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Reverse Mutation Test of 4,4-Thiobis (6-tert-butyl-m-cresol) on Bacteria
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B EHELEERNEREREO—BL LT, 44-F77
VA (B-tert-7F N -m-7 L — L) izonwT, #iEZHE
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RER & LT Salmonella typhimurium TA100,
TA1535, TA98, TA15373 L U Escherichia coli WP2
uvrADSEEE RV, 89 mix\RIE L ONENO &4
'(““7"wa FERED, AEFERREL 0 ~5000 ug/ 7

—+ORAETIT-o/AE2 A, 59 mixERMRAES X
U“iﬁ:’gﬂuéi\isﬁm WFRIZB W T b Salmonella D4 HRER
B THGIEEARRS b 7o, WP2 uvrd TS
xRS sNLRdh o,

L7d5o T, REERTIESO mixfETEINHE % TAL00,
TA153538 & U TAL1537450.781 ~ 50 pug/ 7 — |,
TAO3IL3.13~200 pg/ 7V — b, WP2 uvrAiX 313~
5000 pg/ 7V — FDOEMET, 59 mixifFARE S.
typhimurium® 4 Hi#kid 12.5~ 800 pg/ 7L — I, WPZ
uvrAiE313~5000 pg/ TV — FOERETHE L
TEREL

FOFRE, SO mixMERNAE T, TAIOOB LTF
TA1537H, 125 pg/ 7L — b, TAIS35IE25 wg/ 71—
F, TA98IX100 pg/ 7' L — b TILEMEAERD b5,
WP2 uvrdA T sl d otz £7259 mix EINEES
THTALQ0, TA1535, 38 L UFTA153713400 pg/ 71—
b, TASBIZR00 pg/ 7 v — FTHEEANTLD S R7A-HT,
WP2 uvrATCHED bl o/, HREE D=
W, 2EOERERE L, HWIBREEIZ2WT, wih
OHERBVWTLRBELE T~ Ho IR0 L
Nhdpofzlbdt, 44-FFEX{B-tert-7F N -m-2
L=, AulRBRIIBWTEREREELE
V() L EN T
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Salmonella typhimurium TA100
Salmonella typhimurium TA1535
Escherichia coli WP2 uvrA
Salmonella typhimurium TA98
Salmonella typhimurium TA1537
S, typhimurium D4 HER" I 1975 F 1031 BIZT £ Y
HEHE, YT+ AT RKFEOBN. AmestE LA 557

HEgir.,
E. coli WP2 uvrA BR? (3 19794E5 A 9 H (B B {mE
REFOBHHEREL» S 5551,
BEFHE-SOCUTTHERFELELOEHY, —a
= My b7 AN, 2(0xoid) # AN Ly RERE
TR LR —EEHE L, 37TCTI0RMERIR
EAEBLILLVORRERRE L.

(R E]

4A4-F 3 € R (B-tert-T F W -m-27 17— ) (CAS No.
96-69-5) ¥, HFE3IBS4DEEKBERETHD. &
Bisiy, ERESEIEWE [Ty FE5 40701, ME
98 % LI E (R4l FRB)) wb 0%, G BALETE
Wadoitsah, HHET CEREEL, Bui,

A4'-FF ¥ A (6-tert-FF N -m-7 L — L) ix, VA
FZANERF L F(DMSO) WEBENF LW L2
DMSOIZE0 mg/mitc % % & 9 Wi L%, BB
BHEIECL2THRL, ELPIIREBRICF A

HEBEORBICERIL T, 44-F 4 ¥R (6-tert-7F
Wop-7 L/ ODMSOBE SR TOEERTERS &
CEEMERRr £ L i, EEEEBICBLTIE, &
SERT CHABL L /- {RIBRE (7.8] pg/mi) i L INSRE
(50.0 mg/ml) BEIZOWVT, FREREET T, €%
HEF<l. TOR/E, RAEAERBCBT2858ED
PHE&ERE, FNENYEBE O ) OFHEIIF LT,
1008 L U986% T o7z,

T, ERAEFHBET o8, PHEEOBREL,
EREL047%, [REEIZ83%TH 7.

(BEMExd RS E)
Bl BB ES LU+ 0BRBENTOEBY T
5.
AFZ 1 2-(2-7 ) n)-3-(5-=hO-2-7UN)T &
TR (LEFRE3E0R)
SA I T7¥EFTbRYTA (FIEHESE T3E08)
9AA [ 9-FE/TF 4 YT (Sigma Chem. Co.)
2AA 1 22T I/T Y MT Y (FIVGMEETTERE)
AF2Z, 2AA&iDMSO($HJ'|:%£—I¥ B BB LICbO
F-20CCHEBREL, BFERE L. 9AAIEDMSO
b2, SATMIAGIEEEL, B, CBERICHV .

[ & &£ UFSO mix DFREE)
1) Ry FTFH—
THROKSEA) BLUTRB) 2EEH 01 OEETR



&L
(Y 252 b7 H—{(Difco) 0.6%
TikF by A 0.5%
(BY*L-e2FI v 0.5 mM
D-¥FF 0.5 mM

*IWP2 uveA BZHE, 05 mM L- bV T 7 vAKE
HEHWE

2) ARiEH
ik, HEBRRORIEREREZAVL. 28,
BHUH-tOMBEITROEBI TS,

BB/ AT Y L - TR 02g
YL 8- LkF 2g
UV YBIRECAT T A 10g
) UE—T Y ESY A 192¢
AER{EFT U T A 0.66 g
Fhd— R 20 g
232 b7 — (Difco) 15¢g

FQmmAOL Y — VISV mIEFRLTEDT
H5,

3) S92 mix
I miFTROES &t
Sg# 0.1 m¢
b8 | A Ry P 8 umol
A L R R PN 33 pmol
- A1) LB 5 umol
NADH 4 pmol
NADPH 4 pmol

F MU A=Y S ERIREE (PH 74) 100 gmol
** . 7IBHG O Sprague-Dawley BT v F & 7 = /23
¥ ¥ — I {PB) & L U°5,6-~ 7 5 H (BF) Off
FIRECTRESEL TR LSO B,

(B A &)

FL—PFEEIZEYD, SO mix EIEMRESB L FSY mix
R 2T 2 72,

AREBEGI, HRDEFAREOL mi, Y rEEET
0.5 mi(S9 mix#AFRERIZ 35 Tk 59 mix 0.5 ml), BE
ER LI mBIF oy 7V —2mlERELTODLE
WIS TR LR LCTESD A, 7, WEEEE LCH#ER
WHERHBE O D Y IZDMSO, T 3 8o B B
MEBEHEHCW:, EREEILOBENBENEN LK
BLUHREEE Tablehiom L, BEEIIITC TS0,
BEiTv, £LAERco=—fErEE L HiFEOF
oW TIHE, WIRMNS 2 WIZERAMET T, £F%
T O RIS OIREE D & BT L 7.

AW HERRERFEIC BT, BRI UH
PEX IR CIEIHT 2, EFEEII2WTRIKTDEL
7o, F4, RRBIOBWTENEERBIUVERAEID
5, 3MFORMY, FRFNOENELEEREY R
Hi, HERERBE 1R, FRABREIR—-HEICowT
2RIEEL, EROBREORELIT-
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Tahle 1-1, Mutagenicity of 4,4 -thiobis (6-tert-butyl-m-cresol) ¥ in reverse mutation test (I) on bacteria

With{+) or | Test substance Number of reveriants {number of colonies / plate, Mean & 5.D.)
without (-) dose Base - pair substitution type Frameshift type
59 mix {pg/plate) TA10 TA1535 TAGR TA1537
0 109 134 119 20 22 11 21 21 30 11 6 13
(1211+12.6) { 18+ 59} ( 24+ 52) { 104+ 3.6)
0.781 104 107 119 16 12 17 ND 7 12 12
110+ 7.9) { 154 2.6) { 10+ 2.9}
1.56 99 115 109 16 11 14 ND 3 8 5
(108:= 8.1) ( 14+ 25) { 7= L7
3.13 88 111 99 14 10 9 22 26 23 7 15 12
( 99+115) ( 11+ 24) ( 23 1.5} { 11% 40
S9mix 6.25 95 8 101 9 2 14 18 14 25 10 7 3]
( 94+ 8.1} ( 12+ 25) ( 15+ 56) ( 8x 21
-3 125 95 97 94 9 9 8 22 22 19 5% 5% b*
{95+ 1.5) { 9+ 06) {21+ 1.7 ( 5+ 00)
25 88* 84* B89 11* 5 13* 11 25 19 7t B 2¥
( 87+ 286) ( 10+ 42) ( 18+ 7.0) { 6+ 3.2}
50 # 69* 66* 53*| 7 14 5 13 11 14 3* 1* 5
( 63+ 85} ( 9 4.7 ( 13+ 1.5} ( 3+ 20
100 # 5% 5% 9*
( 6t 2.3)
200 # o 2+ g
( 3+ 42)
0 156 139 134 i3 14 24 32 32 3 12 15 12
{143+11.5) { 17+ 6.1) { 32+ 06) {13+ L7}
125 146 145 161 1 12 18 40 39 40 9 15 13
{151 9.0 ( 16+ 3.8) ( 40+ 0.6) ( 12+ 3.1
25 133 141 140 18 17 19 30 -41 37 14 13 6
(1384 4.4} ( 18+ 1.0) ( 36+ 5.6) { 113 4.4)
SOmix 50 137 156 128 12 8 22 3B 32 36 17 6 14
(140=14.3) ( 14t 7.2} { 35+ 3.1) ( 12+ 57
-+ 100 134 125 120 i1 16 15 42 32 33 23 14 19
(126x 7.1) { 14+ 26) { 36x 5.5) { 19+ 4.5
200 98 99 94 9 20 9 5 17 17 13 19 13
(97 2.6} ( 13+ 64) ( 20+ 46) ( 154 3.5)
400 # 60 83 74 0% 107 9% 2 5 2 11 9 6
( 72x11.6) { 10£ 0.86) { 3% 17 { 9+ 25)
W00 H# a46% 43¢ 3g* 5 9% g AR B b L Al
{ 42+ 51) { 7+ 21) { 2+ 08) { 1t 06)
Positive Chemical AF2 SA AF2 9AA
contro}  {Dose(ug/plate) 0.01 0.5 0.1 80
89 mix (-} Number of 868 303 830 | 170 165 175 864 873 913 {1310 1187 1149
colonies/plate 83+32.7) (170t 54) (89320.0) (1215+84.2)
Positive Chemical 2AA 284 2AA 2AA
control  {Dose(ug/plate) 1 2 0.5 2
S9mix (+)§ Numberof [1352 1209 1238 | 270 316 300 420 373 314 | 243 212 142
colonies/plate {126675.6) (295:£23.4} (389:£26.9) (199451.7)

AT272-(2-Furyl)-3- (5-uitro-2-furyl) acrylamide , SA:Sodium azide, 9AA :9-Amincacridine, 2AA:2-Amincanthracene
* [nhibition was chserved against growth of the bacteria. # . Precipifate was observed on the surface of agar plates.
**: Purity was above 98% and impurity was unknown.
ND:Not dane




Table 1-2. Mutagenicity of 4,4-thiobis (6-tert-butyl-m-cresol) ** in reverse mutation test (I) on bacteria

With(+)or [ Test substancé Number of revertants (number of colenies / plate, Mean £ S.D.)
without{-) dose Base-pair substitution type
S9 mix (g /plate) WP2 uvrA
0 20 37 22
{ 26+ 9.3)
313 # 14 13 12
{ 13t 1.0)
625 # 16 29 18
(21 7.0)
1250 # 16 22 29
( 22+ 6.5)
S9mix 2500 # 25 24 19
( 23+ 32)
(-) 5000 # 22 22 23
{ 22+ 0.6)
0 20 22 24
{ 25+ 386)
33 # 28 21 18
{ 23+ 5.7}
626 # 20 % 16
( 17+ 2.3)
1250 # 24 15 18
( 191 4.6)
S%mix 2500 # 12 11 11
{ 11 06)
+) 5000 # nmn g
{ 10+ 1.2)
Positive Chemical AF2
control  {Dose{ug/plate) 001
S8 mix(-) | Number of 146 162 170
colonies/plate (159+12.2)
Positive Chemical 2AA
control  [Dose{ug/plate) 10
S9mix(+) | Number of 1214 1213 1269
colonies/plate {12324:32.0)

AF2:2-(2-Furyl}-3- (5-nitro-2-furyl) acrylamide, 2AA :2-Aminoanthracene
#:Precipitate was observed on the surface of agar plates.
** Purity was above 98% and impurity was unknown.
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Table 2-1. Mutagenicity of 4,4'-thiobis (6-tert-butyl-m-cresol) ** in reverse mutation test (I) on bacteria

With{-+)or | Test substance Number of revertants (number of colonies / plate, Mean £ 8.D,)
without (-} dose Base - pair substitution type Frameshift type
S8 mix (ug/vlate) TA100 TAI1535 TA98 TA1537
0 120 130 141 11 12 18 29 18 28 7 12 [
(130£10.5) { 14+ 3.8) { 24 5.7) ( 8% 3.6)
0.781 124 135 149 12 1 14 ND 8 12 7
(136%12.5) ( 12+ 2.0 ( 9+ 26)
196 151 112 105 20 1 12 ND 6 g 11
(123+24.8) ( 15 4.2) { 94 25)
313 120 104 132 8 17 14 23 25 28 12 7 5
(122+:154) ( 15+ 5.9) { 264 3.1) ( &+ 38)
SOmix 6.25 114 o1 112 15 10 13 12 24 M 5 5 6
(106:12.7) ( 13+ 2.5) { 20+ 6.9) ( 5t 06)
(=) 125 107 106* 84 15 15 5] 25 19 21 1w+ g+ 12*
{ 99-+13.0} ( 12+ 5.2) ( 22+ 3.1) (10 2.0)
25 64* 84* 106* 6% 11* 14 17 23 20 5 & oF
{ 854210} { 10+ 4.0) ( 20+ 3.0) { 6% 06)
50 # 53* 63* 48* 1 S * § 14 17 o ok 2
( 55+ 7.6) ( 8+ 17} ( 13+ 46) ( 1k 1.2)
e # o 5% g
( 7x 21)
200 # VA
( 7+ 3.1}
¢ 128 137 129 5 186 20 0 36 3\ 14 13 14
(1321 4.8) ( 17+ 2.6) ( 34+ 3.5) ( 4+ 06}
125 172 182 166 20 20 3¢ 33 46 3B g2 13 9
(173+ 8.1) ( 23+ 5.8) ( 38+ 7.0} ( 10£ 2.6)
25 160 162 174 33 26 23 45 38 39 12 22 2
(165t 7.6) ( 27+ 5.1) ( 41+ 3.8) (14 7.2}
S9mix 50 166 168 146 24 15 20 42 41 39 11 10 9
(160£12.2) ( 20+ 4.5) ( 41+ 1.5} ( 10+ 1.0}
+) 100 120 146 118 17 26 12 24 % 38 4 15 1%
(128:£15.6) { 18£ 7.1) ( 32+ 4.9) ( 16t 2.1)
00 # 117 114 122 11 16 11 9 4 17 g 12 4
(118+ 4.0) { 13+ 2.9) { 17+ 2.5} ( 8+ 4.0)
400 % g2* 95* Bl 18 g 10 9 5 T ¥ 9F 14¢
( 86+ 8.1) { 11£ 3.2) ( 7+ 2.0) ( &t 60
/00 # 45% 47 4Ag* g% @F 5% R S o o o o
( 46% 1.0) { 7£ 2.1) ( 3t 06) ( 0f 0.0}
Positive Chemical AF2 SA AF2 9AA
contral  |Dose{pg/plate) 0.01 0.5 0.1 80
SO mix(~) | Number of 794 787 840 1172 181 159 932 901 970 | 942 913 905
colonies/plate (807+£25.8) (171+11.1) (934£34.6) (920£19.5)
Positive Chemical 2AA 2AA 2AA ZAA
control |Dose (ug/plate) 1 2 0.5 "2
SO mix(+) | Numberof |1418 15626 1543 | 209 207 293 321 299 319 | 256 270 235
colonies/plate (14596+57.8) (298+ 1.00 (313212.2) (2541 17.6)

AF2:2-(2-Furyl) -3- (5-nitro-2-furyl) acrylamide, SA:Sedium azide, 9AA:9-Aminoacridine, ZAA 22-Amincanthracene

* Tnhibition was chserved against growth of the bacteria. #:Precipitate was observed on the surface of agar plates.
**: Purity was above 98% and impurity was unknown.
ND:Not done.




Table 2-2. Mutagenicity of 4,4-thiobis (6-tert-butyl-m-cresol) ** in reverse mutation test (I)on bacteria

With{+) or | Test substance Number of revertants (mumber of colonies/plate, Mean £ S.I0.)
without (-} dose Base-pair substitution fype
59 mix (ug/plate) WP2 uvrA
0 27 24 18
{ 23% 4.6)
313 # 16 25 17
{ 19+ 4.9)
625 # 18 22 22
( 21+ 2.3)
1250 # 23 24 17
(21 3.8)
S9mix 2500 # 15 22 14
| {17 4.4)
(=) 5000 # 3 5 10
{ 8+ 25)
0 32 26 3%
{ 32 6.5)
33 # 27 33 19
( 26+ 7.0)
825 # 2 17 17
{ 20+ 5.2)
1250 # 22 21 20
( 21+ 1LO)
S9mix 2500 # 13 13 12
{ 13% 0.6)
{+) 5000 # 12 12 15
{ 13+ 1.7)
Positive Chemical AF2
control  |Dose (ug/plate) 0.01
S mix(-} | Number of 217 195 204
colonies/plate (205+11.1)
Positive Chemical 2AA
control  |Dose(ug/plate) 10
S9mix(-+} | Number of 1569 1540 1512
colonies/plate (1540%28.5)

AF2:2-(2-Furyl)-3-(5-nitro-2-furyl) acrylamide , 2AA :2-Aminoanthracene
#:Precipitate was chserved on the surface of agar plates.
#* Purity was above 98% and impurity was unknown.
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In Vitro Chromosomal Aberration Test of
4 4'-Thiobis (6-tert-butyl-m-cresol) on Cultured Chinese Hamster Cells

Bt RS RIC R ERAESEN B
LT, 44-FFER (b-tert-7FNV-m-7 1/ ) OF
BRI RITTARBEEOBELFET 200, Fr
12— - NARY—EEME(CHL/IU) & B THER
ERRAERERBTEML L.

SERIRE (BB LBV TIL, 50% Btz
2 HEFEIIERRAE, T4 50,002 mg/ml DIREE TEHL
B L, 37, ERELED GRM)S) mixFE
THBIUEFETIZBWTIEFREN 50% 2H X 58
REHGLEREE, + 2+ 5002 mg/ml B & 1F0.0009 meg/mi
ORELEEVNRBREEL L. RELBIEEO/2BL
Fl/4 %%ﬂ%’i}*ﬁ%lﬁ, EiEEL UCERE L. 25
ML, SO mix FEFEETIIIBIT A 240FM B L P 430
PLESAERE, EREMWE TS mixFETE & U
FHET CTORFRMLE (18MEM O mENE) 8, SE48% R
L, T2 L ICL W RBEREFRELHRE L.

CHL/TU AR % 24 BRAEAFALT L v O BRI
BOTY, REEOEERE LIEHEHROSREER I
BobNldro i, ARRRERULBL W ThLOBEE
BTl, RefoBERERRn bk, T,
=R (0.002 mg/m!) MifEHHETE, +o LM%Y
T TE D o/2h, TOMOBERIIBWTEERE
MEOFEEREALRED Sl o . SEEAETE,
SY mixFET B L UFEFET CORHREL-wTFho
RHEBECIBCTH, PEAOBERE R EREEROHE
ZYEREEH NP o o

PEDHRE LY, 44-FF R (6-tert- 7T F N -m- 7
L= id, LEORBREGT CRAGEELTHREL
v gEm L,

hik

1. EEL -k
PP —F - V= Ay 7 (JCRB) b AF (19884 2
R, AFEE#4, #HEDRE) LibFyr1=2—X-

NHAZ—HmkOCHL/IUMR %, AHEENRL1040

RTHEIH W

2. HEEHROIAN
BECE, EEBME (FCS : Biocell) # 10% ih L
oA — 7 W MEM (R 7K BEE60) sl & v /o,

3. HEEEH

2X1MAOCHL/IUMM %+, BEWRS mix AN T
4 v ¥z (86 cm, Corning) i3 &, 37CHCO, 4 » ¥
2R—% — (5% CO,) FITHREL 7. EHELETE, M
METE3 0B BRI EEINA, 248RB X UASFRRIL
Bl f£7, EEELAETE, HREBEIEEAIICS
mixTFETBELUFEFET CoORMUBL, ABRTHE
FEE LTS b 18RS L 4.

4. WHERBE

44-F A+ ¥ A 6-tert-7F o-m- 2 L)) (BES -
TBBC, CAS No.:96-695, T &S : 40701, fEkib
STERIE, )RR 2 TERSRM) &, G
HHERT, KL TRERE, 7LryBIUP2y /-
WAZIEHTETHY, 8AELG0~ 16T, TF3 CuHy0,S,
DFE358.54, FEEEOR% (THWIZRE) DBMETH 5.

WM EEEOREECHT 2 EHRIIEL N2 h o
#, EES(DMSO) T, 7.81 pg/mi~ 50.0 mg/mi @
BEGEETIEETE TS T,

5. HERME AN

e EoO AL, EHOOEfTo. B
DMSO (FIFGAE3E THRED) & Avie, BRETBRICHERN
LCRBEFABL, DWW TOHET BECIERGNL T
EOREOHBHEMETE 2 /e L. R H MR
M, TXTORBICBTHEERIB (/) IR L)
A Ao, el AR SRR O R RO
B, FERRAGERDTOEEEENFENEDN N0
~110%) DETH o7z, LBIBEORBUIONT, ME
BB Th L o7,

6. FlFuIEtEINEIERER I & B MIRIRE DR -

ZEABRTRBCAV 2B EONERE L ET
B7zdh, WERYME OMBLER I AT R R AL W
Bt % ) CHL/IUMIRR (45 5 SEFEHIRITE A S, BB
B EES (Monocellater™, #F U s ANETHE
W) TR TERHEOBBEELEHEL, RBRYELEED
S BRI D MRS Ok R b o TIEE L L 12,

FOMR, ERNIZIZBT A B0% OB IIGIEE % E
5B A HIRE (160% OMETEIMHIRE) #, 60%1
FERPHIBE Y R S 2BELVER LA, 0.002
mg/miTH -7z (Fig. 1). —F, HHENEOSO mix #
HETBLUEFEET TR, 221002 mg/mi(Fig. 2)
B & UF0.0009 mg/ml T& - 7= (Fig. 1).
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100 (];'. “ ==M== treated for 48 h without S9 mix
N e} trepated for 6 h without $9 mix
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D NUSPE | E T\

L] T T T T ¥ T T T T T
0.0020 0.0040 0.0060 0.0080 0.0100
. Concentration (mg/mi)

Fig. 1 Growth inhibition of CHL/IU cells treated with
4,4"thiobis (6-tert-butyl-m-cresol) without S9
mix

—t—  treated for 8 h with S8 mix
100

?

£
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—
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=

£ 5o

£

?" L

o

o

o

0 T T T T T T T T T T

0.04 0.08 0.12 0.16 0.20

Concentration {mg/ml)

Fig.2 Growth inhibition of CGHL/IU cells treated with
4 ,4'-thiobis (6-tert-hutyl-m-cresol) with 59 mix

7. EBRBEORTE ‘

MpEEmsRBEOFBRE LY, REREFHBTHY
ZYWEMEOBRERS, ERELETIH0.002 mg/ml,
HEEFEALIESY mix FET B L UCEFEET T, #hF
7002 mg/mi B L TFO.0009 mg/mi & L, FhENEE
EEO/20BE L il 1/4AnBErRErEL L.
TR E L LTHwWE L w4 2 CMC, BBH
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RTYWDRELEALL.
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Tablel Chromosome analysis of Chinese hamster cells (CHL/IU) continuously treated with 4,4'-thiobis (6-tert-butyl-
mcresol) (TBBC)* without S9 mix

Concen- Timeof  No.of No. of structural aberrations No. of ceils
Group tration exposure  cells QOthers¥ with aberrations Polypleid* Trend test®

(mg/mk) (h) analysed gap ctb cte csb cse mu? total TAG (%) TA (%) (%) 54 NA

Controt 200 O 1 0 6 ¢ 0 7 0 2{10) 2 {1l 0.13

Solvent? 24 200 ¢c ¢ 0 0 0 O 0 0 0(o0n o0 (0D 0.00

TBBC 0.00050 24 200 ¢c 0 ¢ 0 0 0 0 0 0(0®) 0 (00 0.i3

TBBC 0.0010 24 200 1 9 ¢ ¢ 0 0 1 0 10058 0o{0m 0.38 NT NT

TBBC 0.0020 24 200 0o 0 1 0 0 90 1 0 1 (05 1(05 0.00

MC 0.00005 24 200 6 16 58 0 ¢ O T4 1 62 (31.) 62 (310 0.13

Solventd 0 48 200 o 0 o 0 1 0 1 2 1(05) 105 0.50

TBBC _0.00050 48 200 0 0 0 0 0 0 Y 0 0(o® 0 (00 0.13

TBBC 0.0010 48 200 1 1 0 3 46 ¢ 5 Q 3018 2 (10 0.13 NT NWT

TBBC 0.0020 48 140 o 0 1 2 1 0 4 0 2 (14) 2 (14) 0.428T

MC 0.00005 48 200 3 31 67 3 6 20 130 5 70 (35.0) 68 (34.0) 013

" Abbreviations :gap | chromatid gap and chromesome gap, cth:chromatid break, cte:chromatid exchange, csb:chromosome break,
cse.chromosome exchange {(dicentric and ring etc.), mul;multiple aberrations, TAG total no. of cells with aberrations, TAtotal no. of cells
with aberrations except gap, SA :structural aberration, NA . numerical aberration, MC:mitomyein C, NT: not tested, T Toxic; this group was
excluded from judgement in case of less than one hundred cells for structural aberration analysed or less than four hundred cells for polyploid
cells analysed. 1) Dimethyl sulfoxide was used as solvent.  2) More than ten aberrations in z cell were scored as 10, 3) Others, such as
attenuation 2nd premature chromosome condensation, were excluded from the no. of structural aberrations. 4} Eight hundred cells were
analysed in each group. 5) Cochran « Armitage's trend test was done at p<<0.05 when the incidence of TAG and polyploid in the treatment
groups was significantly defferent from historical solvent control at p<<0.05 by Fisher’s exact test. 6) Two hundrad and thirty-eight cells
were analysed. *:Purity was more than 98%.

Table2 Chromosome analy'sis of Chinese hamster cells (CHL/IU) treated with 4,4'-thiobis (6-tert-butyl-m-
cresol) (TBBC)* with and without S8 mix

Concen- 59 Timeof No.of No. of structural aberrations No. of cells
Group  tration mix exposure cells Cthers®  with aberrations Polyploid? Trend tests
(rg/mt) (h)  analysed gap ctb cte csb cse mul? total TAG (%) TA (%) (%) SA NA
Control 200 1 0 ¢ 0 0 0 1 0 1005 0000 0.13
Solvent? 0 - 6-(18) 200 o 1 0 0 ¢ 0 1 0 1005 1{05 0.13
TBBC 000023 - 6-(18) 200 1 0 0 0 0 90 1 0 1(05 0¢00) (.25
TBBC 000045 - 6-(18) 200 1 0 ¢ 0 0 0 1 0 1(05 000 0.25 NT NT
TBBC 0.00090 - 6-(18) 200 0 1 0 0 0 ¢ 1 0 1 (05 1{05 0.38
CPA 0.005 - 6-(18) 200 1 ¢ 0 0 0 0 1 0 1 (05 0 (00 0.00
- Solvent? @ +  6-{18) 200 ¢ 0o 0 0o 0 0 ] 0 0(00) 0 {00 0.00
TBBC 0.0050 +  6-{18} 200 o0 0 ¢ 0 0 0 0 0 {00 0{00 0.25
TBBC 0,010 +  6-(18) 200 O 0 0 0 0 0 0 0 000 0 (00 0.13 NT NT
TBEC 0.02¢ +  6-(18) 200 ¢ 0o 0 0 0 0 0 0 00l 0(00) 000
CPA 0.005 +  6-(18) 200 1 26 112 ¢ 1 40 180 0 90 {45.0) 89 {4457 0.0

Abbreviations;gap’chromatid gap and chromosome gap, ctb:chromatid break, ctelchromatid exchange, eshichromosome break,
¢se:chromosome exchange (dicentric and ring etc.), mul imultiple aberrations, TAG :total no. of cells with aberrations, TA total no. of cells
with aberrations except gap, SA structural aberration, NA :numerical aberration, CPA cyclophosphamide, NT:not tested. 1} Dimenthyl
sulfoxide was used as solvent. 2) More than ten aberrations in a cell were scored as 10.  3) OThers, such as attenuation and premature
chromosome condensation, were excluded from the no, of structural aberrations.  4) Eight hundred cells were analysed in each group.

5) Cochran « Armitage’s trend test was done at p<0.05 when the incidence of TAG and polyploid in the treatment groups was significantly
different from historical solvent control at p<{.05 by Fisher’s exact test. *;Purity was more than 98%.
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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S, Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health;
the National Instituté of Environmental Healih Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the
Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the
relevant programs, staff, and resources from these Public Health Service agencies relating to basic and
applied research and to biological assay development and validation.

The NTP develops, ¢valuates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protectmg the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations.- Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected 10 retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals {usually two species, rats and mice).
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of
human exposure, level of production, and chemical structure. Selection per se is not an mdxcator of a
chemical’s carcinogenic potential

These NTP Technical Reports are available for sale from the National Technical Information Service,

U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are availabie without charge while supplies last from NTP Ceniral Dara
Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 (919-541-1371).
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4,4” -THIOBIS(6-+-BUTYL-m-CRESOL)

CAS No. 96-69-5

Chemical Formula: CuH,S0,

Molecular Weight: 358.52

Synotiyms: 4,4’ -Thiobis(6-t-butyi-3-cresol}; bis(3-r-butyl-4-hydroxy-6-raethylphenyl)sulfide
Trade names: Santonox; Santowhite Crystals; Sumilizer; Thicalkofen; Yoshinox

4,4"-Thiobis(6-r-butyl-m-cresol) (TBBC) is used in
the rubber and plastics industries as an antioxidant.
TBBC is also used as a stabilizer in polyethylene and
polyolefin packaging materials for foodstuffs. Toxi-
cology and carcinogenesis studies were conducted by
administering TBBC (99% pure) in feed to groups of
male and female F344/N rats and B6C3F; mice for
15 days, 13 weeks, and 2 years. Genetic toxicology
studies were conducted in Salmonella typhimurium
and cultured Chinese hamster ovary cells.

15-DAY STUDY IN RATS

Groups of 10 male and 10 female F344/N rats were
fed diets containing 0, 1,000, 2,500, 5,000, 10,000 or
25,000 ppm TBBC for 15 days. Rats given to 1,000,
2,500, 5,000, or 10,000 ppm received approximate
doses of 95, 235, 335, or 365 mg TBBC per kilogram
body weight per day (males) or 85, 220, 325, or
270 mg/kg per day (females). Approximate doses for
rats receiving 25,000 ppm could not be calculated
due to early deaths. All 25,000 ppm rats and
three male and four female 10,000 ppm rats died.

Surviving rats in the 10,000 ppm groups had a.

significant weight loss and the final mean body
weights of 5,000 and 10,000 ppm male and female
rats were significantly lower than those of the

controls. Male and female rats exposed to 5,000,
10,000, or 25,000 ppm TBBC consumed markedly
less feed than the controls.

Diarthea occurred in 5,000, 10,000, and 25,000 ppm
males and females., The principal lesions atiributed
to the administration of TBBC were renal papillary
and tubule necroses which occurred in 10,000 ppm
rats. Focal necrosis or erosions of the glandular
stomach also occurred in some 10,000 ppm rats.
Changes observed in the thymus and spleen were
auributed to debilitation or stress; bone marrow
depletion was attributed to nutrient deficiency
accompanying weight loss.

15-DAY STUDY IN MICE

Groups of 10 male and 10 female B6C3F; mice were
fed diets containing 0, 1,000, 2,500, 5,000, 10,000, or
25,000 ppm TBBC for 15 days. Mice given 1,000,
2,500, or 5,000 ppm received approximate doses of
285, 585, or 475 mg TBBC per kilogram body weight
per day (males) or 360, 950, or 1,030 mg/kg per day
(females). Approximate doses for mice given 10,000
or 25,000 ppm could not be calculated due to early
deaths. All 10,000 and 25,000 ppm mice died, as did
cight males and eight females given 5,000 ppm. A



significant weight loss otcurred in surviving
5,000 ppm males and females and the final mean
body weights of 2,500 ppm females and 5,000 ppm
males and females were significantly lower than those
of the controls. Feed consemption by mice given
5,000, 10,000, or 25,000 ppm was markediy reduced.
Diarthea occurred in all 25,000 ppm mice and in
most male and female mice given 5,000 or
10,000 ppm. Renal tubule necrosis occurred in
eight males and three females in the 5,000 ppm
groups. Lymphocytic depletion of lymphoid tissues
in many 5,000 ppm males and females was attributed
to debilitation and stress or to nutrient deficiency
accompanying weight loss.

13-WEEK STUDY IN RATS

Groups of 10 male and 10 female F344/N rats were
fed diets comtaining 0, 250, 500, 1,000, 2,500, ar
5,000 ppm TBBC for 13 weeks. These exposure
levels delivered approximate doses of 15, 30, 60, 165,
or 315 mg TBBC per kilogram body weight per day
(males) or 15, 35, 70, 170, or 325 mg/kg per day
(females). All rats survived to the end of the study.
The final mean body weight of 5,000 ppm males was
40% lower than that of the controls; the final mean
body weight of 5,000 ppm females was 27% lower
than that of the controls. Feed consumption by male
and female rats exposed to 5,000 ppm TBBC was
markedly lower than that by the contrals throughout
the study. The absolute and relative liver weights of
5,000 ppm females were significantly greater than
thase of the controls.

Serum alkaline phosphatase (ALP) levels were
significantly higher in 2,500 and 5,000 ppm males and
slightly higher in 5,000 ppm females. Serum alanine
aminotransferase levels were significantly higher in
2,500 and 5,000 ppm males and females. Hematocrit
and hemoglobin concentrations and mean erythrocyte
volume (MCV) values were significantly lower in
1,000, 2,500, and 5,000 ppm males than in controls;
MCV values were also significantly lower in
5,000 ppm females. A dose-related significant
* increase in forelimb and hindlimb grip strength was
observed in exposed male and female rats.

Histopathologic findings in the liver of 2,500 and
5,000 ppm males and females included hypertrophy
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of Kupffer cells, bile duct hyperplasia, and individeal
cell necrosis of hepatocytes; centrilobular hepatocyte
hypertrophy also occurred in males and females
exposed to 5,000 ppm TBBC. Macrophages were
increased in size and number in the mesenteric
lymph modes of males and females exposed 1o
5,000 ppm, and 10 a lesser extent in 2,500 ppm male
and female rats. Pigmentation and degeneration of
the remal cortical tubule epithelial cells was also
present in males and females in the 2,500 and
5,000 ppm groups; cortical tubule necrosis occurred
in 5,000 ppm males and females.

13-WEEK STUDY IN MICE

Groups of up to 10 male and 10 female B6C3F, mice
were fed diets containing 0, 100, 250, 500, 1,000, or
2,500 ppm TBBC for 13 weeks. These exposure
levels delivered approximate doses of 15, 30, 65, 145,
or 345 mg TBBC per kilogram body weight per day
{males) or 10, 35, 60, 165, or 340 mg/kg per day
(females). All micCe survived to the end of the study.
The final mean body weights of 2,500 ppm males and
of 500, 1,000, or 2,500 ppm females were significantly
lower than those of the controls. Feed consumption
by 2,500 ppm males averaged 249 lower than that by
controls through week 3 and was similar to that by
controls for the remainder of the study. Feed
consumption by females receiving 2,500 ppm aver-
aged 27% less than that by the controls during most
of the study. The absolute and relative liver weights
of males and females exposed to 2,500 ppm TBBC
were slightly but significantly greater than those of
the controls. Males exposed to 500, 1,000, or
2,500 ppm 2nd females exposed to 2,500 ppm had
significantly increased absolute and relative splecn
weights. No clinical findings in mice were considered
chemical related.

Hematocrit concentrations and erythrocyte counts of
males receiving 1,000 or 2,500 ppm were significantly
less than those of the controls; hemoglobin concen-
tration in males receiving 2,500 ppm was significantly
less and mean erythrocyte volume was significantly
less in males receiving 2,500 ppm. Females in the
1,000 and 2,500 ppm groups had significantly
decreased hematocrit concentrations and erythrocyte
counts; 2,500 ppm females also had significantly
decreased hemoglobin concentrations and mean
erythrocyte volumes.
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Kupffer cell hypertrophy, bile duct hyperplasia, and
an increase in size and number of macrophages in
mesenteric lymph nodes were present in 2,500 ppm
maie and female mice,

2-YEAR STUDY IN RATS

Doses selected for the 2-year study of TBBC were
based on the lower body weights and liver and kidney
toxicity observed at 5,000 ppm in the 13-week study.

Groups of 115 male and 75 female F344/N rats were
fed diets containing 0, 500, 1,000, or 2,500 ppm
TBBC for 2 years. Based on average daily feed
consumption, these exposure levels resulted in z daily
ingestion of TBBC of approximately 20, 40, or
100 mg/kg body weight for males and 20, 45, or
120 mg/kg body weight for females. Hematology,
clinical chemistry, and urinalysis evaluations were
performed on 15 male and 15 female rats from each
group at 3,9, and 15 months. Also at 15 months, an
additional 10 male and 10 female rats from each
group were evaluated for histopathology, hematology,
and clinical chemistry. Forty male rats per group
were evaluated for neurotoxic efiects.

Survival, Body Weights, Feed Consumption,
and Clinical Findings

Two-year survival rates and mean body weighis of
exposed male and female rats were generally similar
to those of the controls. The mean body weights of
2,500 ppm male rats were slightly lower than those
of the controls throughout the study. At week 65,
the mean body weight of 2,500 ppm females was 14%
lower than that of the controls, but the final mean
body weight of this group was 6% lower than that of
the control group. Feed consumption, behavior, and
general health and appearance of exposed male and
female rats were similar to those of the controls.

Hematology and Clinical Chemistry

Results of the hematology evaluation were not
uniformly consistent at 3, 9, and 15 months in one
set of rats, nor were they consistent between the two
sets of rats evaluated at 15 months. Slight but
significant decreases in hematocrit levels, hemoglobin
concentrations, and erythrocyte counts were observed
in the 1,000 and 2,500 ppm groups in onc set of
males at 15 months, Similar significant decreases in
hematocrit level and hemoglobin concentration
occurred in 2,500 ppm females at 9 months. Mean
erythrocyte hemoglobin and mean erythrocyte

hemoglobin concentration of 2,500 ppm females were
also significantly lower than those of controls at
9 months and in both sets of female rats evaluated at
15 months. Platelet counts of 2,500 ppm male and
female rats were slightly but significantly higher than
those of controls at 3 and 9 months, Platelet counis
were also slightly but sigmificantly increased in
2,500 ppm males of one set evaluated at 15 months,
and in 2,500 ppm females of the second set evaluated
at 15 months.

Serum activities of alkaline phosphatase, alanine
aminotransferase, and sorbitol dehydrogenase in
2,500 ppm males were significantly greater than those
in the controls at 3, 9, and 15 months, Alkaline
phosphatase activities in both sets of 1,000 ppm
males evaluated at 15 months were also significamly
greater than those of controls. Serum activities of
alanine aminotransferase and sorbitol dehydrogenase
in 2,500 ppm females were also significantly greater
than those in controls a1 3, 9, and 15 months.

Neurotoxicity Findings

There were no significant inhibitory effects of TBBC
on motor nerve excitability or conduction, neuro-
muscular transmission, or muscle contractility, There
were no microscopic lesions in the sciatic nerve,
quadriceps muscle, or teased nerve preparations of
sciatic nerve that could be attributed to TBBC
administration.

Pathology Findings

Atthe 15-monthinterimn evaluation, the absolute and
relative liver weights of 2,500 ppm female rats were
significantly greater than those of controls; at
15 months and at the end of the study, the incidences
of Kupffer cell hypertrophy, hepatocyte cytoplasmic
vacuolization, and mixed cell foci were also signif-
icantly increased. At the end of the study, the
incidence of hepatocellular fatty change was signif-
icantly increased in 2,500 ppm females. The inci-
dence of Kupffer cell hypertrophy was significantly
increased in 2,500 ppm males at 15 months and at
2 years; the incidence of cytoplasmic vacuolization
was significantly increased in all exposed males at
15 months but only moderately increased in 1,000
and 2,500 ppm males at 2 years; the incidence of
basophilic foci was significantly increased in
2,500 ppm maies at 15 months and the incidence of
mixed cell foci was significantly increased in 1,000
and 2,500 ppm male rats al 2 years. The incidences
of hepatocellular adenoma or carcinoma (combined)



in exposed male rats were not significantly greater
than that in the controls (0 ppm, 1/50; 500 ppm,
3/50; 1,000 ppm, 3/50; 2,500 ppm, 5/49), were within
the historical control range, and were not considered
chemical related. The severity of nephropathy was
significantly increased in 2,500 ppm female rats.

There was a significant negative trend in the inci-
dence of mammary gland fibroadenoma, adenoma, or
carcinoma (combined) in female rats (32/50, 24/50,
11/50, 16/50), and the incidences of fibroadenoma in
1,000 and 2,500 ppm females were significantly less
than that of the controis.

2-YEAR STUDY IN MICE

Because of the reduction in body weighis, the
increase in liver and spleen weights, and the accom-
panying histopathologic changes in the liver of
2,500 ppm male and female mice in the 13-week
study, the doses selected for the 2-year study were
250, 500, and 1,000 ppm.

Groups of 80 male and 80 female mice were fed diets
containing 0, 250, 500, or 1,000 ppm TBBC for
2 years. Based on average daily feed consumption,
these exposure levels resulted in the daily ingestion
of approximately 30, 60, or 145 mg TBBC/kg body
weight for males and 45, 110, or 255 mg TBBC/kg
body weight for females. Nine or 10 animals from
each exposure group were evaluated at 3, 9, and
15 months,

Survival, Body Weights, Feed Consumption,
and Clinical Findings

Two-year survival rates of exposed male and female
mice were similar to those of the coatrols. The final
mean body weights of male and female mice exposed
to 1,000 ppm were 8% and 18% lower than those of
the controls, respectively. The final mean body
weights of females exposed 1o 250 or 500 ppm were
8% to 9% lower than that of the controls. Feed
consumption by exposed males was similar to that by
controls, and there were no clinical findings attrib-
uted to TBBC administration.
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Hematology and Clinical Chemistry
Hematocrit level, hemoglobin concentration, and
erythrocyte count in 1,000 ppm male mice were
significantly lower than those in coatrols at the
15-month interim evalvation. Serum alkaline phos-
phatase activities in 1,000 ppm males were slightly
but significantly greater than those in controls at 3
and 9 months, as was the serum alkaline phosphatase
activity in 1,000 ppm females at 9 months. Serum
levels of total bilirubin in all exposed groups of
males were significantly greater than those in con-
trols at 9 and 15 months.

Pathology Findings

In the liver of male mice, negative trends in the
incidences of fatty change, clear cell foci, and
adenoma or carcinoma combined occurred at the end
of the 2-year study. There were no compound-
related increased incidences of neoplasms or non-
neoplastic lesions in mice receiving TBBC for
2 years. A negative trend in the incidence of fatty
change in the liver of male mice also occurred at
15 months.

GENETIC TOXICOLOGY

4,4’ -Thiobis(6-r-butyl-m-crésol) was not mutagenic in
Salmonella typhimurium swrains TA98, TAI100,
TA1535, or TA1537 with or without exogenous meta-
bolic activation (89). Sister chromatid exchanges
were induced in cultured Chinese hamsier ovary cells
treated with TBBC, with and without §9, but no
increases in chromosomal aberrations were noted in
cultured Chinese hamster ovary cells after treatment
with TBBC.

CONCLUSIONS

Under the conditions of these 2-year feed studies,
there was no evidence of carcinogenic activity* of
4,4'-thiobis(6-r-butyl-m-cresol) in male or female
F344/N rats administered 500, 1,000, or 2,500 ppm or
in male or female B6C3F, mice administered 250,
500, or 1,000 ppm.
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Nonneoplastic lesions associated with exposure to
TBBC included: Kupffer cell hypertrophy, cyto-
plasmic vacuolization, and mixed cell foci in the liver
of male and female rats, fatty change in the liver of
female rats, and an increase in the -severity of
nephropathy in the kidney of female rats. In

addition, decreased incidences of fibroadenoma,
adenoma, or carcinoma (combined) were observed in
the mammary gland of female rats. Decreases also
occurred in the incidences of fatty change, clear cell
foci, and adenoma or carcinoma (combined) in the
liver of male mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11. A summaiy of the Technical Reports Review Subcommitiee

comments and the public discussion on this Technical Report appears on page 13.



10

4,4 “Thiobis(6-t-Butyl-m-Cresol), NTP TR 435

Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of 4,4'-Thiobis(6-t-Butyl-m-Cresol)

Female

Male Female Male
F344/N Rats F344/N Rats B6C3F, Mice B6CIF, Mice
Doses 0, 500, 1,000, or 0, 500, 1,000, or 0, 250, 500, or 9, 250, 500, or
2,500 ppm in feed 2,500 ppm in fecd 1,000 ppm in feed 1,000 ppm in feed
(approximately 20, (approximately 20, (approximately 34, (approximately 45,
40, or 45, or 60, or 110, or
100 mgfkg/day) 120 mg/kg/day) 145 mg/kg/day) 255 mg/kg/day)
Body weights Exposed groups 2,500 ppm group 1,000 ppm group Exposed groups
lower than lower than lower than lower than
controls controls controls controls
2-Year survival 18/50, 28/50, 34/50, 31/50, 42/50, 42/50, 40/51, 38/50,
rates 22/50, 18/50 32/50, 28/50 49150, 45/50 36/50, 35/50
Nonneoplastic Liver: Kupffer Liver: Kupffer cell None None
effects cell hypertrophy: hypertrophy:
2/50, 3/50, 2/50, 11750, 10/50, 9/50,
31/49; cytoplasmic 42/50; cytoplasmic
vacuolization: vacuolization:
13/50, 11/50, 12/50, 10/50,
19/50, 18/49; 20/50, 34/50; fatty
mixed cell foci: change: 9/50,
6/50, 14/50, 18/50, B8/50, 15/50, 19/50;
15/49 mixed cell foci:
5/50, 4/50, 14/50,
34/50
Kidney:
nephropathy
severity (1.4, 1.4,
1.6,23)
Neoplastic None None Nene None
effects
Other findings None Mammary gland: Liver: falty None
fibroadenoma, change: 19/50,
adenoma, or 17/50, 5/50, 6/50;
carcinoma ¢clear cell foci:
(combined): 6/50, 5/30, 2/50,
32/50, 24/50, 0/50; adenoma or
11/50, 16/50 carcinoma
(combined): 25/50,
30/50, 27/56, 16/50
Leve) of evidence No evidence No evidence N cvidence No evidence
of carcinogenic
activity

Genetic toxicology

Salmonella typhimuriumn gene mutation: Negative in strains TA98, TA100, TA1535, and TA1537 with and without 59
Chinese hamster ovary cells & vitro
Sister chromatid exchanges: Positive with and without §9
Chromosomal aberrations: MNegative with and without 59
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The Mational Toxicology Program describes the regults of individual experiments on a chemical agent and notes the strength of the
cvidence for conclusions regarding each study. Negative results, in which the study animals do not have-a greater incidence of
neoplasia than control animals, 6o not necessarily mesn 1hat a chemical is not a carcinogen, inasmuch as 1he experimenis are
conducted under a limited set of conditions, Positive results demonstrate that a chemical is carcinogenic for laboratory animals under
the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other organizations,
such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an examination of all
avajlable evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and estimates of exposure.
Thus, the actual determination of risk 10 humans from chemicals found to be carcinogenic in faboratory animals requires a wider
analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence
observed in each experiment: {wo categories for positive results (clear evidence and some evidence); one category for uncertain
findings (equivocal evidence); one category for no observable effects (mo evidence); and one categoty for experiments that cannot be
evaluated because of major [laws {Inadequate study). These calegories of interpretative corclusions were first adopted in June 1983
and then revised in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight of
evidence of carcinogenic activity. For each scparatc experiment (male rats, female rats, male mice, female mice}, one of the foliowing
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to
potency or mechanism, .

+ Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (i) increase of a combination of malignant and benign neoplasms, or (jii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to
malignancy.

s Some evidence of carcinogenic activity is demonstrated by studies that are interpreied as showing a chemical-related

- increased incidence of neoplasms {malignant, benign, or combined) in which the strength of the response is less than

that required for clear evidence.

+ Equivecal evldence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal
increase of neoplasms that may be chemical related.

= No evidence of carcinogenic activity is demonstrated by studies that ace interpreted gs showing no chemical-refated
increases in malignant or benign neoplasms, '

» Inadequale study of carcinogenic activity is demonsiraled by studies that, because of major qualitalive or quantitative
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conelusion statement for a panticular experiment is selected, consideration must be given 1o key factors that would extend the’
actual boundary of an individua! category of evidence. Such consideration should allow for incorporation of scientific expericnce and
current understanding of long-tene carcinogenesis studics in laboratory animals, especially for those evaluations that may be on the
borderline between two adjacent levels. These considerations should include:

adequacy of the experimental design and conduct;

occurrence of common versus uncommon neoplasia;

progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;
some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it
is impossible ro identify the difference. Therefore, where progression is known 1o be a possibility, the most prudent
course is 1o assume that benign neoplasms of those types have the potential to become malignant;

+ combining benign and malignant tumor incidence known or thought 1o represent stages of progression in the same organ
or tissue;

latency in tumor induction;

multiplicity in site-specific neoplasia;

metastases;

supporiing information from profiferative lesions (hyperplasia) in the same site of neoplasia or in other experiments {same
lesion in ancther sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control lumor incidence as well as the historical control rate and variability for a specific neoplasm;
survival-adjusted analyses and fzlse positive or false negative concems;

structure-activity correlations; and '

in some cases, genelic toxicology.

r 8 & o

¢ & @

* 4 s ¥ 0



12

4,4" “Thiobis(6--Butyl-m-Cresol), NTP TR 435

NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
TECHNICAL REPFORTS REVIEW SUBCOMMITTEE

'Fhie members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report an
44’ -thiobis(6-+-butyl-»n-cresol) on June 22, 1993, are listed below. Subcommittee members serve as independent scientists, not as
representatives of any institution, company, or governmental agency. In this capacity, subcommittee members have five major

responsibilities in reviewing NTP studies:

. o 2 0 &

Curtis D. Klaassen, Ph.D., Chair
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

- Paul T. Bailey, Ph.D.
Environmental and Health Sciences Laboratory
Mobil Oil Corporation
Princeton, NI

Louis S. Beliczky, M.S., M.P.H., Principal Reviewer
Department of Industrial Hygiene
United Rubber Workers International Union
Akron, OH

Arnold L. Brown, M.D.

University of Wisconsin Medical School
Madison, WI

Kowetha A, Davidson, Ph.D.
Health and Safety Research Division
Oak Ridge National Laboratory
Qazk Ridge, TN

Harold Davis, D.V.M,, Ph.D.
Medical Research Division
American Cyanamid
Pearl River, NY

Daniel S. Longnecker, M.D.*

Depanment of Pathology
Dartmouth Medical School
Lebanon, NH

* Did not attend
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10 ascertain that all relevant literature data have been adequately cited and interpreted,

o determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimentat results and conclusions fully and clearly,
10 judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

‘Louise Ryan, Ph.D.
Division of Biostatistics
Harvard School of Public Health and
Dana-Farber Cancer Institute
Boston, MA

Ellen K. Silbergeld, Ph.D.*
University of Matyland Medical School
Baltimore, MD

Robert E. Taylor, M.D.,, Ph.D.
Department of Pharmacology
Howard University College of Medicine
Washington, D.C.

Matthew J. van Zwieten, D.V.M., Ph.D.
Department of Safety Assessment
Merck Research Laboratories
West Point, PA

Jerrold M., Ward, D.V.M., Ph.D., Principal Reviewer
National Cancer Insiitute
Frederick, MD

Lauren Zeise, Ph.D., Principal Reviewer
Reproductive and Cancer Hazard Assessment Section
California Environmental Protection Agency
Berkeley, CA
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On June 22, 1993, the draft Technical Report on the
toxicology and carcinogenesis studies of 4,4'-
thiobis(6-t-butyl-m-cresol) (TBBC) received public
review by the National Toxicology Program Board of
Scientific Counsclors Technical Reports Review
Subcommittee. The review meeting was held at the
National Institute of Environmental Health Sciences,
Research Triangle Park, NC.

Mr. 1.D. Cirvello, NIEHS, introduced the toxicology
and carcinogenesis studies of TBBC by discussing the
uses of the chemical and rationale for study, describ-
ing the experimental design, reporting on survival and
body weight effects, and commenting on compound-
related nonneoplastic lesions in rats and mice. The
proposed conclusions were no evidence of carcinogenic
activity of 4,4’-thiobis(6-¢-butyl-n-cresol) in male or
female F344/N rats or male or female B6C3F, mice.

Mr. Beliczky, a principal reviewer, agreed with the
proposed conclusions. He asked if the literature had
been reviewed as most of the references were from
the 1950’s. Mr. Cirvello said a literature search had

.been done in 1992. Mr. Beliczky questioned the

reference to the NIOSH Permissible Exposure Limit
because the levels that were mentioned as cither total
dust or respirable dust are generally referred to as
nujsance dust, those dusts which are physiologically
inactive or inert. He did not think one could call
TBBC imert or physiologically inactive.  He
commented that the nomination for review by the
NTP was referenced to a 1978 study at Harvard and
wanted to note that this epidemiological study had
been funded by the United Rubber Worker's Joint
Occupational Health Program.

Dr. Zgeise, the second principal reviewer, agreed in
principle with the proposed conclusions. She pointed
out that, while the liver in male rats is clearly a target
organ for toxicity, the data are unclear as to whether
or not the liver is a target organ for carcinogenicity.

She said the incidence of hepatocellular adenoma
would be statistically significant if the historical
control incidence at the study laboratory were used
instead of the concurrent controls. She said there
shouid be consideration given to changing the conclu-
sion in male rats to "equivocal evidence of carcino-
genic activity." Mr. Cirvello commented that if one
looks at the overall historical control database, there
were three studies from other laboratories with
control values as high as those recorded in male rats
in the high-dose group in the present study.

Dr. Ward, the third principal reviewer, agreed in
principle with the proposed conclusions. He said it
should be noted that the degree of nephropathy was
increased in female rats and there should be a state-
ment that male rats may have been able to tolerate a
slightly higher dose. Mi. Citvello said a statement
about the nephropathy should have been included.
He said that toxicity and reduction in body weight
gain in the prechronic and 2-year studies indicated
that the high dose was cormrect in male rats.
Dr, Ward agreed with Dr. Zeise as to the uncertain
significance of the liver meoplasms in male rats.
Since mixed cell foci were increased more in exposed
animals, Dr. Ward said it would be useful to have a
morphologic description and an assessment as to
whether they are preneoplastic lesions.
Dr. S.L. Eustis, NIEHS, said a description would be
added to the report, but it was difficult to say
whether the foci were preneoplastic. There was no
atypia reported, a finding often found in foci induced
by hepatocarcinogens.

Mr. Beliczky moved that the Technical Report on
4,4’ -thiobis(6-t-butyl-m-cresol) be accepted with the
revisions discussed and with the conclusions as
written for male and female rats and mice, no evi-
dence of carcinogenic activity. Dr. Bailey seconded the
motion, which was accepted unanimously with ten
votes.
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4,4’ -THIOBIS(6~+-BUTYL-m-CRESOL)

CAS No. 96-69-5

Chemical Formula: Cp,H SO,

Molecular Weight: 358.52

Synonyms: 4,4' “Thiobis(6--butyl-3-cresol); bis(3-+-butyl-4-hydroxy-6-methylphenyl)suifide
Trede names: Santonox; Santewhite Crystals; Sumiiizer; Thivalkofen; Yoshinox

CHEMICAL AND
PHYSICAL PROPERTIES

4,4’ -Thiobis(6-r-butyl-m-cresol) (TBBC) is a fine,

white crystalline powder with a2 melting point of
161° C and specific gravity of 1.10. This cheenical is
very soluble in methanal (79 g/mL), soluble in
acetone (20 ¢/mL), less soluble in benzene
(5.0 g/mL), and slightly sotuble in water {0.08 g/mL)
(Lefaux, 1968).

USE AND HUMAN EXPOSURE

TBBC is widely used in the rubber and plastics
industries as ar antioxidant for polyolefins, poly-
¢thylenes, polypropylenes, natural rubber, and latex.
TBBC is approved by the U.S, Food and Drug
Adminisiration as a constituent of high-pressure
polyethylene packaging for foodstufls, excluding fats,
and as a component of polyolefin film packaging in
contact with meat or meat food products (Lefaux,
1968), Although the potential exists for the general
population to be exposed through contact with
polymer products or leaching of TBBC from such
products into food, two studies investigating the
migration of TBBC from plastic packaging materials
indicated no significant exposure from this source
(Udhe and Woggon, 1971; Ruedt and
Herbolzheimer, 1976). Exposure is also possible via
surface water contamination resulting from releases
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through manufacturing or use operations. No data
were found on the environmental occurrence of
TBBC.

TBBC reportedly has potential uses as a fungicide
against such molds as Aspergillus niger, Penicillium
citrinum, and Rhizopus nigricans, and as a preser-
vative for paints, paper, fiber, and leather (Umekawa
et al., 1972), However, Hejtmankova et al. (1979)
found that TBBC did not inhibit A. niger or
A. fumigatus, and only weakly to moderaiely inhibited
seven other strains of fungi.

No recent annual TBBC production or use data were
found. Based on a survey conducted by NIOSH from
1981 to 1983, an estimated 12,349 workers are
potentially exposed to TBBC in the workplace
(NIOSH, 1991). The current Permissible Exposute
Limits established by NIOSH for TBBC (as an
g-hour time-weighted average) are 15 mg/m’ for total
dust and 5 mg/m’ for the respirable fraction.

ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION

Experimental Animals

The disposition of {*C]-labeled TBBC was studied in
male F344/N rais (Birnbaum ez al,, 1983). TBBC was
administered by single oral gavage doses of §, 50, or
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500 mg TBBC/kg body weight in corn -ofl or in
Emulphor:ethancl and by intravenous injection of
5 mg/kg in Emulphor:ethanol:water. Following oral
exposure, TBBC was incompletely absorbed (the
percentage absorbed was not determined) and there
was a dose-related decrease in the rate of absorption.
When adminisiered in sitz via luminal perfusion of 4,
49, or 500 mg/kg body weight, TBBC absorption in
the small intestine was directly proportional to dose,
suggesting that retention of the compound in the
stomach was responsible for the apparent dose-
related decline in absorption. Following intravenous
administration of 5 mg/kg, very low perceniages of
total dose administered were detected rapidly in liver,
adipose tissue, skin, muscle, and blood. The highest
percentage of total dose was found in the liver, which
had 2% after 15 minutes, 0.5% afier 2 hours, and
0.4% after 1 day. The initial rate of clearance from
liver and skin was very rapid, followed by a slower
terminal decay phase. A slow rate of clearance was
also observed in adipose tissue. Twenty-four hours
after treatment, the parent compound accounted for
most of the residual radicactivity in liver and adipose
tissue; chronic exposure t0 TBBC could result in
some accumulatior of unmetabolized compound at
these sites. More than half of the adminisiered com-
pound was excreted the first day, primarily through
the bile into the feces; less than 2% was excreted
into the urine. All radioactivity in the bile was in
the form of metabolites of TBBC, the major metab-
olite being a glucuronide conjugate. A later study
(Smith et ai., 1985) identified the major metabolite
of TBBC in bile as the monoglucuronic acid conju-
gate,

To evaluate the effects of age on the glucuronidation
of TBBC, male F344 rats 2.5, 16, and 26 months old
were administered 5 mg ["/C]-labeled TBBC/kg intra-
venously. Urine and feces were collected for 3 days
{Borghoff er al., 1988). Bile was also collected for
6 hours after intravenous doses of 5 or 25 mg/kg.
The 26-month-old animals excreted significantly less
TBBC-derived radioactivity in bile, feces, and urine
than both of the younger groups. The percentage of
the dose eliminated in bile as a glucuronide also
decreased with age. After 30 minutes of bile collec-
tion following a 5 mg/kg dose, 8% had been elim-
inated as a glucuronide by the 2.5-month-old group,
5.6% by the 16-month-old group, and 4.4% by the
26-month-old group. 'When the 26-month-old
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animals were given 25 mg/kg, elimination as gluc-
uronide was only 2% of the dose. In vitro studies
using TBBC as a substrate demonsirated that hepatic
uridine diphosphate glucuronyl transferase activity
decreased in aging animals. Further, the hepatic
concentration of uridine diphosphate glucuronyl acid
(UDPGA) also decreased in animals from 2.5 to
28 months of age. Thus, the decrease in the ability
of the aging rats 1o conjugate and excrete TBBC may
be caused by a decrease in both the activity of the
conjugating enzyme and the availability of UDPGA.

Humans

No information on the absorption, distribution,
metabolism, or excretion of TBBC in humans was
found in the lterature.

TOXICITY

Experimental Animals

Few published studies on the toxicity of TBBC exist.
In acute oral toxicity studies in rais, the LD, varies
from 5,000 to 7,000 mg/kg depending on the purity
of the test material (persondl communication cited in
Birnbaum ef al., 1983). Details are not given except
that rats exhibited severe diarrhea preceding death.
In the previously discussed disposition studies
{Birnbaum er al, 1983), TBBC administered by
gavage in either Emulphor:ethanol or corn il (5, 50,
or 500 mg/kg) caused mild inflammation, congestion,
hemorrhage, and mucosal erosion of the stomach in
rats. These findings were dose related and detectable
as early as 1 hour after administration of 500 mg/kg.
Studies in which rats ingested TBBC in feed for 30
or 90 days were performed by E.. du Pont de
Nemours & Co. and the resulis are summarized
briefly by Lefaux (1968). In the 30-day study, groups
of six male and six female rats were fed diets contain-
ing 500 or 2,500 ppm TBBC. The 503 ppm group
displayed no sigus of toxicity, whereas at 2,500 ppm,
rats exhibited growth retardation and increased liver
weights. In the 90-day study, rats were fed diets

- containing 50 or 500 ppm TBBC, and the only effects

noted were decreased feed consumption and slight
growth retardation in 500 ppm males. Monsanto
Chemical Company conducted 3-month feed studies
using the same doses of TBBC (50 or 500 ppm) and
obtained similar results; the only sign of toxicity was
growth retardation in animals receiving 500 ppm
{McCormick, 1972).
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TBBC toxicity was also studied in adult female
B6C3F, mice by administering 10, 100, or 200 mg/kg
daily in comn oil by gavage for 14 consecutive days
(Munson e al, 1988). No overt toxicity was
observed and no marked effects on serum enzymes
occurred.  ‘The highest exposure group had sz
41% increase in total leukocytes with a 31% increase
in lymphocytes and a 177% increase in neutrophils.
Bone marrow studies revealed a significant (30%)
increase in the number of cells/femur in 200 mg/kg
mice; macrophage progenitors were significantly
increased by 28% and granulocyte-monocyte progen-
itors were increased by 20%. A dose-related increase
occurred in absolute weights of both the spleen and
liver, although the histopathology of the spleens of
. TBBC-treated mice was not different from that of
the controls. The livers of mice in the high-dose
group had changes described as mild focal hydropic
degeneration, mild hepatitis, and a slight increase in
the number of Kupffer cells. Hepatic cytochrome
P-450 and microsomal protein levels exhibited a
dose-related increase, as did enzyme activities of
aminopyrine demethylase and aniline hydroxylase.

Immunotoxicologic studies were conducted after
administering TBBC in corn oil by gavage at doses of
10, 100, or 200 mg/kg to B6C3F, mice daily for
14 consccutive days (Holsapple er al,, 1988). A
200 mg/kg dose produced a decrease in the peak IgM
(44%) and peak IgG (48%) antibody response to
in vivo challenge with sheep erythrocytes, but had no
effect on the delayed hypersensitivity response to
challenge with keyhole limpet hemocyanin. At 10
and 200 mg/kg, a significant decrease in the mixed
lymphocyte response (MLR) occurred, but doses of
10, 100, or 200 mg/kg produced no effects on the
in virro lymphoproliferative responses of spleen cells
1o optimal concentrations of concanavalin A, phyto-
hemagglutinin, or lipopolysaccharide. A dose-related
increase in the basal (unstimuiated) DNA synthesis
of the spleen cells occurred in both the MLR and
the mitogen assays. A significant increase in natural
killer cell and serum complement activity was also
observed. The increase in natural killer cell activity
was significant in mice administered 100 and
200 mg/kg, with the preatest increase at the
100 mg/kg dose; 10 mg/kg TBBC produced a signif-
icant (35%) increase in CHS50 and at 100 mg/kg a
significant (54%) increase occurred. Effects on
macrophage function werc complex; either an
increase or no effect was observed, depending on the
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parameter measured. Exposure to 10, 100, or

200 mg/kg caused a dose-related increased resistance
1o challenge with Swreprococcus pneumoniae and
B16F10 melanoma, a decreased resistance to chal-
lenge with PYB, neoplasms, and no effect on the
resistance to HSV-2, Listeria, or Plasmodium. Thus,
several parameters reflecting immune function were
altered following 14-day gavage exposure to TBBC.

Humans

Two patients with allergic contact dermatitis were
found to be patch-test positive to latex gloves made
by the same manufacturer. TBBC was the anti-
oxidant used in making the gloves and both patients
had a positive patch test reaction to the TBBC iiself
(Rich et al., 1991). No other information on the
toxicity of TBBC in humans was found in the litera-
ture.

REPRODUCTIVE AND

DEVELOPMENTAL TOXICITY
Experimental Animals

In a study to evaluate the effects of TBBC on repro-
duction in female Swiss mice, 485 mg/kg was admin-
istered daily by gavage to 50 pregnant mice on days 6
through 15 of gestation (EHRT, 1989). TBBC
caused maternal mortality and a decreased rate of
survival of pups, but had no effect on the number of
viable litters, litter size, pup birth weight, or pup
weight gain.

Humans
No information on the reproductive and develop-
mental toxicity of TBBC in humans was found in the
literature,

CARCINOGENICITY

Experimental Animals

A report by Draganov er al. (1974) suggests that
TBBC may be a neoplasm promoter. When Yoshida
sarcomas were transplanted to rats, neoplasm devel-
opment was enhanced if TBBC was administered
orally for 10 days at a dose of 80 mg/kg daily, begin-
ning § days after transplantation. No other data
were provided in the report.

Humans
No information on the potential carcinogenicity of
TBREC in humans was found in the literature.
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GENETIC TOXICITY

TBBC was tested for mutagenicity in Salmonella
typhimurium strains TA98, TA100, TA1535, and
TA1537 with a preincubation protocol in the pres-
ence and absence of §9; no mutagenic activity was
observed in any of thes¢ four strains (Zeiger er al.,
1987). There are no other published data on the
genotoxicity of this compound.
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STUDY RATIONALE

The National Cancer Institute nominated TBBC for
study a5 a representative of the sulfur-containing
class of antioxidants used in rubber processing. A
study that was recent at the time of nomination
demonstrated an excess of several types of cancer
among a cohort of 13,570 fubber workers (Monson
and Fine, 1978). In addition, the presence of TBBC
in plastic food wraps and containers was viewed as a
passible hazard to the general population.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF

4,4° -THIOBIS (6-7-BUTYL-M-CRESOL)
4,4" -Thiobis(6-¢-butyl-m-cresol} was obtained in one
lot (12) from Monsanio Industrial Chemical
Company (Akron, OH). Identity, purity, and stability
analyses were conducted by the analytical chemistry
laboratory, Midwest Research Institute (Kansas City,
MO), (Appendix I).

The chemical, a white powdered solid, was identified
as 4,4"-thiobis(6-¢-butyl-m-cresol) (TBBC) by infra-
red, ultraviolet/visible, and nuclear magnetic
resonance spectroscopy. Purity was determined by
clemental analyses, Karli Fischer water analysis,
functional group titration, thin-layer chromatography,
and gas chromatography. Analyses of the chemical
for carbon, hydrogen and sulfur were in agreement
with theoretical values for TBBC. Functional group
titration indicated a purity of 100% = 3%. Thin-
layer chromatography using two systems indicated a
major spot and two trace impurities. Gas chroma-
tography using one system indicated two impurities
with a total area of 0.7% relative to the major peak
area that eluted before the major peak. A second
system indicated one imparity that eluted before the
" major peak and had an area of 0.39% relative to the
major peak. The overall purity was determined to be
approximately 99%. Subsequent analysis by the
analytical chemistry Iaboratory indicated a purity of
approximately 99%. -

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS .
The dose formulations were prepared weekly by
mixing 4,4'-thiobis(6-t-butyl-m-cresol) with feed
(Table 11). Homogeneity and stability studies of the
250 and 25,000 ppm dose formulations were per-
formed by the analytical chemistry laboratory. For
the homogeneity and stability studies, dose formula-
tions were analyzed by high performance liquid
chromatography. Homogeneity was confirmed at the
100 and 10,000 ppm concentrations, and stability was
cstablished at these concentrations for at least
3 weeks at —20° C when stored in the dark and for
3 days when exposed to air and light.
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Periodic-analyses of the dose formulations of TBBC
were conducted at the study laboratory and analytical
chemistry laboratory using high-performance liquid
chromatography. During the 15-day studies, only the
initial formulation was analyzed (Table 12). During
the 13-week and the 2-year studies, the dose formuia-
tions were analyzed every 6 to 10 weeks (Tables I3
and I4). In the 2-year studies, 93% (86/92) of the
formulations were within 109 of the target concen-
trations. Results of the periodic referee analyses
performed by the analytical chemistry laboratory
were in good agreement with the results obtained by
the study laboratory (Table I5).

15-DAY STUDIES

Male and female F344/N rats and B6C3F,; mice were
obtained from Frederick Cancer Research Center
{Frederick, MD). At receipt, the rats and mice were
6 weeks old. Animals were quarantined for 13 to
15 days before exposure began. At this time,
two males and two females of each species were
randomly selected and cvaluated for evidence of
disease. Groups of 10 male and 10 female rats and
mice were fed diets containing 0, 1,000, 2,500, 5,000,
10,000, or 25,000 ppm TBBC. Feed and water were
available ad Iibitum. Rats and mice were housed five
per cage. Clinical findings were recorded daily for
rats and mice. Feed consumption was recorded daily
by cage. The animals were weighed initially, weekly,
and at the end of the studies. Details of the study
design and animal maintenance are summarized in
Table 1.

At the end of the 15-day studies, blood was collected
from all animals by cardiac punciure for hematology
analyses. The parameters measured are listed in
Table 1. A necropsy was performed on zll rats and
mice. The brain, gastrointestinal tract, heart, right
kidney, liver, lung, spleen, right testis, and thymus
were weighed. Tissues for microscopic examination
were embedded in paraffin, sectioned to a thickness
of 4 10 6 pum, and stained with hematoxylin and
eosin. Histopathologic examinations were performed
on 0, 2,500, 5,000, and 10,000 ppm rats and 0, 2,500,
and 5,000 ppm mice. Table 1 lists the tissues and
organs examined microscopically.
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13-WEEK STUDIES

The 13-week studies were conducted 10 evaluate the
cumulative toxic effects of repeated exposure to
TBBC and 10 determine the appropriate exposure
levels to be used in the 2-year studies.

Male and female F344/N rats and B6C3F, mice were

obtained from the Frederick Cancer Research Center -

(Frederick, MD). On receipt, the rats and mice were
29 days old. The rats were quarantined for 15 days
and the mice for 22 days before exposure began.
Before initiation of the studies, five male and
five female rats and mice were randomly selected for
parasite evaluation and gross observation for evi-
dence of disease. At the end of the studies, serologic
analyses were performed on five male and five female
control rats and mice using the protocols of the NTP
Sentinel Animal Program (Appendix L).

Groups of 10 male and 10 female rats were fed diets
containing 0, 250, 500, 1,000 2,500, or 5,000 ppm
TBBC. Groups of 10 male and 10 female mice were
fed diets conuaining 0, 100, 250, 500, 1,000, or
2,500 ppm TBBC. Feed and water were available
ad libimum. Rats were housed five per cage and mice
were housed individually. Clinical findings were
recorded weekly. Feed consumption was recorded
daily by cage for rats and daily by animal for mice.
The animals were weighed initially, weekly, and at
the end of the studies. Further details of study
design and animal maintenance are summarized in
Table 1.

During the final eight days of the 13-week study in
rats, males and females receiving 0, 1,000, and
2,500 ppm were tested for forelimb and hindlimb
grip strength, startle response, tail flick, and foot
splay. See Appendix H for detailed methods.

Two days before the end of the 13-week studies,
blood was collected from the orbital sinus of all rats
and mice for hematology analyses. At the end of the
13-week studies, blood was collected from all rats by
cardiac puncture for clinical chemistry analyses. The
hematology and clinical chemistry parameters mea-
sured are Iisted in Table 1. A necropsy was per-
formed on all animals. The brain, heart, right
kidney, liver, lung, spleen, right testicle, and thymus
were weighed. Tissues for microscopic examination
were fixed and preserved in 10% neutral buffered
formalin, processed and trimmed, embedded in
paraffin, sectioned 1o a thickness of 5 10 6 gm, and
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stained with hematoxylin and eosin. A complete
histopathologic examination was performed on 0,
1,000, 2,500, and 5,000 ppm rats and 0, 1,000, and
2,500 ppm mice. Table 1lisis the tissues and organs
routinely examined.

2-YEAR STUDIES

Study Design

Groups of 115 male and 75 female rats were fed
diets containing 0, 500, 1,000, or 2,500 ppm TBBC
(Table 1). Fifteen male and 15 female rats from
each group were evaluated at 3, 9, and 15 months for
alterations in hematology, clinical chemistry, and
urinalysis parameters and then discarded. An addi-
tional 10 male and 10 female rats from each grouvp
were also evaluated at 15 months for alterations in
hematology and clinical chemistry parameters; these
animals received complete necropsy and histo-
pathology examinations.

Forty of the 115 male rats in each exposure group
were designated for neurotoxicity evaluation at 3 and
6 months (Appendix H). At 3 months, startle reflex
and fore- and hindlimb grip strength were measured
in all 40 animals, Ten males per group received
clectrophysiologic evaluations, including measure-
ments of sciatic nerve conduction time following
various frequencies of electrical stimulation and
contractile tension of the gastrocnemius muscle
following various frequencies of electrical stimulation
or foliowing graded electrical stimulation. An
additional 10 males per group received whole body
perfusion for histopathologic examination of the left
quadriceps muscle and left sciatic nerve and of teased
nerve preparations of the sciatic nerve. The
remaining 20 male rats in each group were fed the
control diet for 13 additional weeks 10 determine the
reversibility of TBBC-induced changes. At 6 months,
grip strength tests were repeated in all 20 rats per
group. These 20 rats were then split into two groups
of 10 and given electrophysiologic and neuropatho-
logic evaluations as described above.

Groups of 80 male and 80 female mice were fed diets
containing 0, 250, 500, or 1,000 ppm TBBC. At3,9,
and 15 months, groups of 10 male and 10 female
mice per group were killed and evaluated for alter-
ations in hematology and clinical chemistry param-
eters. The 10 male and 10 female mice per group
killed at 15 months also received a complete nec-
ropsy and histopathologic evaluation.
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Source and Specification of Animals

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Farms (Germantown, NY) for
us¢ in the 2.year studies. Raits and mice were
quarantined for 11 days before the beginming of the
studies. Five male and five female rats and mice
were selected for parasite evalvation and gross
observation of disease. Serology samples were
collected for viral screening. Rats were approx-
imately 43 days old and mice approximately 39 days
old at the beginning of the studies. The health of
the animals was monitored during the studies accord-
ing to the protocols of the NTP Sentinel Animal
Program (Appendix L).

Animal Maintenance

Rats were housed five per cage and mice were
housed individually. Feed and water were available
ad libitsm. Feed consumption was measured twice
weekly by cage. Cages and racks were fotated
biweekly. Further details of animal maintenance are
given in Table 1. Information on feed composition
and contaminants is provided in Appendix K.

Clinical Examinations and Pathology

All animals were observed iwice daily. Clinical
findings and body weights were recorded at the
beginning of the studies, weekly for 13 weeks, and
monthly thereafter. A complete necropsy and
microscopic examination were performed on all rats
and mice except: the 15 male and 15 female rats per
group designated for hematology, clinical chemistry,
and urinalysis evaluations at 3, 9, and 15 months; the
10 male and 10 female mice per group designated for
hematology and clinical chemistry at 3 and 9 months;
and the 40 male rats per group designated for
neurotoxicity and neuropathologic evaluations. At
the 15-month interim evaluation, the brain, gastro-
intestinal tract, right kidney, liver, and spleen of rats
and mice were weighed. At necropsy, ail organs and
tissues were examined for grossly visible lesions, and
all major tissues were fixed and preserved in 10%
neutral buffered formalin, processed and trimmed,
embedded in paraffin, sectioned to a thickness of
510 6 jum, and stained with hematoxylin and eosin
for microscopic examination. Tissues examined
microscopically are listed in Table 1.

Microscopic evaluations were completed by the study
laboratory patholagist, and the pathology data were
entered into the Toxicology Data Management
System, The microscopic slides, paraffin blocks, and
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residual wet tissues were sent to the NTP Archives
for inventory, slide/block match, and wet tissue audit,
The slides, individual animal data records, and
pathology tables were evaluated by an independent
quality assessment laboratory. The individuat animal
records and tabies were compared for accuracy, the
slide and tissue counts were verified, and the histo-
technique was evaluated. For the 2-year studies, a
quality assessment pathologist reviewed the liver of
male and female rats, neoplasms of the thyroid gland,
mammary gland, and uterus of female rais, neo-
plasms of the skin, bone, and nose of male rais, the
liver of female mice, and neopiasms of the ovary of
female mice,

The quality assessment report and slides were sub-
mitted to the NTP Pathology Working Group
(PWQG) chair, who reviewed the selected tissues and
any other tissues for which a disagreement in diag-
nosis between the laboratory and quality assessment
pathologists existed. Representative histopathology
slides containing examples of lesions related 10
chemical administration, examples of disagreements
in diagnoses between the laboratory and quality

- assessment pathologist, or lesions of general interest

were presented by the chair 10 the PWG for review.
Tissues examined included the skin, bone, and nose
of male rats, the liver of male and female rats, the
mammary gland, thyroid giand, and uterus of female
rats, and the liver and ovary of female mice. The
PWG consisted of the quality assessment pathologist
and other pathologists experienced in rodent
toxicologic pathology. This group examined the
lissues without any knowledge of exposure groups or
previously rendered diagnoses. When the PWG con-
sensus differed from the opinion of the iaboratory
pathologist, the diagnosis was changed. Thus, the
final diagnoses represent a consensus of contractor
pathologists and the PWG. Details of these review
procedures have been described, in part, by
Maronpot and Boorman (1982) and Boorman et al.
(1985). For subsequent analyses of the pathology
data, the diagnosed lesions for each tissue type were
evaluated separately or combined according to the
guidelines of McConnell er al. (1986).

Statistical Methods

Survival Analyses )

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
found dead of other than natural causes or missing
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were censored from the survival analyses; animals
dying from natural causes were not censored.
Statistical analyses for possible dose-related effects
on survival used Cox’s {1972) method for testing two
groups for equality and Tarone’s (1975) life table test
to identify dose-related trends. All reported P values
for the survival analyses are two sided. '

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
as presented in Tables Al, AS, Bl, B3, Cl, C5, DI,
and D4 are given as the number of animals bearing
such lesions at a specific anatomic site and the
number of animals with that site examined micro-
scopically. For calculation of statistical significance,
the incidences of most neoplasms (Tables A3, B3,
C3, and D3) and all nonneoplastic lesions are given
as the numbers of animals affected at each site
examined microscopically. However, when macro-
scopic examination was required to detect neoplasms
in certain tissues (e.g., skin, intestine, harderian
gland, and mammary gland) before microscopic
evaluation, or when neoplasms had muitiple poten-
tial sites of occurrence (e.g,, leukemia or lymiphoma),
the denominators consist of the number of animals
on which a necropsy was performed.

Analysis of Neoplasm Incidences

The majority of neoplasms in these studies were
considered to be incidental to the cause of death or
not rapidly lethal. Thus, the primary statistical
method used was logistic regression analysis, which
assumed that the diapnosed neoplasms were dis-
covered as the result of death from an unrelated
cause and thus did not affect the risk of death. In
this approach, neoplasm prevalence was modcled as
a logistic function of chemical exposure and time.
Both finear and quadratic terms in time were incor-
porated initially, and the quadratic term was elim-
inated if the fit of the model was not significantly
enhanced. The neoplasm incidences of exposed and
control groups were compared on the basis of the
likelihood score test for the regression coefficient of
dose. This method of adjusting for intercurrent
mortality is the prevalence analysis of Dinse and
Lagakos (1983), further described and illustrated by
Dinse and Haseman (1986). When neoplasms are
incidental, this comparison of the time-specific
neoplasm prevalences also provides a comparison of
the time-specificneoplasm incidences (McKnight and
Crowley, 1984).
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In addijtion to logistic regression, other methods of
statistical analysis were used, and the results of these
tests are summarized in the appendixes. These
methods include the life table test (Cox, 1972
Tarone, 1975}, appropriate for rapidly lethal neo-
plasms, and the Fisher exact test and the Cochran-
Armmitage trend test (Armitage, 1971; Gart ef al.,
1979), procedures based on the overall proportion of
neoplasm-bearing animals.

Tests of significance included pairwise comparisons
of each exposed group with controls and a test for an
overall dose-related trend. Continuity-corrected tests
were used in the analysis of neoplasm incidence, and
reported P values are one sided. The procedures
described in the preceding paragraphs were also used
to evaluate selected nonneoplastic lesions. For
further discussion of these statistical methods, sec
Haseman (1984).

Analysis of Nonneoplastic Lesion Incidences
Because all nonneoplastic lesions in this study were
considered to be incidemtal to the cause of death or
not rapidiy lethal, the primary statistical analysis used
was a logistic regression analysis in which noaneo-
plastic lesion prevalence was modeled as a logistic
function of chemical exposure and time. For lesions
detected at the interim evaluation, the Fisher exact
test was used, a procedure based on the overall
proportion of affected animals. '

Analysis of Continuous Variables

Two approaches were employed 1o assess the signif-
icance of pairwise comparisons between exposed and
contro] groups in the analysis of continuous vari-
ables. Organ and body weight data, which have
approximately normal distributions, were apalyzed
using the parametric multiple comparison pracedures
of Dunnett (1955) and Williams (1971, 1972).
Clinical chemistry and hematology data, which have
typically skewed distributions, were anajyzed vsing
the nonparametric multiple comparison methods of
Shirley {(1977) and Dunn (1964). Jonckheerc’s test
(Jonckheere, 1954) was used to assess the signif-
icance of the dose-related trends and to determine
whether a trend-sensitive test (Williams’ or Shirley’s
test) was more appropriate for pairwise comparisons
than a test that does not assume a monotonic dose-
related trend (Dunnett’s or Dunn’s test), Average
severity values were analyzed for significance using
the Mann-Whitney U test (Hollander and Wolfe,
1973).
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Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, historical control data can be helpful in
the overall assessment of meoplasm incidence in
certain instances. Consequently, neoplasm incidences
from the NTP historical control database (Haseman
et al., 1984, 1985) are included in the NTP reports
for neoplasms appearing to show compound-related
effects. '

Quality Assurance Methods

The 13-week and 2-year studies were conducted in
compliance with Food and Drug Administration
Good Laboratory Practice Regulations (21 CFR,
Part 58). In addition, as records from the 2-year
studies were submitted to the NTP Archives, these
studies were audited retrospectively by an indepen-
dent quality assurance contractor. Separate audits
covering completeness and accuracy of the pathology
data, pathology specimens, final pathology tables, and
preliminary review draft of this NTP Technical
Report were conducted. Audit procedures and
findings are presenied in the reports and are on file
al NIEHS. The audit findings were reviewed and
assessed by NTP staff, so all comments had been
resolved or were otherwise addressed during the
preparation of this Technical Report.

GENETIC TOXICOLOGY

The genetic toxicity of TBBC was assessed by testing
the ability of the chemical to induce mutations in
various strains of Salmonella typhimuriurm and
chromosomal aberrations in cultured Chines¢ ham-
ster ovary cells. The protocols for these studies and
the results are given in Appendix E.
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The genetic toxicity studies of TBBC are part of a
larger effort by the NTP 1o develop a database that
would permit the evaluation of carcinogenicity in
experimental animals from the structure and re-
sponses of the chemical in short-term in vitro and
in vivo genetic toxicity tests. These genetic toxicity
tests were ariginally deveioped to study mechanisms
of chemically induced DNA damage and o predict
carcinogenicity in animals, based on the electrophilic
theory of chemical carcinogenesis and the somatic
mutation theory (Milter and Miller, 1977, Straus,
1981; Crawford, 1985).

There is a strong correlation between a chemical's
potential electrophilicity (structural alert to DNA
reactivity), mutagenicity in Salmonella, and carcino-
genicity in rodents. The combination of electro-
philicity and Salmonella “mutagenicity is highly
correlated with the induction of carcinogenicity in
rats and mice and/or at multiple tissue sites (Ashby
and Tennant, 1991). Other in viro genetic toxicity
tests do not correlate well with rodent carcino-
genicity (Tennant er al., 1987; Zeiger et al., 1990),
although these other tests can provide information
on the types of DNA and chromosome effects that
can be induced by the chemical being investigated.
Data from NTP studies show that a positive response
in Salmonella is currently the most predictive in vitro
test for rodent carcinogenicity (89% of the
Saimonella mutagens were rodent carcinogens), and
that there is no complementarity among the in vitro
genetic toxicity tests. That is, no battery of tests that
included the Salmonelia test improved the predic-
tivity of the Salmonella test alone. The predictivity
for carcinogenicity of a positive response in bone
marrow chromosome aberration or micronucleus
tests is not yet defined.
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TABLE 1

4,4’ -Thiobis(6+Butyl-m-Cresol), NTP TR 435

Experimental Design and Materials and Methods in the Feed Studies of 4,4’ -Thiobis(6+-Butyl-m-Cresol)

15.Day Studies

13-Week Studies

2-Year Studies

Study Laboratory
American Biogenics Corporation
(Woburn, MA)

Strain and Species.
Rats: F344/N
Mice: B6C3Fy

Animal Source
Frederick Cancer Research Center
(Frederick, MD)

Time Held Before Studies
Rats: 14 days (males)

or 15 days (females)
Mice: 13 days (males)

or 14 days (females}

Averape Age When Studies Began
Rats: 44 days
Mice: 43 days

Date of First Dose
Rats: 29 December {males) or
30 December (females) 1983
Mice: 3 January (males) or 4 Januvary
{females) 1984

Daration of Dosing
15 days

Date of Last Dose
Rats: 12 January {males) or

13 January (females) 1984
Mice: 17 January (males) or

18 January (females) 1984

Necropsy Dates
Rats: 12 January (males) or

13 January (females) 1984
Mice: 17 Januaty (mates) or

18 January (females) 1984

Amertican Biogenics Corporation
(Woburn, MA)

Rats: F344/N
Micc: B6C3Fy

Frederick Cancer Research Center

(Frederick, MD)
Rats: 15 days
Mice: 22 days
Rats: 43 days

Mice: 50 days

Rats: 1 August 1984
Mice: 15 August 1984

92-94 days

Rats: 2 November 1984
Mice: November 1984

Rats: 31 October 1o
2 November 1984
Mice: 14 to 16 November 1934

Battelle Columbus Laboratories
(Columbus, OH)

Ras: F344/N
Mice: B6C3F,

Taconic Farms {Germantown, NY)

11 days

Rais: 43 days
Mice: 39 days

Rats: 29 December 1986 (special
studies and 15-month interim)
or 22 December 1986

(2-year study)
Mice: 19 January 1987

104 weeks

Rats: 12 December 1988
Mice: 9 January 1989

Rals: 15-Month interim evafuation
and clinical pathology -
21-22 March 1988
Termigal -
19-21 December 1988
Mice: 15-Month interim -
18-19 April 1988
Temminal -
16-20 January 1989
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TABLE 1
Experimental Design and Materials and Methods in the Feed Studies of 4,4"-Thiobis(6-7-Butyl-m-Cresol)
(continued)

15.Day Studies 13-Week Studies 2-Year Studies
Average Age at Necropsy
Rats: 59 days : Rats: 135 days 15-Month interim evaluation and
Mice: 57 days Mice: 141 days clinical pathology - 71 weeks

Terminal - 111 weeks

Size of Study Groups

10 males and 10 females

Method of Distribation

Animals randomized from weight
classes into cage groups using a
computer-generated kst of random
numbers; cages randomized into test
groups from another computer-
generated list of random numbers

Animals per Cage
5

Method of Animal Identification
Ear punch

Diet

NIH-07 oper formula meal diet
(Zeigier Brothers, Inc., Gardners,
PA), available ad libinm, changed
daily

Maximum Storage Time for Feed
108 days post-milling

‘Water Distribution

Tap water (Woburn municipal
supply) via automatic watering system
(Hardco, Cincinnati, OH), available
ad libitum

Same as 15-day studies

Same as 15-day studies

Rats: 5
Mice: 1

Same as 15-day studies

Same as 15-day studies

120 days post-milling

Same as 15-day studics

Rats: 115 males and 75 females
Mice 80 males and 80 females

Animals randomized from weight
classes into cage groups and dose
groups using a partitioning algorithm

Rats: 5
Mice: 1

Rats: Neurological - ear tag
Clinicat pathology - toe clip
Terminal - toe clip

Mice: Toe clip

Same as 15-day studies, changed
twice weekly

Same as 13-week studies

Tap water (Columbus municipal
supply) via automatic watering system
(Edstrom lndusiries, Waterford, WI),
available ad libirm

378
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TABLE 1

4.4 -Thiobls(6-t-Rutyl.m-Cresol), NTP TR 438

Experimental Design and Materials and Methods in the Feed Studies of 4,4°-Thiobis(6--Butyl-m-Cresol)

(continued)

15-Day Studies

13-Week Studies

2-Year Studies

Cages

Polycarbonate, (Suburban Surgical
Co., Inc,, Wheeling, IL), changed
twice weekly

Bedding

SaniChip® hardwood chips (P.J.
Murphy Forest Products Corp.,
Rochelle Park, NJ), changed twice
weekly

Cage Filters

Nonwoven filter sheets, DuPont
{Snow Filtration Co,, Cincinnati,
OH), changed biweekly

Racks
Stainless steel, changed biweckly

Animal Room Environment
Average lemperature:

18.6* C (male rats),

18.5° C (female rats),

18.4° C (mice)
Relative humidity: 35% to 51%
Fluorescent light: 12 hours/day
Room air: 12 to 16 changes/our

Doses

0, 1,000, 2,500, 5,000, 10,000, or
25,000 ppm in fced, available
ad libitum

Same as 15-day sludies except cages
were changed twice weekly for rats,

Same as 15-day studies

Same as 15-day studies

Stainless steel, changed biweekly

Average lemperature:

.21.7° C (rats), 17.8° C (thice)
Reiative humidity: 41% to 60%
Fluorescent light: 12 hours/day
Room air 12 changesthour

Rats: 0, 250, 500, 1,000, 2,500, or
5,000 ppm in feed, available
ad libium

Mice: 0, 100, 250, 500, 1,000, or
2,500 ppm in feed, available
ad Iibinem

Polycarbonate (Lab Products, Inc,,
Garfield, NJ), changed twice weekly
(rats) or weekly (mice)

BetaChip® hardwood chips
{Northeasiera Products, Inc.,,
Warrensburg, NY) until 22 May
1988; SaniChip® (PJ. Murphy Forest
Products Corp., Montville, NJ)
thereafler; changed twice weekly
(rats) or weckly (mice)

Spun-bonded polyester, DuPont 2024
{Snow Filtration Co., Cincinnati,
OH), changed biweekly

Stainless steel (Lab Products, Inc.,
Maywood, NJ), changed biweekly

Average lemperalure:

22.5° C (ras), 22.2° C (mice)
Relative humidity:

40% to 56% (rats),

45% to 58% {mice)
Fluorescent light: 12 hours/day
Room air: minimum of

10 changes/hour

Rats: 0, 500, 1,600, or 2,500 ppm in
feed, available ad Lbinum

Mice: 0, 250, 500, or 1,000 ppm in
feed, available ad libitum
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TABLE 1
Experimental Design and Materials and Methods in the Feed Studies of 4,4"-Thiobis(6-1-Butyl-m-Cresol)
{continued)

15.Day Studies 13-Week Studies 2-Year Studies

Type and Frequency of Observation

Observed twice daily; animals were
weighed initially, weekly, and at the
end of the studies; and clinical
observations were reconded daily.
Feed consumption was recorded daily

by cage.

Method of Sacrifice

Anesthesia with methaxyfivrane
followed by exsanguination by cardiac
puncture

Necropsy

Necropsy performed on all animals,
Organs weighed were brain,
gastrointestinal tract, heart, right
kidney, liver, Jung, spleen, right testis,

and thymus.

Clinical Pathology

Blood was collected from all animals
surviving to the end of the studics by
cardiac punciure for hemaiwotogy.
Hematology: hematocrit, hemoglobin,
erythrocytes, mean erythrocyte
volume, mean erythrocyte
hemoglobin, mean crythrocyte
hemoglobin concentration,
reticulocytes, leukocyte counts, and
nucleated erythrocyles

Observed twice daily; animals were
weighed Initially, weekly, and a1 the
end of the studies; clinical
observations were recorded weekly.
Feed consumption was recorded daily
by cage (rats) and daily by animal
(mice). ’

Same as 15-day studies

Necropsy performed on all animals.
Organs weighed were brain, heart,
right kiney, liver, tung, spieen, right
testis, and thymus.

Blood was collected from ail animals
from the orbital sinus for hematology
and by cardiac puncture from rats for
clinical chemistzy.

Hemarology: hematocrit, hemogiobin,
erythrocytes, mean erythrocyte
volume, reticulocytes, leukocyle
differentials, and nucleated
erythrocytes

Clinical chemistry: (rats} urea
nitrogen, creatinine, alkaline
phosphatase, alanine
aminotransferase, and
y-gluamyltranspeptidase

Observed twice daily; animals were
weighed and clinical observalions
were recorded initially, weekly for
13 weeks, monthly thereafter, and at
the end of the studics. Feed
consumption was recorded monthly
by cage (rats) or by animal (mice).

Carbon dioxide asphyxiation or
pentabarbital anesthesia with
exsanguination and transcardial
perfusion (neurotoxicity evaluation
rals})

Necropsy performed on all animals.
Organs weighed were brain,
gastrointestinal tract, right kidney,
tiver, and splecn.

Blood was collected from the orbital
sinus and wrine was collected from up
to 15 male and female rats per group
(slated only for clinical pathology
evajualion). Blood was also collected
from the orbital sinus of 1) malc and
female rats and mice at 3, 9, and

15 months into the 2-year study.
Hematology: hematoerit, hemoglobin,
erythrocytes, mean erythrocyte
volume, mean erythrocyte
hetnoglobin, mean erythrocyte
hemoglobin concentration, platelets,
reticulocytes, leukocyte differentials,
and nucleated erythrocytes

Clinical chanisiry: urea nitrogen,
creatinine, scdivm, potassim,
chioride, calcium, direct bifirubin
(15-month rats and mice), total
bilirubin, alkaline phosphatase,
alaniné aminotransferase, sorbitol
dehydrogenase, and bile salts (rais
and 15-month mice)

Urinalysis: creatinine, alkaline
phosphatase, lactate dchydrogenase,
N-acetyl-g-D-glucosaminidase,
volume, and #-galactosidase
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TABLE } :
Experimental Design and Materials and Methods in the Feed Studies of 4,4’ -Thiobis(6-#~Butyl-m-Cresol)
(continued)

15-Day Studies 13-Week Studies 2-Year Studies
Histopathology
Histopathology was performed on 0, Complete histopathology was Complete histopathology was

2,500, 5,000, and 10,000 ppm rats and
0, 2,500, and 5,000 ppm mice. In
addition to gross lesions and tissue
masses, the tissues examined
included: adrenal gland, bone and
marrow, |arge intestine (cecum, colon,
rectum), mandipalar or mesenteric
lymph node, small intestine
(duodenum, jejunum, ileum), spieen,
stomach (forestomach and giandular),
and thymus. The following tissues
were examined only from the

10,000 ppm rats and 5,000 ppm mice:
brain, ctitoral gland (rats), esophagus,
gallbladder (mice), keart, kidncy,
liver, lung, mammary gland, nose,
ovary, pancreas, parathyroid gland,
pitvitary gland, preputial gland (rats),
prostate gland, salivary gland, skin,
testis with cpididymis and seminal
vesicle, thyroid gland, trachea, utinary
bladder, and uterus.

Neurotoxicity Evaluations
None

performed on 0, 1,000, 2,500, and
5,000 ppm rats and 0, 1,000 and
2,500 ppm mice. In addition to gross
lesions and tissue masses, the tissues
examined included: adrenal gland,
brain, clitorat gland (rats), esophagus,
galibladder {mice), heart, Kidney,
large intestine (cecum, colon,
rectum), liver, lung, mammary gland,
mandibular or mesenteric lymph
node, nose, ovary, pancreas,
parathyroid gland, pituitary gland,
preputial gland (rats), prostate gland,
salivary gland, skin, small intestine
(duodenum, jejunum, ileum), spieen,
sternum and vertebra (including
marrow), stomach (forestomach and
glandular), testis with epididymis and
seminal vesicie, thyroid gland, thymus,
trachea, urinary bladder, and uterus.
Only 1he following tissues were
examined from the 1.000 and

2,500 ppm rats and 1,000 ppm mice:
{iver and mandibular or mesenteric
lymph node. The kidney from the
2,500 ppm rats was also examined.

Male and female 0, 1,600, and
2,500 ppim rals were lested for
forelimb and hindlimb grip strength,
tail flick, starile response, and foot
splay.

performed on all rats and mice. No
histopathology was performed on the
clinical pathology group rais or mice
or the neurotoxicity group male rats,
In addition to gross lesions and tissue
masscs, the tissues examined
included: adrenal gland, bone
(including marrow), brain, clitoral
gland (rats), esophagus, galibladder
(mice), heart, kidney, large intestine
{cecum, colon, rectum), liver, lung,
mammary gland with surface skin,
mandibular or mesenteric lymph
node, nose, ovary, pancreas,
parathyroid gland, phatynx, pituitary
gland, preputial gland (rats), prostate
gland, salivary pland, skeletal muscle,
skin, small intestine (duodenum,
jejunum, and ilecum), splecn, stomach
(forestomach and glandular), iestis
with epididymis and seminal vesicle,
thyroid gland, thymus, trachea,
urinary bladder, and uterus.

Forty male rats per group were
designated for neurotoxicity studies.
After 3 momhs of exposure, starile
reflex and forelimb and hindlimb grip
strength were measured in all

49 animals. Ten males per group
were killed and given
electrophysiological evaluations;
another ten males per group were
killed and given whole body perfusion
for histopathologic examination. The
remaining 20 males per group were
fed the control diet for an additional
14-16 weeks to determine the
reversibility of TBBC-induced
changes. At 6 months, grip strength
tests were repeated in all 20 rats per
groupy; these 20 were then split into
two groups of ten and given
electraphysiclogic and
neuropathologic evaluations.
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RESULTS

RATS

15-DAY STUDY

All male and female rats receiving diets contaiming
25,000 ppm 4,4’ -thiobis(6-r-butyl-m-cresol) (TBBC),
and three males and four females receiving
10,000 ppm died before the end of the study
(Table 2). The majority of these deaths occurred
during the second week of the study. The seven
surviving 10,000 ppm males had a mean body weight
loss of 29% and a final mean body weight 51% lower
than those of the controls. The mean body weight
gain of the 5,000 ppm males was 71% lower than

TABLE 2

that of the controls, and the final mean body weight
was 22% lower than that of the controls. Surviving
females in the 10,000 ppm group had a 27% mean
body weight loss and a final mean body weight 43%
Tower than those of the controls. The 5,000 ppm
females had a mean body weight gain 77% lower
than that of the controls and a final mean body
weight 18% lower than that of the controls. Mean
body weight gains, final mean body weights, and feed
consumption by males and females receiving 1,000

* and 2,500 ppm were generally similar 1o those of the

contrels. All rats exposed to 5,000, 10,000, or

Survival, Body Weights, and Feed Consumption of Rats in the 15-Day Feed Study

of 4,4’-Thiobis{6-{-Butyl-m-Cresol)

Final Weight
Mean Body Weight” (z) Relative Feed
Concentration Suorvival? Initial Final Change to Controls Consumption®
{ppm) (%) Week 1 Week 2
Male
0 10110 145 £ 2 212 % 4 67T x4 15.8 16.2
1,000 16/10 149 + 3 224 %3 T5+2 106 16.0 188
2,500 10710 147 £ 4 2225 74 £ 2 105 15.2 19.6
5,000 10/10 146 £ 2 165 £ 3+* 19 = 5°* 78 88 119
10,000 7/104 145 =3 103 = 4%+ —44 = 34+ 49 31 60
25,000 0/10¢ 149+ 2 - - - 34 5.4
Female
0 10/10 118 + 3 154 £ 3 Bx1 11.9 12.1
1,000 10/10 120 £ 2 156 + 2 36+2 in 123 109
2,500 10/10 g £2 157+ 2 9=+l 102 1.9 123
5,000 10/10 118 £ 2 127 = 1** 8 2% B2 18 B.1
10,000 67101 121 = 2 88 = 4+ =35 & 4** 57 22 34
25,000 0/108 1172 - - - 11 48

** Significantly different (P<0.01) from the control group by Williams® or Dunnett’s test

& Tumber of animals surviving a1 15 daysinumber initially in group
Weights arc given as mean * standand error. Subscquent calculations are based on animals surviving to the end of the study. No

b

final mean body weights were calculated for groups with 100% mortality.

Feed consumplion is expressed as grams per animal per day.
Day of death: 11, 14, 14

Day of death: 9,9, 9, 10, 11, 11, 11, 12, 12, 13

Day of death: 12, 13, 15, 15

Day of death: 7,8, 8,9, 10, 11, 11, 11, 15, 15

Lo I Y - N ]
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25,000 ppm TBBC consumed markedly less feed than
did the control groups. Rats exposed to 1,000, 2,500,
5,000, or 10,000 ppm received approximate doses of
95, 235, 335, or 365 mg TBBC per kilogram body
weight per day (males) and 85, 220, 325, or 270 mg
per kg per day (females). Approximate doses for rats
exposed to 25,000 ppm cannot be calculated due to
early deaths. Since the reduction in feed consump-
tion was evident from the beginning of the study
when no signs of toxicity were apparent, reduced feed
consumption appeared 10 be due to poor feed
patatability.

Diarrhea was observed in two 25,000 ppm males on.

day 3 of the study and in the eight remaining
25,000 ppm males on days 6, 7, or 8. Diarrhea
occurred in three 25,000 ppm females on day 2 and
was observed in other females exposed to 25,000 ppm
from day 6 onward. Male and female rats exposed to
5,000 or 10,000 ppm TBBC began to experience
diarrhea midway or late into the study. No clinical
signs were observed in male or female rats receiving
1,000 or 2,500 ppm TBBC. Statistically significant
changes in absolute or relative organ weights reflect-
ed decreased final mean body weights or stress and
were not considered to be directly related to chemi-

.cal administration (Table F1).

Since no 25,000 ppm rats sorvived, hemaiology
parameters were measured only in rats receiving
10,000 ppm or less (Table G1). Leukocyte counts in
all exposed females were slightly but significantly
greater than those of the controls. Segmented
neutrophil counts were significantly higher in the
10,000 and 25,000 ppm male and female groups.
This increase was not accomparnied by an increase in
immature forms, suggesting that this was not an
inflammatory response but rather to a shift in the

4,4' -Thiobis(6-+-Butyl-m-Cresol), NTP TR 435

total blood pool distribution without an absolute
increase,

Significantly lower reticulocyte counts occurred in
male rats receiving 10,000 and 5,000 ppm TBBC and
in females receiving 10,000 ppm. In males, this
decrease was accompanied by a decrease in nucleated
erythrocytes. The stightly lower reticulocyte counts
in rats receiving TBBC were probably related to the
debilitation rather than to a primary effect on the
bone marrow. Females receiving 5,000 or
10,000 ppm also had a very slight decrease in eryth-
rocyte size compared to controls as indicated by
decreased mean erythrocyte volume values. This also
was probably related to debilitation.

Microscopic examination was not performed on
tissues from 25,000 ppm rats since they died before
the end of the study. The principal lesions asso-
ciated with the ingestion of TBBC occurred in the
kidney and glandular stomach of 10,000 ppm rats
(Table 3). There was partial 10 complete necrosis of
the tip of the renal papilla in one male and two
females and minimal focal or multifocal necrosis of
tubule epithelium in the cortex or outer medulla of
four males and seven females receiving 10,000 ppm
(Plates 1 and 2). Erosion and/or focal necrosis of
the mucosal epithelium was also observed in the
glandular stomach of several male and female rats in
the 10,000 ppm groups. Lymphocyte depletion in the
thymus and spleen were also observed in rats receiv-
ing 10,000 ppm, but these changes were attributed to
severe debilitation and stress. Depletion of hemato-
poietic cells from the bone marrow was attributed to
nutrient deficiency accompanying weight loss.

Because of decreased survival in 10,000 and
25,000 ppm rats in the 15-day study, the high expo-
sure selected for the 13-week study was 5,000 ppm.



Results

TABLE 3
Incidences of Selected Nonneoplastic Lesions in Rats in the 15-Day Feed Study
of 4,4’ -Thiobis(6~+-Butyl-m-Cresol):

Dose (ppm) B 1,000 2,500 5,000 10,000

Male

Kidney? 10 4 - 10 10
Renal Papiflary Necrosis® ] - - 0 1 o
Renal Tubule Necrosis 0 - - 0 4* (1.3

Glandular Stomach 10 - - 10 10
Erosion 0 - - L 1 (3.0)
Necrosis 0 - - 0 2 (20)
Hemorrhage 0 - - 1} 4" (1.8)
Congestion 0 - - 0 4* (1.8)

Female

Kidney 10 - - 10 9
Renal Papillary Necrosis 0 - - 0 2 (35
Renal Tubule Necrosis 0 - - 0 740(1.0)

Glandular Stomach 10 - - 10 9
Erosion 0 - - 0 1 (3.0
Necrosis 0 - - 0 3 23
Hemorrhage 0 - - 0 2 2%
Congestion ¢ - - 0 3 249

-

Significantly different (P50.05) from the control group by the Fisher exact test

*¢ P=6.01

No histopathology performed on animals receiving 25,000 ppm due to 100% mortality in this group.
Number of animals with organ examined microscopically

Number of animals with lesion

Animals in these groups not examined microscopically .

Average severity grade of lesions in affected animals (1=mirimal; 2=mild; 3=moderate; 4=marked)

oan oe
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2

13-WEEK STUDY

All animais survived to the end of the study
(Table 4). The final mean body weights of
5,000 ppm males and females were markedly lower
than those of the controls; the mean body weight of
males receiving 2,500 ppm was slightly but con-
sistently lower than that of the controls throughout
the study. Feed consumption by 5,000 ppm rats was
markedly lower than that by controis throughout the
study. Feed consumption by 2,500 ppm males was
somewhat reduced initially, but was similar to or
preater than that by the controls after week 4. Rats
exposed to 250, 500, 1,000, 2,500, or 5,000 ppm

TABLE 4

4,4’ -Thiobis(6-+-Butyl-m-Cresol), NTP TR 435

received approximate doses of 15, 30, 60, 165, or
315 mg TBBC per kilogram body weight per day
(males) or 15, 35, 70, 170, or 325 mg/kg per day
(females). Since reduction in feed consemption was
apparent from the beginning of the study, the reduc-
tion would seem more likely to have been caused by
decreased feed palatability than by anorexia resulting
from toxicity. This conclusion is supported by the
fact that diarrhea, the major clinical finding in
5,000 ppm rats, did not appear in the males until
day 64 (with the exception of one male in which
diarrhea was observed on day 29} or in the females
until day 57.

Survival, Bady Weights, and Feed Consumption of Rats in the 13-Week Fee;l Study

of 4,4"-Thiobis(6-¢-Butyl-m-Cresol)

Final Weight

Mean Body Welghtb {2) Relative Feed
Concentration Survival? Initial Final Change to Controls Consumption®
(ppm) (%) Week 1 Week 13
Male
0 10/10 142 + 4 3597 220+ 7 163 149
250 1010 140 = 4 3246 243 + 7 107 16.5 158
500 10/10 1385 EYE R 240 + 7 105 16.1 161
1,000 10/10 139+ 3 %85 230 £ 6 103 158 14.1
2,500 10/10 138+4 351 =7 213+ 7 98 152 16.7
5,000 1010 134 +5 217 = 3%+ 82 + 3¢ &0 10.0 121
Female
o 10/10 109+ 3 2098 9x7 11.2 29
250 10110 108 =3 204 £ 5 9% = 6 98 114 20
500 10/10 108 = 3 200 2 93+3 96 11.5 98
1,000 10/10 107+ 3 201 +3 U +4 96 118 9.5
2,500 10110 109 % 3 200 %3 91 + 3 9% 11.9 923
3,000 10/10 166 x 3 153 & 5% 48 & 3+ 73 85 83

-

Number of animals surviving/number initially in group

-3

¢ Feed consumption is expressed as grams per animal per day.

Weights and weight changes are given as mean + standard error.

Significantly different (P<0.01) from the control group by Williams’ or Dunnett's test
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A significant increase in absolute and relative liver
weights occurred in females that received 5,000 ppm
TBBC (Table F2). The refative, but not absolute,
liver weight of 2,500 ppm males was significantly
increased. As in the 15.day study, other significant
differences in absolute or relative organ weights were
considered due to much lower final mean body
weights and not to organ-specific toxicity.

Serum alkaline phosphatase levels were significantly

higher in 2,500 and 5,000 ppm males and were
slightly higher in the females exposed to 5,000 ppm
(Table G2). Males and females exposed to 2,500 or

5,000 ppm TBBC had significantly higher serum.

alapine aminotransferase levels. The increased
activity of y-glutamyl transpeplidase in rats exposed
to 5,000 ppm was not considered 1o be biclogically
significant.

Hematocrit and hemoglobin concentrations in maie
rats exposed to 1,000, 2,500, and 5,000 ppm were
significantly lower than those of the controls; these
results suggest a mild anemia. However, considering
the diarrhea and unthriftiness that occurred in these
animals, possible dehydration could be masking
larger decreases, including decreases in erythrocyte
counts, or could account for the absence of changes
in hematocrit or hemoglobin values in females.
Since reticulocyte counts in male rats were not
higher than those of the controls, the anemia in the
male rats was considered nonresponsive. Mean
erythrocyte volume was significantly lower in males
that received 1,000 or 2,500 ppm TBBC and in males
and females that received 5,000 ppm; this effect is
usually associated with a disturbance in hemoglobin
production and has commonly been observed with
anemias of chronic inftammation or iron deficiency.

Total leukocyte counts were significantly higher in
5000 ppm females and slightly increased in
5,000 ppm males. Male and female rats that received
5,000 ppm also exhibited significantly higher seg-
mented neutrophil counts. Band neutrophil counts
were significantly higher in all exposed female groups
than in controls; the largest increase occurred in
5,000 ppm rats. These changes in leukocyte para-
meters are consistent with an inflammatory response.

Results of three neurotoxicity trials in 0, 1,000, and
2,500 ppm rats demonstrated a significant dose-
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related increase in forelimb and hindlimb grip
strength (Table H1). Foot splay, tail flick, and
startle response reflexes were unaffected by exposure
to TBBC.

The principal lesions associated with the adminis-
tration of TBBC for 13 weeks occurred in the liver
and kidney, primazily in 2,500 and 5,000 ppm males
and females (Tabie 5). The lesions in the liver
consisted of scattered individual cell necrosis, indi-
vidual or aggregates of enlarged Kupfier cells with
abundant yellow-tan pigmented cytoplasm (Kupffer
cell hypertrophy), focal accumulations of similar
macrophages in or adjacent to the portal areas, and
a slight increase in small bile ductules in the portal
areas (Plate 3). By electron microscopy, the pig-
mented material in the cytoplasm of Kupfier cells
was amorphous 1o finely granular and light to moder-
ately electron dense with a scattering of irregular,
highly electron-dense bodies. While the more
abundant amorphous substance was not membrane
bound, many of the smalier electron-dense bodies
were partiaily surrounded by a plasma membrane.
The cytoplasm of the Kupffer cells stained strongly
positive with PAS, weakly to strongly by the Ziehl-
Neelsen method for acid-fast material, and inconsis-
tently weakly positive by Perl’s iron method. While
not observed by the study pathologist, enlargement
of centrilobular hepatocytes, refative to the peripor-
tal hepatocytes, in the 5,000 ppm group was also
observed by the Pathology Working Group. This
finding is consistent with hepatocellular hypertrophy
and with the higher activities of serum enzymes in
the 2,500 and 5,000 ppm groups.

The kidney lesions consisted of focal, segmental
degeneration and necrosis of the proximal tubule
epithelium, primarily in the outer stripe of the outer
medulia, and extensive pigmentation of the proximal
convoluted tubule epithelivm (Plate 4). The degen-
eration and necrosis were characterized by faintly
stained, pale cells with little cytoplasmic or nuclear
detail, suggestive of cytolysis and karyolysis. The
pigmentation was characterized by pale, yellow-red
discoloration of the epithelial cytoplasm,

Both the size and number of macrophages werc
increased in the mesenteric lymph nodes of male and
female rats exposed to 2,500 or 5,000 ppm TBBC
(Tabie 5),
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Dose selection rationale: The exposure levels selected  included because of reduced body weights and the
for the 2-year rat study were 500, 1,000, and degree of liver and kidney toxicity observed in
2,500 ppm. A high dose of 5,000 ppm was not 5,000 ppm males and females in the 13-week study.

TABLE 5
Incidences of Selected Nonneoplastic Lesions in Rats in the 13-Week Feed Study
of 4,4’-Thiobis(6-¢-Butyl-tn-Cresol)

Dose (ppm) 0 250 500 1,000 2,500 5,000
Male
Liver2 10 - - 10 10 1¢
Bile Duct Hyperplasiab 0 - - 1 odod oz A% 10** (20)
Kupffer Cell Hypertrophy 0 -~ - 0 6** (10)  10%* (37)
Necrosis 0 - - 1 (19 3 (10)  10** (10)
Lymph Node, Mesenteric 10 - - 10 10 10
Macrophage Hyperplasia 0 - - 1 20 2 (1o 10** (3.2)
Kidney ' 10 - - 10 10 10
Necrosis 0 - - 0 0 g** (1.3)
Pigmentation 0 - - 0 2 (10)  10** (1D
Female
Liver 10 - - 10 10 16
Bile Duct Hyperplasia 0 - - 0 1 Q0 10** (L7)
Kupffer Cell Hypertrophy 0 - -. 0 10** (1.6) 10** (3.6)
Necrosis 0 - - 0 1 @0 10t (11)
Lymph Node, Mesenteric 10 - - 10 10 10
Macrophage, Hyperplasia 0 - - 0 3 Q7 10** 29
Kidney 10 - - 10 10 10
Necrosis 0 - - 0 0 9** (L8)
Pigmentation 0 - - 0 3 (10} 10** (1.0)

** Significantly different (P<0.01) from the contro} group by the Fisher exact test

% Number of animals with organ examined microscopically

b Number of animals with lesion

¢ Animals in these groups not examined microscopically

4 Average severity grade of lesions in 2ffected animals (1=minimal; 2=mild; 3=moderate; 4=marked}
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2-YEAR STUDY

Survival

Estimates of survival probabilities for male and
female rats receiving TBBC in feed for -2 years are
presented in Table 6 and in Kaplan-Meier survival
curves (Figure 1). Survival rates of exposed rats
were similar to those of the controls.

Body Weights, Feed Consumption,

and Clinical Findings -

Throughout most of the study, the mean body
weights of 2,500 ppm male rats were approximately
3% lower than those of the controls and the final
mean body weight was 5% lower than that of the
controls. Mean body weights of 560 and 1,000 ppm
males were similar to those of the controls during

TAELE 6

35

the study, but the final mean body weights of these
groups were 5% and 6% lower than that of the
control$, respectively. The mean body weights of
2,500 ppm females began to decrease 12 weeks into
the study and at week 65 was 14% lower than that of
the controls. The final mean body weight, however,
was 69 lower than that of the controls (Figure 2 and
Tables 7 and 8). Exposure levels of 500, 1,000, or
2,500 ppm TBBC resulted in 2 daily ingestion of 20,
40, or 100 mg/kg body weight for males or 20, 45, or
120 mg/kg body weight for females. Feed consump-
tion by male and female rats was similar to that by
controls (Tables J1 and J2). The behavior and
general health and appearance of exposed male and
female rats were similar to those of controls.

