ERERER

6. S9mix

I-ARATAMFAEES) mix({Fy - L
AL, BiEE6y BRAICER LA, 591, HEAILL
T2/ NVEF— W BEFLE-RYY 7 TEERS
L7 pragueDawley RS v O Er oHB IR
DTHD.

7. BRBHE

RE&F Sld yFaN—a rETHo L

BUERE | M 0.05 mL, R:ERH H:3KI%0.05 mL
HHVWIEBANRDEABEOL mL i Ak, RWTE#H
B0 MY ¥ R U Y ABHETE (pH 74) £ 05 mL,
WS R TIES0 mix £ 05 mLinx, S THREHE
FE01 mL %S L, 87 °CC200MiRliEse) -, B®
BTH, 45°ClBaLi by 77 H—2 mLENLLE
AWE TV~ b LICER Lz, 37 ‘CTLEERIEEE,
fRERoo o - &L, ARCERBROEFRAE
OEBELEGFREMEFRWTHELL. FL-1t1E, B
BEERBRTIREREL 1K, FRBETHEINEER
L7, ARBE, R—HAERETRwT2E{To%.

8. KEHOYE
WEELBE L~ MBI AERERDDS &
(RHE PR SRENED EERL, AREFEES
Y UREROBEREFEO bR GEEEEE L.
AL, B2 RERFSEFZD bREVESIIEWT
4, BEE R RBERCERENED O h TG
LHETAIEE L.

KRS UER

20~ 5000 ug/plate MEE TT - - BB ERRKICS
Wi, ABERLOFERIPLLY, WINOER
lBWTHHNEFRE RS oo, LMo
T, ARBIBSTAMBYEORER, BEAEY
5000 pg/plate & L, BATAM2T, 2500, 1250, 6250 &
L0313 pefplate & L7,

SHER% 2[0147 - FoE R (Tables 1~4), EHEB LU
REFERBEOWTROBAS, BRLASTOERR
BWUHEBRERzo=—Fif, FEEn2fT8L
ardiEnd, ¥, BosglREbEOON o
AN

2B, RHEEboREC»PLLT, 1250 pg/lplate
DEOBECRERTR, 71— EIHRYREEDL
iR AR h i,

Prof#Esrs, AESBEETTH, L1-¥A (tert-
SFELTFED)EI5 P AT IOASTT DR
BT R ERBRE BT L HE L.

B, LI-CA {tert-7TF AV FF)338- Y A F
Wy runF3r B FFORRLAYWOERREECH
FAHERERLYAE .
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1,1-E A (tert-TFN I A EH)-335- b U AFILY 7ONKY

Table 1 Results of reverse mutation test of 1,1-bis (tert-butyldioxy) -3.3,5-trimethyleyelohexane on bacteria (1st trial)
[direct methed;~59 mix]

L Test substance

Number of vevertant calonies per piate [Mean + 5.0.]

S
(#gd/?gggte} TAL00 TA1535 WE2 vrd TAGR TAL537
0 127 128 1e 15 o3 18 17 23 2 21 18 10 9 )
{125+5] [i1=1] [193] [(236] [$==1)
33 120 108 126 17 112 14 218 26 21 19 il 8 9
[1i182+ 9] [13£3] [19 5] [22 +4] (g+2]
625 136 130 137 13 M15 6 189 27 18 22 12 15 15
Bk INEERY! 216} 23 :73} f1a+2)
12507 122 118 120 10 9 5 23 1717 26 19 40 8 18
[120+72] 8x3] [19%3] [28+11] [o£2)
2500° 130 138 132 13 & 11 21 1B 17 21 28 30 11 9 15
[133 4] [11+2] [19+2] [27 £5] [12+23]
5000 18 118 134 6 T 7 i7 B 16 0B B it T8
[127+8) [Fx1] [16+1] [27 £+ 3] 13 +4]
Positive 817 782 TR 380 432 4006 7 697 745 B2 486 A48 516 520 705
control [796 = 45] ’ (407 £ 22] (719 = 28] (465 =+ 20]

[590 = 901 ‘ :|
‘I

#:Precipitate was observed on the surface of agar plates.

a) AF-2:2-12-Furyl}-3- (5-nitra-2-favyilacrvlamide, 0.01 pg/plate
b)NaN,:Sodium azide, 0.5 ug/plate

o3 AF-2, 0.04 ug/plate

d)AR2, 01 gg/plate

e)3-AA9-Aminoacridine, 80 ug/plate

Table 2 Results of reverse mutation test of 1,1-bis (fert-butyldioxy) -3,3,5-t rimethyleyclohexane on bacteria (st trial)
lactivation method:+88 mix]

Test subslance

Number of reveriant colonies per plate (Mean £ 8.D.]

