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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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PENTACHLOROBENZENE 

CAS No. 608-93-5 

C6HC15 Molecular weight 250.3 

Synonyms: 1,2,3,4,5-Pentachlorobenzene; quintochlorobenzene 

ABSTRACT 

Toxicology studies were conducted by exposing groups of F344/N rats and B6C3Fi mice of each sex to 
pentachlorobenzene (99% pure) in feed for 15 days or 13 weeks. 

Exposure concentrations were 0,100, 330,1,000, 3,300, or 10,000 ppm pentachlorobenzene in the 15­
day studies (five animals of each sex per group per species). All rats that received 10,000 ppm and all 
mice that received 3,300 or 10,000 ppm died. Of the exposed rats that survived to the end of the stud­
ies, males had an accumulation of abnormal hyaline droplets in the renal cortical epithelium and 
males and females had centrilobular hepatocellular hypertrophy. Chemical-related lesions were not 
observed in exposed mice. 

Exposure concentrations were 0, 33,100, 330,1,000, or 2,000 ppm pentachlorobenzene in the 13-week 
studies (10 animals of each sex per group per species). No compound-related deaths occurred. Body 
weights of exposed rats but not of mice were lower than those of controls. In male rats, dose-related 
histologic lesions included renal tubular epithelial hyaline droplet formation and medullary granular 
casts and mineralization. This spectrum of renal .lesions in male, rats is consistent with the «ntity de-< 
scribed as "hydrocarbon or hyaline droplet nephropathy." Exacerbation of spontaneous nephropathy 
characterized by renal tubular cell regeneration and homogeneous intratubular protein casts was 
seen in rats of each sex. Urinary protein concentration was increased in male and female rats in the 
1,000- and 2,000-ppm groups; this change was especially prominent in males. Urinary glucose con­
centration was increased in male rats in the 330- to 2,000-ppm groups and in female rats in the 1,000­
and 2,000-ppm groups. Centrilobular hepatocellular hypertrophy was observed in exposed male and 
female rats. Unidentified yellow-brown pigment granules were present in hepatocytes and renal tu­
bular epithelium in exposed animals of each sex but were more prominent in females. These granules 
possibly contained porphyrins. The only exposure-related histologic lesion in mice of either sex was 
centrilobular hepatocellular hypertrophy. Significant, but not dose-related, increases of liver por­
phyrin concentrations were observed in exposed male rats; female rats in the 2,000-ppm group also 
had increased liver porphyrin concentrations. Liver porphyrin concentrations were significantly in­
creased in the 1,000- and 2,000-ppm groups of mice of each sex. Increased sorbitol dehydrogenase con­
centrations in exposed rats and mice of each sex were attributed to mild hepatocyte injury. 

Minimal thyroid follicular cell hypertrophy was also present in male and female rats in the 1,000­
and 2,000-ppm groups. Free thyroxin and total thyroxin concentrations were significantly decreased 
in exposed male and female rats; these data indicate moderate hypothyroxinemia in exposed animals. 
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Hematologic findings in exposed rats included decreased hematocrit, hemoglobin concentration, 
erythrocyte count (males), mean corpuscular hemoglobin, mean erythrocyte volume, and mean cor­
puscular hemoglobin concentration; these findings are consistent with a mild-to-moderate anemia 
that is microcytic (decreased mean cell volume), hypochromic (decreased mean corpuscular hemo­
globin concentration, females), and poorly regenerative (slight-to-no change in reticulocyte counts). 

The no-observed effect levels (NOELs) for histologic lesions were 33 ppm for male rats and 330 ppm 
for female rats. The NOEL for histologic lesions in female mice was 100 ppm. An NOEL was not 
reached for male mice. 
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SUMMARY OF PEER REVIEW COMMENTS
 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
 

PENTACHLOROBENZENE
 

On November 20,1989, the draft report on the toxicity studies of pentachlorobenzene 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 Insti­
tute 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, said that this represented a good toxicity study, with the main ef­
fects observed in the liver, thyroid gland, and male rat kidney. He said that a table for organ weights 
and more consistent presentation would be helpful. Dr. Klassen asked for more discussion of chem­
ical effects on the thyroid and whether the effects were direct or indirect. Dr. M. Thompson, NIEHS, 
said that the data did not support a direct effect. 

Dr. Davis, a second principal reviewer, said that an explanation for the ventral body swelling in mice 
at the highest dose would be of interest. Dr. McDonald said that the increase in liver weight and size 
would probably account for the swelling. Dr. Davis asked for more precise definitions of the severity 
code for lesions. 

Dr. Silbergeld commented that monitoring of defects on porphyrin metabolism might be a sensitive 
indicator of toxic response, yet the method used to measure porphyrins was an insensitive one. She 
noted the observation of severe neurotoxicity in high dose mice, yet no attempt to quantify these ob­
servations. Dr. Scala said that since many of these short-term toxicity studies were self-contained 
studies, it would be important to characterize toxic signs as completely as possible. Dr. R. Yang, 
NIEHS, noted that the emphasis of the design had been more on range finding for further long-term 
evaluations. 

