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



Results

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



Results

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

400

47

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
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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
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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
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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.

(- I - )
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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