Suorvival of Rats in the 2-Year Feed Study of 4,4'-Thiobis(6-:-Butyl-m‘Cresol)

0 ppm 500 ppm 1,000 ppm 2,500 ppm
Male
Animals initially in study 60 60 60 60
15-month intetim evaluationd 10 10 10¢ 10
Natural deaths 9 8 6 9
Moribund 23 14 22 23
Animals surviving to study termination 18 28 22 18
Percent probability of survival at end of studyb 36 56 42 36
Mean sarvival (days)© 614 637 633 620
Survival analysis? P=0.506 P=0.049N P=0540N  P=1800N
Female
Animals initially in study : 60 &0 60 60
15-month interim evaluation? i0 10 10 10
Natural deaths 5 5 2 6
Moribund 11 14 16 16
Animals surviving to study termination 3 arf 32 28
Percent probability of survival at end of stady 68 62 64 56
Mean survival (days) 663 651 645 644
Survival analysis P=0.202 P=055% P=0.711 P=0195
2 Censored from survival analyses
b Kaplan-Meier determinations based on the number of animals alive on the first day of terminal sacrifice
: Mean of all deaths (uncensored, censored, and terminal sacrifice)

Includes onc animal that dicd the last week of the study
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The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pmwnse
comparisons (Cox, 1972) with the controls are in the exposed columns. A lower mortality in an exposure group is indicated by N.
Three male rais exposed to 1,000 ppm were killed moribuad prior to the 15-month interim evaluation.
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TABLE 7
Mean Body Weights and Survival of Male Rats in the 2-Year Feed Study
of 4,4’ -Thiobis(6-¢-Butyl-m-Cresol)

Weeks 0 ppm 500 ppm L.000 ppm 2,500 ppm
on Ay, WL No. of Av. WL WL (% of No.of Av. Wt WL (%oof No. of Av. WL Wt (%oef No.of
Sdy (g Survivors (g) controls) Survivors (g) <conirols) Survivors {g) controls} Survivers
1 14 60 135 100 60 134 100 60 132 9 60
2 188 60 190 101 60 189 100 60 184 99 60
3 215 60 218 101 60 218 101 60 216 100 60
4 245 60 246 160 60 246 100 &0 246 160 60
5 261 60 264 101 60 266 102 60 265 102 60
6 281 60 280 100 60 282 100 60 280 100 60
7 292 60 295 101 G0 298 102 60 294 101 60
8 310 60 307 L G0 312 101 60 305 98 60
9 323 60 321 100 60 325 101 60 315 98 60
10 329 60 332 101 &0 335 102 60 325 99 60
11 342 60 341 100 60 343 100 60 332 97 60
12 350 60 349 100 60 35 100 60 338 97 60
13 355 60 358 101 60 360 102 60 346 97 60
17 333 60 377 99 60 383 100 60 365 95 60
22 397 60 389 98 60 395 99 60 382 95 &0
25 412 &0 405 98 &0 406 99 60 392 95 60
29 419 60 412 98 60 417 100 60 405 97 60
a3 431 60 425 99 &0 428 99 60 413 9 60
37 438 60 434 9 60 437 100 60 425 97 60
41 441 60 442 100 60 440 100 60 428 97 60
45 444 59 444 100 60 440 99 60 431 o7 60
49 451 S9 451 100 60 449 100 60 436 97 60
53 453 59 455 101 59 453 100 60 440 97 60
57 461 59 462 100 59 456 99 60 447 97 60
61 464 58 462 100 58 455 93 56 445 9% 59
652 454 47 453 100 47 452 100 48 445 98 48
69 462 a6 458 99 a7 455 98 45 446 9% 48
3 459 46 458 100 44 453 99 46 444 97 48
77 455 43 457 100 44 453 100 46 437 96 46
81 455 41 451 99 44 445 98 44 436 96 42
85 448 39 453 101 43 442 99 43 431 9 39
89 442 35 447 101 42 441 100 40 429 97 35
93 445 28 435 98 40 430 97 37 416 94 32
97 437 24 432 9 33 4§21 98 33 413 95 25
101 446 21 428 9% 3l 410 92 27 418 94 20
104 441 20 417 95 29 413 94 23 417 95 18
Mean for weeks
1-13 219 280 100 31 10 275 99
14-52 427 424 9 422 100 409 26
53-104 451 452 9 442 98 433 96

* lnterim cvaluation occurred.
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TABLE 8

Mean Body Weights and Survival of Female Rats in the 2-Year Feed Study
of 4,4'-Thiobis(6~-Butyl-m-Cresol)

39

Weeks O ppm 500 ppin 1,000 ppm 500 ppm
on Ay, WL Na. of Av.WL WL (%of No of Av.WL WL (%of No.of Av. WL WL (% of No.of
Study ® Survivers (g) controks) Survivers (®  conirols) Survivors ® controis) Survivors
1 107 60 107 100 60 107 100 ] 107 100 &0
2 134 60 137 102 60 136 101 &0 137 102 60
3 146 60 148 102 60 147 101 59 149 102 60
4 156 60 159 102 60 158 101 59 160 102 60
L3 165 - 60 169 102 60 166 101 59 168 102 60
6 173 60 176 102 60 174 101 59 175 101 &0
7 178 60 182 103 60 178 101 - 59 180 10 60
8 182 60 136 102 ) 184° M .5 184 101 60
9 186 60 192 103 60 188 101 59 189 102 60
10 192 60 1% 103 60 192 100 59 191 100 50
11 192 60 197 103 59 194 101 59 193 101 &0
12 1% 60 200 102 60 196 100 59 193 99 60
13 199 60 203 102 60 198 100 59 197 2% 60
17 209 60 211 101 &0 208 9 59 202 o7 60
22 216 &6 219 101 6ob 215 100 59 209 97 60
25 219 60 2 162 60 218 100 59 212 97 60
29 225 60 228 101 - 60 223 99 59 216 % 60
33 235 60 236 100 60 232 99 59 221 94 60
41 246 60 249 101 60 241 93 59 223 93 G0
45 252 60 253 100 60 248 98 59 231 92 60
49 266 60 263 100 ] 261 98 59 240 90 60
53 277 60 277 100 60 272 98 59 246 89 60
57 293 60 287 98 59 284 97 59 257 88 60
61 304 60 297 98 59 294 97 59 262 86 =1}
658 312 49 303 97 48 301 97 45 268 86 49
69 322 49 316 98 48 312 97 48 278 86 49
73 326 49 324 100 48 319 98 48 286 BB 48
¢ 330 47 327 o9 48 320 97 48 286 87 47
81 334 47 335 100 48 328 93 46 293 88 46
85 336 47 335 100 46 326 97 45 295 88 43
89 335 47 331 2% 44 327 98 43 304 b | 39
93 339 46 327 96 42 324 96 41 305 90 38
97 341 40 327 96 38 328 9% 40 305 90 35
101 338 40 336 100 kx| 331 98 35 307 1 31
104 333 37 32% 98 2 327 98 32 311 94 28
Mean for weeks
1-13 170 173 102 m 10 17 101
14-52 234 236 101 231 9 220 94
53.104 323 318 98 314 97 286 89

2 Interim evaluation occurred.

The rumber of snimals weighed for this week is less than the number of animals surviving.
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Hematology, Clinical Chemistry,

and Urinalysis

Results of hematology evaluations at 3, 9, and
15 months are presented in Tables G3 through G6.
Slight but significant decreases in hematocrit levels,
hemoglobin concentrations, and etythrocyte counis
were observed in one set of 1,000 and 2,500 ppm
males at 15 months, but not in the other set. These
differences were not observed in males at 3 or
9 months. Similar significant decreases in hematocrit
level and hemoglobin concentration occurred in
2,500 ppm females at 9 months; hemoglobin concen-
trations of 2,500 ppm females were significantly
decreased in both sets evaluated at 15 months, but
hematocrit levels were similar to those of the con-
trols. Mean erythrocyte hemogiobin counts and
concentration in the 2,500 female group were signif-
icantly lower than those of the controls at 9 months
and in both sets of animals evaluated at 15 moaths.
Platelet counts in 2,500 ppm males and females were
slightly but significantly higher than those of the
controls at 3 and 9 months, as were the platelet
counts of 2,500 ppm males in one set of animals
evaluated at 15 months and of 2,500 ppm females in
the other set. While ihe results of the hematology
evaluations were somewhat variable, they do suggest
a slight chemical-related effect, It is not clear,
however, if these differences indicate a direct effect
on stem cells in the bone marrow or on circulating
erythrocytes, or if they are secondary to other physio-
logicat alterations caused by TBBC.

Clinical chemistry results for rats evaluated at 3 and
9 months and for the two sets of rats evaluated at
15 months were generally similar (Tables G3, G4,

- G5, and G6). Serum aclivities of alkaline phos-

phatase, alanine aminotransferase, and sorbitol
dehydrogenase in 2,500 ppm males were significantly
greater that those of the controls at each evaluation.
Alkaline phosphatase activities in both sets of
1,000 ppm males evaluated at 15 months were also
significantly greater than those of controls. Seram
activities of alanine aminotransferase and sorbitol
dehydrogenase in 2,500 ppm females were also
significantly greater than those in the controls at
cach cvaluation. These results are consistent with
hepatocellular damage caused by TBBC.

Urine volumes of all exposed groups of males and
females were significantly lower than those of the

4,4’ -Thiohis(6-+-Butyl-m-Cresal), NYP TR 435

controls at 3 months, but not at later evaluations.
This is consistent with decreased water or feed intake
in the exposed groups, but it is not considered a
direct chemical effect. Elevated urine creatinine
concentrations at the 3-month evaluation, partic-
ularly in exposed groups of male rats, indicate that
the urine constituents were more highly concentrated
in these groups and are consistent with the volume
measurements. Urine specific gravity was not mea-
sured, however. The vrinary activity of N-acetyl-
B-D-glucosaminidase was mildly increased at all
evaluations in 2,500 ppm females in comparison to
controls. Differences in other urine enzyme activities
between exposed and control rats were variable and
not considered chemical related.

Neurotoxicity Evaluation

At 3 months, there was no difference in startle reflex
between . exposed and control male groups and, in
contrast to the findings in the 13-week study, there
were no differences in forelimb or hindlimb grip
strength between exposed and control groups in the
first three trials (Table H2). The standard method-
ology for measuring grip strength consists of three
trials. However, eight trials were used in the chronic
study, and the grip strength of control groups
decreased with subsequent trials, apparently due to
fatigue or habituation. Although the grip strength of
exposed groups also decreased with repeated trials,
the decrement was less than that of the controls.
Thus, grip strength in later trials (particularly that of
the forelimbs) of each exposed group was signifi-
cantly greater than controls. The electrophysiclogic
evaluation revealed no significant inhibitory effects of
TBBC on motor nerve excitability or conduction,
neuromuscular transmission, or muscle contractility
(Tables H4, H5, and H6). Further, there were no
microscopic lesions that could be attributed 10 TBBC
observed in the sciatic nerve, quadriceps muscle, or
teased nerve preparations of the sciatic nerve.

In the reversibility study, the ¢ffects on grip strength
observed at 3 months were no longer evident at the
6 month evaluation (Table H3). The results of the
remaining neurotoxicity studies at 6 months were
similar 10 those at 3 months (Tables H4, H5, and
HS6), and there were no significant effects of TBBC
on motor nerve excitability or conduction, neuro-
muscular transmission, muscle contractility, or
pathology.
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Pathology and Statistical Evaluation

This section describes the statistically significant or
biologically notewarthy changes in the incidences of
neoplasms and nonneoplastic lesions in the liver,
kidney, thyrofd gland, uterus, and mammiary gland.
Summaries of the incidences of neoplasms and
nonneoplastic lesions, individual animal tumor
diagnoses, statistical analyses of primary neoplasms
that occurred with an incidence of at least 5% in at
least one animal group, and historical incidences for
the neoplasms mentioned in this section are present-
ed in Appendix A for male rats and Appendix B for
female rats.

Liver: At the 15-month interim evaluation, both the
absolute and relative liver weights of 2,500 ppm
females were significantly greater than those of the
conirols {Table F3). Relative liver weights of
2,500 ppm males and 1,000 ppm females were also
significantly preater than those of the controls.

The incidence of Kuppfer cell hypertrophy was
significantly increased in 2,500 ppm males and
females at the 15-month interim evaluation and at
the end of the 2-year study (Tables 9, AS, and B)S).
At 15 months, the incidence of cytoplasmic vacuo-
lization was significantly increased in all exposed
groups of males and in 2,500 ppm females, At
2 years, the incidence of cytoplasmic vacuolization
was slightly increased in 1,000 and 2,500 ppm males
and significantly increased in 1,000 and 2,500 ppm
females. Also at 2 years, the incidence of farty
change was significantly increased in 2,500 ppm
females. Cytoplasmicvacuolization was characterized
by the presence of multiple, small vacuoles, whereas
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fatty change was indicated by the presence of single,
large cytoplasmic vacuoles. In both instances, these
changes are presumably the. result of lipid accumula-
tion.

At 15 months, the incidence of basophilic foci was
significantly increased in 2,500 ppm males and these
foci were present in all females; the incidences in
exposed males and females at terminal sacrifice were
similar to those in the controls. Incidences of mixed
cell foci were significantly increased in 2,500 ppm
males and females at 15 months and in 1,000 and
2,500 ppm males and females at the end of the study;
at each time point, the incidence of mixed cell foci in
2,500 ppm females was twice that in 2,500 ppm
males. Hepatocyte foci were characterized as baso-
philic, eosinophilic, clear, or mixed based on cyto-
plasmic staining properties. These differences in
staining properties are generaily attributed to varia-
tions jn the amounss of rough or smooth endoplas-
mic reticulum, glycogen, or fat. Thus, basophilic foci
consist predominantly of cells with greater amoums
of rough endoplasmic reticalum, while eosinophilic
foci consist of cells with more smooth endoplasmic
reticulum.  Clear cell foci consist of cells with
vacuolated cytoplasm caused by the accurmulation of
lipid or with clear cytoplasm caused by the accumula-
tion of glycogen. The mixed cell foci consist of cells
with either basophilic or eosinophilic cytoplasm and
cells with vacuolated or clear cytoplasm.

The incidences of hepatocellular adenoma or carci-
noma {combined) in exposed male rais were not
significantly greater than that in the control group
(Tables 9 and A3).
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TABLE 9
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Rats in the 2-Year Feed Study
of 4,4"-Thiobis(6-¢t-Butyl-m-Cresol)

Dose (ppm) 0 500 1,000 2,500

Male

15-Month Interim Evaluation .

Livert 10 10 ki 10
Kupifer Celi Hypertrophy® 0 ] 0 10°* (1.2)°
Cytoplasmic Vacuolization 1 Qo 10% (1.1) 7 (10) 10°* (17)
Basophilic Focus 5 2 7 10*

Mixed Cell Focus 1 1 1 5
2-Year Study

Liver 50 50 50 49
Kupffer Cell Hypertrophy 2 (%) 300 2 (10) 3% 1)
Cytoplasmic Vacuolization 13 (12 1 (15 19 (14) 18 (20)
Basophilic Focus 18 22 3 22
Mixed Cell Focus 6 14 18 15+
Clear Cell Focus 2 0 1 1
Eosinophilic Focus 3 7 2 1
Hepatocellzlar Adenoma

Overall ratesd 1/50 (2%) 250 (4%) 3/50 (6%) 4749 (8%)
Adjusted rates® 5.6% 1% 13.6% 17.0%
Terminal ratesf 1/18 (6%) 228 (T%) 322 (14%) 2/18 (11%)
First incidence (days) 729 (T) 729 (D) 729 (D) 625
Logistic regression testd P=0.091 P=0.653 P=0.377 P=0.177
Hepatocellular Carcinoma 0/50 (0%) 1/50 (2%) 0/50 (0%) 149 (2%)
Hepatocellular Adenoma or Carcinoma®
Overall rates 1550 {2%) 3/50 (6%) 3/50 (6%) 5149 (10%)
Adjusted rates 56% 10.7% 13.6% 21.0%
Terminal rates 1/18 (6%) 3728 (11%) 322 (14%) 218 (11%)
First incidence (days) 729 () 729 (T) 729 (T) 625
Logistic regression test P=0.056 P=0.472 P=0.377 P=1{.100

{continued)
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TABLE 9
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Rats in the 2-Year Feed Study
of 4,4"-Thiobis(6-£-Butyl-m-Cresol) (continued)

Dose (ppm) 0 500 1,000 2,500

Female

15-Month Interim Evaluation

Liver 10 10 10 10
Kupffer Cell Hypertraphy 1 a0 0 5 (0 10°* (27)
Cytoplasmic Vacuolization 0 1 (1.0) 1 (1.0) 8* (1.0)
Basophilic Focus 10 10 10 19
Eosinophilic Focus 0 0 1 0
Mixed Cell Focus 0 1 (1] 10**

2-Year study .

Liver 50 50 50 50

" Kupffer Cell Hypertrophy 11 12 10 (15) T ) 42%* (2.1
Cytoplasmic Vacuolization 12 (1.3) 10 (1.4) 20* (1.3) 34** (2.7)
Fatty Change 9 A4 8 3 15 (13 19* (1.5)
Basophilic Focus 37 34 38 36
Mixed Cell Focus 5 4 14+ 34
Eosinophilic Focus 5 7 g 4
Clear Celf Focus 0 1 1 1
Adenoma 0 1] 0 1

*  Significanily different (F20.05) by the Fisher exact test (15-month interim evaluation) or the logistic regression test (terminal
sacrifice)

** (P£0.01)

(T) Terminal sacrifice

Number of animals with liver examined microscopically

Number of animals with fesion

Average severity grade of lesions in affected animals (1=minimal; 2=mild; 3=moderate; 4=marked)

Number of animals with neoplasm per number of animals with liver examined microscopically

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

Observed incidence at terminat kifl

Beneath the control incidence are the P values associated with the trend test. Beneath the exposed group incidence are the

P values corresponding to pairwise comparisons between the conirols and that exposed group. The logistic regression test regards

these neoplasms as nonfaral.

b Historical incidence for 2-year feed studies with untreated controf groups (mean =+ standand deviation): 417,251 (3.3% % 3.6%);
range 0%-10%

oA AL e
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Kidney: Nephropathy is a common occurrence in
aging F344/N rats and was observed in nearly all
males and the majority of females in this study. In
comparison to the control group, the severity of
nephropathy was significantly increased in 2,500 ppm
females both at 15 months and 2 years (Table 10).

TAELE 10
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The number of females with a moderate severity of
nephropathy was much higher in the 2,500 ppm
group than in the control group, whereas the reverse
was true for minimal nephropathy. The severity of
nephropathy was similar among ali groups of male
rats.

Incidences and Severity of Nephropathy in Female Rats in the 2-Year Feed Study

of 4,4°-Thiobis(6~-Butyl-m-Cresol)

‘Dose (ppm) 0 500 1,000 2,500
15-Month Interim Evaluation
Kidney® 10 10 10 10
Nephmpalhyh 9 10 10 10
Absent (Grade 0) 1 0 0 0
Minimal (Grade 1) 6 8 9 0
Mild (Grade 2) 3 2 1 8
Moderate (Grade 3) 0 0 0 2
Marked (Grade 4) 0 ¢ 0 0
Group average severily grade 12 12 11 22
2-Year Study
Kidney 50 50 50 50
Nephropathy 44 41 46 48
Absent (Grade 0) 6 9 4 2
Minima} (Grade 1) 17 14 19 1
Mild (Grade 2) 26 25 2 29
Moderate (Grade 3) 1 2 5 18
Marked (Grade 4) 0 0 1] 0
Group average severity grade 14 14 16 23

¢ Significantly different (P2£0.01) from the control group by the Mann-Whitney U test

4 Number of animals with kidney examined microscopically
b Number of animals with lesion
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Thyroid gland: The incidence of C-cell adenoma or
carcinoma {combined) occurred with a significant
positive trend in female rats and was slightly, but not
significantly, increased in the 1,000 and 2,500 ppm
groups at the end of the 2.year study (0 ppm, 3/49;
500 ppm, 4/4%; 1,000 ppm, 8/50; 2,500 ppm, 9/50;
Table B3). This positive trend was not considered
chemicai related because the incidence in 2,500 ppm
females was only slightly above the historical average
of 15% and well within the range of 6% to 31% for
historical controls (Table B4b). Further, C-cell
hyperplasia was decreased in females (28/49, 24/49,
27/50, 18/50; Table B5), although the decrease in
2,500 ppm females was not statistically significant by
pairwise comparison.

Uterus: Stromal polyps occurred with a significant
positive trend (O ppm, 2/50; 500 ppm, 5/50;
1,000 ppm, 9/50; 2,500 ppm, 9/50; Table B3) in the
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uteri of female rats exposed to TBBC. Increased
incidences of stromal polyps in females exposed to
1,000 or 2,500 ppm were significant; however, the
incidences are only slightly above the historical
control average of 16% and are well within the
historical contrel range of 2% 1o 30% (Table B4c).
The incidence in controls is unusually low compared
to that in historical comtrols. $tromal sarcoma was
also present in one 500 ppm and one 2,500 ppm
female.

Mammary gland: The incidence of fibroadenoma
occurred with a statistically significant negative trend
in female rats (29/50, 24/50, 11/50, 16/50; Table B3),
and the decreases were significant in the 1,000 and
2,500 ppm groups. There was also a significant
negative trend in the incidence of mammary gland
fibroadenoma, adenoma, or carcinoma (combined) in
females (32/50, 24/50, 11/50, 16/50; Table B3).




Mice
15-DAy STUDY

All 10,000 and 25,000 ppm male and female mice
and eight males and ecight females receiving
5,000 ppm TBBC died (Table 11). The two surviving
5,000 ppm males had a mean body weight loss of
25% and a final mean body weight 35% lower than
that of the controls; the final mean body weight of
2,500 ppm males was similar to that of the controls.
The two surviving 5,000 ppm females had a mean
body weight loss of 10% and a final mean body

TABLE L1
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weight 279 lower than that of the controls; the final
mean body weight of 2,500 ppm females was 13%
Jower than that of the controls. Male and female
mice receiving 1,000 ppm TBBC had final mean body
weights similar to those of the controls. Feed
consumption by 5,000, 10,000, and 25,000 ppm males
and females was markedly lower than that by con-
trols.  Mice exposed to 1,000, 2,500, or 5,000 ppm
received approximate doses of 285, 585, or 475
mg TBBC per kilogram body weight per day (males)
or 360, 950, or 1,030 mg/kg per day (females).
Approximate doses for mice exposed to 10,000 or

Survival, Body Weights, and Feed Consumption of Mice in the 15-Day Feed Study

of 4,4"-Thiobis(6-¢-Butyl-m-Cresol)

- Final Weight
Mean Body Weight” (g) Relative Feed
Concentration Survival® Initiat Final Change to Coutrols _ Consumption®
{ppm) (%) Week 1 Week 2
Male
0 10710 21.3 £ 0.4 242 + 0.7 3.0 = 06 6.7 9.1
1,000 10110 216 £ 05 261 = 03 45 + 0.2 108 59 2.7
2,500 10/10 21.9 £ 02 238 + 0.4 20 05 98 4.0 6.7
5,000 27104 21.0 = 0.6 159 £ D4** 53 + 0.3** 65 12 23
10,000 o700 2.7 £ 05 - - - 1.0 1.4
25,000 os10f 220 + 04 - - - 1.7 -
Female
0 10/10 15.7 + 03 189 + 0.4 31+ 03 - 6.1 131
1,000 10/10 15.5 + 03 193 + 0.2 3.8 + 04 103 48 78
2,500 10/10 162 + 04 165 = 0.5 0.3 + 0.4** 87 42 8.2
5,000 2710t 153 + 0.2 138 + 0.1%*  -1.2 + 0.7** 73 2.2 3.8
16,000 o0t 164 % 0.3 - - - 1.3 -
25,000 07100 168 + 0.2* - - - 0.9 -&

*  Sigpificantly different {P<0.05) from the control group by Williams’ or Dunnett's test

** (P20.01)

o »

Number of animals surviving at 15 days/number initially in group
Weights are given as mean * standard error. Subsequent calculations are based on animals surviving 1o the end of the studies.

No final mean body weights or body weight changes were caleulated for groups with 100% mortality.

Feed consumption is expressed as grams per animal per day.
Day of death: 10, 12, 12, 12, 13, 14, 15, 15

Day of death: 8, 8, 9, 10, 10, 10, 11, 11, 12, 12

Day of death: 4,4,4,5,5.5,6,6,6,6

Day of death: 9, 10, 10, 10, 11, 11, 11, 15
Day of death: 6,7,7,7,7,8,8,8,8,8
Day of death: 4,4,4,4,5,5,5,5 5,5

e L TR B I

All animals in these exposure groups died prior 1o the second week of the study
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to 10,000 or 25,000 ppm cannot be calculaied due 1o
early deaths. Reduced feed consumption by exposed
groups was seen as early as the first day of the study.
The reduction in feed consumption was aitributed to
poor feed palatability.

Diarrhea was observed in 25,000 ppm mice beginning
on either day 2 or day 3 of the study. Diarthea was
- also present in most 10,000 ppm males (beginning on
day 8) and females (beginning on day 2). Five
5,000 ppm males exhibited diarrhea (beginning on
day 9), as did nine 5,000 ppm females (beginning on
day 2).

Significantly different absolute or relative organ
weights in exposed groups of mice were associated
with lower mean body weights or were attributed to
severe debilitation and stress (thymus, spleen) and
were not considered to be the result of organ-specific
woxicity (Table Fd).

Because all 10,000 and 25,000 ppm male and female
mice died and because of morbidity in surviving
5,000 ppm males, hematology parameters were
measured only in males and females receiving 1,000
or 2,500 ppm and in 5,000 ppm femaies (Table G7).
Segmented newtrophil counts were significantly
higher in 2,500 and 5,000 ppm females. The
increases were modest and were not accompanied by
an increase in the number of immature cells, suggest-
ing that these increases were not an inflammatory
response. ‘The increased numbers of circulating
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mature neutrophils may have been related to a shift
in the total blood pool distribution without an
absolule increase. :

Significant increases in mean erythrocyie hemogiobin
concentration values occurred in all surviving ex-
posed male and female mice. Increased mean
erythrocyte hemoglobin concentration is not a
physiologic possibility and is usually an artifact
caused by sample handling or analytical error.
However, any condition that would cause increased
erythrocyte fragility leading to increased post-
sampling hemolysis could cause an increase in mean
erythrocyte hemoglobin concentration values.

Microscopic examination was not petformed on
tissues from mice in the 10,000 or 25,000 ppm
groups because they died before the end of the study.
Kidneys were examined microscopically in the 2,500,
and 5,000 ppm groups. The principal lesion caused
by the ingestion of TBBC was minimal focal renal
tubule necrosis in eight males and three females that
received 5,000 ppm. Most of the affected mice also
had a few protein casis within tubule jumens.
Depletion of cells from the bone marrow and
lymphoid organs was observed in many mice in the
5000 ppm group. Bone marrow depletion was
attributed to nutrient deficiency accompanying weight
loss; depletion of lymphoid organs is commoaly
associated with low body weight, debilitation, and
stress.




13-WEEK STUDY

All animals survived to the end of the study
(Table 12). The final mean body weight of
2,500 ppm males was 15% lower than that of the
controls. Female mice receiving 500, 1,000, or
2,500 ppm TBBC had final mean body weights 11%,
15%, and 22% lower than that of the coatrols,
respectively.  Final mean body weights of mice in
other exposure groups were similar to those of the
controls. Due to spillage and scattering, there were
limitations in measuring fecd consumption by mice
and the data were difficult to interpret. Feed con-
sumption by 2,500 ppm males averaged 24% less
than that by the controls through week 3 of the study
and was similar to that by the controls throughout
the remainder of the study. No conclusions can be

TABLE 12
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drawn from the slight variations in feed consumption
observed in the male control group in the latter part
of the study. Feed consumption by 2,500 ppm
females averaged 27% less than that by the controls
during most of the study. Mice exposed to 100, 250,
500, 1,000, or 2,500 ppm received approximate doses
of 15, 30, 65, 145, or 345 mg TBBC per kilogram
body weight per day (males) or 10, 35, 60, 165, or
340 mg/kg per day (females). Variations in feed con-
sumption by males or females at other exposure
levels did not appear to be chemical related. Since
no clinical findings related to TBBC administration
were observed in the presemt study, the reduction in
feed consumption by 2,500 ppm females was probably
du¢ to poor feed palatability.

Survival, Body Weights, and Feed Consamption of Mice in the 13-Week Feed Study

of 4,4"-Thiobis(6-4-Butyl-m-Cresol)

Final Weight
Mean Body Weight” (g) Relative Feed
Concentration Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 1 Week 13
Male
0 99 213 + 04 30.8 + 1.1 95 + 08 33 28
100 10/10 215 £ 0.5 306 £ 10 90 + 06 99 3.6 29
250 10/10 218 +04 31.7 = 0.6 98 + 0.6 103 3.1 3.5
500 1010 216 £ 0.6 30.5 £ 09 3906 99 a7 32
1,000 10710 222+ 04 308 = 0.6 87+ 06 100 - 38
2,500 10/10 21.6 = 04 263 + 0.4** 4.7 £ 0.3*¢ 85 © 26 4.0
Female
0 1010 177 03 307 208 130 = 0.3 30 34
100 1010 177 =03 8.1 =07 104 x Q.6* 971 22 2.6
250 10/10 17903 29.2 + 6.7 113 * 0.6** 95 31 34
500 1010 179+ 0.4 213 = 0.7 0.4 + 0.4*¢ 89 28 34
1,000 1010 1.7 £ 4.3 26.0 = 0.4** 83 = 0.3** 85 29 42
2,500 10/10 179 £ 6.3 238 + 0.5+ 59 + 0.4+ 78 290 37

** Significantly different (P£0.01) from the control group by Williams' or Durnett's test
Number of animals surviving/namber initially in group

Weights and weight changes are given as mean =+ standard error.

Feed consumption is expressed as grams per animal per day.

Feed consumption values were invalid due to technical emror.

(-



Results

Absolute and relative liver weights of 2,500 ppm
males and females were slightly but sigaificantly
greater than those of the controls (Table F5). Males
exposed to 500, 1,000, or 2,500 ppm and females
exposed to 2,500 ppm had significantly increased
absolute and relative splecn weights. Differences in
the absolute or relative weights of other organs were
related to reductions in mean body weights.

The erythrocyte counts, hematocrit and hemoglobin
concentrations, and mean erythrocyte volume values
of 2,500 ppm males and females were significantly
less than those of the controls (Table G8). The
hematocrit and erythrocyte counts of 1,000 ppm
males and females were also significantly reduced.
These differences were consistent with a developing
mild microcytic, normochromic, nonresponsive
anemia similar to differences observed in male rats
in the 13-week study,

TABLE 13

49

The principal Iesions associated with the adminis-
tration of TBBC to mice for 13 wecks occurred in
the liver and were similar to those observed in rats
(Table 13). The lesions were only observed in
2,500 ppm mice. The lesions in the liver consisted of
individual or apgregates of enlarged Kupffer cells
with abundant yellow-tan, pigmented cytoplasm
(Kupffer cell hypertrophy), focal accumulations of
similar macrophages in or adjacent 1o the portal
areas, and a slight increase in small bile ductules in
the portal areas (bile duct hyperplasia) (Plates 5
and 6). As in rats, the mesenteric lymph nodes of
the 2,500 ppm mice contained increased numbers of
enlarged macrophages.

Dose selection rationale: Because of the reduction in
mean body weights, the increase in liver and spleen
weights, and the accompanying histopathologic
changes of the liver in 2,500 ppm males and females,
the exposures selected for the 2-year study in mice
were 250, 500, and 1,000 ppm.

Incidences of Selected Nonneoplastic Lesions in Mice in the 13-Week Feed Study

of 4,4’ -Thiobis(6-t-Butyl-m-Cresol)

Dose (ppm) o 100 250 500 1,000 2,500
Male
Liver? 9 £ - - 10 10
Bile Duct Hyperplasiab 0 - - - 0 10=+(1.05%
Kupfter Celt Hypertrophy ¢ - - - 9 10%+(4.0)
Lymph Node, Mesenteric 9 - - - 10 19
Macrophage, Hyperplasia 0 - - - 0 5* (1.0)
Female
Liver 10 - - - 10 10
Bile Duct Hyperplasia 0 - - - 0 6*(1.0)
Kupffer Cell Hypertrophy 1] - - - 1] 10°%(3.4)
Lymph Node, Mesenteric 10 - - - 10 10
Macrophage, Hyperplasia 0 - - - 1 (.0 1 (20)

* Significanuly different (P<0.05) from the control group by Fisher's exact test

** P£0.01

3 Number of animals with organ examined microscopically
b Number of animals with esion

¢ Organ not examined microscopically

Average severity grade of lesions in affected animals (1=minitnal; Z=mild; 3=moderate; 4=marked)
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2-YEAR STUDY

Survival

Estimates of survival probabilities for male and
female mice administered TBBC in feed for 2 years
are presented in Table 14 and in Kaplan-Meier
survival curves (Figure 3). Survival rates of exposed
males and females were similar to those of the
controls.

Body Weights, Feed Consumption,

and Clinical Findings

The mean body weight of male mice receiving
1,000 ppm TBBC was approximately 109 lower than
that of the controls from week 45 through the end of
the study (Table 15). The mean body weight of

TaBLE 14

4,4" “Thiohis(6-¢-Butyl-m-Cresol), NTP TR 435

males receiving 500 ppm TBBC was slightly lower
than that of the controls throughout the study. The
mean body weight of 250 ppm males was similar 10
that of the controls throughout the study. The mean
body weight of 1,000 ppin females was 11% lower
than that of the controls by week 45 and was 18%
lower by the end of the study (Table 16 and
Figure 4). Final mean body weights of 250 and
500 ppm females were approximately 9% lower than
that of the controls. Exposure levels of 250, 500, or
1,000 ppm resuited in a daily ingestion of TBBC of
30, 60, or 145 mg/kg body weight for males or 45,
110, or 255 mg/kg for females. Feed consumption by
exposed male mice was similar to that by the controls
(Tables J3 and J4). No clinical findings were attrib-
uted to TBBC administration,

Survival of Mice in the 2-Year Feed Study of 4,4"-Thiobis(6-i-Butyl-m-Cresol)

0 ppm 250 ppm 500 ppm 1,000 ppm
Male
Animals initially in study 60 60 60 60
15-month intetim evaluation? 10 10 10 10
Natural deaths 6 6 1 4
Moribund 2 2 0 1
Animals surviving to study termination 42¢ 42¢ 49 45
Percent probability of survival at end of study® 84 84 98 90
Mean survival (days)® 673 667 683 678
Survival analysis® P=0.242N P=0.859 P=0036N P=0.536N
Femate
Animals initiatly in study 60 60 60 60
15-month interim evalvation® 9 9 10 10
Natural deaths 7 9 1 11
Moribund 4 3 3 4
Missing® 1
Animals surviving to study termination 40¢ 38 36 35
Percent probability of survival at end of study 79 76 72 !
Mean survival {days) 658 660 654 644
Survival analysis P=0.346 P=1.000 P=0.651 P=0.468
i Censored from survival analyses
b Kaplan-Meier determinations based on the number of animals alive on the first day of terminal sacrifice
¢ Mean of all deaths (uncensored, censored, and lerminal sacrifice)
d

The result of the life table trend test (Tarone, 1975) is in the control column, and the resuits of the life table pairwise

compatisons (Cox, 1972) with the controls are in the exposed columns. A negative trend or lower mortality in an exposure group

is indicated by N,
¢ Includes one animal that died the last week of the study
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Kaplan-Meler Survival Curves for Male and Female Mice
Administered 4,4°-Thiobis (6-£-Butyl-m-Cresel) in Feed for 2 Years
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TABLE 15
Mean Body Weights and Survival of Male Mice in the 2-Yenr Feed Study
of 4,4’ -Thlobis(6-t-Butylsn-Cresol)

Weeks @ ppm 250 ppm 500 ppm 1,000 ppm
on Av. Wt No. of Av. WL WL B of Noof Av. WL WL (% of No of Av. WL WL (% of No. of
Study {x) Survivers (g} conlroks) Survivors @® controls) Survivors ® controls) Survivors
1 221 60 22 1M 60 222 101 60 224 101 G0
2 235 60 238 101 60 239 102 50 244 104 60
3 2417 60 248 100 60 25.1 102 60 252 102 60
4 254 0 255 100 0 259 102 60 259 102 60
5 265 60 26.2 99 60 26.6 100 60 26.4 100 60
6 213 60 212 10 0 214 100 60 273 100 60
7 278 60 218 100 60 278 100 60 28.0 101 60
g 288 60 285 9 60 286 99 60 284 99 60
9 29.2 60 201 100 &0 288 9 60 238 99 60
10 302 60 301 100 &0 20.6 o8 60 29.3 97 60
11 306 60 304 99 60 302 9 60 299 98 60
12 316 60 312 9 [ 310 98 60 303 97 60
13 320 60 315 98 60 311 97 60 30.9 97 60
17 351 60 345 o8 60 338 96 60 333 95 60
21 370 60 364 o8 60 357 97 60 348 94 60
25 38.0 60 372 98 60 36.2 95 60 353 93 60
29 389 50 378 a7 60 36.7 94 60 358 92 60
33 411 &0 40.1 98 60 39.3 86 60 376 92 60
37 415 60 420 101 60 40.6 98 60 379 91 60
4 423 60 422 100 60 41.1 97 60 38.5 91 60
45 442 o0 43.5 98 60 42.2 96 60 399 90 60
49 45.6 &0 44.7 98 60 436 96 60 413 921 60
53 468 60 46.1 99 60 4.5 95 60 423 9% 60
57 415 60 469 9 60 456 96 ] 433 91 60
61 480 60 46.9 93 60 45.8 95 60 432 1] 60
654 483 60 475 98 60 459 95 &0 44.1 91 60
69 477 50 47 9 50 46.0 % 50 4337 92 50
73 478 50 475 9 49 46.0 9% 50 434 n 50
77 48.8 49 490 100 48 475 97 50 449 92 50
81 433 49 488 101 47 475 98 50 439 91 50
85 415 49 485 102 46 458 9% 50 428 50 50
89 469 49 472 101 46 453 97 50 428 91 49
93 464 48 474 102 45 44.5 % 50 423 91 48
97 46.5 46 492 106 44 452 97 50 426 92 47
101 46.0 43 483 105 43 450 98 49 428 93 46
104 47.0 42 495 105 42 46.2 98 49 432 92 45
Mean far weeks
1-13 21.7 274 06 276 100 2715 9
14-52 40.4 39.8 99 azs 26 362 90
96 432 91

53-104 474 479 101 45.7

* Interim evaluation occurred.
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TABLE 16

Mean Body Weights and Survival of Female Mice in the 2-Year Feed Study
of 4,4"-Thiobis(6--Butyl-m-Cresol) A

Weeks 0 ppm 250 ppm. 500 ppm 1,000 ppm
on Av. Wt No. of Av. WL WL (% of No.of Av.Wt WL (%of No of Ar. Wt WL (% of No.of
Study @ Survivors ®  controls) Survivors {®) conirols) Survivors ® controls) Survivors
i 182 60 182 100 60 185 102 60 18.6 102 60
2 202 60 205 102 60 205 102 60 207 103 ]
3 213 60 21.7 102 60 218 102 60 29 103 &0
4 2.6 60 26 100 60 25 100 60 227 100 &0
5 236 60 236 100 60 235 100 60 2346 100 60
6 46 60 245 100 60 243 99 60 245 100 &0
7 252 60 253 100 60 251 100 60 253 100 60
8 26.1 60 258 9 60 258 9 L] 58 99 0
9 27.0 60 26.6 9 60 26.5 98 60 26.4 98 60
10 282 60 278 9 60 27.2 97 60 272 97 60
11 28.6 60 283 9 60 278 97 59 218 97 60
12 204 60 290 9 60 284 97 59 284 97 60
13 3 60 298 98 60 287 95 59 239 95 60
17 333 60 3zs8 99 60 321 96 59 313 94 59
21 358 60 349 98 60 342 9% 59 335 94 59
25 362 &0 353 98 59 34 95 59 336 93 58
29 378 60 359 95 59 3s5.2 93 59 343 91 58
33 40.6 60 39.1 9% 59 385 95 59 368 91 58
37 41.1 60 40.6 99 5% 40.0 97 59 313 9n 58
41 419 60 408 97 59 40.0 96 59 380 91 58
45 439 60 427 97 5% 41.7 95 59 392 89 58
49 "45.1 60 4.1 98 59 43.0 95 50 40.3 ] 58
53 46.8 60 458 93 59 4.6 95 59 421 90 58
57 49.1 57 470 % 59 45.8 93 59 427 87 58
61 49.8 57 47.5 95 59 46.8 M 59 43.0 86 58
65% 505 57 481 95 58 481 95 59 435 86 58
69 499 43 483 97 49 473 95 49 433 86 48
73 512 48 484 95 49 476 93 48 434 85 48
77 532 47 502 94 48 43.7 92 48 444 84 48
81 52.5 47 501 95 48 1138 91 48 432 82 47
85 5.7 46 4390 45 48 463 9 47 425 82 45
89 512 44 49.3 9% 45 46.6 9 46 425 83 43
93 310 43 433 95 45 452 89 44 4290 82 41
97 509 43 49.7 98 42 459 90 41 420 83 39
101 502 43 46.7 93 41 45.0 90 38 41.1 82 36
104 50.7 40 464 92 38 46.0 91 36 41.6 B2 33
Meun for weeks
1-13 250 249 100 4.7 9 248 99
14-52 39.5 84 97 377 95 360 91
53-104 50.6 482 95 46.6 92 427 B4

2 Interim evaluation occurred.
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Results

Hematology and Clinical Chemisiry
Significantly lower hematocrit level, hemoglobin
concentration, and erythrocyte count in 1,000 ppm
males at 15 months were considered evidence of a
mild normocytic normochromic nonresponsive
anemia (Table G11). These decreases were similar
to those that occurred in rats.  Significantly
decreased total leukocyte counts occurred in 500 and
1,000 ppm male mice at the 15-month interim
cvaluation.

Serum alkaline phosphatase (ALP) activities in
1,000 ppm males were slightly but significantly
greater than those of the controls at 3 and 9 months
(Tables G9 and G10). While ALP activity in
1,000 ppm males was numericaily greater than that in
controls at 15 months, the difference was not statisti-
cally significant. The ALP activity in 1,000 ppm
females at 9 months was significantly greater than
that in controls. Serum levels of total bilirubin in
250, 500, and 1,000 ppm males were significantly
greater than those in coatrols at 9 and 15 months.
At 9 months, the serum total bilirubin level in
250 ppm males was also sipnificantly greater. These
findings are consistent with hepatocellular damage.

Pathology and Statistical Evaluation

This section describes the statistically significant or
biologically noteworthy changes in the incidences of
neoplasms and nonneoplastic lesions in the liver and
bone marrow. Summaries of the incidences of
neoplasms and nonneoplastic lesions, individual
animal tumor diagnoses, statistical analyses of
primary neoplasms that occurred with an incidence
of 2t least 5% in at least one animal group, and
historical incidences for the neoplasms mentioned in
this seciion are presented in Appendix C for male
mice and Appendix D for female mice.

Liver: At the 15-month interim evaluation, the
relative liver weight of 1,000 ppm females was
greater than that of controls due to a decrease in
mean body weight in this group (Table F6). Abso-
lute and relative liver weights of all other exposed
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male and female mice were similar to those of the
controls. The incidence and severity of cytoplasmic
vacuolization occurred with a negative trend in male
mice (lipid accumulation was characterized as cyto-
plasmic vacuolization at 15 months, and as fatty
change at 2 years, based on criteria discussed pre-
viously on page 41 in the rat study) (Tables 17, C3,
and C5). An cosinophilic focus was present in one
500 ppm male at 15 months. At the end of the
study, the incidences of fatty change, clear cell and
eosinophilic foci, and hepatocellular adenoma or
carcinoma (combined) all occurred with negative
trends in male mice. Most of the negative trends
were statistically significant and most occurrences in
1,000 ppm males were significant by pairwise com-
parison. A basophilic focus was present in one
500 ppm male.

Bone marrow: Mpyelofibrosis was present in ail
groups of females with a significant positive trend
(0 ppm, 21/51; 250 ppm, 18/50; 500 ppm, 23/50;
1,000 ppm, 34/50; Table D4) and the incidence in
1,000 ppm females was significant by pairwise com-
patison.

GENETIC TOXICOLOGY

TBBC (33 to 10,000 ug/plate) was not mutagenic in
Saimonella tphimurium strains TA98, TA100,
‘TA1535, or TA1537 when tested in a pre-incubation
protocol with and without Aroclor 1254-induced
male Sprague-Dawley rat or Syrian hamster liver 9

(Table E1; Zeiger er al., 1987). A precipitate was

observed on plates treated with 333 up or greater
TBBC. In cytogenetic tests with cultured Chinese
hamster ovary cells, TBBC induced sister chromatid
exchanges with and without S9, at doses which
induced cell cycle delay (Table E2}. No induction of
chromosomal aberrations was observed in these cells,
with or without 59 (Table E3). Because of TBBC-
induced cell cycle delay, culiures analyzed for chro-
mosomal aberrations were incubated for 20.5 hours,
rather than the usual 12 hours, to allow sufficient
celis to accumulate for harvest.
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TABLE 17
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Male Mice in the 2-Year Feed Study
of 4,4"-Thiobis(6-t-Butyl-m-Cresol)

Dose (ppm) 0 250 500 1,000

15-Month Interim Evaluation

Liver2 10 10 10 10
Cytoplasmic Vacuolization® 6 (2.7)¢ 2 (20 3 (23 1* (1.0)
Eosinophilic Focus 0 0 1 0
Hepatocellular Adenoma 0 2 4 2

2-Year Study

Liver 50 50 50 50
Fatty Change 19 (1.9 17 (20) 50¢(2.0) 6**(1.0)
Clear Cell Focus 6 5 2 o*
Eosinophilic Focus 2 3 2 0

- Basophilic Focus 0 0 1 0

Focus, Any Type 8 8 5 o

Hepatocellular Adenoma or Carcinomat
Overall ratee 25/50 (50%) 30/50 (60%) 27/50 (54%) 16/50 (32%)
Adjusted ratef 55.4% 62.4% 54.0% 34.7%
Terminal rateg 22/42 (52%) 24442 (57%) 26/49 (53%) 15/45 (33%)
First incidence (days) 620 489 682 638
Logistic regression test? FP=0018N P=0.221 P=0.471 P=0.046N

* Significantly different (P<0.05) from the control group by the Fisher exact test (15-month interim evaluation) or the logistic
regression test {2-year study)

** P20.01

Number of animals with liver examined microscopicalty

Number of aninzals with lesion .

Average severity grade of lesions in affected animals (1=minimal; 2=mild; 3=moderate; 4=marked)

Historical incidence for 2-year feed studies with untreated control groups (mean = standard deviation): 485/1,366

(35.5% = 14.3%); range 10%-68%

€ Number of animals with neoplasm per number of animals with liver examined microscopically

f Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality

& Observed incidence at terminal kill

L Beneath the eontrol incidence are the P values associated with the trend test. Beneath the exposed group incidence are the
P values corresponding to pairwisc comparisons between the controls and that exposed group. The logistic regression test regards
these neoplasms as nonfatal. A negative trend or lowet incidence in an exposed group is indicated by N.
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PLATE 1

Kidney of 2 female F344/N rat receiving 10,000 ppm 4,4'-(hicbis(64-
butyl-m-cresol) in the 15-day feed study. A scgment of a proximal
convoluted tubule with fattened epithelium is distended by a hyaline cast
(C). Note the adjacent tubule filled with exfoliated necrotic cells (*) and
other tubules with vacuolated epithelial cells and pyknotic puclei
(arrows). H&E, 80%

PLATE 3
Liver of a male F344/N rat receiving 5,000 ppm 4,4’ -thiobis(6--
butyl-m-cresol) in the 13-week feed study. *Note the accumulation of
cnlarged Kupffer cells in the hepatic sinusoids and portal area (arrows)
and proliferation of small bile ductules (arrow heads), H&E, 80x
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PLATE 2

Kidney of another female F344/N rat receiving 10,000 ppm 44" -thiobis(6-#-
butyl-m-cresol) in the 15-day feed study. Nole the coagulation necrosis of
the renal papilla (N). H&E, 10x

PLATE 4

Kidney of a male F344/N rar receiving 5,000 ppm 4,4'-lhi0bis(6—t-
butyl-m-cresol) in the 13-week feed study. The segment of proximal
convoluted tubule in the center of the ficld exhibits complete necrosis of the
epithelium (*). Adjacent tubules exhibit necrosis of individual cells which
have pyknotic nuclei (arrows). Compare wilh norntal tubule epithelivm (N).
H&E, 80x




PLATE 5

. Liver of a male B6C3F; mouse receiving Z,500 ppm 4,4 -thiobis(6+-

-week feed study of

~thiobis(é-t-butylvn-cresol). Compare with Plate 6. H&E, B0k

1

Liver of a control male B6C3F, mouse in the 13

44’

small bile ductules (arvow heads). The hepatocyte nuclei are larger than
normal and the cytoplasm contains an increased amount of basophilic

small clusters of enlarged Kuptfer cells (arrows) and the proliferation of
material (rough endoplasmic reticulum). H&E, 80x

butyl-m-cresol) in the 13-week feed stutdy. Note the scattered individual and
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DISCUSSION AND CONCLUSIONS

4,4’ -Thiobis(6-+-butyl-m-cresol} (TBBC) is used in
the rubber and plastics industries as an antioxidant
and as a stabilizer in polyethylene and polyolefin
food packaging materials. Because of concern
regarding the elevated cancer risk of workers in the
rubber industry, the National Cancer Institute
nominated TBBC for toxicology and carcinogenesis
studies as a representative of the sulfur-containing
class of antioxidants used im rubber processing
Because food packaging appeared to represent the
most widespread potential for human exposure, the
oral route of administration was chosen for the
15-day, 13-week, and 2-year studies in F344/N rats
and B6C3F, mice.

The principal toxic effects associated with the admin-
istration of TBBC in the present studies occurred in
the liver and kidney of rats and mice. With the
exception of the renal lesions observed in the 15-day
and 13-week studies, these findings are in agreement
with the few studies reported in the literature.
Birnbaum ez al. (1983) reported that the liver was
the major site of metabolism of TBBC in rats and
that the compound was excreted primarily in the bile.
In a 30-day feed study in rats, 2,500 ppm TBBC
produced increased liver weight and growth retarda-
tion; rats fed diets containing 500 ppm for 90 days
displayed only reduced feed consumption and slight
_gtowth retardation (Lefaux, 1968). A dose-related
increase in liver weight accompanied by a slight
increase in the number of Kupffer cclls was reported
in females exposed to 200 mg/kg in a study in which
mice were administered 10, 100, or 200 mg/kg daily
by gavage for 14 days (Munson et af., 1988). In the
NTP 15-day studies in rats or mice receiving TBBC
in feed at doses ranging from 1,000 to 25,000 ppm,
liver toxicity was not observed in surviving animals.
However, in the NTP 13-week studies in rats, abso-
lute and relative liver weights were significantly
greater in females receiving 5,000 ppm than in
controls, Males and females in the 2,500 and
5,000 ppm groups exhibited Kupffer cell hypertrophy,
hepatocyte necrosis, and bile duct hyperplasia. In
addition, males and females exposed to 5,000 ppm
TBBC also exhibited centrilobular hepatocyte hyper-
trophy.  Consistent with these histopathologic
findings in the 13-week rat studies, there were
significant elevations in serum levels of alanine
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aminotransferase (ALT) and alkaline phosphatase
(ALP). Increased levels of ALT are usuoally
associated with damage to hepatocytes; increases in
ALP are usually associated with biliary disease. Male
and female rats receiving 5,000 ppm in these studies
exhibited a significant increase in size and number of
macrophages in the mesenteric lymph nodes; a tesser,
but similar response occurfed in 2,500 ppm rats.

The 13-week NTP study in mice also elicited hepato-
toxicity in 2,500 ppm males and females as exhibited
by slight but significant increases in absolute and
relative liver weights and the presence of Kupffer cell
hypertrophy and bile duct hyperplasia. The response
in rats at the same exposure level (2,500 ppm) was
similar, except that liver weights in 2,500 ppm rats
were unaffected and necrosis and centrilobular
hypertrophy were observed in rats but not in mice.
Based on average daily feed consumption, 2,500 ppm
rats ingested roughly one-third as much TBBC cn a
body weight basis as mice. Thus, the liver of rats
may be more sensitive than that of mice 10 the
effects of this chemical. Additionally, there was a
mild increase in size and number of macrophages in
mesenteric lymph nodes of male and female mice
administered 2,500 ppm; this response was similar to
that observed in 2,500 ppm rats.

In the 2-year rat study, the highest exposure Jevel
{2,500 ppm TBBC) produced liver toxicity. At this
exposure level, males and females exhibited increases
in liver weights, Kupffer c¢ell hypertrophy, cyto-
plasmic vacuolization, and basophilic and mixed cell
foci at the -15-month interim ¢valuation and at the
end of the 2-year study. In addition, marked signif-
icant increases in serum ALT and sorbitol dehydro-
genase activities (SDH) occurred in males and
females at the 15-month evaluation; these cyto-
plasmic enzymes are released into the blood follow-
ing hepatoceliular injury. The mild but significant
increases in ALP which occurred in males in various
exposure groups at the 3-, 9-, and 15-month evalua-
tions are indicative of disturbances involving the
hepatobiliary system. This increase did not occur in
females. Although certain liver responses occurred
in males and females, liver weight increase was more
pronounced in females, there was a strong significant
increase in the incidence of cytaoplasmic vacuolization
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in females but not in males, and mixed cell foci
occurred in twice as many 2,500 ppm females as
2,500 ppm males. Thus, the preponderance of these
Tesponses accurred in females.

The incidence of hepatoceliular adenoma or carci-
noma (combined) was slightly increased in male rats
administered 2,500 ppm TBBC (0 ppm, 1/50;
500 ppm, 3/50; 1,000 ppm, 3/50; 2,500 ppm, 5/49),
but the increased incidence was not significant and
did not exceed the range of 0% to 10% in historical
control male rats. Furthermore, the incidences of
these neoplasms were not increased in females,
despite the fact that fernales demonstrated a greater
number of different nonncoplastic responses. There-
fore, the incidence of hepatocellular adenoma or
carcinoma (combined) in male rats is not considered
a carcinogenic response to TBBC.

In contrast to the findings in the 13-week study at
2,500 ppm, liver weights of mice were unaffected and
there were no microscopic findings of hepatotoxicity
in mice exposed to 1,000 ppm TBBC in feed for
2 years. Since 1,000 ppm male and female mice
actually had a greater average daily ingestion of
TBBC on a mg/kg body weight basis than did rats
exposed to 2,500 ppm TBBC, the lack of microscopic
findings in mice may indicate (as appeared to be the
case in the 13-week studies) a higher degree of liver
sensitivity in rats. This conclusion is strengthened by
the marked significant increase in ALT and SDH
found in rats but not mice. Total bilirubin in
1,000 ppin male mice was slightly but significantly
greater than that in controls at 9 and 15 months.
This response did not cccur in female mice or in
rats. In addition, the serum activity of ALP was
significantly higher in male and female mice at
various exposure levels and time points; these
increases were milder in degree but similar to those
that occurred in the rats. Increases in serum levels
of total bilirubin would be consistent with either
cholestasis or a liver function disorder in which
circulating bilirubin could not be removed by the
liver for conjugation and excretion. Increases in both
ALP activity and total bilirubin concentration would
be consistent with cholestasis. However, increases in
total bilirubin concentration related to cholestasis
are usually accompanied by increases in direct
bilirubin, which did not occur in the present studies.
In males, liver lesions which occurred with a signif-
icant negative trend incladed fatty change, clear cell
faci, and hepatacellular adenoma or carcinoma (com-
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bined). The significant negative trends were con-
sidered to be related to the administration of TBBC.
In 1,000 ppm male mice, the incidence of hepato-
cellular adenoma Or carcinoma (combined) was
significantly lower than that of controis by pairwise
comparison. This result may be due to the reduction
in mean body weight, since a significant positive
association has been found between liver neoplasm
prevalence and -body weight in mate B6C3F, mice
(Rao er al., 1990).

Evidence of kidney toxicity was present in rats and
mice in the NTP 15-day studies and in rats in the
13-week study. In 10,000 ppm rats in the 15-day
study, necrosis of the papilla was observed in one
female and two males and focal necrosis of the
tubules was observed in four males and seven
females. Eight male mice and three female mice
receiving 5,000 ppm in the 15-day study had tubule
necrosis. Following 13 wecks of exposure, pigmenta-
tion and degeneration of the renal cortical tubule
epithelial cells were present in male and female rats
receiving 2,500 or 5,000 ppm; mild to moderate
cortical tubule necrosis was also found in 5,000 ppm
males and females. These lesions appear to be
related to the administration of TBBC. Kidney
lesions were not reported in the feed studies sum-
marized by Lefaux (1968) in which 1ats were exposed
to 500 or 2,500 ppm for 30 days and 50 ar 500 ppm
for 90 days. In the present NTP 2.year rat study,
chronic nephropathy common in aging rats was
found in nearly all animals. However, the severity of
nephropathy in 2,500 ppm females was significantly
greater than that in the control group, and the
increase was attributed to the administration of
TBBC. In remaining female exposure groups and in
all exposed males, the severity of nephropathy was
sintilar to that of the controls.

In the 13-week NTP studies, TBBC again affected
hematology parameters in rats and mice. Significant
decreases in hemoglobin and hematocrit values
occurred in male rats and male and female mice;
mean erythrocyte volume values were significantly
lower in rats and mice; erythrocyte counts were
significantly lower in mice but not in rats; and
neutrophil counts were significantly higher in rats
but not in mice.

In the 2-year study, results of hematocrit and hemo-
globin analyses performed on two sets of male rats
evaluated at 15 months were conflicting. However,
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the results in eack set of females indicated significant
decreases; male mice also had a significant decrease
in these parameters and in erythrocyte counts.

