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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 Institute of Environmental Health 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. 
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, evaluates, and disseminates scientific information about potentially toxic and 
hazardous chemicals. This knowledge is used for protecting 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 chemical 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. 

These studies are designed and conducted to characterize and evaluate the toxicologic potential of 
selected chemicals in laboratory animals. Chemicals selected for NTP toxicology studies are chosen 
primarily on the bases of human exposure, level of production, and chemical structure. 

Anyone who is aware of related ongoing or published studies not mentioned in this report, or of any 
errors in this report, is encouraged to make this information known to the NTP. Comments and ques-
tions should be directed to Dr. J.R Bucher, NIEHS, P O Box 12333, Research Triangle Park, NC 
27709(919-541-4532). 

These NTP Toxicity Study 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 Toxicity Study Report are available without charge while supplies last from the 
NTP Public Information Office, NIEHS, P.O Box 12233, Research Triangle Park, NC 27709 (919-541-
3991). 
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1,2,4,5-TETRACHLOROBENZENE

CAS No. 95-94-3

C6H2C14 Molecular weight 215.9

Synonyms: s-tetrachlorobenzene; benzene tetrachloride

ABSTRACT

Toxicology studies were conducted by exposing groups of F344/N rats and B6C3Fj mice of each sex to
1,2,4,5-tetrachlorobenzene (greater than 99% pure) at various concentrations in formulated diets for
14 days or 13 weeks.

Dietary concentrations were 0,30,100,300,1,000, or 3,000 ppm 1,2,4,5-tetrachlorobenzene in the 14-
day studies. All rats survived to the end of the studies, but all mice in the 3,000-ppm groups died (five
animals per group). Histologically, exposed male rats had an accumulation of abnormal hyaline drop-
lets in the renal cortical epithelium. Significant histologic lesions were not seen in female rats or in
mice of either sex.

Dietary concentrations were 0,30,100,300,1,000, or 2,000 ppm 1,2,4,5-tetrachlorobenzene in the 13-
week studies (10 animals per group). All rats survived to the end of the studies; two female mice in
the 2,000-ppm group were killed in a moribund condition. Body weight gains in the higher dose
groups of rats and mice were less than those of controls. In exposed male rats, lesions included renal
cortical tubular epithelial hyaline droplet formation, cortical tubular regeneration, and medullary
granular casts and mineralization. This spectrum of renal lesions in male rats is consistent with the
entity described as "hydrocarbon or hyaline droplet nephropathy." In some exposed female rats (30-
to 2,000-ppm groups), there was renal cortical tubular cell regeneration plus accumulation of an
unidentified yellow-brown pigment in the renal cortical epithelium.

Centrilobular hepatocellular hypertrophy was observed in the livers of exposed male and female rats.
In mice, minimal-to-mild centrilobular hepatocellular hypertrophy was present in males in the 1,000-
and 2,000-ppm groups and in females in the 2,000-ppm group. Minimal-to-mild individual hepato-
cyte degeneration occurred in mice of each sex in the 2,000-ppm groups. Increased serum sorbitol de-
hydrogenase and alanine aminotransferase activity was observed in the two highest dose groups of
male and female mice and indicated hepatocellular injury. Thyroid follicular cell hypertrophy was
present in male rats in the 300- to 2,000-ppm groups and in female rats in the 100- to 2,000-ppm
groups. Decreased free thyroxin and total thyroxin concentrations in male rats in the 300- to 2,000-
ppm groups and female rats in the 30- to 2,000-ppm groups indicated a primary hypothyroid state.
Hematologic findings for rats that received 1,000 or 2,000 ppm included significantly decreased hem-
atocrit values, hemoglobin concentration, and erythrocyte counts for males and decreased mean cell
volume for females; for mice, decreased hemoglobin concentrations, mean corpuscular hemoglobin,
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hematocrit, and mean cell volume were observed in males in the 2,000-ppm group and in females in
the 1,000- and 2,000-ppm groups. These findings suggest a poorly regenerative anemia in both species.

The no-observed-effect level (NOEL) for histologic lesions was 30 ppm for male and female rats. The
NOEL for histologic lesions in male and female mice was 300 ppm.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF

1A4.5-TETRACHLOROBENZENE

On November 20,1989, the draft report on the toxicity studies of 1,2,4,5-tetrachlorobenzene received
public review by the National Toxicology Program Board of Scientific Counselors' Technical Reports
Review Subcommittee and associated Panel of Experts. The review meeting was held at the National
Institute of Environmental Health Sciences, Research Triangle Park, NC.

Dr. M.M. McDonald, NIEHS, introduced the short-term toxicity studies by reviewing the rationale,
experimental design, and results.

Dr. Klaassen, a principal reviewer, stated that some of the more important data should be available
in the text; in particular, he thought that the thyroxin data should be provided in a table (see Table 6,
page 20).

Dr. Longnecker, a second principal reviewer, said that it might be helpful to include a concise,
integrative summary of previous studies at the front of the report. He said that the ratio of corn oil to
diet should be stated (see Table 2, page 14).

The Panel recommended completion of the report with consideration of the points discussed.
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1,2,4,5-TETRACHLOROBENZENE

CAS No. 95-94-3

CeH2Cl4 Molecular weight 215.9

Synonyms: s-tetrachlorobenzene; benzene tetrachloride

I. INTRODUCTION
Chemical and Physical Properties

1,2,4,5-Tetrachlorobenzene occurs as white
flakes or as needles of monoclinic prisms from
ether, ethanol, or benzene. It has a density of
1.853 at 22° C, a melting point of 139.5° C, a boil-
ing point of 243°-246° C, a flash point of 155° C,
and a vapor pressure of less than 1 mm mercury
at 25° C. It is insoluble in water, slightly soluble
in hot ethanol, and soluble in ether, benzene,
chloroform, and carbon disulfide (USEPA, 1980;
Condensed Chemical Dictionary, 1981).

Production, Use, and Environmental
Occurrence

In 1980, the estimated U.S. production of 1,2,4,5-
tetrachlorobenzene was 5.4 X 10« kg (USEPA,
1980). Commercial production of 1,2,4,5-tetra-
chlorobenzene in the United States ceased in
1983 (communication from Dr. Victor Fung to
Dr. R. Yang, NTP, September 5, 1985). It has
been used primarily as an intermediate in the
manufacture of various industrial and commer-
cial chemicals, including antifungal agents (e.g.,
2,4,5-trichlorophenol), herbicides (e.g., 2,4,5-T),
insecticides (e.g., Ronnel), and mordant dye in-
termediates (e.g., 2-amino-3,4,6-trichlorophen-
ol). It has also been used as a dielectric fluid in
electrical transformers and to impart moisture
resistance to various substances (USEPA, 1980).

Environmental contamination by 1,2,4,5-tetra-
chlorobenzene can occur via leaching from

chemical dump sites (TIRC/ORNL, 1979;
USEPA, 1979) or from the use of pesticides con-
taining 1,2,4,5-tetrachlorobenzene (Jan and Mal-
nersic, 1980; Strik, 1986). 1,2,4,5-Tetrachloro-
benzene has been identified as an industrial
effluent (USEPA, 1976) and in settling particu-
lates in lakes and estuaries (Oliver and Nicol,
1982; Oliver and Charlton, 1984; Onuska and
Terry, 1985; Pereira et al., 1988). It has been de-
tected in fly-ash samples from municipal waste
incinerators (Olie et al., 1980; Viau et al., 1984)
and in ambient air near industrial complexes
(Bruckmannetal., 1988).

Ecotoxicology

The metabolism and toxicity of 1,2,4,5-tetra-
chlorobenzene have been investigated in plants
and in invertebrate and vertebrate animals. In
the field, 1,2,4,5-tetrachlorobenzene residues
have been found in herring gull eggs (Hallett et
al., 1982; Ellenton et al., 1985) and in freshwater
fish and mussels (Jan and Malnersic, 1980; Oliv-
er and Niinri, 1983; Jaffe and Hites, 1986). Bio-
accumulation of 1,2,4,5-tetrachlorobenzene by
oligochaete worms was demonstrated under lab-
oratory conditions and in the field (Oliver, 1987).
Uptake of 1,2,4,5-tetrachlorobenzene by finger-
ling (Melancon and Lech, 1985) and adult
(Oliver and Niimi, 1983) rainbow trout was also
demonstrated experimentally. In laboratory
studies with rainbow trout, early fry were shown
to be the most susceptible to 1,2,4,5-tetrachloro-
benzene toxicity (Van Leeuwen et al., 1985).
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Exposure to 1,2,4,5-tetrachlorobenzene inhibit-
ed growth of freshwater and marine algae
(USEPA, 1978; Wong et al., 1984).

Soil treatment with 1,2,4,5-tetrachlorobenzene
decreased germination percentages and seedling
vigor of barley, oats, and wheat planted in sever-
al types of soil (Ameen et al., 1960); 224-4,483 kg
1,2,4,5-tetrachlorobenzene/ha in soil caused al-
most 100% lethality of cotton seedlings (Adams
and Rodriguez-Kabana, 1976).

Human Exposure

In addition to the potential sources of human ex-
posure described above, 1,2,4,5-tetrachloroben-
zene has been found in human breast milk at low
concentrations (mean, 200 ug/kg) (Jan, 1983).
Human adipose tissue samples obtained during
autopsies contained low concentrations (mean,
0.02-200 ug/kg) of 1,2,4,5-tetrachlorobenzene
(Morita et al., 1975; Williams et al., 1984).

Pharmacokinetics and Metabolism

Studies in several species indicate that 1,2,4,5-
tetrachlorobenzene is easily absorbed and slowly
metabolized compared with the other two tetra-
chlorobenzene isomers (1,2,3,4- and 1,2,3,5-) and
that it readily accumulates and persists in adi-
pose tissue and in organs with a high fat content.

These differences can be attributed to the molec-
ular configuration of the 1,2,4,5-isomer. Forma-
tion of arene oxide intermediates is regarded as
the initial step in metabolism of the lower chlo-
rinated benzenes (Kohli et al., 1976). Arene
oxides form most easily between adjacent unsub-
stituted carbon atoms on the benzene ring. Be-
cause of steric and electronic hindrance by the
bulky electronegative chlorine atoms, arene ox-
ides form with difficulty between chlorinated
and unchlorinated carbon atoms or between two
chlorinated carbons (Matthews, 1986). There-
fore, the molecular configuration of the 1,2,4,5-
isomer is less conducive to metabolic transfor-
mation than that of the other two isomers.

Jondorf et al. (1958) examined the metabolism of
the three isomers of tetrachlorobenzene in fe-
male Chinchilla rabbits that had been given a
single 0.5 mg/kg oral dose of one of the isomers.

During the 6-day observation period, 1,2,4,5-
tetrachlorobenzene recovered as the parent com-
pound was distributed as follows: 48% in tissues
(25% in fat), 16% in feces, 6.2% in gut contents,
and 2% in expired air. 2,3,5,6-Tetrachloro-
phenol was the predominant metabolite identi-
fied in the urine but accounted for only 2% of the
administered dose. About 10% and 23% of the
initial doses of the 1,2,3,4- and 1,2,3,5-tetrachlo-
robenzene isomers, respectively, were detected
in the tissues. The authors concluded that
1,2,4,5-tetrachlorobenzene was the least metab-
olized of the three isomers. Similar results were
reported by Kohli et al. (1976) after 300 mg/kg
doses of individual tetrachlorobenzene isomers
were administered to male rabbits by intraperi-
toneal injection.

When Chu et al. (1984a) gave single oral doses of
10 mg/kg of 14C-labeled tetrachlorobenzene iso-
mers to male Sprague Dawley rats, only 8% of
the administered 1,2,4,5-isomer was excreted in
the urine and feces by 48 hours, compared with
46% and 51% of the 1,2,3,5- and 1,2,3,4-isomers,
respectively. In later studies in male Sprague
Dawley rats, with the same dosage regimens,
Chu et al. (1987) found the highest compound
concentrations in fat, liver, skin, and adrenal
gland, with 1,2,4,5-tetrachlorobenzene present
at higher concentrations and having greater per-
sistence than the other two isomers. Accumula-
tion of 1,2,4,5-tetrachlorobenzene in the adipose
tissue after continuous dietary administration to
rats was also demonstrated by Jacobs et al.
(1977).

Although residues were also detected in the
brain, liver, kidney, heart, and spleen, the high-
est concentrations of 1,2,4,5-tetrachlorobenzene
were present in the perirenal fat of pregnant
Sprague Dawley rats given the compound at
doses of 50,100, or 200 mg/kg per day on days 6-
15 of gestation (Kacew et al., 1984). Tissue con-
centrations of the 1,2,4,5-isomer were about 100
times greater than those of the other two iso-
mers, which were tested according to the same
protocol.

Fecal and urinary excretion of 14C-labeled
1,2,4,5-tetrachlorobenzene was increased in male
Sprague Dawley rats pretreated with pheno-
barbital or polychlorinated biphenyls (Chu et
al., 1986).
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Braun et al. (1978) administered 1,2,4,5-tetra-
chlorobenzene at a dose of 5 nag/kg per day in the
diet to beagle dogs for 2 years and found that the
compound had a high affinity for fat. At the end
of 2 years, 1,2,4,5-tetrachlorobenzene reached
98% and 97% of the calculated steady-state con-
centrations in fat and plasma, respectively.
Marked temporal alterations in the fat to plas-
ma ratio were attributed to differences in the
rate of compound elimination from the two com-
partments.

Schwartz et al. (1987) investigated the metabo-
lism of the three tetrachlorobenzene isomers in
male squirrel monkeys given a single oral dose
of 50-100 mg/kg of one of the isomers (labeled
with carbon-14) twice per week for 3 weeks. The
predominant route of elimination was via the
feces; urinary excretion was negligible for all
three isomers. Only about half as much of the
1,2,4,5-isomer (18% of the administered dose) as
of the 1,2,3,4-isomer (38%) and the 1,2,3,5-
isomer (36%) was excreted in feces 48 hours after
dosing. Several metabolites of the other two iso-
mers were detected in the fecal extracts, but the
1,2,4,5-isomer was excreted exclusively as the
unchanged compound. The authors concluded
that in the squirrel monkey, tetrachlorobenzene
isomers "are not as extensively metabolized as
they are in other mammalian species" and that
there is no metabolism of the 1,2,4,5-isomer.

1,2,4,5-Tetrachlorobenzene has been reported as
a metabolite of other organochlorine compounds,
such as hexachlorobenzene or lindane in rats,
pheasants, or houseflies (Reed and Forgash,
1970; Saha and Burrage, 1976; Strik, 1986;
Artigas et al., 1988).

Short-Term Toxicity

Fomenko (1965) reported that oral single-dose
LDso values for 1,2,4,5-tetrachlorobenzene were
1,500 mg/kg in albino rats and rabbits and
1,035-2,650 mg/kg in mice. Other studies yield-
ed oral LDso values of 1,500 and 1,035 mg/kg for
unspecified strains of rats and mice, respectively
(NIOSH, 1980).

Administration to male rats of 850 or 905 mg/kg
1,2,4,5-tetrachlorobenzene in the diet for 5 days
resulted only in mild "degeneration of individual

liver cells," whereas administration of 660 mg/
kg of the 1,2,3,4-isomer for 10 days induced in-
creased porphyrin and hemoglobin metabolism
as well as hepatocellular degeneration (Riming-
ton and Ziegler, 1963).