BI2-A4, 2 yg/plate
€)2-AA, 10 wg/plate

A)AF2:2- (2-Furyl} -3- {5-nitro-2-furyl) acrylamide, 0.01 yg/plate

; ,,;fij;e) TALD TAIS3S WP2 uvrA TASS TA1537
0 18 27 14 1t 15 1 2 17 37 3% 27 n 0 15
[120£7) [13x2) (20 £4} 33 % 5] 11223]
313 117 131 130 13 13 M 20 27 18 46 16 40 18 1 g2
(126 + 8] [13x1] [22 5= 5] {14 =3} [14 =4]
625 17 105 132 i3 M 17 21 21 22 35 18 3 13 1B 12
[118 + 14] [15:£2] {21x1] [29 £ 101 (14 £4]
1250° 122 121 2 15 i 12 21 17 % 3 2 RN 7 215
| l21x1] [13+3] {21 5] f3r =1} 1 =4]
K 2500° 123 122 105 7 i 8 3 2 X 2 W % M4 M7
[117 +10) [71] 125 + 4] {29 = 3) [12:=4)
o 50007 134 139 106 ] 6 10 v 2 = 38 2 20 15 w9
1126 = 18] (7£2] {27 =4} (28 9] 11=3]
Positive B89 T8 671 150 159 156 820 &9 861 411 357 402 11 14 12
;. ___ contro! [693 = 24] [155+5] [838 + 23] {390 = 20] (117 = 7]
5~ : #:Precipitale was observed on the surface of agar plates.
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Table 3 Results of reverse mutatior: test of 1,1-bis (tert-butyldioxy) -3,3,5-trimethyleyclohexane on bacteria (2nd trial)
tdirect method: -39 mix]

Test substance

Number of revertant colonies per plate [Mean = 5.I0.]

g#;ﬁ:te; TAL00 TAI535 WP2 uvrd TASS TAL337
0 08 100 22 12 0 U 15 18 21 m 227 8 § 10
[107 = 13] fl2+2] [16=3] {28+2) [B=1]
313 105 112 131 g 12 8 20 18 15 25 32 33 14 12 iz
[116=13] [10+2] [18=3] (30+4] [13+1]
625 110 90 108 & 1w 22 17 16 30 3 3 e 113
{103 £ 11} f11=21 f18 £ 3] [31:+1} [13z2)
1250 W7 W8 120 8 5 5 12 M8 Mo 2 6 mn 7
115:=12] [6+2] [14=2) [217] [8=3]
2300° 121 83 109 6 6 9 16 25 14 7 N A 12 mw 8
{101 £ 14] [7x2] [18 =8] [21 £ 4] [10=2]
000" ns e 1z 9 9 M 15 15 M 32 w32 7 14 10
(108 + 18] 11=3] (15x1] (30> 3] =]
Positive ™ 7R3 829 38  Js8 336 716 806 6O 472 488 402 428  Bi2 55T
control {202 = 243 (360 + 25) (738 % 60] (454 £ 48] (498 65]

#:Precipitate was chserved on the surface of agar plates,

a) AF-2: 2 (2-Furyl)-3- (5-nitro-2-furyl) acrylamide, 0.01 ug/plate
b} Naly: Sodium azide, 0.5 wg/plate

el AF-2, 0 ug/plale

d)AF-2, 0,1 gg/plate

c18-AA9-Aminoacridine, 80 pgt/plate

Tabled Results of reverse mutation test of 1,1-bis (ferr-butyidioxy -3,3,5-trimethvlcvelohexane on bacteria (2nd trial)
[activation method : +58 mix]

Test substance Nurober of reveriant colonies per plate [hean = 5.0.]

(‘ugc:"f-_)sf;el TAIDD TA1535 WP2 uvrd TA98 TALB37

it 116 105 102 9 710 25 2 2 11 25 3% 16 11w
[108=7] e=2] [23+2) 131=8) {12 %3]

313 127168 120 7 13 8 21 3n 10 27 33 44 14 13 18
{117 +11] [943] 20 = 10] [35=9] 16+2]

625 118 118 115 10 I 31 24 2 31 3z 29 10 15 13
[117=2] [10£2] [25 + 5] [31+2] [13x3)

1250 128 128 1 13 17 12 28 26 0 22 36 13 15
[120 = 14] [10=3] [22 4] [35:6) [14=1]

2500° 120 W0 118 g 13 & 24 19 25 2330 45 14 15 15
(113 % 11] [10=5) 23+ 3] [33 = 11] [16=2]

50007 92 13t 1ol 13 1 8 20 2t 17 33 23 23 6 1210
[108 = 20} 10 +.1] [20 =4} [25 = 6] [16=4]

Pasitive 689 G668 623 214 183 188 685 723 80% B9 382 362 173 121 1
contro} {653 +38] {197 & 15) [737 +60] 1361 = 22 [115=28)

71 Precipitate was observed on the surface of agar plates.
2)2-AA Z-Aminoanthracene, 1 ua/plate

b12-A4, 2 pg/plate

¢} 2-AA, 10 ug/piate
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LI-EA(tert-7F NI F F V) B35 I AF A7 0AFF YD
FrAz=Z - NARY B E B R EARFHHR

In Vitro Chromosomal Aberration Test ‘
of 1,1-Bis(tert-butyldioxy)-3,3,5-trimethlcyclohexane on Cultured Chinese Hamster Cells

F

Li-¥A(tert-TF NI F %5 )-335- by AFN o

oad rDREFREBEREOFECRTT 540,
Frfo—X - NAAF-—lRENHREFAEE
{CHL/TU) # B\ CTin vitrolo BT 2 e FEERB
FERHLA.

