LI-E A {tert-7F W+ F )-335

)X*ﬁllx‘\/ﬁ'ﬁf\%ﬂ“/@

{1

ME % v 5185 £ Rk

Reverse Mutation Test of 1,1-Bis(tert-butyldioxy) -3,3,5-trimethicyciohexane on Bacteria
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ELT ARG R BB IS 285720 5 1994 £ 12 A 19
N5 5% %472 S, typhimurium TA98, TA100,
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#-

AR LT, R MWL B, 205 Le =2
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V-V R (terr7# 024 %3) 335+ 2503
UNFH (0 ) ER8X0), HAMERR (L) 1)
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ANFEX L FIDMSONIZRE, 7L BB THY,
HETI B E LT, BHTHH335-L I AFN
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3. WERMEMSEOBS

FRCTE Y (OEHETE) 2B, HBRWEE
AL TRBAROMRTER 2RRL. Z 0B
DB BFETHAFRL CHERBOBRARE AL
Ao HEGEI. RIRERIBLL 7o

4. BBtExIpRHE

BB e s L TROL D EEH L.

AF-2 12442-7 9 W)-3-i5=2 ,B2- 7 RNT 7 YNT

I NIRRT )

2-AA 12T 2772 bS5 E s (GRS T )

NaN, [ 7 9V1b+ b Y 7 4 (k43 T 68)

9-AA (89-7 3/ 7 #1932 (Aldrich Chemical Ca.}

AF-28 L F2-AA I DMSO I e 40 88 X a4h) 10,
NaNy B3 L U 9-AA B KGR IORBET I BB L
7.

5. &
1) BYITNIA-IEXFAREM (T — )

TAAF A TANSEW (G ) oy LR TR &8
AL, FHELE. Sl Lla - 0olKIITREOEBY
TH, FI0mmDr+—L1fH 01230 mL %5
L7 nNTha.

gy 2> 0 - 1okiE 02g
78 —kiE 2g
YBEKEZNY Y L 10g
DoB—7T%2v 4 192¢
FKEEEF P A 0.66 g
TN — 2 20g
F K (0X0ID Agar No.1) 15g

2) TI/BEMREXREW (LY TTH )

0.6 w/v% ZEX## (Difco Laboratories} 3 X ¥0.5
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L 7: prague-Dawley R T v F O RV IR, b
NDTH5.

7. HEEAE

RHEUE, SLA o FaR—2arEeiror.
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BRERRCIREHEL b1, ARBTIINEHM
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b, BMHER RTRBEEICERAEF;rZ2O 5 TSR
EHMETEZEE L.

BRELUEE

20~5000 ug/plate DEETIT-> - BEZERBKICS
Wi, {BEEboFE I 2D, WTFhoOEk
KBLTHLHEDEFRERGBED SO0z, Lo
T, ARBRICB T2 EBWROAER, BEAEL
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Table 1 Results of reverse mutation test of 1,1-bis (terz-butyldioxy)
[direct method: -S9 mix]

e — |

1,1-EX{tert-TFNTZHAX)-33,5- I XFN7AONFTH

-3,3.5-trimethylcyclohexane on bacteria (1st trial)

Test substance
dose

Number of revertant colonies per piate [Mean + $.D.]

{ug/plate) TA100 TAI535 WP2 uviA TA9S TAL537
i 127 128 1 15 U 13 18 173 29 2t 18 10 9 8
{1254 5} {1a=1] [19+3] [23+6] ) [(9+1]
313 Y 120 108 126 17 11 12 14 u 18 26 2119 11 8 9
(1181 9) [13+3] [19%5] [22 +4] (9+2]
625 136 130 137 13 M 15 16 19 27 18 4 2 12 15 15
m+4] (Lt +1} 21 +6] {21 £ 3} 1M x2)
1230° 122 118 120 10 9 5 23 17 17 26 19 40 8 1 3
{1202} {8+3) [19+3] [28+11] f9+2)
2500° 130 138 132 13 9 1l 21 1817 21 29 30 11 9 15
[133+4] {11+2]) {19+2] [27+5] {12+3]
50007 128 N8 134 6 7 7 17 16 16 30 2 25 u 17 9
[127+8) [7x1] [16x1] [27 %3] [13x4)
Positive 817 782 760 390 432 400 711 697 TG 162 486 446 516 520 703
control [796 + 45) [107 + 22) [719 + 25] {165 + 20] {5090 + 99]

