OROFEERE CEEKER
SEMFEELT, 5%T72131 BEABROKTH-
AR BWwW) 7o,

ZTOER, BHEABELIEERLT, #BRPEICI LR
EHEERTHBOLEEEN2HELETEEICERNL,
POREKEND L VIEBNN RO LGS, Bt
LHIELL.

HERESLUEERE

SRS PR X B#5F % Table 1IT/RY. S9 mixdF
FETTH, REkolERE S L UERIEEROER
ERREO SR o/, —F, SImixFETICE
Tk, BEREN L EEAOBERTELH T oM
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FeaFRAEER

AR O, 758 L 10 ug/mL TOEMHIRERE
558 & UF11.0 %) (B HATBREE L 8 L THETFMICA
BEboThHol. %72, 10 pg/mL THREBMMEOH
B (HBEES0 %) b 2O 6N, S9 mixFEFE
TD110 pg/mLEL EB X TS mix FHET P20 pg/mLiz
BT, #BWEOBEITT 2B D0, BET
LS HEPPEIBOLN Lo 1.

LLEORE,S, 2tert-7F N7 x / — i, FOK
B REEREERELFRT AR DA LEL LR
T=. L72h'o T, XREREMGT T, 2tert-7F V7 =
/J — VO CHL/IUMRI I 33 5 B AR E HEMIIEE
EHIELL. BHEEMNEORLLD, RyE2 (RS
MBED20 %BIREFFRECLEBRYEDREHE)
BHLZZEZS, AEBRYWEOD,EIX, HEREIZH
L T0.022 mg/mL, #AIFRFIZBIL TiX, 0.043 mg/mL
THol:. ARBRFERIE, CHL/IUGBIZBWT, 36
BEELHTHABOLIBHEEHS %LLLE 10 % F i % &
fetk, 10 % L2 LTAREODHEREI D LA
TYH, BHEEHENRL D TH 7.

2-tert-7F N7 x / — VOERILEWIZIOVTIE, 4-
tert-7F N7 =/ — VT, CHL/IUMIL * A7 4efa
HREFERRIIB W GERLEBE 245 M B L UM48 85 B
BCEREAROFBRIERD, /-, ErHQAEES
mix FET TRIEERE B LU EHAROFERER
B ENY, 24-T-tert-7F N 72/ — V9B L UG-
tert-7FN-m-7 LV — LOTCIIFEBOREBRIZBVT,
ERFEEES) mixFET CHEERFTHRBOFRER
MPEENTWE., T/, 2-sec-7FNV7x/—NTh
CHL/IUMRA z AV 7 3B AaRERRICB W GERAE
HASHF A B & U R LERIE SO mix FAE T THEE
EFERAMOFRERNED LN, &5, 4-sec-TF
V7 x/ = NVTCREBORRICB VT, EHELEE48
BrME L X UEREAEES) mix FETCOHER
FRROFRIISL, REEOHENREATVEY,
—7, 2.6-tert-7FN T x ) —NBLUPda-tert-TF N7
=/ =NTHE, 7 MFHERERWCREERERRIC
BT, £/, 22-2AFL Y VX (6-tert-7F Lp-
LV —N)OB L U44A-FF ¥ R (6-tert-T F V-m-7
LY — )T CHL/IUMBRE % FI W 7 e AR R SRR
BWTBHHLHBEER TS,

ZOLHE, BEREEYICLREARESEREERT
WRPENZ NG, 2tert-7TFNT x ) — VDR
FREFREII N OIGE L 2 1b2HE & OB E
2Abhd,
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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.
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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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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).
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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).
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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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