The significant increases in platelets which occurred
mainly in 2,500 ppm male and female rats in the
2-year study are consistent with a reactive thrombo-
cytosis. 'This condition has been observed with
inflammations, trauma, surgety, hyposplenic or
asplenic states, malignancies, acute blood loss, and
hyperadrenocorticism.

The neurotoxicity evalvation in the 13-week study
demonstrated siatistically significant increases in grip
strength in exposed rats, which did not occur in the
2-year study. While these evaluations were per-
formed on animals of the same strain and age using
the same methodology, they were conducted at.two
different laboratories. Therefore, the toxicologic
significance of the positive findings in the 13-week
study is uncertain. Further, no significant effects of
TBBC were found on motor nerve excitability or
conduction, neuromuscular transmission, muscle
contractility, or neuropathology.

Although the rate of survival was lcss than 50% in
1,000 ppm male rats (42%) and 2,500 ppm male rats
(36%), the survival rate for the control group was
only 36% and reduced survival does not appear to be
chemical related. Further, 50% of the 2,500 ppm
males survived until weck 97 and 50% of the
1,000 ppm male rats survived until week 101, allow-
ing adequate time for the possible development of
neoplasms. Some degree of chemical-related toxicity
in 2,500 ppm rats was observed; mean body weights
of rats in this group were slightly but consistently
reduced, despite the fact that feed consumption by
this group was similar 10 that by the controls. The
final mean body weight of 2,500 ppm males was 5%
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less than that of the controls; the mean body weight
of femates exposed to 2,500 ppm TBBC dropped to
14% below that of the controls at week 65 and was
6% lower than that of the controls at the end of the
study. There was also enough evidence of liver
toxicity in the 2,500 ppm male and female rats in the
2-year study to indicate that a greater exposure level
would have compromised the sensitivity of the study
1o detect neoplasia.  In addition, exposure to
5,000 ppm TBBC in the 13-week study resulted in a
significant increase in absolute and relative liver
weight in females, marked reductions in final mean
body weights and feed consumption in both males
and females, and liver and kidney toxicity in males
and females, as mentioned earlier. These observa-
tions indicate that rats could not have tolerated an
exposure level much higher than 2,500 ppm.

Although-no overt organ 1oxicity was observed in
mice in the highest exposure group in the 2-year
study (1,000 ppm), the reductions in final mean body
weights were indicative of a toxic response to TBBC.
The final mean body weights of 1,000 ppm male and
female mice were 8% and 18% lower than that of
the controls, respectively; feed consumption by the
1,000 ppm males was similar to that by the controls,
In the 13-week study, 2,500 ppm males had a final
mean body weight 15% lower than that of the
controls and the final mean beody weight of
2,500 ppm females was 22% lower than that of the
controls. This exposure level also produced Kupffer
cell hypertrophy and bile duct hyperplasia in males
and females, At 15 months, males had a significant
increase in total bilirubin at all exposure levels and
500 and 1,000 ppm females had a significant eleva-
tion in ALP. It is probable that an exposure level
greater than 1,000 ppm for 2 years would have
caused severe weight loss and liver toxicity in mice.




CONCLUSIONS

Under the conditions of these 2-year feed studies,
there was no evidence of carcinogenic activity* of
4,4' -thiobis(6-t-butyl-m-cresol) in male or female
F344/N rats administered 500, 1,000, or 2,500 ppm or
in male or female B6C3F, mice administered 250,
500, or 1,000 ppm.

Nonneoplastic lesions associated with exposure 10
TBBC incloded: Kupffer cell hypertrephy, cyto-

4,4’ “Thiobis{6-+-Butyl-m-Cresol), NTP TR 435

plasmic vacuolization, and mixed cell foci in the liver
of male and female rats, fatty change in the liver of
female rats, and an increase in the severity of
nephropathy in the kidney of female rats. In addi-
tion, decreased incidemces of fibroadenoma,
adencma, or carcinoma (combined) were observed in
the mammary gland of female rats. Decreases also
occurred in the incidences of fatty change, clear cell
foci, and adenoma or carcinoma (combined) in the
liver of male mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 13.
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Test of Trifluoromethylbenzene by Oral Administration in Rats
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CES ORI, 20WES, BENELE LTHBEETHE
BoIBlciiowro7y— Ik aHEHEH 5 Wik
Uy SEIC & A MEFB~OMREES L UEIIRPED
RS H B 7, ‘

EET, AFEFLEQFFR ORS00 mg/kg B0
108, 100 mg/kgBF 0 36, WIREEDZEHFH 500
mg/kgHOIBICED LR, FOIED, BRENELE
LTt EREE S & 0°500 me/kg B0 % 1) i BeEg D RES 5
MorTT:E, MHEEED 1FH RN & REAETIALE & DmE
WRHLNI, ¥, HREOIFCHOYII T 7 -
I ARIEFRED B W) BRI X AMEFM~D
MiaEES L UK PREONES A S n .

500 mg/ke BN DFETHITIE, SEF L RBONE
OO IR IR A L3, BROBENE
MR, NEFRE L UBIIR 2 S U R BRI oo i
B HLN, SHZNGEREEDY ¥ BkOBEES LU
BOBISI RS b i,

100 mg/kg B IBETHICIE, HEELFET, 58
B D T ol L, MM RAE FEOBRH{EB LT
BEREAEEE S/,
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Fig. 1 Mean hody weight changes of rats treated orally with trifluoromethylbenzene in the combined repeat dose and

repraductive/developmental toxicity screening test



Tablel Hematological findings of male rats treated orally with trifluoromethylbenzene in the comb ined repeat dose
and reproductwe/ developmental toxicity screemng test

Dose{mg/kg) 0 20 100 500 ‘
No. of animals 12 12 12 11
Leucocyte {105/ ) 79+ 16 72 + 18 86 16 77 E£ 19
Erythrocyte (104/ul) 853 + 36 872 + 35 868 + 27 877 = 30
Hemoglobin (g/df) 148 + 06 149 £ 0.6 4.6 + 02 146 + 05
Hematocrit (%) 473 + 1.9 484 + 1.8 474 £ 13 TOAT2 %20
Platelet (104/ ) 1003 + 12.3 92.0 £ 109 959 + 8.2 1025 = 7.8
MCV{) 55 % 1 56 + 2 5+ 2 5+ 2
MCH (pg) 173 £ 06 171 & 04 168 £ 0.5 16.6 + 0.5
MCHC (%) 312 + 0.5 309 £ 05 30.8 = 0.6 309 + 07

* 1 P<O.05 (significantly different from control)
Values are mean &= S.D.

Table2  Blood chemical findings of male rats treated orally with trifluoromethylbenzene in the combined repeat
dose and reproductive/developmental toxicity screening test

~ Dose(mg/ke) Q 20 100 500
No. of animals 12 12 12 11
T.protein(g/d) 53 = 02 53 4 0.3 55 =+ 0.1 5.8 & (0.2
Albumin{g/df) , 37 4 02 36 £ 0.1 38 0.1 4.1 £ 0.2**
A/G ratio 223 £ 020 2.25 £ 0.29 225 £ 0.25 237 £ 019
GOT{Iu/D 98 £ 12 8 -+ 12 82 & 14* 77 + 15
GPT(IU/t) 24 + 4 21 %2 © 23 %3 2244
y-GTP{IU/) 04 % 0.2 04 + 0.2 04 + 0.2 0.5 + 0.2
ALP{TU/) 198 = 23 203 =+ 20 197 £ 27 184 + 24
T.cholesterol (mg/dl) 50+ 9 46+ 9 56 £ 12 85 & 10**
Triglycerides (mg/d!) 31 + 10 28+8 35+ 12 66 + 15%*
Phospholipids (mg/d¢) i 80 + 2 77+ 12 93 £ 17 140 4+ 14%*
T.bitirubin (mg/d!) 00 £ 0.0 0.0 + 0.0 0.0 = 00 0.0 £ 00
Glucose (mg/dl) 138 + 14 132 %12 123 £ 15 103 & 13%
BUN (mg/d!) 140 £ 21 145 + 22 149 + 1.3 16.1 + 1.9
Creatinine (mg/di) 0.5 £ 0.1 {4 £ 0.1 05 £+ 0l 04 £ 01
IP(mg/0t) 64 £ 0.6 64 £ 0.8 64 + 0.6 6.1 =08
Calmg/d!) 95+ 0.2 95 + 0.2 96 + 0.2 9.9 £ 0.2%
Na{mEq/I} 1471 £ 1.0 1475 £ 08 1466 = 0.8 1471 = 07
K(mEq/t) 438 + 0.26 432 = 0.20 436 £ 0.10 434 = 017
Cl{imEa/l) 1054 + 1.4 1062 % 1.1 1046 + 0.8 104.2 + L1

* 1 P<0.05, * ¢ P00 (significantty different from control)
Values are mean * S.D.
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Table 3  Absclute and relative organ weights of rats treated orally with trifluoromethylbenzene in the combined
repeat dose and reproductive/developmental toxicity screening test

Relative organ weight

Dose (mg/kg) . 0 20 100 500
Male
No. of animals 12 12 12 11
Absolute organ weight .
Final Body Weight (g} 516.2 *+ 35.7 4971 £ 406 501.1 &£ 376 4778 £ 416
Brain(g) 215 £ 0.09 215 £ 0.05 2.14 £ 0.09 2.13 & 0.06
Heart (g} 1.59 + 0.10 160 + 0.08 152 + 0.13 1.60 = 0.20
Lungs(g} 1.60 £ 0.27 146 &+ 0.13 151 £+ 011 142 + 0,12
Thymus (g} 0.39 £ 0.05 0.40 = 0.11 0.36 + 007 0.34 = 0.08
Liver(g} 1446 + 1.75 13.35 = 1.73 1544 = 1.20 18.86 £ 1.61**
Spleen{g) 0.78 £ 0.11 0.76 = 0.13 0.75 £ 0.12 078 = 0.12
Kidneys(g) 3.20 £ 0.28 327 £ 025 3.51 = 0.23 433 L 0.65%*
Adrenals (mg) 64.5 £ 6.1 65.0 &= 74 61.3 £ 6.5 618 + 6.9
Testes(g) 345 £ 0.2 3.34 + 0.20 343 £ 021 347 + 030
Epididymides (g} 1.32 £+ 0.09 1.32 + 0.00 1.31 £ 0.10 1.33 £ 0.10

Brain{g/100 g B.W.) 042 = 003 044 = 0.03 043 £ 0.02 0.45 + 0.04
Heart(g/100 g BW.) 0.31 + 0.03 0.32 £ 0.03 030 + 0.03 033 + 0.03
Lungs{g/100 g B.W.) 0.31 = 007 029 £ 002 0.30 = 0.02 0.30 = 0.03
Thymus (g/100 g B.W.) 007 + 0.01 0.08 & 0.02 0.07 % 002 0.07 £ 0.02
Liver(g/100 g B.W.) 280 = 021 268 £ 019 3.09 £+ 0.25* 3.96 & 0.24%**
Spleen{g/100 g B.W.) 0.15 = 002 0.15 % 0.02 6.15 = 0.02 0.16 * 0.03
Kidneys(g/100 g B.W.) 0.62 & 0.4 0.66 + 0.04 0.70 % 0.06 091 + 0.14**
Adrenals(mg/100 g B.W.) 125 + 1.0 13.1 = 1.3 123 + 1.8 13.0 &= 1.5
Testes (g/100 g B.W.) 0.67 & 0.06 .68 £ 0.07 0.69 + 0.06 0.73 = 0.06
Epididymides (g/100 g B.W.) 0.26 + 0.03. 0.27 £ 0.03 0.26 =+ 0,02 0.28 + 0.02
Female

No. of animals 12 12 16 10
Absolute organ weight

Final Body Weight {z} 3479 = 14.2 348.9 + 19.6 3540 = 216 3422 + 188
Brain (g) 203 £ 0.08 2.07 = 0.09 2,07 + 0.06 205 = 0.05
Heart (g} 1.12 + 0.12 1.11 + 0.08 1.07 + 0.10 108 £ 0.13
Lungs(g} 1.25 + 0.20 126 £+ 0.4 146 + 0.79 £19 £ 0.10
Thymus{g) 0.20 + 0.03 0.20 £ 0.08 0.22 + .07 0.17 &= 0.05
Liver (g} 14.62 x 1.16 14.65 + 1.36 1521 + 1.28 16.32 + 1.59*
Spleen (g) 0.68 + 0.12 0.65 £ 0.06 0.64 £ 0.09 0.62 + 0.12
Kidneys(g) 2.07 = 0.16 208 + 014 2.10 = 0.11 2.16 £ 007
Adrenals (mg} 76.1 = 9.2 © 784 + 83 786 £ 7.0 74.7 + 9.6
Ovaries (mg) 1010 + 12.2 109.1 £+ 144 110.9 + 12,0 1088 + 7.3
Relative organ weight

Brain{g/100 g B.W.) 0.58 + 0.03 0.60 = 0.05 .59 = 0.04 060 = 0.02
Heart(g/100 g B.W.) 032 £ .03 0.32 = 6.02 - 030 £ 0.04 0.32 & 0,03
Lungs(g/100 g BW.) 0.36 + 0.06 (.36 + 0.04 042 + 0.27 - .35 + 0.02
Thymus {g/100 g B.W.) 0.06 £ 6.0L 0.06 + 0.02 0.06 £ 0.02 0.05 = 0.01
Liver{g/100 g B.W.) 420 + 0.23 420 + 0.29 430 £ 023 477 £ 0.44%*
Spleen{g/100 g B.W.) 019 + (.03 0.19 + 0.01 0.18 = 0.03 0.18 + 0.03
Kidneys (g/100 g B.W.) 0.60 + .03 0.60 = 0.04 0.59 = 0.03 0.63 + 0.04
Adrenals (mg/100 g B.W.) 219 + 26 224 -+ 2.0 222 + 1.6 218 £ 23
Ovaries (mg/100 g B.W.) 280 + 3.0 314 + 44 3l4 &+ 35 318 + 2.1

*+ P<0.05, * ¢ P<0.01{significantly different from control)

Values are mean + 5.D.



‘L'able 4

and reproductive/developmental toxicity screening test

Histopathological findings of rats treated orally with trifiuvoromethylbenzene in the combined repeat dose

Dose {mg/kg) 0 20 100
Terreinal sacrifice Terminal sacrifice Terminal sacrifice Touminent saceifice/Dead Total )
QOrgans and findings -+ At - 4+ -~ + - + -+ A+
Male
Number of animals 12 12 12
Digestive systern
Liver (12) (12) (12)
Hypertrophy, centrilobular 129 0 0 12 0 ¢ 0 2 9 1 0
Respiratory system
Lung (12) (0} (1)
Cellular infiltration 11 ¥ 0 0
Thickening, funica media, artery 11 90 0
Urinary system
Kidney (12) (12) {12}
Hyaline droplets, proximal tubules 12 0 0 0 12 0 ¢ 0 0 3 9 ¢
Mecrosis, prozimal tubules 120 0 ¢ i2 0 ¢ ¢ 0 7 % 0
Dilatatton, proximal tubules 12 0 0 0 12 0 0 9 11 1 0 0
Change, basophilic, proximal tubules 12 0 0 0 12 0 0 0 M2 0 0
Scar 120 0 0 Z 0 0 0 12 0 0 0
Female
Number of animals 12 12 11 1 12
Digestive system
Liver (12) (12) (11) (1) (12)
Hypertrophy, centrilobular 12 0 0 0 12 ¢ 0 0 8§ 3 0 0 ‘1 0.0 ¢ 9 3 0 0
Change, fatty, periportaland midzonal 12 0 0 Q 12 0 0 ¢ 11 0 0 ¢ 0 0 1 0 1 o6 190
Stomach (0} () (o)) (0) (0
Ulcer, forestomach
Ulcer, glandular stomach
Respiratory system
Lung (12) {0) 0] {n (2)
Cellular infittration 11 1 0 0 0 1 0 0O 1 0 0 0 1 1 0 0
Thickening, tunica media, artery 1 1 0 0 ¢ 1 0 0 1 0 0 ¢ I 1 0 0
Hematopoietic system
Thymus (12) (0) (11) 1) (11)
Atrophy 120 0 0 11 0 0 0 11 0 0 O
Necrosis, lymphocyte 12 0 0 0 11 0 0 0 1 0 0 0
Spleen {12) 0 {0) (1 (0
Hematopoiesis, extramedullary, increased 11 1 06 0 1 0 0 0 1 ¢ 0 0
Adhesion, adipose tissue 1 1 ¢ 0 1 0 0 0 1 0 ¢ ©
Proliferation, plasma cell, red pulp 12 0 0 0 1 0 0 ¢ 1 6 0 0
Theracic lvmph node (o 0 N . (@ (L
Proliferation, plasma celi, medulla 01 0 0 0 1 0 0
Urinary system
Kidney (12} (12) an (n (12)
Change, fatty, proximal tubules 12 0 0 0 12 0 0 0 In o o 0 0 0 0 1 1o 0 1
Thrombus 12 0 ¢ 0 12 0 0 ¢ 1 ¢ ¢ 0 1 0 0 0 2 0 0 0
Necrosis, pmximaltubules_ 12 4 0 0 12 0 ¢ Q ¢ ¢ Q a 0 1 9 110 1 6
Others
Thoracic cavity (D) [(0)] {1) () (1)
Abscess 0 1 0 0 ¢ 1 0 0
Grade sign: -, none; +, mild; ++, moderate; +++, marked
Figure in parentheses represents the number of animals with tissues examined histopathologically.
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Table 4 - continued Histopathological findings of rats treated orally with trifluoromethylbenzene in the combined
repeat dose and reproductive/developmental toxicity screening test

Dose{mg/ks) 500
Terminal sacrifice Imminent sacrifice/Dead Total
Organs and findings -+ SR S = o & & S = 0 o s
Male
Number of animals 11 1 12
Digestive system
Liver (11) 1) (12)

o

Hypertrophy, centrifobular 0 11 0 0 0 1 0 0 0 12 -0

Respiratory system

Lung {11) (1 (12)
Cellular infiltration 11 0 0 0 1 0 0 0 12 0 0 0
Thickening, tunica media, artery 11 ¢ ¢ 0 1 0 0 0 12 0 0 0O

Urinary system

Kidney (11} (1) (12)
Hyaline droplets, proximal tubules 0 0 11 0 0 0 ! 0 0 0 12 0
Necrosis, proximal tubules 0 0 8 3 1 & 0 0 1 0 8 3

- Dilatatior, proximal tubules 2 6 1 2 1 ¢ 0 0 3 6 1 2
Change, basophilic, proximal tubules 5 6 0 0 1 ¢ 0 0 6 6 0 0
Scar 101 0 0 1 0 0 ¢ 1 1 0 0

Female
Number of animals 10 2 12
Digestive system

Liver (10} @ {12
Hypertrophy, centrilobular Q9 0 10 ¢ 1 1 ¢ 90 1 1 10 0
Change, fatty, periportal and mid-zonal 10 0 0 0 0 ¢ 9 12 ¢ 0 0

Stomach (0) 2) (2)
Ulcer, forestomach 1 1 0 0 1 1 0 0
Ulcer, glandular stomach 1 ¢ 0 1 1 0 0

Respiratory system

Lung (100 (2) {12
Cellular infittration 100 0 0 2 0 0 0 12 0 ¢ 0
Thickening, tunica media, artery 0 0 0 0 2 0 0 0 12 0 ¢ 0

Hematopoietic system

Thymus {10) . (2 (12)
Atrophy 8 2 0 0 1 0 1 ¢ 9 2 1 0
Necrosis, lymphocyte 0 0 0 0 1 0 1 ¢ 11 0 1 0

Spleen (1)) @ (12)
Hematopoiesis, extramedullary, increased 9 1 @ 0 2 0 0 ¢© 11 1 ¢ 0
Adhesion, adipose tissue 0 0 0 0 0 0 12 0 0 0
Proliferation, plasma cell, red pulp 100 ¢ 0 1 0 1 0 11 0 1 0

Thoracic lymph node ()] (o) ()]
Proliferation, plasma cell, medulla

Urinary system

Kidney (10 {2) {12)
Change, fatty, proximal tubules 00 0 0 1 0 1 0 i1 0 1 0
Thrombus 0w e 0 0 1 0 1 0 11 0 1 0
Necrosis, proximal tubules 0 0 0 2 0 0 0 00 0 0

Others

Thoracic cavity (0) (1 ¢}

Abscess 01 ¢ 0 0 1 0 0

i
Grade sign: -, none; -+, mild; ++, moderate; +++, marked
Figure in parentheses represents the number of animals with tissues examined histopathelogically.
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 EEHoRETE, BoEE, BLRLoMETEO
ETA100 me/keBED 1 BEMICALGT, FHE20
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%3, 100 mg/kgBRIZ b A EmARD L RIZH, Zo
ZERISBEFOLEHHICEBETFALR/ I LWL
B5HDTHoi.

HAROHR T, FRANEEDEB GBS 100
mg/kgFHO IFICEH N 0HTH o/,

£

1. RIS EN

IFiEs L BB CEER RS CRA LA ED 3w
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BlEnz bds, RRBEGTICBY 5 RBREHE
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DWTIEAIRICE ) OB EZ SN LA L
LSS, ZOBLSMBEEIILEREOEIIOEEYITE
BZah T, HBABL L2 w IO HBYEES L
OEENLBEEE LV LI ICBbh, YHRTIEE
EEAR, BHERH, (MERE, BEFE, HAERNK B4
BB IUTREROELICHEDERSOBEIZEDO LN
ot —F, 20me/kgl LB CHAERICEER
DLHFED LR, RERYHEDOBEORET I 2 HE
HPRE SR, BEBER*EbEs HEREDRL
BALRTELT, NEERELBESI o7,
-HEHOBSIIBYTY, HAEROHKE L FEOH
MG RS R, 500 mg/keBEiZ4 AEFROBRTHD
CEEIED . REORINFIL, BERORE
WHEZERL Ty A0 EELI LN, FOMR, N
BEERLIBIEEETE L odbD B LN,
FOED, WEREIL LD ERLTH 100 mg/kgfEn 1
BEIC RS S ih, 500 meg/keBICERETIZEE
ENhdo Ll EALECHMERT AL WE LB,
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Table 5+ Reproductive performance of rats treated orally with trifiuoromethylbenzene in the combined repeat dose

and reproductive/developmental toxicity screening test

Dose (mg/ké)

G 20 100 500
No. of females examined 12 12 12 12
Count of estrus® 342 £ 087 358 = 051 3.50 * 0.52 342 = 051
Estrous cycle® 4.04 £ 014 4,08 £ 0.29 403 £ 010 4.08 £+ (.29
No. of mated
Male 12 12 12 11
Female 12 12 12 12
No. of copulated®
Male 12{100) 12(100) 11(91.67) 11{100)
Female 12(100) 12{100) 11(91.67) 12(100)
No. of impregnated? 12100} 12(100) 11(100) 11(100)
No. of pregnant® 12(100) 12{100} 11{100) 12{100)
Duration of mating® 2.25 & 1.28 258 + 1.31 255 £ 202 1.67 & 0.8%

a) Values are mean + 3.D.
b} Values are mean + S.D. (day)

¢) Values in parentheses represent percentages to the number of mated.
d) Values in parentheses represent percentages to the number of copulated.

Table 6 Findings of delivery of F, dams treated orally with triflueromethylbenzene and chservations on their
offspring in the combined repeat dose and reproductive/developmental toxicity screening test
Dose(mg/kg) 0 20 100 500
No. of dams 12 12 i1 11
Gestational days® 22,33 £0.49 2208 £ 028 22.00 £ 0.00 22.36 £0.50
No. of corpora lutea? 190(15.83 £ 1.53) 216(18.00 £ 2.13)* 192(17.45 £ 1.21) 192(17.45+1.29)
No, of implantations? 179(14.92 £ 1,16} 197(16.42 £2.27) 187(17.00 + 1.10}* 183(16.64 + 1.21)
No. of licter® 168(14.00 + 1.41) 161(15.92 +2.07) 171(15.55 + 1.63) 173(15.73 £ 2.00)
Gestation index® 100 100 100 100
No. of stillborns'
Male 0 6 2 5
Female 2 1 6 7
Total 2(1.19) 8(4.19) 8(4.68} 12{6.94)
No. of live newborns? 166 (13.83 4= 1.40) 183(15.25 + 1,76} 163(14.82 = 1.60) 161 (14.64 = 2.54)
Birth index® 92,74 92.89 87.17 . 8798
Sex ratio of live newhorns? 1.08(86/80) 1.61(92/91) 1.06(84/79} 0.99(80/81)
Body weight of live newhorns (g)#
Male On day 0 6.7+£0.5 6.1 #0.5* 6.2+=04 6.0 £ Q4%
4 11.14 1.0 9.9+ 1.0* 9.8 £ 0.0% 94 £ (4%
Female Onday 0 6.4+05 5.7 = Q4% 58 £ (4% 5.7 £ 0.4%*
4 10508 54 +09* 9.0 £ 0.7+ 8.8 +t05%
Viability index™ 93,80 93.01 92,64 91.28%
No. of external anomalies 0 0 0 0

* . P<0.05, ** 1 P<0.01 (significantly different from control)

a) Values are mean + S0, {day)

b) Values in parentheses represent mean := S.D.

¢) Gestation index={Number of females with live newborns/Number of pregnant females) <100
d) Values in parentheses represent percentages to the number of litters.

e) Birth index=(Number of live newhorns/Number of implantations} X100

f) Values in parentheses represent the number of male/female live newborns,

g) Values are mean =+ S.D.

h) Viability index={Number of live newhorns on day 4 after birth/Number of live newborns) X100
i) Including 1 cannibalized
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Reverse Mutation Test of Trifluoromethylbenzene on Bacteria

L2

OECDMFILEWEREUAEHEEN—RL LT,
(FUIZRATAFLINCEriZonT, HEERAY

AEREREETRL V- MEICIDEEL, Bl
BRrE RERE LT, Salmonella typhimurium
TA100, TA1535, TA98, TA1537 B X Uf Escherichia coli
WP2 uvrADSEE BV, S9 mixERINE L Eno
EHTTL—VrEILLY, BERERERET 0~ 5000
ug/ 7l b DRRTITo/& 25, S9 mixDFEMOAE
B TIREEIED b LiodsT, KR
BORERASRVTRYL, %W TAL00, WP2 uvrA,
TA98 112000 ug/ 7L — b, TAI5355 X UF TAL537 ik
1000 ug/ 7L — b EL, 6REZRETLSZE L LI
LA L, S9 mix ERMREETH, AEBRYEEIHVH
HIERERLECEAREIIDA 2 TRL, »2oREBIT Ll
EHEEPRTHEBIIEGEDEN - b, WP2
uvrA & TA9S D 2B B M ARGER, B L0 TAIQ0IZ2@ &
% SO mix ERNRBORERE 1000 g/ 71— MZE
BLUOGAETREL, FRREEL.

FOERE, EMEE, SO mixERMRETIE, 500
pg/ 71— b (TAL00, TA1535 & & (FTA1537) & & W id
1000 pg/ 71— b (TA1535 B L UWE2) HHE T, S9 mix
T T, 1000 pg/ 7V — b (TAL535, TA98% &
IFTAL537) & A\ k2000 ug/ 7L — P (TAL00B £ OF
WP2) D HETEO Lh:. BRERav=—#i, 2
BINARREEE b, AVEBRERII2VWT, Wihols
BT EMIREL O b okl Edb, (FY 7
WA XFA)REL L, AORBRIIBOTER
ErA Ly (BE) L shi.

Tk

(&EHE)
Salmoneila typhimurium TA100
Salmonella typhimurium TA1535
Escherichia coli WPZ uvrA
Salmonella typhimurium TAS8
Salmonella typhimurium TA1537
S, typhimurium D4 @EEM T 1975 E 10 A3 HIZ 7T 2 Y
HEEE, HU T+ NZTREDB N AmestE £ 6
FHEZT-
E. coliWP2 uvrA B2 197945 A 9 BB B {5FhE
EHOBHEEREL I OFS R ET

BEEE - CUT THERFLLLOEHY, =
2= Y 7O ANo. 2{Oxoid) & AN 7: LFEIER
FIHRLLCER —EBHEL, 37CTI0RMERE
REIBELLODTIRERRE L2,

(HHERIDE)

(MY FRFTRFR) ¥ (CAS No. 984)8 8) i3,
SFE 14611 DEEERLEMEATH L. RECE, Al
JEAREET MR (o v FES L KOM2054, M 98.0 %
BLE (i - R502% LT, ZOMTE)) bk
BEAL, {EHET COERYT L THV,

(P ZNFOAFN)NREFE, PAFIANLE
F 3 F(DMSO) inB BN L vz &b, DMSOK
~ B0 mg/mi DEIFCER L %, REETOEH3L
WL2THRL, ELPICRARICH . _

SEOMBICEL->T, (M) 7hFOAFN) Ry
@ DMSO BiEP TOEEHRERE I USENER
B di L. TERSRICBVTIE, 1RIEE (313 pg/
mi) EFEERBI THRRELAD D2V, FhEE
FE (300 mg/mi) BB ERERBIC BT ARGEE
ELTHBLALDIEDWT, ZRELESFTT, &€
HEE<L FOFRE, ARIBERBECBTLIERED
EHERE, ThEFNGAHEORRE) OFHBEIZE LT,
9008 LU0T%THolz, T/, AFBITHML L
B ERABE W THEBRAERART T -8R, &
B0 BEREEE X UBIEE (200 mg/ml) Dy
hbH103%TH o7,

(BBidxd iRt &)
BB EL L OCF0BIERRTOLBY T
Hib.
AF2 1 2-(2-7 U N}-3-(5-= T -2-7UN)T ¥
YATER (- BF BLHEGH)
SA I TUEFrUTA (Fodestige TH00)
9AA  9-T3/F# 1YY  (SigmaChem. Co.)
20A 2T 3IJT VMY (FIMZETER)
AF2, 2AA I DMSO (FILHIZE T368) ITBB LD D
2 20T CHMEREL, FHSEBELL. 9AAIZIDMSO
(2, SARMAGTE#EL, HLPCHEBICBW.

[#E#h$ & U 99 mix DIERE]

1) o 7T7H-
TRORBHE(A) B L U(B) BE

&L

B 1019815 TR



A A wuLw) WG 7o
BikFFU YA 0.5%
(B)*L-v AF U~ 0.5 mM
D-¥dF 0.5 mM
*WP2 uvrA FBICHE, 05 mML- by 7 b7 7 Lk
R TAT AN

2) Bigit
B, BEHEGERRORPEREH T v, 2B,
¥ 1ih D oM TEOLBITH B,

iR A Y A - TR 02 g
& I8 - LIk 2g
) rEEKEZH ) A 10g
) YE—F YEDY L 192g
KERALF ) 7 A 0.66 ¢
T — A, g
37 ¢ 74— (Difco) i5¢g

Z0mmOYy—LIMHLbI0mERLTEBDT
H5. ‘

3) S9mix
1miRTFaEDRET & :
59+ 0.1mi
Hik=4 o4 8 umol
EibA ) 94 33 umol
Tha—A—6-) B 5 pmol
NADH 4 ganol
NADPH 4 umol

F b7 s—) v BRI (pH 7.4) 100 pmol
** THEED Sprague-Dawley REET » bE 7« /250
Y —N(PR)BLUF L, 6N/ I75Ky(BR®
PERR S CTEHEERE L TEELAS0 2HV .

(ABR A )

FL— MEICLD, 59 mix ERMHEL LS9 mix
WINER 1T o 7.

ARBERICFy TTH —2ml, BHBRYEHLE0.1
mi, *} ERET05 mi(S9 mix FIERERICHB WV TIZ 59
mix05ml), REFEOImIFREL DL ESEEHTE
HERLTESD. $/, AERE LTERDEAR
WO 12 DMSO, T /- BiE 0B i Eism
TRV SREEILOBNHBHREOLHE L UH
X & Table iR LAz, #EEIZ37CT480EEAT N,
HULALZERou-—-H2zEELL. HEEOFEIIOW
T, PARMSLWIEEEEMET C, EXEAORHE
OYIRTE A & FIBT L 72,

AW FHRIIAERERBICBVWTE, BEBLUB
P BETEINT 2, EREC2wTRIHToEL
oo i/, BRBICBOWTEAMBEELB LSRR
&, T oOEFR, FRFROPEEESEEREL K
7z, BERERFIIE, ARBRIR-HEII2wT
2EERL, FREOHEEEOMIEET- 7.
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LHIEEE)
AwiSHEOREEO I b, 1EULELORERADSH
mix IR DH 5 Vi S mix IRMEFICB T, HBRYE
FEATAFR LB 2EE 0 - HOFHED,
BEFBOFIEST2EDLECEDL, o, 20
BINCBEED 2 WIIHSREEIF RO NG EIT,
LEWEME L, FRBRCBVWTEERMLETS
(i) Lol ho b &Lk

RRBLUEE

(HSEREHER)

50~5000 pug/ T L— F OFEHATLRLTHIE LT, &
BEPEHLAEIA, SO mix ORMOFEI,IDS
+, TAL00, WP2 uvrA, TAS8Z 1500 pg/ 7L — MLk

LT, FOMBOBEETIES00 pg/ 7L — MU L THER

LREZE P CE (WA

(5%

BREIhEFR Table 1, 2I0R LA, (Fy7nda
AFMIRYELrOBEBREPTAIQN (39 mix ESM),
TAI535, TA15374£31.3 ~ 1000 ug/ 7L — k, TAL00(SY
mix #500), WP2 uvrd, TAS8E62.5~ 2000 ug/ 7 L —
DEET, ShE2E LTHEEEfToL. L L, £
BWEIXHCIREERAPBLCRAETED LR, HiC
S9 mix#ERINARB O, WP2 uvrA B L IFTAIS TI#E
TECHEE TR T AT AL, MEEERE
LVHENIARBCHA2WHENH o270, BEA
wEI000 pg/ 7L — MeEELTEHRRTTo A £
ORE, ARBI IRy, BuisfaEois
OSSO mix BIRMREE L URHRARIIBWT, B
HREO2EL L LA EREIn - HOMMEEED S
Nidoi,

PEofgir&ko&, (P 7atuirsr)Nry
Y, Bl BRACBYTEREREZF LRV
(Batk) &¥isEL 7.
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Table 1.  Mutagenicity of trifluoromethylbenzense™ in reverse mutation test (1) on bacteria
With (4) or | Test substance Number of revertants {number of colonies / plate, Mean % S.D.)
without (-) dose Base - pair substitution type Frameshift type
59 mix (ug/plate) TAI100 TA1536 WP2 avrA TA98 TA1537
0 97 114 127 10 8 13 18 22 20 26 21 I8 11 8 5
( 113+15.0) ( 10+ 2.5) { 20+ 2.0 { 224 4.0) { 8+ 30
313 106 93 122 11 11 15 ND ND 10 8 6
( 107£14.5) ( 12+ 23) ( 8+ 2.0}
62.5 111 121 118 13 14 8 15 25 17 23 25 26 7 9 9
{ 117 51) ( 12+ 3.2} { 19+ 5.3) { 254 1.5) ( 8+ 1.2)
126 102 141 123 0 11 6 13 20 24 30 13 26 9 7 9
( 122:419.5) ( 9+ 286) ( 19k 585) ( 23+ 8.9) ( 8+ 1.2)
SOmix 250 111 103 102 6 9 8 18 17 21 7 22 15 8 5 10
( 105+ 4.9) { 8t 1.5 (19 2.1} { 18% 3.6) ( 8t 25)
(-} 500 9] 93 99 71 6% 20 16 26 14 13 18 4 7 6
(04t 42 ( 8t 28) ( 21 50) ( 18 26) { 6 15
1000 97% 100* 100%] 10* 11* 11*| 16 25 18 15% 21* 22 6% 4 g
{99 1.7 { 11+ 06) ( 20+ 4.7) ( 19+ 38) ( 5+ 12
2000 12¢  24% 16%) 25*% i 14*
( 17+ 6.1} ( 19+ 57)
0 122 108 105 10 13 18 23 22 2 43 3% 33 ] 717
( 1124+ 9.1} { 14+ 4.0) ( 22+ 1.5) { 374 5.3) ( 11+ 53)
313 ND 14 16 8 ND ND 13 8 13
{13+ 4.2) ( 1 2.9)
62.5 89 123 102 8 10 7 30 24 24 29 31 39 15 11 8
( 105+17.2} { 8§t 15) { 264 3.5) ( 33+ 53} ( 11 3.5)
125 91 8 105 14 15 18 22 40 39 19 3 27 14 13 11
{ 93+11.1) ( 16+ 2.1) ( 34+10.1) { 26% 5.7) (13 15
S9mix 250 77 98 103 10 9 6 24 28 23 31 27 30 14 9 3
( 93+13.8} {8+ 2.1 { 254 2.6) { 204 2.1} ( 101 3.2)
(+) 500 8 081 91 g 7 15| 25 23 17 33 36 23 18 11 15
{ 90+ 1.2) { 10+ 4.4) ( 224 4.2) ( 31+ 6.38) ( 15t 3.5)
1000 8% 7 95 7* 15* 11*f 33 18 23 21 21 41 18* 14*% i5*
( 85%10.5) ( 11+ 4.0} ( 25%= 76) ( 284:11.5) (16 2.1)
2000 65% 72¢ 84* 16* 32* 31*| 26 27+ 27*
( T+ 9.6) ( 26 9.0) ( 274 0.6)
Positive Chemical AF2 SA AF2 AF2 9AA
control [Dose{ug/plate) 0.01 05 0.01 0.1 80
59 mix (- Number of 618 627 632 | 268 257 282 | 146 138 104 | 727 733. 772 | 628 786 0686
colonies/plate (626% 7.1) ( 269+ 12.5) (1294+22.3) (7dd4+24.4) ( 700£79.9)
Paositive Chemical 2AA ZAA 2AA 204 2AA
control  [Dose (ug/plate) 1 2 10 0.5 2
S9mix{+) | Number of 970 981 1008 | 243 223 213 [1423 1378 1280 | 259 263 258 | 184 179 1%4
colonies/plate { 9864:19.6) (226+15.3) (1360:+73.1) (260% 2.6 (186 7.6)

AF2: 2- (2-Furyl) -3- (5-nitro-2-furyl) acrylamide , SA; Sodium azide, 9AA ' 9-Aminoacriding, 2AA 2-Aminoanthracene
*: Inhibition was observed against growth of the bacteria,

**- Purity was above 98.0% and water was contained below 0.2% as impurity.
ND : Not done




- laple 4. MUutagenicity of trifluoromethylbenzene™® i reverse mutation test { IL } of on bacteria
With (+) or [ Test substance Number of revertants (number of colonies / plate, Mean = S.D.)
without (-) dose Base ~ pair substitution type Frameshift type
39 mix {ug/plate) TAWD TAIS35 WP2 uvrA TAYS TA537
0 88 114 113} 18 15 18] 20 15 19} 22 22 14| 11 14 9
( 105+14.7) ( 16k 1.5) { 18+ 2.6) ( 19+ 4.,6) ( 11£ 2.5)
212 W o0 Wws ) o1 1l o1 o1 o 22 0% 7 4 10
( 106+ 3.6} { 13 1.7 (18 1.2) { 24+ 53) {( 7+ 3.0
62.5 95 100 160| 17 M4 8| 20 21 34| 20 17 18 5 11 10
{ 98+ 2.9) {( 13+ 46) ( 25+ 7.8) ( 18+ 1.5) { 9+ 32)
125 93 93 1087 14 13 134 22 32 18| 21 14 20 9 14 8
( 98+ 8.7) ( 13+ 0.8) { 24t 7.2) { 18+ 3.8) ( 10+ 3.2)
S9mix 250 106 8 14| 13 7 14| 21 19 2| 17 22 21} 10 7 1
( }01£16.7) { 11 3.8 ( 21+ L5} ( 20 2.6) {9t 21)
{-) 500 80* 68* 78| 15 5% 5| 22 14 16 16 23 g 10t
{ 75+ 6.4) { 8+ 58 {17+ 42) { 23+ 65) ( 8+ 15)
1000 3IF 78 TOM 4% 2¢ 4% 25¢ 28% 19¢] 18* Ie* 19¢| v T ¢
( 53143.6) { 3+ 1.2 { 24% 48) { 18+ 1.5) { 8= 1.2)
0 112 121 120 8§ 12 12] 33 28 32| 4 36 29[ 15 10 19
{118+ 4.9 { 11+ 2.3} { 31t 26) ( 36+ 7.5) { 16£ 5.2)
3L3 ND 13 13 18 NI ND 10 17 12
(15 2.9) ( 18+ 3.6}
62.5 138 120 124 | 17 14 6| 35 33 25| 45 32 421 17 26 16
(130 7.1) {12+ 57 ( 322 3.1) { 40+ 6.8) { 20 5.5)
125 133 103 118 | 17 18 17 ) 28 26 31| 27 38 44| 14 22 20
{118£150) ( 17+ 08) ( 28+ 25) ( 26z 86) (19t 4.2)
S9mix 250 124 95 104 9 14 13| 23 29 21) 43 38 254 11 10 13
(108+14.8) ( 124+ 286) ( 24 4.2) ( 35+ 93) { 11+ 1.5}
-+ 500 8L @ 1o7( 12 12 ul 24 23 6| 3% 24 33| W ur o
{ 95:£13.1) {12+ 06 {24+ 15) {31+ 62) { 11 2.0)
1000 75 9% 104 | 13* 6 6% 24 23 19| 25% 27¢ 23¥| 7* 10* 1l1*
{ 92:-15.0) ( &t 4.0) ( 22 2.6) ( 25+ 2.0) ( 9+ 21)
2000 59%  72F  g4* 18% 20% 22%| 20* 23% 22¢
( 72x12.5) { 20+ 2.0) {22+ 15
Positive | Chemical AF2 SA AF2 AF2 9AA
control  jDose(ug/plate) 0.01 05 0.01 0.1 80
S9mix(-} | Numberof | 506 526 513 | 207 224 235|100 116 124 | 756 631 787 | 800 726 734
"| colonies/plate { 515+10.1) (222+14.1) {113+£12.2) { 725:-82.6) { 783::92.5)
Positive Chemical 28A 28487 2AA 280 284
control [Dose(ug/plate) 1 2 10 05" C2
S9mix(+) { Numberof |1164 1206 1145 | 254 288 268 | 913 869 854 | 372 303 455 | 163 180 169
colonies/plate (1172+31.2) (270=17.1) { 879:£30.7} (377£76.1) (171+ 86)

AF2: 2-(2-Furyl)-3-{5-nitro-2-furyl) acrylamide , SA: Sodium azide, 9AA 9-Aminoacridine, 2AA 2-Aminoanthracene
*: Inhibition was observed against growth of the bacteria.

**. Purity was above 98.0% and water was contained below 0.2% as impurity.
ND : Not dene
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In Vitro Chromosomal Aberration Test of
Trifluoromethylbenzene on Cultured Chinese Hamster Cells

E )

OECDEF MWLM Al R BUREERD
—8L LT, (PUZRFTAFR)RyEDIERT
fa Bz 4l EEENEEvET 540, FyvM1=
— X« NAR Y —EEMK(CHL/IU) % A THREEN
B ARERBTERL L.

BT (A8HFM) IZB VT, 50% 2B IR
LRSREENHERRE, T2 5 0.3 mg/mi OBEY RSH0LE
BEL L, —F, SRREo 68H)SI mixFET
BIUTHEEETTHE, 50% %86 Iz 2 Bauinmss
EhHbhhdhoar-lbdb, 1.5 mg/mi{l0 mM) DRE
TREALERE LS L. BEERLEREDL/2H XU/
FEhFhGERE, EREE: LTRELL, EHELET
W, SO mixFETEAETICBU A 2485 B B & IS EERRER
T, ERFFAETIES) mixTFETE L UEFET
TORFMME (1S O MERRE) &, ERLEEL, 18
ETHZ LI L W REEREFRESRE L.

CHL/TUMIRL % 24 8505 3 & FAS BB L 725
MR (0.3 mg/ml) B WTiE, HEHOLOFITT
Eftrofds, TOMROMBIETIE, REHEOHEET
PEHEERROFERERRBO o7 T4, &
B EALTETIE, SO mixFEET B & OFEFEE T ToRpREL
BLAWTILOABRE B TS, REFOBERES
Ao BREHEES s kb o fe.

PlEoiERLy, (R 70FOoAFL) ¥,
LROBRBREG T CREEAETHFR L2V ERKGL
7.

HE

1. fERL ik

Ug—F - V=257 (JCREB) 75 AFE(19884E2
A, AF8HR440, BRERR) LEFrdi=—X -
NAZF—BEOCHL/IUMER %, MBaEHRM 10482
P TERERIT BV /.

2, EERORZ
BRI, FHRIEME (FCS © Biocell) & 10%¥hn L
72— 7V MEM (B KB HERe Ay,

3. EEEH
(P INFOAFLINRCELZER LTI E
FLRTSAFy P EERBMT LI LG, BEEIZEY
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FABTTAT(25 cm?, RMABLIIEBWI., 2X
10YE O CHL/TUMIRE %, BEWES miz AT 7 A%
TS RAIIEE, 3TTOHCO, 4 yrFa—F%—{5%
CO)) MCHEEL . EEAETE, AREEIBEL
WERMD T A INA, 24BFMS L UT4RRERIME L, £/,
WRAAETH, MIaEESARCS) mxFETE LU
JEFET CORMALEL, MK THRERLERRTS
S 1SEREEEE L /-,

4, HERHE
(FYZRFTAF LY~ ¥F (BT  TFMB, CAS

‘No.:98-08-8, O v FiES KCM2054, Fntiliss T

BE) R, MEEBWOHRET, KoL TRFRET,
DMSOB LU 7L @ EBETHY, BE-29.02T,
#HE1025C, 5FRCHF, HFE 14611, #E08%
MR e LTS 2% U TIMETHE.
WERERAE, RRc L D SELT, HlEkost
KRELEEHFBR 22, HHEH(DMS0O) T, 313
pg/mi ~ 300 mg/mi OREHIR TCARBEETH > 7.

5 THEMPEORAH

WEMEOEAEE, FROOETa. B
DMSO (NS THW) 2 A/, BEfTERicaE
LTRBELHAML, 2WOBEEBEETECHERL T
EOREOERYEAREL LS. BRI
3, TNCoORBICBWTEEROOS% N/ 2 5 &
A, BREAREREICHCCHERDEREED
BEL, FENAN(EEPTOEESENENED
90.0~110%) PETH o 7>, LBEEORBIZ2WT,
MEREIITh o7,

6. MEISIEHIAIRESC & 3 ILEEORE
TEERERRICHVC IR EonmEE Y BET
570, WERME ORI RIT TR B,
SR O CHL/IUMA i 43 5 WRRHIRIFER IS, 79 R
T &7 OBREMNE 400MAE) (BT 5 SR SR EED
B (B85 . Mitotic index) THI~, BT NE
BOBEMBRBCH 2 AREEOLET boTHEL L
Fal :

FOER, EEMLEL 35S 50% O EEINEER

CBSHER B IREE (F160% O BREITRIERE ) %, 60%14

HHGEEL IS 2BEIVERLALEZS, 0.3
mg/mi T&H =72 —F, EREAEBEOS) mixFETH
LUIRFETTIE, LB LATRTORESBT0%
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FerRFEHR

TS DI R A HEEIHIZED b kb o2 (Fig. 1).

150

] ===« {irealed for 48 by without $9 mix
o I' 1 il treated for 6 hr with 59 mix
“ e treated for 6 hr without 59 mix
1Y

Cell growth (% of control)

[}
1
1
[
1
1 1
50 L
1
1
1
1
1 ]
1
1

(=1
[ Jr .
.I

0.5 1.0 1.5
Concentration {mg/mi)

Fig. 1 Growth inhibition of CHL/IU cells treated with
trifluoromethythenzens

7. RBEMOBTE

MRS HIMI B OER L, REaAREREBTHY
PUBMEOBBRENL, ERLETIZ03 mg/ml, B
BRI Tk, FRFR1LS mg/mi(10 mM) & L, £h
FNBREEOL/2OBETHRE, 1/40BET KR
Bl L, BiEEyEE LAV el C
(MC, BHEEETER)BLT I sakRA 77 I F
(CPA, Sigma Chemical Co.) X, ESTH A (BRF4R L
TH) ICBAELTHEMLAL, FNTNRAGEELER
TAILEFHEN T LEELERL..

8. YBIMER{ERE

MR T O 2REEI, TE I FEREEEND
0.1pg/milcZed &) ICHERIIMALZ. REFEFD
PEBNIE BRI E o TiTo /2. AT 4 FEFIEE 7R
o BGHER L 7. (EREUAEREI%FLFERT
Hufm L7,

9. REETWH

R AS A FEFROS L, 1207572396
ENFRLBATA Vi, 4BOBREENEFNFRUE
S GhoRn I S - ML LARECO T L L.
EEEOSFIE, BARAREERRSS, WLEY A
{(MMS) TR-EYIC L B HEEICET T, BBk
Bdh B iZROSEEOF v v 7, IR, Sl Lol
ERFEOFE L EEEHE (polyploid) DHEIZ OV T
gRER 7., £AEEE oW T 1TE200ME, FEE
HERAZ DI 1 BR800 18 O o ZE BN HIRR & 4 L7z,

10. ECsR&HE

LI IE, EEE L O RERE & BEERY WL
oW TOFITEE RIS, RELCHRBY, HERTOE
e, RO RIZOWTE L, EH0ELE
SRFAMICRA L. _
REEREELATAHEROHBEREIZ2VT, #" 0

FEEBEIILT, HROFRT— 7 LB LI
MT71t vy —OEREEREY(SERTERLT
familywise OFFEKELZ % E L) ICL D, BEER
EERERLL. Fh, 74y r—OEEERETER
EFFO LIS, BekdEdiciBL 2y o
¥ T = 1Ty YOEEMEREY (0<0.05) #iTo7 K
HE LT E2ADRETE DICHEEENTDLNIS
el Ui, EEEiRE TRESFRD O NE W
ST EREE L. SIS, #EEEIonT
10018 R T, BEEM oW TIRW0ERBOHS
FHBEEOLOHMEREL L.

BRB L UER

ERMEC L L RERGITOEE T Table LITR L.
(FYFZNFTAF NN F el C2UERE LU
AGEEEEEIAEE U A0S iRmE R (0.3 me/ml) T, HilaE
X NG TE Lo /d, FOMOMNBETE, B
BAOBERETL LUEBEERREOSRIEREIES LR
o,

TR L L R EET O R E Table 215R L
Pz (MY ZRABAFR)RAE S EMA TS mixF
ETBLUEFET COMRMMIEL W ORI
BTy, REAOBEEEB L EREMREOFERE
Hizsgloohihoi.

ftoT, (PO Z7NMFTAFA)NE L, LBEOD
REBEEGT T, RBEENOCHL/IUARIIREERES
GRELEVEESR LS.



LG & LLULLIVSULLE aildlysis of Lninese hamster cells (CHL/TU) continuously treated with trifluoromethylbenzene

{TFMB)* without S9.mix
Concen- Timeof  No.of No. of structural aberrations No. of cells
Group  tration exposure  cells Others™ with aberrations  Polyploid” Trend test™
(mg/mt) (k) analysed gap ctb cie ¢sb cse mul® totat TAG (%) TA (%) (%) SA NA
Control 20 ¢ © 0 0 0 O 0 0 0(00) 00D 0.00
Solvent! ¢ 24 200 0 1 0 0 9 0 1 0 1005 1 (05 000
TFMB 0.075 24 200 g 0 0 0 ¢ 0 0 0 00000 0 (00 0.00
TFMB 0.15 24 2060 O 0 0 0 0 0 0 0 0{(00) 0(00) 025 NT NT
TFMB . 030 24 o ' T -
MC 0.00005 2 200 2 2 56 1 0 0 g1 0 62 {310} 62 (31.0) 013
Solvent® 0 48 200 0 0 ¢ 0 0 0 0 0 0{00) ©(00) 0.00
TFMB 0075 48 200 ¢ 0 0 0 0 0 0 0 0 (00 0(0D 0.00
TFMB 0.15 48 200 0O 0 0 0 .0 0 0 g 0(00 ¢ {0m 0.00 NT WNT
TFMB 0.30 48 or T
MC - 0.00005 48 200 3 28 60 2 6 20 119 13 68 (34.0) 67 (33.5) 0,50

Abbreviations gap: chromatid gap and chromosome gap, ctb:chromatid break, cte;chromatid exchange, csh:chromosome break,
cse chromosome exchange {dicentric and ring efc.), mul:multiple zberrations, TAG total no. of cells with aberrations, TA:total no. of cells
with aberrations except gap, SA:structural aberration, NA . numerical aberration, MC:mitomycin C, NT:not tested, T:Toxic; This group was
_ exchuded from judgement in case of less than one hundred cells for structural aberration analysed and Jess than four huadred cells for
polyploid cells analysed. 1) Dimethyl sulfoxide was used as solvent. 2} More than ten aberrations in a cell were scored as 10, 3) Cthers,
such as attenuation and premature chromoseme condensation, were excluded from the no. of structural aberrations. 4) Eight hundred cells
were analysed in each group. 5) Cochran - Armirage’s trend test was done at p<0.05 when the incidence of TAG and polyploid in the
treatment groups was significantly different from historical salvent control at p<0.05 by Fisher's exact test. *:Purity was mare than 98%,
and water was contained (less than 2%).

Table2 Chromosome analysis of Chinese hamster cells (CHL/IU) treated with trifluoromethyibenzene (TFMB)*
with and without S9 mix

Concen- 59 Timeof No.of No. of structural sberrations No. of cells
Group  tration mix exposure cells Others® ___with aberrations  Polyploid® Trend test™
(mg/mi) (h)  analysed gap ctb cte csb cse mul?) total TAG (%) TA (%) (%) SA NA
Control 200 0o 2 0 0 0 ¢ 2 0 2(10) 2{1L0 0.13
Solvent? © - 6-{(18) 200 1 0 0 0 0 0 1 0 L(es 0{00 013
TFMB 0.38 - 6-(18) 200 o 0o ¢ 9 0 0 0 0 oo oo 0.35
TFMB 0.75 - 618 200 1 1 ¢ 1 0 ¢ 3 ¢ 2 (100 1(05 0.13 NT NT
TFMB 15 - 6-{18) 200 i 0 1 0 0 0 2 0 2{(10) 1(05) 0.00
CPA 0.005 - 6-{18) 200 0 1 0 0 2 0 3 0 3(15) 3(18) 0.13
Solvent” 0 + o 6-{18) 200 o 0 o 0o 1 ¢ 1 | 1oy 1005 000
TFMB 038 +  6-(18) 200 1 0 ¢ 0o ¢ 2 0 2(10) t(05 000
TFMB Q75 + 618 200 0 1 0 0 0 0 1 0 1(05 1005 0.38 NT NT
TFMB 1.5 +  6-{18) 200 0 0 2 0 0 0 2 4 1{05 105 0.13
CPA 0.005 +  6-(18) 200 i 4 5 0 2 0 22 1 20 (1000 20 {1000 0.00

Abbreviations: gap:chromatid gap and chromosome gap, cth:chromatid break, cte:chromatid exchange, cshchromosome break,

ese’ chromosome exchange (dicentric and ring etc.), mul:muitiple aberrations, TAG total no. of cells with aberrations, TA total no. of cells
with aberrations except gap, SAstructural aberration, NA numerical aberration, CPAlcyclophosphamide, NT:not tested. 1) Dimethyl
sulfoxide was used as sofvent. 2) More than ten aberrations in a cell were scored as-10.  3) Others, such as attenuation and premature
chromosome condensation, were excluded from the no. of structural aberrations. 4) Eight hundred cells were analysed in each group.  5)
Cochran - Armitage’s trend test was done at p<005 when the incidence of TAG and polyploid in the treatment groups was significantly
different from historical solvent control at p<0.05 by Fisher’s exact test. *:Purity was more than 98%, and water was contaired (less than
2%).
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Twenty-eight-day Repeat Dose Oral Toxicity Test of
1,2.3-Trimethylbenzene in Rats

L)

MU RXFARLES(TMB) I, TRBCERASNLS

FZCNERBROZTERZTMI TH Y, TMBHE
dimethyl benzoic acid # J: U¥dimethyl hippuric acid iZ %
gapae, B AFARFYLIZE, SERBEEER
L 1,23- b AF Ry ¥Froff, Bikgs LT
124-BL0135 PYAFLARYEVIHY, Thed
HEORMENI B, 1,24- Y AFLARYEXIHRD
RSB L HEEY R, FolodEsmenivwbhT
WAY i, BRICELTHREAROSZECOVT,
AR AR, BRI L U BRI T A E gt
oo T 4, BECEWENRE K
WEL B HBEREFEO-RLE LT, 1,23 M) AFL
NRECHOSDET v PRV EMEOHRSIZL 528
HERERSHEEHBRTER LA,

Ty MIIEMERSIEC4REBE, WEEBIUE
ARECERELSEOEERE BT, Be0lzM®HEL
FAR

1,2,3- Y AFNRIEL, T VilicE®gL, o,
100, 3003 £ 071000 me/kg #4501 A, 4AREEED
S L, —fRIREOBE, FEHT, BEElE, M
S, MEENAL, msfbSmE, REE, 288
EENEL L UREBFEREST-74. 28, BEHBR
EME L, BB TRHRERRERELERL .

ORI, KOEBNTHE,

— kOB T, MED 000 mg/keBTEFIZ
MEEATERS b Ay, EERRTRER Lo,

FEILMED 1000 me/kgFETHMANER] 2, HED R
BETHINIEMER AT A S WA, ARG, ML LM
TEFEDLNT, FEHEITHED 300 mg/kg, MED
1000 mg/kg B CIEAETH - 72,

MIEEFMRA TR, HEBRWERSORELTRET 55k
HEH LMo 28, MEERETE, HEbHs
FOYETS AT UM (APTT) Ao % B Bk 5
HTERFLBERERERL, 3b1, YOorurt
YME(PT) BEOTXTOHBYEKRSTE, ko300
mg/keBECTEEEAEBERERMERL, 747U —
¥ EFHEO1000 meg/ke B TEMER R LA, OERR
THHEO 1000 meg/ke B TAPTT O L BB HEL TR
O bR, FOMOBRICIEEENED L,

M EFREORE, BEOTTOMBRYERS
BCCOTOEE, MO I honBE L OO 1000
mg/kgETIRZEOEME, 36 2HED 1000 mg/kgBE T

438

S L AT O N OEHE, HO1000 mg/kgFTRER
OBE AL LR, SheoB{kod b, D 1000
mg/kgHETRO LN HEQAORMER, AERTEHD
BETHEICESETH- 7.

