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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-
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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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B ATFE—E(p-mbE 7N VEEEREE),
Bal AFo—{(COD-DAOSE), MU FIETFAF
(GPO-DAOSE: - 7V & »HEE), )V EE(EE
- DAOSREED), Fra-RA(ryraxr—+F .G
6-PDHE), REEH (YL 7—¥-GIDH#E), 7LV T7F
= (Jaffei®), BRI (BN 7T VBERE)BLT

ANy L (OCPCIE) T#lE L7z, i, EBREMrE
B (PVA-all, W7 FVF AN - L ZATLAY)
R Y F M)y A(BREE), A (BEE)BLIT
70—V (BREEE) EWEL L.

5) REREE

HEC RS HERTROBNZTo 0618, MTE
WHE4H L — 7 OURRE T CHMA BB BhiR E YO0 L Ok
M2, BH L THBES & EEOMBIRERT

v, BECOWTEFES L UERREREHRE . HIRE,

T, O, M(EEZEEd), BR, KR Bk %
I, B, 58, BELABLIUMNELHBEL THEEE
BMAEE)ZEET AL LD, HMRAOGELE
CHELBREEREGER) PHEMLL. EBVES
Eiini, WIROEFIDAE TR L T 10% PSS A v
Y UBREEBLIUHEE LRI 77 Y THESE)
TEE LA, WEBED L U500 me/kgBRol, LF, Hf
(fEXxx&), Wik, IFE MR FE, 2%, #
BoOBE AR IUBIIoWTIE, BRI TS
74 HEREEL, AT L) A VY (HE)
nEril, WNFEHEMETTEHELAL. 2510, K,
AR B & FEEIC W, HERWERSCEELR L
FEZ2 LNLEEAFASLNA 0, 100 me/kg LT 4% 5.
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BE B L UHONEIIDWTIE, TSTHEEEGRSE
BEET- 7.
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Bz oV TAFERERAA B 0 2@ B RT (IR SBAH ) 3
BiEZA T T, BRFHO SRR FIRL, &
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Vv, BEEGRORTERERSTERA R bOER
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—BRTIT, TERHEMESE2EBE LE. 28, &
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N EEsE. TEABKTRER, XBIRERLE,
ZTRE [EGREHhE/ BESiEL) © 1001 8 LTE
()Y BE (SRR /CEDE) X100] #8HL
7-.

2) His L UHERES 5 ICHE IR OEE
STREMER SN MILEFEE BRI S8, SHRBE
T EOTEINEEL L UM, ERELEYOHEFREL BE
T 5L kb0, R, HEsSs [(EIENENE/
IEREEL) >} 100] &M L7, TRIZEEORILTHHELN
BTLTCW28 e SEASKEL, TOHEMEOR
YL, HERIIoWTW, Sk CRERE, BER

B, FERHE, REROENE I UHERFETIRELL.
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TrilET AL b icHER(MARKR/SRE
) XI100]B LA HERFE [(EE4OEBHHE
IBE) % 100] #EH LAz, £B4FICHEIRO2Fr =
—F VR T CHRILEIE S &, 8T - Ao RRarEEs
T

6. TIIE

fRE, BEE, MEERE, MEEbERE, KRBT
EHE, HEHREEEERE, BFEEH), #EE
B, RiREIR, #%, HERYE, BRERESIUR
ERFICOVWTHER L CFEYE LIERFEET KO,
Bartlett B\ & b 5 pO¥—iEziRE Lz, SH#hh—
EHAE—TREBHOSHSHT Ty, T2 THEMICH
FEIFBEDOLN, o, EHOFAHEIIFALESE
Dunnett#H 2 X Y, £ 55413 Scheffedkiz & Y3488
BLERO—HNIEEREL T SESH—Thvig
&3 Kruskal-Wallis (- & o TIREBRE 27V, ERlicH
EEPHEOLR, 20, EHOFERENFE-OFAL

Dunnett By, £ 53841 Scheffé Bl —if s

¥1F i, ERSESTDH B idKruskal-Wallis i T8
BdFEEZE2R0 20 BFREHOSERBITL L,
ofz, FRKRE, R(F) R, BEEBLUHER
ORFII DT BEIC L Y, BREE, MAKBL
4 B HEFRIIZ-D W T Wilcoxon O NEFERMRE I & 0 29
MR L S EEMOLEE T o/, WThOBELEE
KHEESRBE L &b, BARCETHEEIEDW
TiE~—PEEA T L /2,

= #

1. R E S

1) —fEakEE
EREEHOMEL D5 28 L THBIERSE -
Y —ERENTEED N s od, 2B, H58

FRIZ X D 500 me/kg BEOMEHES 1 MIATEL L /.

2) k& (Fig.1) 5L UEHEE
B SHOMEL SBSMEEL THES L UMELY
BICHBREOMOEIHO SN ad o7,

3) M4 (Table 1)

500 mg/kg 3 TMCHIZ Z { BERE DD H3 A & L7z 45,
TDRMERFA NG 2 — 7 (EENIA L IT, BHFEHE
DR AN NP H-F (F A

4) M@ b5 (Table 2)

GOTOETAL00H L 1500 mg/hkgBTEH L LT,
&6z, 500 mg/kgHTHREOE, 7M7Y, Bl
Ara—=N, PUT)ESAN, VCBEBLUALY
VLD LISV 2 — DD EH S

5) s B EE(Table 3)
HETE, 500 mg/kg BECITHE S & OB O L O

MW EROEINSA L, 100 meg/kgBElm BV T b T
D ESOBIERE LA ERE O, TROME
B L UM EEOEINEEASED b h i,

KT, 500 me/kgBE TR O B L UHHEED
AR b L7,

6) ZH&r R
RSHRRTHROBEOH K TIE, 500 mg/kgfE THIF
DRERA2H], BRS3F, AEMALIFHIIED bR,
Foidd, HREEOIFICHORB®{LHAS NI,
BE 4 BOMOHB TR, MiEL BEEHEEE D"
EMFBEOLE, FROERFEDEE20 mg/ke
DIFHIZED LR

7) R (Table 4)

T, DAERLEOIFRROREXA500 mg/kgfED
1140, 100 mg/keFHED10FIIZBD LR, T2, BHE
DEMFEMELEOWHFHEOHRESL L U LR OB
500 mg/kg BEO 1141, 100 mg/kg B 1261, EMRME
DILFRABE00 mg/kgBEO 9F, 100 mg/kgFED 16, K
f7 PR A E LR O IE {2500 meg/kg B0 64,
100 mg/kgFED 20, B OFHLH 500 mg/kgBED 15
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