The short-term toxicity of the three tetrachloro-
benzene isomers was investigated in Sprague
Dawley rats (Chu et al., 1983, 1984b). The
single-dose oral LDso f°r 1,2,4,5-tetrachloro-
benzene was 3,105 mg/kg in male Sprague Daw-
ley rats; in females, the LDso was greater than
2,700 mg/kg. Clinical signs included prostra-
tion, loose stools, hypothermia, and coma; deaths
occurred 48-72 hours after dosing. The authors
suggested that, based on relative LDso values,
the isomers could be ranked from most to least
toxic as follows: 1,2,3,4-, 1,2,3,5-, and 1,2,4,5-
tetrachlorobenzene. The same workers also con-
ducted 28-day toxicity studies in which Sprague
Dawley rats of each sex were given 0, 0.5, 5, 50,
or 500 ppm of one of each of the tetrachloroben-
zene isomers in feed. However, in contrast to re-
sults from the single-administration studies,
1,2,4,5-tetrachlorobenzene was the most toxic
isomer. This was attributed to the greater "tis-
sue accumulation" of the 1,2,4,5-isomer (Chu et
al., 1984b).

Chemical-related toxic effects included increases
in liver weights, hepatic microsomal enzymes,
and serum cholesterol. Histologically, rats had
hepatocellular cytoplasmic vacuolation, thyroid
follicular epithelial hypertrophy and decreased
intrafollicular colloid density, and "eosinophilic
inclusions in the proximal convoluted tubulefs]
of the renal cortex" (Chu et al., 1983). Dose-de-
pendent accumulation in the fat and liver was
greater for 1,2,4,5-tetrachlorobenzene than for
the other isomers.

When 75 mg/kg 1,2,4,5-tetrachlorobenzene was
administered by gavage to rats for 2 months,
changes in liver function and hematologic val-
ues were noted, but no compound-related histo-
logic lesions were observed (Fomenko, 1965).

In 13-week feed studies comparing the three
tetrachlorobenzene isomers, male and female
Sprague Dawley rats were administered one of
the three isomers at doses of 0, 0.5, 5, 50, or 500
ppm (Chu et al., 1984b,c). Significant increases
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in liver and kidney weights, serum cholesterol,
and hepatic microsomal enzyme activities and
decreases in hemoglobin and hematocrit values
were observed only in rats of each sex receiving
the two highest concentrations of the 1,2,4,5-
isomer. Histologic lesions similar to those seen
in previous 28-day studies (Chu et al., 1983)
were present in the kidney, liver, and thyroid
gland of rats fed each of three isomers but were
most severe in rats given the 1,2,4,5-isomer. As
in the 28-day studies, histologic lesions were
more severe in male rats (Chu et al., 1984b).
The 13-week exposure also resulted in a dose-
dependent accumulation of 1,2,4,5-tetrachloro-
benzene but not of the other two isomers in the
fat and liver.

Long-Term Toxicity and Carcinogenicity

Little information concerning the long-term tox-
icity or carcinogenicity of 1,2,4,5-tetrachloroben-
zene is available. Braun et al. (1978) found a
slight increase in serum alkaline phosphatase
activity and the total bilirubin concentration in
beagle dogs given 1,2,4,5-tetrachlorobenzene in
feed for 2 years. In this study, the half-life of
1,2,4,5-tetrachlorobenzene in fat was 111 days,
supporting previous reports of the compound's
affinity for and persistence in adipose tissue
(Jondorf et al., 1958; Chu et al., 1987).

Herren-Freund and Pereira (1986) administered
various halogenated benzenes by intraperito-
neal injection to Sprague Dawley rats of each sex
1 and 5 weeks after dosing the rats with diethyl-
nitrosamine. 1,2,4,5-Tetrachlorobenzene, given
at a dose of 0.25 mmol/kg, was the only halo-
genated benzene besides hexachlorobenzene
that enhanced production of y-glutamyltrans-
peptidase (GGT)-positive foci in the liver of rats.
This effect was noted only in male rats.

Mechanistic and Interaction Studies

1,2,4,5-Tetrachlorobenzene administration was
reported to induce production of hepatic micro-
somal enzymes in rats, such as cytochrome P450,
cytochrome c reductase, 8-aminolevulinic acid
synthetase, aminopyrine demethylase, aniline
dehydrogenase, ethoxyresorufin deethylase, and
aldrin epoxidase (Ariyoshi et al., 1975a,b; Chu et
al., 1983, 1984b; Denomme et al., 1983; Kitchin

and Ebron, 1983a,b; Kacew et al., 1984; Ikegami
et al., 1987). Based on the observed pattern of
hepatic microsomal enzyme induction, Chu et al.
(1984c) stated that 1,2,4,5-tetrachlorobenzene is
a P450-type enzyme inducer, thus resembling
phenobarbital more than 3-methylcholanthrene
in its activity. The 1,2,4,5-isomer is more potent
as a hepatic enzyme inducer than are the other
two isomers (Chu et al., 1984b).

In vitro glucuronidation of p-nitrophenol and
phenolphthalein did not increase in samples of
maternal liver from pregnant rats given 30, 100,
300, or 1,000 mg/kg 1,2,4,5-tetrachlorobenzene
orally on gestation days 9-13 (Kitchin and
Ebron, 1983a).

Oral administration of 250 mg/kg 1,2,4,5-tetra-
chlorobenzene once per day for 3 days to female
Wistar rats resulted in increased liver micro-
somal protein and phospholipid concentrations,
but liver glycogen and triglyceride were not sig-
nificantly increased (Ariyoshi et al., 1975a,b).

Increased serum cholesterol and/or triglyceride
concentrations were noted after administration
of 1,2,4,5-tetrachlorobenzene to rats (Chu et al.,
1983; Kacew et al., 1984; Ikegami et al., 1987).

Rimington and Ziegler (1963) noted that liver
porphyrin values were not increased and urina-
ry porphyrin values were only slightly increased
after administration of 1,2,4,5-tetrachloroben-
zene to male rats, but they found increased hep-
atic, fecal, and urinary porphyrins in rats given
1,2,3,4-tetrachlorobenzene. In contrast, Chu et
al. (1984b) found no increased liver porphyrin
concentrations in male or female Sprague Daw-
ley rats fed diets containing 0.5-500 ppm of one
of each of the three tetrachlorobenzene isomers.

Genetic Toxicology

1,2,4,5-Tetrachlorobenzene was tested in Salmo-
nella strains TA98.TA100, TA1535, and TA1537
at concentrations ranging from 0.3 to 1,333 ug/
plate (Haworth et al., 1983). The results were
negative in either the presence or absence of S9
metabolic activation.

Paradi and Lovenyak (1981) reported that
1,2,4,5-tetrachlorobenzene did not induce an
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increased frequency of sex-linked recessive le-
thal mutations in Drosophila melanogaster after
exposure of the larvae by feeding at a concentra-
tion (not reported) below the LCso- In vitro cyto-
genetic tests with Chinese hamster ovary cells
demonstrated no induction of sister chromatid
exchanges (SCEs) or chromosomal aberrations
by 1,2,4,5-tetrachlorobenzene with or without S9
(Loveday et al., 1990).

Kiraly et al. (1979) investigated peripheral lym-
phocytes for chromosomal abnormalities in blood
collected from Hungarian workers involved in
the production of 1,2,4,5-tetrachlorobenzene.
The researchers concluded that 1,2,4,5-tetra-
chlorobenzene was mutagenic (i.e., clastogenic)
to occupationally exposed humans. However,
marked methodologic deficiencies render this
conclusion questionable.

SCE rates in herring gull embryos were studied
in eggs collected from five colonies in the Great
Lakes basin and from one relatively pollution-
free colony on the Atlantic coast (Ellenton and
McPherson, 1983). Relationships were not found
between any of the contaminant (including the
three tetrachlorobenzenes) levels and the SCE
frequencies. There was also no relationship be-
tween the contaminant levels in the egg ho-
mogenates and mutagenic responses in several
in vitro mutation assay systems (i.e., Salmonella
assay, Chinese hamster ovary assay, and SCE
assay) (Ellenton et al., 1983).

Reproductive Toxicity

The reproductive and teratologic effects of
1,2,4,5-tetrachlorobenzene and the other two
tetrachlorobenzene isomers have been studied in
rats. The 1,2,4,5-isomer crosses the placental
barrier and accumulates in fetal tissues to a
greater extent than do the other two isomers
(Kacewetal.,1984).

In one study, each of the three isomers was given
by gavage to pregnant Sprague Dawley rats in
single doses of 50, 100, or 200 mg/kg per day
during gestation days 6-15 (Kacew et al., 1984).
The dams were killed and the fetuses removed
by cesarean section on gestation day 21. The
1,2,4,5-isomer was considered the most toxic

because it caused maternal deaths in the 200
mg/kg group. Also, the numbers of live fetuses
were decreased in the group receiving 50 mg/kg
of the 1,2,4,5-isomer but were decreased only in
the groups receiving 200 mg/kg of the other iso-
mers. No compound-related anomalies or histo-
pathologic lesions were seen in fetuses exposed
to any of the three tetrachlorobenzene isomers.

The 1,2,4,5-isomer was given orally as a single
dose of 0, 30,100, 300, or 1,000 mg/kg per day to
pregnant Sprague Dawley rats on gestation days
9-13, and the dams were killed on day 14 (Kitch-
in and Ebron, 1983a). No compound-related ef-
fects on resorptions, deaths, crown-rump lengths,
head lengths, somite numbers, or yolk sac diam-
eters of embryos were noted. In contrast, admin-
istration of the 1,2,3,4-isomer according to a sim-
ilar protocol resulted in growth retardation of
embryos in the group given 300 mg/kg per day
(because of extensive maternal deaths, embryo
characteristics were not evaluated in the group
given 1,000 mg/kg per day) (Kitchin and Ebron,
1983b).

Study Rationale

1,2,4,5-Tetrachlorobenzene was nominated for
toxicologic evaluation to the National Toxicolo-
gy Program by the National Cancer Institute; a
high priority was based on the high potential for
human exposure because of environmental con-
tamination from chemical dump site leaching
and pesticide residues and because of its bio-
accumulation potential in human tissues and in
aquatic organisms used for human food. Anoth-
er cause for concern is the compound's structural
relationship to other chlorinated benzenes that
are known carcinogens. No studies on the long-
term toxicity or carcinogenicity of 1,2,4,5-tetra-
chlorobenzene are available. Available data on
the short-term toxicity of 1,2,4,5-tetrachloroben-
zene in rodents have been derived almost ex-
clusively from studies in Sprague Dawley rats;
little or no information is available for mice or
F344/N rats. The oral feed route of exposure was
chosen because it best resembled the theorized
major route of human exposure through contam-
inated food and/or water. Concurrent studies
were performed on pentachlorobenzene (NTP,
1990a).
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II. MATERIALS AND METHODS

Procurement and Characterization
of 1,2,4,5-Tetrachlorobenzene

1,2,4,5-Tetrachlorobenzene (purity grade, 98%)
was obtained in one lot from Aldrich Chemical
Company (Milwaukee, WI). The study material
was identified as 1,2,4,5-tetrachlorobenzene by
infrared, ultraviolet/visible, and nuclear mag-
netic resonance spectroscopy.

The purity was determined to be greater than
99% by elemental analysis, Karl Fischer water
analysis, thin-layer chromatography on silica
gel plates, and gas chromatography. Analysis of
the study material by full mass scan gas chroma-
tography and mass spectrometry detected no
benzene or hexachlorobenzene at a detection
level of 500 ppmi. In addition, analysis by high
resolution gas chromatography/high resolution
mass spectrometry with selected ion monitoring
indicated that no chlorinated dibenzodioxins or
dibenzofurans were detected in the study mate-
rial (detection limits ranged from 200 to 3,000
ppb for the individual dibenzodioxins and di-
benzofurans). The stability of the study mate-
rial during the toxicology studies was monitored
by gas chromatography. No deterioration of the
1,2,4,5-tetrachlorobenzene was noted over the
course of the studies.

Preparation and Characterization
of Formulated Diets

Formulated diets were prepared by mixing the
appropriate amounts of 1,2,4,5-tetrachloroben-
zene (w/w) with corn oil until dissolved (final corn
oil concentration in feed was 1% for all groups),
adding feed to form a premix, and then mixing
the premix with feed in a twin-shell blender.
The homogeneity and stability of 1,2,4,5-tetra-
chlorobenzene in feed (0.3 mg/g) were deter-
mined by gas chromatography. The chemical in
feed was found to be uniformly distributed and
stable for at least 3 weeks in the dark at 5° C; the
chemical was stable for 1 day when stored under
simulated animal room conditions (open to air
and light in a rodent cage); a 3% decrease in
concentration was observed after 4 days; an 8%

decrease was observed after 7 days. During the
studies, bulk formulated diets were stored for no
longer than 3 weeks at 2°-4° C. Cage feeders
were changed twice per week.

Periodic analysis of formulated diets of 1,2,4,5-
tetrachlorobenzene was conducted at the study
and analytical chemistry laboratories. The
1,2,4,5-tetrachlorobenzene content of the admin-
istered diets was determined by gas chromatog-
raphy after extraction with isooctane. Seven-
teen formulated diet mixtures were analyzed
during the 13-week studies; all samples were
within specifications (±10% of the target con-
centration) (Table 1). The results of the analyses
ranged from 91% to 105% of the target concen-
trations. Two referee analyses confirmed the re-
sults obtained by the study laboratory.

Fourteen-Day Study Design

Male and female F344/N rats and B6C3Fi mice
were obtained from Taconic Farms (German-
town, NY) and were held for 11 (rats) or 12
(mice) days before the studies began. The rats
were 6-7 weeks old when placed on study, and
the mice were 6 weeks old. Groups of five rats
and mice of each sex received diets containing 0,
30, 100, 300, 1,000, or 3,000 ppm 1,2,4,5-tetra-
chlorobenzene and 1% corn oil for 14 days.
Further details are presented in Table 2.

TABLE 1. RESULTS OF ANALYSIS OF
FORMULATED DIETS IN THE THIRTEEN-
WEEK FEED STUDIES OF
1,2,4,5-TETRACHLOROBENZENE

Target
Concentration

(ppm)

30
100
300

1,000
2,000

Determined
Concentration (a)

(ppm)

29.2 ± 1.8
96.3 ± 3.8
287 ± 8.8
953 ± 60

1,968 ± 108

(a) Mean ± standard deviation for three determinations;
for each determination, all samples analyzed in duplicate.
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TABLE 2. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES OF
U,4,5-TETRACHLOROBENZENE
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Fourteen-Day Studies

Strain and Species
F344/N rats; B6C3Fi mice

Animal Source
Taconic Farms (Germantown, NY)

Study Laboratory
Microbiological Associates, Inc.

Size of Study Groups
5 males and 5 females of each species; rats housed 5/cage
and mice individually housed

Doses
0, 30, 100, 300, 1,000, or 3,000 ppm 1,2,4,5-tetrachloroben-
zene and 1% corn oil in feed

Method of Animal Distribution
Assigned to groups such that within groups all weights
were approximately equal

Diet
NIH 07 Rat and Mouse Ration (Zeigler Bros., Inc.,
Gardners, PA); available ad libitum (5%-6% fat content)

Animal Room Environment
Temp-68e-72° F; hum--34%-69%; fluorescent light 12 h/d;
at least 12 room air changes/h

Time Held Before Study
Rats-lid; mice--12d

Age When Placed on Study
Rats-6-7 wk; mice--6 wk

Duration of Dosing
14 consecutive d

Type and Frequency of Observation
Observed 2 X d; weighed initially and 1 X wk thereafter;
feed consumption measured 1 X d

Necropsy, Histologic Examinations, and Supplemental
Necropsy performed on all animals; the following tissues
were examined for all controls and animals receiving 1,000
or 3,000 ppm: adrenal glands, brain, cecum, colon, duode-
num, epididymis/seminal vesicles/prostate/testes or ova-
ries/uterus, esophagus, eyes (if grossly abnormal), femur
including marrow, gallbladder (mice), gross lesions and
tissue masses with regional lymph nodes, heart, ileum,
jejunum, kidneys, liver, lungs and mainstem bronchi,
mammary gland, mandibular and mesenteric lymph nodes,
nasal passage and turbinates, pancreas, parathyroid
glands, pituitary gland, rectum, salivary glands, sciatic
nerve, skin, spinal cord, spleen, stomach, thymus, thyroid
gland, trachea, and urinary bladder. Liver examined for
male rats at 300 ppm; organs weighed at necropsy

Thirteen-Week Studies

F344/N rats; B6C3F! mice

Taconic Farms (Germantown, NY)

Microbiological Associates, Inc.