The Panel recommended completion of the report with consideration of the points discussed. 
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PENTACHLOROBENZENE 

CAS No. 608-93-5 

C6HCl5 Molecular weight 250.3 

Synonyms: 1,2,3,4,5-Pentachlorobenzene; quintochlorobenzene 

I. INTRODUCTION 
Chemical and Physical Properties 

Pentachlorobenzene can be produced commer­
cially by catalytic chlorination of any tetrachlo­
robenzene or by heating trichloroethylene to 
700° C. It is a white, crystalline, solid material 
at room temperature, has a pleasant aroma, and 
like other halogenated benzenes, is lipophilic 
and hydrophobic. It is insoluble in water and 
cold alcohol but is soluble in hot alcohol, ben­
zene, ether, carbon tetrachloride, chloroform, 
and carbon disulfide (USEPA, 1980a). Penta­
chlorobenzene melts at 86° C and boils at 277°C 
at atmospheric pressure. Its specific gravity at 
16.5° C is 1.8342 (Sittig, 1981; Sax, 1984). 

Production and Environmental 
Contamination 

Pentachlorobenzene has been used primarily as 
a precursor in the synthesis of the fungicide pen­
tachloronitrobenzene and as a flame retardant 
(USEPA, 1980b). Approximately 1.4 X 106 kg 
was produced in 1972. Pentachlorobenzene is no 
longer produced commercially in or imported 
into the United States (USEPA, 1983). 

Contamination of water and aquatic sediment 
by pentachlorobenzene can occur through indus­
trial discharge, leaching from toxic waste dis­
posal sites, or as a result of degradation of other 
organochlorine compounds such as lindane and 
hexachlorobenzene (Villaneuva et al., 1974; 

USEPA, 1980b; Oliver and Nicol, 1982; Oliver 
and Charlton, 1984; Silkworth et al., 1984; 
Onuska and Terry, 1985; Charlton and Oliver, 
1986; Takazawa and Strobel, 1986; Vogel­
gesang, 1986; Pereira et al., 1988). Pentachloro­
benzene was detected in fly ash samples from 
municipal and hazardous waste incinerators 
(Olie et al., 1980; Elceman et al., 1981; Viau et 
al., 1984; Schreiner et al., 1986) and in ambient 
air near industrial complexes and chemical 
waste disposal sites (Bruckner et al., 1973; 
Barkley et al., 1980; Pellizzari, 1982; Bruck­
mann et al., 1988). It is also known to be an im­
purity of hexachlorobenzene and pentachloroni­
trobenzene (Kuchar et al., 1969; Dunn et al., 
1978; Rozman et al., 1979; Strik, 1986). Penta­
chlorobenzene is estimated to have a half-life of 
194-345 days in experimentally contaminated 
soil samples; persistence of pentachlorobenzene 
residues for at least 2-3 years in soil samples 
from agricultural sites was observed (Beck and 
Hansen, 1974). Pentachlorobenzene was de­
tected in soil samples, potatoes, and carrots from 
fields treated with pentachloronitrobenzene. 

Ecotoxicology 

Pentachlorobenzene residues were found in wild 
mammals (Brunn et al., 1985; Somers et al., 
1987) and in birds and their eggs (Hallett et al., 
1982; Ellenton et al., 1985; Fox et al., 1988) from 
various geographic locations. Residues were 
also detected in freshwater, estuarine, and salt 
water organisms used as human food (Ofstad et 

Pentachlorobenzene, NTP TOX 6 



al.f 1978; Bjerk and Brevik, 1980; Jan and Mal­
nersic, 1980; Oliver and Niimi, 1983; Kuehl et 
al., 1984; Jaffe and Hites, 1986; Pereira et al., 
1988; Swackhamer and Hites, 1988; Niimi and 
Oliver, 1989). Bioaccumulation of pentachloro­
benzene by oligochaete worms was demon­
strated under laboratory conditions and in the 
field (Oliver, 1987). Pentachlorobenzene gen­
erally exhibited a higher bioconcentration factor 
than other chlorinated benzenes, when tested in 
various experimental systems using guppies 
(Konemann and van Leeuwen, 1980), rainbow 
trout (Oliver and Niimi, 1983; Melancon and 
Lech, 1985), and fathead minnows (Carlson and 
Kosian, 1987), an effect attributed to its higher 
degree of chlorine substitution (Oliver and 
Niimi, 1983; Matthews, 1986). 

Human Exposure 

In addition to the sources of human exposure de­
scribed above, low concentrations of pentachlo­
robenzene were detected in various foodstuffs 
during market basket surveys (Gartrell et al., 
1985a,b), in edible fish and shellfish (Ofstad et 
al., 1978; Jan, 1983; Swackhamer and Hites, 
1988), and in animal and poultry fat and eggs 
(Greve, 1973). Low levels (mean 22 ng penta­
chlorobenzene per gram of milkfat) were also 
found in human breast milk (Mes et al., 1986). 
Human adipose tissue samples obtained during 
autopsies contained low (0-70 ng/kg) concentra­
tions of pentachlorobenzene (Mes et al., 1982; 
Williams etal., 1984). 

Pharmacokinetics and Metabolism 

Pentachlorobenzene is not readily metabolized 
in most species, probably because its high degree 
of chlorine substitution inhibits formation of the 
arene-oxide intermediates important in the me­
tabolism of the less-chlorinated benzenes 
(Matthews, 1986). Other mechanisms, such as 
reductive dehalogenation, may be more signif­
icant in the metabolism of the higher chlo­
rinated benzenes, such as pentachlorobenzene 
(Mehendale et al., 1975; Takazawa and Strobel, 
1986). 