REEORKS, ME3008 L 51000 mg/keBFTH
BERFBOLN, MERTHROBRETS, Ko
1000 mg/kg# TE1FIF o@D &N,

REERNEOFE, HTIL30038 L 01000 mg/kg
BCEE, 5121000 mg/keHFTHEBOEERER LU
HAHEEOEEFEH L. —H, BT, 008 &
1000 me/keBECHIROEZEEOMEME, #5121000
mg/kg HFCIHFBOEZER B L UMY EREOEME, Mo
EEFORME, WHNEROBEIHD LN, BEERT
BOHZETIE, SA5OEEDSH, #D 1000 mg/ke
oSN EROSME, HoRBRORREERORE
AEFECETES 2o,

RHEREOER, HRYEOFEFREENLRE
ELTARFRTRESETHRICEHONEKS L UH%E
1L HED 300 B £ TF1000 mg/kg BELZ, RO AR HNHE
1000 mg/kgfHitBES L. 203 LBEOHERL
IO PIERERE TRRC D B I .

FRRET RoCIL 3R 545 T RE IS IR A A BE IR A% i e D 1000
mg/kg Bt & D 300 mg/kgFhis, RO FREEIH
D300 L UF1000 me/ke iz, AREELR EO%E{LD
#1000 mg/kg BECBIE S hi:. BROGBE/ M
BT BEE,OHEE SN, 1000 mg/keBETHED
BEOMMEHAEEINAIED,, BEOEMm 1D 1000
mg/kgBETHE S, .

BIERERE TR I g OB 3L E B L ORI RS
MG AR 1000 mg/kg B iCERBR S /s

BLEoZ ks, EEERTHELE b 100 mg/ke/day
Fiff L HET SR, EABICLEMABREPEHBT L L
LA

MHEE LUHEE
1. #WERpE
1,2,3- ) A F ¥ 2 (CAS No.526-73-8, FE1L
v LSRR ) e ER o e T, FekigkE, o=
Collpy HFEL0200EWTHS. FRBIH WL
Iy b FTAO DM IL90.8% Th - 72.

2. #RID
L3 L7425 v F[Crj:CD(SD) #, SPFiFAF v

459



28 H B Hix 5 5 MR

WA - SR CHEIER) A 5 AEETIEA L7, B
I, RBRSEICOR MBI S ek, 6BIHTR
S5EBBLE. B LHEECL - TEALL,
EAEBHMEIEC L ) SRBBEHRT 5 L) CHAMTL
r. BWMOBNE, BUAT S - B ERES
(Animal ID-No.) #H = L12 L Do, 5RER
OFEELHETI31~146g, METI06~123gTH o7,

3. HEFEMN

B s ) 7L AT AOREETHEE L, RIEMAGO
BEMITEF23 2T, HAHEESS+10%, BAEE
20,7k, BBEH150~300 lux, 128 (a0 788 84T,
FHTEYLT) & U, BEEREH — ¥ A DskieX
EHEFERL, £EHNE - REEAT r —JiEnt
12 FE L, )12 ¥ VEBTERELE QY
WEMRNIHART v b - w7 AR B L UKEKE
BHECERSEA, AFF - JRRALE, HESEE
REEE IR T &R

B, BoRl{tEiR 4 &0, 5B L CREARE,

F— s OEEEIIEES BT L ELLAREERS

wikidzdr oz,

4. FHEREOEA

EABREEIL 0, 100, 3001 X TF1000 mg/kgD4AEEL L.,
IREREE SPL AR vy, 0B L U250 me/kg FEIZMERES S
T mERE & f VT, RI6OMEfEAT L7,

[AEEN )

BEBRENLODAMESHE®0, 100, 3008
L1000 mg/ke DAHETERL A= FORBE, M
? 1000 mg/kg BT, HEL L ESEOREER,
HlEOZERD L UHTEEOSErFED R, 26
e RE CHIAED H N, | B et - el
HED 1000 mg/kg B2, M 3008 X U°1000 me/kg B T4k
BBk SIC L A e ELONIEML LI RO bR

#oT, 28 AMRERSHEEABEOHELTHAR
L0, 100, 300 B L1000 mg/kg t25kE L 7=,

5. #&&5hH*%

WERHEOHEEHIIEOL L, BBRY BT a—
MIZEEL, BY ry IR AWTEORS L. 558
HAEEID g 05 ml & Lz, WHEECILEEDAE
L4,

6. WEHOAY, A

HEAME L, £AE(100, 3003 £ 071000 mg/kg) =
FHREREMEL, I-vil(FATATAIE) I
BRELZ. RS HIIRERE, TEERTFCIEMZET
AT ENHERENTVEDT, KEBRICBWTIZEE
TERAE T, 1ESEAGIT 2 LERR T ThHk
ERELL. RSHEOBESTE T <TORIIHLE
184 EOREECOWTERLEE, REiE
ENGR5~106%CERTHD, HUNIAES AT

7.

7. EHARS
BotmEzeaEmeE L, HEERTHEOB L T1000
mg/kgBIZ OV T2 EBORERET EE L 7.

8. HE, AELLURE
1) — kiR ORE

EEMME BB, THRO2EEIEL, PHEEROA
&, [TEIRE, BB - BB L VB OEE
FEEELL,

2y 1k &
WESREEPSEERERTEHTC, BRIBHEL
7.

3) BfE=E
501 MR LB Rl L, STEEIE (o/week)
EEHLA

4) EERARE

REHETEDL LCREAMETRON2EERL 2.
BT 5240, Sl lcmEe s, gt
I—7 VCTRREFZRRE L, JEERREMRA SHRIMm L 7.
a. [T

EDTA-BK ZifimL7-#m% Avy, BMsRE(WBC
IFHEBME), R (RBC © BRERE), ~EF
VCBHGB . Y FrAMANEFREYE), ~T L7
i} v ME(HCT ; RBC, MCV & D EH), EHHRMRE
#(MCV | EEREFREE), FHRLELEFERMCH @
HGB, RBC L b &), F¥riinzkm o iR E MCHC :
HGB, HCT £ h ), Mm#E (PLT ; BHRHRE) 5
LUAmBRESE(FO- YA b A MY =) M
fEE BT E THMS H - 1IECRE< 4 2 %) & B
TREL 2. ' .

MARMER(RC) BEEH T, MERKREREERL A
A+ N2 rTNF - FLFCRER, SRl

Fio, sV - FERMALEODEIC T, 70
b o s ¥R (Quick 1BE:), WmELES rarRT
FAFYEBE(Zoy MEIBLUTATU - VE
(Fov¥ el Mg 88l EEBKC-40
Amelhing$t) # BTl L /-,
b. MEE{LFEE

MFE*AWT, £EY(Ea—-Ly i), 773
¥(B.C.G.#), A/GH(FIEME), MBE(FSNa—A+F
¥ —EiE), R (ERE), BarvAFo—
(Begik), RESEFEBUN | vLT7—ET7 yT=TE),
BEyweEr (Y7 RERE), ALY L(TLERY
M&FEE), Wy > () 7787 v-E), FhY
T4 (BARE), 7Y YA (ERE)BLUEZE(EERE)
% EKTACHEM 700N(RE D4 v # ) T, # V75~
¥ (Jaffeid:), 7% 3 BT FFOBEEN T VAT R
F—¥(GOT : IFCC#E), Fhé 3 BYLY BT

\'j?gf—? 5 e g,




AT LT —EWPLIIPCLER), Y-y o Sy /v
ZNTFF— (p-GTP:SzasziE) BLTETH )&
277 % ¥ {(ALP:Bessey-Lowry-Brocktf 85 ) &
CentrifiChem ENCORE T (CRkE~—#% —3t) THEL

fz.
c. FEE

MEFEEECHRLL, RS AVT 2488 (Fa110
EALEBFRIONETIREERL, Re, GHABL
UEEREE, REERURSET Y ) 2HWTK
thEEFME L. 7, REEO5 8 Sternheimer 28
BiLhitiErzRal, gRLA. pH, Em, &>
ik, B, BY, CYVEYXBLIUYOIEY S —F U0
W, N-TIWTF4AF4 v 7 ASCREE(T AR -
=3##R) B LUCLINITEK 200(CEE~ A L A#) & Hv
THlE L.

5) RIEPHE

RHEENI R SE TR X O O R T B %
T~FRRL, BOBGESEERL:. BMRNEEE
FHEMEHIFF RS — PICBCE LA 4, B, HE,
T, BERE, BIE, ME, B I UTEIRIIOWTEE
ZHIEL, REER - BERLZEH L, EEEENE
PE L FIEE, BEER, PIRR(EEMEEED), O,
i, B, B, BHKME)BLTF—-RREDHET
HEMHE SN A DBERIZ-OVTI10% H R E -
V) YETCEELS,

RBABKFHRTEIEE L -RE - 095 5, FiE,
RS L UERIE TS TOEIoWT, LE, 5%, B
BB B UBHIEIC 0w TN B L SRS
IZ2nWTiT o, B THEER F4ERL, ~v
PRy F Y A RBLERL.

8) T—HOEGHS LUREON

FHRBEOFE, EHE, DEEREE, MEEtE
HBAEE, FREEREBLICREENL), BEEE
BIUBEER - RERLE, FTRICRLA-SEHAHAR
(ZfELs, RN Bartlett DEFEMELER L. §5
BOBER—TREOFHI LTV, FHIFETE
BOERHAFEHOE S Dunnett & B EHRE, &
BOBAYN R 53883 Duncan D& EHiHKE T
R L S REBEOFESLRE L. Bartlett D45
B E TS B OB &13 Kruskal-Wallis DB R E %
EL, BEDBEIE/ 297 2 2 v 7 ®Dunnett @
ZENPRETHRE L SERHoTEE 2 BE L.
F /i, HEEREESEICOW T Fisher D EEESE
ErxEBLEZ. 8, AEHEAE 2T,
Jonckheere DA E T AW THBEZEFMEL L.

FEKERSBL IO RBRETER L.

AERFR

1. BETTER .
HSHAM RS L UMEHAR S, MEE b uThoBFi

440

T FULL VYT v " % Ch v o 1t

2. —iREOHE _

MEHE & D 1000 mg/kgBET, #BE2HILMELTT
BB b, HETIEES2MI1IF, %5382 24,
HEAF T, T, &5280160, 1538
EPIICEBESLS. MERTHEINERLIEE oo/
P, WL IREZRMEICILEEL, BRELEHEL
7o, Ao, #MHEEDESERD LN E o4, E{ER
BTk, MERED 1000 mg/ke BT, WEIZHES LS

a7,

3. % F(Figure ) :

i, R5HEs I O NEEBTEC T, HERE
WEh iR S L CHEEPED NG d 2 185, 1000
mg/kg BILE LS BEERICD o /. BTiZ, o
HEEIH B L T 1000 mg/kg BT 548 1L R{EHERD
L, 0~4EOBERNELEETH 7. EELHN
Tid, ABEE L 1000 meg/keBi L CEAFBOH LR 2o
7.
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Fig.1 Body weight changes of rats treated orally with
1,2,3-trimethylbenzene in the twenty-eight-day
repeated dose toxicity test

4. EHE
MEHEE &, SRS L EESM AL CEHETE
LN,

5. MAFFIRE (Table 1)

SR THROBEER)
BT, HERERCHEERL T 1008 & 19300 me/keg¥ET

461




28 BEKEREEMERR
Tablel  Hematology of rats treated orally with 1,2,3-trimethylbenzene in the twenty-eight-day repeated dose
toxicity test
e 28 days dosing groups (mg/kg} 14 days recovery groups {mg/kg)
0 100 300 1000 0 1000
Male
No. of animals 5 5 5 5 5 5
HCT (%) 436 = 0.9 434 + 1.1 433 +£ 18 422 £ 24 423 £ 0.9 434 £ 15
HGB (g/d) i46 £ 03 144 4 03 146 + 05 14.1 £ 08 148 £ 0.5 149 = 05
RBC (X10/mm?) 739 £ 0.35 732 £ 017 7.30 £ 0.31 7.22 £ 048 7.79 £ (.25 782 + 044
MCV (gm3) 59.0 &+ 1.8N 594 + 1.7 59.3 + 0.2 585 + 14 544 £ 0.8 556 £ 2.0
MCH (pg) 19.8 & 0.6 196 + 03 203 4 06 195 = 04 190 + 04 19.1 + 0.8
MCHC (%) 336 £ 05 331 = 06 339 & 08 333 L+ 035 39 £ 05 3.3 + 03
PLT (x10%/ mm?3) 1156 £ 87 1106 + 124 1067 + 99 1191 + 185 1075 = 74 1067 = 102
WBC (X103 mm?) 172 £ 3.5 109 £ 2.8 110 £ 2.6*% M0 £ 45 100 £ 19 g5 £ 3.3
Differential leukocytecounts (%)
NEUT 9+ 4 11 = 4 13 £ 3 14 £ 4 17+ 4 18+ 3
LYMPH 88 L5 %6 + 4 87 + 3 83 x4 Vi =) X
MONO 2*+1 1x£1 1+0 1£1 2+t1 2+0
EOSN 1+0 1+1 1+£0 1+0 21 1+1
BASQ 11 00 0x0 0x0 00 00
LuC 1+ 0% 1x+0 1£0 1x0 1x0
Reticulocyte (%) 25+ 5 195 24+ 8 24+ 4 W03 B4
PT (sec.) 13.7 £ 10N 194 = 3.9 257 & 53 388 £ 17.9% 139 + 06N 17.2 = 3.0
APTT (sec.) 29.2 £ 20N 369 + 44 43.1 £ 4.3% 57.3 £+ 15.5% 26.2 £ 15 299 &= 24%*
Fibrinogen {mg/dl) 250 &+ 23 243 + 17 255 £ 16 282 + 25* 263 + 21 265 = 17
Female l
No. of animals 5 5 5 5 5 5
OCT (%) 420 + 14 434 + 1.3 427 + 1.6 422 1 1.2 418 = 1O 413 = 21
HGB {g/d!} 143 1+ 04 147 = 06 148 £+ 0.7 144 + 05 147 £ 03 147 £ 05
RBC (X105/mm?) 7.23 + 0.12 7.45 + 0,22 7.53 £ 0.25 7.50 & .24 751 £ 0.1IN 7.24 £ 0.50
MCV (um?) 580 = 10 582 £ 1.0 56.7 £ 1.2 56.3 & 0.6* 55.6 + 0.6 572 & 1.8
MCH (pg} 198 £ 0.3 198 £ 04 196 = 04 193 £ 04 195 + 0.2N 203 £ 09
MCHC (%) 341 £ 03 34.0 £ (0.8 347 £ 0.6 343 £ 08 352 £ 04N 356 £ 1.3
PLT (x103/mm?3) 1102 £ 89 1065 = 122 1145 + 91 11247 = 94 1068 + 52 1215 = 145
WBC {(x103/mm?3} 84 + 19 10.8 & 1.2¥ 58 + '}..7" 87 + 1.3 63 = 3.3 54 + 1.1
Differential leukocyte counts (%) '
NEUT &+ 2N 82 i2x%6 9+1 176 17+ 5
LYMPH 89+ 3 88 £3° 84+ 7 a8 £2 9=x6 80 =6
MONO 21 Z2x1 2x1 1x1 210 2+1
EOSN 1£90 1x0 1+£0 1+1 10 141
BASO 00 0=0 00 0+0 0+£0 0+0
LuC 1] 10 -1+0 1+1 1+0 10
Reticulocyte (%) 14 £7 1847 15+ 2 19 + 4 28 . R
PT (sec.) 139 + (.3 134 £ 046 166 = 1.4* 14.1 £ 1.1 13.7 £ 04 14.1 £ 04
APTT {sec.) 230 £ 1.1 275+ 30 T 337 + 26% 34.0 £ 5.1%** 212 = 23 208 = 18
Fibrinogen (mg/dl) 198 £ 27N 190 + 6 171 £ 2 187 + 14 210 £ 17 213 + 25

NEUT:Neutrophil LYMPH:Lymphocyte MONO:Monocyte EOSN:Eosinephil

Values are expressed as Mean £ 5.D.

Significant difference from control group;

N:Non parametric analysis

* P=0.05

**:P=0.01

BASQ: Basophil

LUJC: Large unstained cells
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N, ThEOBEMECHERL2P - (FRE 118+
35X 108/mm®, n=80).

HEClE, HRBEEL B L C 100 me/ke BEC MR O
HiE, 300 mg/kg B CIEEATED oo HERlEtEo
B TH o7

(E{E AR TR DR TR R)
BEELABREL-TTOEBI>WT, wEHEL
1000 mg/kg B & TEVHEO b d sz,

6. MEESEEMRZE (Table 1)
HEE5RTROBREER]

METIE, AEREEIC LB LT 3008 £ 11000 me/kg B
T7E O IER(PT) B L OEERES o VR
75 AF VER(APTT) P EE%R L, & 5121000
mg/kgBET7 17N ) —FrEFEREERLE. PTH
LUFAPTTICRAL Cid, MEMEMNEEZRRDO oL »
ofb Do, EHBOI00 mg/keBF T HEEERICH o
Zoo BETH, IERERICIGHEE LT 3008 L 151000 mg/kg
HTAPTTHERE 2R L, 300 meg/keBCPTHEES
w7,

(E{ERR TRHOBERR)

#1000 mg/kg B CAPTTOERMREO G N/:, #E
oW T, 3MEEE & b ATEE L 1000 mp/keBETE
PED bW o,

7. MEHEESRE (Table 2)
U5 TROBERR)

HET, MBECHELCTRTOEBYERSET
GOTHEEETRL, £611000 mg/kelETRIOL AT
O—AEfE, EREMEERLL.

METIE, MR LTI TOWRNERSHT
GOTH & UEEMEMEERL, 256121000 mg/kgBT
WaLARFu— L BLBREASEEERLLC.

(EEARERE TROBRESES)

HECIE, APEEERICIEEL T1000 me/ke B CTRES S
BLUGOTHEMELXRL, MTiE, WREIRBELT
1000 me/keBETT A F VR AT 7 & —EHEE, £
EYH, TV7IrBLUAY v ADEEERLL.

8. R & #(Table 3)
S TERORETRE]

AERFICIE LT, MEEO 3003 L UF1000 me/kg B
TRENTLFEL LI, SECRENOEIIETED S
i,

FOMOMAEEE &, ML bEHEEERYERS
BHLTEFADLN o1, '

(DEHARE TR DIREHER) '
#ERE D 1000 me/kg HTHERRBYFE LHRO L

WMo mns Ty S hnHE b AUV LS E HE S ZC IS T e e i

o7,

9. FWEE=R(Table 4)
(RERTROBESR)

e, SPEREICHE L T3003 X 071000 mg/kg B
TERERFEELTL, 5121000 mg/kgBETHIE
ERSEEETRLL.

BT, WEEEICHE L T3008 L UT1000 mg/keg B
THREEBIEMESRL, 25621000 mg/keBFCHE
BAEME, FEEErsETRLAL. 204, 100

mg/kg T O MERPRMEL R LY, HEMERLEO

PWEETH o7,

(BRAIREHE TR ORERER)

HeTi, JHEERRIC I L T1000 mg/kg T CRiE X T
RiEEaE REERLL.

METiE, AFERRECHREL L T 1000 my/kg B TR E R
AEEER L.

10. HEES - FELARNER) (Table 4)
(SR THORERR)

HETIE, MEEBRICHEL T3008 X TF1000 mg/kg#¥
THRAMERFEELTRL, 25121000 mg/kgBET

FFEMMESESEET R L.

BECE, MEEFRICHEL T1000 mg/keHFTRB LU
AT ER I mIEE R L.

(EEARE TROREEER)

HET I, FPEEREIC HEE LT 1000 mg/kg B CHRARM
EENBEERLE,

MECiE, ATBEREE 1000 meg/keBE CTEMNZL oL D

Y AR

1. FEERE
a) HHFRR (Table 5)
CBRERTEICBWT, dBRICESEL THBBHIRE

BTHLEESNARRLE LT, FROEIHIHED 300,

1000 meg/kgBETFNFNLE L U445, 1o 1000 mg/ke
FTIfC, SEokeaibAiED 300, 1000 mg/kgfET
FNEFNRIBLUAFNCERGE SN, TP OREAAH
@) 1000 mg/kg BT LHICBISE SNz, FOMLEIS
NLFRE, AEE, HERDERSHCHEREORET
Hol,

BEERERIE TRHIZ BT, WEBBICIE L THBRYE
FERTEHE{BEINILHRE LT, FROKEBLIH
D1000 me/kgBETaBICBE SN, FOMEEsR
oRTRAE, EEEE, 1000 mg/kgBH T TR O EREEO
BETHo /.

b) #EEATR (Table 6)

BERTHICBNT, dHEECHRRL CHERYEES
B {BEsNCHRE LT, FAREIR HED
1000 mg/kg D5 E, BHD300 me/kgBFED 25012,
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Table2  Blood chemistry of rats treated orally with 1,2,3-trimethyibenzene in the twenty-eight-day repeated dose
toxicity test
tem 28 days dosing groups {mg/ke) 14 days recovery groups {mg/kg)
"0 100 300 1000 0 1000
Male
No, of animals 5 5 9 5 5 5
BUN (mg/di) 121 £ 25 99 £ 15 9.9 £+ 20 127 £ 41 13.2 £ 20 108 £ 0.7
Creatinine (mg/di) 0.62 = 0.08 (64 = 0.05 0.60 £ 0.08 0.61 = 9.12 0.56 + 0.04 0.58 = 0.05
T.cholesterol {mg/dl) 47 = 19 33 =10 49 + 12 69 & 17* 52 + 29 3810
T.protein (g/dl) 539 £+ 0.21 543 + 0.14 539 + 0.10 548 018 563 + 042 577 & Q.15
Albumin {g/d} 311 = 0.13 3.12 £ 0.08 3.13 £ 0.09 319 = 0.12 3.17 £ 0.30 332 £ 010
ASG 1.37 = 0.10 1.35 = 0.11 139 + .07 140 = 0.08 1.30 = 0.08 135 = Q.06
Glucose (mg/di) 134 + 12 124 + 17 24+ 9 138 £ 19 132 & 26 - 139 £ 15
Triglyceride (mg/di) 505 £ 180 452 £ 16.1 60.9 + 226 484 + 157 55.2 4+ 33.1 56.9 £+ 10.7
GOT (U/D 57 £ 19 40 = 8 M4 £ T 37 536 41 + 5**
GPT (U/1) 11+2 12£2 123 1443 122 4 &3
ALP {U/1} 161 * 25N 150 4 7 167 £ 52 195 + 34 143 & 43 116 £ 19
y-GTP (U/1) 0.7+ 05 0.7 = 04 06 = 04 09 =02 0.8 + 04 05 £ 03
T.hilirubin {mg/dl) 013 & 0405 0.12 £ 003 012 = 0.04 0.10 £ 0. 012 * 005N 0.11 = 0,02
Sodium (mumol/D 1428 £ 1.6 1439 = 1.5 1432 + 12 1417 = 1.5 1425 = 1.0 1436 = 0.8
Potassium {mmol/2} 4.87 + 042 438 = 0.13 4.38 £+ 0.27 466 = 042 449 £ 0.26 470 £ 031
Chloride (mmol/1) 1003 £ 18 1083 = 10 107.7 = 14 106.1 £ 1.5% 1079 + 1.4 1093 £ 1.0
Calcium (mg/d!) 0.86 + (.14 981 + 0.19 10.02 = (.44 10,08 £ 041 9.76 + (.39 988 + 0.23
Lphosphate {mg/d!} 837 = 0.58 7.67 £ 081 7.67 £ 0.76 7.78 £ 0.52 6.90 £+ 0.60 6.99 £ 0.26
Female
No. of animals 5 5 5 5 5 5
BUN (mg/di} 145 + 47N 131 = 14 142 = 08 117 + 14 131 & 1.1 145 £ 25
Creatinine (mg/d{) 0.65 = 0.10 0.58 &= 0.05 0.63 = 0.4 0.58 = 0,02 0.56 = 0.06 0.58 £+ 0.10
T.cholesterol (mg/dt) 43 + 14 52 £+ I8 46 + 11 74 12%* 50 = 19 61 £ 12
T.protein (g/dt) 534 + Q.11 559 + 019 567 = (.28 599 x (.35% 8.79 + 0,20 807 = 0.10*
Albumin (g/di} 321 £ 0.4N 341 £ 013 345 4 0.22 3.62 £ 028 341 % 0,17 360 £ 0.06%
A/G 151 + 0.4N 1.56 £ 0.02 1.55 + Q.10 153 4+ .11 144 + 007 1.46 = 0.05
Glucese (mg/di} 03+ 9 107 £ 10 102 £ 12 116 = 15 116 £ 14 112 = 7
Triglyceride (mg/di) 286 £+ 6.8N 405 £ 122 289 + 1.3 342 + 2.2 49.1 & 258 369 £ 103
GOT (U/D) 62 £ 15 44 £ g% 4 = 7T 42 + §** 54+ 7 56 & 3
GPT (U/Y) 12 41 11 +2 12 £ 3 14 £ 2 A2+ 1, 132
ALP {U/1) 95 + 22 75 * 28 85 = 12 4+ 30 90 + 22 61 & 12*
y-GTP (U/D) 06 + 04 06 £ 05 06 £ 04 TT06 £ 04 08 £ 02 1.3 £ 05
T.bilirubin {mg/dl) 012 £+ 0.02 0.15 £ 005 0.13 £ 003 0.16 £ 0.05 0.16 = 00IN (.18 % 0.02
Sodium (mmpl/l) 1428 £ 05 1425 £ 06 1426 = 08 419 £ 06 1428 + 15 1430 £ 09
Potassium {mmol/t) 4,60 *+ 0.30 459 £ 0.31 4,61 + 0.33 425 + 0.14 4,18 + 0,12 450 £ (.22*
Chloride {mmol/t) 113.3 £ 1.2 1109 + 1.3* 1109 £+ 1.8* 108.8 £+ 1.1** 1108 £ 17 1086 £ 0.7
Calcium (mg/d!) 9.7 + 013 9490 + 012 934 £ 029 996 £ 0.08 962 = 012 9.78 = (.17
- Lphosphate (mg/di) 6.83 £+ 0.5IN 708 + 0.17 6.99 + (56 723 £ 0.4 6.34 + 0.62 695 1+ 137
Values are expressed as Mean £ S.D.
Significant difference from control group; *P=0.05 **P=001

N:Non parametric analysis



Table3  Urinalysis of rats treated orally with 1,2,3-trimethylbenzene in the twenty-eight-day repeated dose toxicity

fest
@ 28 days dosing groups (mg/kg) 14 days recovery groups (mg/kg)
em
0 100 300 1000 0 1000
Maie .
No. of animals 5 5 5 5 5 5
Volume (mi) 22 £ 16 11+4 12x6 23 &7 215 20 4 10
Specific gravity 1.039 £ 0.021 1052 £ 0.016. 1052 % 0.015 1.044 = 0,018 1032 = 0.015 .1.033 = 0.016
Color Slignt yeliow 5 5 2 1 5 4
Yellow-brawn 0 0 3 4 0 1
Turbidity Clear muddy 5 5 5 5 5 5
pH 5 0 0 1 0 0 0
6 0 1 1 2 0 0
6.5 0 1 1 2 0 0
7 0 1 1 0 0 0
7.5 1 0 1 1 0 0
8 0 1 0 0 3 0
85 2 0 0 [¢] 0 1
. =9 2 1 0 0 2 4
Qceult blood - 4 5 5 5 5 5
+/- 1 0 0 0 ¢ 0
Ketones - 0 1 0 2 1 1
+/- 3 2 ] 2 3 2
1+ 2 2 4 1 i 2
Glucose - 5 5 5 5 5 5
(g/di) ‘ .
Protein - 1 1 0 0 o 0
{mg/di) 30 3 0 1 2 2 2
100 1 3 1 2 3 2
=300 0 1 3 L 0 1
Bilirubin - 5 4 3 4 5 4
1+ 1] 1 2 1 0 1
Urobilinogen 0.1 2 1 1 4 3 2
(EU/d) 10 3 4 4 1 2 3
Erythrocytes - 5 5 ] 5 5 5
Leukocytes - 5 5 5 5 5 5
Epith. celils - 5 5 5 5 5 5
Casts - 5 5 5 5 5 5
Fat glob. - 5 5 5 5 5 5
M. threads - 5 5 5 5 4 5
+ 0 0 0 0 1 0
athers - 2 0 0 L 2 2
+ 3 5 5 4 3 3

Fat glob. . Fat globule, M. threads:Mucous threads, others:Crystals .
Values of volume and specific gravity are expressed as Mean®S.D., other values are expressed as No. of animals
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Table3 (continued)

Item 28 days dosing groups{mg/kg) 14 days recovery groups (mg/kg)
0 100 300 1000 0 1000
Female
No. of animals 5 5 5 ' 5 5 . 5
Volume (mi) 13 £ 2N 12 + 4 11 +5 20 £+ 10 10+ 3 11 £ 4
Specific gravity 1.046 = 0.006 & 1.050 £ 0025 1.057 =+ 0.031 1.040 = 0019 1.054 + 0.015 1057 4= 0027
Color Slight yellow 5 5 3 2 5 4
Yellow-brown 0 ] 2 3 0 1
Turbidity Clear muddy 5 5 5 5 5 5
pH 5 0 0 2 1 0 0
5.5 1 1 0 1 0 0
6 1 0 1 i 1 G
6.5 1 1 1 2 1 1 x
7 1 2 0 0 1 1
7.5 1 1 1 0 1 1 !
8 0 0 0 0 1 1
85 0 0 0 0 0 1 ,
" Occult blood - 5 5 8 5 5 5
Ketones - 1 1 1 2 0 0 !
+/- 0 3 1 2 4 3 '
1+ 4 1 3 1 1 2
Glucose . - 5 5 5 5 5 5
{g/dh)
Protein - 0 1 i 2 0 0
1 {mg/dl} +/- 1 . 2 0 1 0 0
30 0 i 1 1 2 2
100 2 0 1 1 2 1
=300 2 1 2 0 1 2
Bilirubin - 3 5 4 3 3 2
i+ 2 0 1 0 2 3
Urobilinogen 0.1 1 1 2 3 1} 0
(E.U./dD} 1.0 4 4 3 2 5 5
Erythrocytes - 5 5. 5 5 5 5
Leukocytes - 5 5 5 5 5 5
‘ Epith.cells - 5 5 5 5 5 5
Casts - 5 5 5 5 5 5
Fat glob. - 5 5 5 5 5 5
E M. threads - 5 5 5 5 5 5]
; others - 1 0 2 2 i 2
+ 4 5 3 3 4 3

Fat glob.: Fat globule , M. threads:Mucous threads, others:Crystals
Values of volume and specific gravity are expressed as Mean + 5.D., other values are expressed as No. of animals
N Non parametric analysis



Absolute and relative organ weights of rats treated orally with 1,2,3-trimethylbenzerne in the twenty-eight-

Table 4 :
day repeated dose toxicity test
28 days dosing groups(mg/ke) 14 days recovery groups (mg/kg)
Item
0 100 300 1000 o 1000
Male
No. of animals S 5 5 5 5 5
Body weight (g) 332 & 34 319 + 20 335 + 30 311 £ 16 410 + 30 377 £ 18
Absolute organ weight
Brain (g) 205 £ 0.03 2.01 £ 010 203 £ 011 1.99 £ 007 2,15 + 0.04 203 £ 0.10%
Liver (g) 9.7 = 1.50 978 £ 1.0] 1078 + 156 12.35 £+ 1.64* 11.99 & 2.02 1157 & 127
Kidneys (g} 250 £ 0.23 258 + 017 295 4= 0.33* 3.19 =+ 0.38* 287 = 0.21 308 & 0.4
Spileen (g} 064 = 0.07 0.55 £ 0.07 0.58 + 0.07 0.55 & 0.03 0,70 = 0.02 0.63 £ D.05**
Adrenals (mg) AT £ 4 46 5 513 49 :: 6 53+ 4 54+ 8
Testes (g) 2.86 = (.15 2.85 + Q.10 2893 + 0.i2 2.62 + 0.27 323 £ 020 3.06 & (.16
Thymus (mg) 717 £ 133 639 + 118 593 * 56 592 + 104 47y £ 79 508 + 40
Relative organ weight
Brain (%) 0.622 + 0.055 0.629 + 0.028 0.608 = 0.025 0.644 £ 0,058 0527 £ 0.036 053¢ & 0.027
Liver (%) 2992 + (L.I62N  3.057 £ 0.157 3.199 £ 0.190 4010 £ 0.788* 2911 £+ 0310 3.065 £ 0.232
Kidneys (%) 0.754 = 0.053 0810 =+ 0.063 0,879 £+ 0.045** 1.025 = 0080** 0.701 + 0061 = 0.814 =% 0.059**
Spleen (%} 0.195 £ 0.036 0.173 + 0.029 0.174 & 0.027 0.177 £ 0.020 0171 £ 0.012  0.166 & 0.016
Adrenals (%) 0.014 & 0.001 0.015 = 0.002 0015 = 0.001 0.016 £ 0.002 0013 = 0001  0.014 & 0.002
Testes (%) 0.864 + 0.043 0.897 £ 0.058 0.877 £ 0.065 0.843 = 0.057 0.789 & 0.035 0.813 = 0.068
Thymus (%) 0.221 £ 0.060 0.199 + 0.028 0.179 + 0.033 0.192 + 0.039 0.115 % 0021 (.135 & 0.014
Female
No. of animals 5 5 5 5 ) 5
Body weight (g) 200 + 7 199 + 16 183 + 20 178 £ 6% 231 £ 25 211 = 14
Absolute organ weight
Brain (g) 197 + 0.05 1.83 & 0.06% 189 = 0.05 1.85 + 0,09 188 £ 005 . 1.85 £ 009
Liver (g) 6.03 + 042 591 + (.59 5.86 = 0.73 7.03 + 0.52% 6.28 £ 0.82 6.11 & 0.72
Kidneys (g} 1.66 = 0.26 162 * 023 1.65 £+ 0,15 168 = 0.22 1.74 + 0.16 166 £+ Q.14
Spleen (g} 041 = (.08 035 & 0.05 0.33 £ 0.06 037 + 0.03 040 £ 0.02 042 + 0.04
Adrenals (mg) 64 &= 5 59 + 8 07 55 + 10 60 £ 8 64 £ 14
Ovaries (mg) 86 + 11 87 £ 17 82 £ 18 78+ 10 84 £ 7 86 + 9
Thymus (mg) 485 + 46 411 + 24 365 £ 57 401 + 87* 468 + 99 336 £ 78
Relative organ weight
Brain (%) 0.945 + 0.035N  0.925 =+ 0.066 0.987 = 0.108 1.034 £ 0,015 0819 = 0082 0.894 £ 0.042
Liver (%) 2.885 £ 0.146 2961 + 0.029 3.032 % 0,093 3941 £ 0.233% 2716 & 0.190 2.885 + 0.227
Kidneys (%) 0.796 = 0.112 0.810 = 0.080 0.860 = 0.063 0942 + 0.093 0.760 £ 0080 0.787 £ 0.046
Spleen (%) 0,197 £ 0.024 0.177 & 0.017 0.174 + 0.034 0.207 £ 0.015 0.173 + 0021 0201 &+ 0.018
Adrenals (%) 0.030 + 0.001 0.030 £ 0.004 0.031 £ 0.003 0.031 £ 0.X5 0.026 £ 0003  0.030 £ 0.007
Ovaries (%) 0.041 + 0.005 0.043 = 0.007 0.042 + 0.005 0.044 = 0.004 0.036 £ 0002  0.041 x 0.003
Thymus (%) 0.232 + 0.019 0.207 £ 0.020 0.160 £ 0.031 0244 = 0045 0.201 * 0.024  0.159 =+ 0.035
Values are expressed as Mean + S.D.
Significant difference from controi group; *:P=0.05 **P=0.01
N:Non parametric analysis
467
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Table5 Summary of gross findings in rats treated orally with 1,2,3-trimethylbenzene in the twenty-eight-day

repeated dose toxicity test

28 days dosing groups {mg/kg)

14 days recovery groups (mg/kg)

Itern
Organ Findings 0 100 300 1000 0 1000
Male
No. of animals necropsied 5 5 5 5 5 5
HEMATOPQIETIC SYSTEM
thymus red patch/zone 1 0 1 0 0 0
RESPIRATORY SYSTEM
lung colored patch/zone 0 0 0 0 0 1
red patch/zone 0 0 0 0 0 1
URINARY SYSTEM .
kidney enlarged 0 0 1 4% 0 -0
pale 0 0 2 . 4* 0 4*
Female
No. of animals necropsied 5 5 5 5 5 5
HEMATOPOQIETIC SYSTEM
lymph node enlarged 0 0 0 1 ) 0
RESPIRATORY SYSTEM
lung colored patch/zone 0 1 0 0 0 0
DIGESTIVE 5YSTEM
" small intestine
. deformed | 0 1 0 0 0
liver enlarged 0 0 1 0 0
URINARY SYSTEM
kidney enlarged n; 0 0 1 0 0
REPRODUCTIVE SYSTEM
ovary cyst 0 ¢ 0 1 0
uterus dilated lumen 1 0 0 0 0
broad ligament of uterus
: cyst 0 0 0 1 0 0

-Significant difference from control group, *:P=0.05

EWOBFHEEARED 300, 1000 mg/kg#TEFNEN
4B LUSHICEBREINL, BB THERL,SEHE
Ehibon, FROFEEE A EEE, 100, 300
B LU0 mg/kgDFHTENTRL, 1, 2 (BE],
REDBIUIEE]L, EE2)FLE, 30080
1000 mo/kg HCREOMMA R L. £BROMTE
HAROREOEEIES T, BRORKILE, 81
B L OEREIGRDHED 1000 mg/kgBETENRENA, 3
Bro2#lcEs L, EBEOSEAMED 1000
me/kgBCESFICEEESRL. BEEIIf0ATS
o 725, B 1000 me/log BV IR O P 10 3% 5 18 N TE
BLURBOBEERISBE SN, 2o, #HEWE
BEETEALLER L LCHED 1000 mg/kegFB LU

o eHRYEHESHECHROBHLOEE Lo
fo. 28, WEBHERSEICBVT - RIRBTREN
BANLT-OBEROMBENRET T 720, 2%l
Bronhdoit. Fih, WEHRZEOHEBRECHED
REE, FlEoMRENE £ UFEEE, Bgo=Rit
FERESRLY, BETREHIIEGTED o Ldo
A

Foft, BEIWLCFFREIEREOREIILEZ S
PAR

EEREEMR TR BT, WHEBCERL THRDE
JRSHTEHBESNITHRAEL LT, BWEoaRLEN
BEHED 1000 mg/kg BETAESHID, RIMEREM T A
HEHED 1000 mg/kgBEICFNFNHELELSH, W24l iHE
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day repeated dose toxicity test
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[tem

Organ Findings

28 days dosing groups (mg/kg)

14 days recovery groups (mg/kg)

0 100 300 1000
12 3 1 2 3 1 23 12 3

0 1000
123 1 23

Male
No. of animals necropsied

HEMATOFPQIETIC SYSTEM
spleen
deposit of pigment
ervthropoiesis, increased

(5} (5) (5) {5)

(5) (5)

DIGESTIVE SYSTEM
liver (5 (5) (5) (5) (5} (5)
fatty change 300 300 100 006 0 300 0 00
glycogen storage 000 000 0 00 100 000 9 00
swelling of liver cells 000 0 0¢C 200 5 0 O (L] 000
granulation 300 000 200 000 000 100
URINARY SYSTEM
kidney (5) (5) (3 (5) (5 (5)
basophilic change 300 300 200 4 1 0 500 310
deposit of calcizm 000 000 000 3 1 o 100 1 00
eosinophilic body 100 010 110 1 02 000 2 01
hyaline droplet 0 0G0 000 4 0 0 5 0 o 000 000
protein cast 0 00 00 0 0¢ 300 00 1 00
tubular dilatation 000 000 000 200 ¢ 00 L1 00
infiltration/cellular 100 1 00 1 00 200 00090 300
Iymphaocytic infiltration 1 00 00 ¢ 000 000 ¢ 00 000
ENDOCRINE SYSTEM
adrenal gland (5) (0 {0) (5) (0 (0)
vacuoilc change 500 - - - - - - 4 ¢ 0 - - - - - -
Female
No. of animals necropsied 5 5 5 5 5 5
HEMATOPOIETIC SYSTEM
spleen (5) . (9 (5) (5) (5) (5)
congestion 00 000 000 5 0 0% 00 ¢ ¢ 00
deposit of pigment 000 000 000 000 060 5 0 0

erythropoiesis, increased

DIGESTIVE SYSTEM
liver
fatty change
swelling of liver cells
granulation

URINARY SYSTEM
kidney
basophilic change
deposit of calcium
lymphocytic infiltration

(5) {5 (5 (5)

(5) (5 (5) (5)

L:slight 2:moderate 3lmarked

Numbers in parenthesis indicate No. of animals examined microscopically at this site,

Significant difference from controt group; *P=0.05

= P=0.01
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andz. £/, BROTEEMMESTHD 1000 me/ke B
TIFHREB I N, 0 5O 1IHIZ TSR TR
E RO EEOIFEE ML ZEMES L UEIEIED
BHEani. #ofi, WEORFES X UKL SE
OISR L L UHREFEIBRES i,

FOE, BEsR-mRBEEEoRE LS
7o,

ERBLURER

—IREOBE T, MH X D 1000 mg/kg BETHA
MEH LN, BE2HMBICTELLL. BERE
AR E, HHEDI000 mg/kgHETED LN KRR ]
FLBEESRTY, ZOERIHERDRES CERT A2
XF Ll gl

Medk b LB B ORBIEIRD b RA b o dt, FEH
HE® 1000 mg/kg B CIEAE, EOBASRCKEEME
RLis, INsOBTIIABSENREZRL.

MR I LT, SRS RE TRIRICHK
MERAEOTENRD SN, B ERGORES
TR AELERD bRl

MESEERBERIIBNT, BELLAPTTILEHED
100 mg/kg 2 SEEMEN £ R ERSED 6 h, BT’
PT b [E# 2 ME@E R LA, B 1000 meg/kgBETiE, 7
17N/ —rrebBEeRLTEY, MERRS M
MMEETEDLNRE DD ERABELENTH o2, Th
b OEEFITED & N5 M/MRE OIS AW EDE ¢l
FEDHLRTVR, _

MiEE{LEREOHR, MEDOTXTOWUEYHERS
BT COTOEMENFED LN,

GOTHGPTHRHENEETH ) BEDHEOAESR
DOHLELEVDRTWAE, GPTEELTH, 77
OAGKY YREYEORS TEEREHELFIERET
TIEFMBRTWESY, GOTKMLTOREIIRS
e, ARBRICBYT ABOEREOHESS LGOT
EEOBREIZAL AT, FOMBRTEZD LR
BALATO—VELUFEE MTROLATEEAK
DWTHEILOBERE,TH Y, BEBREOBELN
HERES A DDTIR RV EZL LN,
RREOHE, REOHBERLAT0 bR, i
PEYLE R EOENZED LD o . WERYE
OB L 2 ERAT L RE I LYY, EEEEET
BOBETOEES IFICRADONTWEI LY, K
A6 2T,

BREEBNEORSE, BECTHREEOSE, 261
BTERERDEHE, BETHREECRBEFRED LN,
MEoEtriks, HRFERECERENOERLLS
G AFBEH Lz,

RHEREORSE, URYERSORELELLND
Zibe LT, BERRTR TIdis S T O HE B iR o
bR, MECHHROIEADSBIE S h, EERBR T
DY EREORELIBESNL. TOROFREE
RREEMORREEL bR, EEFRTIIHEREE D

HEBLEZ ONABLE LT, HSETEROMHEI fhy
PENFAIRREAR, HICEWOMFHEEBEshA,
LB ERSICL T, HBRECOBESRABEEO
FEBENMEOBREIIEHRL, TR k- THEMIIEE
LIk - BRoOBRKILE, EAMAES L OERIEE
PEESNA, FOM, F1FOATH 7298, 1000
mg/kg O EIZIFROBEEE S L B oK k3
EMTTE, MCMEOSMABES L. MERRRT
FEDMEHE IR O R IMIRFRIE L TLE S & RS E
BaNS, HICIRSERTROMECHTFEORIT b D%
PR LAz, £/, R TRICHEDEREOAIRN 2D
KAREERLD, EEFENCTETERS 2
7o, FOMoRTEE, BREEEOREEL G,
BSRTHRICBE SO RO BIRM 2 ATA, #
M L E O ATARERIE IR (X AT AE 2 RS T 5 BRI @ o
Mok bR R, SHEREVD L) EEOBER
IWEZEL bR ThbbBERWERSICL - T, B
MR LIk b, IR LZbDEEL LR

729, ORI EERBRE THICREZ s T, T

BOB(LEEL bR
BSHTHICRE S WO BROWFHENS L U
BT & BERER T RIS S B OB EOT

BRIEAMEIE, EVRMECESE S, ERERILKE

Eo#mEsicry, FRTeR I o2u- 707
CHERERIKELRBSL, BOMAHOKT LR
RIMEIEET A L an, SR LB LRME LK
MR, $#BIE, A%l EHEESBRES LS.
REHEBOL23- P ) AF AR EFr NV ELBELD
BREERAETSH), AROFAVEESNILEL
bhi:, '
El{E3RER# T EF O BED 1000 mg/kg#ED 1HIZ b [
OEEDBBED NS OO, BEHOBA & b EEER
EHsbnEEZ LR

F RS R TGRS CEOREBOS NS L U
DEREORIIRAE M TTE, EFRBETHICBESN
RO R ORI BCRE L FOE L RETE R, BE5Y
HB L CREHE S 0RNEREROEFREETECRF LA
BT, BHOBELHESR P2 LS EEIE
TETHo7:, LI LMEREROEENEI>TED,
FLEMBEEFRETAITMDSL 00, H5H
Bl S DRI ~OEENSH o2 LATRIES
n, HERTOZOTEGESCGHTAEERGE b#
FR=Y (WAl

Doz s, FHEBRYEEITH LHRERLYE
RAER L L, EFEEIIHEL b 100 meg/ke/day Fif &
HErshi, o TEFEEIRE Lo bh bk,
EOIEHEIC L ZEEER R S Lo,

ZENI
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Determination of dimethylobenzoic acid isomers in
wrele by gas chromatography. Medycyna Pracy,
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Twenty-eight-day Repeat Dose Oral Toxicity Test of
1,2,3-Trimethylbenzene in Rats (Additional test)

E2 )

B EHLAL23- P AFARIEYDSDART @
FERWARBEO/ESIC L 5280 BEERSEER
BB W THREARD 100 me/kg BT b MM TiEElE
FhoyXRT7AF R (APTT), &6 I2HED 100
mg/kgHETT O PO » ¥ B (PT) OEREDHARSD
Liiateis, ENEELRVETAOOEMAREHE
L7,

5w MIIBEMEE SIL TR, 40mEMEAL
7.

1,2,3- M AF LAY L, a-HcEREL, 0,
3, 10BXU°30 meg/kgh&EH 1A, GABEREDRS
L, ~BRECRE, fENzE, BHENE, IEER
fett, MEA{bZERE (GOTBLUVEENA)BLIY
PRSI (B 21T o 22,

FOERE, RKOEBYTHoT,

—iREoBETE, BB LRSHBEELTEY
Ll AR AR oy (R T WA

@, BEEE L UEEGEE, e bFETEY
B b hld i,

MTEERE R Tk, WESa ra K77 25>
B (APTT), 7O PO vV orBEPTBLIE7 47
/=5 rEaonfhd, Miis IR ERSE e
AMEFL TEVNRDSN o2, A

ML LFEEOEE, DT TORBYERS
BELGOTHBLUTHEFEOQEBIZOWT, wHBREE LN
B b nLdoi.

RHEEMREOCHE, HBRIEOFELTREISNLNA
RRT RISt b B ondbh o,

UEnZ kb, BEEEITEEE D30 mg/kg/day
E T s i,

MEd LUHE

1. WERE

1,2,3- b U A F e B (CAS No.526-73-8, HRAb
BT EHEML) FREeEEHOBMET, FERKEE, 5FX
CeHyp, T TFE1202001EThHA. FHREIZHOL
O FFJAQL DHEREIZ998% TH o7z,

2. fHEEH
st L9 v b [CrizCD(SD) &, SPF] i B&F+
A e ) SR EREE) S ERTIRA LY. &)

Wrigith, RREBCSEEB{bsE-%, 6ABT
WEERELL. MRS LOREIZL - TR
L, SESMEHEICE ) EREBEHEERT S L) g
L. BofE, EETE s — JICEiRSEs
(Animal ID-No.) 23 Z &Ik W iT o7z, 5 8MHE
DFEBEIHTIN~144g, MTIM~121gTH 7.

3. HAESRG

BHEN) T AT LAORATETHEEL, BEREGO
BEMEIZERE223 12T, AMEFSSE10%, O
208, /0%, HBEA150 ~ 300 lux, 12ERRT(4Fa6 78207,
TRTRELT) & L. BEERPY — CA0kERS
FRTEHAL, SEUNE  RNEARF - YicgilE
IESDMNEFL, 41Uy VEERTEMEEORGHE
WERAN THART v b - v AFEHES L UKERE
BN U7, fEr— PiiB1E, SESE
1TEELY % 7.

i, B oB{LEE &, %535 5 RlEARS,
F— Y OEEECHEFRIZL- L BN I REERO
Ei{tidde o i,

4. HBRBOWEE
REATEL0, 3, 108 L0730 mp/kg4BEE L, 17E
He& BT, BHODLEEM L7z,

(FE&ETERH)

28 B MipLIER S EMEERT 0, 100, 3008 £ UF1000
mg/kg TEME LR, EHEL S 100 mg/kgllB T
PT, APTTOREDHPHEL L TR LN, &
EETMBT L0, S5 CAEHETI0, 108 LU53
mg/kg #FHE L 7.

5. BEAE
BEBRDEOESEREEOL L. #EBpEHEa-
WCEEL, BVYyFRHWTERES LA B8R
ITEELI0gHH 05 mi & Uik, HREILRIFHEDOLE
5L,

6. BEBRORH, S

WEMEE, SREG, 10B X030 me/ke) ZEIZHT
ERFBEL, 2-vil(FHa7 /TR ICEFEL
o BEHIARAE, SEERETIHEBMEETHLT
ENFERINTWADT, RIS TIIEE]LEH
BET, 1ASENT G % LEREE CRsE o F
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B L/, 2 FHLCIER AT T 9 ™ CUMGF A LIt 1 35
EUC4GHOMBRICOVTEBLAER, RERED
89.5~99.3% DA TH D, BUITHE STV,

7. #EHIR
ZEHEE28AME LA

8. W%, HEHLURE
1} —RiKREDERET

WAL, FEOZHBEL, WEEROR
£, THAY, RHOHE--BYE I ORCEoFE
el

2) % &
G, LIRSHRTHEC, EHlIHEELA.

3) B =
B EEAIE LB s L, SEEIE (g/week)
HEM LA

4) EEFREE

WERTHEICEE LA,

B4 240, g lemBEgs /. 8
w I—F O CHBREE L, EHCER, S L.
a. MREEREME

I EEY — YRR O Mgz owT, Se oy
Y B (Quick 1B#), @& f#fo o R79 25
VB (e MEYBAU T 7Y =S rB(MEY
VUoRME) 2 NEER B S EEEKC-40 (RE
Amelung ) 2RV THEZEL 2.

b. MFEE{bFHRE

MEEHCT, EF(BEE) #EKTACHEM
TONCEE2 ¥ v 2 #) T, V% 3 VE A+ * 9 OB
FS Y27 29— F(GOT:Karmen Bik) #
CentrifiChem ENCORE I (RE~N—# — 1) TlHlZE L
7z,

5) REFRE

TAEEANIR SR TRICEM . = — 7 VERERL, BUm
BOESHEB LA, HRMEE L RERESFFRERY -
MCERERL A F /o, BRI, B, ERS LUCEH(K
BEE) 122w T 0% P ERE R V<) Y CEE LIEE
L7,

6) F—aOEHELIUEHSSR

EREBRFOKE, B8, MEEEARKEER LM
WAL EEE, TREFLAEANTRICHEY,
B Bartlett DEFEREEZER L 2. SSRGS
E—TCERBOFEIT TV, TRIGECEFEOEER
¥OFEEOES I Dunnett DS EILERTE, SHOER
HAPRLRLBE I Duncan DEBEHARES THBHLE
EREEMOFSEPHE L/, Bartlett DESEIRET
PETEO LS Kouskal - Wallis D IEr#E 4 E/HL,

474

HEWFEIL S SINT A P Y Y V) punnett V) 2 8 e
WETHERL SRERMOFEEERELL. £,
HEENMEZEII OV TIEFisher D EERERE X
EHEL 7.

FEKERSBL 1% O A E TEREL .

1. % T =E
BEMED, HHE b WTLOBEIILREHLED L
kol

2. —REREEERER
T ORI L BEEMEZED o0 d o1,

3. & =
BEREE b2 S B TE LT, R RBYEKS
BLTHEEVED bR o2,

4, BB :
BEREE &, BESHIE R U TR TSRO b vk

=7z,

5. MAEREEREIRE (Table 1)
ML & PT, APTTB LU 7+ 7)) /=5 BO3HM
FEEB oW TERTtEIED O h o/

6. MRAE{EERE (Table 2)

MEHE & & GOT B L ERIHRBRYERSH LB
ETEFRD Lol

7. fRIEReTE

a) R

B HIRSHTE{BEINAHRIIER L, BER
PR, WIh L EBHORETH 7.

ERH LU

MEHEL IR SAR 408 U OB Mt e £, —fiRERI
BEROHLEMIRE s N b o2,

HE, BEEL LUHHEYELR, gL SERDEE
ERTENTO NP5,

MESEEGEREIL SV T, RBRUIRSE0, 100,
3008 L TF1000 mg/ke) TR NPT B L FAPTT®
EREmA, HEHEDO0mg/keBHETHEHED LN d o 7.

ML EFRRTEOHER, GOTB L UTEFEIL, B
EOMMERBLHBRERERL TENED LR
7.

BB RICOEBRDEES L MESY SN A EF IR
HHENLh ot

BEoZ &it, BEEEIIMEY 30 mg/kg/day
b )] (A
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1,2,3- P XFILN L

Table 1  Coagulation of rats treated orally with 1,2,3-trimethylbenzene in the twenty-eight-
day repeated dose toxicity test
28 days dosing groups(mg/kg)
Item g 3 1Y 30
Male
No. of animals 5 5 5 5
PT (sec.) 13.6 + 0.3 135+ 0.3 135 X 0.6 138 + 04
APTT (sec.) 230 + 06 235+ 07 228 & 12 232 £ 1.1
Fibrinogen (mg/dt) 284 £ 19 273 £ 17 283 + 17 266 £ 9
Female
No. of animals 5 5 5 b
PT (sec.) 138 = 0.2 14,1 £+ 0.5 140 £ 04 138 £ 04
APTT (sec.) 205 + 1.7 207 + 14 201 + 09 208 + 13
Fibrinogen (mg/d?) 231 £+ 22 221 £ 31 229 + 11 213 * 16

Values are expressed as Mean £ 5.D.

Blood chemistry of rats treated orally with 1,2r3-trimethylbenzene in the twenty-

Table 2
eight-day repeated dose toxicity test
28 days dosing groups (mg/kg)
Item 0 3 10 30
Male
Na. of animals 5 5 5 5
GOT (U/) 48 = 10 46 = 9 38+ 3 49 £ 5
Chloride {mmol/t) 110.6 £ 0.9 1103 4 04 1086 £ 1.0 1109 + 09
Female
No. of animals 5 3 5 5
GOT (U/n 52 + 11 50 £ 7 Bl + 8 57 £ 10
Chloride (mmol/t) 1123+ 13 1121412  1L7+10 1138 £ 08
Values are expressed as Mean:5.D,
g Correspondence

SKEFILE | LT

Authors: Hiroyuki Inoue (Study director),
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ANERRIEE, tRAREn
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A LN, T

1,23- b AFNRyE OB E A VAEIREARETERE

Reverse Mutation Test of 1,2,3-Trimethylbenzene on Bacteria

EE3 3

BELEHEReEAREEC—-RELT, 1,23+
VAFNyErOBREHII OV THRIZTRAERS
BEEFBRET LIRS, A X 3IF 7 A (Salmonelia
typhimurium) TAI00, TA98, TA15358 & U'TALS3TRE
% b I RIEH (Escherichia coll WP2uvrA¥w v A
HIRERERSR T 7. FHEOLERBROERY I,
KEBRABFRELL. Tabb, BE#EE(-SY mix) D&
W h b USR589 mix) @ TA100,
TA1535 8 & USTALIR37 CENEN, 142~454 ug/ 7L
— F, fEEEEIEEOWP2uvrAls £ IFTA98 TH.68 ~
182 ug/ 7L — M OMEERELRB LS, TOEE,
EEER L CREEEEOVWFRIZBNTY, v b
F3rov—2a(89)EmoFEICrdbLGT, BT
BlICH~ERERER IO = - OB IMIED &
Y, FRELEEA S, —F, §RTOBEITED
HBif, #hEhofBERc LARLERERSREE
HERLA. ftoT, ARBEGTICRT, 123}
U AT B It LEETERER T Hik
Lo ok HRE L7,

MEts S UHER

1. HEBEHK

ME LAV L ERERERRRCL (RS ATVS
ZEhh, REEHE LT AFY Y ERYO Salmonella
typhimurium TA100, TASS, TA15354 & UVTALS3T" 2
UMY T M7 v ERKY O Escherichia coli
WPZuvrA? O SHERD ER = B/IR L 12,

FXLF 7 AWEBMSBEIAIRITAY 74 N =T
KENDB. N, Ames#HigHh 6, £, KEBEIIOWTIE
B33 43 A 16 HICE v ERBET» b 95 2 Fi)7.
FR6FOASHIIHEVIFERELERL, R
Hel#igErlEnERrBRLTw2 2 L& HEL
7o, BEHROEBERERIEY AFLANEF Y F(DMSO:
MERCK#) #ifhi L 4%, EHEEFHF2— 71202
mTogELL., ThelAESEFRAWTEREL, B
R 7 )~ —iZ-80°CTREL 1.

2. EHORH

1) BIPIN—-XERFRER (L — )
BRMRMEoT A AT« TANERZHB AL, KB

KRV, K7L~ M, Vogel-Bonner R /PEE#HE %

454

EhKBR0.02%HME~ S+ T4 - THRIE, 02%7 T
PR 1K, 1% YBT”A ) v L - EARIE, 0.192%
Yo EE—T B A, 0.066%KEEEF P A [0
NS BRIAED 122% 0 7 b2 — A (HIBAH D) &
1.5% @OEFX (OX0ID#t :No.l) #h8%, 30 mi%x v — L
WL bOTHS.