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

2} AF-2:2-(2-Furyl}-3- (5-nitro-2-furvl) acrylamide, 0.01 ug/plate
biNaN,:Sodium azide, 0.5 ug/plate
¢:ATF-2, 0.01 pg/plate

dYAF-2, 0.1 ug/plate
¢!9-AA9-Aminoacridine, 80 wg/plate

Table 2 Results of reverse mutation test of 1,1-bis (tert-butyldioxy)-3,3,5-trimethylcyclohexane on bacteria {1st trial)
factivation method: +S9 mix)

Test substance
dose

Number of revertant colonies per plate [Mean £ S.D.]

e/ plate’ TAIO TA1535 WP2Z uvrA TASS TA1537
0 18 127 114 1 15 2 ] 17 37 3% 27 1 0 15
{120 £7] [13x2] {20 4] [33 5] [12+3]
313 117 131 130 13 13 M 20 %18 16 #6140 18 noo12
[126-+ 8] (13%1] [22+5) [t1£3) (14 =4]
625 17 105 132 13 M7 21 2 22 35 15 # 13 6 12
{118 = 14] [15+2] [21 1] (29 + 101 {14 £4]
1250* 122 121 121 16 12 21 17 2% 31 32 3 7 17215
{1211 {13£3] {24 =5} @1+ in=4)
25007 123 122 105 7 7 8 23 2 30 32 20 27 I¥] ¥ 7
{117 £ 10} [7x1) [25+ 1] [29+3] (12=1]
50007 134 139 106 6 6 10 30 22 28 38 25 20 15 10 9
[126 + 18] [7+2] ) [27 = 4] 28 +9] [1n=3]
Pasitive 689 718 671 150 159 156* 820  R29 861 411 357 402 111 114125
control (693 + 241 (155 % 5] (838 + 23] (390 +29] M7+7]
#Precipitate was observed on the surface of agar plates.
AJAF-2:2-(2-Furyl) -3- (5-nitro-2-furyl) acrylamide, 0.01 rg/plate
bI2-AA, 2 g/plate
C2-AA, 10 ug/plate
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Table 3 Results of reverse mutation test of 1.1-bis( tert-butyldioxy)-3,3,5-trimethylcyclohexane on bacteria (2nd trial)
[direct method :-S9 mix] .

Test substance Number of revertant colonies per plate [Mean = 5.D.)

;_,,,g(,i.f(;:te ) TAL00 TA1535 WP2 avrA TA98 TAI537
0 9§ 100 122 12 10 15 18 21 30 28 27 & 8 10
[107 =13} [32+2) [18=3]) {28 +2] f9=1]
v 313 105 112 131 9 12 8 20 18 15 25 32 33 11 12 12
{116 = 13] [10+2) [18=3] (30 + 4} [13=1])
625 10 ¢ 108 9 1310 22 17 16 3 31 31 1 1 13
(103 £ 11} f11x2] {18 +3) Brx1] [13£2]
1250° 107 108 129 8 5 5 12 116 1 2% 2 6 11 7
(115=12] [6+2) {14 2] fotx7 [8 3]
2500° 121 8 109 6 6 9 16 2% 14 17 21 2 12 10 8
{104 £19] [7x2) (18 =6} {21 £4) (102}
50007 N 91 12 9 9 M 15 15 M 32 2% 32 7 10
{108 +13) (n=3] [15+1) [30+3) [10=4]
Positive 795 783 829 38 358 336" 716 806 691 472 488  402* 428 512 557 ~.
control {802 + 24) [360 + 25] [738 + 60] {154 = 46) {499 + 65]