HEERERBCAVWAEER T 2 10, B
MBI SRR L AT o 28R, EFM0EHESS mixFEFE
F T2 500 pg/mL T DA 50 % % 2% L0 B g R
HIAtEL D bR ed, FoliolE TR0 %% ka2
BRI RS b Nk d o, 89 mixEETF TIZ50
% % Lo 2B BB b ik o Ao, EELE
{524 BB T 1T 50 pg/mL Bl 1 TE0 % % L@ A 4R
HMAARED Shiz, Lid-T, BEERERBCE
TAREY, HIFNAEENEES, S mixdFEETT
[£93.75, 187.5, 375, 750, 150035 L UF3000 ng/mi.,
59 mix FEE T TI3375, 750, 15008 & 773000 pxg/ml &
Lz 7, BiEn@i:odRnsEeliess, 126 25,
37.5, 503 L U100 pg/mbL & L 7=,

HEro# 5, TRBNTES mixEEES LR

TRUCGERLHE 4 BEAEDThOBACEY

Th, EFERELETHHEIHMNIZO LA E
FAR

DroE#Ers, 1,I-¥A(tert-7F Y3 %)
335 b AFNY rOAFY O CHL/IUKMIR -3
HLEHRERRMEIREEHEL L,

FE

1, HEeiEBEE

B3z g A S A TR E BB EEE O | Bl fi& &
BT R MR » L BAG0E LA I3RICA5 R RIT A
Frfo—Z AR F—IBEDHEFEMEHE
(CHL/TU) 24 L 4. e, mpaiec 10
vol% DEIE TV A F LR FF - F(DMSO, i
T260) 2/ ML, BHREZEHTCRELLbOEE
BELRL, BEZORRENTRETOLOEERL
%,

2. e

Eagle-MEM %3543 (Gibeo Laboratories) & # ik 124
WEBRBLL, hizIeibsr 4 (Gibeo Laboratories)
T10 Vol DESTHMLI b DERWE,

3. BERM

4 X I0MB/mL O S TSNS nLE P4 v Y o
(86 cm, Becton Dickinson Co.) {2, 37 "C#HCO,1
Y¥an—F—(5%CO,) AT 7.

HmMRaEEcl, BREREINAICERDERNE
SOmixJEFETER & EAE T COMEMIER L, AMikTHE,
BRI C & O IC 18 M |, ERRAEE T,
HERFRAS B BIC BRI E £ Nt 24 BFRERLE L 22,

4, S9mix

Feto ERERBARESI mix(F v o—< ) # 8
AL, BEEsr BRMIER L. SNE, HFEREL
CT NN = BLUSERYVS7IRAERS
L 72 Sprague-Dawley 3T v | O o AR L 2
LOTHD,

5 #HRIHRE

LI-EA (tert-7F Vg & 2)-330-F T AF N 2
u~AFFr(oy FESEX0I, AATHIERGER) &)
ik, EEL LFEEAEEOMET, KB X UTDMS0O
ARE, TRFAISETHD, MBI %R L
LT, BRTH53,35- b 2F0yr2Oo~nsd o
1.8 %) 0PETHL, WEWHET, SHETM
CYTEREL .

HEERT %, REUBEDEESHLICER, M
Jiii iR i ER

6. HERMEUREDRS

BT b (FERETER T H, KRR
ERLTERRSOHRE (R 2 HRLL. JORHE
O—H e BECHERXFR L CHAEAEOHEREL AL
7o, HETEIE, BRFERL, TOF4 v aRAO5RN
EIEERE 005 vol% & L,

7. ERREmIAIEtEE

EEERETRBIIHCIUBYEOHESRET 272
W, HEMEOMBBECRITTHELR . 0.1
wivihZ D AF ML F Ly b RBETRE LERD
R HEER MRS (/e V— ¥ —1, MI-60,
FURARSETRME FRNTHEL, BRNBED
EBMETEER S 100 % & LB SAER oMM MRS
sz,

20OEE(Fig. 1, 2), EHBRABEICEW T, 59
mixFEFEFE T T 500 pg/mL T 50 % % %2 % k[0 5 i
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et g e g N TS T A

R A A

FEHERERR
120 1 120 ¢
—s— treated for 6 hr without S9 mix -
--e-- froated for 6 hr with 5% mix -+ ireaied for 24 hir without 53 nﬂ
100 100 J