2) by T TH—(HERX)

Bacto-agar (DIFCO#)0.6% % &1 0.5%E{k+ b U
LKEBERIOERICHL, FXIF 7AWV 3E
DIEE, 05 mML-v A5 (AHE{LEFE)-0.5 mM D-
¥ v (L) Kisi s 158mL, KpE+ A
WERBOBRE, 05mML- Y 77 7 (EELE
E)ABEHRZRA L IBEMZ v,

3. HIESEEL

NEE200 mONBEER(A VYR
Corning Costartt) i225% a2 — b L > 7O X
(OXOIDH)ERE 25 mi AEL, TR LAHE
BRESO plEBLA., V4 —F—NAY % —
(MM-10: # 4 7 v 7)) & Av>, 37CTSREHRRE (&
RiRE 1200/ Hy EEL, RERICHERL..

4. 89 mix

BiEH6x ALMOF v 72— 7 RS9 mix % SHERIC
FALAZ. SOmixFOSYRFEME LT7x /80K
Yy — B LUS56-X 7 TR EHE L Sprague-
Dawley RiE5 v OB, ARSI LOTH D,
SO mix DR F BT ISRT.

B % S9 mix Iml FOE
S9 0.1m!
MgCl, 8 praol
KCl 33 pumol
G-6-P 5 umol
NADPH 4 pumot
NADH 4 pmol

V) B {E Na- ¥ (pH 74) 100 pmol

5. WYY

WEHMEDL23- M) AFAxrEr{ay &
% 1FJADL, CAS No.:526-73-8) i35 FHCeHy, FTE
120.20, #EW8%NEAETH 5. HER{LE TEHEP S
RESNAWRDEEER LA, RERTHE, Stvy
— BV TRABRRDEHZ W LR, TEEICRIE
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BRERER

ot

6. WEAMBRIEHORH

DMSOITHERD R Z &M L TRBERB L Lo, #WE
T % [ I & T TIRARERBE /R L 0%, &
bITE % 4T o 72 (RIREERAL).

7. RBRBEEORE

7.26, 36.3, 182, 9081 L (F4540 pg/ 7L — h {50
mg/mlEHE R EBRHEOMENSN THELL) DA
EXHCWTTFRENLABRTER L. o8, T
DRk & CICABNEIE(LE: @ TA100, TAIS35H8 &
UFTA1537T36.3 ug/ 7V — FRLE, fR8HERILED
WP2uvrA B L IFTA98 C182 pug/ 71— M EIZBWT
REBEHECYTAEFTEERAPBE SR, £oT,
FHREBICBOTHEEEOREHL & TGS ELE
@ TAL00, TA15353 X USTAL537 T45.4 ug/ 7L — b,
KBS O WP2uvrA B L UM TAIS T 182 pg/ 7L —
rEEEHEEEL, TRLENCHE(GRZ) 2FELL.

8. [BMMERME

BEEEEgE: LCTFRICRLASE2EHEALE:. =
OB BEEIE, DMSOTHWTHEL, 48
FoMELBERRE0T) L,

2-(2- 7Y )-3-(5-= b I-2-FUNYTF YT IF

(AF-2. F05tiiiss T 200)

7 UL ) 7 4 (NaN,: F16HEEE Ude)

9-73/F 2 Y Y v (ACR:ALDRICH#)

2-F 3 27 ¥ b T (AN FIYERSE TR0

9. MEAE

Ames b DBEORRETHL T4 v Fa—T3
VEMIEED T, BEEL L OREFEEEEN R
OWTRETERLA. RBREIL, HHBEE, #BYE
BHLD 5 VILSE B EERE 100 W, K\ CEREE
DOa, 0IMF R 4 - ) CEHEE (DH 7.4) % 500
ph, fLAHERICEDEE, SO mix% 500 W ¥ & HREH
100 B N%, 37CCASHEEREE(F7LVA y ¥
N—YaryLi BERTHE Py 7TH -2 mliR
mL, ReM%x7L—rLICEB L. 37COEHRT
A8BEEE S L — MEEELLRE, BERDEORERK
CHTREFHEEASHET L0, EREMHE(X
60) #FWVWT T L — I EORBEKOEFTIRELHASEL
2. RWT, ERERERECIVEL TR B
L. EMEliCEEL Tl —7+9 4 F—(CA-11: &
AF ¥ ALY AW) AV HE LTRER20E
WL

10, HEROMEH
FIRERER 0 = —BANSE B OFIZ2BE s
B, o, BRES W IIHEBRYEOHEICKTS
HROLLNTEER, BhYEL:.

L, HEENTFELRVWE: *ﬁmii%ﬁﬁbﬁtﬂ‘of

R IUER

R R L Table 1~ 4R L7z, B35 (-S9 mix) %
& TS AG B (ki (459 mix) DV b b SR
BWT, 1,23- M) AFLNL ¥ REI L LETHE
e BEs NIz, T, EREAER B0
WK, B#EE, VBN L b MR L REOHE
ThY, HERENMENEED Shdo k. —F, B
WA EMEIEENEROERIIBNT, BEGEED2
U EDEBRPRRER T —2FRB L. &8, 59
mixiFinEF182 ug/ 7L — FOFEEIIBWT, HBER
OFEEEAMEMCBB LA, oo -5
SEDRETREBBEI N2 o7, DO
BinG, AHBERETICBVWTLLI P AFANPE
YOMESIINTAREFEKERICEL, BELHE
L7,

ik
1) D.M. Maron and B. N. Ames, Mutat. Res., 113, 173
{1983).

2) M. H. L. Green and W. J. Muriel, Mutat. Res., 38,
3(1976).

FEREMTE | PIE

REpHLE [ REE, WEAEARE, BR J
EERBEXE R Tt > ¥ —
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[direct method :-S9]

Compound Dose Revertant colonies per plate { Mean+5.D.]
{ug/plate) TA100 TALS3S WP2 uvrA TA98 TAL537
DMSO# ] 97 104 103 W 12 14 15 21 18 18 24 25 4 6 10
101 £ 4] (121 2 [18 + 3] l22+ 43 [ 7+ 3]
Test sub. 142 87 101 85 7 14 16 22 23 13 18 19 29 8 9 8§
[oL+ 9] {12+ 5 [19 + 6] [22 + &} [ 8% 1]
2.84 97 91 82 12 8 9 18 19 24 22 10 26 7 9 10
[oo+ 8 {10+ 2 [20 £ 3} [22 + 4] [ 9% 2]
5.68 74 94 o4 4 11 5 13 19 22 20 22 27 5 9 4
[ 87 123 £ 7+ 4 lwex 5 [23 + 4] [ 6+ 3]
114 80 83 69 5 13 12 17 21 16 25 21 22 7 10 8
[77+ 7] [10+ 4] [18 = 3] [23+ 2] [ 8+ 2]
22.7 83 8 95 7 8 7 31 18 21 2 20 15 6 7 7
[89 = 6] [ 7% 1] [23+ 71 [20 + 6] [ 7+ 1)
454 77* 66* 88* & 6 11t 25% 14* 26* 19* 26* 20¢ g Q% B
[ 77 £ 11] [ 8+ 3 [22+ 7] [22 £ 4] [ 6+ 2]
Positive control 558 579 517 402 345 3450 107 140 106 528 588 565¢ 620 580 585
1551 £ 32) [364 + 23] 118 + 19] [560 &= 30] [595 %= 22)

#:Solvent controt *:The background lawn was thin

d) :ACR;9-Aminoacridine, 80 pg/plate

Table2. Results of the bacterial reversion test of 1,2,3-trimethylbenzene (1st trial)
{activation method ;| +89]

a) | AF-2;2- (2-Furyl) -3- (S-nitro-2-furyl) acrylamide, 0.01 ug/plate b) :NaNj; Sodium azide, 0.5 pg/plate  ¢) JAF-2, 0.1 ug/plate

Compound Dose Revertant colonies per plate [ Meand3.D.]

(pg/plate) TAL00 TAI535 WP2 uvrA TADS TA1537
DMSO# 0 109 100 97 8 11 14 26 23 27 28 25 .33 14 11 15
102 + 6] [1l % 31 [25 + 2] [290+ 43 [13£ 2]
Test sub. 142 97 94 96 9 7 15 - - 23 23 16
(86 + 2] [ 10 = 4} [21 = 4]
2.4 9 102 W 13 15 12 - - 17 20 23
[95 + 6] (13 2 [20 £ 3i
5.68 8 110 107 13 20 11 21 % 21 32 30 40 20 17 2
(102 + 11] [15+ 5] [23:+ 3] [ 34+ 5] [20 £ 3]
114 114 99 106 1 9 9 29 26 17 40 37 41 24 23 27
[106 + & [12 + 5] [24 + 6] [35 + 2] [ 25+ 2]
227 108 121 105 6 10 14 24 26 2 33 37 43 26 17 22
[111 + 9] 10+ 4] [+ 1) [38 & 5] [21 £ 4]
454 110* 121* 118* g 10 11* 25 24 30 33 37 24 14* 24% 15*
116 + & {10+ 2] (26 % 3] Tatx 7 (18 + 6
T% 90.8 - - 14 25 22 38 33 30 -
& {20+ 6 [3+ 4]
3 _
# 182 - - 28* 28* 26* 26% 21% -
(27 1] [24 + 3]
‘fk Positive control 620 580 583 272 367 321 577 554 6467 314 287 288" 130 120 o
i [594 + 22] [320 + 48] (592 + 48] [295 + 15] [116 + 17]
¥
5 #: Solvent contral *!The background lawn was thin -:Not tested
a} 2-AA 2-Amincanthracene, 1 pg/plate b) 2-AA, 2 pg/plate o) 12-AA, 10 ug/plate  4)12-AA, 0.5 pg/plate
479

456




Table 3. Results of the bacterial reversion test of 1,2,3-trimethylbenzene (2nd trial)
[direct method:-S9]

Compound Daose Revertant colonies per plate [ Mean+S.D.]
(ug/plate) TA100 TAI535 WP2 uvrA TASE TA1537
DMSO# 0 94 103 106 16 15 14 20 21 27 21 20 2 7 &8 7
[101 = 6] [15+ 1] [23+ 4] [22 + 2] [ 7x 1]
Test sub. 1.42 101 98 100 14 16 15 27 21 22 21 20 22 5 5 8
[100 = 2 [15 % 1] {23+ 3] [21 £ 1] [ 6% 2]
284 94 106 99 16 14 13 23 24 25 24 20 22 8 8 7
[958 + 6] [18 £ 2] {24 £ 1] [22 £ 2] [ 8+ 1]
5.68 97 983 92 15 17 17 22 25 25 22 23 24 8 6 7
[96 £ 3] [16+ 1] [24 £ 2] (2s+ 11 [ 7% 1]
114 102 103 104 16 11 12 26 21 20 26 26 25 6 8 4
o3 = 13 [13+ 3] {22+ 3] [26 = 1] [ 6x 2]
227 103 93 100 15 15 15 24 26 23 27 23 24 7 6 10
[99 &+ 5] [15 £ 0] {24+ 7 [25 £ 2] [ 8x 2
454 107% 94* g7* 0% 10% 9% 22% 22% 20* 23% 20 21* 9* 6% g*
[92+ 7] [10£ 1] {21+ 1] [21 £ 2] [ 8+ 2]
Positive control 428 394 437 375 442 502 109 107 G+ 631 645 659¢ 586 597 450
[420 + 23] [440 * 64] 1109 = 2] [645 = 14] [544 = 82]
#: Solvent control *:The background lawn was thin
a) : AF-2;2-(2-Furyl)-3- (5-nitro-2-furyl) acrylamide, 0.01 ug/plate  b) : NaMN,; Sodium azide, 0.5 pg/plate c): AF-2, 0.1 pg/plate
d) ! ACR;9-Aminoacridine, 80 ug/plate
Table4d. Results of the bacterial reversion test of 1,2,3-trimethylbenzene (2nd trial)
[activation method:+59]
Compound Dose Revertant colonies per plate { Mean+S.D.]
(ug/plate) TALQ0 TA1535 WP2 uvrA TASS TA1537
DMSO# 0 101 99 102 10 16 15 27 23 28 28 32 M 14 14 13
(101 = 2] [14 £ 3] [26 £ 3] [31 + 3] [ 4+ 1]
Test sub, 142 9% 109 91 13 16 10 - - 14 13 12
: [99 &£ 9] [13x 3] {13+ 1]
2.84 98 94 102 12 18 14 - - g 9 14
[98 £ 4] [15+ 3] [114 3]
5.68 99 9% 105 13 17 18 26 21 27 35 36 H 14 10 15
[100 £ 5} [15x 2] [25 + 3] [3 £ 1] [13 £ 3]
114 102 107 106 15 15 13 27 27 21 34 39 32 14 14 14
[105 = 3] [14 = 1] [25% 3] [ 35+ 4] [14x 0]
22.7 90 105 103 15 18 13 27 26 27 33 37 38 1 13 14
[99 £ 8] [15+ 3) [27 £ 1] [3 = 3] [12 + 2]
454 106* 98* 90* g% 12* i2* 24 25 21 34 31 3 1% 15* 13"
[ 98 = 8] [11 £ 2] f23+ 2] [3 £ 4] [ 14+ 1]
90.8 - - 21* 23* 23* 35% 30 32¢
[22+ 1] [32 + 3]
182 - - 24* 20% 27* 33* 30* 25* -
[24 + 4] [29 + 4]
Positive control . 658 716 764+ 209 321 294 528 504 607 406 324 322¢ 104 105 11i™
{713 = 53] [305 + 14] [546 + 54] [351 + 48] [107 £ 4]
#:Solvent control *:The background lawn was thin - Not tested

a) :2-AA;2-Amincanthracene, 1 pyg/plate  b) :12-AA, 2 pug/plate ¢} 12-AA, 10 pg/plate  d)12-AA, 0.5 ug/plate
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In Vitro Chromosomal Aberration Test of
1,2,3-Trimethylbenzene on Cultured Chinese Hamster Cells

B

B E e agkEEo~RELT, 1,23-F
N AFARYEyOERBERBICOVTERERREEREN
DHFEEBRFT L0, Fr4o—X - NhA¥—Hil
HFEIaHR (CHL) 2 v 5 in vitro kB AR ERER % 1T
of, MIEHTEIHIREE R LR, HRFEENEES
NbRELsESHAEL LTERELL. T2bb, Ei
24 BB LB 90.0, 18035 L U360 pg/mil, [F4SEFRIAL
HIET60.0, 12035 & UF240 pg/mi, FEER 59 mix ML
HEC120, 240, 480 85 £ 0V960 wg/mi, F1-S9 mix g T
120, 2408 & U480 pug/mid3~4BE (AR 2) 1I220nT
PeEEEREER LR, BEUSRETEELA. Sk
B -+S9 mix MIFEED 2408 £ UF480 pg/miiZ BT, #E
P TIDH D P REAEERTOERERIBEEIN
AL (2 BT 350, 500, 6508 & UF800 ug/miD4 B
BERAVHERRBTERL &SR, 800 ug/miizBw
TH5% OBEREMErEE L /2. —7F, EHEngE
OB E <4 b= CIMMC) B L UFEEBH
+S9 mix MIBDGHENRYH L 70k A7 7 3 F(CP)
, wh b RaERERELSERCRR L. o
T, ARABREMHET O in vitroREBRICBVT, 123 1Y
AFRRY RO FEEEERGICOCTERELN
L AR

s L THE

1. BBRIMRRH

MEFLAERT IR T A Vv 2 e R ERERICL (RS
NTWa I edh, REBEEkELTFr4=—X - N
LAy — Ol RO HEF AR (CHL) 2 BIRL L.
GA594E 11 A 15 A B ERBFR A 60 5% 21T,
—f kY AFLRNVEF Y F(DMSO:MERCK#) &
WO%EML 2%, WAZEPICREL, BV IE3~5H
TEIHMA L. B, RRAARETRBRTIRIERESR
RETOHBEL, BAERBRIBVYTRRAMOHMRE B
Al

2. EEROCHEH

Eagle-MEM #% 3 (LIFE TECHNOLOGIESHt | #
1000ml DAERK THEME L tk, 2.2 gOREEKRFEF MY
T A(MEAEW®) 2L, INEBEZRWCpHZ 7.2
gL tR, AV T 907 4 MY — (0.2 pmiGelman
Sciences) & AV TIIERBRE L7z, SE@{EGET,
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304) EAHFHEIME (LIFE TECHNOLQGIES ) # Bt
EETI%W L LA, RECERLE.

3. WmERHY

COf v Fa~—%—-(FORMA#LS BT = i EHE
TEHEM) & BV, CO,IBIE5%, 37TCOEMECcHila% ke
L.

4. 59 mix

BEHRG 7 A0 F v 3 —< VRIS mix 3 3ER|C
FALA. SO mixthOSOUIFEAE LTI 2250
Y= BLUBE- XYV 7 TR EHES LS Sprague-
Dawley RS v FOFE»SFARENZIDTH S,
SO mix DEREE S O FECE o A,

5. IREEME

wWEEMED1,2,3- M) A FNEI{Dy M E
5 :FJA01, CAS No.:526:73-8) A FR.CH,,, FFE
120.20, fEENS%OWETHD. ERIEB LIRSS
BEENEEEFERA L BEBRTSE, Sy
— BV TBREHEBYE 20T LIRR, ZEEICHE
[ A i L A

6. WEMEERORAN

DMSO ISR M & B H L TSR L L. R
R E@ERERE AV URRFAEREARLCHE, B
I % 1T o 2 (RFASL).

BB, FERNEOMEILSGRIETH L0, BE
KL CTIRE L.

7. TliRalE: (AR TE NG )

MRt EE LS 7L — b CHMAZIBTE L, 553
BUBRDESHTOHE L, ERLERENSE, 24
HHVIASRFEER L TRIBEERL, SRELEE
T SO mix FEFRE T (+59 mix) 5 I3 FEHER T (-52
mix) TORFHMLE L /-, FELEECTBRLTES
ISREEETRIT .

FARE % 109% GRS R = ) I (IR TR0
TEELAE, Q1% JAZ I - 14 Ly b+ (R
) KB TIOSEEE L. BEEEROG% Y
S, 1%ERBEAKGARE) £ E SR, boMBEEREL
TEELEBL#, 580 nm TORGEELMEL L.
ERERIIOVWTHRFEMBECOREE ST, T
Lhb#laETFELER L.

481




RetEEER

FORERE, WTNROMEEICS T HIEE MR
NEpEEEI A (Fig. 1), 7oy FEFAVWTEE
L 7= 509% A0 By 158 58 30 ) 18 BE 1 %t 24 R R AL 3E T 180
pg/mi, [FASFHIMEET 130 pg/mi, $ERERTHS9 mix il
HC218 pg/ml, F-S9 mix M T213 ug/mt TH - /2.

24 hrs. 48 hrs. +59mix -39 mix
e T el e T

Survival (%)

| i | | ! |
293 419 598 855 122 174 249 356 508 726
Dose (pg/nl)

o 1 | |

Fig.1 Dose-survival curves of 1,2,3vtrimethylbenzene

8. HBAEsJUEREONTE

MBI R R A 2, BEAENTERTIE
45 24 BERS LR T 360 pg/mi, TFA8ERMMLIE T 240 pg/mi
STRFH +50 mix BT 960 pg/mi, [E-S9 mix ML T480
pg/mlEEEERE L, WFAKZ TR L RS~ 4R
T b ICEEM R RE L.

AR L LT, EHUBEDNEE, vf 12
C(MMC: HANBREET 208) F, 24FFENET0.05 ug/mi,
A8 BERTALEE T 0,025 ug/mi DA E T, ERFEAEEOE
&, yruaFAT77 I F(CP EFEME®N) £, 125
ug/miDFAETHERLL.

¥ 7, FEFESREICE VT3S0, 500, 650 & L 800
pe/mlNAFE (FEHF) ZHFELL.

9. REFEROER

BEZ60 mmD 7L — b BV, THERERLFARCHE
BRESOMBEEITo /. FHERT M, &EBE
BET0.2 ug/ml kb LS a0+ 3 F(LIFE TECH-
NOLOGIES#) ZiEhn LA, U 7 LB ciifa % #

BEsd, SOAEEC L OMIBREEIRL 2. 75 mME(L
BT ARGECERERE ST - 128, BER(Ay /.
— 3% EEERLE) CHllE R EE L. ERERETR
EAEREERL 2%, 12%F 4 FRERTI2S5ME
& L7,

10. FEHEOHSE

EFE7L— a0 100E, T+ 2bbHESAD 2004
OFRTHB T ERET CTHREL, LEAROTEBNEL
LLTF v v F(gap), FESEME(cth), Rl
{csh), FEDERIE(cte), Pkt (cse) BLUE
Db (oth) OETFICHH L. MR, FEEMR
OBEEERG L. READODIIL ARREELRESE
& - THILE SR GRIE? IC L A 0 HE > TERL
AR

TARTOEA R 3~ F{ELA%, BELL.

11. EROBEH

Frvy 7OXMBET IR EEDBE (deap) &,
EHRVIEE (-gap) LEN L TRESEEEEOH
HEETFERLL.

ERBHOBERE 2T 5D 5 ik E M
OHIREEZ, AELYOEBIE->THE L. A
HBEFrHTLMBOBRARENB I (),
5% L E10% ki & e (), 10% B E &) &
L7 BRERNCEFEESD 2 VEAZICETEEIF RS
NiEeTmE L HEL .

LB, HHENFEERETRWIRERERL 2, - 7

ERBLUEE

HEMBEH CORBIER F Table 1IIR LA 1,23 b
N AFNAYEMBBEORE, 240M7% 6 FIC480
BABROWTFhLOHEIr BT REHEOBERT S
UM OBREMEEE SN o, —H, &
M BRI O MMC TR L R TR REEOEER
EDHEERFRVTDO 6N, FRRMNEERETORBR
F & Table 212" L4, @R ELEROKES, +59
mix LT 5T 24038 L 07480 pg/ml iz BT HfmE
OEEREOHARAESS%FEA, Bkl HEih
. FEMArHAETLOMAMERYERL-ER, ¥
B ELERICBWTEI TS 2P REROBERT
OENERPERE S h (Table 3). %7, BixiES
BOCPTHREL M TIESY mixfERE T TOALEAE
DEERFEOBRZLHEVRO N, L EORERER
e, RERBREHETIZBWTLZI M) AF LR Y
OEFAEEME T AR EREFEEICEL, B
Sk & e L7,




Table 1. Chromosomal aberration test on CHL cells treated with 1,2,3-trimetnyibenzene
[long-term treatment]

Dose Time of Number Number of cells with Total  Total Polyploid  Final
Compound exposure ofcelis  _ _structural aberrations  [+gap] [-gap]  cells
(g /mi) (or) analyzed  gap cth csb cte cse oth (%) {%) (%)  judgement

DMSO* 0 24 200 2 1 0 1 0 0 15 1.0 05 -
Test Sub. 90.0 24 200 3 4 0 2 0 0 4.5 3.0 0.5 -

180 24 200 0 0.0 1 ¢ O 0.5 0.5 0.0 -

360 24 200 o 1 o 1 ¢ 0 1.0 1.0 0.0 -
MMCH* 005 24 2060 13 63 0100 ¢ 1 84.5 63.5 a0 -+
DMSO* 0 48 200 1 2 0 1 ¢ 0O 2.0 1.5 0.0 -
Test Sub. 60.0 48 200 1 2 0 4 0 0 35 3.0 0.5 -

£20 48 200 1 2 0 1 0 0 20 15 0.0 -

240 48 200 o 2 9 3 ¢ 0 25 25 20 -
MMC* 0,025 48 200 14 38 0 7 2 0 46.5 45.0 0.0 +

*: Solvent control **: Positive control (mitomycin C}

ctb:chromatid break cshichromoesomebreak cte:chromatid exchange cse:chromosome exchaage othlothers

Table 2. Chromosomal aberration test on CHL cells treated with 1,2,3-trimethylbenzene
[short-term treatment]

Dose 59 Time of Number Number of cells with Total Total Polyploid  Final
Cormpeund exposure of cells structural aberratigns [+gap] [-gap]  cells .
(pg/mi) mix (hr) analyzed  gap ctb csh cte cse oth (%) (%) (%)  judgement
DMSC* 0 + 6 200 0 1 0 2 0 0 1.5 1.5 0.0 -
Test Sub. 120 + 6 200 6 5 0 4 0 0 35 35 2.0 - i
240 + 6 200 3 7 0 12 0 O 6.5 6.0 1.0 +
480 + 6 200 2 4 0 6 1 0 55 45 30 + j
I
960 + 6 Toexic :
Cp+* 12.5 + 6 200 5 40 0 8 1 0 51.5 515 0.0 +
; DMSO* 0 - 6 200 1 2 0 1 10 2.5 20 10 -
%
Test Sub. 120 - 6 200 1 4 0 1 0 0 30 25 10 -
kg
"E 240 - 6 200 1 2 0 0 ¢ 0 15 1.0 0.0 -
A
480 - 6 200 Z 2 g G 0 09 1.5 10 1.0 -
4
L
"%E Cp** 12.5 - 6 200 1 0 ¢ 2 0 ¢ 15 1.0 1.0 -
‘g *:8olvent control ~ **!Positive control {cyclophosphamide)
ﬁ ctb:chromatid break csb:chromosome break cte.chromatid exchange cse!chromosome exchange oth:others
B
a
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Table 3. Results of the confirmative examination using CHL cells of 1,2,3-trimethylbenzene
[short-term treatment]

Dose S Time of Number Nurnber of cells with Total Total Polyploid  Final

Compound exposure of cells structural aberrations {+gap) [-gap] cells
(pp/ml) mix (hr) analyzed  gap ctb csb cte cse oth (%) (%) (%)  judgement

DMSO* 0 + 6 200 1 0 1 3 0 1 3.0 2.5 0.0 -
Test Sub. 350 + 6 200 1 1 0 3 0 ¢ 1.5 15 1.0 -

500 + 6 200 0 1 0 6 1 0 35 35 0.5 -

650 + 6 200 2 2 0 5 1 0 45 35 0.5 -

200 + 6 200 2 7 0 7 0 0 55 50 15 +
cp** 125 + 6 200 10 34 01w 0 0 59.0 58.5 0.0 +

*:Solvent control  **:Positive control {cyclophosphamide)
cthichromatid break cshichromosome break cte:chromatid exchange cse!chromosome exchange othlothers

ik HEBRELTE P H
1) A. Matsuoka, M. Hayashi and M. Ishidate Jr., Mutat WEMANMFE ARG, HibEE, REERTE
Res., 66. 277(1979). GaEREEENRE M ¥ —
2) BFRBEERFEZS - WILBWRABRS &K, "k T437-12 BHE B BRI AT ST T R 582-2
EMEICLAREARET M TR, AEEE, K Tel 0538-58-1266 Fax 0538-58-1383

=, 1988, pp.31-35.
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Twata-gun, Shizuoka, 437-12, Japan
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Twenty-eight-day Repeat Dose Oral Toxicity Test of
2-Hydroxy-4- (octyloxy)benzophenone in Rats

B

S FOFxv A (FrFrtF)Rry 7/ o,
TIRF v 7 AREGHEEOTEER R, ASCEHRR
e EOFER - AR ICER L TREORNE, b OR
#, BB, Yy T-0F8EE, UVhy b7
£ WAICHCSENRRIH O BN THHENRTWw AN
YT x YERENBREHCHE, BERERELT,
BRSO LD i w7 A C10985 mg/kg L E L BE S
hTwsl,

40, 22 FOXS4-(FrFLFFEY )R Y72
7 vyd20, 14038 L1000 me/ke/day #SD%EF v O
MEHEI 28 AR RERS L, FOFERICoOWTHRITL AL
THHE 35 & T1000 me/kg/day BEIZ 2w Tk 14 0 M EIFETRE
RRiT/-.

SRR ELTECEA T, —RINEE, £,
HAR T bidfe , MBSERE, Mg, R
WS & UHRERER R, ¥R ERSCRERALLE
mEibiafobhhdho i,

uxm?%;b FRBEFTFICBITA2-L FOF

VAAF T FNTRF VYN T OERERE,
HERE & $ 121000 mg/kg/day L EZ BB,

Hik

1. #HBRYE

e FIR L A-(FrFUAF IRV T
AIEHETE, 7w M 40650, ME D 99%L 1) i,
R 45~50T, K, &, KFICRE, o-~NFHUBL
PNREVIZHET, KCRTEORE(H)BHET
BhH, Ry MIoWTHRBERTEETHE AT
BRI NL, HSEEERBEY 01% Tweend0iHm
0.5% A NWEXFVAFNENLO—R - F b LAKEHE
CRESEREEL, aERELL. REWTORBME
HEERETFEGT o4 LL3EMEETHY, 12
ﬁmbfP%ﬁLuﬁﬁﬁmﬁwwﬁ%Eﬁ%—Lﬁﬁ
ShTnWaIZ EERERL.

2. HBEMs L URESRGE

HEFT— WA - )WL Y AFLESDET v |k
(Cri:CD, SPF) ®UfHE+ 8 ARGHE - BIfE L, siBRI-{F
H L7z, $#5-Bsanic it 2 G EpiR bk mhlkic
L9 LA 1 BOBDBITESeRTE L, wE
BLUBAER IS TR IobIcEHE6ILD 14 H I
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EEHEFRITL. B5EEEOERS RS b 58,
FEHFIIHEH165~190 g, MEAT120~153gTH o7,
W IMEE M SO SFTHMAG, B0~
25°C, MME40~70%, HBEH12E /K, BEF128H
(ﬂm~wmmu5@%ﬁéntﬁﬁ%%ﬁﬁLt.ﬁ
i, ERSVHER(N-—FF v T I HERF v~
AN REC R —F A M E A — /L
r—UHY2ETRELAT L.

i, EREYHEEEHMF: AV LE
BIEM) BLUSumPD 7 4 V¥ —EBHR, BIER
Lo AERE, FREhEHERS S,

3. BEELHLUKREHRE

BRI Y = 5004 X UF1000 mg/kg DEHETSDAS
v M7 B MBUERORS LR, 1000 mg/kgBETH
FENTbidgEb oo, EoT, AREBTHSE
BxHANFAOLRTHALI000 mg/kge L, BT
AT CHHAEF 140 meg/kg, EAET 20 me/kgs L
AR

WEH L 28 H MEN 10, FaihicE 7 eRw
THEREDOES L, H5EER 0 mi/kg L, BE
HlEROEELRICES L, dEEREcEEr
wE L.

4, BMESIUREHE

1) —RGIREE, HEBLUHEE

EFICOVWT KRBT FHBREL:. AEIRSR
FERBLUTEOFEIMNE LA, T4, BEEIZoW
T, BSRAERBLUFORALINTEIEL, SHEE
DILHY DI BOFHERELER L.

2) MR
EEEHBRIEOLB I OWT, TRy — T b
U ADEREAESICLARET THRASHR L VIRL
L, ROBF#H(—A70--DCA ¥ E—F» AfBE),
BIMERE (RF/DC 4 > ¥ — & > A, MR
—270-DCA ¥ ¥—F v ARMIE), ~EFOEY
BEGLS~NEZFTEE), A7 b2 U v MEGRMDER
NV ABEEREE) £ 4 HE B8RS HTEE (NE-
4500 REERETH), HMEKE5 3= (Wright fE &
BR) = miEia g 8o & (MICROX HEG-70A:
TEHER), ERERFE(TVTS L —F—FHWn:
Tu—A MA MY —FE) ¥ AEPAF IR EEE (R-
2000 KHERETHW), YooY B (PT:
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28 HERBIRSS5HER

Quick —f&# ), BEHT ey ®77 A5 A RHE
(APTT: MLt 7 7 175 AF ¥ i) % MATGE E 8
BEEB(KC I0A: T AN ZHICEpllE LA, %
72, BEOFR» S EHRINRERE(MCV), FHREM
kMBI & (MCH), FIfrimEkim e FEi@sE (MCHC) *
BH LA, GEMEAE LT, Yoo ErBRABLE
USRS b O v R 75 2 VB EMIE1123.13% &
LYEEF P AKEGREY, TNHAOEEORIFEIZE
EDTA-2K % v 7z,

3) MEE EPE

R LAmMELZRTHIOTHEESE L AE, 3000
r.p.m., I0ZHEELSEL, FohiniEs: v TRE
B(BiuretiE), 7TN7 3 ¥ (BCGHE), A/GH(BEES
YT AT o0 EMN), S 3— A (GK-G6PDHIE),
PO €T 4 F(LPL-GK-G3PO-PODE), oL A
7 & — L (CES-CO-POD#), REZEFE (Urease-GLDH
B), 7L TFo s (Jaffelk), Ay (0-CPCE),
R~ (UVE), GOT (SSCCERE#:), GPT (SSCC
te i), y-GTP (SSCCegR#:), ALP (GSCCILRE),
Fr)TL, AT A, FO- (A4 BIREEE)
% AEVTATEEE (H L 736- 107 (WRE 3P o L @Y
£ L7,

4) RBE

BEERTHROELHOZEWM I EETHVOHFER T H

BL, pH, #Mm, &4, 8, 7 F&, €Yy,
U - (R, ST AT AR
A NWR - ZHW) TROWE(Z ) 27y 210007 A
WA - ZHRER) THREL:. FOEE, 1000 mg/keiEo
TSR LN DT, MOATII2BEERBES
WERL, REZAAVY & —7, BE(BIFE) 2R
BEF (2o r-SiW7sI)T, U TLBIUH
Ny L {REEEER) A SRR B (FLAME-
30C/AD-3: AEGHAF ¢ AR T, su— N (EE
WEHE)Z 7094 FaA—%—{(Model 925: 2 —= > #
A4 AP L DBIEL
HEHBICEbOAS NIz oW T, BITEHE®T
THOFZHO2AMIC b REOMEFHEFL 7.

5) WIERE

EEHESNE, SEHWICO W TR ICBEAB)IR & L8
L CHUMERSE S E L, WK, FFE, =, 5%, iR,
Hls, BEBIUVHHECERETMELL. L, Iho
OBEIML, TEE BEREBERZEC), W, &,
BRI (B AR E &), B8, B, &5 0KME)
FIRELL, 0% vEHEER V<Y S (BRERE &
= — it Davidson i) I TEERRF L 4.
BERTRELEOGES £ 071000 mg/kg Bl
Heo.ClE, FRDE, BRI, B, BB oM gic, B
AT REI) Y- IFVREERFERL, HiEL
. F 7, ABRSCT{boA LN RS HERTEO
20 meg/keHEOHE1IRE L 140 me/ke O E2H OF

&, 1000 mg/kgBEa i 1 PI0IGE & EIEEIMSE T O
BIFEOMIFIOM, 1000 mg/kgBEO M 1HOEIRIZ DN
THEMICHREL .

6) HEEtERA

EHEF - FilowTid, Bartlett#HIC L 2858 0%
ERTY, TR —BOBER—TREBI RS ET-
#-%, Dunnettit: ¥ #-13 Scheffe ks L ) EHEO K gk
METT o8, THEF B TLEVEEIZIE Kruskal-
Wallis D8 E %77y, DunnettE ¥ 713 Scheffe Bl I
IR ETTo /., RBRETCHEONIFHF—FIZon
Tid, Armitage Dy iBE® H /Aol B EAHEIL5% L
TEL7.
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1. —#RARE, REHLUEEE
eREAMzEL T, BEBIUEERRLIED N
ol BEBSIUBEFERELEETOWBRYHIRSHET
IR L MR R ERL .

2. MRFH/BE(Table 1)
HEHERTEMRECBWT, 20 mg/kgBOHET
MCHC DEEA & &%, 1405 & 1000 ma/kg B
TiiEOHohnwz rs, HBRPMERSELIMNENR
WEL LB LA S/, EERK THOREIIBY
T, 1000 mg/kgBEDME THEIR OGB4 67z,
EHRBRTEC AN -2 L0 s, HEBRYHE
5 - IERE D L ZE L BT L 7

3. ML (Table 2)
BEMEETROREC BT, ZHOTH S AAE
Hidhdo/, %, DHEHBRETEOBEIZBWT,
1000 mg/kg i DI CIREEHEDOIAENH b h e, %
SHRETHICEAD Nt ol Eds, BERWER
52 DL VL L2

4, FRA&E(Table 3)

S HMMOBREICLE VT, 1000 mg/kgBFO M TpH o
FTusVAAOEDALGNS. 3, 20 mg/keBED
BTE)LME YD LENALRAD, 14038 & 71000
mg/kgBTRTOONLEh 242 0, HRYER
HEGEED WL EFIE L 7.

MEDAIIDWTER L AMEHAROBEICSVTE,
PHOELREO bhldh -7 &8, 1000 mg/kgfET
B0y LAOERAEHED HENIA, BEHMICIEA LR
MPofllht, HBMERES EBEED LWL
WLz,

5 #/EEE(Table 4)

BEMBERTEROBREIZLNT, 140 mg/keBOM T
EIE ORI EEOEMED A S LD, 1000 mg/kgHF T
BEH OGN Eho il Ednt, HEREIRS L ILEED



Table1 Hematology of rats treated orally with 2-hydroxy-4- (octyloxy) benzophenone in 28-day repeat dose toxicity test

28 Days Recovery
Sex Doselevel  Omg/kg 20mg/kg 140mg/kg 1000mg/kg Omg/kg 1000mg/ kg
Male
Number of animals 6 6 6 6 6 6
RBC {x10Ymm?) 743 £ 219 720 = 409 753 £ 190 739 £ 232 779 £ 231 770 £ 411
Hematocrit (%) 43.6 £ 0.64 431 = 1,74 446 = 083 443 + 1.67 434 = 1.33 439 x 125
Hemoglobin (g/d!) 150 = 021 146 =057 152 £ 025 151 % 050 1.9 £ 04F 151 =+ 0.60
Reticulocyte (%) 36 + 36 33 £ 3.2 31 £23 32+ 29 29 = 29 29 + 16
MCV (pm?) 588 = 161 600 % 187 592 + 108 600 £ 209 55.7 £ 222 571 =+ 222
MCH (pg) 202 + 051 203 £ 067 202 =034 205 £ 073 191 £ 0.73 197 £ 0.8t
MCHC (9%} 343 £ 018 339 £ 0.14* 341 £029 342 027 343 £ 04 45 £ 050
Platelet (X10"/mm?} 114.2 £+ 1361 1069 = 842 103.8 £ 681 1176 # 1541 103.9 + 1443 108.2 & 13.03
PT (sec) 136 £ 021 135 £ 037 135% 036 135035 132 + 028 132 + 027
APTT (sec) 177 £ 114 174 £ 095 166 £ 130 18.2 £ 0.75 183 & 116 17.0 = 154
WBC {(x10%/mm?) 121 + 244 120 £ 33.0 140 + 269 143 = 359 102 £ 236 105 &+ 149
Differential leukocyte counts (%)
Lymphocytes 88 = 57 84 + 3.0 91 + 62 88 £ 49 86 £ 4.9 85 + 4.1
Neutrophils
segmented 8 £ 34 11 & 35 5+ 40 7+ 40 9+ 37 8+ 2.2
band 1+£05 105 0+03 0+ 04 0x05 0£05
Eosinophils 1 =05 1+05 0+08 1+408 1 +£08 1 +05
Basophils 0+ 00 0+ 00 0+00 000 0£00 0£00
Monocytes ! 4 x£27 5+ 3.7 4+ 26 5+ 1.0 4+ 14 6+ 3.5
Female
Number of animals 6 6 [ ] 6 6
RBC {(X10*/mm?®) 703 £ 261 727 £292 727 £ 293 737 & 246 724 + 343 740 = 9.1
Hematocrit (%) 417 = 120 421 £ 105 430 £ 145 425 £ 092 408 £ 119 41.] + 1.08
Hemoglohin {g/dI) 145 1+ 045 145+ 032 148 £+ 034 147 = 024 141 £ 055 142 * 0.31
Reticulocyte (%) 27 £ 41 28 £ 15 22 £ 35 23 £ 40 26 = 5.2 25 + 4.7
MCV (um?) 593 £ 110 579 £ 141 592 £ 136 57.7 = 1.87 564 = 1.81 555 #+ 1.28
MCH {pg} 206 £ 032 200 £ 054 204 + 048 200 = 055 195 = 068 191 = 0.2%
MCHC (%) 347 £+ 018 345 028 344 £ 058 346 + 027 346 1 034 345 £ 042
Platelet (X10/mm?) 09.8 + 957 921 + 1067 995 = 9383 102.0 * 6.27 951 + 826 1011 + 8.16
PT {sec) 138 £ 045 136 £ 051 134 £ 078  14.1 045 141 £ 070 1490 + 0.71
APTT (sec) 146 + 120 153+ 074 152 + 136 155 + 1.70 152 £ 098 145 X 0.68
WBC (X10¢/mm®) 102 + 240 89 + 36.1 99 + 19.2 97 + 225 72 £ 233 80 + 231
Differential leukocyte counts (%)
Lymphocyies 90 + 4.1 838 + 39 90 + 3.8 89 + 3.9 85 + 56 84 + 5.2
Neutrophils '
segmented 6x23 6+ 24 6 + 4.1 625 12 £ 52 9 +32
band 0 =G5 0+05 1 +05 004 1 L£05 004
Eosinophils 1+ 08 2+15 14+ 10 005 1 +£08 1+ 11
Basophils 000 0+00 0 £ 00 0+ 00 000 ¢+ 00
Monaocytes 4+ 24 4+ 26 3+ 19 5+ 25 2+ 10 6 + 6.2*

Values are expressed as Mean£S.D.
Significantly different from control group; *, P<0.05.
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Table2  Blood chemical examination of rats treated orally with 2-hyroxy-4-{octyloxy) benzophenone in 28-day
repeat dose toxicity test

28 Days Recovery

Sex Doseleve  Omg/kg 20mg/kg 140mg/kg 1000mg/ kg Omg/kg 1000mg/kg

Male
Number of animals 6 6 6 ' 6 6 6
GOT(IU/B) 87 & 17.3 85 + 14.6 95 + 264 82 = 146 95 + 17.3 80 £ 223
GPT (1U/) 27 £ 42 31 = 57 28 £ 4.2 28 £ 48 25 3 4.2 23 + 34
y-GTP (IU/1} 04 0.0 0+ 00 000 0+ 00 0%00 ¢ =00
ALP (1U/D) 566 £ 180.7 577 = 900 642 £ 978 533 £ 97.8 5656 £ 948 520 = 71.7
Urea nitrogen (mg/d!) © 152 £ 333 165 + 149 164 £ 216 168 + 216 208 £ 282 202 £ 146
Creatinine {mg/di} 05005 05004 05005 05 %000 05 £004 05+ 0405
Glucose (mg/di) 147 = 94 149 + 125 151 £ 46 M3 £ 495 160 + 100 153 = 7.5
Total chol. {mg/dt} 69 + 8.5 68 + 9.3 64 * 56 74 + 96 67 & 125 73 £ 74
Triglyceride (mg/d?) 210 £ 550 172 %= 640 187 £ 72.6 173 + 450 195 + 542 181 £ 711
Total protein (g/dl) 6.83 + 0360 6.59 £ 0.231 6.70 = 0.150 6.78 & 0.271 6.79 = 0,258 6.81 = 0.364
Albumin (g/dz) 3.75 £ 0072 3.65 £ 0.063 3.80 & 0.037 3.78 & 0.091 363 = 0.118 3.63 + 0.003
A/G ratio 123 £ 0099 125 *+ 0083 131 & 0055 127 * 0.076 115 + 0.046 115 X 0.077
Calcium {mg/dl) 9.7 £ 0.26 96 *+ 0.16 2.8 + Q.12 9.8 = (.23 9.4 + 013 94 + 0.23
Inorganjc phos. {mg/d) 9.5 £ 028 9.9 + 015 93 £ 055 94 + 0.54 74 *+ 038 7.3 3 0.59
Na (mEq/1) 142 £ 08 143 + 0.9 143 £+ 1.5 143 + 1.6 143 £+ 0.9 143 = 1.2
K (mEq/1) 49 + 018 4.7 4+ 0.13 4.7 + 0.20 4.6 + 0.18 44 + Q.15 46 = 0.10
Cl {mEq/1) 98 + 14 99 £ 2.1 99 + 12 99 + 1.0 100 + 1.2 101 £ 14

Female )
Number of animals 6 6 6 6 G &
GOT {1u/D 78 + 7.1 90 + 21.6 82 + 167 33 x99 89 + 9.3 8 =+ 15.8
GPT (1U/1) 24 £ 2.3 24+ 36 20 £ 1.2 27 £ 80 26 £ 652 23 £ 3.1
y-GTP (TU/1) 0+ 00 0+ 04 0+ 00 0+ 0.0 000 °  0:x00
ALP (1171} 322 £ 653 296 + 412 280 £ V1.9  39¢ & 889 362 * 686 296 £ 584
Urea nitrogen (mg/dl) 182 + 329 140 £ 186 141 4+ 185 168 £ 251 212 £ 238 158 + Lo
Creatinine {(mg/dI) 0.5 + 0.05 06 = 0,05 0.6 =005 06 £ 0,08 0.6 + 004 06 £+ 0.00
Glucose (mg/dt) 144 + 7.0 146 £ 5.3 143 £ 76 139 + 11.1 161 + 158 168 + 7.3
Total chol. {mg/dl) 69 + 50 77 + 137 78 £ 8.2 70 + 10.7 71 = 10.3 76 L 154
Triglyceride {mg/dl} 69 * 309 61 + 14.6 60 + 15.3 87 + 616 77+ 341 75 + 105
Total protein (g/dt) 677 + 0250 680 + 0333 675 = 0221 6.84 + (.34 689 + 0,181 7.11 + (.262
Alburnin (g/dl) 396 £ 0,113 3.94 £ 0.186 355 = 0.081 3.989 * 0.142 3836 £ 0056 3.35 & 0.142
A/G ratio 141 = 0.066 1.38 £ 0.055 142 &+ 0109 141 + 0.065 1.28 + 0,086 119 + 0.112
Calcium (mg/dl) - 94 =017 62 020 94:x015 95+ 020 9.1 £ 020 92 %020
Inorganic phos. {mg/di} 86037 79039 B85+048 B7 £ (.73 6.3+ 098 66 = 058
Na (mEq/t) 143 £ 1.0 143 £ 0.5 142 £ 0.8 143 + 04 142 £ 03 142 + 09
K {mEq/L) 42 = (.19 42 = 008 44 & .18 42 + 012 38 + 0.28 39 + 012
Cl {mEq/1} 101 £ 14 102 1.0 101 £ 14 0 =12 102 + 1.8 102 = 0.8

Values are expressed as Mean+5.D.
Significantly different from control group; **, P<0.01.
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toxicity test
28 Days Recovery
Sex . Dose level Omg/kg 20mg/keg 160mg/kg 500mg/kg Omg/kg 500mg/kg
Female
Number of animals 12 6 6 12 6 6
%
pH 6.5 2 [ 1 ¢ 0 U]
7.0 I 0 0 0 1 0
75 0 1 1 0 2 2
8.0 3 0 0 4 1 3
85 6 4 3 5 . 2 1
>9.0 1] 1 1 3 0 1]

Values are expressed as numbet of animals.
Significantly different from control group; *, P<0.05.
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Table4  Absolute and relative organ weight of rats treated orally with 2-hydroxy-4- (octyloxy) benzophenone in 28-
day repeat dose toxicity test

28 Days Recovery
Sex Dose leve Omg/kg 20mg/kg 140mg/kg 1000mg/kg Omg/kg 1000mg/kg
Male
Number of animals 6 6 6 6 6 6
Body weight (g} 418 £ 44,1 308 £ 214 412 +£ 335 398 + 2038 479 + 21,3 475 £ 250
Absolute organ weight
Brain (g) 208 &£ 0072 209 % 0.056 209 + 0096 2.0 + 0,059 213 £ 0123 217 + 0.031
Thymus (mg) 712 = 1080 618 £914 691 £ 734 698 + 99.9 577 + 152.6 642 + 1253
Liver (g) i6.71 £ 2869 15.10 + 1.300 16.15 + 1.756 1592 & 1.752 1933 + 0223 1803 + 2.196
Kidneys (g) 284 + 0267 271 = 0.185 294 £ 0.186 Z2.8% L 0.150 3.09 4 0243 3.05 + 0.315
Adrenals {mg) 621 & 1438 538 £ 1232 544 % 452 53.0 £ 7.27 567 + 582 577 £ 6.70
Spleen (g) 0.87 = 0079 0.80 = 0,086 0.82 = 0.086 0.80 - 0.138 0.91 + 0122 050 =+ 0.039
Testes (g) 318 &£ (.185 3.02 + 0220 3.15 £ 0357 2.73 £ 0.91] 332 £ 0336 326 £ 0224
Relative organ weight
Brain (g%) 0.50 £ 0049 0.53 £ 0037 051 £ 0.46 051 = 0.024 045 £ 0024 046 + 0.026
Thymos {mg%) 171 £ 275 155 £ 178 169 & 250 176 + 24.2 120 = 264 136 + 285
Liver (g%) 3.98 + 0279 380 % 0231 3.92 £ 0266 3.99 * 0.260 404 + 0128 3.78 £ 0.276
Kidneys (g%) 068 & 0011 0.68 £ 0.037 0.72 £ 0024 0.71 £ 0056 065 + 0039 064 + 0.033
Adrenals (mg%) 148 = 247 140 £ 278 132 + 1.23 134 + 233 119 + 130 122 + 146
Spleen (g%) 0.21 = 0.01¢ 0.20 £ 0016 020 + 0032 0.20 + 0.033 0.19 = 0,021 0192 + 0.013
Testes (g%} Q.77 = 0.076 0.76 = 0072 0.78 £ 0121 069 * 0.233 0.69 £ 0.066 069 L 0.066
Female
Number of animals 6 6 6 5 6 6
Body weight (g) 241 £ 148 234 + 139 243 + 105 246 £ 188 258 &+ 106 268 = 146
Absolute organ weight
Brain (g) 1.89 £ 0.049 192 + 0050 L9t £+ 0.086 1.84 *+ 0.087 1.95 = 0.045 1.94 = 0.043
Thymus (mg) 494 + 975 546 L+ 1471 5567 = 916 580 + 1310 488 £ 89.8 437 £+ 945
Liver {g) 8.70 + 0626 8.39 & 0.720 834 £ 0353 859 + 0.787 9.07 £ 0620 912 £+ 0.560
Kidreys (g) 1.62 £ 0.063 1.65 = 0137 161 £ 0149 1.70 = 0.088 1.68 £ 0,089 162 £ 0,111
Adrenats (mg} 76.3 £ 258 725 + 14,17 633 = 559 716 £ 933 644 = 259 624 = 518
Spleen (g) 056 = 0.070 057 = 0099 053 £ 0071 0.52 + (.048 054 = 0034 059 + 0.090
Qvaries (mg) 97.9 £ 14.11 1029 = 11.55 100.2 + 19.82 906 + 11.17 1009 + 1008 519 + 606
Relative organ weight ‘
Brain {(g%) 0.79 £ 0.050 082 & 0042 079 + 0035 0.75 + 0.042 0,76 = 0.046 0.76 = 0.039
Thymus (mg%) 205 £ 422 232 £ 537 231 =435 240 + 529 189 £ 295 170 £ 34.9
Liver {(g%) 361 & 0.125 358 + 0128 344 + 0.086 348 £ 0.151 352 = 0.193 354 * (.065
Kidneys {g%) 0.67 = 0036 071 x 0.030 0.67 X 0085 0.69 2 0.030 065 4 0048 063 & 0.023
Adrenals (mg%) 318 £ 140 309 £ 475 262 + 289% 200 & 243 250 £ 137 244 £ 3.4
Spleen (g%) 023 £ 0.025 024 £ 0036 0.22 £ 0028 0.21 £ 0.019 0.21 £ 0.008 023 £ 0,041
Ovaries (mg%) 40.6 £ 505 439 £ 3.17 416 £ 971 370 = 603 391 + 321 357 + 1.85*

Values are expressed as Mean+5.D.
Significantly different from contrel group; *, P<0.05.
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Reverse Mutation Test of 2-Hydroxy-4- (octyloxy)benzophenone on Bacteria

L)

QECDEEF b EME R &M ik fib 5 EEREFEF
D—BELT, 22 FOF Y 4-(F o FNFFL )Ry
7z ./ II2wT Salmonella typhimurium TA100,
TA1535, TA98, TA1537 3 X Uf Escherichia coli WP2
uvrAE AV A EREBRERRBRE 7L 4 v Fa =2
srEICLERBLE.
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e FOF s 4-(F I TFNFRI)RFT T ) P DE
REEE, BRIERL.

ik

(&%)

YT 4N T REB. N Ames#3d% & © 198345 H
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£ b 19854210 A 14 R\Z AL 7= Escherichia coli WP2
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KR LA
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Table 1 Results of reverse mutation test(I) of 2-hydroxy-4- (octyloxy) benzophenone on bacteria
With(+) or Test Substance Nurnber of revertants {number of colonies / plate)
Without(-) Concentration Base-pair change type Frameshift type
59 mix (ug/plate) TAL00 TAL535 WP2 uvrA ‘TAS8 TA1537
85 9 32 16 4
0 81 ( 83 11 ( 13) 17 ( 27) 20 (18 7 { 9
82 (x 2) 12 {2 2 (=9 17 (£ 2) 4 (k£ 2)
a0 9 19 19 2
313 80 ( 80 9 ( @ 23 ( 23) 22 (17 4 ( 5)
70 (10 8 1 27 (= 4) 10 (£ 6) 8 (3
67 8 28 17 10
625C 8 (7 8 (8 31 (29 17 { 18) 7 (7
’ 67 (+12) 7 =D 29 (= 2) 19 (£ 1) 5 (£ 3)
S9 mix
87 9 18 24 4
- 1250C 82 ( 83 12 (10 31 (24 17 ( 20) 5 ( 4)
79 (£ 4) 0 (+2) 2 7D 18 (+ 4) 4 (£ 1D
82 10 34 19 5
2500C 81 ( 8n 12 ( 11) 24 ( 24) 18 ( 19 4 (4
80 (+ 1) 10 (£ 1) 14 (£10) 20 (1 3 0D
91 5 22 4 4
5000 C 72 ( 83) 4 ( B 32 (20 4 ( 13) 2 (3
87 {(&10) 5 (=1 19 (=7 12 (&) 4 (=1
73 6 24 29 7
Q 89 ( 88) 3 ( 8 19 ( 23) 2¢  ( 29) 4 10)
95 (£11) 8 (£ 23 27 {t 4) 30 (1) 10 (£ 4)
85 6 26 23 7
313 87 ( 88) 9 (9 29 ( 25) 3 (31 9 (11
92 (x 4) 1 (3 20 {5 39 (8 18 {(+ 6
83 8 30 27 7
625C 66 ( 68) 13 { 10 18 ( 22) 3 (29 8§ ( 8
54  (£18) 8 (£ 3) B &7 2 (£ 2) § (£ D
$9 mix
100 8 36 27 6
(+) 1250 C 122 ( 99) 11 { 10) 2% (29 22 (27 8 (&
75 (+£24) 12 2 27 {6 31 (+ 9) I (= 3
90 4 28 26 8
2500 C 82 { 3) 7 { D 31 (29 26 {( 27 12 (1)
80 (x5 9 (& 3 29 (2 29 (+ 2) (=2
103 12 35 43 12
5000C 88 { 86) 10 { 11) 32 (30 24 { 32) 13 (13)
68 (x=18) 0 £ 24 (£ 6) 30 (10 M =1
Positive
control Name AF-2 NaN; ENNG AF-2 9-AA
Concentration
(ug/plate) 0.01 05 2 0.1 80
S9 mix Number 385 283 301 406 876
of 412 ( 4100 331 (314) 308 ( 335) 486 (454} 836 { 851)
(=3 revertants 433 (F24) 327 (£27) 397 (x£54) 470 (£ 42) 842 (+22)
Positive Name 2AA 2.AA 2-AN 2-AA 2-AA
control
Concentration
{ug/plate} 1 2 10 05 2
59 mix Number 559 356 897 312 159
of 625 ( 572) 284 (303} 897 { 888) 355 (318} 152 ( 163}
(-+) evertanis 532 (+48) 269 (47} 869 (% 16) 280 (£38) 177 {+£13)
AF-2:2-(2-furyl)-3- (5-nitro-2-furyl) acrylamide, NalN,: sodium azide { Mean)"
ENNG: N-ethyl-N"-nitro-N-nitrosoguanidine, 9-AA:9-aminoacridine, 2-AA 2-aminoanthracene (x5.D)
C: Precipitates were observed on the surface of agar plates.
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Table2 Results of reverse mutation test () of 2-hydroxy-4- (octyloxy) benzophenone on bacteria

With(+) or Test Substance Number of revertants (number of colonies / plate)
Without (-} Concentration Base-pair change type Frameshift type
S9 mix (ug/plate) TAI100 TA1535 WE2 uvrA TA98 TA1537
80 6 N 18 12 9
0 91 ( 83) 6 (D 24 (21 18 (1 9 (7
% &7 8 (1 21 (£3) 13 (x 3 4 (3
88 il 32 13 7
f 313 83 ( 81 5 ( 9 27 (29 15 (14 5 { b5
71 (£ 9 12 (4 28 (£3) 4 (£ 1D 2 (£ 3
76 4 . 26 10 3
625C 81 ( 78 7 (8 20 (19 15 ( 15) 6 ( 5}
7% (£ 3) 12 (£ 4) 12 (7 20 (= 5) 6 (£ 2
59 mix
94 9 24 18- 8
(- 1250C 97 { 99 11 ( 9 25 ( 24) 18 { 20) 7 (07
1007 (£ 7) 6 {3 22 (£2) 22 (+ 2) 6 1
93 10 33 21 6
2500C 93 { 93) 11 (9 3 ( 34) 21 {21 7 (8
87 (= 6 6 {£3) U (1) 20 1 0 (2
87 12 26 21 7
5000 C 80 ( &) 5 ( 8 23 (263 20 ( 18) 7 ( 5
84 (£ 4) 7 (£4) 20 (3} 13 (£ 4) z2 {3
97 13 . 22 k7] 15
0 80 ( 30) 7 (10 31 (25 27 { 30 4 ( 12)
92 (£ 9 10 (=3) 2 (x5 30 (£ 4) 8 4
88 7 30 29 14
313 94 ( 92) 11 ( 8 30 (2N 28 { 30 14 ( 14)
95 (+ 4) 5 (£3) 22 (x5 32 &2 13 {(+ 1)
83 5 31 27 10
59 mix 625C 84 ( 78) 6 ( 6) 37 ( 32) 26 ( 29) 11 ( 13)
) 66 {x10) B (D) 27 (x5 33 (£ 4) 19 (£ 5)
+
123 13 43 35 13
1250 C 85 (103) 6 ( 10 31 { 35) 32 ( 32) 13 ( 12
101 (x19) 11 {4 31 =N 30 (£ 3) g (=2
98 12 36 37 5
-2500C 89 { 99) 5 (9 25 (30) 28 { 31) 11 (9
110 (£11) 9 {(£4) 28 (+6) 29 (* 5) 1 (=3
98 9 32 30 12
5000C 107 { 100) 9 (9 30 (29 21 { 31 9 (10
9% (x 6) 8 (=1 25 (£ 4) 41 {(£10) 9 (*2)
Positive
control Name AF-2 Naly ENNG AF-2 9-AA
Concentration
(pg/plate) 001 0.5 2 0.1 20
89 mix Number 472 280 502 410 714
\ of 434 { 443) 315 ( 308) 674 ( 651} 420 ( 428) 779 { 751)
(=) revertants 424 (+25) 329  (£29) 688 {£52) 453 (+£23) 760 (£33}
Positive Name 2-AA 2-AA 3AA 2-AA 2-AA
control
Concentration
{ug/plate) 1 2 10 05 2
S9 mix Number 560 304 696 217 111
of 715 { 606) 337 (318) 722 ( 692) 234 {224) 131 (13D
(+) revertants 542 (£ 95) 312 (17 658 (£32) 221 (£ 9) 150 (20
AF-2:2-{2-furyl)-3- (5-nitro-2-furyl}acrylamide, Nal,: sodium azide { Mean}
ENNG: N-ethyl-N'-nitro-N-nitrosoguanidine, 9-AA :9-aminocacridine, 2-AA ! 2-aminoanthracene (£5.D.)