Parke and Williams (1960) found that, in female 
Chinchilla rabbits, 60% of the administered dose 
could be isolated from gut contents and feces or 
47% from the subcutis 3-4 days after administra­
tion of 0.5 g/kg pentachlorobenzene by gavage or 
subcutaneous injection, respectively; 10%-20% 
was found in expired air. Only traces of metabo­
lites (including pentachlorophenol) were found 
in the urine. The authors state that pentachlo­
robenzene "is not readily metabolized." 

Administration of 60-75 mg/kg pentachloroben­
zene to male rabbits by intraperitoneal injection 
resulted in urinary excretion of about 1% of the 
administered dose as the metabolites pentachlo­
rophenol and 2,3,4,5-tetrachlorophenol (Kohli et 
al., 1976). 

Rozman et al. (1979) administered a single oral 
dose of 0.5 mg/kg [14C]pentachlorobenzene to 
two male and two female rhesus monkeys and 
determined urinary and fecal excretion for 40 
days, after which one male and one female mon­
key were killed and examined for tissue 
distribution of pentachlorobenzene and metabo­
lites. About 95% of the administered pentachlo­
robenzene was absorbed. Metabolites included 
pentachlorophenol, 1,2,3,4,-tetrachlorobenzene, 
and several tetrachlorophenols. About twice as 
much pentachlorobenzene and its metabolites 
were excreted in feces than in urine. Tissue con­
centrations were highest in fat and bone mar­
row, followed by lymph nodes and the thymus, 
adrenal cortex, and large intestine. 

Koss and Koransky (1978) examined urine and 
feces of female rats after a single intraperitoneal 
injection of 403 pM/kg [sic] pentachlorobenzene. 
In both urine and feces, most of the material 
present was in the form of hydrophilic metabo­
lites, including pentachlorophenol, leading the 
authors to conclude that pentachlorobenzene 
"undergoes an almost complete biodegradation." 
In another study, male Wistar rats were dosed 
with 8 mg/kg pentachlorobenzene by gavage for 
19 days (Engst et al., 1976). Gas chromato­
graphic analysis revealed the presence of penta­
chlorobenzene and several metabolites, including 
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pentachlorophenol and various tetrachlorophe­
nols, in pooled weekly samples of urine and 
feces. Pentachlorobenzene and/or its metabo­
lites were also found in the kidney, liver, and 
blood. 

Villeneuve and Khera (1975) demonstrated pla­
cental transfer of pentachlorobenzene by admin­
istering 50,100, or 200 mg/kg by gavage to preg­
nant Wistar rats on days 6-15 of gestation. On 
day 22, the dams were killed and the fetuses re­
moved. Gas chromatographic analysis of fetal 
tissues revealed dose-related pentachloroben­
zene accumulation in brain and liver as well as 
in whole fetuses. Maternal tissues had highest 
concentrations of pentachlorobenzene in the fat, 
followed by the liver, brain, heart, kidney, and 
spleen. 

Dose-related accumulation of pentachloroben­
zene in adipose tissue of Sherman rats was re­
ported by Linder et al. (1980). Male rats were 
fed diets containing pentachlorobenzene at con­
centrations of 125 or 1,000 ppm for 100 days; fe­
male rats received 125, 250, 500, or 1,000 ppm 
for 180 days. Perirenal fat residues of pentachlo­
robenzene were 1.5-2.2 times the concentrations 
in feed. Umegaki and Ichikawa (1988) also 
noted highest concentrations of pentachloroben­
zene in the fat of rats given 40-250 mg/kg of the 
compound (route unspecified) for 5 days, with 
lower concentrations detected in liver, kidney, 
and brain. The major metabolite of pentachloro­
benzene in the liver was pentachlorophenol. 

Single-Dose Toxicity 

values for pentachlorobenzene adminis­
tered by gavage to Sherman rats and Swiss 
Webster mice were reported by Linder et al. 

(1980) and are summarized in Table 1. Clinical 
signs included tremors, decreased activity, and 
weakness in both species. Some rats also ex­
hibited reddish stains around the mouth, nose, 
and eyes and had dark yellow urine. Survival 
times were 2-4 days for mice and 5-12 days for 
rats. Grossly, the rat liver, kidney, and adrenal 
gland appeared enlarged. When the gastroin­
testinal tract in rats was examined under long-
wave ultraviolet light, slight reddish fluores­
cence was observed. 

Linder et al. (1980) also evaluated the dermal 
absorption of pentachlorobenzene. No clinical 
signs of toxicity were observed for 2 weeks after 
application of a single dose of 2,500 mg/kg penta­
chlorobenzene dissolved in xylene to the shaved 
backs of male and female Sherman rats. 

Administration of 50-100 mg/kg pentachloro­
benzene by gavage to pregnant CD®-1 mice re­
sulted in increased absolute and relative ma­
ternal liver weights (Courtney et al., 1977). 

