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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.
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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
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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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INTRODUCTION
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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