C: Precipitates were observed on the surface of agar plates.
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In Vitro Chromosomal Aberration Test of
2-Hydroxy-4- (octyloxy) benzophenone on Cultured Chinese Hamster Cells
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Fig. 1 Inhibition of cell growth treated with
2-hydroxy-4- (octyloxy) benzophenone
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Tablel Chromosomal analysis of Chinese hamster cells (CHL}) continuously treated with 2-hydroxy-4-

(octyloxy) benzophenone without S9 mix
Concent-  Time of No. of No. of structural aberrations No, of ceils

Group ration exposure cells with aberrations Polyploid®  Judgement*
(mg/mi) (h) analysed gap ctb cte csh.cse f total -g (%) +g (%) (%) SA NA

Solvent" 0 24 200 0 { 0 0 0 0 0 o000 0 (00 0.0

HOBP 125 24 . 200 000 0 1 0 0 1 1(08 1(05 00 - -
2,50 24 200 0 1 0 0 i 0 2 2( 10 2( 10 0.0 - -
5.00 24 200 { 0 0 0 0 0 0 0{ 0.0} 0( 0.0 0.0 - -

MC 0.00003 24 200 2 35 17 1 0 0 55 48(240) 49 (24.5) 0.0 + -

Solvent 0 48 200 1 0 0 1 © 0 2 1(08 2(10) 05

HOBP 0.625 48 200 0 0 o] 1 0 0 1 1(0.5) 1(0.5) 0.0 - -
1.25 48 200 0 0 0 1 ¢] 0 1 1(0.5) 1(0.5) 0.0 - -
2.50 48 200 0 0 0 0 0 0 0 0000 0(00) 0.0 - -
5.00 48 200 0 0 0 1 ¢ 0 1 1(05 1(05) 0.5 - -

MC 0.00003 43 200 2 34 23 7 1 ¢ 67 57(285) 59{(205) 0.0 + -

Abberviations : gap : chromatid gap and chromosorme gap, ctb >chromatid break, cte : chromatid exchange, csb :chromosome break, cse :
chromosome exchange {dicentric and ring ete.), { | acentric fragment {chromatid type), -g : total no. cells with aberrations except gap, +g :
total no. of cells with aberrations, SA : structural aberration, NA : numerical aberration, HOBP | 2-hydroxy-4- (octyloxy)henzophenone, MC :

mitemycin C

1) Acetone was used as solvent. 2) Two hundred cells were analysed in each group. 3} Judgement was done on the basis

of the criteria of Ishidate et al.(1987).

Table2  Chromosomal analysis of Chinese hamster cells (CHL) treated with 2-hydroxy-4- (ectyloxy)benzophenone
with and without $9 mix
Concent- S9 Timeof No.of No. ofstructural aberrations No. of cells
Group  ration mix exposure cells with aberrations  Polyploid®  Judgement”
{mg/mi) (h) analysed gap ctb cte csb cse f total -g (%) +g (%) (%) SA NA
Solvent* 0 - 6-(18) 200 0 1 0 0 0 0 1 1(08) 1{05) 0.0
HOBP 125 - 6-(18) 200 0o o o 2 o 0 2 2(10 2010 0.0 - -
2.50 - 6-(18) 200 0 0 0 0 1] 0 0 0(00) 000 0.0 - -
5.00 - 6-{18) 200 0 1 0 0 1 0 2 2 (10 20 1.0 0.0 - -
BP 0.020 - 6-(’) 200 0 1 Q 0 . Q 1 L(Q5) 1(05) 0o - -
Solvent 0 +  6-(I8) 200 0 0 1 0 1 0 2 2(10) 2( 10 0.0
HOBP 125 +  6-(18) 200 0 1 0o 0 0 0 1 1(05 1{05 0.0 - -
2.50 +  6-(18) 200 0 a 1] 0 0 0 0 0(00) 0¢00 0.0 - -
5.0 +  6-(18) 200 0 0 0 0 0 0 0 0(00) of(om 0.0 - -
BP 0.020 +  6-(18) 200 2 25 140 3 0 0 170 142 {710} 144 (72.0) 0.0 + -

Abberviations ; gap : chromatid gap and chromosome gap, cth :chrematid break, cte : chromatid exchange, csb chromosome break, cse ©
chromosome exchange (dicentric and ring etc.}, f ; acentric fragment (chromatid type), -g : total no. cells with aberrations except gap, +g :
total ne. of cells with aberrations, SA © structural aberration, NA . numerical aberration, HOEP : 2-hydroxy-4- (octyloxy)benzophenone, BP ;

benzolalpyrene

1) Acetone was used as solvent. 2) Two hundred cells were analysed in each group. 3) Judgement was done on the basis

of the criteria of Ishidate et al.(1987).
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Twenty-eight-day Repeat Dose Oral Toxicity Test of Nonylphenol in Rats
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Fig.1 Body weight changes of rats treated orally with nonylphenol in the twenty-eight-day repeated dose toxicity test



Tablel Hematology of rats treated orally with nonylphenol in the twenty-eight-day repeated dose toxicity test

28 days dosing groups (mg/kg) 14 days recovery groups {mg/kg)
frem 0 4 15 60 250 0 60 250
Male
Mo, of animals 6 6 6 & 6 6 5 6
RBC (% 10t/ mm?) 766 1 24 784 +32 3 £13 740 £ 25 746 4 24 780433 795435 79332
Hb (g/l) 155+05 156+0.3 156 =04 14806 15107 153+05 155+03 16206
Ht (%) 462 46+1 46+ 2 42 4+1 45+2 46+2 4542
MCV {F) 506+07 59.1%18 6l4+18 59.0+16 65394+1.0 576+18 57208 565%1.0
MCH (pg) 20.2+03 19.9+09 20703 200106 202405 196+ 08 194+ 06 18.1+05
MCHC (%) 339403 337108 338£06 339+04 34307 341+08 339+08 335206
Reticulocyte (%) 19+1 18+£3 202 216 9+3 18+2 203 19+3
Platelet (X 104/mm?®) 1226885 1075x81 111578 1155+161 117.9+1i3 95.0+11.7 103.7410.7 1093+ 117
WBC (X 102/mm3) 97 £ 22 104 + 50 89+ 25 112+ 37 104 + 17 104 +=36 135+ 33 114 £ 37
Differential leukocyte
counts (%)
Lymph 89.1+57 90063 89.8:+38 89962 90.01454 920+25 931%+15 898158
Stab 0304 0.0£0.0 02+03 03+03 0304 0.0x00 03+£03* 00x00
Seg 10555 9.8 £6.3 93+31 93+57 93+50 7o+256 62116 98460
Eosino 0203 0303 0506 03105 0.4+04 04402 0.3+0.7 0404
Baso 0.0£00 0.0%0.0 00£00 0000 0.0£00 00400 0.0+0.0 0.0x00
Mono 0000 0.0+ 0.0 0203 03+03 01+£02 0102 0102 00x00
Others 0.0£00 0000 0000 0000 0.0+00 00+£00 00100 0.0+0.0
PT (Sec.) 11.6 =06 120+09 122+05 1L7+0.7 1144205 117+ 1.0 1.7+ 06 11.1 £ 04
APTT (Sec.) 169+25 17.5%15 170+ 15 166+16 168+15 166433 174%12 162+ 1.0
Female
No. of animals 6 6 6 6 6 6 6 6
RBC {x 10/mm?) 808 =17 786 £33 706 £ 29 787 45 756136 81836 807 =29 80925
Hh {g/1) 158405 15.7+03 160+06 158%05 148L£0.7* 15603 154+04 15104
Ht (%) 47+2 4641 47+ 1 472 44 2% 47+ 1 4641 46+ 1
MCV () 582+11 58720 596Xx17 592x30 585420 57315 568%+18 56519
MCH (pg) 196 +04 19906 20106 20009 19609 19108 181*1.0 18703
« MCHC (%) 336207 33909 33804 33904 334X05 333056 336%1.1 33106
Reticulocyte (%) 173 19+3 17x2 1743 172 17x2 19+3 18+3
Platelet (X 10%/mm?) 1135+ 133 1161142 1165+ 148 111.2+£57 1181+95 =~ 1040£53 1000107 1090146
WBC (X 10¢/mm?) 74+ 18 8422 9826 101 £ 27 109 £ 33 6714 77+ 18 T4 22
Differential leckocyte
counts (%)
Lymph 903+52 875%33 920%53 903x44 923xk24 882135 90251 85460
Stab 03+06 0.0+£00 04 %06 02+03 0000 03+04 02+£03 03103
Seg 86%52 114 £30 74154 93+4.2 7.0%24 10.9+28 88+£49 13.3+5.7
Eosino 0.7+038 1107 02x03 02103 0604 0.6 0.6 08+09 08+05
, Baso 00400 00400 0.0+£00 0.0+00 00100 0000 00+£00 00£0.0
" Mono 0102 0000 0.0+£00 0.0+0.0 0102 01+02 0000 0.1+0.2
Others 0000 0000 0.0+£00 0.0 0.0 0000 0.0:£00 0000 0.0+00
PT (Sec.} 11.0+0.2 11.0+04 109+02 108+07 10807 10.8 £ 0.3 109+03 109+£0.7
APTT (Sec.) . 14113 142425 141 £07 144+05 131418 14.7+09 144 0.8 145+13

Values are expressed as Mean + 5.0,
Significant difference from control group; *:P<0.05
a) 10ne sample was not available due to technicat error at the time of blood collection.
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5. M#EHE{LPARTE (Table 2)
1) 5T

HETH, 250 mg/kgBECREREB L UERY) > 0f
EEmMEBHOFELRLIAGRL. BT, 250
mg/kgBETREHBLIP NI YV LT A FOFERE
mAs&E i,

2) EfERETHE

HETH, 250 mg/kgECTIEOHEL WP B L bR
A, FTOBRERNERAOLOTHo7-. HTIE, &
EESFHELNBELOMICEER I 2o,

6. FRHEE(Table 3)
1) #5548

HETH, 250 mg/kgBTRBOFE LEINBE & R
EOFELRETHALNL, KT, 250 mg/keBETRE
LE PO R LEMBROBIMERA A S RER,
AFEEMadeflicaoh, 351, HAREERED
FELENBLUREEOFELZETHAO N,

2) E{EE2:8

T, SREETEREDETLEINNTL G R,

ERORANOLH Thor. BT, SR58E L
HEERE L ORISR A D R Dot

7. BEEE (Table4)
1) BSE TR

FHE T, #HMEBOFTHEMI60 mg/kgBE DL,
Hixt B & O B S OFE L IMA250 me/ke B O
ENN

FWT, SdBL0OHGERZOFE L BINH250
mg/kgEEOHE Iz A L7,

T BRI RS L B L B2 SN AE{HEED &
o,

2)  [EEEETREERG

FHIZBNWT, HEEEOEELREMNA250 me/ke B
DEERE A BT,

Wi E ST L A b EE o N AEIEED
Nl dhoi.

8. LR R (Table 5)
1) ?ﬁ%—%fﬁ#&ﬂﬁﬁﬂ
250 mg/kgBFIZ B VT, EB ORI L #fE 5 5
WA bz, B CHELAC B e SETE (EE) »3
SO, oIFIC O ERELE) ELHEL) L5
SRR SFEELTA LR, '
IR RS LAk oA EII AL
Loz,

2) [EIfRIE T EEAaH
WEMEESIL LA EZ N LIBRA O -
7.

8. fREMEEIRE (Table 6)
1) BSETREEIRG

BB RIEG LB L EZ SN LTI, ks
LU A ST,

ARG @ /NSEpGaE BRI RE o & IR AE 2 HE kA 250
mg/kg OB EBIEMSBIIZ A s, s, B
WHE, 2 v/ —HROEHE L TEMIEEA R S R 7P,
HEURIL & 2 0FE2NERD SBREFR L HMF L 2.

B . EeT R RRE 0GR, £4%8
SUBERRIZA G R EMBTEOEREE T,
ZCEBEASSBE L ITHEMALHT250 me/keBEDHEAH
LM A LR, 542, 250 mg/kgBEOM 26Tk
TLBELFOEMBEIER L AN, F, R0
IFEREE S 5 WEEFEZ R LA 5, Mo2s
THEBR I CBED o BE R MRS @5, 15T
BECHEL AR, BEETR, T(BEL LK
FEDIHEFMEILAT250 mg/ke BEOREMEE 6 FI&HIIZA L
N, b, E2EEBAFORESEILT BED SR
IR L T, FEME T, T BELBMEATE
45250 mg/kg B OME2FNCH Lz, T2, BIBREGIC
BLMRZ R L2250 mg/kgBEOME 1B TIE, B#SEm
KL EELEREENTDLNL. 26, BEMCH
BEEHTEER L2250 me/keBEOM2FINEEH c 81T
BHIREDRE, MoK e He i - 7,

BSME © BT _LIE 0 = CHRRE A & BB 22 WA MBI R S
250 mg/kg FEDOHE2H) & BEGBEERIZ A & i,

EFLAS DR RIZMNBURIR & 2 O IRBESEA R A 6
THOUBERR & HIRF LA,

2) EMREE TR

TP . FERRDIR A S ko, 2, Mk
PEFNED 250 mg/kg FEDHE1BIIC A & iz,

B SRS B A EVRATO T (CEBEMS
BEE LB RN L HREDS, 250 me/keBOBETENTF
NEBLUTABIIZ, BAEOT{BELIEEN 250
mg/kg O IFIZ A S,

CBEBE L BT BRI (EEED S BT 1 BB TR
250 mg/kg FEORE6 Bl &Rz A b i,

WIS EIESIc L2 E L o2 LD S

Niedoi.

EE

—HRIKEEDBE T, 250 me/kgBTIvSEHRH LW
2R B IS EED A & L,

RETIE, 250 mg/kgBEoBE B INHNE] A & s,
=7, BERCENBEE SN oD, &F
PHEOETFATRIES i,

RiEE T, 250 mg/kgBECEAKE EREOHN, R
REMETHALN, &Lt THkEP~ORTLE
Mgk AEELEMRO BB SR, BET
X, 250 mg/kgBNHTERIRMNL, HBERNIZE
250 mg/kg HTEMBERB I B 3 EMNRHEOIFELR



Table 2

Blood chemistry of rats treated orally with nonylphenol in the twenty-eight-day repeated dose toxicity test

28 days dosing groups (mg/kg)

14 days recovery groups {mg/kg)

Item
0 4 15 60 250 0 60 250
Male
No. of animals 6 6 6 6 6 6 5% 6
GOT (I6/1) 55+6 52+10 6L+5 65419 624413 57411 658 65: 11
GPT (IU/D) 362 B3 Ux3 %B+6 386 384 4245 38+3
LDH (1U/) 245 24+8 27+4 39+21 2810 30+12 35+5 2914
AIP (IU/1) 327162 349+ 80 294 41 301 26 375154 253 43 282+ 75 214+ 28
y-GTP {TU/1) 15+02 15403 1.7+03 1.7+04 18+07 1.8+03 1.8+04 18404
ChE (I81/1} 745 £ 92 697 = 54 7824121 7508 742458 f42£60  FI2+168 7324111
TP (g/dt} 60+02  60+02 6002 58 + 0.4 6.2+ 0.4 62+0.1 6402 62101
Albumin (g/d) 13101 35+£01 3401 33x02  35%01 34402 35401 3301
A/G (%) 124011 140£008 137+007 136::013 131::0.08 121012 L18+0Q010: 1.13+0.06
T. cho (mg/di} 7312 6415 648 594 13 80:37 669 67111 7312
TG (mg/dD 111+ 43 95+ 34 109 £ 34 104 £ 7 106 36 104 +38 107 +£31 74+ 14
PL (mg/d) 132+ 19 122425 122+ 11 116 = 14 150 +48 126 £ 12 124 £13 12949
T. bilirubin {mg/di) 0.12+£001 012001 0.:2+001 0113001 12002 = 012+£002 0122002 0121002
Glucose (mg/dt) 139+ 18 13319 4424 142224 120 £11 168 + 19 166 £22 137 +18*
BUN {mg/di} 1141 1241 12+ 1 12x1 14 £ 2% 4x1 13+2 15+1
Creatinine (mg/di} 059+004 059:005 063+£006 062F005 0.64+0.05 067007 0671006 064003
Na {mEq/1) 14441 14321 143+1 143+1 143+1 1431 142 £ 2 143+1
K (mEq/1) 44+03 43203 42102 42203 4402 4403 45+03  48+02
Cl {(mEq/t) 110£2 108 =2 109 +1 108+ 1 106 + 2** 1092 107+2 10943
Ca {mg/dl) -91+02 9.3+03 93+06 9202 8504 8903 89+02 87%03
P (mg/dl) 89+04 90+07 92+06 8607 10007 7.8 + 0.4 8.1 %04 7.7+04
Female
No. of animals 6 6 6 6 6 6 6 6
GOT (1U/1) 67+ 14 633 6249 6612 588 657 66+ 10 75+ 10
GPT (1U/D 3244 32%5 20+2 349 344 3511 345 38::10
LDH (1U/1) 1841 03 21+5 %%6 199 1743 64 1947
AlP (IU/1) 167 & 22 187 =43 176 +38  204+42 221146 138 £ 26 157 £ 43 141 27
v-GTP (1U/1) 23%07 23x05 22406 23+06 32+10 1.8+05 1.8+ 04 14+05
ChE {IU/1) 2002:£259 2158873 2143880 2230339 15134499 2705+ 830 2598 % 1470 1960 =451
TP {g/dt) 62+02 6302 63+03 6.24:0.3 6.8 £ 0.5* 6804 6.5+03 6.7+05
Albumin (g/d!) 35£01 35+01 36+02 35x01  3.7:£03 37+02  35+02  3.7%03
A/G (%) 1304010 127012 1204005 128010 1.18+0.10 1204007 119+005 125009
T. cho (mg/dt) 73+12 7922 636 6511 7124 15 76414 82+19
TG (mg/d!) 325 4} 317 37+k5 337 47 + 12* 387 367 3547
PL (mg/dl) 143+ 16 152 + 28 135+ 10 13216 160 +31 159 20 W8 +20 164+40
T.bilirubin (mg/dl) 011001 01002 010001 0112001 013002 0.11£0.02 0.11+003 010001
Glucose (mg/d!) 1035 108+ 7 107 £7 10657 109+5 129 + 18 111 £15 114 £ 18
BUN (mg/d!) 15+1 16£2 51 1442 0£7 15+1 1541 16+2
Creatipine (mg/dl) 0552006 058005 060007 059008 061+£0.12 0.66+0.00 0.66+007 065007
Na (mEq/l) 411 4t +1 14240 141+1 142+1 14242 14241 142+ 1
K (mEq/t) 45403 44+06 44104 4404 4402 47+03 4603  46x04
Cl (mEq/1) 112+1 1Mi+1 111+1 111+2 110£1 112+1 1131 11341
Ca {mg/dl) 93+03 9.4+03 9403 62+02 96+02 92+03 91+04 92:x04
P {mg/dl) 87+07 21x05 9105 88+05 88+07 7908  80+08  78x1l
Values are expressed as Mean £ S.D.
Significant difference from control group; *:P<0.05 *:P<0.01
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~ Table3  Urinalysis of rats treated orally with nonylphenol in the twenty-eight-day repeated dose toxicity test
9
% fem 28 days dosing groups (mg/kg} 14 days recovery groups (mg/kg)
B 0 4 15 60 250 0 60 250
|5
: % Male
? No, of animals 8 6 6 6 6 6 6 G
f Volume {mi} . 80+38 90+34 103£5.2 99+27 154 - 3.9 1221438 14371 144421
{i Specific gravity 1.079 £ 0,018 1.074 £ 0.010 1.064 £ 0.010 1.078 £ 0.007 1.043 £ 0.011** 1.075 = 0.015 1.071 £ 0.015 1.057 £ 0.005
% Water intake {(mi} 4517 415 47 £11 4213 M+7 38+6 46 L 7* 51 4%
: pH 7 0 1 0 0 0 0 0 0
£ 75 0 0 0 I 0 0 0 0
8 I 0 0 0 4 1 0 0
% 85 3 2 3 1 1 0 2 3
! 9 2 3 3 4 1 5 4 3
B Protein - 1 0 1 0 0 0 0 0
v I+ 3 2 3 2 0 1 1 0
§ I+ 1 3 2 4 6 4 3 5
; 24 1 1 0 0 0 1 2 1
R Ketons - 6 6 6 5 6 6 6 6
1+ 0 0 0 1 0 0 0 0
: Glucose - B 6 6 6 6 6 6 6
Oceult blood - 4 5 5 6 5 6 4 5
6 -/+ 1 1 0 0 0 0 1 0
1+ 0 0 0 0 0 0 1 0
g 2+ 1 0 1 ] 0 0 0 1
i 3+ 0 0 0 0 i 0 0 0
¥ Bilibin - 6 6 6 6 6 6 6 6
i Urobilinogen —/+ 6 6 6 6 6 6 6 6
; Color Yeilow 6 6 6 6 6 6 6 6
) Dark yellow 0 0 0 1] 0 0 0 0
i RBC - 6 6 ; 6 6 6 6 6
WBC - 6 6 6 6 6 6 6 6
SEC - 0 0 0 0 0 0 0 0
g -/ 6 6 6 6 5 6 6 6
% 1+ 0 0 0 0 1 0 0 0
! 3+ 0 0 0 0 0 0 0 0
! SREC - 6 6 6 6 6 6 6 6
: Cast - 6 6 6 6 6 6 6 6
! PS - 5 G 4 3 5 5 2 5
? -+ 1 0 2 1 1 1 3 I
1+ 0 0 0 2 0 0 1 0
H Co - 6 6 6 6 6 6 6 6
5 Values of volume, specific gravity and water intake are expressed as Mean£5.D., other values are expressed as No. of animals
] Significant difference from control group; *;P<0.05 **:P<0.01
§




Table3  (Continued)

28 days dosing groups (mg/kg) 14 days recovery groups (mg/kg)
ftem 0 4 15 60 250 0 60 250
Female
No. of animals 6 6 6 [} 6 6 6 6
Volume {ml) 42+30 64+43 55+ 13 5022 28467 73135 4.2+14 6.6+24
Specific gravity 1.081 = 0.029 1.077 = 0,019 1.070 £ 0.011 1.074 £ 0.016 1.021 == 0.004** 1.060 £ 0.013 1.071 £ 0.017 1.062 = 0.01.2
Water intake (mi) 28+5 3146 31+6 30+8 64 + 13** 35+3 30+x4 0x7
pH 6 4] 0 0 1 0 0 0 0
6.5 1 0 1 0 0 0 3 0
7 0 1 2 0 2 2 1 1
7.5 0 0 0 1 1 1 0 0
8 3 1 0 0 1 0 1 0
85 2 4 3 3 2 2 0 2
9 0 1] 0 1 0 1 1 3
Protein - 0 ¢ 4 ¢ 3 2 1 1
=/t 1 3 G 3 3 2 3 4
1+ 5 3 2 2 0 2 2 1
2+ 0 ¢ 0 1 0 0 0 0
Ketons - 5 4 6 6 6 6 6 6
~/+ 0 2 0 0 4] 0 0 0
1+ 1 0 0 0 0 ¢ 0 0
Glucose - 6 6 6 6 4 "6 6 6
~/+ 0 0 0 0 2 0 0 0
Occuit bloed - 4 4 5 6 4 6 6 6
-/+ 1 1 1 v} 6 0 ¢] 0
1+ 1 1 0 0 2 0 1] 0
Bilirubin - 6 6 6 6 6 6 6 6
Urobilinogen -/+ 6 6 6 6 6 6 6 6
Color Yellow 6 6 6 6 6 6 6 6
RBC - 6 6 6 6 6 6 6 6
WBC - 6 6 6 6 6 6 6 6
SEC - 0 0 0 0 0 1} 0 0
' -+ 6 5 6 6 2 6 6 6
. 1+ 0 1 0 0 4 0 0 0
SREC - 6 6 6 6 4 6 6 6
-/+ 0 o] 0 0 2 0 0 0
Cast - 6 6 ] 6 6 6 6 6
PS - 4 5 5 5 6 4 6 3
-/ 1 1 1 1 0 1 0 2
1+ 1 0 0 0 0 1 0 1
Co - 6 6 6 6 6 6 6 6

Values of volurhe, specific gravity and water intake are expressed as Mean + 8.1, other values are expressed as No. of animals
Significant difference from control group; *:P<0.01
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Table 4 Absolutf; a;ui relative organ weights of rats treated orally with nonylphenol in the twenty-eight-day repeated
dose toxicity test
4 e 23 days dosing groups {mg/kg) 14 days recovery groups {mg/kg)
i " 0 4 15 60 250 0 ) 250
L Male
& No. of animals 6 6 6 6 6 6 6 6
, Body weight {g) A0£17 39317 417+£20 413423 382+37 472£30  509+21 43331
. ‘ji Absolute organ weight
% Brain (g} © 0 203+010 205+008 205%006 206004 206%007  213£006 230£005 208+0.11 .
;;& Thymus {mg) 555 + 86 591 + 133 605:£207 687308 5764150 464 1- 92 6056 161 4394114
# Heart (g} 125004 1.35+0.06 129008 1271010 1.17%0.11 1.54+021 156£020 1344013
;ff Lung {g} 133+£010 132+004 139000 135+007 135015 150010 155+012 1401010
} Liver (g} 1285+ 080 1239+£1.061 14.13£242 1475k 120 15.68 £ 2.37* 1474 £1.92 1654 +1.24 13374142
% Spleen (g) 067005 067+009 068+0.08 091+055 068007 0822007 186013 084:£02
f& Kidneys (g) 3.06%£016 299026 295017 3224013 357027 307+023 3472025 347%044
‘?if Adrenals (mg) 66+ 12 666 688 67+9 69 +11 69+9 6716 6736
?; Testes {g) 315020 3251004 3022007 332026 3.21::030 3.17+023 289+092 3221022
’i Rerative organ weight ‘
E Brain (%) 051003 053+£002 050£0.04 050003 055004 045002 041 £0.02* 048+0.02
I Thymus (%) 139419 130+34 146 =52 167 L 7% 151 +35 9816 119 +32 102+ 28
E:f Heart (%) 031 +002 035x0.02* 031001 "031+£001 0.31+£002 032+003 031004 031002
‘;) Lung (%) 033002 034+001 034003 033002 035001 032£002 031:£002 032+£0.02
Er’ Liver (%) 321+£016 316020 338+035 353L£0.19% 400+ 0.25% 3124£022 325%x022 309xQ.17
B Spleen (%) 17001 0.17+£003 016002 022%015 018+0.02 017001 0172003 01900
'f Kidneys (%) Q77004 0762005 0712003 079004 0.94 %005 065003 0681005 0.80%0.09% -
2:%1 Adrenals (%) 1742 172 1742 17+£3 18+2 15+£3 13%1 162
% Testes (%) 079006 083004 0763009 081000 085009 067 £0.04 0:57 +0.18 0.75£005
;j Female .
i No. of animals 6 6 6 6 6 6 6 6
L Body weight (g) 22248 245421 23910  282+22  221+11 256421 240420  240+20
Absolute organ weight
Brain (g) 1872007 187008 1914010 182+£005 183007 194003 191007 1.91+011
Thymus (mg} 3/ LTH A48+ 113 453 %114 333 =66 351 44 338+ 66 338 =499 32436
Heart (g) 080004 088009 083+006 080000 078007 089009 088005 087010
Lung (g) 1014£001 105£0.08 1.06+006 1.06%£0.06 1.01+£0.07 1072000 10742007 106008
Liver {g) 6442025 711085 6804035 679075 B250.59% 709x08 691068 7.193:1.03
Spleen (g) 049006 051010 0502007 0524012 048004 0.50+0.08 053005 049005
Kidneys (g) 160008 178019 18:+013 1782008 211%036 1744013 174018 1.83x017
Adrenals {mg) 668 7at11 723 78 £ 4* 603 75411 79+ 10 72x3
QOvaries {mg) ' 801118 876£138 89373 969=x17]1 805+1i28 10204220 1027+£129 9241121
Rerative ozgan weight
Brain (%) ° 0.84 £004 0772004 0.80£0.08 083x=010 0.83+£003 076007 Q77005 080+£007
. Thymus\(%) 170+ 32 182 +£35 190 £ 51 172 £23 159+ 18 132+ 28 137 +42 137+ 21
! Heart (%) 036+£002 036:x002 0351003 0361003 035002 0352002 036002 036k 9.03
Lung (%) 0454002 0432001 044 £003 048006 046002 042003 043002 044%003
Liver (%) 200015 289+0.17 2844010 306021 374FL021% 276£013 278+014 295+0.23
! Spleen (%) 0224003 021003 0214£003 023+004 0221001 020004 021003 0212003
Kidneys (%) 076:£005 073004 0761007 081+005 095014 068003 0704003 Q77007
Adrenais (%) 30+3 31+3 30%2 36 - 5%* 27%2 2943 322 303
Ovaries (%) 402+55 35628 375+43 435%57 364 +48 308+£72 41456 3BBLE5
i - Values are expressed as Mean + S.D.
TE Significant difference from control group; *:P<0.05 **IP<0J01
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28 days desing groups {mg/kg)

14 days recovery groups {mg/kg)

Item
Organ Findings 0 4 15 a0 250 it 60 250
Male

No. of animals necropsied 6 6 6 6 6 6 6 6
Spleen

Enlargement with

disseminated white spots 0 0 0 1 0 0 0 0

White spot 0 0 0 0 0 0
Stomach ‘

Darle red spot in gl. stomach 0 0 0 0 0 1 0 0
Large intestine

Dilatation of cecum 0 o T 0 6 0 0 0
Testis

Small in size (bilateral) 0 ] 0 0 0 ] 1 0
Epididymis

Small in size (bilateral) 0 0 0 0 0 0 1 0
Female

No. of animals necropsied 6 i 6 6 6 6 [ )
Kidney

Disseminated white spots

(bilateral) 0 0 0 0 1 0 0 0

Enlargement with white spots

(bilateral) and dilatation of

pelvis {unilateral) 0 0 0 0 1 0 0 0
Stomach

Darl red spot in gl. stomach 1 0 0 0 0 0 0 1
Large intestine
- Difatation of cecum 0 0 0 0 5 0 0 0

Mk, EEEOMBRMAL IR ALNIFH, BT
bk R B SRR O 1 AT FRAIE 1 HERE AR MABTE, MIE AR
B, M, BEIRELAsR, Mo¥E TR
CHBRBRELRENBD LN, EoT, LROBENRR
i, BEEMFCEMEREORIRHEE LEE8E)
WTAEELMELLELEELONL, £, 250
mg/kg RO TIZBAT LE OB ERRF A5,
510, BMTEBEHECLAFRISALN, TERO
A7 b 3HAT B OB R L AR EOENSR
BeEZ L. '

MEFERETHE, 250 mg/kgHDBICATIOE &
AT 7}y MEQETHEO SN, RORIIHTEHE
B HUREE S s,

MEAE T, 250 me/kg DB ICBRESE D
IR Y 7Y 2T A FOBMATASHAIED, BTETE
BEORWEZZ OGNLMEERLERY Colns &
[0 L T NS (A

JAEERAE T, BRICIRAU B & BB AT, BT
e SHicErAb L, FRTIE, EEENT60
mg/kgBEDHE L 250 me/kgBEDMHEIZ A &1, HESFEN
W, ANEERLLAERFRBE ORR AR 250 me/kgBEICA B

762

484

Fo. MiEE{EESBAE T, GOTRGPT 4 S EaEE
FRTEHIRIEAS Lol s, HEORRIE
B BEEORE L LT 250 L ES NS, T,
B TIIARN 2RI 250 me/kgBRl A b i, #
B b o dd o ol

EERIIBVTH, ERWERSICRETALELD
nBHZELED I B, 250 meg/kglkii BT, BRTERO
Bihn, EMEFSMCBTLHEUREEOWIEEEL, B
B LUTEATONRE, T/, BRI RO
BT B DN 7ohs, TOMOEIEED LY, HER
WERS L - TERSLAELIERATEED L D &
Z2ON7. I, EEERTROERTH SRR
AEOFEEEL, EEsZLRETOBELERLE
ABNBZEND, FEOELD AREHITE TR b
D EHES NI

BEom, /72072 /—n%9 v MIBHBER
BESUER, TSR0 ma/kgFEOEHE, HE
BLUFRIC A LN, REBRDEOENSRE TR, B
MBI UHBEZEzONE. T4, 60 mg/kgBHTIE,
g EEORBINA AL S zH, 15 mg/kg LT oig
ERETEEMETED O h ok, ZRLDEED,DS,
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Table6  Summary of histopathological findings in rats treated orally with nonylphenol in the twenty-eight-day
repeated dose toxicity test

i 28 days dosing groups (mg/kg) 14 days recovery groups {mg/kg)
em -
0 4 15 60 250 0 &0 250
123P 123PF 123P 123P 123P 123P 123P 123P
" Male
No. of animals necropsied & 6 6 6 6 6 6 6
Heart (8) (8)] (1) (o (6) ()] (0} ()]
myocarditis/focal 0000 - ---- - - 1600 - - - - - - .- -
Trachea 6 - {0 0) (0) (6) ) {0) (o
cellular infiltratin/mucosa 0000 --- - -—-- - - 10090 - - --=- - - - -
Cecum (6) (0] (1)) (0} {6) )] (0) (o)
cellular infiltration/mucosa 01090 -— - - - - --=- 11090 .- - - -—— -
‘ Rectum (6} (o) Q)] (1)) (8) (0} 0 0}
‘ cellular infiltration/mucosa - 100 0 -—--- ---- - - - - 1000 ---- -—-=- - - - -
Liver () (6) (6) (6} (6) (6) 0) (6)
hypertrophy/hepatocyte/
centrilobular 0000 0000 00090 0000 6000 00G0 - 00a0
microgranuloma 00090 o000 0000 0000 10090 0000 --—= 00060
proliferation/kupfier cell 0000 0000 Q000 0100 0000 0000 -—--- 00C0
Spleen (6) 0] (0} (1} {6) (0) (0) (0)]
granloma 0000 ---- --—- 0100 0000 ---- - --- ----
hematopoiesis/ extramedullary/ :
increased 0000 ---- -— - - 0100 0000 -—— -- = -—-—-
Kidney (6) (6) (8} (6} (6) (6) ()] (6)
basephilic change/ proximal tubule/
cortico-medullary junction 0000 0000 0000 0000 3100 0000 0000 2300
hasophilic change/ proximal tubule/
focal 0000 0000 0000 0000 0000 0000 1000 6000
hasophilic change/ collecting tubule 0 0 0 0 0009 0000 00090 6000 0000 0000 0000
dilatation/ collecting tubule 000 0 0000 0000 gooo0 2000 0000 0000 0000
cast 0000 t000 0000 0000 0000 0000 0000 3100
Urinary bladder (6) (8) {6) ()] (6) (8) (6) B
' hyperplasia/ transitional cell/ simple ¢ Q Q 0 0000Q 0000 00eQ 20040 Qo000 . 0GQQ 0004Q
Prostate (6) (0) () ()] (6} (0) (0} (0)
inflammation 00070 -— - -—=- -— = 1000 ---- - -—- ----
; Female :
No. of animals necropsied 6 6 6 6 6 6 ] 6
Cecum (6) ® (0} (0 {6) 0] : (0} {0)
cellular infiltration/ mucosa 0100 --—- -——- -—-- 6200 -—--- -- - -
Liver (6) (6) 1G] &) (6) (6) {(6) {6)
| hypertrophy/ hepatocyte/
| centrilobular gQoQaQ Q000 Q000 00aQo 5000 0000 0000 0g00oQ
‘ microgranuloma 1000 0000 0000 0000 0000 G000 0000 1000
altered hepatoceliutar foci 0000 0000 0001 0000 0000 0000 0000 0000
Kidney () (6) 8 (6 (6) (6 (6) (6)
. basophilic change/ proximal tubule/ ’
i coriico-medullzry junction 000 (LR N] 0000 0000 0200 0000 0000 0000

dilatation/ collecting tubule 00 00 0000 0000 0000 1300 0000 0000 1000

basephilic change/ collecting tubule 0 0 0 0 0000 0000 0000 2220 0000 0000 0000
necrosis/ singl‘e cell/ proximal tubule/

cortico-medullary junction 0000 0000 0000 Q000 2000 0000 0000 Co00

cast 00GO0 0000 0000 0000 0100 0000 0000 0000

hyperplasia/ pelvic mucosa/ simple 0 0 0 ¢ 0000 coaQo 0000 2000 goo0o0 6000 0000
i cellular infiltration/ interstitium 0 0 0 O 0000 0000 1000 1100 D000 0000 0000
‘ dilatation/ pelvis 0000 0000 0000 0Qg00 00190 0000 0000 0000

basephilic change/ proximal tubule/

focal 0000 000CGC 6000 10060 0000 0000 G000 0000

Urinary bladder (6} () (B) ) &) &) )] {6)

‘ hyperplasia/ transitional cell/ simple 0 00 0 0000 0000 0000 4200 0000 Qo000 5100

1;Slight 2:Milde 3:Moderate P:Present(grading of severity was not done, such as case in the neoplastic lesion)
Numbers in parenthesis indecate No. of animals examined microscopically at this site.
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1) 8.C.Gad and C. S. Weil, “Principles and Methods of
Toxicology,” 2, ed. by A. Wallace Hayes, Raven
Press, Ltd., New York, 1989, pp. 435-483.

2) J. R Glaister, “FEMBEO R, SFEAER,
V7 M Ay A3, BE, 1992, pp. 95-98.
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Reverse Mutation Test of Nonylphenol on Bacteria

L35

B bR ES SR EREO—RELT, /AT
S VOERBHEIISWOEBETFEREREREE 2 RET
ThELS, FAX3IF7AHE (Salmonella typhimurium)
TA100, TA98, TA15353 X UFTA1G37#k % & I KIE

W (Escherichia coli) WP2uvrAtk % Al 2 IR ERER

REEfTol. FHOLRBROBEEZE, RBARE
BELz, tThbb, EERS mix) kb ICHRBHE
b (4S9 mix) OB BB W T EREFR, 0.195-200
pe/ 7L— FOSHEERRBELREBRLE. TOHSE, B
BB L URBHEEEO TR BWTY, Fv MF
170V — A (SO) IMOEEIIAPDb BT, HiEEE
IR ERER T U —ROBRR IS b
¥, BEEMERSNS. —F, 4R CORMEDYE
i, FRERORERERIIN UL 2R RSB R e
wR L7z, EoT, REBRERFTIIBNWT, /=7
S = idfER i LEEFERERZSRE LW
LRI L 7.

MH S L HE

1. ABREHK

MEEACAERERERFRIEC(ER TS
ZEhS, REEHRLLTLAFY YEXRED
Salmonella typhimurium TA100, TA98, TA1S3SB LT
TAIS37 & SN ) 7 b 7 7 Bk Escherichia
coli WP2uvrA? @ STEFH O WAL BEIR L 72,

AXF 7 AEHEBMSSEIFORICAY 74 =T
KEDB. N, AmesHifE 5, T/, KEBEEIKDWTE
WRM58E3 A 16 B B HEMBEm I L5 EZWTIL.

FRH6F1LH 25 HiCHkoFERE T ER L, KRB -

WA ERSEEORE AR LTl LR HBRAL
. FEROBBERRI I AFVANERFF
(DMSO:MERCK#t) i L 4%, EHEERFERF 2

102 mFEOFE LY. S EAEES BV TERE

L, BER7 ) —F—-80CTHRFLL.

2. IR

i) |- XEXEREM (L)
REEBIENT 2 A 71 TANKH AL, KR

IZHwW#, RF L — Fd, Vogel-Bonner @M E %

E LRI (0.02% 5B~ 7 % ¥ 4 - TKIE, 02% 7T

B IR, 1%V VEEA MY Y A - EIKIE, 0.192%

VBT X Eo7 A, 0.066%KEEILF Ry A (bW
NERRIRED IT2% N 70 2 — A G THm) &
1.5% HFER(OXOID#H : No.1) #/m2, 30 mi%x v —
VIZHELLZDOTH S,

2) by FFH—~(EEEX)

Bacto-agar (DIFCO$L)0.6% % &1 0.5%IELF k1)
AREHIOFRBIIHL, 2 X3 F7AKEHVIRE
D#E, 0.5 mM L- & 25 3 (Bs{b2E)-0.5 mM D-
Yo (ARIER) RERTF 15ENL, XBE2E
WVABREBOBE, 05 mML-F) M7 7 (BAELE
E) AKEREFE L L 1FEEMZ A,

3. unEEEH

AEE200 i OBEHFHE(A V-V FE PNV
Corning Costar#t) (225%==2—FY ¥ b 7O 2R
(OXOIDH) #Hi %25 mIFHEL, THIZRAELLEE
BIAES0 WIBE L. T —F— R Lz —H — (MM-
W 545228 AV, 37TCTIREMIRE (AER
W20 /45) KL, REBICERAL.

4, S9 mix

BEHE AMFOX » o0 — 7 LERELISS mix B RER
FHALA. SO mixPOSYEFHERE LT 7 /700
=B LUE6-X2VT7FHEYEHEL I Sprague-
Dawley %7 v F OFBASHBENLLDTH S,
S9 mix O & BUF 2R3,

s 59 mix lmirfb O &
59 0.1 mi
MgCl, 8 umol
KCl 33 pmol
G-6-P 5 umol
NADFH 4 umol
NADH 4 pmol
Y EEHE1E Na-# (pH 7.4) 100 pmot

5. THERMHE

WEWED /= Vv2n /- {(ay &S F1132,
CAS No.:25154-52-3) 12 53 T-H C;sHp O, - F 8 220.36,
MR 99.0% ML E DS ~HEDOKRARETH L. =ZHK
AP o RAESNHBME R L. SEERT
%, WERMERATIC BV THRARE E i Lo
F, EEMICEEZ R L. )



6. HRUMHBEOHRE

DMSO I B E L ERL CRAMERE Lz, A%
Bz EHEET A URRITERECHRLCE, &
B & T o 7 (R EAS).

7. RBRABRORT

8.00, 40.0, 200, 10003 LUF5000 pug/ 7'V — O
BEAHCTFEOLRREERL:. 2ORR, B
CHRAIFT7TAEDS00 g/ 7V — PR LEB LT
WP2uvrA D 40.0 ug/ 7' Lr— PR ELOHBICB W THER
HHICHT A2EFEEEAMEES L, 4, {CBHE
MLz T TAL00, TA15353 & UFTAL537 @400 pg/ 7
L—FBLE, WPZuvrAB & FTAIR D 200 pg/ 7L — |
PEOHABEBWTEIERPREEN:. EoT, &HK
BIZBWTRERBEDAXIF 7AW TISE pg/ 71—
b B LU WP2uvrAT50.0 ug/ 7 L — b %, 3G
ETTAIO0, TALRIBB L EFTA1537’6‘50.0 ug! 7 —
b, WP2uvrA$E X UFTA9ST200 pg/ 71— b 25 H
BLL, #hFheHE (DR 2RELL.

8. [BREMNEYHE

TR EE LCTFRCR L EsERELE. &
NoDEENEYEEE, DMSOXHWTERL, L&
FoGE U BEERF(20T) L.

2-(2-7IA)3(5-= T2 TUAN)TLYNTIF

(AF-2: JnobaisE T3500)

7 PkF b U L (Nal,: IS TEE0R)

9-7 3 /771 Y (ACR:ALDRICH#)

2T 37T v+t (2-AA FIGHEE TE6)

9. HERTE

Ames b DBFHEOBRBETHE T LA v Fa— 3
VML T, BEEES I URBNEELET TR
SWTREBRTER L 2. RABREI, FHGE, HihE
B dH DV ST R EER T 100 ul, KW THEHER
O¥pa, 0IM - hU v L - CERRE T (pH 7.4) % 500
ul, RHHERCEOBE, S9 mix %500 Wb XL URBHE
100 W MA, 37TCTAFMREER(TLA ¥ Fa
N—Yav) L, BERTE by 77H—%2mlis
mL, BEET7L—FEKEBLS. 3TCoOLMT
ABFEME T L — P w B L, HERDEORBEEE
KT AEFBEEHEHERT 00, FEEEME(X
60) #FN~T L — F LORBREROEFTIRELEHEL
Tz RT, ERERERCLVE L o035
L7z, #hlicLTidag=—-7+9 49— (CA-11: &
ARF LA A0 2 lwiz, #Hw LCHRB 2@E
WL,

766
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10. #RFROBET

BRERERE D U - —EH BT OIE2{EL R
®MimL, o, BHMEDD WIIHBRHEOHEIKFE
HRES L IGE, BELHELA.

B, HEFUFRTHVAEERERL 291,

ERBLUER

SERME R % Table 14 VIR L7, B8 (-59 mix) % &
TR BRI L EE (459 mix) DWW Fh E bHAREILS
W, =7/ VB L B ETHERRITEHE
s, F, EREEAERE o= -HIZoWTIE, B
ik, ABHSEEE DB REOETHY, ¥
i EH b hof, 7, BEEESELER
FTROBHIIBVT, BESEHEO2UEL LOERER
ERaD=-—2FRELE. &5, SO mixBNERET
NTRERAEPICHE LA, a0 —5rHECBw
TIIHFETAEERBE SN2 d o 4. D EOREBRE
Bhb, FREBEGTIIBWT/ V7 ./ —LORE
Yot ABETERERCHML, BELHELL.

3wk
1) D.M. Maron and B. N. Ames, Mutat. Res., 113, 173
{1983).

2) M. H. L. Green and W. ]. Muriel, Mutat. Res., 38,
3(1976).
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Table 1. Results of the bacterial reversion test of nonylphenol {1st trial) [direct method ;-S9]

Compound Pose Revertant colonies per plate [ Meant+S.D.}

{ug/plate) TAMND TAI535 WP2 uvrA TA98 TA1537
DMSO# Q 8 95 a7 1317 19 17 17 23 24 31 33 0 10 6
[92 = 6] [16 = 3] [19% 3] [29 + §&] [ 942 ]
Test sub. 0.195 111 8 9 17 14 11 - 26 27 28 13 8 8
[ 95 + 14] [14 £ 3] [27+ 1 (10x 3
0391 92 102 89 13 23 17 - 28 22 26 7T 9 7
[+ 7 L1858+ ¢ [25 = 3] { 84 1]
© 0781 95 109 101 w17 12 - 31 16 .27 9 8§ 5
[0z + 71 [13+ 4] [25 = 8] [ 7+ 2
L.56 8 95 &4 21 14 16 24 15 17 27 16 28 8 6 6
[ 38 4 6] [17 + 4 {19+ 5] [24 £ 7] [ 74+ 1]
3.13 92 92 107 13 11 9 18 23 17 30% 13% 32* 1% 10% 12¢
(o7 £ 9) T+ 2 119+ 3 [ 25 + 10] [11 % 1]
6.25 84* 84* g2+ 0 10* 11 17 22 17 10% 15% 24+ TEOB* 4
[83% 1] [10% 1] [1o+ 3] [19 £ 5 [ 64+ 2
125 a3* 61 75* 13* 9 10+ 16 27 16 17 16* 25* oS LA L
[ 73 £ 11] {11+ 2 {20+ 6] {19+ 5 [ = 21

250 - - 20% 14* 16 - -

117+ 3]
50,0 - - 4% 22F 14* - -
) [17 £ 3]
Positive control 466 378 397 517 517 487 112 117 g 575 543 5519 465 551 438"
[414 + 46] [507 + 17] f11s + 3] (556 + 17] [485 & 59]
#:Solvent control  *:The background lawn was thin -2 Not tested -

a) [AF-2;2- (2-Tryl)-3- (5-nitro-2-furyl) acrylamide, 0.01 ug/plate b} 1 Naly:Sodium azide, 0.5 ug/ntate ¢) tAF-2, 0.1 pg/plate  d) :ACR;
9-Aminocacridine, 80 ug/plate

Table 2.  Results of the bacterial reversion test of nonylphenol (st trial} [activation method1+89]

Compound - Dase Revertant colonies per plate [ MeantS.D.]
(pg/plate) ©TALD TA1535 WP2 uvrd TA9S TAL537
DMSO# 0 87 94 97 g 15 12 2 3 24 37 M 3% 15 15 19
[93+ 5] [12 + 3] [312 6] [36+ 2) (16 £ 2]
Test sub. 156 105 94 @2 1121 i - - 19 13 12
[97 £ 7] [15+ 5] [15« 4]
313 112 136 114 15 18 23 - - 17 18 22
[114 + 2] [19 £ 4] {19+ 3]
6.25 126 95 91 13 16 ¢ 25 21 31 38 36 32 17 12 9
’ (104 + 19) [13 + 4] [26+ 5] [35 = 3] [13 £ 4]
125 124 105 100 % 13 16 17 20 33 35 34 36 17 18 7
[110 % 13] [16 £ 2] [23+ 9] [3 £ 1] [14 = 6]
\ 25.0 100 114 94 5 8 12 25 17 30 54 50 &7 9 12 17
{103 % 10] [12 £ 4] [+ 7 [54 + 4] [13 £ 4]
50,0 87* O7* O5* 8% 10* 16* 21 28 29 46 42 38 g* 17 14¥
{9 x 5] [11+ 4 {26+ 4] [42 4 4] [13 + 4]
160 - - 0% 24* 3% 3x 32e apr -
{28+ 4] {32+ 2
200 - - 16% 15+ 18* 25% 25% 29* -
[16+ 2] [26+ 2]
Positive control 866 793 819® 483 592 538" 811 845 824 374 306 3389 186 149 1700
826 + 37) [538 % 55) [827 = 17} [339 % 34] (168 + 19]
#:Solvent control *:The background lawn was thin - Not tested

a) 12-AA;2-Amincanthracene, 1 pg/plate b) :2-AA, 2 ug/plate c) 12-AA, 10 pg/plate  d) :2-AA, 0.5 pg/plate



LAUIS u.  I\EBULLS UL LLIE DHCLETTH] TeversIon Test oI nonyiphenot (2nd triai) |direct method:-59)
Compound Dose Revertant colonies per plate [MeaniS_.D.]
(ug/plate) TALCO TAI1535 WE2 uviA TAO3 TA1537
DMSO# 0 106 93 098 11 10 12 27 19 %4 18 26 24 0 7 9
. [98 £ 7] [11x 1] {23+ 4] [23 = 4] [ 6% 7
Test sub. 0.195 100 108 103 M 14 13 - 24 29 31 10 12 8
(104 = 4] [14+ 1] [ 28 + 4] Lo+ 2)
0.391 105 105 109 16 15 13 - 25 29 32 10 12 9
[106 = 2] [15% 23 [29 = 4) 110x 2)
0.781 . 103 106 102 15 11 15 - 27 28 32 9 7 7
104 = 21 fu4x 2} [26x 3} L 8x 1)
1.56 94 107 69 6 14 16 15 14 16 30 23 25 0 5 6
o+ 7 (15 13 i+ 1) [26+ 4 {7+ 3
3.13 101* 104* 101* 13 13 1 23 19 21 24 25 33 7* gt 13
oz + 2 [13+ 1 la1x 7] [27 £ 5} {wx 3
6.25 " 79* 83+ 85* 11* 1% 14t 0 A4 19 20% 14% 20* 6*  5* 4%
[az+ 3] [13%+ 21 [21+ 3] [+ 3] {5+ 1
125 82* T6* 85* 5* 8§ 10* 19 21 23 16% 16* 22% 3 6 3
(81 8] [ 8+ 3 [21+ 2] [+ 31 {4+ 2]
. 250 - - 16* 18* 15* - -
[16= 2]
50.0 - - 12* 13* 13* - -
[13+ 1]
Positive control 432 403 397 460 557 453 127 134 100 526 527 473 613 501 463
[411 + 19] [490 = 58] [120 = 18] (509 + 317 {556 + 81]
#:Solvent contro} *:The background lawn was thin —:Not-tested

a) |AF-2; 2-(2-Furyl) -3-(5-nitro-2-furyl) acrylamide, 0.01 ug/plate  b) :Nal,;:Sodium azide, 0.5 pg/plate ¢} IAF-2, 0.1 ug/plate d):ACR;

9-Aminoacridine, 80 ug/plate

Table4. Results of the bacterial reversion test of nonylphenol (2nd trial) [activation method: +5$9]

Compound Dose Revertant colonies per plate [ Mean®S5.D.]
{ug/plate) TA100 TA1535 WP2 uvrA TA9S TA1537
DMSO# 0 97 91 12 6 18 15 29 32 22 40 30 29 17 16 1§
[97 £ 8] [16 £ 2] [28+ 5] [ 36 =+ 6] [16 = 1]
Test sub, 1.56 102 99 105 16 14 18 - - 7 4 17
[102 + 3] [15£ 1] [16 £ 2]
313 97 100 110 14 15 14 - - 4 19 14
[oz + 71 [14x 1] [16 £ 3]
6.25 99 106 100 “ 17 14 32 25 3 0 31 41 17 14 17
[102°+ 4] [i5x 2 {30+ 5] [37+ 6] [16 + 2]
125 114 102 9 15 17 16 21 33 29 37 33 al 13 16 15
[104 £ 91 [16+ 1] {28+ 6] [34 % 3] [15= 2]
b 250 105* 101* 107* 5 14 7 3% 30 33 0 4 34 13 13 12
14 + 3) [12+ 4] [33+ 3 [ 38 = 8] [13 £ 1)
50.0 102* 101* 94+ g 11* 11* 31 31 32 30 29 35 14 g% o*
[99 £ 4} [z 23 [31+ 1) [31+ 3] Tw=x 3]
100 - - 24* 21* 23+ 28% 2% a7 -
I23+ 2] [ 28+ 8]
200 - - 24% 23+ 21* 33*% 22% p4% -
123+ 2 126 = &
Positive control 646 660 634 360 414 432v 611 786 719 316 276 335¢ 140 127 127
647 & 13} {402 + 371 1705 + 23] 309 % 30] [131 = 8
#:Solvent control ~ *:The background lawn was thin ~ -:Not tested

a) 12-AA2-Aminoanthracene, } pg/plate  b)12-AA, 2 pg/plate  ¢):2-AA, 10 pg/plate  d)12-AA, 0.5 pg/piate
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In Vitro Chromosomal Aberration Test of Nonylphenol
on Cultured Chinese Hamster Cells

B ¥ REEERRERO—RELT, J=N7
= WOEREEII WA RBREEREOERES
B+ a0, Fy4o—X  NLAY—IFESEFHRE
B(CHL) # Bvr 2 in vitrot B R B EREBF 1T 7. M
Fatsna bl ER R R 2810, MRHENRESh b RE
FREASLLUTHELL. Thabb, EE2uEER
BET6.25, 12.5, 25.08 X U50.0 ug/mi, [F4A88ERULE
HET3.13, 6.25, 12.535 £ 1°25.0 pug/mi, EEERIMEE (6
B R AL 0 +S9 mix B & U°-S9 mix) T 7.50, 15.0, 30.0 3
X U60.0 ug/min A HE(RH2) IZownTERAFERE
PEBLU 7276, SAMGREIREEM L. MDA
Hflsh s BE T THE LABR, S0, 0N
FERAEEO WL b EBERE, b biHER
Fd D HERERROSBREED b N o/ —F,
EELEEOBETERE <A b~ »C(MMC) B
ORI ALIE 4SO mix DB EME Y s OFR AT 7
IFECP) I, Wb RaEEERETEEECER
Lic, -7, FRBELTOin vitroBRERRIZB VT,
SN T S = WD REERE 2 HET AU RN
[RRNORE ] B A

MHs L OHE

1. BERMBIHK -
PSSR Y BV A REREERBL(ER S
RTwzZ eds, BBERELLTFrvI=—X - N
LA & — Ofi RO BEFM SR (CHL) 28] L 4.
BRSO B IGHICB Y HARBH ML 3525107,
—¥iE T AFLALEKE S F(DMSO:MERCK#) #
10% %L 7=, HEAEEPICREL, EDiE3~5H
TECHA L, B, REAERERRTIERHEGRE
RE 32 DML Fv 72,

2. EEHEOBEN

Eagle-MEM#54# (LIFE TECHNOLOGIES#t) % 1000
miDEEKTERLAE, 22 gORBAZEF I VA
(BEBIL200) Z A 7. INEREEZ AW TpHE7.2108
YL fot, AYT 5V 74 NF (0.2 um:Gelman
Sciencestt) # Flv-CIEMBBRE L7, FFE{L(G6TC,
304 ) iB&HFE M (LIFE TECHNOLOGIES#) 4 &%
METI0%ICE A L MR R, MEIER L.