Rats-20 males and 20 females, housed 5/cage;
mice-- 10 males and 10 females, individually housed

0, 30, 100, 300, 1,000, or 2,000 ppm 1,2,4,5-tetrachlorobenzene
and 1% corn oil in feed

Same as 14-d studies

Same as 14-d studies

Temp-70°-74° F; hum-34%-70%; fluorescent light 12 h/d;
at least 10 room air changes/h

Same as 14-d studies

6wk

13 wk

Same as 14-d studies

1 Studies
Necropsy performed on all rats not used for the clinical studies
and on all mice; tissues examined for the control and high dose
groups were the same as for the 14-d studies except the clitoral
or preputial gland was also examined and the spinal cord and
sciatic nerve were examined only if neurologic signs were pres-
ent. Kidneys of all male rats and female rats receiving 300 ppm
or more, thyroid glands of all rats, and livers of rats and mice
receiving 300 ppm or more were examined microscopically. Se-
rum chemistry analyses performed on 10 rats from each group
on d 3, 17, and 45; serum chemical and hematologic analysis per-
formed on these animals at the end of the studies; thyroid func-
tion tests, urinalysis, and sperm morphologic or vaginal cytologic
examinations performed at the end of the studies on animals not
used for hematologic studies; organs weighed at necropsy



Thirteen-Week Study Design

Groups of 20 rats of each sex and 10 mice of each
sex were fed diets containing 0, 30, 100, 300,
1,000, or 2,000 ppm 1,2,4,5-tetrachlorobenzene
and 1% corn oil for 13 weeks. Ten rats of each
sex at each dietary concentration were desig-
nated for serum chemistry, hematologic, and
thyroid function analysis and urinalysis evalu-
ations. The remaining 10 animals of each sex for
each dietary concentration were reserved for tox-
icologic evaluations, including histopathology,
organ weight determinations, and sperm mor-
phology or vaginal cytology studies.

The male and female F344/N rats and B6C3Fi
(C57BL/6N, female X C3H/HeN MTV, male)
mice used in these studies were produced under
strict barrier conditions at Taconic Farms.
Breeding stock for the foundation colonies of rats
and mice at the production facility originated at
the National Institutes of Health Repository. An-
imals shipped for study were progeny of defined
microflora-associated parents that were trans-
ferred from isolators to barrier-maintained
rooms. Animals were shipped to the study labo-
ratory at 4 weeks of age. The rats were quaran-
tined at the study laboratory for 11 days and
mice for 12 days. All animals were placed on
study at 6 weeks of age.

All animals were observed two times per day.
Body weights were recorded once per week. Blood
samples were drawn from the orbital sinus of
groups of 10 male and 10 female rats on days 3 or
4, 17 or 18, and 45 or 46 for serum chemistry
analyses, including sorbitol dehydrogenase, ala-
nine aminotransferase, creatinine, creatine
phosphokinase, y-glutamyl transferase, and al-
bumin (Baker Centrifichem 400). Serum tri-
iodothronine, free thyroxin, total thyroxin, and
thyrotropin concentrations were determined on
days 17 or 18, 45 or 46, and 88 or 89 by radio-
immunoassay. Sixteen-hour urine samples were
collected for urinalysis on days 15 or 16,43 or 44,
and 86 or 87. Appearance, 16-hour volume, spe-
cific gravity, glucose and protein concentrations,
alkaline phosphatase and aspartate aminotrans-
ferase activity (Baker Centrifichem 400), and
porphyrin levels (day 86 or 87 only) were de-
termined (Hill et al., 1982); sediment from cen-
trifuged samples was examined microscopically.

Blood was drawn from the orbital sinus of the
previously bled rats and all surviving mice on
day 88 or 89 for serum chemistry determinations
and hematologic analysis. Hematologic analy-
ses were performed by manual counts and with a
Baker 700 Veterinary Hematology Analyzer and
included erythrocyte, leukocyte, reticulocyte,
platelet, and differential counts, hemoglobin con-
centration, hematocrit, mean cell volume, mean
corpuscular hemoglobin, mean corpuscular he-
moglobin concentration, and blood morphology.

Animals found moribund and those surviving to
the end of the studies were humanely killed. A
necropsy was performed on all rats not bled se-
quentially for the hematologic studies and on all
mice. Evaluation of sperm morphology was per-
formed at necropsy on male rats and male mice
that received 0, 30, 300, or 2,000 ppm 1,2,4,5-
tetrachlorobenzene (Morrissey et al., 1988). Fe-
males given 0, 30,300, or 2,000 ppm had vaginal
smears prepared during the 7 days before
necropsy.

For the 12 days prior to terminal kill, females
were subject to vaginal lavage with saline. The
aspirated cells were air-dried onto frosted slides,
stained with Toluidine Blue O, and coverslipped.
The relative preponderance of leukocytes, nucle-
ated epithelial cells, and large squamous epithe-
lial sheets were used to identify the stages of the
estrual cycle.

Sperm morphology and motility were determined
for males. The right epididymis was removed
and quickly weighed; the cauda epididymis was
removed at the junction of the vas deferens and
the corpus epididymis and was weighed. Test
yolk buffer (rats, 80 ul) or tyrodes buffer (mice,
80 pi) was applied to two prewarmed slides, and
a small cut was made in the distal cauda epidid-
ymis. The sperm that effluxed from the epididy-
mis were dispersed throughout the solution, cov-
erslipped, and counted immediately on a warm
microscope stage. In fields of 30 sperm or less,
the number of moving and nonmoving sperm
were counted in 5 fields on each slide.

After sperm sampling for motility estimation,
the cauda was placed in phosphate-buffered sa-
line (PBS), gently chopped with a razor blade, and
allowed to sit for 15 minutes. The remaining
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clumps of tissue were removed, and the solution
was mixed gently and heat-fixed at 65° C. Sperm
density was then determined using a hemo-
cytometer.

The right testis was frozen and stored. After
thawing, testicular spermatid head count was
determined by removing the tunica albuginea
and homogenizing the testis in PBS containing
dimethyl sulfoxide. Homogenization-resistent
spermatid nuclei were enumerated using a hemo-
cytometer; the data were expressed as spermatid
heads per total testis and per gram of testis.

Organs and tissues were examined for gross le-
sions. The liver, right kidney, right testis, brain,
heart, thymus, lungs, and seminal vesicles were
weighed. Tissues were preserved in 10% neutral
buffered formalin and routinely processed for
preparation of histologic sections for microscopic
examination. Tissues and groups examined are
listed in Table 2.

Upon completion of the histologic evaluation by
the laboratory pathologist, the slides, paraffin
blocks, and residual wet tissues were sent to the
NTP Archives for inventory, slide/block match,
and wet tissue audit. The slides, individual ani-
mal data records, and pathology tables were sent
to an independent pathology laboratory where
quality assessment was performed, and the re-
sults were reviewed and evaluated by the NTP

Pathology Working Group (PWG). The final
diagnoses represent a consensus of contractor
pathologists and the PWG. Details of these re-
view procedures have been described by Maron-
pot and Boorman (1982) and Boorman et al.
(1985).

Statistical Analysis

Jonckheere's test (Jonckheere, 1954) was used to
evaluate the significance of dose-response trends
for organ weight, hematologic, serum chemical,
and male reproductive system data. If this anal-
ysis indicated a significant trend, the nonpara-
metric multiple comparison procedures of Shir-
ley (1977) was used to assess the significance of
pairwise comparisons between dosed and control
groups. Otherwise, Dunn's test (Dunn, 1964)
was used for pairwise comparisons.

Quality Assurance

The studies of 1,2,4,5-tetrachlorobenzene were
performed in compliance with Good Laboratory
Practice regulations (21 CFR 58). The Quality
Assurance Unit of Microbiological Associates,
Inc., performed audits and inspections of proto-
cols, procedures, data, and reports throughout
the conduct of the studies. The operations of the
Quality Assurance Unit were monitored by the
NTP, including a site visit during the period of
study performance.

III. RESULTS

STUDIES IN RATS

Fourteen-Day Studies

All rats lived to the end of the studies (Table 3).
The final mean body weights of rats that re-
ceived 3,000 ppm were 18% lower than that of
controls for males and 15% lower for females.
Feed consumption by animals that received 3,000
ppm was about 20% lower than that by controls.
Compound-related clinical signs included trem-
ors, lethargy, thin appearance, rough hair coats,

ataxia, and chromodacryorrhea in males and fe-
males that received 3,000 ppm and rapid
breathing in all females that received 3,000
ppm. Absolute and relative liver and kidney
weights for males and absolute and relative liv-
er weights for females were increased for ani-
mals that received 300 ppm or more. Liver con-
gestion was observed in males that received
1,000 ppm and in males and females that re-
ceived 3,000 ppm.

1,2,4,5-Tetrachlorobenzene, NTP TOX 16



TABLE 3. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE
FOURTEEN-DAY FEED STUDIES OF 1,2,4,5-TETRACHLOROBENZENE

(a) Number surviving/Dumber initially in group
(b) Initial group mean body weight 1 standard error of the mean
(c) Mean body weight change of the group 1 standard error of the mean
(d) Grams per animal per day, averaged over the 2-week period; not corrected for scatter.
(e) Estimated milligrams per kilogram per day, based on mean of initial and final body weights

Renal sections from control and exposed male
rats were stained with hematoxylin and eosin
andMallory azan stains (Barlow, 1984) and were
examined histologically. Large irregular-shaped
eosinophilic crystalline structures (abnormal hy-
aline droplets) were present in the cortical tubu-
lar epithelial cytoplasm of exposed animals.

Thirteen-Week Studies

All animals lived to the end of the studies (Ta-
ble 4). Mean body weights of rats that received
1,000 or 2,000 ppm were lower than those of con-
trols throughout most of the studies (Figure 1).
Final mean body weights of rats fed diets con-
taining 1,000 or 2,000 ppm were 10% or 21%
lower than that of controls for males and 8% or
16% lower for females. Feed consumption by
dosed groups was similar to that by controls.
Compound-related clinical signs included hypo-
activity and lethargy. Absolute kidney weights
were increased at concentrations as low as 300
ppm for males and females, and the relative kid-
ney weights were increased at concentrations as
low as 100 ppm for males and 300 ppm for

females (Table 5). Absolute liver weights were
increased at concentrations as low as 300 ppm
for males and 100 ppm for females, and the
relative liver weights were increased at concen-
trations as low as 300 ppm for males and 30 ppm
for females.

Hematocrit values, hemoglobin concentration,
and erythrocyte count were significantly lower
than those of controls for males that received
1,000 or 2,000 ppm (Table A2). The mean cell
volume was significantly lower than that of con-
trols for females that received 1,000 or 2,000
ppm. The platelet count was significantly in-
creased for males that received 1,000 or 2,000
ppm. The serum albumin concentration was sig-
nificantly increased for males exposed at 100
ppm or more and for females exposed at 2,000
ppm (Table A3).

Free thyroxin and total thyroxin concentrations
were significantly decreased in males that re-
ceived dietary concentrations as low as 300 ppm
1,2,4,5-tetrachlorobenzene and in females that
received dietary concentrations as low as 30 ppm
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Concentration
(ppm)

MALE

0
30

100
300

1,000
3,000

FEMALE

0
30

100
300

1,000
3,000

Survival
(a)

5/5
5/5
5/5
5/5
5/5
5/5

5/5
5/5
5/5
5/5
5/5
5/5

Mean
Initial (b)

103 ±3
100 ±3
105 ±5
10714
100 ±2
105 ±4

89 ±3
86 ±2
94 ±2
9013
8912
8816

Body Weights
Final

178 1 10
1761 5
1801 9
1871 6
1741 3
1461 4

131 1 2
1191 3
1351 1
1331 4
1271 2
1111 4

(grams)
Change (c)

+7517
+7612
+7614
+8012
+7512
+41 13

+4211
+3312
+41 12
+ 4412
+3812
+2311

Final Weight Relative
to Controls
(percent)

99
101
105
98
82

91
103
102
97
85

Feed
Consumption

(d)

15
14
15
15
15
12

11
11
12
11
11
9

Dose
(e)

3.0
10.5
30.6

109
287

3.2
10.5
29.6

102
271



TABLE 4. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE
THIRTEEN-WEEK FEED STUDIES OF U.4.5-TETRACHLOROBENZENE

(a) Number surviving/number initially in group for animals not bled sequentially during the studies
(b) Initial group mean body weight ± standard error of the mean
(c) Mean body weight change of the group ± standard error of the mean
(d) Grains per animal per day, averaged over the!3-week period; not corrected for scatter.
(e) Estimated milligrams per kilogram per day, based on mean of initial and final body weights

TABLE 5. LIVER AND KIDNEY WEIGHTS OF RATS IN THE THIRTEEN-WEEK FEED STUDIES OF
1,2,4,5-TETRACHLOROBENZENE (a)

(a) Mean ± standard error (absolute in milligrams, relative in milligrams per gram unless otherwise specified) for groups of 10
animals; P values vs. the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977).
*P<0.05
**P<0.01
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Concentration
(ppm)

MALE

0
30

100
300

1,000
2,000

FEMALE

0
30

100
300

1,000
2,000

Survival
(a)

10/10
10/10
10/10
10/10
10/10
10/10

10/10
10/10
10/10
10/10
10/10
10/10

MeanE
Initial (b)

11615
122 ±5
117 + 5
119 ±4
12114
11914

101 13
9913

10013
9813
9513
9713

tody Weight!
Final

334 1 10
331 1 4
3361 4
3161 6
2991 6
2651 4

2001 3
1931 4
2031 3
1971 3
183 1 3
1681 3

i (grams)
Change (c)

+21817
+ 21017
+ 21914
+ 19717
+ 178 1 3
+ 146 1 3

+ 100 1 4
+ 93 1 2

+ 10312
+9912
+ 88 + 3
+ 71 12

Final Weight Relative
to Controls
(percent)

99
101
95
90
79

97
102
99
92
84

> Feed
Consumption

(d)

16
16
16
16
15
15

11
10
11
11
11
10

Dose
(e)

2.1
7.1

22.1
71.4

156

2.1
7.3

22.4
79.1

151

Organ

MALE

Body weight
(grams)

Right kidney
Absolute
Relative

Liver
Absolute
Relative

FEMALE

Body weight
(grams)

Right kidney
Absolute
Relative

Liver
Absolute
Relative

Control

347 1 8.3

1,312 1 39
3.8 1 0.07

12,660 1 380
36.4 1 0.52

201 1 2.9

776 1 18
3.9 1 0.07

6,445 1 137
32.1 1 0.43

30 ppm

340 1 4.2

1,268 1 18
3.7 1 0.04

12,670 1 180
37.2 1 0.27

191 1 4.4

734 1 20
3.8 1 0.06

6,610 1 239
•34.5 1 0.84

100 ppm

•296 1 16.2

1,263 1 27
**4.3 1 0.15

10,590 1 1,060
35.0 1 1.75

207 1 2.9

821 1 16
4.0 1 0.08

**7,304 1 151
"35.3 1 0.63

300 ppm

333 1 5.8

"1,608 ± 39
**4.8 1 0.07

•14,270 1 370
**42.9 1 0.68

199 1 3.3

•844 1 15
•*4.2 1 0.06

**7,515 ± 164
**37.7 1 0.50

1,000 ppm

"299 1 6.5

"1,970168
"6.6 1 0.15

"17,230 1 530
"57.6 1 1.20

•188 1 3.0

•838 1 24
"4.5 ± 0.08

"9,512 1 215
"50.6 1 0.83

2,000 ppm

"283 1 4.9

"1,849 1 74
"6.5 1 0.16

"19,170 1 520
"67.6 1 1.17

"173 1 2.7

*871 1 25
"5.0 1 0.12

"11,9081 312
"68.9 1 1.55
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FIGURE 1. GROWTH CURVES FOR RATS ADMINISTERED
1,2,4,5-TETRACHLOROBENZENE IN FEED FOR THIRTEEN WEEKS
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(Table 6). Triiodothyronine concentrations were
not affected. Thyrotropin concentrations were
not adequately measured.