Short-Term Toxicity 

Linder et al. (1980) also studied the short-term 
toxicity of pentachlorobenzene in Sherman rats. 
Female rats were given 125, 250, 500, or 1,000 
ppm pentachlorobenzene in feed for 180 days, 
and male rats were given 125 or 1,000 ppm for 
100 days. After 67 days of exposure, female rats 
were bred to untreated males and underwent 
pregnancy and lactation during the remainder of 
the study. No deaths or clinical signs of toxicity 
were noted throughout the study period. Body 
weight gains and feed consumption of exposed 
animals did not vary significantly from those of 
controls. Absolute and relative liver weights 
were increased for the high dose group of each 

TABLE 1. SELECTED LD^ VALUES FOR PENTACHLOROBENZENE (a) 

Route of LDso 
Species Exposure Sex Age (mg/kg) 

Rat Oral Male Adult 1,125 
Rat Oral Female Adult 1,080 
Rat Oral Female Weanling 940 
Mouse Oral Male Adult 1,175 
Mouse Oral Female Adult 1,370 

(a) Sherman rats and Swiss Webster mice; Linder et al. (1980) 
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sex, and relative kidney weights were increased 
for the 1,000-ppm group of each sex. No fluo­
rescence characteristic of porphyrin was ob­
served when viscera of male and female rats 
were examined under ultraviolet light. Urinary 
porphyrin excretion was not increased in ex­
posed female rats compared with that in con­
trols. Total liver porphyrin was slightly in­
creased in 1,000-ppm female rats compared with 
that in controls, but this was "not judged to be a 
porphyrinogenic response" and was considered 
"of doubtful significance." (Male rats were not 
evaluated for urinary porphyrin concentrations.) 

Histologically, female rats in the 500- and 1,000­
ppm groups and males in the 1,000-ppm group 
exhibited hypertrophy of the centrilobular 
hepatocytes (Linder et al., 1980). Male rats ex­
hibited dose-related renal lesions consisting of 
hyaline droplet accumulation in the cortical 
tubule epithelium, atrophic cortical tubules, cor­
tical interstitial lymphocytic foci, and cortical 
tubular dilatation with granular or hyaline 
casts. Renal cortical tubular eosinophilic casts 
and hyaline droplet accumulation were reported 
for one female rat (1,000 ppm). 

Chu et al. (1983) administered 5, 50, or 500 ppm 
pentachlorobenzene in the diet for 28 days to 
male and female Sprague Dawley rats. Absolute 
liver weights, serum cholesterol concentration, 
and sorbitol dehydrogenase activity were in­
creased in high dose male rats, and hepatic mi­
crosomal enzyme activity was increased in the 
liver of high dose animals of each sex. However, 
liver porphyrin concentrations were not in­
creased in dosed animals. Compound-related 
histologic lesions included enlargement and cy­
toplasmic eosinophilia of centrilobular hepato­
cytes, thyroid follicular cell hypertrophy, and 
decreased thyroid follicular colloid density in 
each sex and "eosinophilic inclusions in the 
proximal convoluted tubules of the renal cortex" 
in males. 

Long-Term Toxicity and Carcinogenicity 

Pentachlorobenzene did not promote diethylni­
trosamine- initiated y-glutamyl transferase-posi­
tive foci in rat liver (Herren-Freund and Pereira, 
1986). 

Mechanistic and Interaction Studies 

Several studies have demonstrated that penta­
chlorobenzene induces production of various 
hepatic enzymes in rats. Short-term effects on 
hepatic enzymes were investigated by Ariyoshi 
et al. (1975) by the administration of 250 mg/kg 
pentachlorobenzene by gavage once per day for 3 
days to female Wistar rats. The liver of dosed 
animals had increased activity of cytochrome 
P450 microsomal enzymes, 8-aminolevulinic 
acid synthetase, aniline hydoxylase, and amino­
pyrine demethylase. Increased hepatic micro­
somal protein and triglyceride content were also 
observed, whereas glycogen levels were de­
creased. Other studies in rats have corroborated 
these results (Goldstein et al., 1982; Chu et al., 
1983; Ikegami et al., 1987). 

These findings have led to general agreement 
that pentachlorobenzene is a "phenobarbital­
type" inducer, resembling phenobarbital more 
than 3-methyl-cholanthrene in the types of 
hepatic enzymes it induces (Goldstein et al., 
1982; Denomme et al., 1983; Li et al., 1986). 
Pentachlorobenzene was shown to induce prefer­
entially the same subtypes of P450 cytochromes 
(known as P450b and P450e in rats) as pheno­
barbital (Goldstein et al., 1986). 

Other drug-metabolizing hepatic enzymes that 
were increased after administration of penta­
chlorobenzene by intraperitoneal injection in 
male Wistar rats were 4-dimethylaminoanti­
pyrine and aldrin epoxidase (Denomme et al., 
1983). 

Other polyhalogenated aromatic hydrocarbons, 
notably hexachlorobenzene, are well docu­
mented to cause porphyrin metabolism derange­
ments in humans and laboratory animals 
(Peters et al., 1982). Inhibition of uropor­
phyrinogen decarboxylase, either directly or via 
a reactive metabolite, is generally accepted as 
the underlying pathogenic mechanism (Debets 
etal., 1980; De Matteis, 1986). However, reports 
concerning the porphyrinogenic potential of 
pentachlorobenzene are somewhat conflicting. 

Levels of 8-aminolevulinic acid synthetase, 
which catalyzes the rate-limiting step of 
porphyrin synthesis, were increased in rats 
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administered pentachlorobenzene (Ariyoshi et 
al., 1975). Pentachlorobenzene caused increases 
in porphyrin levels in chick-embryo liver (Billi 
et al., 1986). Addition of pentachlorobenzene to 
chick-embryo hepatocyte cultures pretreated 
with 3-methylcholanthrene resulted in modest 
increases in uroporphyrins, attributed to in­
hibition of uroporphyrinogen decarboxylase 
(Sinclair etal., 1986). 