8

60

Cell growth {% of controf)

40

20+

L]

D L e ] oy 1
D 126 250 500 1000 2000 3000

Dose {ug/mL)

Fig. 1 Growth inhibition of CHL/IV cells treated with
1,1-bis(tert-butyldioxy)-3,3,5-trimethvlcyclohexane

BRSO, WOBEIIBWTIIE %
# FIE A AP RIEE D s kol 72, §9
mixEIETFT TV TIDRETIIBNTH50%% L@ 44
RPIRREITMIIES bR, 50 @I AR
3000 peg/mL EA L & fUMF S /. JEETALERNE 24 e L
T1E50 pg/mL A TR0 % % £ [6 2 AAR 3 R3] 55
S, 50 %HHBRISREMIHI & 13 25~00 we/mL DA RS
[ZHBBHDEHETE R,

8. EREOHE

MR INR RSO R b, REEEEREIISIT
AU B O RE, ERFAREOHEE, 10 mM
AR A 3000 pg/ml EFEBHA L L, 59 mixdEHE
TTrt93.75, 187.5, 375, 750, 15003 X F3000
ug/mLOBHR(BH2), 59 mixfFE T TIE375, 750,
150045 & UF3000 wg/mL D4 BB (A2} & Lo, i
ik 24 TR B O 4, 50 %R sai R & o
whEEh, POIHEUEDT -y ABoRAZ %
#FR® LT, 625 125, 25, 375, 5048 & U°100 ug/mL
ELA WEBELT, HEMERLBEAEREE T
7z

Bt iR & LT, EREFAAESI mixFET T34
benzolajpyrene (BlalP, Sigma Chemical Co.) %10
pg/ml, BEFEIALEESO mixSkHEET B L UNERR
%713 1-methyl-3-nitro-1-nitrosoguanidine (MNNG,
Aldrich Chemical Co.} % 2.5 pg/mLDHBETH V. B
B iR HOBHRICE, RS DMSOEI MR T
G EERLL.
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&0

Cell growth (% of control)

20t

e, o 3

0 . , .
0 12.5 25 50 100 200 400
Dose (pg/mi}

Fig.2 Growth inhibition of CHL/IU cells ireated with
1,1-bis{teri-butyldioxy)-3,3,5 trimethyleyclohexane

9. ZaEFELROMEN

HERREE T 2BERIRINIC T b £ ¥ (Gibeo Laboratories)
FRAMBEL LT02 pg/mL ALY IZFMLA.
Tl TR T SR L, LGRS kD R A |
IRL 72, 756 mMIEEH U 7 ARSI CHIBLER, B
BERSL L 2 E R S/ — 0 - BERR (D iIRE TR E
BE L7z, BRESECREHRERLERLE, 14
vol% F 4 Wi T 153 MR a L7, -:‘:3

10, HEHFOFHR

BT v adiz 10048, Thbs, ITHELLHZ
Fo oy, EDSEBMEY, S5EEOMED
SERMIETTHE LA, EXdeTva— FiEL, ERET
BE+To/, ReoEogitd, AABEEREYS -
W FL B BB A RS (MMS) 12 & & S8V RV T
vy, EesibEBE 2 Wit o E oD, Rk ED
SR L ERMERIR (Polypleid) DA Iz oW THE
L7,

1. E§R&HE ,
BRI, WSRO L s & O EIE
MO TR L, ELA '
Yoo (RS R H RS & ORI e o RIS ]
VT, SRE PR TV AR (kS BET)A
b b MIBAlE, 749 Yy —OEEERERHNT
A TEEE L S I RAE L OB Of H RN (BRI
SEMLEBLT, 5%E0E] BT uRBEOR TR
FhDERHWS) &7 7,



1-EX{tert-7TF NP F%2)-33,5- MU X F N JOATH

o e e I g e m R

FORER, BEHEREEELC, ERDE LAY
R EHRONBEENHES L eaEIIEmML,
POAREEES VT REENRD NS, BiE
LHELT.

BRBSUER

BEMMEEEIL L 28R4 Table 1IZFRT. 1,1-¥ 2
{tert-7F LA HL}-335- MV AF NI a~FH -
A T 50 mixJEERS & TFE T TomERMMAE L /oy
ThOBEFHCBVTH, LEFOMESEEL LUSH
Ul oFBER RO bR i ok,

HEMEEC L A RS Table 21IRT. HEWE%
MA CABHAE L AnTFROBECESTH, B
KOERE B L UEEEARDEREHIIEL C Rl
nat,

Lo, L1-¥ R {tarr-7+ V¥ F % 3)-3,35 h
U AF N s OFAF o OCHL/ UM Iz 80 2 3efa ik
BREFBHEEEENEL -, REBEHRIE, CHL/IU
M BWT, REEEE AT LNBOBBEEND
R REETAERESCNHEEEYPSATH, H
AL ENZ OO Tho