Urinary porphyrin values at the end of the stud-
ies were significantly increased for males that
received 1,000 or 2,000 ppm and for females that
received 2,000 ppm; the increases were 2.5-fold
to fourfold. Fluorescence characteristic of por-
phyrins was not detected when the livers of high
dose and control animals was examined under
long-wave ultraviolet light.

Urinary glucose concentration for males and fe-
males that received 300 ppm or more and urine
specific gravity for females that received 1,000
ppm or more were significantly increased (Table
A3). Urinary alkaline phosphatase activity was
significantly increased for females that received
1,000 or 2,000 ppm and was not clearly dose re-
lated; there was no increase for males. Urinary
aspartate aminotransferase activity was signifi-
cantly increased for males at all doses (threefold

to elevenfold increases) but not for females. Uri-
nary protein concentration was significantly in-
creased for males and females that received 1,000
and 2,000 ppm.

Right whole and cauda epididymal weights were
significantly decreased for rats that received 300
or 2,000 ppm (males that received 1,000 ppm
were not examined) (Table A4). Sperm motility
was significantly decreased for rats that received
300 or 2,000 ppm (males that received 1,000 ppm
were not examined). The length of the estrous cy-
cle was unaffected by compound administration.

Compound-related lesions occurred in the kid-
ney of rats of each sex but were more prominent
in males (Table 7). Cortical renal tubular cyto-
plasmic alteration (abnormal hyaline droplet ac-
cumulation) occurred in male rats in the 100- to
2,000-ppm groups and was characterized histo-
logically as intracytoplasmic aggregates of large,
eosinophilic, angular inclusions which were in-
creased in number and size compared with those

TABLE 6. SERUM CONCENTRATIONS OF THYROID HORMONES IN RATS IN THE THIRTEEN-WEEK
FEED STUDIES OF 1,2,4,5-TETRACHLOROBENZENE (a)

(a) Data for •n1infl« bled sequentially on d 3 or 4,17 or 18,45 or 46, and 88 or 89, mean ± standard error for groups of 10 animals unless otherwise specified, P values
vs the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977) IU = international units
(b) Nine animals were examined.
«P<005
•*P<0 01
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Analysis/
Day of Study Control

MALE

Triiodothyronine (ng/dl)
17/18 964 ± 404
45/46 956 ± 628
88/89 674 ± 509

Free thyroxin (ng/dl)
3/4 21 ± Oil

45/46 20 ± 019
88/89 1 7 ± 0 13

Total thyroxin (nucrograms/dl)
17/18 51 ± 042
45/46 51 ± 029
88/89 4 2 ± 0 16

FEMALE

Triiodothyronine (ng/dl)
17/18 952 ± 406
45/46 (6)987 ± 487
88/89 761 ± 656

Free thyroxin (ng/dl)
3/4 20 ± 010

45/46 16 ± 014
88/89 10 ± 008

Total thyroxin (micrograms/dl)
17/18 47 ± 032
45/46 46 ± 024
88/89 28 ± 021

30 ppm

912 ± 605
810 ± 462
700 ± 862

20 ± 016
1 8 ± 0 15
1 5 ± 0 11

5 1 ± 0 49
46 ± 033
4 1 ± 0 39

1045 ± 693
•75 8 ± 3 51
687 ± 439

•17 ± 009
••0.9 ± 0 10

10 ± Oil

38 ± 025
••28 ± 0 2 1

26 ± 024

100 ppm

959 ± 460
880 ± 474
678 ± 1061

19 ± 009
22 ± 020
1 5 ± 0 14

49 ± 038
51 ± 025
4 1 ± 0 37

936 ± 574
875 ± 454
687 ± 539

•16 ± 009
•13 ± 018
08 ± 009

38 ± 031
••38 ± 0 3 2

26 ± Oil

300 ppm

849 ± 781
827 ± 244
73 1 ± 8 02

••(b) 1 3 ± 0 15
••13 ±013
••1 0 ± 0 12

"3 0 ± 0 16
••3 4 ± 0 19

33 ± 032

915 ± 608
929 ± 561
667 ± 629

•11 ± 0 08
•10 ± 007
•06 ± 010

•25 ± 022
•32 ± 017
•1 8 ± 0 19

1,000 ppm

865 ± 577
993 ± 852
850 ± 703

••04 ± 004
••06 ± 0 0 7
••05 ± 004

••16 ±013
••20 ±015
••1 9 ± 0 14

827 ± 735
933 ± 772
784 ± 679

••04 ± 003
"04 ± 004
••03 ± 0 0 3

••14 ± 0 0 8
"16 ± 006
••14 ± 006

2,000 ppm

815 ± 588
734 ± 556
803 ± 578

"03 ± 002
"02 ± 002
"02 ± 003

"12 ±011
"13 ± 008
"13 ± 0 0 5

82 1 ± 7 00
915 ± 726
827 ± 9 2 0

"02 ± 0 0 2
"(WO 2 ± 0 0 3

••02 ± 003

"12 ± 0 0 8
"12 ± 006
"12 ± 008



Figure 2. Kidney from a male rat exposed to 2,000 ppm tetrachlorobenzene for 14 days. Note abnormally
large, angular hyaline droplets (arrows) in renal cortical epithelial cells. Compare with Figure 3 at same
magnification. Maliory-azan stain.

Figure 3. Kidney from a control male rat showing round, uniform hyaline droplets in renal cortical epithelial
cells. Compare with Figure 2 at same magnification. Droplets are single or are clustered in apical portion of
the cell (arrow). Mallory-azan stain.

Figure 4. Kidney from a male rat exposed to 2,000 ppm tetrachlorobenzene for 13 weeks. Dilated tubules in
the outBr stripe of the outer medulla contain granular cellular debris (D).

Figure 5. Kidney from a male rat exposed to 2,000 ppm tetrachlorobenzene for 13 weeks. Note granular casts
(C), regenerative tubular epithelium (small arrow), and interstitial fibrosis with inflammatory cells (large
arrow).





TABLE 7. NUMBERS OF RATS WITH SELECTED LESIONS IN THE THIRTEEN-WEEK FEED STUDIES
OF 1,2,4,5-TETRACHLOROBENZENE (a)

(a) 10 animals were examined unless otherwise specified. Number in parentheses denotes mean grade of severity:
1 = minimal; 2 = mild; 3 = moderate; 4 = marked.
(b) One animal was examined.

in controls (Figure 2). They were morphological-
ly similar to those seen in the kidney of exposed
male rats in the 14-day study. Control and 30-
ppm males had less abundant small, round
hyaline droplets in renal cortical epithelial cells
that were morphologically distinct from those in
dosed rats (Figure 3).

Dilatation of tubules of the outer stripe of the
outer medulla (medullary tubular dilatation) oc-
curred at compound-related increased incidences
in male rats given 100-2,000 ppm 1,2,4,5-tetra-
chlorobenzene. Histologically, the dilated tu-
bules were lined by low cuboidal or flattened epi-
thelium and were often filled by casts composed
of eosinophilic, coarsely granular material (Fig-
ure 4).

Renal cortical tubular regeneration occurred
with increased severity in exposed male rat
groups and in female rats administered 100 ppm
or more 1,2,4,5-tetrachlorobenzene (Table 7).
Histologically, the lesion consisted of multiple

foci of cortical tubules lined by cuboidal baso-
philic epithelial cells supported by basement
membranes that were frequently thickened and
hyalinized (Figure 5). Regeneration was much
more prominent in males than in females.

Mineralization of medullary collecting tubules
was seen in male rats in the 100- to 2,000-ppm
groups. Microscopically, this lesion consisted of
plugs or linear accumulation of basophilic min-
eralized material in the lumina of collecting tu-
bules of the medulla and renal papilla. Consid-
ered collectively, the above lesions in male rats
are typical of the pathologic entity known as hy-
aline droplet or light hydrocarbon nephropathy
(Thomas etal., 1985).

Renal tubule protein casts were a distinct lesion
observed in all control and most exposed male
rat groups and in 1,000- and 2,000-ppm females
(see Table 7). These were characterized micro-
scopically as smooth, homogeneous, eosinophilic
intraluminal masses. The degree of severity was
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Site/Lesion

MALE

Kidney
Hyaline droplets (abnormal)
Cortical tubular regeneration
Medullary tubular dilatation
Medullary tubular

mineralization
Tubular protein casts

Liver
Centrilobular hypertrophy

Thyroid gland
Follicular cell hypertrophy

FEMALE

Kidney
Cortical tubular regeneration
Tubular protein casts
Cortical tubular pigmentation

Liver
Centrilobular hypertrophy

Thyroid gland
Follicular cell hypertrophy

Control

0
10(1.0)
0

0
3(1.0)

0

0

1 (1.0)
0
0

0

0

30 ppm

0
9(1.0)
0

0
1 (1.0)

0

0

0
0
0

(b)0

0

100 ppm

10(1.0)
10(1.7)
10(1.0)

2(1.0)
3(1.0)

..

0

2(1.0)
0
0

-

2(1.0)

300 ppm

10(2.1)
10 (2.4)
10(2.0)

10(1.1)
0

0

4(1.0)

2(1.0)
0
0

0

6(1.0)

1,000 ppm

10(2.1)
10(2.4)
10(2.8)

5(1.4)
8(1.0)

8(1.0)

10(1.0)

4(1.0)
1 (1.0)
0

5(1.0)

9(1.0)

2,000 ppm

10(3.2)
8(2.1)

10(2.5)

10(1.0)
10(1.4)

10(1.1)

10(1.0)

6(1.2)
7(1.1)
9(1.5)

10(1.6)

10(1.0)



minimal to mild in affected animals. Protein
casts were considered to be typical of those seen
in the spontaneous nephropathy of many strains
of laboratory rats (Peter et al., 1986).

Minimal-to-mild pigmentation of renal cortical
tubular epithelium was present in female rats in
the 2,000-ppm group. Histologically, pigmenta-
tion consisted of small, yellow-brown intracyto-
plasmic granules. The nature of the pigment
was not determined.

Centrilobular hepatocellular hypertrophy, char-
acterized by enlarged hepatocytes with increased
cytoplasmic eosinophilia, occurred at increased
incidences in male and female rats in the 1,000-
and 2,000-ppm groups. In all groups, the lesion
was of minimal severity.

When examined under long-wave ultraviolet
light at the terminal kill, the livers of male or
female control or high dose rats did not exhibit
fluorescence characteristic of porphyrins.

Thyroid follicular cell hypertrophy was present
in male rats in the 300- to 2,000-ppm groups and
in female rats in the 100- to 2,000 ppm groups
(see Table 7). This lesion was characterized his-
tologically by slight enlargement and increased
height of thyroid follicular cells compared with
those in controls, often accompanied by cytoplas-
mic vacuolation and decreased eosinophilia of
intraluminal colloid (Figures 6 and 7). In some
follicles, small papillary projections composed of
follicular epithelium extended into the lumen.
In general, these lesions were of minimal severi-
ty. Based on histologic findings, the no-effect
level (NOEL) for males and females was 30 ppm
(see Table 7).

STUDIES IN MICE

Fourteen-Day Studies

All mice that received 3,000 ppm died before the
end of the studies (Table 8). The final mean body
weights of dosed and control mice were similar.

TABLE 8. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE
FOURTEEN-DAY FEED STUDIES OF 1,2,4,5-TETRACHLOROBENZENE

(a) Number surviving/number initially in group
(b) Initial group mean body weight ± standard error of the mean
(c) Mean body weight change of the group 1 standard error of the mean
(d) Grams per animal per day averaged over the 2-week period; not corrected for scatter
(e) Estimated milligrams per kilogram per day, based on mean of initial and final body weights
(f) All deaths occurred by day 9.
(g) No data are reported due to 100% mortality in this group,
(h) All deaths occurred by day 6.
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Concentration
(ppm)

MALE

0
30

100
300

1,000
3,000

FEMALE

0
30

100
300

1,000
3,000

Survival
(a)

5/5
5/5
5/5
5/5
5/5

(00/5

5/5
5/5
5/5
5/5
5/5

(h)0/5

Mean Bo
Initial (b)

22.0 ± 0.8
20.3 ± 0.8
22.1 1 0.6
21.3 ± 0.3
21.3 ± 0.5
21.8 ± 1.0

17.6 ± 0.3
18.4 1 0.5
17.7 ± 0.5
16.9 ± 0.4
17.6 1 0.2
17.2 ± 0.5

dy Weights '
Final (

24.0 ± 0.8
24.0 ± 0.7
24.3 1 0.5
23.6 ± 0.3
23.8 ± 0.5

(g)

20.3 ± 0.6
20.6 ± 0.5
20.1 ± 0.6
20.4 ± 0.3
20.5 1 0.4

(g)

(grams)
Change (c)

+2.0 ± 0.2
+ 3.710.2
+2.2 ± 0.2
+2.3 ± 0.4
+2.5 1 0.1

(g)

+2.7 1 0.3
+ 2.2 ±0.5
+2.4 ± 0.5
+3.4 1 0.3
+ 2.810.3

(g)

Final Weight Relative
to Controls
(percent)

100.0
101.3
98.3
99.2

(g)

101.5
99.0

100.5
101.0

(g)

Feed
Consumption

(d) -

4.6
4.6
4.8
4.2
4.8
2.4

4.2
5.8
4.8
4.4
5.2
2.0

Dose
(e)

6.2
20.7
56.1

213
(g)

8.9
25.4
70.8

273
(g)



Figure 6. Thyroid gland from a control female rat in the 13-week studies. Follicles are lined by low cuboidal
epithelial cells.

Figure 7. Thyroid gland from a male rat exposed to 2,000 ppm tetrachlorobenzene for 13 weeks. Follicular
epithelial cells are increased in height compared with controls photographed at same magnification (see
Figure 6).





Compound-related clinical signs included trem-
ors, rapid breathing, lethargy, hunched posture,
rough hair coats, dyspnea, and prostration in
males and females that received 3,000 ppm and
a thin appearance in females that received 3,000
ppm. Absolute and relative liver weights were
significantly increased for males that received
1,000 ppm and for females that received 300 or
1,000 ppm. Depletion and necrosis of lymphoid
tissue of the spleen, thymus, and lymph nodes
were observed in males and females that re-
ceived 3,000 ppm. These changes are frequently
seen in moribund or early-death animals.

Thirteen-Week Studies

Two of 10 female mice that received 2,000 ppm
were killed in a moribund condition before the
end of the studies (Table 9). Mice that received
2,000 ppm lost weight during week 1. Mean
body weights of male mice that received 100 ppm

or more and of females that received 2,000 ppm
were notably lower than those of controls
throughout most of the studies (Figure 8). The
final mean body weights of exposed mice were
significantly different from those of controls.
Feed consumption by males that received 2,000
ppm and females that received 1,000 or 2,000
ppm was lower than that by controls. The ab-
solute liver weights of mice that received 2,000
ppm were about three times those of controls
(Table 10). The absolute liver weight was signif-
icantly increased at 1,2,4,5-tetrachlorobenzene
dietary concentrations as low as 100 ppm for
males and 30 ppm for females. The liver weight
to body weight ratios were significantly in-
creased at dietary concentrations as low as 100
ppm for males and 1,000 ppm for females. Com-
pound-related clinical signs included tremors in
females and prostration, lethargy, hunched pos-
ture, and rough hair coats in males and females
receiving 2,000 ppm.