In contrast, increased porphyrin production 
after pentachlorobenzene administration has 
not been detected in several other studies. Sig­
nificant increases in porphyrin levels did not oc­
cur in the liver of chick embryos inoculated with 
pentachlorobenzene in ova (Billi and San Martin 
de Viale, 1985). Abnormal porphyrin accumula­
tion did not occur when chick embryo hepatocyte 
cultures pretreated with the microsomal enzyme 
inducer (3-naphthoflavone were inoculated with 
pentachlorobenzene (Debets et al., 1981). 

Goerz et al. (1978) reported that dietary expo­
sure of female rats to 500 ppm pentachloroben­
zene for 60 days did not result in an increase in 
urinary excretion of porphyrins. Linder et al. 
(1980) concluded that dietary exposure to 1,000 
ppm pentachlorobenzene for 180 days did not re­
sult in a biologically significant increase in uri­
nary or liver porphyrins in female Sherman rats. 

No increase in liver porphyrin was noted when 
male and female rats were given diets contain­
ing 5, 50, or 500 ppm pentachlorobenzene for 28 
days (Chu etal.,1983). 

Genetic Toxicology 

Pentachlorobenzene was not mutagenic in a 
Salmonella gene mutation assay conducted in 
four strains with and without S9 (Haworth et al., 
1983). Pentachlorobenzene was also negative in 
Chinese hamster ovary cell assays for induction 
of sister chromatid exchanges and chromosomal 
aberrations (NTP unpublished data). Peripheral 
blood smears from the current 13-week study an­
imals were analyzed for incidence of micronucle­
ated normochromic erythrocytes; no significant 
increase in micronuclei was observed for any of 
the exposure groups (NTP unpublished data). 

The metabolites of pentachlorobenzene (chloro­
benzene, tetrachlorophenols, tetrachloroben­
zenes, trichlorophenols, trichlorobenzenes, pen­
tachlorophenol, tetrachlorohydroquinone) were 
also negative for gene mutation induction in Sal­
monella (Haworth et al., 1983; Zeiger et al., 
1988; NTP unpublished data). Some of the 
metabolites, however, in contrast to pentachlo­
robenzene, have shown evidence of clastogenic 
activity in vitro (Galloway et al., 1987; NTP un­
published data). 

Reproductive Toxicology 

Pentachlorobenzene has been shown to cross the 
placental barrier and accumulate in fetal tissues 
in rats and other species (Villeneuve and Khera, 
1975; Aly and Fassbender, 1984). 

Teratogenicity of pentachlorobenzene was eval­
uated by Khera and Villeneuve (1975) in preg­
nant Wistar rats given single doses of 50,100, or 
200 mg/kg pentachlorobenzene once per day on 
days 6-15 of gestation. Compared with those in 
controls, the mean number of live fetuses per 
litter and mean fetal weight were decreased at 
200 mg/kg. At 200 mg/kg, there were also 
higher incidences of supernumerary ribs and un­
ossified or nonaligned sternebrae. 

Linder et al. (1980) studied reproductive toxicity 
of pentachlorobenzene in Sherman rats. Penta­
chlorobenzene was given in feed at 125 or 1,000 
ppm for 100 days to males and at 125, 250, 500, 
or 1,000 ppm for 180 days to females. At day 67 
of chemical exposure, the animals of each sex 
were mated with controls. Fertility and 
fecundity were unaffected. Litters sired by ex­
posed males did not exhibit exposure-related ef­
fects. Offspring of dams exposed to pentachloro­
benzene at high concentrations were smaller 
than those of controls and exhibited significant 
preweaning mortality. Tremors were observed 
in pups of exposed dams. Weanling rats from 
high concentration groups had increased rela­
tive liver weights and histologically detected 
hepatocellular enlargement. 

Courtney et al. (1977) administered pentachloro­
benzene by gavage to pregnant CD®-1 mice at 
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50, 100, or 200 mg/kg on gestation days 6-15. 
Decreased fetal viability and teratogenicity were 
not observed. 

Study Rationale 

Pentachlorobenzene is a slowly metabolized, 
biologically persistent compound structurally 
related to other polychlorinated benzenes, 
dioxins, and biphenyls well known to be highly 
toxic and/or carcinogenic in animals and hu­
mans. Pentachlorobenzene is no longer produced 
commercially in the United States, but long-
term human exposure may result from its 
documented persistence in ground water, 
aquatic sediments, and soil and its biocon­
centration in aquatic and terrestrial plants and 
animals used as human food. The present stud­
ies were undertaken following the designation of 
Pentachlorobenzene as a priority chemical for 
toxicologic testing by the Interagency 
Agreement (Superfund Project) between the 

National Toxicology Program (NTP) and the 
EPA. 

Although some pharmacokinetic and toxicity 
studies of pentachlorobenzene are available for 
rats, very little toxicity data exist for mice. No 
long-term toxicity or carcinogenicity studies of 
pentachlorobenzene are readily available for 
any species. The current studies supplement 
available short-term toxicity data for rats. 

Since the greatest human exposure to penta­
chlorobenzene might result from water supplies 
contaminated by leaching from dump sites or 
degradation of other persistent organochlorines 
such as hexachlorobenzene, the preferred route 
of administration would be through drinking 
water. However, because of pentachloroben­
zene's poor water solubility, formulated diets 
were selected as the route of administration in 
these studies. Concurrent studies were conduct­
ed on l,2,4,5-tetrachlorobenzene(NTP, 1990a). 