BH, LI-EA(tere-7F 0 ¥4 % 32)-335 b1 A
NSt B L FF OSSO EREEICHY
TAHERRES R,

ik

1 HARREZERESS  WILBHDABRIESH, "L
FHE L SREHREET LA BEWE, K
LT, 1988, pp.16-37.

2) TERAEEE, "CrEmRkRERET -4k
N7 =, BE, 1987, 1p.19,

ik

HEHEIE . KE %

HEBHLE  HEH B R %
MEELPHEEEHRER
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Table 1 Chromosome analysis of Chinese hamster cells (CHL/IU) treated with 1,1-bis (fert-butyldioxy)-3,3,5-
trimethyleyclohexane with and witheut S9 mix

Timeof No,of No. of cells with numerical Cell

Group (pD;rs:L) S? exposure cells No. of cefls with structural aberrations f:;; aberations Cromth
= ™ ) analysed cth cte csb cse oth  total(%) Falyploid total (%) rate(%)

Sokvent! 0 - 6-(18) 200 1 0 0 2 0 3(1.5) 0(0) 0 0(0) 100.0
BTBTC 9375 -~ 6018 2 0 0 o 1 o0 1{0.5) ()] ) oo} TS
1875 - 6-(18) 0 2 0 0 0 0 2(1.0) Qi) ¢ (0 50.0

375 - 6018 M 0 0 0 0 0 0o 1{0.5) 0 0{0} 50.5

0 - 6-(18) 20 1 0 9 9 105 105 . o o0 415

1500 - 6(18) 20 0 1 0 0 0 1(0.5) 0{0) 1 1{0.5) 410

3000 - 518 0 0 1 0 2 © 2(1.0) o) 1 1(0.5) 46.5

MMNG 25 - 6-(18) 20 6 1 1 8 0 195(980)™ 420} 0 040} -
Solvent! ] +  6-(18) 2 0 1 0 1 0 2{1.0 0(0) 0 0{0) 1000
RTBTC 3715 + 6018 W 0 ¢ 0 1 9 1{05) ()] 0 oo 975
750 o+ 6(18 20 0 0 0 0 0 0(0) 0{0) 1 1{05) 1020

1500 + 6018 200 0 ¢ 0 0 0 o ol 0 o 98,5

3000 +  &-(18) 200 0 0 4 0 9 00) 20103 Q 0(Q) 90,0

BP 10 +  6-(18) 00 12 % 0 0 o0 93{446.5*  1(0.5) 0 ol —

Abbreviations} gap:chromatid gap and chromosome gap, ctbchromatid break, cte: chromatid exchange, csb:chromoseme break,
cse.chromosome exchange (dicentric and ring), othiothers, SA:structural aberration, NA :numerical aberration,
BTBTG: 1,1-bis (tert-butyldloxy)-3,3,5-trimethylcyclohexane, MNNG :1 - methyl-3-nitro-1-nitrosoguanidine, BP:3.4-benzolalpyrene
B 1) Acetone was used as solvent. 2) Multi-sample ¥° test was done at p<0.05 and then Fisher's exact test was done at p<0.05 or p<0.01.
! **:Significantly different from solvent greup data at p<0.01 by Fisher's exact test.

Table 2 Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with 1,1-bis{ters-butyldioxy)-
3,3, 5trimethyleyclohexane without §9 mix

Timeof Noof No. of cells with numerical g

. : G Dose - exoutre el No. of cells with structural aberrations  gap sbercations Growth
fE g/} (hr)  analysed ctb cte csb ese oth  total (% %) Polyploid total (%Y rate(%)
Solveat? ¢ 24 200 ¢ 0 0 0 0 o 201.6) 2 2010 100.0

BTBTC 6.25 24 200 o0 0 0 ¢ 0{0 1(0.5) 0 ()] 915

125 2 200 o 0 0 0 0 o o 2 2{1.0) 36,5

25 2 200 11 0 O ¢ 1{05) 1{0.5) 0 olo) 8.0

375 2 200 ¢ 2 0 0 0 2(1.0} 1{5) 1 1{0.5) 70.5

50 | 200 01 0 1 0 2(1.0) 0{0} 0 11(1)] 525

100 24 200 0 1 0 0 0 1(0.5) 0{0) 1 1{0.5) M0
MNNG 25 24 20 60 ¥ 3 0 O 195(97.5)%  0{0) 0 il{1)] -

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

BTRTC:1,1-bis (lert-butyldicey) -3,3 5-irimethyleyciohexane, MNNG * 1-methyl-3-nitro-1-nitrosoguanidine, BP:34-benztlalpyrene