TABLE 9. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE
THIRTEEN-WEEK FEED STUDIES OF 1,2,4,5-TETRACHLOROBENZENE

(a) Number surviving/number initially in group
(b) Initial group mean body weight ± standard error of the mean. Subsequent calculations are based on animals surviving to
the end of the study.
(c) Mean body weight change of the survivors ± standard error of the mean
(d) Grams per animal per day averaged over the 13-week period; not corrected for scatter.
(e) Estimated milligrams per kilogram per day, based on mean of initial and final body weights
(f) Week of death: 2; an additional animal died during week 13, after the end of dosing.

23 1,2,4,5-Tetrachlorobenzene, NTP TOX 7

Concentration
(ppm)

MALE

0
30

100
300

1,000
2,000

FEMALE

0
30

100
300

1,000
2,000

Survival
(a)

10/10
10/10
10/10
10/10
10/10
10/10

10/10
10/10
10/10
10/10
10/10

(f) 9/10

Mean B<
Initial (b)

21.4 ± 0.5
20.8 ± 0.7
21.5 ± 0.4
20.7 ± 0.3
20.5 ± 0.4
20.8 ± 0.6

16.8 ± 0.3
16.7 ± 0.4
17.2 ± 0.4
16.9 ± 0.5
16.8 ± 0.3
16.5 ± 0.3

>dy Weights <
Final <

32.1 ± 1.0
29.7 ± 0.7
31.9 ± 0.8
29.7 ± 0.7
30.0 ± 0.7
29.6 ± 0.8

25.4 ± 0.5
25.1 ± 0.5
25.5 ± 0.7
25.5 ± 0.7
25.3 ± 0.6
24.6 ± 0.5

[grams)
Change (c)

+ 10.7 ±0.6
+8.8 ± 0.2

+ 10.3 ± 0.6
+9.0 ± 0.4
+9.5 ± 0.4
+8.8 ± 0.6

+8.6 ± 0.3
+8.4 ± 0.3
+ 8.3 ±0.4
+8.6 ± 0.5
+8.5 ± 0.4
+8.3 ± 0.5

Final Weight Relative
to Controls
(percent)

92.5
99.4
92.5
93.5
92.2

98.8
100.4
100.4
99.6
96.9

Feed
Consumption

(d)

3.9
3.8
3.9
3.8
3.8
3.5

4.1
4.2
4.2
4.0
3.0
3.1

Dose
(e)

4.5
14.6
45.2

150
278

6.0
19.7
56.6

143
302
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Figure 10. Liver from a male mouse exposed to 2,000 ppm tetrachlorobenzene for 13 weeks. Higher
magnification of an area similar to that in Figure 9 shows hepatocellular hypertrophy characterized by
enlarged cells with granular or smudgy cytoplasm and large nuclei.

Figure 9. Liver from a male mouse exposed to 2,000 ppm tetrachlorobenzene for 13 weeks. Note focal area of
hepatocyte hypertrophy (arrows).





TABLE 10. LIVER AND KIDNEY WEIGHTS OF MICE IN THE THIRTEEN-WEEK FEED STUDIES OF
U,4,5-TETRACHLOROBENZENE (a)

(a) Mean ± standard error (absolute in milligrams, relative in milligrams per gram unless otherwise specified); P values vs.
the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977).
*P<0.05
**P<0.01

The platelet count was significantly increased
for males and females receiving 1,000 ppm or
2,000 ppm (Table A6). Significantly lower val-
ues were seen for the hemoglobin concentration
and mean corpuscular hemoglobin (2,000-ppm
males and females), hematocrit (2,000-ppm fe-
males), and mean cell volume (2,000-ppm males
and 1,000- and 2,000-ppm females). Significant-
ly higher values were seen for serum sorbitol de-
hydrogenase activity for males and females re-
ceiving 1,000 ppm or 2,000 ppm (up to a fourfold
or fivefold increase), serum alanine aminotrans-
ferase activity for males and females receiving
2,000 ppm (a twofold or threefold increase), and
serum albumin concentration for males and fe-
males receiving 2,000 ppm.

The length of the estrous cycle was significantly
increased in females receiving 2,000 ppm; fe-
males receiving 1,000 ppm were not examined
(Table A6). No effects were seen on male re-
productive organ weights or sperm evaluations
(motility, morphology, or epididymal sperm
density).

Compound-related lesions were present in the
liver of exposed animals of each sex (Table 11).

Centrilobular hepatocellular hypertrophy was
present in male and female mice in the 1,000-
and 2,000-ppm groups. Histologically, affected
hepatocytes were larger and had moderately in-
creased cytoplasmic eosinophilia and granulari-
ty compared with normal hepatocytes (Figures 9
and 10). In general, hypertrophy was of minimal-
to-mild severity, with male mice in the 1,000-
ppm group exhibiting very subtle histologic
changes.

Individual hepatocyte necrosis or degeneration
occurred in the liver of 1,000- and 2,000-ppm
male mice (Table 11). These lesions occurred in
one female mouse in the 30-ppm groups and in
several female mice in the 1,000- and 2,000-ppm
groups (Table 11).

Histologically, necrotic hepatocytes were round-
ed and separated from adjacent hepatocytes.
Hepatocytes undergoing degeneration were very
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Organ

MALE

Number weighed

Body weight (grains)

Liver
Absolute
Relative

FEMALE

Number weighed

Body weight (grains)

Right kidney
Absolute
Relative

Liver
Absolute
Relative

Control

10

32.6 ± 0.96

1,373 ± 58
42.1 ± 1.31

10

25.6 ± 0.53

190 ±4
7.4 ± 0.16

1,183 ± 38 '
46.3 ± 1.41

30 ppm

10

30.8 ± 0.59

1,367 ± 44
44.4 ± 1.03

10

26.4 ± 0.55

199 ±3
7.5 ± 0.12

'1,306 ± 36
49.4 ± 0.81

100 ppm

10

33.1 ± 0.71

•1,546 ± 42
•46.8 ± 1.19

10

26.3 ± 0.78

•206 ±7
7.8 ± 0.17

1,273 ± 52
48.4 ± 1.43

300 ppm

10

31.2 ± 0.66

1,458 ± 60
•46.6 ± 1.04

10

26.7 ± 0.67

19617
7.4 ± 0.21

1,312 ± 63
49.1 ± 1.58

1,000 ppm

10

31.9 ± 0.76

••2,022 ± 67
••63.3 ± 1.35

10

•27.7 ± 0.69

•208 ± 5
7.5 ± 0.13

••2,086 ± 73
••75.4 ± 1.64

2,000 ppm

10

31.3 ± 0.74

••3,700 ± 80
••118.4 ± 2.86

8

26.5 ± 0.29

•214 ± 9
8.1 ± 0.31

••4,171 ± 234
••156.9 ± 7.56



TABLE 11. NUMBERS OF MICE WITH SELECTED LESIONS IN THE THIRTEEN-WEEK FEED STUDIES
OF 1,2,4,5-TETRACHLOROBENZENE (a)

(a) Ten animals were examined in each group. Number in parentheses denotes mean grade of severity: 1 = minimal; 2
mild; 3 = moderate.

large with dense homogeneous deeply eosino-
philic cytoplasm. Both lesions were of minimal-
to-mild severity.

Mineralization of the heart was seen in a few
male mice receiving 300 or 2,000 ppm 1,2,4,5-tet-
rachlorobenzene (see Table 11). Microscopically,
there were a few randomly scattered, 200-2,500
lim foci of granular basophilic material within
fragmented myocardial fibers; occasional foci had

small amounts of osteoid-like eosinophilic ma-
terial and cells resembling immature osteo-
blasts. The pathogenesis and relation of this
change to compound administration are unclear.

Based on liver lesions, the NOEL is 300 ppm for
mice of each sex. (Unlike in mice at the higher
doses, the liver necrosis in one female 30-ppm
mouse was a focal lesion and was not considered
to be exposure related.)

III. DISCUSSION AND CONCLUSIONS

In these studies, the major target organs of tox-
icity after exposure to 1,2,4,5-tetrachlorobenzene
in feed were the kidney and liver in rats and the
liver in mice. Minimal thyroid lesions also oc-
curred in rats. Generally, compound-related le-
sions were more extensive in rats than in mice.

In the 14-day studies, all rats survived to the
end, but all mice that received 3,000 ppm 1,2,4,5-
tetrachlorobenzene died before the end of the
studies. Histologically, lymphoid depletion and
necrosis were seen in the spleen, thymus, and
lymph nodes of male and female mice in the
3,000-ppm groups. Similar lesions were observed
frequently in moribund and early-death mice in
other studies.

Compound-related histologic kidney lesions were
present in rats of each sex but were most

prominent in males. Exposed male rats in the
14-day and 13-week studies exhibited renal cor-
tical tubular cytoplasmic alteration (abnormal
hyaline droplet accumulation). Exposed male
rats in the 13-week studies also had cortical tu-
bular epithelial regeneration and outer med-
ullary tubule dilatation, granular casts, and
mineralization. This spectrum of lesions is com-
patible with that described for "hydrocarbon or
hyaline droplet nephropathy" (Busey and Cock-
rell, 1984; Thomas et al., 1985; Trump et al.,
1985; Short etal., 1986).

Hyaline droplet nephropathy is associated with
increased renal cortical tubule resorption of o.2u-
globulin, a low molecular weight protein nor-
mally produced in the rat liver and excreted by
the kidney (Sarkar et al., 1986; Short et al.,
1987; Murty et al., 1988). c^-Globulin levels
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Site/Lesion

MALE

Liver
Necrosis
Centrilobular hypertrophy
Degeneration

Heart
Mineralization

FEMALE

Liver
Necrosis
Centrilobular hypertrophy
Degeneration

Control

0
0
0

0

0
0
0

30 ppm

0
0
0

0

1 (1.0)
0
0

100 ppm

0
0
0

0

0
0
0

300 ppm

0
0
0

2(1.5)

0
0
0

1,000 ppm

0
7(1.0)
0

0

1(1.0)
7(1.0)
0

2,000 ppm

4(1.7)
10(1.4)
9(1.4)

3 (2.3)

1 (1.0)
9(1.8)
5(1.2)



are regulated by androgen hormones and decline
in older rats (Roy, 1977), so typical lesions de-
scribed for hyaline droplet nephropathy occur
only in intact young adult male rats (Alden,
1986) or in female rats pretreated with testos-
terone (Roy, 1977). When administered to rats,
compounds such as light hydrocarbons (Trump
et al., 1985), unleaded gasoline components (Ol-
son et al., 1987; Short et al., 1987), jet fuel (Brun-
er, 1984), cMimonene (Kanerva et al., 1987;
NTP, 1990b), and other chemicals (Dodd et al.,
1987; Read et al., 1988) have caused increased
incidences of hyaline droplet accumulation and,
in some cases, renal epithelial neoplasms (Kitch-
en, 1984; Phillips and Cockrell, 1984; Alden et
al., 1984; Busey and Cockrell, 1984; Haider et
al., 1984; Stonard et al., 1986; Dodd et al., 1987).

Chlorinated benzenes have also been implicated
in renal toxicity for male rats. Long-term ad-
ministration of 1,4-dichlorobenzene, but not
of 1,2-dichlorobenzene, resulted in abnormal
hyaline droplet accumulation and epithelial neo-
plasms in the kidney of male F344 rats (Char-
bonneauet al., 1989; NTP, 1985,1987; Bombard
et al., 1988). Renal epithelial neoplasms also
occurred in rats fed hexachlorobenzene (Lam-
brechtetal., 1983).

"Eosinophilic inclusions" (apparently hyaline
droplets) were noted in the cytoplasm of renal
cortical epithelial cells in male rats fed 1,2,4,5-
tetrachlorobenzene in the diet for 28 days or 13
weeks (Chuetal., 1983,1984c).

Although the exact pathogenesis of hyaline
droplet nephropathy is unknown, binding of
chemicals to o^-globulin is postulated to lead to
formation of complexes that are resorbed but not
readily degraded by renal cortical tubules
(Trump et al., 1985). With light microscopy, the
resulting phagolysosomes are detected as abnor-
mal hyaline droplets in cortical tubule epithelial
cells (Short et al., 1987). Cortical epithelial cell
necrosis and subsequent tubular regeneration re-
sult from hyaline droplet accumulation (Swen-
bergetal.,1989).

In addition, homogeneous eosinophilic protein
casts were observed in renal tubules in all
groups of exposed male rats and in females in
the two highest dose groups. This lesion was not
considered to be part of the hyaline droplet

nephropathy complex but rather to be a mani-
festation of the spontaneous nephropathy com-
monly seen in laboratory rats (Peter et al.,
1986), which was exacerbated by 1,2,4,5-tetra-
chlorobenzene exposure.

Female rats in the 2,000-ppm group had minimal-
to-mild aggregates of intracytoplasmic yellow-
brown pigment in the renal cortical epithelial
cells. This pigment was not positively identified
but could have been composed of porphyrin com-
pounds. Although other chlorinated benzenes
such as hexachlorobenzene cause marked por-
phyria in several species (Elder, 1978), 1,2,4,5-
tetrachlorobenzene appears to be at best weakly
porphyrinogenic in the rat (Billi et al., 1986).

Urinary glucose concentrations were increased
in male and female rats in the higher dose
groups and may have been related to renal tubu-
lar epithelial damage. Increases in urinary glu-
cose have been reported previously in male F344
rats with hyaline droplet nephropathy (Phillips
and Cockrell, 1984).

In the 13-week studies, mild-to-minimal hepato-
cellular centrilobular hypertrophy and individ-
ual hepatocyte degeneration and necrosis were
noted in the livers of exposed male and female
mice in the two highest dose groups. Similar
histologic lesions, as well as hepatocellular de-
generation and necrosis, were noted in male and
female B6C3Fi mice given 1,4-dichlorobenzene
by gavage for 13 weeks or 2 years (NTP, 1987).
Significant increases in serum sorbitol dehydro-
genase activity in males and females receiving
1,000 or 2,000 ppm 1,2,4,5-tetrachlorobenzene
and of alanine aminotransferase activity in
males and females receiving 2,000 ppm are in-
dicative of mild hepatocellular damage (Duncan
and Prasse, 1977).

Compound-related increased incidences of hep-
atocellular hypertrophy were observed in the
liver of male and female rats in the 1,000- and
2,000-ppm groups. Hepatocellular hypertrophy
was observed previously in male and female rats
exposed to 1,2,4,5-tetrachlorobenzene in feed for
28 days or 13 weeks (Chu et al., 1983, 1984c).
Hepatocellular hypertrophy in rats also occurred
after administration of compounds such as chlo-
rinated benzenes and halogenated biphenyls
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which induce hepatic microsomal enzymes; ul-
trastructurally, the light microscopic changes
correlate with increased amounts of smooth
endoplasmic reticulum (Kuiper-Goodman and
Grant, 1986; Strik et al., 1986). Chlorinated
benzenes such as 1,4-dichlorobenzene are also
known to cause hepatocellular degeneration and
necrosis in male and female F344/N rats (NTP,
1987). In the current studies, hepatocellular
changes may have been morphologic manifes-
tations of metabolic enzyme induction.

Exposure-related histologic changes were pres-
ent in the thyroid gland of male and female rats
in the 13-week studies. Minimal follicular cell
hypertrophy and decreased intraluminal colloid
density occurred in rats given 1,2,4,5-tetrachlo-
robenzene. Similar lesions were noted previous-
ly in rats administered 1,2,4,5-tetrachloroben-
zene orally for 23 days (Chu et al., 1983, 1984b).
Free thyroxin and total thyroxin concentrations
were significantly decreased in females in all
exposed groups and in males in the 300- to 2,000-
ppm groups (Table A3). These data are strong-
ly suggestive of a moderate primary hypo-
thyroxemia.

Induction of thyroid proliferateve lesions (hyper-
plasia, hypertrophy, or adenoma) in animals and
humans is a well-documented effect of many
polyhalogenated aromatic hydrocarbons such as
hexachlorobenzene (Cabral et al., 1977; Peters et
al., 1982), pentachlorobenzene (NTP, 1990a),
1,4-dichlorobenzene (NTP, 1987), 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (NTP, 1982), and poly-
chlorinated biphenyls (Capen and Martin, 1989).