#:Precipitate was observed on the surface of agar plates.
a}AF-2:2- (2-Furyl) -3- (5-nitro-2-furvl acrylamide, 0.01 g /plate
b} NaN::Sodiutn azide, 0.5 wg/piate

c)AF-2, 0.04 ug/plate

d)AF-2, 0.1 «g/plate

e19-AA9-Aminoacridine, 80 ug/plate

Table4 Results of reverse mutation test of 1,1-bis(tert-butyvidioxy)-3,3,5-trimethylcyclohexane on bacteria (2nd trial)
(activation method: +S9 mix]

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

(,,gc:?jzte. TAID TAI535 WP2 uvid TASS TA1537

0 16 - 105 102 9 7010 25 22 21 a1 25 35 16 110
{108 =7) [¢=2} [23 % 2] {31 =8} (12+3]

313 127 105 120 7 i3 8 21 30 10 27 33 M 16 1319
{117 = 11} [9+3] {20 = 10] (35+ 9] {16 +3]

625 s 118 115 10 8 12 31 2121 31 32029 10 15 13
[17=2] [10+2] [25 5] (312 (13x3)

1250° 128 128 104 3 n 7 12 28 26 0 28 36 13 15 M
[120£14] {103} [22+9] {35+ 6) {141}

2500° 120 100 118 9 15 & 21 12 75 23 30 45 11 18 15
{113%11] f10=5] {23+ 3) {33 =11} {16 2]

50007 3 131 101 13 15 20 2 17 3 BB 6 13 10
(108 + 20} 10+ 4] {20 4] (26 + 6] {104l

Positive 699 668 623 214 193 18 685 723 803 339 382 362 173 121 M2
control [663 = 38) 1197 =15 737 % 60) {361 = 22) {115 = 26)

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

2)2-AA2-Aminoanthraceéne, 1 »g/plate

b} 2-AA, 2 «g/plate
¢ 2-AA, 10 ug/plate
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In Vitro Chromosomal Aberration Test .
of 1,1-Bis(tert-butyldioxy)-3,3,5-trimethlcyclohexane on Cultured Chinese Hamster Cells
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LI-¥A(tert-7F NS4 %2)-335 b AF NS
ONFH L ORBEREERUOAELBRH T 5120,
FrA=—X - NAZS-HHEOGEFARE
" (CHL/IU) 2 v TCin vitrol BII 2 R kR ERBE
EL .

REARERBICH AR RET 500, Ml
FEORIRBR LT o 2oR, AN MLERESY mixFFHERE
FCIE500 pg/mLTHOMRE0 %% % L1 5 M AP
BB R, ToBOHETIES0 %% s
BIREEIENIRD b 2o . 59 mix FF{E T TII50
% % £{0] A 3RS REIRNIIED b e o 7o EHPLE
£ 24 B TR TULE 50 pg/mL LA £ T50 % % LB 5
RSB O, LT, REBARERERIZS
33HE, ANMAREORE, SImixFEFETT
1293.75, 187.5, 375, 750, 15003 X U°3000 pg/mL,
S9 mix FIETF TIE375, 750, 15008 & UF3000 pg/mL &
L7e, &/, SRk EmE ¢ile2s, 125, 25,
375, 5038 LTFI00 pug/mL & L 7-.

REOESR, HrEMMEESI mixEFELS L UHFXE
THEGESABEUEELEOVThOBRAIZE Y
TH, #EEREFETIHRBROMMIBDO LN 2o
7:.
DEoB#»S, 1,1- ¥R (tebt-TF NI F F ) -
335 M) AFL Ly OAFY T OCHL/IUMALICH ¥
ARBURREETHERKEHEL L.

Bk

1. HEBR#REG

By EEREDHEEFAHLERELES (T BrgEst
BN ERENS) » SlEA60EL A BAIISSEFITL
Fr¥4 =X - NAZy—HiBkDSHEFAIH%
(CHL/IU) 24 L 7. @300, @28&8mic10
VOl% DESTT AF NI NAFS F(DMSO, HIYeuiss
TE® ZHML, BEEZLFTCRFLLLOEE
RIZRL, BHEEOEREMTEI TOLNEMAL
7.

2. BEH

Eagle-MEM #3 # 3% (Gibco Laboratories) & & #: I24¢
WHBBL, ZNIZIEMLHF 4% (Gibco Laboratories)
T10vol% DESTHMLI-bDEH V.