1) Acetone was used as solvent. 2)Mulii-sample y* test was done al p<0.05 and then Fisher’s exact test was done at p<0.05 or p<0.0L
**: Significantly different from solvent group data at p<0.01 by Fisher’s exact fest.
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. CARCINOGENICITY STUDY OF 1,1-BIS(tert-
BUTYLPEROXY)-3,3,5-TRIMETHYLCYCLOHEXANE
IN B6C3F, MICE
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Abstract—1,1-Bis(tert-butylperoxy)-3,3,5-trimethyleyclohexane (BETC) is widely used in the manufacture
of cubbet. The present carcinogenicity study in BAC3F, mice was carried outl in order to assess its potential
to induce tumours, BBTC was administered af dietary levels of 0 (control), 0.25 and 0.5% for 78 wk; these
dose levels were selected on the basis of 2 subchronic toxicity study, in which body weights were depressed
to less than 90% of the control gronp values and swelling of hepatocytes was hislologically evident in
animajs fed 1% BBTC or more in the diet. Meoplasms were found in all groups, including the control
group, but there were no significant differences between groups of either sex in mortality, tumour
incidences o tunour distribution, All tumours were considered to be spontaneous because of the similarity
fo background data for B&C3F, mice. This study thus prewdes no evidence of carcinogenicity of BBTC

in B6C3F,; mice.

INTRODUCTION

i,1-Bis(terz-butylperoxy)-3,3,5-trimethylcyclohexane
(BBTC) is widely used as a source of free radicals in
the hardening of unsaturated polyester resins and the
polymerization of styrene, finding particular appli-
cation in the rubber industry. Its chemical structure
is illustrated in Fig. 1. BBTC is not mutagenic in
Salmonella  typhimurium (B. Machigaki, personal
communication, [987). Although lauroyl peroxide
{another source of free radicals used as an initiator in
the polymerization of viny! chloride in rubber manu-
facture) has also been shown not to be mutagenic in
S, typhimurium (Yamaguchi and Yamashita, 1980),
this compound has been suspected from bioassay
data 10 have carcinogenic poiential (Kotin and Falk,
1963). In addition, other free radical sources in the
plastics and rubber industries such as fert-butylper-
oxy benzoate (Kotin and Falk, 1963) and benzoy!
peroxide (Slaga ¢t al., 1981) have been shown 1o exert
skin tumour-promoting activities or to be suspected
carcinogens in preliminary animal studies.

Because BBTC has not been sufficiently examined
for its possible toxicity and carcinogenicity despite its
wide industrial use, the present investigation was
carried out {o assess any carcinogenic potential of the
compound. This study was performed as a part of the
risk re-evaluation of existing chemicals in Japan.

*To whom correspondence should be addressed.
Abbreviation: BRTC = 1,1-bis({rert-butylperoxy}-3,3,5-
trimethylcyciohexane.

MATERIALS AND METHODS
Animals

Male and {emale BGC3IF, wmice, purchased at the
age of 5wk from Charles River Japan Inc. (Kana-
gawa, Japan), were maintained on basal diet (MF;
Oriental Yeast Ind, Co., Tokyo, Japan) and tap water
until they were 6wk old, when the studics started.

Chemical

BBTC (CAS No. 6731-86-8), purchased from
Nippon Yushi Co. (Tokyo, Japan), was in a Yiquid
form and was over 90% pure. It was administered
orally 10 animals in the diet as detailed below. The
diet supplemenied with BBTC was kept at 4°C.

Housing conditions

Mice were housed 10 fo a plastic cage, with soft-
wood chips as bedding, The room was maintained at
a2 temperature of 234+ 2°C and a humidity of
55 + 5%, with a 12-br light/dark cycle.

Experimental design

A preliminary subchronic toxicity study was cat-
ried out prior to the carcinogenicity study.

Subchronic toxicity study, BBTC was added to MF
powdered basal diet and fed ad /ib. to groups of 10
male and 10 female mice at dietary concentrations of
0.5, 1.0, 2.0 or 4.0% for 13wk. Control animals
received the basal diet without BBTC. Throughout
the experiment, mice were given tap water ad lib.
Animals were observed daily for clinical signs and
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Fig. 1. Chemical siructors of 1,1-bis{tert-butylperoxy)-
3,3,5-trimethylcyclohexane (BBTC).

deaths were recorded. At the end of the experiment,
all surviving mice were killed, and major organs/
tissues were taken for gross and microscopic examin-
ation. The resnlts were used 1o determing appropriate
dose levels for the subsequent carcinogenicity
stady. )

Carcinogenicity study. Mice were divided randomly
inlo three groups, each consisting of 50 males and 50
females. BBTC was added to the powdered basal diet
at 0 (control), 0.25 or 0.5%. These dose levels were
selected according to the results of the subchronic
toxicity study. Animals were given their respective
diet ad fib. for 78wk, and the amounts of food
consumed were measured in order to calevlaie the
actual intakes of BBTC. Throughout the experiment,
mice had free access to tap water. All mice were
observed daily for clinical signs and deaths were
recorded. Body weights were measured once a week
for the fsst 13wk of the study and then once every
4 wk. After 78 wk, the administration of BBTC was
stopped and mice were lhen maintained on the
powdered basal diet until wk 83 when all surviving
animals were killed. All mice found dead, killed when
‘moribund or killed at the end of the siudy were
completely autopsied, and their organs were fixed
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routinely in 10% buffered formalin, sectioned and
stained with haematoxylin and eosin,

Statistical analysis. Data were analysed for statisti-
cal significance by Fisher’s ¢xact probability test and
the chi-square test.