II. MATERIALS AND METHODS
 

PROCUREMENT AND 
CHARACTERIZATION OF 
PENTACHLOROBENZENE 

A single-study lot of pentachlorobenzene was 
prepared by milling material from three sup­
pliers: ICN K&K Labs (Plainview, NY), Lan­
caster Synthesis (Windham, NH), and Chemical 
Dynamics Corporation (South Plainfield, NJ). 
Purity and identity analyses were conducted by 
Midwest Research Institute (MRI) (Kansas City, 
MO). MRI reports on the analyses performed in 
support of the pentachlorobenzene studies are on 
file at the National Institutes of Environmental 
Health Sciences. 

The composite material was identified as penta­
chlorobenzene by infrared, ultraviolet/visible, 
and nuclear magnetic resonance spectroscopy. 

The purity was determined to be greater than 
99% by elemental analysis, Karl Fischer water 
analysis, thin-layer chromatography, and gas 

chromatography. Analysis by high resolution 
gas chromatography/high resolution mass spec-
trometry/selected ion monitoring indicated that 
no chlorinated dibenzodioxins or dibenzofurans 
were detected in the study material (detection 
limits ranged from 100 to 1,000 ppb for the in­
dividual dibenzodioxins and dibenzofurans). 

The stability of the study material during the 
toxicology studies was monitored by gas chro­
matography. No deterioration of the penta­
chlorobenzene was noted over the course of the 
studies. 

PREPARATION AND 
CHARACTERIZATION OF 
FORMULATED DIETS 

Formulated diets were prepared by mixing the 
appropriate amounts of pentachlorobenzene 
(w/w) with feed in a twin-shell blender. The 
homogeneity and stability of pentachloro­
benzene in feed (0.1 mg/g) were determined 
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by gas chromatographic analysis performed on 
isooctane extracts of feed mixtures. The chem­
ical in feed was found to be homogeneously dis­
tributed and to be stable for at least 21 days 
when stored in the dark at room temperature 
and for at least 7 days when stored open to air 
and light in a rodent cage. During the studies, 
formulated diets were stored for no longer than 3 
weeks at 4° ± 3° C. 

Periodic analysis of formulated diets of penta­
chlorobenzene by gas chromatography was con­
ducted at the study and analytical chemistry 
laboratories. Three complete sets of formulated 
diet mixtures were analyzed by the study labora­
tory during the 13-week studies; all samples 
were within specifications (± 10% of the target 
concentration) (Table 2). The results of the 
analyses ranged from 91% to 102% of the target 
concentrations. A single referee analysis con­
ducted by the analytical laboratory confirmed 
the results obtained by the study laboratory. 

FIFTEEN-DAY STUDY DESIGN 

Male and female F344/N rats and male and fe­
male B6C3Fj mice were obtained from Simon­
sen Laboratories (Gilroy, CA) and were held for 
11-14 days before the studies. The rodents were 
6 weeks old when placed on study. Groups of five 
rats and five mice of each sex received diets 
containing 0, 100, 330, 1,000, 3,300, or 10,000 
ppm pentachlorobenzene for 15 days. Further 
details are presented in Table 3. 

THIRTEEN-WEEK STUDY DESIGN 

Groups of 20 rats and 20 mice of each sex were 
fed diets containing 0, 33, 100, 330, 1,000, or 
2,000 ppm pentachlorobenzene for 13 weeks. 
Ten animals in each group were designated for 
supplemental studies and scheduled for sequen­
tial bleeding during the studies. 

Source and Specification of Animals 

The male and female F344/N rats and B6C3Ft 

(C57BL/6N, female X C3H/HeN MTV", male) 
mice used in these studies were produced under 
strict barrier conditions at Taconic Farms (Ger­
mantown, NY). Breeding stock for the founda­
tion colonies of rats and mice at the production 
facility originated at the National Institutes of 
Health Repository. Animals shipped for study 
were progeny of defined microflora-associated 
parents that were transferred from isolators to 
barrier-maintained rooms. Animals were ship­
ped to the study laboratory at 4-5 weeks of age. 
The rats were quarantined at the study labora­
tory for 13-20 days and mice for 13-21 days. All 
animals were placed on study at 6-7 weeks of 
age. 

Clinical Examinations and Pathology 

All animals were observed twice per day. Body 
weights were recorded once per week. Blood 
samples were obtained by puncture of the retro­
orbital sinus of CO2-anesthetized animals from 

TABLE 2. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE THIRTEEN-WEEK
 
FEED STUDIES OF PENTACHLOROBENZENE
 

Target Concentration Determined Concentration (a)
 
(ppm) (ppm)
 

33 31.2 ± 0.9
 
100 95.6 ± 3.9
 
330 320 ± 12
 

1,000 999 ± 28
 
2,000 1,957 ± 95
 

(a) Mean ± standard deviation for three determinations; for each determination, all samples were analyzed 
in duplicate. 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FIFTEEN-DAY AND 
THIRTEEN-WEEK FEED STUDIES OF PENTACHLOROBENZENE 

Fifteen-Day
 
Studies
 

Strain and Species 
F344/N rats, B6C3Ft mice 

Animal Source 
Simonsen Laboratories (Gilroy, CA) 

Study Laboratory 
EG&G Mason Research Institute 

Size of Study Groups 
5 males and 5 females of each species, rats housed 5 per 
cage, mice individually caged 

Doses 
0, 100, 330, 1 ,000. 3,300, or 10,000 ppm pentachlorobenzene 
in feed 

Method of Animal Distribution 
Assigned to groups such that for a given sex and species all 
cage weights were approximately equal 

Diet 
NIH 07 Rat and Mouse Ration (Zeigler Bros., Inc., Gardners, 
PA); available ad libitum 