3. BEEEM

4 X 1PE/mL ORI E EUEFBES mLETF 4 v 2
(786 cm, Becton Dickinson Co.) iz, 37 ‘CHCO, A
YEAN—F— (5% CO)NTIELL.

HR BT, BEMBIHRIERYRE MR
SO mixJEHFES L UHET CORMREL, RBRTH,
PFERIETEOICIBEMEREL . ERAEFETH,
HEEMMGIB R HBYHEE A 4RARL /..

4. S9 mix

Beta EREABHBRES) mix(F v a—< @) 84
AL, BuE#6r BEIPNICRA Lz, S, FHMEL
TT7 /NN EFT—ABLUSERYSTIR RS
L 7:Sprague-Dawley R#T v F OIS S AB s
LbOTHD,

5. WEHhE

LU X (tert-TFATFHF)-335- I AFAMT Y
DAFH T (O0y FESX01, HAMIE(GRE)RM)
12, B n L EEEHORKT, KB LUDMSO
RS, TRFCHBETH D, MBI B{RMML
LT, BRHTHA335- VI 2Frryzu~nki o8
1.8 %F8L)OYWHETH L. #HBRWEIZ, GoEAT 4
C)CHERRBRELL.

EBRT#H, BEEBRDE TS LUT-HE Tt
M@ o,

5. HBRYHHEMHREOAN

ERIZT & b (FIEHETRW) AV, BBRYHE
BRLTESHZOHRAM(FHE) #RYLL. TORME
O—HEBFETEAFRL CHEABOHAREARL
7o, R, BRFARL, FOFL v Y aRNOEM
BIEFEH B D05 vol% & L7,

7. SBETEHIGIAAEE .

REEAERRCACIERYEOHEYRET A2
O, EBEWEOMBEAIIRIZTEE YR, 0.1
WwiNB I URZ AL F Ly FABRTCREL-ERD
T ERBIERMAFES (£ k-5 —1, MI-60,
FUCRARETER) FACTHEL, FRHEED
MRS L 100 % & Lo S AR OMMAMEEZ
K7,

ZOHR(Fig. 1, 2), SBEHAEBHRICBWTHE, S9
mix FFFEEE T CIE 500 pg/mL T50 % % %°%° L1 % Mg 1
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120

—e— treated for 6 hr without S9 mix
--o-- treated for 6 hr with S9 mix

b

100

k

Celt growth (% of control)
F3 3

20§
0 A A S I 2 3
0 125 250 500 1000 2000 3000
Dose (ug/mt)
Fig. 1 Growth inhibition of CHL/IU cells treated with

1,1-bis(tert-butyldioxy)-3,3,5-trimethvlcyclohexane

IR AR LA bD0, WOBREIZEVTIEISNS
* LE 2 MBS EEEs oo/, $, S9
MIXFETFTCRTHOBEIIBWTH50%% Lo 240
Pl EIRIIAEE D b ¥, 50 %aRRgID e IDA) H BT
3000 pg/mLELE & IHF S /e, SEREALTR 24 BB L TR
TH50 pg/mLLL L T50 % % [0 5 B i s IN#1 2 520
S, 50 %ABH3 R FIE A & 1425~50 wg/mL OB B
CHdbnLHTs T,

8. EBRBORTE

HE MR OER D &, REARERBRIIBY
LUBRYWRORRL, ERELEENEEIE, 10 mM
CHBT 53000 pg/mLERBAT L L, S9 mixFEFIE
T Ci393.75, 187.5, 375, 750, 15008 L 053000
wg/mL D6 AR (AL2), S mixFIETF CII375, 750,
150045 & TF3000 wg/mL O 4B (N2} & L7z, &K
24 IR B DG &1, 50 %RRIEEIpHI R & OH
BAEIN, POSHRULEN Ty HBORBI LR
ZEL T, 6.25 125, 25 375, 508 &L 0100 ug/mL
LA #BELT, AREABIELBENBEL S
AR