RESULTS
Subchronic toxicity study

Two males and two females given 4.0% BBTC died
during the study, all other mice survived until wk 13.
Throughout the experiment, body weight gain and
food consumption in the BBTC-treated groups were
lower than those of the controls. For both sexes, the
only dose of BBTC at which final body weights were
in excess of 90% of the control values was 0.5%.
Haematological examinations showed a tendency of
anaemia in groups of boih sexes receiving 1.0%
BBTC or more. Relative liver weights were signifi-
cantly increased in BBTC-treated mice in a dose-
dependent manner. In contrast, absolute and relative
spleen weights were decreased in a dose-dependent
manner. Histopathological examinations revealed
swelling of hepatocytes in male and female mice fed
1.0% BBTC or more, and atrophy of the red and
white pulp in the spleen as well as a decrease of
haematopoietic cells in the bone marrow were ob-
served in wales given 2.0 or 40% BRTC and in
females fed 4.0% BBTC. From these results it was
coricluded that, with particular gonsideration given to
growth retardation and histopathological findings,
the maximum long-term dose of dietary BBTC that
can be tolerated would be 0.5% for mice of both
sexes, Therefore, 0.25 and 0.5% were selected as
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Fig. 2. Growth curves of B6CIF, mice given 1,1-bis(ter¢-butylperoxy)-3,3,5-trimethylcyclohexane in the
diet for 78 wk at 0 (males, O; females, @), 0.25 (males, A; females, A) or 0.5% {males, [7J; females, W).
Surviving mice were observed for a further 10wk and killed at 83 wk.
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Table 1. Total tumour incidences, food consumption, 1,1-bis(sers-butylperoxy)-3,3,5-trimethyleyclohexane (BBTC) intake, final survival rate
and mean survival time of B6C3IF, mice given BBTC in the diet for 78wk

No. of mice Feod Mean iotal
BBTC dose consumption BBTC intake Final survival Mean survival time
(%) Tpitial  Effective With twnour (gfanimal/day) (g/kg body weight/78 wk) rato (%) and range {(wk)
Males
0 50 49 29 5.6 0 98.0 83.0 (82-83)
0.25 S0 48 30 5.1 187 95.8 80.8 (23-83)
0.5 50 50 i} 4.7 KYk] 94.0 82,4 (61-83)
Females
1] 50 30 19 63 0 94.0 806 (15-83)
0,25 50 49 18 6.1 280 94.8 81.9 (A4-83)
0.5 50 50 b 59 576 96.0 82.7 (73-83)

appropriate dose levels for the subsequent carcino-
genicity study.

Carcinogenicity study

Growth and mortality. The growth curves (Fig. 2)
showed a dose-dependent inhibitory effect of BRTC
on the growih of mice of both sexes in the 0.25 and
0.5% groups. The survival rates and mean snrvival
times (Table 1), however, indicated no significant
differences between groups of either sex.

Tumour incidence and BBTC intake. Overall tu-
mour incidences and total intakes of BBTC are

summarized in Table 1. There were no significant
differences in total tumour incidences between groups
of either sex. Total intakes of BBTC, estimated from
the food consumption data, were dose related.
Distribution and histopathology. The sites, histo-
logical types and ineidences of tumours in each group
are summarized in Table 2. Tumours were found in
various organs from mice of both sexes in each group,
including the control group. However, all the tu-
mours were considered to be spontanecus because
thelr incidences were essentially similar to those of
spontaneous neoplastic lesions reported previously in

Table 2. Sites and types of tumnours in B6C3F, mice given 1,1-bis{sert-butylperoxy)-3.3,5-
trimethyleylohexane (BBTC) in the diet for 78 wk

Site and type of tumour
BBTC dosze (%)...

No. of mice with tumours

Males Females

¢ 0.25 0.5 0 0325

e
n

Effeciive no. of mice
Lung
Alveslarfbronchiolar adenoma
Alveslar/bronchiolar carcinoma
Spleen
Hacmangioma
Haemengiosarcoma
Hacmatopoictic system
Lymphoma
Histipcytic sarcoma
Small intesting
Adenoma
Adenocarcinoma
Liver
Hepatocellular adenoma
Hepatocellular carcinoma
Haemangioma
Haemangiosarcoma
Pancreas
Acinar cell adenoma
Islet cell adenoma
Kidney :
Renal cell carcinome
Adrenal gland
Phatochromoeytoma
Cartical adenoma
Thyroid gland
Follicular ccll adenoma
Pitvitary gland
Adenoma (pars distalis)
Uterus .
Endometrial stromal polyp
Endometrial stromal sarcoma
Harderian gland
Adenoma
Adenocarcinoma
Skinfsubcoutis
Schwannama, malignant
Mastocytoma

43 47 50 47 47
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*Significantly different from control group (P < 0.05).