Decreased serum thyroxin levels were reported
in rats exposed to polychlorinated biphenyls
(Bastomsky et al., 1976; Collins and Capen,
1980). Conjugation to glucuronic acid and bili-
ary excretion of thyroxin was also accelerated,
presumably due to compound-related induction
of hepatic thyroxine-UDP-glucuronyltransfer-
ase (Bastomsky and Murthy, 1976; McClain,
1989). Collins et al. (1977) proposed that lower
thyroxin levels after polychlorinated biphenyl
administration are due to the combined effects of
direct toxicity on thyroid follicular cells and po-
tentiation of peripheral metabolism. Whether
similar factors played a causative role in the
thyroid hormone abnormalities noted in these
studies was not determined.

Hematocrit values, hemoglobin concentration,
erythrocyte count, and/or mean cell volume were
significantly lower in male and/or female rats in
the two highest dose groups.

Significantly decreased values for hemoglobin
concentration, mean corpuscular hemoglobin,
hematocrit, and mean cell volume were observed
in male and/or female mice in the 1,000- and
2,000-ppm groups (Table A6). These changes in-
dicate a moderate, poorly regenerative, micro-
cytic anemia that is clearly present in rats of
each sex and in female mice and is marginal in
male mice. The increased serum albumin con-
centration observed in several exposure groups
of rats and mice indicated possible dehydration,
so the anemia may have been even more severe
than indicated by the absolute hematologic val-
ues. Similar changes in hematologic values oc-
curred in male F344/N rats given 1,4-dichloro-
benzene by gavage for 13 weeks (NTP, 1987).

The exact cause of the anemia was not deter-
mined. However, a mild compound-related dis-
turbance of porphyrin metabolism may have
been involved in the pathogenesis of the anemia,
since porphyrins are precursors in heme biosyn-
thesis (Bonkowsky, 1982). Interference in heme
biosynthesis has been implicated as an impor-
tant pathogenic mechanism in hexachloroben-
zene-induced porphyria in humans (De Matteis,
1986). Decreased erythropoietin production by
the damaged kidneys, considered to be an impor-
tant pathogenic factor in the anemia of renal
failure (Anagnostou et al., 1981), also could have
contributed to the hematologic derangements
observed in these studies.

The pathogenesis and relationship to exposure of
the myocardial mineralization observed in a few
male mice that received 300 or 2,000 ppm
1,2,4,5-tetrachlorobenzene are not clear. Multi-
focal mineralization of myocardium and skeletal
muscle occurred in B6C3Fi mice of each sex
given 1,2-dichlorobenzene (NTP, 1985).

The NOEL for histologic lesions in the 13-week
studies was 30 ppm for male and female rats.
The NOEL for histologic lesions in male and
female mice was 300 ppm.
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TABLE Al. ORGAN WEIGHTS OF RATS IN THE THIRTEEN-WEEK FEED STUDIES OF
1,2,4,5-TETRACHLOROBENZENE (a)

Organ

MALE

Body weight
(grams)

Brain
Absolute
Relative

Heart
Absolute
Relative

Right kidney
Absolute
Relative

Liver
Absolute
Relative

Lung
Absolute
Relative

Right testis
Absolute
Relative

Control

347 ± 8.3

1,995 ± 26
5.8 ± 0.13

1,168 ± 24
3.4 ± 0.05

1,312 ± 39
3.8 ± 0.07

12,660 ± 380
36.4 ± 0.52

1,858 ± 101
5.3 ± 0.22

1,535 ± 32
4.4 ± 0.10

30 ppm

340 ± 4.2

1,983 ± 19
5.8 ± 0.07

•1,084 ± 25
3.2 ± 0.06

1,268 ± 18
3.7 ± 0.04

12,670 ± 180
37.2 ± 0.27

1,798 ± 58
5.3 ± 0.18

1,480 ± 36
4.4 ± 0.09

100 ppm

*296 ± 16.2

1,978 ± 15
6.9 ± 0.41

••1,001 ± 39
3.4 ± 0.08

1,263 ± 27
••4.3 ± 0.15

10,590 ± 1,060
35.0 ± 1.75

1,699 ± 65
5.8 ± 0.25

1,493 ± 21
•5.1 ± 0.22

300 ppm

333 ± 5.8

•1,913 ± 28
5.8 ± 0.12

••1,072 ± 30
3.2 ± 0.07

••1,608 ± 39
••4.8 ± 0.07

•14,270 ±370 '
••42.9 ± 0.68

1,886 ± 111
5.7 ± 0.36

1,524 ± 24
4.6 ± 0.09

1,000 ppm

••299 ± 6.5

••1,871 ± 31
•6.3 ± 0.12

•1,060 ± 35
3.5 ± 0.06

••1,970 ± 68
••6.6 ± 0.15

"17,230 ± 530
••57.6 ± 1.20

1,613 ± 72
5.4 ± 0.32

1,543 ± 23
••5.2 ± 0.11

2,000 ppm

••283 ± 4.9

••1,883 ± 27
••6.7 ± 0.13

••1,043 ± 20
•*3.7 ± 0.04

••1,849 ± 74
••6.5 ± 0.16

•'19,170 ± 520
••67.6 ± 1.17

•1,547 ± 70
5.5 ± 0.26

1,472 ± 15
••5.2 ± 0.10

Seminal vesicles
Absolute
Relative

Thymus
Absolute
Relative

FEMALE

Body weight
(grams)

Brain
Absolute
Relative

Heart
Absolute
Relative

Right kidney
Absolute
Relative

Liver
Absolute
Relative

Lung
Absolute
Relative

Thymus
Absolute
Relative

583 ± 72
1.7 ± 0.21

353 ± 22
1.01 ± 0.047

201 ± 2.9

1,835 ± 20
9.2 ± 0.16

739 ± 18
3.7 ± 0.08

776 ± 18
3.9 ± 0.07

6,445 ± 137
32.1 ± 0.43

1,279 ± 54
6.4 ± 0.29

294 ± 16
1.5 ± 0.08

612 ± 61
1.8 ± 0.17

341 ± 16
1.00 ± 0.036

191 ± 4.4

1,798 ± 23
9.4 ± 0.17

696 ± 16
3.6 ± 0.08

734 ± 20
3.8 ± 0.06

6,610 ± 239
•34.5 ± 0.84

1,467 ± 86
7.7 ± 0.38

276 ± 12
1.4 ± 0.06

408 ± 33
1.4 ± 0.08

•248 ± 30
0.82 ± 0.063

207 ± 2.9

1,819 ± 34
8.8 ± 0.21

736 ± 18
3.6 ± 0.13

821 ± 16
4.0 ± 0.08

••7,304 ± 151
••35.3 ± 0.63

1,287 ± 46
6.2 ± 0.18

301 ± 15
1.5 ± 0.08

564 ± 57
1.7 ± 0.17

••261 ± 8
•0.79 ± 0.028

199 ± 3.3

1,815 ± 28
9.1 ± 0.13

742 ± 30
3.7 ± 0.13

•844 ± 15
••4.2 ± 0.06

••7,515 ± 164
**37.7 ± 0.50

1,421 ± 77
7.1 ± 0.34

309 ± 14
1.6 ± 0.06

563 ±60
1.9 ± 0.18

288 ± 23
0.96 ± 0.068

•188 ± 3.0

1,806 ± 24
9.6 ± 0.18

717 ± 12
3.8 ± 0.07

•838 ± 24
••4.5 ± 0.08

••9,512 ± 215
••50.6 ± 0.83

1,329 ± 61
7.0 ± 0.25

291 ± 14
1.6 ± 0.08

507 ± 42
1.8 ± 0.14

324 ± 15
1.15 ± 0.058

••173 ± 2.7

••1,735 ± 26
••10.0 ± 0.12

714 ± 20
••4.1 ± 0.08

•871 ± 25
••5.0 ± 0.12

••1 1,908 ± 312
••68.9 ± 1.55

••1,011 ± 36
5.9 ± 0.22

251 ± 17
1.5 ± 0.09

(a) Data for animals not bled sequentially during the studies; mean ± standard error (absolute in milligrams, relative in
milligrams per gram unless otherwise specified) for groups of 10 animals; P values vs. the controls by Dunn's test (Dunn, 1964)
or Shirley's test (Shirley, 1977).
•P<0.05
**P<0.01
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TABLE A2. HEMATOLOGIC DATA FOR RATS IN THE THIRTEEN-WEEK FEED STUDIES OF
U,4,5-TETRACHLOROBENZENE (a)

Analysis

MALE

Number examined (b)

Leukocytes (lO3/!!!)
Lymphocytes (KWul)
Segmented neutrophils

UOS/ul)
MonocytesdO3/!!!)
Eosinophils (IQS/iil)
Hematocrit (percent)
Hemoglobin (g/dl)
Mean corpuscular

hemoglobin (pg)
Mean corpuscular hemo
concentration (g/dl)

Mean cell volume (u3)
Platelets (103/ul) (c
Erythrocytes (10«/ul)
Reticulocytes(10«/ul)

FEMALE

Number examined (b)

Leukocytes (lO3/!!!)
Lymphocytes ( IQS/ul)
Segmented neutrophils

UOO/iil)
MonocytesdO3/!!!)
Eosinophils ( lO3/^)
Hematocrit (percent)
Hemoglobin (g/dl)
Mean corpuscular

hemoglobin (pg)

Control

7

6.8 ± 0.25
5.4 ± 0.26

1.4 ± 0.10
0.07 ± 0.042
0.07 ± 0.029
45.2 ± 0.62
16.8 ± 0.18

35.8 ± 0.43
globin
37.2 ± 0.32
48.3 ± 0.42

:) 623 ±9.6
9.4 ± 0.19

0.19 ± 0.024

5

6.2 ± 0.51
5.0 ± 0.37

1.1 ± 0.19
0.06 ± 0.024
0.04 ± 0.024
43.8 ±1.50
17.3 ± 0.26

41.5 ± 1.19

30

7.8
6.2

1.5
0.08
0.14
45.7
17.2

36.8

37.8
48.9

(c)648
9.4

0.18

5.7
4.5

1.1
0.08
0.04
45.0
16.8

39.3

ppm

8

±0.33
±0.30

±0.28
± 0.049
± 0.026
±0.45
±0.18

±0.42

±0.45
±0.35
± 16.9
±0.08
± 0.011

9

±0.24
±0.19

±0.10
± 0.036
± 0.024
±0.40
±0.17

±0.30

100

7.0
5.7

1.3
0.04
0.06
43.8
16.5

37.1

37.5
49.2

(c)655
*8.9
0.20

6.2
4.9

(e)0.8
0.08
0.05
44.4
16.9

40.0

ppm

5

±0.20
±0.13

±0.10
± 0.024
± 0.024
±0.26
±0.06

±0.27

±0.14
±0.37
± 12.5
±0.07
± 0.014

6

±0.44
±0.19

±0.13
±0.048
± 0.022
±0.33
±0.11

±0.21

300

6.1
4.8

1.2
0.05
0.08
44.1
16.6

36.3

37.6
48.2

(c)634
9.2

0.18

5.1
4.3

0.8
0.05
0.05
45.4
17.1

39.4

i ppm

6

±0.24
±0.27

±0.16
± 0.022
± 0.017
±0.79
±0.24

±0.47

±0.53
±0.48
± 13.3 *
±0.17
± 0.011

8

±0.31
±0.23

±0.09
± 0.027
± 0.019
±0.76
±0.14

±0.46

1,000 |

8

7.0 ±
5.5 ±

1.4 ±
0.05 ±
0.08 ±

**40.6 ±
••15.1 ±

35.8 ±

37.2 ±
48.1 ±

*(c)739±
**8.5 ±

(d)0.15±

7

5.7 ±
4.7 ±

0.9 ±
0.04 ±
0.04 ±
46.3 ±
17.3 ±

*»37.8 ±

ppm

0.20
0.12

0.10
0.038
0.025
0.47
0.22

0.24

0.28
0.44
14.5 *
0.14
0.006

0.53
0.40

0.22
0.020
0.030
0.95
0.44

0.23

2,00

7.3
6.1

1.1
0.06
0.08

**39.4
**14.8

35.3

37.6
47.0

*(c)774
•*8.4
0.15

5.8
5.0

0.8
0.00
0.06
43.7
16.4

••36.7

0 ppm

8

±0.30
±0.30

±0.11
± 0.026
± 0.025
±0.58
±0.22

±0.30

±0.30
±0.38
± 6.6
±0.10
±0.005

7

±0.46
±0.49

±0.11
± 0.000
±0.043
±0.43
±0.17

±0.36
Mean corpuscular hemoglobin
concentration (g/dl)

Mean cell volume (u3)
39.6 ± 1.06
52.4 ± 0.24

Platelets (lOS/ul) (c)656 ± 16.1
Erythrocytes ( 10«/ul)
Reticulocytes(10%l)

8.4 ± 0.29
0.17 ± 0.008

•37.4
52.4

(c)654
8.7

0.16

±0.19
±0.29
±12.7
±0.13
± 0.007

38.2
52.2

(0646
8.5

(e)0.15

±0.20
±0.31
±7.9
±0.05
± 0.005

37.7
52.1

(c)617
8.7

0.17

±0.39
±0.23
±10.5
±0.15
± 0.010

•37.3 ±
**50.6 ±
(c)688±

9.1 ±
0.15 ±

0.33
0.30
54.6
0.20
0.006

*37.6
*»49.0
(0656

9.0
•0.14

±0.20
±0.44
± 12.8
±0.14
± 0.006

(a) Mean ± standard error; P values vs. the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977); results for
animals bled on d 88 or 89. These animals had also been bled sequentially during the studies.
(b) Unless otherwise specified
(c) Ten animals were examined.
(d) Seven animals were examined.
(e) Five animals were examined.
*P<0.05
**P<0.01

1,2,4,5-Tetrachlorobenzene, NTP TOX 7 38



TABLE A3. SERUM CHEMISTRY AND URINALYSIS DATA FOR RATS IN THE THIRTEEN-WEEK FEED
STUDIES OF 1,2,4,5-TETRACHLOROBENZENE (a)

Analysis/
Day of Study Control

MALE

Albumin (g/dl)
314 44 ± 005

17/18 44 ± 005
45/46 43 ± 005
88/89 43 ± 004

Alamne ammotranif erase (IU/lit«r)
3/4 326 ± 072

17/18 319 ± 075
45/48 510 ± 261
88/89 495 ± 462

Cnatuu ptuxpholunaM (lU/hter)
3/4 329 ± 585

17/18 (c) 177 ± 14 7
45/46 153 ± 207
88/89 175 ± 2 5 6

Cnatuuiu (mg/dl)
3/4 059 ± 0013

17/18 063 ± 0032
45/46 063 ± 0061
88/89 063 ± 0007

(amma-GHntamyl trani&rau (lU/hter)
3/4 38 ± 087

45/46 020 ± 0200
Sortntol dabjdroginaM OU/litar)

3/4 43 ± 075
I7a8 78 ± 068
45/46 97 ± 136
88189 100 ± 128

Tniodothyromne (ng/dl)
17/18 964 ± 4 0 4
45/46 956 ± 628
88/89 674 ± 5 0 9

Fra* thyronn (ng/dl)
3/4 21 ± Oil

45/46 20 ± 019
88/89 17 ± 013

ToUl thyrman (nucrogremi/dl)
17/18 51 ± 042
45/46 51 ± 029
88/89 42 ± 016

Urinary porphynn (nmol/16 h)
86«7 (d)144 ± 0153

Uniw cpaofic gravity
15/16 («)102S ± 0004
43/44 1029 ± 0003
86/87 (O1037 ± 0004

Urinary alkaline phosphataM (IU/lit*r)
15/16 (e)176 ±348
43/44 177 ± 13 1
86/87 (c)169 ± 1 2 2