FEtEatBE e L€, MARMAEESS mix £ T THE34
benzolalpyrene (B{alP, Sigma Chemical Co.) % 10
pg/mL, HREEAEES) mixEFETH L OEHLE
£ T 12 1-methyl-3-nitro-1-nitrosoguanidine (MNNG,
Aldrich Chemical Co.) ¥ 2.5 vg/mLOHETHV 2. B
HENRBRYEOBFHRIZE, v b DMSO(HRHMELTE
e FEHE L.
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120 ¢

[... treated for 24 hr without S9 mix I

100

8O}

60

Cell growth (% of control)

40

20

T

0 — . A
0 12.5 25 50 100

Dose (ug/ml)

Fig. 2 Growth inhibition of CHL/IU cells treated with
1.1-bis(tert-butyldioxy)-3,3,5-trimethylcyclohexane

200 400

9. REBEKERDIER

FEREHT 285 BIRTIC 2 L 3 F(Gibeo Laboratories)
YRRRELLT02 ug/mL E 2B L imML. b
T BT, RS VMR EE
WL 2. 75 mMIE{fRH T Y aKEHCHEEWMERZ, B
BRRLSHAY /7~ - BERE(3I 1) IRER TR %
BEL:. EREBECREEERCERL K%, 14
vol% ¥ L FE CHISFERE L.

10. ZEFoBR

&7 4 v adhich 100, Tabb, 1HEHLD2
T4 v a, 200@DSEPHMRY, BEEF0HED
SEMETCEREL /. BRieTI— MEL, BRET
BELTo /. BREOSNE, BAREEREFS -
MILB RS H & (MMS) 2k A 5EEVIZETCT
1V, SRS LIRS GHEOYE, THhE XD
HBERE L 554 (Polyploid) DA 12DV THEEE
L.

1. EfeHE _

BB, HsRE0BEL BB L CEEEH
BOBIZ W THEE L, L.

Yoo FHEE R EMRE X OB O BRI
W, BRECREE TV EE (A KRS BELT) AT
BOLNTIBEE, 747y —OEERFEEAV S
BRI L & BT L OMOFEERE (FEKER
SERTZELC, 5%F11 wrnuiouc
TODEEN) E{To7e.
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11-EX (tert-TFNTHF)-3,3,5- MU XA FIL 7O~ FH

FORER, SEAMBREERL T, HRYHIZL 54
CHBEEARORBAEE 2R/ L THZ ML,
PORREKGENS 2V EERRNZD SNBSS, B
EHISELT.

" HBRHIUEE

-

DIFEREIEIZ L DR % Table 11IRY. 1,1-¥ R
(tert-7F NI FF2)-335- P AFAL7ONFH
2R TS mixFFHEEBLURET COEMARBL 7o\
ThOBREFHIIBVTH, RBEOHERTBLUER
HHEOEEEREIZO o,

EEAEEIZL AR T Table 210787, HEHH%
MACUBREFAMBLI-VWTIUORBLEBWTS, #E
ROBERE B L UEEHAROSERERIZD N,
Poi-. v

LzdoT, L1-EX (tert-7F LV F%3)-33,5-F
D AFNT s anFH > OCHL/IUMRIZ T 3B
BREFEMEEMEHE L. RKREBR#ERIL, CHL/IU
ARIBOT, FEFEEFELHETLIMEOHRBEEANS
%UFEBERE LT AEBODHERE2PSAT L, B
SR EHIFEN B LD TH /2.

2B, LI-EA(tere-7F 04331335+ A5
NI OanFt s BETTOHEBILEWOLRRILIZH
TELHRELRLE S 2,

Xk

N ARREERRY & - WAHWARIBEE, "t
FMHCLDREHREET F 7R PEBE. ¥
5, 1988, pp.16-37.