Tzable 3. Incidences of total tumours and malignant tumours in B6C3F, mice given
1,1-bislrert-butyiperony)-3,3,5-trimethyleyciohexane (BETC) n the diet Tor 78 wk

Parameter BEBTC dose (%). .

Males Females

0 025 0% a 025 05

Effective no. of mice

No. of mice with tumours
Tumours/animal

No. of mice with malignant tumours
Malignant tumours/animal

49 48 50 50 49 30
29 30 k1] 12 13 21

094 094 078 042 041 048
2 16 15 14 15 {5
049 039 032 030 033 030

B6C3IF, mice (Tamanc e: &, 1988; Ward et al.,
1979). BBTC treatment did not increase the inci-
dences of any benign or malignant tumours (Table 3).
Although the incidences of lymphomas and those of
lung and Harderian gland tumours in both sexes, and
liver tumours in males were relatively high in the
control group compared with background data, there
were no significant differences. Interestingly, the inci-
dences of lung carcinomas and Hardetian gland
adenomss in male mice were decreased in a dose-
dependent manner with statistical significance in the
high-dose group.

Non-neoplastic lesions. Although non-neoplastic
lesions were observed freguently in all groups, includ-
ing the conirols, no significant differences were found
between groups. Swelling of centrilobular hepato-
cytes, as observed in the subchronic toxicity study,
was evideni oniy in male mice fed 0.5% BBTC.

DISCUSSION

Tumours of the liver, haematopoietic organs, lung
and Harderian gland are known to develop spon-
taneously in mice of the B6C3F, strain (Tamano
et al., 1988; Ward et al,, 1979). In the present study,
BBTC administration neither increased the inci-
dences of such spontaneous tumours nor induced any
unusual neoplasms. Slight but significant decreases in
the incidences of lung carcinomas and Harderian
gland adenomas were associated with BBTC treat-
ment. With regard to lung carcinomas, similar results
have previously been reported for cyclohexane (Lijin-
sky and Kovatch, 1986). The present results therefore
suggest that BBTC may inhibit directly the develop-
ment of some spontaneous tumours; however, the
dose-dependent decreases in food consymption azd
body weight gain in the BBTC-treated groups may
have acted as factors that suppress tumour develop-
ment, Based on the fact that the incidences of both
ling and Harderian gland tumours in the control
group were elevated compared with eaclier back-
ground data {Tamano et af., 1988; Ward et a/., 1979),
together with the finding that the total tumour inci-
dences were similar to those found in previous studies
(Tamano ef al., [988; Ward ez /., 1979), the inhibi-
tory effects were likely to be of liitle significance, if
any.

Peroxides are widely used as a source of free
radicals in various industries, Recently, free radicals
have been suggested to play important biological

roles, especially in carcinogenic processes. In facl,
some peroxides such as rer¢-butylperoxy benzoate
and benzoyl peroxide, which are functionally similar
to BBTC, are known to be mutagenic (Mortelmans
et al., 1986; Saladinc et al, 1985) and rarcinogenic
(Kotin and Falk, 1963} or co-carcinogenic (Slaga
et al., 1981). The hepatotoxicity and haematotoxicity
of BBTC were noted in the present subchronic tox-
icity study, but no nephrotoxicity was observed,
despite the finding that cyclobexane and tetramethyl-
eylciohexanes, which have structural resemblances to
BBTC, are nephrotoxic in rais (Bernard er af,, 1989;
Johannsen and Levinskas, 1987). The observed hepa-
totoxicity conld have been caused by the induction of
cytochrome P-450 enzyme activity, since il has been
shown that the structurally similar hexachlorocyclo-
hexane induces this activity in the liver (Popp and
Caitley, 1991). Persistent induction of the cyto-
chrome P-450 enzyme may give rise to subsequent
hepatocarcinogenesis. The hacmatotoxicity might
have been caused primarily by the damage of the
haematopoictic organs, although nutritional impair-
ment could, to some extent, coniribute to its occur-
rence. Despite the cytotoxicity in the liver and
haematopoietic organs, there were no significant in-
creases caused by BRTC in the incidences of neo-
plasms in these organs,

It was therefore concluded that BBTC exeris no
carcinogenic activity in B6C3F, mice. However, while
cyclohexane has been suspecied as 2 mutagen from
the results of DINA~cell binding assays (Kubinski
et ol,, 198]) and is also known to be a skin tumour
promoter in mice, it is not a complele carcinagen
{Gupta and Mehrotira, 1990). Thus, although BRTC
has been shown not to be mutagenic in the Ames test,
the possibility that it can acl as a tumour promoter
requires further ¢lucidation.
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