3. EERG '
COpf ¥ ¥ 2~—¥ — (FORMAH & 5 VI SHBIRE
) & vy, CO,MRRES%, 3TCHEMHTHIRZ R L.

4. S8 mix

BESR6H AMROF v 2 — SO mix % RERIC
HELA. SOmixdHOSIEFFHERELT T /Y
F—NBIUS6 RV 7FH Y 2SS L7 Sprague-
Dawley %7 v FOFEALARINI- DD THS.
S9 mix DA ITIARE S O FEIE - 120,

5. #EEpE

WEmEO ) 7/ — (B v FEE F1132,
CAS No.:25154-52-3) iz 5+ CisHy O, 4+&220.36,
MEQ.0% U LD ES - EAOIHATATH L. =HE
FEALEeRp b RS N B THE L. RERET
%, BRYEURETICB W IRARBRE 54 Lo
#, TESICHER o7

6. TRERMEEROFAN

DMSO I BB B e M L THRERE LA, AR
Rl e RS Ay CIRRRTERE LRI L%, '
BT & T o 2z (AR

7. TR ETEITEEER)

MlagER vV F 7L — MoHIEEIBRE L, EE3A
BUBBYWESESREL -, EFABEOEE, 24
HAHNIT4RFEER L THOBEEEML, HREOLEE
Tid SO mixFEET (59 mix) & 5 WITIEFET (-59
mix) TOMMME L 7%, FEELHERoRLTss
MR s ) AR

MR % 10% P PEBE V< ) 2 i (FIGHEE T )
TERELA®E, Q1% F VAV L - 244 Ly b (@R
) AREHRTI0OERE L. aFIFEHMEGI% Y
A =N, 1%BEEEASTR) @B, SOMBEREL
TEEFBHLARE, 580 nmTORKETEL L.
EHEBICOVWTRENBRETOREE TS, §
&b HAETER R H L L1, |

FOERE, WTNLOLEEIIBWT b HE L MlaEE
MHAEEs Nz (Fig. 1). 7OEy pESH L WIEHE
TS0 F BV T LA 50 %40 B 1858 il i 1L E &
24 B MR C23.2 pg/mi, [F48HFREMIE T 25.9 pug/mi,
JHEERT --S9 mix 4B T31.8 ug/mi, [F-59 mix B\ T
203 pg/mi Th o7z,



24 hrs. 48 hrs, +59mix  -§9 mix
—a— =) ol

60 -

Survival (%)

10 |-

20 -

! | | ]
5.04 B.40 i4 233 389 64.8 108 180 300G
Dose (ug/ml)

Fig. 1 Dose-survival curves of nonylphenol

8 HERELHIUEBEONE

Hifn i IR R R, RAREFHETIEE
#9524 B B ALIE G 50.0 ug/mi, [ASESRIALEE T 25.0
pe/ml, EEFEAAEETE0.0 pg/ml v RSHEEL, B
TAEZTCHRUAFIAAEL I BERTEBELHREL
A .

Pt & LC, EflEkons, 4 hed >
C(MMC: B LE0) %, 24FFMREC0.05 ug/mi,
ABHFRMMEET0.025 pg/mi DFAET, HMRERMWLELOM
B, YrukA7y I F(CP:EFRBER) £, 125
pe/mi D RETHRER L.

9. REFERAOEN

HEG mmD 7 L— FEHY, FHEKEEFRICE
5%%?%0%@%??57\:. BIEET2EMAN, SR
BET0.2 ug/ml k% 5Ly 3t F(LIFE TECH-
NOLOGIES#) 2@l by 7 BTl %3
S, EAASEEIZ L DM T DILLA. 75 mMIEE
By LREETERLE LT 2%, BER(A Y/
— N3 EEEELE) THIREFEE LA, BRERETYE
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Tablel. Chromosomal aberration test on CHL cells treated with nonylphenol
[long-term treatment]

Dose Time of Number Number of cells with Total Total Polyploid  Final
Compound exposure of cells structural aberrations [+gap] [-gapl] cells
(ug/mi) (hr) analyzed gap ctb csb cte c¢se oth (%) (%) (%)  judgement
DMSO* 0 24 200 o 0 ¢ 1 0 0 0.5 0.5 0.0 -
Test Sub. 6.25 24 200 1 ¢ 0 1 0 ¢ 1.0 0.5 0.0 -
125 24 200 0 0 0 0 0 0 0.0 0.0 0.0 -
25.0 24 200 1 1 0 1 2 0 25 20 0.5 -
50.0 24 Toxic
MMCH 045 24 20 19 4 0 9% 1 0 65 615 05 +
DMSO* 0 48 200 o 0 0 0o 0 o0 0.0 0.0 0.0 -
Test Sub. 312 48 200 1 ¢ ¢ 0 0 ¢ 05 0.0 1.0 -
6.25 48 200 0 0 1 5 0 0 25 25 0.0 -
125 48 200 01 ¢ 0 0 0 0.5 0.5 0.0 -
25.0 48 Toxic
MMC** 0.025 48 200 4 47 0 91 6 0 60.0 58.0 1.0 +
*:Solvent controf **: Positive control (mitomycin C) ’

cthichromatid break csbichromosome bresk  cielchromatid exchange cselchrémosome exchange othlothers

Tahle 2. Chromosomal aberration test on CHL cells treated with nonylphenol
[short-term treatment]

Dose 56 Time of Number Nurnber of cells with Total Total Polyploid Final
Compound exposure of cells structural aberrations {+gap] [-gap] cells
(pg/mi} mix (hr) * analyzed gap ctb csb cte cse oth (%) © (%) (%)  judgement
DMSO* 0 + 6 200 0 0 0 ¢ 0 0 0.0 0.0 0.5 -
Test Sub. 750 + 6 200 ¢ 0 0 0 0 0 00 0.0 0.0 -
15.0 -+ 6 200 60 1 0 ¢ 0 0 0.5 05 0.0 -
30.0 + ] 200 o o 0 2 1 @ 15 1.5 3.0 -
60.0 + 6 200 2 1 0 6 0 0 4.0 35 0.0 -
P 25+ 6 20 7 17 0 6 1 0 395 30 00+
DMSO* 0 - 6 200 4 0 1 1 1 O 35 15 1.0 -
TestSub. , 750 - 6 200 1 0 0 2.1 0 20 15 10 -
15.0 - 6 200 6 0 0 1 0 o 0.5 05 00 -
30.0 - 6 200 1 0 0 1 ¢ 0 1.0 0.5 0.5 . -
600 - 6 Taoxic
Cp** 12.5 - 6 - 200 0o 1 0 0 0 ¢ 0.5 05 0.0 -

*.Solvent control ~ **7 Positive control (cyclophosphamide)
eth!chromatid break csb:chromosomebreak cte:chromatid exchange cselchromosome exchange othiothers
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4.1.2.5.2 Respiratory tract

No data are available, although it can be predicted from its low chemical reactivity that
nonylphenol is unlikely to be a respiratory allergen.

4.1.2.53 Summary of sensitisation

No human data are available. The results of several guinea pig maximisation tests suggest that
nonylphenol does not have significant skin sensitising potential. No information on respiratory
tract sensitisation is available, although it can be predicted from its low chemical reactivity that
nonylphenol is unlikely to be a respiratory allergen.

4.1.2.6 Repeated dose toxicity
4.1.2.6.1 Animal data

There are no data for the inhalation or dermal routes. Two high-quality oral repeated dose studies
in rats, of 28 and 90 days duration, have been conducted. The studies followed OECD guidelines
and were in compliance with GLP. Additionally, the influence of nonylphenol on growth and
cell proliferation and of the mammary gland has been investigated in the rat in a non-standard
study involving subcutaneous administration.

In the 28-day study, groups of five male and five female Sprague-Dawley rats were exposed to
nonylphenol via incorporation in the diet at nominal dose levels of 0, 25, 100 or 400 mg/kg/day
(Hiils 1989). Clinical signs of toxicity, bodyweights and food consumption were recorded and
towards the end of the study routine haematology, blood clinical chemistry and wurinalysis
examinations were made. A full necropsy was performed on all animals at termination. Adrenals,
liver, kidneys and testes with epididymides were weighed and a limited range of major organs
was examined microscopically.

There were no mortalities or treatment related clinical signs of toxicity. At 400 mg/kg/day,
bodyweight gain was significantly reduced throughout the study, and by week four mean
bodyweights were 26% and 13% less than the controls for males and females, respectively. The
amount of food consumed and food utilisation was also reduced at 400 mg/kg/day for both sexes.
For males only at 400 mg/kg/day there were slight differences in comparison with the controls
for certain clinical chemistry parameters; urea and cholesterol levels were increased and glucose
levels were reduced. Also, there were increases in the group mean relative kidney, liver and testes
weights (all by about 20% compared with controls). Histopathological examination revealed
hyaline droplet accumulation in the renal proximal tubules (an effect considered to be of no
relevance to human health) and a minor vacuolation in the periportal hepatocytes for males at 400
mg/kg/day. Among the females at this level, there were no treatment-related changes in the organs.

For males and females at 25 and 100 mg/kg/day, there were no differences in any of the
parameters examined that could be conclusively related to treatment. It should be noted that
minor increases in comparison with the concurrent control group were reported for kidney,
adrenal and liver weights and for the incidence of minimal hyaline droplet formation in the
kidney among males at 25 and 100 mg/kg/day. However, all values were within the laboratory's
historical control range (personal communication with study sponsor) and confirmatory changes
were not seen for adrenal and liver weight or hyaline droplet formation in the 90-day study (see
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below). Consequently these marginal changes could not be reliably attributed to nonylphenol
treatment. Overall, this study identifies a NOAEL of 100 mg/kg/day for 28-day exposure.

In the 90-day study, groups of fifteen male and fifteen female Sprague-Dawley rats were
exposed to nonylphenol via incorporation in the diet at concentrations of ¢ (control), 200, 650 or
2000 ppm (Chemical Manufacturers Association 1997a, Cunny et al, 1997). Calculated
nonylphenol intakes were about 0, 15, 50 and 140 mg/kg/day, respectively. Additionally, control
and high dose satellite groups of ten animals of each sex were included; these were given a 28
day recovery period at the end of the 90-day exposure. Clinical signs of toxicity, bodyweights
and food consumption were recorded and towards the end of the study routine haematology,
blood clinical chemistry and ophthalmoscopy examinations were made. A full necropsy was
performed on all animals at termination. A number of organs were weighed and
histopathological examinations were conducted on a comprehensive range of organs and tissues.
Also, oestrous cycles were monitored during week 8 and sperm motility, sperm number (in
epididymis) and sperm morphology were evaluated at necropsy.

There were no treatment-related mortalities or clinical signs of toxicity. At 140 mg/kg/day only,
there were adverse effects on bodyweight gain, the amount of food consumed and food
utilisation throughout the dosing period for both males and females. At 90 days, the mean
bodyweights for both sexes at this exposure level were about 7% less than the controls. In the
satellite group, some recovery of bodyweight and food consumption values was seen after
exposure was discontinued. Haematology and ophthalmoscopy findings and oestrous cycle
patterns were not affected by treatment. There was no evidence of effects on spermatogenesis.
However, one interesting clinical chemistry change was seen among females from the
140 mg/kg/day group. Serum aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) levels were markedly elevated in two females, which correlated with some
histopathological changes reported in the liver (see below). '

At necropsy, no treatment-related macroscopic findings were reported. Among the males killed
at 90 days, there was a dose-related increase in group mean absolute (by 6, 9 and 13%, relative to
controls, at 15, 50 and 140 mg/kg/day respectively) and bodyweight-related (by 8, 11 and 24%,
respectively) kidney weight. In the recovery group, the bodyweight-related kidney weight among
males was also increased, although the effect was less marked, However, this organ weight
increase could not be correlated with any clinical chemistry or histopathological change and
consequently this finding was considered unlikely to be of toxicological significance,
particularly at 15 and 50 mg/kg/day where magnitude of the change was small. Also, ovary
weight was slightly decreased in females from the 140 mg/kg/day group, in comparison with the
controls, at 90 days. In contrast, the weight of this organ was slightly increased in the recovery
group. Again, this difference could not be correlated with any histopathological change which,
together with the inconsistency between the findings for the main and satellite groups, makes the
interpretation of this finding uncertain. Bodyweight-related liver weight was increased at 90 days
only in males at 50 and 140 mg/kg/day and females at 140 mg/kg/day, by about 10% compared
with controls. This was considered likely to be an adaptive rather than toxicological response.
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The only noteworthy microscopic changes were seen in the kidneys and liver. Among males at
140 mg/kg/day in both the main and satellite groups there was a decrease in the occurrence of
renal tubular hyaline droplets/globules in comparison with the control group. The biological
significance of this change is uncertain. Also, a lack of correlation with the findings of the 28- day
repeated dose study, in which an actual increase in the incidence of renal hyaline droplets
occurred, casts doubt on whether these changes should be considered to be related to treatment.
Slight or moderate individual hepatic cell necrosis was seen in three females at 140 mg/kg/day;
two of the affected females also had raised serum ALT and AST. This provides evidence that the
liver may be a target organ for nonylphenol toxicity, although this evidence is weak in view of
the mild nature of response and small number of animals affected.

The renal histopathological findings have been reviewed by a pathologist not involved in the
original investigation (Hard 1998), because of a lack of coherence between the results of this
study and a multigeneration study summarised below (NTP 1997). An increased incidence of
deposits of intratubular mineralisation in the P3 (straight) segment of the proximal tubule at the
outer stripe of the outer medulla/inner stripe of outer medulla (OSOM/ISOM) junction was seen
in males at 140 mg/kg/day; 11 out of 25 from this group were affected, compared with 1 out of
25 control males.

Overall, a NOAEL of about 50 mg/kg/day can be derived from this study. At 140 mg/kg day
there were reductions in bodyweight gain, food consumption and food utilisation together with
evidence of morphological changes in the liver and possibly kidneys.

Further information on repeated dose toxicity can be derived from a good-quality
multigeneration study (NTP 1997, see section 4.1.2.9.2 for full details of this study, including
information on any findings in reproductive organs). Groups of thirty male and thirty female
Sprague-Dawley rats were exposed to nonylphenol via incorporation in the diet at concentrations
of 0 (control) 200, 650 or 2000 ppm over three generations. Calculated nonylphenol intakes
were, respectively, about 0, 15, 50 and 160 mg/kg/day during non-reproductive phases. The Iy
generation were exposed for 15 weeks, the F| and F, generations from soon after birth to about
20 weeks of age and the F3 generation from birth to about 8 weeks of age.

Evidence of general toxicity was seen in adults of all generations, although there were no
treatment-related clinical signs, mortalitics or adverse effects on food consumption. At
160 mg/kg/day, bodyweight gain was reduced in comparison with controls in adults across all
generations, with the terminal bodyweights being about 10% lower than the controls. Similar
reductions in bodyweight gain were also seen at 50 mg/kg/day in F; females, F> males and F3
females. Relative kidney weights were increased at 50 and/or 160 mg/kg/day in adult males of
the Fy, F| and F, generations and also at 160 mg/kg/day in F, adult females. Histopathological
examination revealed an increase, although often without a convincing dose-response
relationship, in the incidence of renal tubular degeneration and/or dilatation in adult males from
all generations and all nonylphenol treated groups; similar findings were reported for adult
females at 160 mg/kg/day in the F|, F; and F3 generations and at 15 and 50 mg/kg/day in the F3
generation. These data are given in Table 4.13.



Table 4.13 Number of animals with histopathological abnormalities in the kidney (n=10)

Males
Dose level (mglkg/day}
Generation Finding ) 0 15 50 160
{ Fe Renal tubuie degeneration 1 3 5 5
Renal tubufe dilatation 0 1 0 0
Fi Renal wbule degeneration 1 2 7 8
Renal fubule dilatation 1 1 0 2
Fa Renal tubule degeneration 3 hi] 6 8
Renal tubule dilatation 1 2 0 4
F3 Renal tubule degeneration 0 7 10 2
Renal tubule dilatation 0 0 3 3
Females
Dose level {mglkgflday)
Generation Finding ¢ 15 50 160
Fo _ Renal fubule degeneration 3 3 0 0
Renal tubule dilatation 0 0 1 0
Fi Renal tubule degeneration 0 1 1 6
Renal tubule dilatation 0 0 0 3
Fa Renal tubule degeneration 1 2 0 4
Renal tubule dilatation 0 ] 0 1
Fa Renal tubule degeneration 0 8 ] 7
Renal tubule dilatation 0 0 1 1

It is difficult to decide for certain whether or not this increased incidence of renal tubular
degeneration and/or dilatation is related to treatment because these changes were not seen to the
same extent in the 90-day study, which was conducted using the same strain of rats, and because
a dose-dependent trend was not apparent in all generations/sexes. The lack of concordance
between the studies cannot be explained on the basis of a slightly longer exposure period in the
multigeneration study because kidney effects were seen in the F3 generation which was exposed
for only 8 weeks, nor on the basis of in utero and neonatal exposure because the effect also
occurred in the Fy generation. Giving special emphasis to the fact that the increased incidence
occurred consistently across all four generations in the multigeneration study, it is considered
that this cannot be dismissed as background variation. Consequently, a conclusion has been
drawn from this study that there is a LOAEL for repeated exposure of 15 mg/kg/day, based on
histopathological changes in the kidneys; this value will be taken forward to the risk
characterisation,

The renal histopathological findings have been reviewed by a pathologist not involved in the

original investigation (Hard, 1998). The presence of renal lesions in all nonylphenol exposed
groups was confirmed, as was the lack of a consistent dose-dependent trend in all generations. The
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predominant renal lesions were described as tubular mineralisation at the 0SOM/ISOM junction,
cystic tubules surrounded by fibrosis, or granular cast formation at the OSOM/ISOM junction.

A briefly reported oral (gavage) study investigating the testicular toxicity of nonylphenol (de
Jager et al., 1999a) is summarised in the toxicity to reproduction section. In this study, mortality
was observed at 100 (the lowest dose level tested), 250 and 400 mg/kg/day; 3, 15 and 18,
respectively, out of 20 animals in each group died during a 10-week dosing period. No further
information on these mortalities is available. The presence of mortality at such dose levels
contrasts with the findings of the dietary administration studies (Hiils, 1989; Chemical
Manufacturers Association, 1997a; NTP, 1997). The differences can probably be accounted for
by the method of administration; gavage dosing is likely to produce higher peak concentrations
of nonylphenol in the blood than dietary administration.

The influence of nonylphenol on growth and cell proliferation and of the mammary gland has
been investigated in rats of the Nobel strain in two studies using non-standard methods. The
Nobel strain of rat is particularly sensitive to oestrogenic activity. In the original study, groups of
six female juvenile rats were exposed to nonylphenol by the subcutaneous route for 11 days,
administered via osmotic minipumps implanted in the dorsal cervical region (Colerangle and
Roy, 1996). The dose levels were 0 (DMSO vehicle control), 0.01 and 7.12 mg/day (0.05 and
35.6 mg/kg/day, assuming a bodyweight of 200 g). An additional group received
diethylstilbestrol (DES) at 0.01 mg/day (0.05 mg/kg/day) for 11 days by an unspecified route. At
the end of the exposure period the rats were killed and the abdominal mammary glands removed
for evaluation. Mammary gland growth was assessed by counting the number of mammary
structures (terminal ducts, terminal end buds or lobules) and cells in 16 mm® areas of the
mammary gland. Cell proliferation and cell-cycle kinetics were evaluated using:
immunohistochemical techniques (reaction with antiproliferating cell nuclear antigen (PCNA))
which allowed cells in S, Gl and GO phases to be identified. The labelling index (LI, proportion of
cells in S phase) growth fraction (GF, proportion of cells in the G1 or S phase) were calculated.

In the group receiving the highest dose of nonylphenol there was a 1.5-fold increase in the
number of mammary structures and a 4-fold increase in the number cells/16 mm” area, compared
with the vehicle control group. At the lowest level the number of structures was similar to the
controls, but there was a 2-fold increase in the number of cells. DES caused a 6-fold increase in
the number of cells. The LI was increased by 1.3 and 1.8 fold and GF by 1.2 and 2 fold in the
nonylphenol low and high dose groups, respectively, in comparison with the vehicle control.
DES had a much greater influence on the indices, with increases of 4 and 5 fold for the LI and
GF. Cell cycle time was unchanged in the low dose group, slightly decreased (by about 10%) in
the high dose group and markedly deceased (by more than half) in the DES group. This study
shows that nonylphenol at dose levels of 0.05 and 35.6 mg/kg/day increases growth and
proliferation activity in a dose-related manner in the mammary gland of the Nobel rat, although
the effects at 0.05 mg/kg/day are marginal. The significance for human health of such a finding
is unknown. Furthermore, the use of the subcutaneous route of administration and selection of
the oestrogen-sensitive Nobel rat as the model casts doubts about the relevance of these findings
to humans. Ashby and Odum (1998) draw attention to the fact that same positive control (DES)
data reported for this study also appear in two other reports by Colerangle and Roy (1995 and
1997), and that the vehicle control data of the nonylphenol study is duplicated in the 1997 study.
This raises some uncertainties as whether the control data were generated concurrently with the
nonylphenol data and questions the validity of this study.
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The Colerangle and Roy (1996) study was duplicated by Odum et al. (1999). Groups of ten
female OVR™ Noble rats were exposed to nonylphenol at dose levels of 0 (DMSO vehicle
control), 0.073 or 53.2 mg/kg/day or DES at 0.076 mg/kg/day by the subcutaneous route for 11
days, administered via osmotic minipumps implanted in the dorsal cervical region. Mammary
gland differentiation and mammary gland cell proliferation were assessed following similar
methodology to ‘Colerangle and Roy (1996), except that BRDU as well as PNCA staining was
used (BRDU incorporation was considered to be a more sensitive and robust technique) and a
more objective method was used to quantitate mammary gland changes. The quantitative
determination of the numbers and areas of mammary gland structures showed no differences
between the vehicle control and nonylphenol exposed groups, in contrast to the findings of the
original study. DES, however, had a marked influence of the differentiation of mammary
structures. Terminal ducts were completely absent and terminal end buds were present only in
peripheral regions. Also, the numbers and areas of lobules were markedly increased in peripheral
and central areas. The mammary gland cell proliferation assessment revealed, in comparison
with the vehicle control group, no changes in the nonylphenol exposed groups, and a marked
increase (about 4 fold in the lobules) in the DES group. This study shows the DES can induce
growth and proliferation activity in the mammary gland of the Nobel rat, but failed to confirm
the observation in the Colerangle and Roy (1996) study of such activity following nonylphenol
exposure at similar dose levels.

4.1.2.6.2 Human data

The effects of nonylphenol exposure have not been evaluated in humans. There are two isolated
case reports of leucoderma on the hands and forearms, with subsequent spreading to other areas,
among Japanese workers exposed to alkaline detergents containing polyethylene alkylphenylether
(Ikeda et al, 1970). The authors speculated that this might be caused by free octylphenol or
nonylphenol, which were found to be present in the detergents. However, in the absence of
corroborative reports from elsewhere, no firm conclusions regarding causality can be made.

4.1.2.6.3 Summary of repeated dose toxicity

No useful human data are available. In a multigeneration study in the rat involving oral exposure
via the diet for up to 20 weeks, a LOAEL for repeated dose toxicity of 15 mg/kg/day was
identified, based on histopathological changes in the kidneys (tubular degeneration or dilatation),
although such changes were not apparent at this dose level in 2 90-day dietary exposure rat study.
At higher dose levels the liver may also be a target organ; minor histopathological changes in the
liver (vacuolation in the periportal hepatocytes or occasional individual cell necrosis) were seen
at doses of 140 mg/kg/day and above in some dietary studies. The oral toxicity of nonylphenol
appears to be enhanced when dosed by gavage, with mortalities being reported at dose levels of
100 mg/kg/day and above. No studies involving dermal or inhalation exposure have been
conducted. Nonylphenol has been reported to induce cell proliferation in the mammary gland of
the Nobel rat following subcutaneous exposure at levels down to 0.05 mg/kg/day, but this
finding could not be reproduced in a duplicate study; furthermore, there are doubts about the
relevance of this finding to humans and regarding the validity of the original study.

4.1.2.7 Mutagenicity

Only data from in vitro test systems and animals are available.
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4.1,2.7.1 Studies in vitro

Two pre-incubation bacterial mutagenicity (Ames) tests have been conducted. Both were
negative. The first cannot be fully appraised because only a summary report is available (Hiils
1984). Salmonella typhimurium strains TA1537, TA 1538, TA 98 and TA 100 were exposed to
nonylphenol at concentrations to 5000 ug/plate, both in the presence and absence of metabolic
activation (Aroclor induced rat liver S9). The same Salmonella strains were used in the second
study, together with Escherichia coli strain WP2urvA (Shimizu et al., 1985). Concentrations up
to 100 pg/plate were tested, both in the presence and absence of metabolic activation
(polychlorinated biphenyl induced rat liver 89), and toxicity was reported at the highest
concentrations tested. A limitation of both studies is that the results of neither appeared to have
been confirmed by a second independent experiment. '

In a well-conducted ir vifro mammalian cell gene mutation test, following OECD guideline 476
and in compliance with GLP, the potential for nonylphenol to induce mutations at the HPRT-
locus was investigated in Chinese hamster V79 cells (Hiils, 1990). The exposure period was 5
hours, and a range of concentrations up to 2.5 pg/ml (without metabolic activation) or 1.25
pg/ml (with metabolic activation) were tested. At higher concentrations there was no cell
survival. The results were confirmed by independent experiment. The test was negative.

4.1.2.7.2 Studies in vivo
Two micronucleus studies are available.

In the most recent study, conducted according to OECD guideline 474, groups of 5 male and 5
female NMRI strain mice received a single intraperitoneal dose of 50, 150 or 300 mg/kg (Hiils,
1999b). Appropriate positive (cyclophosphamide) and negative (vehicle) control groups were
included. The highest treatment level was chosen as the maximum tolerated dose, based on the
results of a preliminary study. Bone marrow was sampled 24 hours after treatment. There was a
second sampling time of 48 hours for additional groups receiving either nonylphenol at 300
mg/kg or only the vehicle. Toxicity was elicited at 150 and 300 mg/kg, seen as clinical signs
such as sedation, squatting posture, abnormal gait and piloerection. There was no consistent
effect on the polychromatic to normochromatic erythrocyte (PCE/NCE) ratio. No increases in the
frequency of micronucleated PCEs were seen in the nonylphenol exposed groups; thus the tests
is considered to be negative. The anticipated response was seen in the positive control group.
Although the PCE/NCE ratio was not affected, the fact that the study was conducted at the
maximum tolerated dose and using the intraperitoneal route of administration, it can be
presumed that exposure of the bone marrow to nonyl phenol was maximised. Accordingly, a
high level of confidence can be given to this negative result.

An earlier micronucleus test was conducted using the oral route of administration (Hiils, 1988).
In accordance with the OECD guideline, groups of five male and five female mice of the NMRI
strain received a single oral dose of nonylphenol at 500 mg/kg. The dose level was chosen as the
maximum tolerated dose. No evidence was presented to support this choice, but it is noted that it
is greater that a reported oral LDsg of 307 mg/kg/day for mice. Appropriate positive and negative

_controls were included. Bone marrow was sampled at 18, 48 and 72 hours. There were no

increases in the frequency of micronuclei at any of the sampling times and the test was declared
negative. The PCE/NCE ratio was not affected by nonylphenol, which raises concerns about
adequacy of exposure of the bone marrow to the test substance. The toxicokinetic information
suggests that the systemic bioavailability of nonylphenol following oral administration is
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restricted, which adds to this concern. Overall, because of doubts regarding the extent of
exposure of the target tissue, only limited significance can be given to this negative result.

4.1.2.7.3 Summary of mutagenicity

No human data are available. Nonylphenol tested negative in two bacterial assays and an in vitro
mammalian cell gene mutation assay. An in vivo micronucleus test, conducted using the
intraperitoneal route, was negative. A second in vivo micronucleus test, which used the oral
route, was also negative, although there were methodological weaknesses in this study. These
results show that nonylphenol is not mutagenic.

41.2.8 Carcinogenicity

Carcinogenicity has not been studied directly in humans or animals. However, some information
on the carcinogenic potential can be derived from other data. On the basis of the information
currently available it is considered unlikely that that nonylphenol is mutagenic, so concerns for
cancer caused by a genotoxic mechanism are low. Considering the potential for carcinogenicity
by a non-genotoxic mechanism, no evidence of sustained cell proliferation or hyperplasia was
seen in the standard repeated exposure toxicity studies. Nonylphenol has been reported to induce
cell proliferation in the mammary gland of the Nobel rat following subcutaneous exposure at
levels down to 0.05 mg/kg/day, but this finding could not be reproduced in a duplicated study;
furthermore there are doubts about the relevance of this model to humans because of the route of
exposure and sensitivity of the strain selected. Owerall, there are low concemns for
carcinogenicity by a non-genotoxic mechanism.

4.1.2.9 Toxicity to reproduction

Only data from animals or in vifro test systems are available.

4.1.2.9.1 Studies investigating oestrogenic activity

The oestrogenic activity of nonylphenol has been investigated in a number of studies using either
recombinant yeast, oestrogen sensitive MCF-7 cells or a rodent uterotrophic assay response.
None of these assays have been validated as an internationally accepted toxicity test method,
although the MCF-7 and uterotrophic assays have been established for a number of years as
standard assays for oestrogenic activity. It should be noted that the significance to human health

of oestrogenic activity detected in these assays has yet to be established.

In vitro systems

4-Nonylpheno! was one of a number of alkyl phenols tested in a yeast assay in a study which
looked at the structural features important for oestrogenic activity in this chemical group
(Routledge and Sumpter, 1997). The assay uses a recombinant strain of yeast (Saccharomyces
cerevisiae) which contains an oestrogen-inducible expression system. In the presence of
oestrogens a reporter gene (Lac-Z) encoding for the enzyme f-galactosidase is expressed, which
can be monitored by measuring a colour change reaction in the culture medium. The oestrogenic
activity of the test substances was expressed as a potency relative to 17B-oestradiol by
comparing the molar concentrations required to produce the same response. 178-oestradiol was
found to be about 30 000 times more potent than nonylphenol. Tamoxifen, an oestrogen
antagonist known to act via the oestrogen receptor, was shown to inhibit the activity of the alkyl
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phenols, demonstrating that the assay response was due to interaction with the oestrogen
receptor.

The oestrogenic activity of nonylphenol has also been assessed in an in vitro assay involving
oestrogen sensitive human breast tumour MCF-7 cells (Soto et al., 1991). The cells are cultured
in the presence of charcoal-stripped (to remove endogenous oestrogens) human serum which
inhibits cell proliferation. Substances with oestrogenic activity can then overcome this inhibition.
The MCF-7 cells were cultured 178-oestradiol and nonylphenol at several concentrations were
each cultured in triplicate in multiwell plates and cell proliferation was assessed after a six-day
exposure period by counting nuclei from lysed cells. Nonylphenol at a concentration of 10 uM
elicited a similar proliferative response to oestradiol at a concentration of 30 pM; thus, on a
molar basis the oestrogenic potency of oestradiol, as measured in this assay, is 3 000 000 times
greater than that of nonylphenol. At concentrations of 1 and 0.1 uM the proliferative response
produced by nonylphenol was similar to that observed in negative control cultures.

In another similar in vitro assay, MCF-7 and ZR-75 human breast cancer cell lines were used
(White et al., 1994). Cells were cultured in quadruplicate in the presence of nonylphenol at
concentrations ranging from 0.1 nM to 10 um or 17B-oestradiol at 10 nM. No oestrogenic
activity was detected at nonylphenol concentration of 100 nM and less. At 1 and 10 pM
nonylphenol elicited a proliferative response which at the higher concentration was similar to
that produced by oestradiol. Thus, 17B-oestradiol was 1000 times more potent than nonylphenol
in this assay. In a further investigation, the ability of nonylphenol to stimulate transcriptional
activity was determined in MCF-7 and chicken cell fibroblasts (CEFs) transfected with reporter
gene pEREBLCAT and a mouse oestrogen receptor. Nonylphenol stimulated transcription at
culture concentrations of 1 and 10 pM.

To summarise the in vitro oestrogenic data, there is evidence that nonylphenol has oestrogenic
activity, of 3-6 orders of magnitude less potent than oestradiol.

In vivo systems

The oestrogenic activity of nonylphenol has been assessed in several studies using an assay
based upon the uterotrophic response in the rat.

In the first study, five groups of immature (aged 20 - 22 days) female rats (six in each group) of a
Wistar derived strain received single oral gavage doses of nonylphenol in corn oil on each of
three consecutive days (ICL, 1996). The dose levels ranged from 9.5 to 285 mg/kg/day. Vehicle
and positive (oestradiol benzoate 8 pg/kg, by subcutaneous route) groups were included. One
day after the final dose the females were killed and the uterus was removed from each animal
and weighed. Absolute uterus weight and bodyweight related uterus weight were statistically
significantly increased, in a dose-dependent manner, at levels of 47.5 mg/kg/day and above. The
NOAEL was 9.5 mg/kg/day. The uterine response seen in the positive control group was much
greater than that of the nonylphenol groups, although a direct comparison of potency is not
possible given the differing exposure routes. Similar data from the same laboratory have also
been presented in peer-review literature (Odum et al., 1997). This latter report also included oral
positive control groups (1 7B-oestradiol, 10-400 pg/kg), which indicated that cestradiol was about
1000 times more potent in this assay than nonylphenol.

In a similar assay, groups of ten ovariectomised female Sprague-Dawley rats were dosed once
daily for three consecutive days by the oral route with ethanol/oil suspensions of nonyfphenol at



levels of 0 (vehicle control), 30, 100 and 300 mg/kg/day (Chemical Manufacturers Association
1997b). Positive control groups received ethynyloestradiol in ethanol at levels of 10, 30 and 80
ng/kg/day according to the same dosing regimen. One day after the final dose the females were
killed and the uterus was removed from each animal and weighed. Uterus weights at 300
mg/kg/day were significantly increased (1.5-fold) in comparison with the vehicle control group.
A slightly greater response (a 2-fold increase) was seen in the 30 and 80 pg/kg/day positive
control groups.

In another uterotrophic assay, groups of three immature (aged 20 - 21 days) Sprague-Dawley rats
each received a single intraperitoneal injection of nonylphenol at dose levels of 0, 1, 2 or
4 mg/animal (approximately 25, 50 or 100 mg/kg) (Lee and Lee, 1996). Oestradiol, administered
by the same route, served as a positive control. The animals were killed 24 hours later and each
uterus was removed, weighed and analysed for protein and DNA content and peroxidase
(thought to be a uterotrophic marker enzyme) activity. There was a dose-dependent and
statistically significantly increase in uterine weight at all levels, with associated increases in
uterine protein and DNA content and uterine peroxidase activity. In further experiments, the
uterotrophic activity of nonylphenol was found to be blocked by the co-administration ICI
182,780, an oestrogen antagonist, providing evidence that the effect of nonylphenol is mediated
through the oestrogen receptor. Also, the potency was compared with oestradiol; in this assay
oestradiol was found to be about 1000 - 2000 times more potent than nonylphenol.

Overall, these in vitro and in vivo studies show that nonylphenol has oestrogenic activity of a
potency that is between 3 to 6 orders of magnitude less than that of oestradiol.

4.1.2.9.2 Effects on fertility

The effects of nonyiphenol on fertility and reproductive performance have been investigated in a
multigeneration study, and additionally, the testicular toxicity of nonylphenol has been studied in
a repeated exposure study.

The multigeneration study was comprehensive, of good quality, and was conducted in
compliance with GLP (NTP 1997). The overall study design was based on the OECD two-
generation reproduction toxicity study guideline, with an extension to inciude the production of
an F3 generation. Groups of thirty male and thirty female Sprague-Dawley rats were exposed to
nonylphenol via incorporation in the diet at concentrations of 0 (control) 200, 650 or 2000 ppm
over three generations. Calculated nonylphenol intakes were, respectively, about 0, 15, 50 and
160 mg/kg/day during non-reproductive phases and rising to around 0, 30, 100 and
300 mg/kg/day during lactation. .

Nonylphenol exposure commenced for the Fy generation at about 7 weeks of age and continued
until study termination when the F; generation were about 8 weeks old. Fg animals were mated
{one male with one female) within each dose group to produce the F; generation, selected F;
animals were similarly mated to produce the F, generation and selected F2 animals were mated to
produce the F3 generation. For the Fy generation and retained Fy, F; and F3 animals, clinical signs
of toxicity, bodyweights and food consumption were reported. Oestrous cycles were monitored
prior to mating. At the necropsy of adult animals, sperm samples were taken (but not from the F;
generation) for analysis of density, motility (using a computer assisted sperm motion analysis
system, only conducted on control and high dose group males) and morphology, a number of
organs were weighed and selected organs were sampled for histopathology. Additionally,
testicular spermatid counts were made. Parameters assessed in the young offspring included litter
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size, bodyweights, survival, gross appearance, ano-genital distance, sexual development and, for

animals killed at weaning, gross appearance of organs at necropsy and reproductive organ
weights.

There was evidence of general toxicity in adults of all generations, seen as a reduction in
bodyweight gain at 50 and 160 mg/kg/day and histopathological changes in the kidneys at all
dose levels. These aspects are described in greater detail in section 4.1.2.6.1.

Considering the reproduction-related parameters, there were no adverse effects on fertility or
mating performance. However, several other parameters were affected. Oestrous cycle length
was increased by about 15% in the F; and F» females at 160 mg/kg/day, in comparison with
controls. The timing of vaginal opening was accelerated by 1.5-7 days at 50 mg/kg/day and by 3-
6 days at 160 mg/kg/day in females of the Fi, F; and F3 generations. Also, absolute ovarian
weights were decreased at 50 mg/kg/day in the F; generation and at 160 mg/kg/day in the Fy, F»
and F; generations; however, no effect on ovarian weight was apparent in the F, and F;
generations when analysed as an organ-to-bodyweight ratio. In males, changes in sperm
endpoints were seen only in the F, generation; epididymat sperm density was decreased by about
10% at 50 and 160 mg/kg/day and spermatid count was decreased by a similar amount at 160
mg/kg/day. However, there may have been methodological problems with the epididymal sperm
density measurements, because the density in all F, generation groups, including controls, was
considerably greater (by about 25-40%) than reported for the Fo and F; generation males; the age
of each generation was similar at necropsy, so major differences in the sperm density would not
be expected. '

To summarise the reproductive aspects of this study, fertility and mating performance were not
adversely affected by nonylphenol treatment. However, there were changes, albeit relatively
slight, in the oestrous cycle length, timing of vaginal opening, ovarian weight and
sperm/spermatid count. The effects on the oestrous cycle were seen in both the F; and F,
generations (not assessed in F3 females) and the timing of vaginal opening was influenced in all
three generations; this consistency provides firm evidence of a relationship with treatment. These
effects were possibly related to the oestrogenicity of nonylphenol. There is some uncertainty
about the relationship to nonylphenol treatment with respect to the ovarian weight reduction
because this effect was apparent after adjusting for bodyweight in only one generation and did
not correlate with any histopathological changes; nevertheless, it is compatible with the
anticipated direct effects of exogenous oestrogenic activity. Also, there is uncertainty regarding
the cause of the apparent reduced sperm/spermatid numbers in the F» generation. It has been
hypothesised that such changes could result from foetal or neonatal exposure to exogenous
oestrogenic activity (Sharpe and Skakkebaek, 1993), but if the hypothesised mechanism were
operating, semen/testicular changes should also have occurred in the Fy generation. Furthermore,
the possibility of methodological problems adds to the difficulty in interpreting the
. sperm/spermatid count data. However, the observation of impaired male reproductive tract
development in an intraperitoneal study summarised in section 4.1.2.9.3 provides supporting
evidence in favour of the sperm/spermatid count changes being causally related to nonylphenol
treatment. Furthermore, the intraperitoneal study indicates that a critical window of exposure for
this effect is likely to be the neonatal period. Overall, this study provided evidence that
nonylphenol exposure over several generations can cause minor perturbations in the reproductive

system of offspring, which are compatible with the predictable or hypothesised effects of
~ exogenous oestrogenic activity, although these perturbations do not cause functional changes in
reproduction of the rat at the dose levels tested. A clear NOAEL for these changes of 15
mg/kg/day was identified.



The testicular toxicity of nonylphenol was investigated in Sprague Dawley rats in a briefly
reported repeated dose study (de Jager et al, 1999a). Groups of 20 male rats were dosed once
daily by the oral (gavage) route at doses levels of 0 (vehicle control, cotton seed oil), 100, 250 or
400 mg/kg/day for a period of 10 weeks, from the age of 12 weeks. The animals were killed at
the end of the dosing period and a detailed evaluation of the reproductive organs was conducted.
Testes and epididymal weight were recorded. The total cauda epididymal sperm numbers were
determined. The testes were stored in Bouin’s fixative and processed for histological
examination, which included the identification of the stages of spermatogenesis present and the
measurement of the seminiferous tubule diameter, lumen diameter and epithelial thickness.

Three, 15 and 18 animals from the 100, 250 and 400 mg/kg/day groups, respectively, died during
the dosing period; no further information on these deaths was presented. Clinical signs of
toxicity were not reported. The bodyweight gain of surviving animals was not affected by
treatment, although bodyweight gain was reduced among the decedents. In comparison with the
control group, lower testicular and epididymal weight, tubule and lumen diameter and
seminiferous epithelial diameter were seen in surviving animals at 250 and 400 mg/kg/day and
the sperm count was reduced at 400 mg/kg/day, but because of the very small groups sizes due to
mortality, little toxicological significance can be accorded to these findings. At 100 mg/kg/day,
testes and epididymal weight were not affected, but tubule and lumen diameter and seminiferous
epithelial diameter were statistically significantly lower than found in the control group; the
. mean tubule diameter was reduced by 10%, but data for the other two parameters were not
presented. Testicular abnormalities were identified by histopathology at both 250 and 400
mg/kg/day. In one animal at 250 mg/kg/day vacuolization and cell necrosis with sloughing of the
epithelium was seen in about 40% of tubules. Both surviving animals at 400 mg/kg/day had
tubular vacuolization, cell necrosis and derangement, with very few secondary spermatocytes
and sperm being present.

This study provides evidence of nonylphenol-related testicular toxicity at exposure levels which
also cause mortality. A LOAEL for testicular toxicity of 100 mg/kg/day can be designated. The
observation of mortality at 100, 250 and 400 mg/kg/day in this gavage study contrasts with the
findings of studies involving dietary administration summarised in the Repeated Dose Toxicity
section (Hiils, 1989; Chemical Manufacturers Association, 1997a; NTP, 1997). This difference
can probably be accounted for by the method of administration; gavage dosing is likely to
produce higher peak concentrations of nonylphenol in the blood than dietary administration.

4.1.2.9.3 Developmental toxicity

A good quality standard oral rat developmental toxicity study and two studies, one using the
intraperitoneal route and one using the oral route, looking specifically at the potential effects on
the developing male reproductive tract are available.

The standard rat developmental toxicity study is well-reported, conducted according to OECD
guideline 414 and in compliance with GLP (Initiative Umweltrelevante Altstoffe, 1992). Groups
of timed-mated females of the Wistar strain were administered by oral gavage corn oil solutions
of nonylphenol from days 6 to 15 of pregnancy at dose levels of 0, 75, 150 and 300 mg/kg/day.
A further group receiving 600 mg/kg/day was terminated prematurely because many females
died during the first few days of treatment. Sufficient females were allocated to the study to
produce at least 21 pregnant females in each group. Surviving females were killed on day 20 of
pregnancy and the foetuses were subjected to routine external, visceral and skeletal
examinations.
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- There was clear evidence of maternal toxicity at 300 mg/kg/day, manifested as a reduction in
bodyweight gain and food consumption, mortality of two females and the macroscopic organ
changes in the kidney (pale or irregular shape in seven mothers) or spleen (reduced size in two
mothers). Similar macroscopic changes were seen occasionally at 150 mg/kg/day and at a high
incidence in females from the prematurely terminated 600 mg/kg/day group. No maternal
toxicity was seen at 75 mg/kg/day. Post-implantation loss, litter size, foetal weights and
incidence of both major and minor foetal abnormalities were not affected by treatment. To
conclude, this study provides no evidence of developmental toxicity in the rat at exposure levels
which are toxic to the mother; thus the maternal NOAEL was 75 mg/kg/day and the foetal
NOAEL was 300 mg/kg/day.

In the intraperitoneal study, which was briefly reported, the effects of nonylphenol on male
reproductive tract development were investigated in neonatal Sprague-Dawley rats (Lee, 1998;
additional information was obtained by personal communication with the author). Age-matched
male pups were randomly allocated to either the control or treated groups. Daily doses of
nonylphenol were administered by the intraperitoneal route at a dose volume of 5-10
ugfinjection, for varying schedules between the day of birth (day 0) and 30 days of age. Control
animals received the vehicle (dimethylsulfoxide) only, by the same route. The pups were killed
at 31 days of age; terminal observations included external appearance of genital area, ano-genital
distance, the presence of undescended testes, and reproductive organ weights (which were
reported as bodyweight-related values).

In the initial experiment, groups of at least three pups were dosed at 0, 0.08, 0.8 and
8 mg/kg/day, from birth to 15 days of age. At 0.8 and 8 mg/kg/day there was a statistically
- significant, dose-dependent, reduction in testes, epididymis, seminal vesicle and prostate weight;
typically weights were about |5 to 25% less than found in the control group. Additionally, ano-
genital distance was reduced at 8 mg/kg/day, only. Reproductive organ weights were not affected
at 0.08 mg/kg/day. Next, groups of three or four pups received nonylphenol at 0 or 8 mg/kg/day,
either from days 1to 18 of age, days 6 to 24 or days 13 to 30, to see if there is a vulnerable phase
of development. Reproductive organ weights were significantly reduced in the groups for which
dosing commenced onday 1 or 6, but not in the group dosed from day 13. In a third experiment,
the influence of the oestrogen receptor antagonist ICI 182,780 on nonylphenol-impaired
reproductive organ weight development was investigated in groups of six or seven pups dosed
with nonylphenol at 8§ mg/kg/day from days | to 5 of age. The antagonist was administered by
the intraperitoneal route at a dose of 0.5 mg/kg and dose volume of 5-10 pg/injection, 10 minutes
after the nonylphenol dose. It was found that ICI 182,780 blocked the effects of nonylphenol on
organ weights. Administration of ICI 182,780 alone had no effect on reproductive organ weight.
The incidence of undescended testes was reported in groups of between 6 and 34 pups dosed
with nonylphenolat 8 mg/kg/day, days 1 to 5, days 1 to 10 or days 1 to 18; this was 33%, 55%
and 62%, respectively. Undescended testes were not observed in vehicle control pups, in pups
receiving a single dose of nonylphenol on day 1, or when ICI 182,780 was administered
concurrently with nonylphenol.

In a final experiment, cight male pups, selected from two litters, were dosed by the
intraperitoneal route from days 1 to 15 of age with nonylphenol at 8 mg/kg/day and then reared -
to sexual maturity. Their fertility was assessed by serial pairing with either six or twenty
untreated female rats and recording the number of females which became pregnant. Vehicle
control male pups, selected from the same two litters, were used for comparison. Among the
controls, pregnancies resuited from almost all pairings. In contrast, in the nonylphenol treated
group, two males were completely infertile, failing to impregnate any females; three were
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initially fertile, but failed to impregnate females in later pairings; two showed comparable
fertility to the controls; the remaining male died near the start of the fertility trial. Necropsy
findings were reported for five of the nonylphenol-treated males; all were observed with
undescended testes and/or either slight or marked testicular atrophy.

There are a number of design weaknesses to this study: the group sizes were generally very
small; the pups were apparently not weight-matched at the start of treatment; and the
intraperitoneal route of administration, which could result in unrealistically high exposure of the
reproductive organs, is of questionable relevance to the human risk assessment involving the
inhalation, dermal and oral routes. Nevertheless, the consistent observation throughout the series
of experiments of reduced reproductive organ weight or undescended testes, supported by
observations of reduced ano-genital distance and, in animals reared to sexual maturity, reduced
fertility, provide evidence that nonylphenol exposure during the neonatal period impairs male
reproductive tract development in the rat. The period of maximum vulnerability to this effect
appears to be prior to the age of 13 days. The blocking influence of the oestrogen receptor
antagonist ICl 182,780 suggests that the effect of nonylphenol on the male reproductive tract
may be mediated through action on the oestrogen receptor. However, in view of corrosive
properties of nonylphenol and use of the intraperitoneal route of administration, it is possibie that
non-specific irritation of the undescended testes may have contributed to the observed effects.
The author has stated that about 50% of the nonylpheno! treated pups had peritoneal cavity
adhesions, while none were seen in control animals, which supports this hypothesis. Although
adhesions were seen, there were no treatment-related clinical signs of toxicity or increased
mortality. The blocking influence of ICI 182,780 may possibly have resulted from dilution of the
injected nonylphenol (this alternative explanation was not tested as the study did not include a
control group receiving nonylphenol followed by a vehicle only injection). It should be noted
that precise information on clinical signs, mortality and general macroscopic necropsy findings
were not available from the author. No effects were seen in pups dosed at 0.08 mg/kg/day but,
because of the very small numbers of animals receiving doses other than 8 mg/kg/day,
information on the NOAEL and dose-response relationship can be gained from this study.
Overall, because of the design weaknesses and the possibility that non-specific irritation may
have contributed to the observed effects on the male reproductive tract, it is not possible to draw
any firm conclusions from this study with respect to specific reproductive toxicity of relevance
to humans. Consequently, this study carries little weight in the overall assessment of the
available reproductive toxicity data base.

In the third study, which was bricfly reported, the effects of nonylphenol exposure from the in
utero period to sexual maturity of nonylphenol exposure were investigated in an oral (gavage)
study (de Jager et al., 1999b). Groups of 10 mated fermales were dosed once daily with
nonylphenol at levels of 0 (vehicle control, cotton seed oil), 100, 250 and 400 mg/kg/day from
day 7 of pregnancy to weaning of their litters. Twenty F, generation males were randomly
selected from each group for dosing as for the mother until 10 weeks of age. The selected F; males
were then killed. Testes and epididymal weight were recorded. The total cauda epididymal sperm
numbers were determined. The testes were stored in Bouin’s fixative and processed for histological
examination, which included the identification of the stages of spermatogenesis present and the
measurement of the seminiferous tubule diameter, lumen diameter and epithelial thickness.

Concerning maternal toxicity, no information was presented on matemal bodyweights, but it was
stated that no females showed any physical or behavioural abnormalities. No offspring were born

from the mothers receiving 400 mg/kg/day; it is not clear from the report if this was because of
maternal deaths or embryonic/foetal resorption.
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There were no malformations or still births among the F, offspring. No physical or behavioural
abnormalities were seen among the selected F, males, although possibly two animals at 250
mg/kg/day died since the group size at termination of the study was reduced to 18; this contrasts
with the de Jager (1999a) study conducted in adult males in which 15 out of 20 animals died at
250 mg/kg/day (see section on Effects on Fertility). F; bodyweight gain over the course of the
study was significantly reduced at both 100 and 250 mg/kg/day (by 11 and 20%, respectively),
relative to the control group. F; absolute testicular and epididymal weights were less than the
controls at both 100 and 250 mg/kg/day, but this effect was not evident when organ weights were
expressed relative to bodyweight; the differences in absolute organ weight are thought likely to
be related to the intergroup bodyweight differences. Total cauda epididymal sperm count was
reduced at 250 mg/kg/day (by 36%, relative to controls), but at 100 mg/kg/day sperm counts
were similar to those of the control group. Seminiferous tubule diameter was slightly lower in both
nonylphenol treated groups (by about 10%); surprisingly, these slight differences were declared
to be highly statistically significantly different from the control group. The authors also stated
that the tubule lumen diameter and seminiferous epithelium thickness were highly statistically
significantly less than the control group in both nonylphenol groups, but the data were not
presented. Although these quantitative tubular changes were consistent with those .of the de Jager
(1999a) study, in the present study these may be related to the fact that testicular weight was
lower in these groups. Histopathology revealed pathological changes in the testes of one F| male
from the 100 mg/kg/day group; in the tubules, cell necrosis, vacuolation and sloughing of the
germinal epithelium were described. However, no such histopathological abnormalities were seen
at 250 mg/kg/day, so the changes outlined above cannot be attributed to nonyiphenol treatment.

This study provides evidence of a reduction in sperm count at 250 mg/kg/day, a dose level which
may have caused mortality, although it is not possible to state whether this is a developmental
effect or as a result of direct exposure to the males after weaning. It is not clear if the changes in
the tubular measurements represent specific reproductive toxicity or non-specific secondary
consequences of the reduction in bodyweight gain.

41294 Summary of toxicity to reproduction

No human data are available. Nonylphenol has been shown to have oestrogenic activity in a
number of in vifro and in vivo assays. The potency of this oestrogenic activity in these assays
ranged from 3 to 6 orders of magnitude less than that of oestradiol. The effects of nonylphenol
on fertility and reproductive performance have been investigated in a good quality oral (dietary

. administration) multigeneration study in the rat. This study provided evidence that nonylphenol

exposure over several generations can cause minor perturbations in the reproductive system of
offspring, namely slight changes in the oestrous cycle length, the timing of vaginal opening and
possibly also in ovarian weight and sperm/spermatid count, although functional changes in
reproduction were not induced at the dose levels tested. The NOAEL for these changes was 15
mg/kg/day. The observed perturbations in offspring are compatible with the predictable or
hypothesised effects of exogenous oestrogenic activity. Evidence of testicular toxicity, seen as
seminiferous tubule vacuolation, cell necrosis and a reduction in tubule diameter, was reported at
exposure levels which also cause mortality in a repeated dose gavage study in rats. The LOAEL
for testicular toxicity was 100 mg/kg/day. The toxicity of nonylphenol appears to be enhanced by
gavage administration in comparison to dietary administration, presumably because higher peak
blood concentrations of nonylphenol are achieved by gavage.

No evidence that nonylphenol is a developmental toxicant was seen in a standard oral
developmental toxicity study in the rat; maternal and foetal NOAELs were 75 and



300 mg/kg/day, respectively. In contrast, in a gavage study involving ir utero, lactational and
direct post-weaning exposure, there was a reduction in sperm count at 250 mg/kg/day, although
it is not possible to state whether this is a developmental effect or as a result of direct exposure
after weaning. In an intraperitoneal study designed to investigate the effects of nonylphenol on
male reproductive tract development of neonatal rats, evidence of impaired development was
observed. However, this study was difficult to interpret, such that these results carry little weight
in the overall assessment of the available data.

Overall, the observations of oestrogenic activity in the in vitro and in vivo assays, minor
perturbations in the reproductive system of offspring in the multigeneration study, and testicular
changes in gavage studies collectively raise concerns for reproductive toxicity, possibly
mediated through action on the oestrogen receptor. These concerns for reproductive toxicity are
addressed in the risk characterisation, although there are uncertainties. The oestrogenic activity
assays are merely screening tests. The effects on reproduction-related parameters in the
multigeneration study were marginal and there was no evidence of functional changes in
reproduction; furthermore any changes that were seen occurred at exposure levels in excess of
the LOAEL for repeated dose toxicity (LOAEL for renal toxicity is 15 mg/kg/day, NOAEL for
reproductive changes is 15 mg/kg/day). Evidence of testicular toxicity was reported in two
repeated exposure studies designed specifically to investigate the effects on this organ, but only
at doses which also caused mortality. No evidence of testicular toxicity was seen in standard
repeated dose studies involving dietary administration. Development was not affected in a
standard rat oral developmental toxicity study.

4.1.3 Risk characterisation

The risk characterisation below is divided into two parts. The first provides an overview of the
toxicological assessment, pointing out the effects of nonylphenol {(and the concentrations at
which they occur) and making clear where there are critical gaps in the data. The second part
contrasts the effects data with measured and modelled exposures. From the effects and exposure
information available it is clear that not all of the possible effects will be expressed. The risk
characterisation therefore concentrates on the key effects and the circumstances under which
they are likely to occur.

4.1.3.1 General aspects

Few significant human data are available so this assessment of the hazardous properties of
nonylphenol is based mainly on animal data.

Most of the information on the toxicokinetics of nonylphenol concerns oral exposure and is
based on a small number of limited rat and human studies, supported by a read across from data
relating to octylphenol, an alkyl phenol with a close structural relationship to nonylphenol. The
available data, though sparse, do provide the basis for a general understanding of the main
features of the toxicokinetic profile. Absorption from the gastrointestinal tract is initially rapid,
and probably extensive. The major metabolic pathways are likely to involve glucuronide and
sulphate conjugation, and there is evidence of extensive first pass metabolism of nonylphenol
absorbed through the gastrointestinal tract. Because of first pass metabolism, the bioavailability
of unconjugated nonylphenol is probably limited following oral exposure, at no more than 10-
20% of the administered dose. Nonylphenol is distributed widely throughout the body, with the
highest concentration in fat. The major routes of excretion are via the faeces and urine.
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650 ppmEL L : al,, 1999
(0. 9-35, 30- | Mff: FEEEEM
100, 100-350 |2,000 ppm :
mg/ke/ H B BRI
LR EE ) HE - EREB NG, B neE Rk

(0. 15. 50, 160
mg/kg/ H 8 X
EU# %) (EU,
2001)

F,:
650 ppmbA L :
He o RECRMMMG . R CEEFRE
BT
Mt - REHEANMEL. BRI D2 H R4k,
SRELfRX E R
2,000 ppm .
HE . F R AR R RGEL
fif - IER A6 H RHiE
Fa:
650 ppmbEl E :
BE - AR R
M REHNIME . R N2A BE{
2,000 ppm
#E - i neR Rl

Gt o (MEREY NOAEL=200 ppm

(15 mg/kg/ H 83 EURE)
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BpEs | REHFE 54 EE5E o 2 iR
Fwb | BEEAD |FHIXZERNP (EHEE) F,: Nagao et
SD  |[(ZT—¥ M) 123800, FMEix|0. 2, 10, 50 |50 mg/ke/H : al., 2001
7 AERT2MM, (me/ke/B B WO ECHEYERORM,
B ol LI A 2 MR OER R U EEORD .
;138 i OB EROHWN, THE&R
25 DL/ FoRiIr SRR m
B, FoRErLiE b/ b L EER, EEED
3B, HE, I TR NMEO B
MEECTE TSH (FRIRFRFRAE) BE
&, FORNE IR, RAEFRET (E#o4E0
:ilk HCEREGEORECEEREL)
F xR M SRROEHN R UM ERONL (E
5 RS BREENELEL).
HT3xER. K F; £RET (5% 04 BOZTF
O B NUBRORRICESZL)
Flzi# L 3 F,:

50 mg/kg/H :
B WNRE TR O E R O,

WP FSH (SPARRIB LN )
AELA T3 (FV3—FFu=

V) MEET (£#%28), ¥RE| -

BRURAFREORD

: FIROBH R RN EROMD,

EROE#H{E, LH (FiEksr e
V) RUTSHREE T, T3RE L
A (E%2020), MEEEUVRERT
IR % Dl

FUAEEEE) : NOAEL=50 mg/kg/H C{ b
({EL, —#EHIENOAEL=10 mg/kg/H)

P HARERE) : NOAEL=10 mg/kg/ B

NP: nonylphenol
KERY R7FFHCAGET— % 25T,

8.3.6 BEIEEME

S ENT = ) = NORIBRERBE R ER 8-6IRT, nviro MR TIE, XXIFT7RER
CRBE AW BRRRERABRE BICF v o =— X « A AR Z —[RHEE M (CHL)%
A2kt REXBCRIGEELLOEECEDOTFREL ®E S TW5 (GDCh BUA,
1988;Shimizu et al., 1985;F 445, 1996),

FRA U 7= 86PN Gl in vive BB S I3 0,
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