BERAERE, CUEMHRERRTRET - S,
T TA v~ HH, 1987,p.19.
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Tablel Chromosome analysis of Chinese hamster cells (CHL/IU) treated with 1,1-bis { tert-butyldioxy)-3,3,5-
trimethylcyclohexane with and without S9 mix

No. of cells with numerical
Timeof  No.of Ny of cells with structural aberrations gap l Cell

Group Dose " exposure  cells aberrations Growth
(x&/mL) mix (%) -

(br)  analysed cib cte csb cse oth  total (%) Polyploid total(%)?  rate(%)

Solvent’ 0 -~ 6018 200 1 0 0 2 o0 3(1.5) 0(0) 0 0(0) 100.0
BTBTC 9375 -  6-(18) 200 0 0 o 1 o 1(0.5) 6(0) 0 0(0) 70.5
1875 - 6-(18) 200 2 0 0 0 O 2(1.0) 00 ] 0(0) 50.0

375 - 6018 200 0 0 0 0 0 0(0) 1(05) (] 0{0) 50.5

750 - 6-(18) 200 0o 1 0 0 © 1(05) 1(05) 0 0(0) A15

1500 - 6-(18) 200 01 0 0 o 1{0.5) 6(0} -1 1{0.5) 41.0

3000 - 6{18) 200 0t 0 2 o 2(1.0) 0(0) 1 1(0.5) 16.5

MNNG 25 - 6-(18) 200 6 1% 1 0 0 196(980)™ 4(2.0) 0 0(0) —
Solvent? 0 +  6-(18) 200 6 1 6 1 90 2000 0(0) 0 0o 100.0
BTBTC 37 +  6-(18) 200 0 0 0 1 o 1(0.5) o 0 0(0) 97.5
750 +  6-(18) 200 0 0 0 0 0 60 0(0) 1 1(05) 1020

1500 +  6-(18) 200 0 6 0 0 ¢ 0(0) 0(0) 0 0(0) 98.5

3000 +  6-(18) 200 0 0 0 0 O 6(0) 2(1.0) ¢ 6(0) 90.0

BP 10 + 6{18) 200 12 % 0 0 0 93(16.5)* 1(0.5) 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), othothers, SA'structural aberration, NA numerical aberration,

BTBTC: 1,1-bis(tert-butyldioxy)-3,3,5-trimethylcyclohexane, MNNG : 1-methyl-3-nitro-1-nitrosoguanidine, BP:34-benzo{alpyrene

1) Acetone was used as solvent. 2) Multi-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.
**:Significantly different from solvent group data at p<0.01 by Fisher's exact test.

Table 2 Chromosome analysis of Chinese hamster ceils (CHL/IU) continuously treated with 1,1-bis(tert-butyldioxy)-
3,3,5trimethylcyclohexane without S9 mix

D . Timeof  No.of No. of cells with structural aberrations gap No. of cells Wiql numerical Cell ;
Group (/L) exposure cells %) aberrations Growth
(hr)  analysed cth cte cshb cse oth total(%) Polyploid total(%)°  rate(%)
Solvent® ¢ 2% 200 0 0 0 0 0 () 2(1.0) 2 2(1.0) 100.0
BTBTC 6.25 24 200 o 0 ¢ 9o ¢ o 1(0.5) 0 0(0) 915
12.5 A 200 c ¢ 0 0 0 1) (H ()] 2 2(1.0) 86.5
25 24 200 11 0 0 0 1(05) 1(0.5) 0 o 850
375 A 200 ¢ 2 0 0 o0 2(1.0) 1(0.5) 1 1(0.5) 705
50 4 200 0 1 0 1 0 2(1.0) 0(0) 0 ({1 () 52.5
. 100 U 200 ¢ 1 0 0 o0 1{0.5) 6(0) 1 1(0.5) 1.0
MNNG 25 24 200 60 14 3 0 0 195(97.5)*¢  0(0) 0 6(0) -

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

BTBTC: 1,1-bis (tert-butyldioxy)-3,3,5-trimethylcyclohexane, MNNG : 1-methyl-3-nitro-1-nitrosoguanidine, BP:34-benzol alpyrene

1) Acetone was used as solvent. 2)Multi-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.
**: Significantly different from solvent group data at p<0.01 by Fisher’s exact test.
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BUTYLPEROXY)-3,3,5-TRIMETHYLCYCLOHEXANE
IN B6C3F, MICE
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Abstract—1,1-Bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane (BBTC) is widely used in the manufacture
of rubber. The present carcinogenicity study in B6C3F, mice was carried out in order o assess its potential
to induce tumours. BBTC was administered at dietary levels of 0 (control), 0.25 and 0.5% for 78 wk; these
dose levels were selected on the basis of a subchronic toxicity study, in which body weights were depressed
to less than 90% of the control group values and swelling of hepatocytes was histologically evident in
animals fed 1% BBTC or more in the diet. Neoplasms were found in all groups, including the control
group, but there were no significant differences between groups of either sex in mortality, tumour
incidences or tumour distribution. All tumours were considered to be spontaneous because of the similarity

to background data for B6C3F, mice, This study thus provides no evidence of carcinogenicity of BBTC

in B6C3F, mice.