Animal Room Environment 
Temp--20°-23<>C, hum--36%-49%; fluorescent light 12 h/d; 
10 room air changes/h 

Time Held Before Study 
Rats--U-12d,mice-13-Ud 

Duration of Dosing 
15d 

Age When Killed 
8wk 

Type and Frequency of Observation 
Observed 2 X d; weighed initially, at d 8, and at necropsy 

Thirteen-Week 
Studies 

F344/N rats, B6C3F! mice 

Taconic Farms (Germantown, NY) 

EG&G Mason Research Institute 

20 males and 20 females of each species, rats housed 5 per 
cage, mice individually caged 

0, 33, 100, 330, 1 ,000, or 2,000 ppm pentachlorobenzene 
in feed 

Animals distributed to weight classes and then assigned to 
groups by a table of random numbers 

Same as 15-d studies 

Temp -19--23" C; hum-34%-56%, fluorescent light 12 h/d, 
10 room air changes/h 

Rats--13-14d (male) or 17-20 d (female), 
mice— 13-14 d (male) or 20-21d (female) 

13 wk 

Male rats and male mice-- 19 wk, female rats and female 
mire 9ft wlrI I U L C A U W & 

Observed 2 X d, weighed initially and 1 x wk thereafter 

Necropsy, Histologic Examinations, and Supplemental Studies 
Necropsy performed on all animals; the following tissues Necropsy performed on all animals, 10 males and 10 females 
were examined histologically for control and 3,300- and from the control and high dose groups of each species were 
10,000-ppm rats and 1,000-, 3,300-, and 10,000-ppm mice- examined histologically; tissues examined were the same as 
adrenal glands, brain, cecum, colon, duodenum, epididymis/ those for the 15-d studies except that bone and bone marrow 
seminal vesicles/prostate/testes or ovaries/uterus, esophagus, specimens were always taken from the femur Liver and 
eyes, femur or sternebrae or vertebrae including marrow, gall- kidney examined for all male rats, thyroid gland examined for 
bladder (mice), gross lesions and tissue masses with regional all rats, and liver examined for all mice In addition, organ 
lymph nodes, heart, ileum, jejunum, kidneys, liver, lungs and weights and liver porphyrin concentrations determined and 
bronchi, mammary gland, mandtbular and mesenteric lymph sperm morphologic exams conducted at necropsy; vaginal 
nodes, nasal cavity and turb mates, pancreas, parathyroid cytologic exams conducted on females for 7 d before necropsy 
glands, pituitary gland, preputial or chloral gland (rats), rec- For animals not examined histologically , organ weights ob­
tum, salivary glands, skin, small and large intestine, spleen, tained and hematologic exams performed on d 90, and serum 
stomach, thymus, thyroid gland, trachea, and urinary bladder thyroid hormone concentrations determined on d 15, 45, and 

90. serum chemistry analysis performed on d 3, 15, and 90 
for rats and on d 90 for mice, urmalysis performed on d 3, 15, 
and 90 for rats 
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male and 10 female rats of the supplemental 
groups on days 3,15, and 45 for hematologic and 
serum chemistry analysis. Serum chemistry 
analyses were performed on a Gemini clinical 
chemistry analyzer by standard methodology 
and included sorbitol dehydrogenase, alanine 
aminotransferase, creatinine phosphokinase, 
and y-glutamyl transferase activities and crea­
tinine and albumin concentrations. Hemato­
logic analyses were performed on a Baker Series 
7000 Cell Counter and included erythrocyte and 
leukocyte counts, hemoglobin concentration, 
hematocrit, mean cell volume, mean corpuscular 
hemoglobin, and mean corpuscular hemoglobin 
concentration. 

Leukocyte differentials and platelet counts were 
performed and blood cell morphology evaluated 
from Wright-Giemsa stained blood smears. Re­
ticulocyte counts were performed on new meth­
ylene blue-stained whole blood smears. 

Urine was collected over a 16-hour period for 
urinalysis on days 3, 15, and 90 for rats. Blood 
sampling preceded the beginning of urine 
collection by several hours. Sediment from 
centrifuged urine samples was evaluated micro­
scopically, and glucose and protein concentra­
tions determinations were performed on a Gemi­
ni clinical chemistry analyzer using standard 
methodology. Thyroid hormone determinations 
were performed for groups of 10 rats and 10 mice 
of each sex on days 15, 45, and 90. NML Tri-Tab 
RIA kits (Nuclear Medical Laboratories, Dallas, 
TX) were used to quantitate triiodothyronine 
and thyroxin; Clinical Assays Gammacoat RIA 
kits (Travenol-Genentech Diagnostics, Cam­
bridge, MA) were used to quantitate free thy­
roxin, and reagents provided by the National In­
stitute of Arthritis, Metabolism, and Digestive 
Diseases were used to quantitate thyrotropin. 
On day 90, the rats and mice were anesthetized 
with carbon dioxide and blood was drawn from 
the retroorbital sinus for serum chemical deter­
minations and hematologic analysis. 

Animals found moribund and those surviving to 
the end of the studies were humanely killed. A 
necropsy was performed on all animals not bled 

sequentially. Blood was drawn from mice for 
evaluation of micronuclei. Sperm morphology, 
motility, density, and head count were evaluated 
for male rats and male mice that received 0, 33, 
330, or 2,000 ppm pentachlorobenzene; vaginal 
smears to identify stages of the estrual cycle 
were prepared during the 7 days before necropsy 
for females that received 0, 33, 330, or 2,000 
ppm. Full experimental procedures are de­
scribed in Morrissey et al., (1988). 