Unnary aipartata aminotransfnaM (TU/liter)
15/16 (069 ± 157
43/44 146 ± 171
86/87 (c)170 ± 145

Unnary glncoM (mg/dl)
15/16 (e)136 ± 302
43/44 14 0 ± 2 10
86/87 (O187 ± 254

Unnary protein (mg/dl)
15/16 (e)137 ± 2 6 3
43/44 160 ± 31 7
86/87 (c)107 ±63

Urine volume (ml/16 h)
15/16 (b)59 ± 091
43/44 77 ± 107
86/87 (062 ± 130

30 ppm

45 ± 007
44 ± 006
44 ± 009
44 ± 003

•378 ±167
296 t 165
497 ± 245
46.8 ± 253

272 ± 203
198 ± 230
125 ±184
293 ± 427

058 ± 0019
060 ± 0055
064 ± 0019
066 ± 0011

48 ± 057
020 ± 0200

53 ± 101
85 ± 113
79 ± 121
85 ± 050

91 2 ± 6 05
81 0 ± 4 62
700 ± 862

20 ± 016
18 ± 015
15 ± Oil

51 ± 049
46 ± 033
41 ± 039

<O 166 ± 0136

(01025 ± 0005
1024 ± 0002

(c)1030 ± 0003

(0244 ± 549
160 ± 130

(0168 ±162

•(0 14 4 ± 2 58
•216 ±173

*<c)240 ± 2 7 8

(014.3 ±391
105 ± 216

(0158 ± 2 8 7

(0 131 ± 33 7
151 ±343

(c)128 ±267

(f)76 ± 136
104 ± 150

(c)69 ± 1.22

100 ppm

45 ± 006
44 ± 003

••46 ± 005
•45 ± 004

35 0 ± 1 84
287 ± 063

••42 4 ± 1 23
43.8 ± 246

258 ± 30.2
178 ± 299
111 ± 7 3
199 ± 274

061 ± 0019
069 ± 0039
067 ± 0017

••0 69 ± 0 010

28 ± 088
080 ± 0327

38 ± 100
61 ± 035

103 ± 1.65
85 ± 048

959 ± 460
88 0 ± 4 74
678 ± 1061

19 ± 009
22 ± 020
1 5 ± 0 14

49 ± 038
51 ± 025
4 1 ± 0 37

(c) 1 36 ± 0 061

(d)1015 ±0001
1 022 ± 0 001
1028 ± 0006

(d)352 ± 1756
156 ± 128
194 ± 339

•*<d>379 ±568
••35 6 ± 3 11
••35 5 ± 7 14

(d)S3 ± 137
176 ± 127
24 3 ± 5 10

(d)100 ±159
121 ± 226
139 ±324

(d) 10 5 ± 1 35
106 ± 063
90 ± 161

300 ppm

45 ± 006
(b)44 ± 003
••47 ± 0 0 7
••45 ± 0 0 7

(c)351 ± 150
(b)296 ± 178
••37 5 ± 1 26

386 ± 163

295 ± 363
(b) 151 ±213

120 ± 283
278 ± 714

059 ± 0016
(b)066 ± 0021

062 ± 0047
••071 ± 0016

49 ± 023
0 10 ± 0 100

39 ± 092
(b)99 ± 073

71 ± 062
8.3 ± 058

849 ± 781
827 ± 244
731 ± 802

••(c)13 ±015
••13 ±013
••1 0 ± 0 12

••30 ± 0 16
••3 4 ± 0 19

33 ± 032

170 ± 0078

(g)1022 ± 0001
1025 ± 0002
1 029 ± 0 001

(g)203 ±10
156 ± 152
159 ± 94

"(g> 66 0 ± 1 00
••724 ±761
"50 9 ± 3 81

(g)8.7 ± 7 3 0
••286 ±246
••415 ± 3 4 4

(g)118 ± 2 2 0
197 ±267
118 ± 37

(g)64 ± 170
80 ± 044
69 ± 040

1,000 ppm

45 ± 012
••47 ± 007
••49 ± 007
••49 ± 005

365 ± 169
297 ± 197

"334 ±145
41 8 ± 2.14

(0288 ± 288
188 ± 198
129 ± 235
226 ± 339

062 ± 0020
•072 ± 0019
060 ± 0038

"080 ± 0010

23 ± 078
000 ± 0000

49 ± 1 16
•110 ± 097
101 ± 110
124 ± 152

865 ± 577
993 ± 852
850 ± 703

"04 ± 004
"06 ± 0 0 7
"05 ± 004

"16 ±013
"2 0 ± 0 15
"1 9 ± 0 14

•454 ± 0347

(<)1031 ± 0002
1030 ± 0002

•1023 ± 0002

(4)216 ±317
181 ±169

•114 ±95

"(•U039 ±717
"859 ±805
"419 ± 3 2 7

(•1250 ± 468
"24 5 ± 3 87
"305 ±299

•(h)253 ± 2 6 4
•294 ±384

177 ± 28 1

(<)58 ± 064
(062 ± 044
••103 ± 0 9 0

2,000 ppm

45 ± 007
"50 ± 007
"50 ±017
"50 ± 009

354 ±167
386 ± 208

"478 ±219
48.2 ±101

264 ± 144
226 ± 230
137 ±126

•276 ± 1 2 2

063 ± 0013
071 ± 0021
064 ± 0018

••077 ± 0015

34 ± 078
070 ± 0260

42 ± 068
"138 ±070

121 ± 166
"130 ± 0 4 5

815 ± 588
734 ± 556
803 ± 578

"03 ± 002
"02 ± 002
"02 ± 003

"1 2 ± 0 11
"13 ± 008
"13 ± 0 0 5

•520 ± 0478

(«) 1 036 ± 0 002
•1036 ±0001

(dU030 ± 0002

(»195 ±174
192 ± 24 5

(d) 179 ± 25 9

"(•1823 ± 1387
"824 ± 1091

"(d) 59 8 ± 6 14

•(e)258 ±337
"284 ±201

"<d)383 ± 4 4 6

«(e>274 ± 4 8 6
•314 ±431

•Id) 217 ± 2 9 6

(e)54 ± 056
•49 ± 041

(d) 7 4 ± 1 15
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TABLE A3. SERUM CHEMISTRY AND URINALYSIS DATA FOR RATS IN THE THIRTEEN-WEEK FEED
STUDIES OF 1,2,4,5-TETRACHLOROBENZENE (Continued)

Analysis/
Day of Study Control

FEMALE

Albumin (g/dl)
3/4 4.5 ± 0.08

17/18 4.5 ± 0.07
45/46 4.5 ± 0.06
88/89 4.6 ± 0.07

AlanuM anunotranaferase (lU/hter)
3/4 31.8 ± 1.25

17/18 26.4 ± 0.76
45/46 32.0 ± 1.19
88/89 36.7 ± 3.23

Cnatina phosphokinase (lU/liter)
3/4 301 ± 34.3

17/18 (c)254 ± 49.5
45/46 144 ± 17.3
88189 148 ± 12.8

Cnatinine (mg/dl)
3/4 0.55 ± 0.013

17/18 0.56 ± 0.017
45/46 0.57 ± 0.029
88/89 0.62 ± 0.031

gamma-Ghitamyl transfarau (lU/litar)
3/4 4.5 i 0.75

45/46 0.60 ± 0.306
Sorbitoldahydrogenasa (lU/litar)

3/4 5.5 ± 0.70
17/18 6.9 ± 0.69
45/46 7.9 ± 1.22
88/89 5.9 i 0.48

Truodothyronine (ng/dl)
17/18 95.2 ± 4.06
45/46 (c)98.7 ± 4.87
88/89 76.1 ± 6.56

Free thyrorin (ng/dl)
3/4 2.0 ± 0.10

45/46 1.6 1 0.14
88/89 1.0 ± 0.08

Total thynmn (micrograms/dl)
17/18 4.7 ± 0.32
45/46 4.6 ± 0.24
88/89 2.8 t 0.21

Urinary porphynn (nmol/16 h)
86/87 (d)0.90 ± 0.100

Unna specific gravity
15/16 (a) 1.014 ± 0.001
43/44 1.021 ± 0.002
86/87 1.022 ± 0.002

Unnary alkaline phosphates* OU/liter)
15/16 (h)64.5 ± 12.09
43/44 69.8 ± 9.18
86/87 72.5 ± 10.22

Unnary aapartata ammotransferase (lU/litarl
15/16 (h)5.8 ± 2.20
43/44 4.2 ± 1.79
88/87 3.5 ± 1.27

Unnary glucose (mg/dl)
15/16 (e)2.8 ± 0.65
43/44 5.2 ± 0.97
86/87 7.4 i 1.58

Unnary protain (mg/dl)
15/16 (e)17.0 ± 1.38
43/44 12.1 ± 2.77
86/87 15.3 ± 2.56

Unne volume <ml/16 h)
15/16 (e)8.5 ± 0.79
43/44 7.4 ± 1.28
86/87 5.8 ± 0.76

30 ppm

4.6 ± 0.03
4.5 ± 0.08
4.4 ± 0.05
4.6 ± 0.09

32.9 ± 1.52
26.7 ± 0.92
34.6 ± 1.23
37.7 ± 2.31

354 ± 33.2
225 ± 42.6
122 ± 9.5
194 ± 26.1

0.60 ± 0.016
0.60 t 0.023
0.56 ± 0.021
0.61 ± 0.006

4.3 ± 0.60
0.10 ± 0.100

6.0 ± 0.63
7.3 ± 0.47
8.2 ± 0.47

••8.6 ± 0.50

104.5 ± 6.93
•75.8 ± 3.51
68.7 ± 4.39

•1.7 ± 0.09
••0.9 ± 0.10

1.0 ± 0.11

3.8 ± 0.25
••2.8 ± 0.21

2.6 ± 0.24

1 13 ± 0.149

(d) 1.017 ± 0.001
1.019 ± 0.002

(c) 1.021 ± 0.002

(d)69.1 ± 7.38
76.1 ± 9.97

(O71.S ± 6.66

(d)6.6 ± 1.67
0.9 ± 0.90

(c)6.0 ± 1.68

••(d)7.9 ± 0.76
6.9 ± 1.19

(c)8.3 ± 1.09

(d) 16.4 ± 2.03
13.1 ± 1.12

(0)16.6 ± 3.44

*(d)6.3 t 0.61
9.0 ± 1.35

(c)4.8 ± 0.56

100 ppm

4.6 ± 0.07
(c)4.4 ± 0.07

4.4 ± 0.11
4.6 ± 0.04

31.5 ± 0.72
(026.8 ± 0.88

33.3 ± 1.03
35.6 ± 2.11

373 i 41.3
(c)246 ± 50.4

110 ± 13.1
213 ± 32.9

0.57 ± 0.012
(e)0.60 ± 0.023

0.58 ± 0.018
0.68 ± 0.043

4.0 ± 0.63
0.60 ± 0.427

4.1 ± 0.62
(c)7.1 ± 0.39

9.3 ± 1.01
••7.9 ± 0.67

93.6 ± 5.74
87.5 ± 4.54
68.7 ± 5.39

•1.6 t 0.09
•1.3 ± 0.18
0.8 ± 0.09

3.8 ± 0.31
••3.8 ± 0.32

2.6 t 0.11

(d) 1.50 ± 0.183

(h) 1.013 ± 0.002
1.015 ± 0.002

(c) 1.017 ± 0.002

(h)82.5 ± 27.98
43.9 ± 9.09

(c) 112.0 ± 35.86

(h)6.8 ± 1.64
0.7 ± 0.70

(d)2.8 ± 1.37

(h)5.1 ± 1.86
4.4 ± 0.98

(O7.2 ± 1.06

(h)15.5 ± 1.96
10.5 ± 1.98

(c)12.0 ± 1.71

(08.4 ± 1.78
10.1 ± 1.61

(d)6.9 ± 0.66

300 ppm

4.7 ± 0.06
4.4 t 0.05
4.5 t 0.11
4.7 ± 0.05

32.2 ± 1.67
25.0 ± 0.58
34.0 ± 0.63
35.2 ± 1.97

274 ± 32.9
189 ± 28.0
144 ± 16.6
236 ± 32.8

0.59 t 0.014
0.57 ± 0.021
0.54 ± 0.018
0.61 ± 0.015

3.9 ± 0.86
0.40 t 0.267

5.5 i 0.65
7.2 ± 0.42
8.8 ± 1.07

••8.1 ± 0.71

91.5 ± 6.08
92.9 ± 5.61
66.7 ± 6.29

••1.1 ± 0.08
••1.0 ± 0.07
••0.6 ± 0.10

••2.5 ± 0.22
••3.2 ± 0.17
••1.8 ± 0.19

0.97 ± 0.059

(a) 1.019 ± 0.002
(c) 1.020 ± 0.003
(c) 1.028 ± 0.003

(h) 104.2 ± 32.35
(c)66.4 ± 8.83

(c) 115.8 ± 15.49

(a) 9.6 ± 3.64
(e)1.7 ± 1.67
(c)1.3 ± 0.88

••(a) 9.5 ± 1.31
(08.1 ± 1.21

«(c)11.8 ± 1.40

(a) 21.1 t 3.26
(013.6 ± 3.02
(022.6 ± 2.68

(a) 6.5 ± 0.90
(07.5 ± 1.30
(c)3.9 ± 0.46

1,000 ppm

4.5 ± 0.05
4.6 ± 0.06
4.8 ± 0.09

•4.8 ± 0.17

30.0 ± 1.64
29.9 ± 2.38
34.5 ± 0.98

(029.0 ± 1.20

281 t 35.6
172 ± 22.6
191 ± 52.5
184 1 24.7

0.60 ± 0.017
0.57 ± 0.014
0.54 ± 0.011
0.62 ± 0.026

4.3 ± 0.63
0.30 ± 0.300

4.8 t 1.03
7.9 ± 0.64
7.4 ± 0.67

•7.1 ± 0.61

82.7 ± 7.35
93.3 ± 7.72
78.4 ± 6.79

"0.4 ± 0.03
••0.4 ± 0.04
••0.3 ± 0.03

"1.4 ± 0.08
••1.6 ± 0.06
••1.4 ± 0.06

1.69 ± 0.258

••(a) 1.027 ± 0.002
1.028 ± 0.002

•(01.031 ± 0.004

(e) 101.1 ± 17.14
•110.1 ± 12.64

••(O 128.3 ± 14.46

(a) 4.0 ± 1.53
0.0 ± 0.00

(Ol.l ± 1.11

••(•) 10.6 ± 1.31
"10.0 ± 1.10

•(c)ll.l ± 1.56

(e)23.3 ± 2.81
•18.5 ± 1.85

•IO26.3 ± 3.82

"(e 1 4.3 ± 0 48
4.9 ± 0 7 6

•1O3.7 ± 0.47

2,000 ppm

4.5 ± 0.07
••5.1 ± 0.08
••5.5 ± 0.10
"5.3 ± 0.06

32.5 ± 1.64
•32.7 ± 2.44
34.6 ± 1.84
38.6 ± 1.61

360 ± 45.4
196 ± 33.1
169 ± 29.4
188 ± 33.7

0.58 ± 0.017
0.55 ± 0.016

•0.50 ± 0.029
0.58 ± 0.005

4.3 ± 0.79
1.90 ± 0.482

5.2 ± 0.73
7.7 ± 0.58

10.6 ± 1.98
••8.2 ± 0.36

82.1 ± 7.00
91.5 ± 7.26
82.7 ± 9.20

••0.2 ± 0.02
"(c)0.2 ± 0.03

••0.2 ± 0.03

"1.2 ± 0.08
"1.2 ± 0.06
"1.2 ± 0.08

*(c>2.23 ± 0.718

••(a) 1.035 ± 0.004
"1.035 ± 0.003

••(c) 1.032 ± 0.002

•(a) 121.6 ± 11.33
•104.3 ± 10.28

•<d) 115.1 ± 10.98

(6)6.3 ± 2.46
2.4 ± 1.25

(d)3.0 ± 1.48

"(e)13.1 ± 2.74
•95 ± 1.58

•IO11.4 ± 1.62

«(e)31.3 ± 5.48
••32.6 ± 3.99

••(c) 154.8 ± 60.91

"(e)4.1 ± 0.37
•4.3 ± 0.37

(O4.1 ± 0.27

(a) Data for animals blad Mquantially on d 3 or 4,17 or 18,45 or 46, and 88 or 89; mean ± ttandard error for groups of 10 animals unless otherwise specified; P values vs
the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977). IU = international units.
(b)N = 11
(c) Nine aminnlg ware examined.
(d) Eight «"'"«i» were examined.
(e) Seven «nim«l« were examined.
(f) Five animals ware examined.
(g) Two animals wen examined,
(h) Six a"tw«i« wen examined.
•P<0.05
«P<0.01
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TABLE A4. REPRODUCTIVE: SYSTEM DATA FOR MALE RATS IN THE THIRTEEN-WEEK FEED
STUDIES OF 1,2,4,5-TETRACHLOROBENZENE (a)