INTRODUCTION

1,1-Bis(tert -butylperoxy)-3,3,5-trimethylcyclohexane
(BBTC) is widely used as a source of free radicals in
the bardening 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, 1987). Although lauroyl peroxide
(another source of free radicals used as an initiator in
the polymerization of vinyl 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 to have carcinogenic potentiai (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 et 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 1o assess any carcinogenic potential of the
compound. This study was performed as a part of the
risk re-evaluation of existing chemicals in JYapan.

*To whom correspondence should be addressed.
Abbreviation: BBTC = 1,1-bis{rert-butylperoxy)-3,3,5-
trimethylcyclohexane.

o0

MATERIALS AND METHODS

Animals )

Male and female B6C3F, mice, 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 6 wk old, when the studies started.

Chemical

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

Housing conditions

Mice were housed 10 to a plastic cage, with soft-
wood chips as bedding. The room was maintained at
a temperature of 23+2°C and a humidity .of
55 13- 5%, with a 12-hr light/dark cycle.

Experimental design

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

Subchronic toxicity study. BBTC was added to MF
powdered basal diet and fed ad Jib. to groups of 10
male and 10 female mice at dietary concentrations of
0.5, 1.6, 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

29



HsC 00—C(CH3)3

H3C 00—C(CH3)3
CH3

Fig. 1. Chemical structure of 1,1-bis(tert-butylperoxy)-
3,3,5-trimethyleyclohexane (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 results were used to determine appropriate
dose levels for the subsequent carcinogenicity
study. )

Carcinogenicity study. Mice were divided randomly
into 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 lib. for 78wk, and the amounts of food
consumed were measured in order to calculate 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 first 13 wk of the study and then once every
4 wk. After 78 wk, the administration of BBTC was
stopped and mice were then 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 study 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 exact probability test and
the chi-square test.

RESULTS

Subchronic texicity 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 both 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 hepatacytes 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 males given 2.0 or 4.0% BBTC and in
females fed 4.0% BBTC. From these results it was
concluded that, with particular consideration 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

i ) L A (]

0 10 20 30 40

50 60 70 80 %

Duration of experiment (wk)

Fig. 2. Growth curves of B6C3F, mice given I,i-bis(lert-buiylpcroxy)-3,3,5-uimethylcyclohcxane in the
diet for 78 wk at 0 (males, O; females, @), 0.25 (males, A\; females, A) or 0.5% (males, [J; females, B¥).
Surviving mice were observed for a further 10 wk and killed at 83 wk.
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Table 1. Total tumour incidences, food consumption, I,1-bis(sers-butylperoxy)-3,3,5-trimethylcyclohexane (BBTC) intake, final survival rate
and mean susvival time of B6C3F, mice given BBTC in the diet for 78 wk

No. of mice Food Mean (otal )
BBTC dose consumption BBTC intake Flnal survival Mean survival time

(%) Initial  Effective With tumour (g/animal/day) (g/kg body weight/78 wk) rate (%) and range (wk)
Males

0 50 49 29 56 0 98.0 83.0 (52-83)

0.25 50 48 30 5.1 187 958 80.8 (23-83)

0.5 50 50 30 4.7 3713 94.0 82.4 (61-83)
Females

0 L) 50 19 6.3 0 94.0 0.6 (15-83)

025 S0 49 8 6.1 280 948 81.9 (47-83)

0.5 50 50 21 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 BBTC
on the growih of mice of both sexes in the 0.25 and
0.5% groups. The survival rates and mean survival
times (Table 1), however, indicated no significant
differences between groups of either sex.