Abnormal sperm (percent)
Caudal weight (mg)
Right epididymal weight (mg)
Sperm density (106/g cauda)
Sperm motility (percent) (b)

Control

0.74 ± 0.119
201 ±4
453 ±5
451 ±20
74.8 ± 0.58

30 ppm

0.83 ± 0.133
19714
442 ± 14
455 ±23
72.9 ± 0.71

300 ppm

0.76 ± 0.078
•185 ± 4

••421 ± 5
458 ±19

•72.2 ± 0.93

2,000 ppm

0.94 ± 0.133
**153 ± 5
**380 ± 8

477 ± 11
**70.1 ± 0.46

(a) Mean ± standard error for groups of 10 animals; P values vs. the controls by Dunn's test (Dunn, 1964) or Shirley's test
(Shirley, 1977); these animals were not bled sequentially.
(b)N = 20
*P<0.05
•*P<0.01
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TABLE AS. ORGAN WEIGHTS OF MICE IN THE THIRTEEN-WEEK FEED STUDIES OF
U,4.5-TETRACHLOROBENZENE (a)

Organ

MALE

Number weighed (b)

Body weight (grams)

Brain
Absolute
Relative

Heart
Absolute
Relative

Right kidney
Absolute
Relative

Liver
Absolute
Relative

Lung
Absolute
Relative

Right testis
Absolute
Relative

Seminal vesicle
Absolute
Relative

Thymus
Absolute
Relative

FEMALE

Number weighed (b)

Body weight (grams)

Brain
Absolute
Relative

Heart
Absolute
Relative

Right kidney
Absolute
Relative

Liver
Absolute
Relative

Lung

Control

10

32.6 ± 0.96

465 ±5
14.3 ± 0.36

159 ±5
4.9 ± 0.14

290 ± 12
8.9 ± 0.21

1,373 ± 58
42.1 ± 1.31

181 ±5
5.6 ± 0.22

118 ±2
3.6 ± 0.10

161 ±8
5.0 ± 0.27

45.3 ± 2.41
1.4 ± 0.07

10

25.6 ± 0.53

478 ±8
18.7 ± 0.47

135 ±5
5.3 ± 0.23

190 ±4
7.4 ± 0.16

1,183 ± 38
46.3 ± 1.41

Absolute (c) 194 ±11
Relative

Thymus
Absolute
Relative

(c) 7.6 ±0.45

48±4
1.9 ± 0.15

30 ppm

10

30.8 ± 0.59

459 ±6
15.0 ± 0.30

155 ±4
5.0 ± 0.12

291 ±9
9.4 ± 0.20

1,367 ± 44
44.4 ± 1.03

198 ±8
•6.4 ± 0.23

118 ±2
3.8 ± 0.05

143 ±9
4.7 ± 0.33

39.9 ± 2.21
1.3 ± 0.07

10

26.4 ± 0.55

482 ±3
18.3 ± 0.32

133 ±2
5.0 ± 0.13

199 ±3
7.5 ± 0.12

•1,306 ± 36
49.4 ± 0.81

187 ±5
7.1 ± 0.14

(e)50±3
(e) 1.9 ± 0.10

100 ppm

10

33.1 ± 0.71

456 ±4
13.8 ± 0.27

164 ±5
5.0 ± 0.17

293 ±5
8.9 ± 0.17

•1,546 ± 42
•46.8 ± 1.19

199 ±9
6.0 ± 0.25

127 ±2
3.8 ± 0.04

151 ± 10
4.5 ± 0.22

46.5 ± 2.26
1.4 ± 0.07

10

26.3 ± 0.78

481 ±4
18.4 ± 0.52

144 ±5
5.5 ± 0.14

•206 ±7
7.8 ± 0.17

1,273 ± 52
48.4 ± 1.43

193 ±9
7.3 ± 0.19

52 ±2
2.0 ± 0.08

300 ppm

10

31.2 ± 0.66

465 ±7
15.0 ± 0.47

152 ±3
4.9 ± 0.04

293 ±7
9.4 ± 0.20

1,458 ± 60
•46.6 ± 1.04

(c) 186 ± 6
(c) 5.9 ±0.20

116 ±3
3.7 ± 0.07

153 ± 10
4.9 ± 0.24

45.1 ± 2.48
1.5 ± 0.08

10

26.7 ± 0.67

472 ±5
17.8 ± 0.36

135 ±5
5.0 ± 0.11

196 ±7
7.4 ± 0.21

1,312 ± 63
49.1 ± 1.58

186 ±5
7.0 ± 0.20

54 ±3
2.0 ± 0.14

1,000 ppm

10

31.9 ± 0.76

459 ±9
14.5 ± 0.44

158 ±5
5.0 ± 0.15

308 ± 12
9.7 ± 0.41

••2,022 ± 67
••63.3 ± 1.35

(c)206± 12
(c)6.4 ± 0.27

119 ±4
3.7 ± 0.13

154 ±6
4.8 ± 0.18

44.4 ± 2.48
1.4 ± 0.08

10

•27.7 ± 0.69

470 ±6
••17.1 ± 0.35

142 + 5
5.1 ± 0.15

•208 ± 5
7.5 ± 0.13

••2,086 ± 73
••75.4 ± 1.64

207 ± 10
7.5 ± 0.29

(e)54± 3
(e) 2.0 ±0.06

(a) Mean ± standard error (absolute in milligrams, relative in milligrams per gram unless otherwise speci

2,000 ppm

10

31.3 ± 0.74

455 ±5
14.6 ± 0.28

149 ±5
4.7 ± 0.10

300 ± 14
9.5 ± 0.27

••3,700 ± 80
••118.4+ 2.86

173 ± 5
5.5 ± 0.10

121 ±2
3.9 ± 0.06

120 ± 11
•3.8 ± 0.37

47.2 ± 3.35
1.5 ± 0.12

8

26.5 ± 0.29

••432 ± 7
••16.3 ± 0.29

126 ±3
•4.7 ± 0.10

•214 + 9
8.1 ± 0.31

••4,171 ± 234
••156.9 + 7.56

(d) 156 ± 10
**(d)5.9 ± 0.39

43 + 3
1.6 ± 0.13

ified); P values vs. thi
controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977).
(b) Unless otherwise specified
(c) The lungs of nine animals were weighed.
(d) The lungs of seven animals were weighed.
(e) Nine thymuses were weighed.
*P<0.05
**P<0.01
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TABLE A6. HEMATOLOGIC, SERUM CHEMISTRY, AND REPRODUCTIVE SYSTEM DATA FOR MICE IN
THE THIRTEEN-WEEK FEED STUDIES OF 1,2,4,5-TETRACHLOROBENZENE (a)

(a) Mean ± standard «rror, P values vs. to* controls by Dunn's tost (Done, 1964) or Shirley's test (Shirley, 1977) IU = international units.
(b) Unless otherwise specified
(C!N = 18 or 20
(d) Nine animals were examined.
(e) Five animals were examined.
(f) Six animals were examined.
(g) Seven animals were examined.
(h) Four animals were examined.
(i) Two animals were examined.
(J) Mean ± standard error in days for those animals in which the length of the estrous cycle could be clearly determined; groups of 10 animals were examined unless
otherwise specified; P values vs. the controls by Dunnett's test (Dunnett, 1980).
<k> Estrous cycle longer than 7 days or unclear in 1/10 animals
(1) Estrous cycle longer than 7 days or unclear in 3/9 animals; 9 animals were examined.
*P<0.05
••P<0.01

43 1,2,4,5-Tetrachlorobenzene, NTP TOX 7

Analysis

MALE

Number weighed or examined (b)

Leukocytes (lO^/microliter)
Lymphocytes UO^micnliter)
Segmented neutrophils

(lO^/micnkUr)
Monocytes (Kr^/nucroliter)
Hematocnt (percent)
Hemoglobin (g/dl) (c)
Mean corpuscular

hemoglobin (pg)
Mean corpuscular hemoglobin

concentration (g/dl)
Mean cell volume (microns3)
Platelets (lO^microhter) (d)
Erythrocytos (106/micn>liter)
Keticulocytes

(106/nucroliter) (e)
Albumin <g*U>
Alamne aminotransforase

OUfliter) (d)
Sorbitol dehydrogenase

(lUfliter)
Abnormal sperm (percent)
Sperm density (millions)
Sperm motihty (percent)
Caudal weight (mg)
Right epididymal weight (mg)

FEMALE

Number examined (b)

Leukocytes (10^'microliter)
Lymphocytes (loSftnicrohter)
Segmented neutrophils

(103/microhter)
Monocytes (lO^/nucroliter)
Hematoent (percent)
Hemoglobin (g'dl)
Mean corpuscular

hemoglobin (pg)
Mean corpuscular hemoglobin

concentration (g/dl)
Mean cell volume (microns3)
Platelets (lofymicrohter)
Erythrocytes U06/microhter>
Baticulocytes

(106/microlit«r) (f)
Albumin (g/dl)
Ai&niiifl * im not1^ nBfn rmo

(IU/liter)
Sorbitol dehydrogenase

(lUfliter) (d)
Estrous cycle length (days) d)

Number clearly determined

Control

10

7.7 ± 0.79
5.8 ± 0.63

1.8 i 0.22
0.02 ± 0.013
45.0 ± 0.66
16.8 ± 0.17

35.4 ± 0.41

37.8 ± 0.42
46.9 ± 0.10
812 ± 23
9.6 ± 0.15

0.15 ± 0.016
3.2 ± 0.03

33.0 ± 3.04

19.1 ± 1.51
1.8 i 0.19

967 ± 73
74.6 ± 1.88

20 ± 1
46 ± 1

10

S.8 ± 0.53
4.7 ± 0.38

1.0 ± 0.18
0.01 i 0.010
44.0 ± 0.75
16.6 ± 0.25

35.2 i 0.25

37.8 ± 0.22
46.6 ± 0.16
779 ± 19
9.4 ± 0.18

0.15 ± 0.006
3.1 ± 0.08

31.2 i 5.02

15.7 ± 0.50
4.00 ± 0.00

(k)9

30 ppm

10

7.1 ± 0.76
5.5 ± 0.62

1.5 ± 0.17
0.04 ± 0.022
45.3 ± 0.82
16.9 ± 0.10

35.0 ± 0.25

37.6 ± 0.55
46.5 ± 0.64
775 ± 23
9.7 ± 0.12

(.10.17 ± 0.008 1
3.2 ± 0.07

(d)38.8 ± 3.59

21.0 ± 1.72 •(
1.7 ± 0.28

768 ± 60
68.9 ± 2.85

18 ± 1
45 ± 1

10

6.1 ± 0.71
4.7 ± 0.54

1.4 ± 0.19
0.03 ± 0.015
44.5 ± 0.39
16.8 ± 0.13

35.2 ± 0.21

37.5 ± 0.20
46.9 ± 0.28
783 ± 19
9.5 ± 0.09

(1)0.17 ± 0.021 (
3.3 ± 0.04

24.2 ± 1.86 (

••20.0 ± 1.58 (
3.89 ± 0.11

(109

100 ppm

10

7.1 ± 0.66
5.2 ± 0.48

1.8 ± 0.19
0.08 ± 0.029
46.0 ± 0.61
16.9 ± 0.17

35.0 ± 0.24

37.5 ± 0.29
46.5 ± 0.17
811 ± 18
9.8 ± 0.12

:f)0.16 ± 0.010 (t
3.2 ± 0.05

54.1 ± 12.59 (d

d)25.1 ± 2.34

-

_

10

6.4 ± 0.65
5.2 ± 0.54

1.2 ± 0.18
0.02 ± 0.013 '
44.3 ± 0.87
16.6 ± 0.27

34.8 ± 0.26

37.6 ± 0.30
46.3 ± 0.42
771 ± 11
9.6 ± 0.18

h)0.15 ± 0.011 d
3.3 ± 0.07

d)27.0 ± 3.10

d)16.9 t 0.92 (c

300 ppm

10

8.0 ± 0.89
6.2 ± 0.75

1.8 ± 0.21
0.04 ± 0.027
44.8 ± 0.77
16.8 ± 0.13

35.6 ± 0.26

38.0 ± 0.28
46.9 ± 0.18
839 t 17
9.6 ± 0.14

i)0.16 ± 0.014
3.2 ± 0.05

127.4 ± 2.04

20.6 ± 1.00
1.9 ± 0.16

906 ± 37
74.0 ± 2.40

19 ± 1
44 ± 1

10

7.2 ± 0.72
5.5 ± 0.57

1.5 ± 0.22
••0.09 ± 0.023

44.4 ± 0.53
16.6 ± 0.13

35.1 ± 0.35

37.5 ± 0.29
46.9 t 0.18
781 ± 24
9.5 ± 0.12

00.16 ± 0.012
3.1 ± 0.05

33.0 ± 5.39

1) 19.6 ± 2.02
422 ± 0.15

(k)9

1,000 ppm

10

7.8 ± 0.43
5.7 ± 0.37

2.1 ± 0.17
0.07 ± 0.021
45.2 ± 0.42
16.8 ± 0.13

34.9 ± 0.23

37.7 ± 0.26
46.3 ± 0.33

"960 ± 23
9.8 ± 0.12

(g)0.16 ± OOO9
3.2 ± 0.07

(d)46.1 ± 6.80

••32.3 ± 3.55

-

_

10

6.8 ± 0.57
5.4 ± 0.42

1.3 ± 0.20
•0.05 ± 0.017
42.7 ± 0.51
16.5 ± 0.17

35.0 ± 0.33

•387 ± 0.35
••45.4 ± 0.22
••895 ± 25

94 ± 0.12

lg) 0.15 t 0.005
32 t 0.05

31 4 t 3.85

••(d)304 ± 1.12

2,000 ppm

10

8.0 ± 0.58
6.2 ± 0.46

1.8 ± 0.17
0.04 ± 0.022
43.0 ± 0.64

•»(d) 15.8 ± 0.24

••33.3 ± 0.35

41.9 ± 3.72
••43.6 ± 0.31

••1,161 ± 40
9.9 ± 0.16

(hi 0.15 ± 0.016
••3.6 t 0.09

••(d)71.7 ± 9.56

••83.3 ± 11.83
1.3 ± 0,14

836 ± 73
70.0 ± 2.44

18 ± 1
44 ± 2

8

5.9 ± 0.32
4.7 ± 0.29

1.1 ± 0.15
O.05 ± 0.027

••38.1 t l.ll
••15.0 ± 0.37

••31.8 ± 0.17

••39.5 ± 0.25
••40.4 ± 0.26

••1,282 ± 103
9.5 ± 0.25

(hi 0.16 ± 0.019
"4.0 ± 0.10

••91.6 ± 19.04

"88.3 ± 7.86
"5.00 ± 0.26

(1)6
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