Tumour incldence 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 incidences of tumours in each group
are summarized in Table 2. Tumours were found in
various organs from mice of both sexes in cach group,
including the control group. However, all the tu-
mours were considered to be spontaneous because
their incidences were essentially similar to those of
spontaneous neoplastic lesions reported previously in

Table 2. Sites and types of tumours in B6C3F, mice given 1,1-bis(tert-butylperoxy)-3,3,5-
trimethylcylohexane (BBTC) in the diet for 78 wk

Site and type of tumour
BBTC dose (%}...

No. of mice with tumours

Males Females

0 025 0.5 0 025 05

Effective no. of mice
Lung
Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Spleen
Hacmangioma
Haemangiosarcoma
Haematopoietic system
Lymphoma
Histiocytic sarcoma
Srnall intestine
Adenoma
Adenocarcinoma
Liver
Hepatocellular adenoma
Hepatocellular carcinoma
Haemangioma
Haemangiosarcoma
Pancreas
Acinar cell adenoma
Islet cell adenoma
Kidney :
Renal cell carcinoma
Adrenal gland
Phacochromocytoma
Cortical adenoma
Thyroid gland
Follicular cell adenoma
Pituitary gland
Adenoma (pars distalis)
Uterus
Endometrial stromal polyp
Endometrial stromal sarcoma
Harderian gland
Adenoma
Adenocarcinoma
Skinfsubcutis
Schwannorma, malignant
Mastocytoma
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*Significantly different from control group (P <0.05).
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Table 3. Incidences of total tumours and malignant tumours in B6C3F; mice given
1,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane (BBTC) in the diet for 78 wk

Males Females
Parameter BBTC dose (%).... © 0.25 0.5 0 025 05
Effective no. of mice 49 48 50 50 49 50
No. of mice with tumours 29 30 30 19 18 21
Tumours/animal 094 094 078 042 041 048
No. of mice with malignant tumours 22 16 15 4 15 15
Malignant tumours/animal 049 039 032 030 033 030

B6C3F, mice (Tamano et al., 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 Harderian gland
adenomas 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 abserved frequently in all groups, includ-
ing the controls, no significant differences were found
between groups. Swelling of centrilobular hepato-
cytes, as observed in the subchronic toxicity study,
was evident only 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 er 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 consumption and
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
lung and Harderian gland tumours in the control
group were elevated compared with earlier back-
ground data (Tamano et al., 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., 1988; Ward et al., 1979), the inhibi-
tory effects were likely to be of little 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
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roles, especially in carcinogenic processes. In fact,
some peroxides such as tert-butylperoxy benzoate
and benzoyl peroxide, which are functionally similar
to BBTC, are known to be mutagenic {Mortelmans
et al., 1986; Saladino et al.,, 1985) and rarcinogenic
(Xotin and Falk, 1963) or co-carcinogenic (Slaga
et al., 1981). The hepatotoxicity and haematatoxicity
of BBTC were noted in the present subchronic tox-
icity study, but no nephrotoxicity was. observed,
despite the finding that cyclohexane and tetramethyl-
cylclohexanes, which have structural resemblances to

. BBTC, are nephrotoxic in rats (Bernard er al., 1989;

Johannsen and Levinskas, 1987). The observed hepa-
totoxicity could 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
Cattley, 1991). Persistent induction of the cyto-
chrome P-450 enzyme may give rise to subsequent
hepatocarcinogenesis. The haematotoxicity might
have been caused primarily by the damage of the
-haematopoietic 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 BBTC in the incidences of nco-
plasms in these organs.

It was therefore concluded that BBTC exerts no
carcinogenic activity in B6C3F, mice. However, while
cyclohexane has been suspected as a mutagen from
the results of DNA-~cell binding assays (Kubinski
et al., 1981) and is also known to be a skin tumour
promoter in mice, it is not a complete carcinogen
{Gupta and Mehrottra, 1990). Thus, although BBTC
has been shown not to be mutagenic in the Ames test,
the possibility that it can act as a lumour promoter
requires further elucidation.

Acknowledgement—This work was supported by a Grant-
in-Aid for Safety Evaluation of Existing Chemicals from the
Ministry of Health and Welfare of Japan.
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