Organs and tissues were examined for gross le­
sions. 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 3. The liver, right kidney, brain, 
heart, thymus, lung, and right testis of all ro­
dents were weighed. Liver porphyrin content 
was determined by a fluorometric procedure 
(Poh-Fitzpatrick et al., 1974). 

Upon completion of the histologic evaluation by 
the laboratory pathologist, slides, individual an­
imal data records, and pathology tables were 
sent to an independent pathology laboratory 
where quality assessment was performed, and 
the results were reviewed and evaluated by the 
NTP Pathology Working Group (PWG). The fi­
nal diagnoses represent a consensus of con­
tractor pathologists and the PWG. Details of 
these review procedures have been described by 
Maronpot and Boorman (1982) and Boorman et 
al. (1985). 

STATISTICAL METHODS 

Analysis of Continuous Variables: Jonckheere's 
test (Jonckheere, 1954) was used to evaluate the 
significance of dose-response trends for organ 
weight, serum chemistry, hematologic, urinaly­
sis, and male reproductive system data. If this 
analysis indicated a significant trend, the non-
parametric multiple comparison procedure of 
Shirley (1977) was used to assess the signifi­
cance of pairwise comparisons between dosed 
and control groups. Otherwise, Dunn's test 
(Dunn, 1964) was used for pairwise comparisons. 
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QUALITY ASSURANCE 

The studies of pentachlorobenzene were per­
formed in compliance with Good Laboratory 
Practice regulations (21 CFR 58). The Quality 
Assurance Unit of EG&G Mason Research 

Institute performed audits and inspections of 
protocols, 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 

Fifteen-Day Studies 

All rats that received 10,000 ppm pentachloro­
benzene died (males by day 7, females by day 6) 
(Table 4). The final mean body weight of rats at 
3,300 ppm was 23% lower than that of the con­
trols for males and 15% lower for females. Feed 
consumption by dosed groups was generally low­
er than that by controls during week 1 and great­
er during week 2. 

The absolute liver weights and the liver weight 
to body weight ratios were significantly in­
creased in all dosed groups of rats except the 100­
ppm females; at 3,300 ppm, the mean absolute 
liver weights were about twice those of controls. 
Absolute kidney weights of males were slightly 
(10%-20%) but significantly increased at 100, 
330, and 1,000 ppm, and the kidney weight to 
body weight ratios were significantly increased 
for all dosed male groups; the significantly lower 
absolute kidney weights of males and females 
that received 3,300 ppm were probably a con­
sequence of the notably lower weight gain. Ab­
solute thymus, heart, and lung weights were sig­
nificantly decreased for males and females 
receiving 3,300 ppm, but not at lower doses, and 
the decreases may have been a consequence of 
the notably lower weight gain; the relative organ 
weights were only marginally affected at any 
dose. 

In male rats, renal lesions consisted of excessive 
accumulation of abnormal hyaline droplets in 
the cytoplasm of the cortical tubular epithelium. 

Results of the review of original sections and 
additional hematoxylin and eosin and Mallory­
azan-stained (Barlow, 1984) kidney sections are 
shown in Table 5. The abnormal hyaline drop­
lets were abundant, large, eosinophilic, angu­
lar, crystalline structures present in the cyto­
plasm of cortical epithelial cells of exposed male 
rats. Control and 100-ppm animals had less 
abundant, small, uniformly round cytoplasmic 
hyaline droplets like those commonly observed 
in untreated young male rats and morpho­
logically different from those in males in the 
higher dosed groups. The reason for the absence 
of abnormal hyaline droplets in male rats in the 
10,000-ppm group and in three of five rats in the 
3,300-ppm group may have been related to the 
early deaths and decreased synthesis of 0.2^­
globulin related to greater toxicity at these 
highest doses. 

Male rats in the 330- and 1,000-ppm groups and 
female rats in the 1,000-ppm group had mini­
mal centrilobular hepatocellular hypertrophy, 
which consisted of enlarged hepatocytes with 
abundant homogeneous eosinophilic cytoplasm 
(Table 5). Male and female rats given 10,000 
ppm pentachlorobenzene in feed died during the 
studies and may not have lived long enough to 
develop these hepatic lesions. 

Marked depletion of thymic lymphocytes~and 
mild-to-moderate hyperkeratosis of the fore-
stomach occurred in males and females re­
ceiving 10,000 ppm; forestomach acanthosis 
was present in one female receiving 10,000 
ppm. 
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TABLE 4. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE 
FIFTEEN-DAY FEED STUDIES OF PENTACHLOROBENZENE 

Mean Body Weiehl ts (grams) Final Weight Feed Compound 
Concentratio n Survival Initial (b) Final Change (c) 1Relative to Controls i Consump- Consump­

(ppm) (a) (percent) tion (d) tion (e) 

MALE 

.. 0 5/5 114 188 + 74 89 
100 5/5 116 197 + 81 104.8 96 10 
330 5/5 117 188 + 71 100.0 92 30 

1,000 5/5 116 183 + 67 97.3 95 95 
3,300 5/5 116 145 + 29 77.1 92 304 

10,000 (00/5 115 <g» <g> <g> < g > < g > 

FEMALE 

0 5/5 108 139 + 31 88 
100 5/5 109 140 + 31 100.7 85 9 
330 5/5 107 142 + 35 102.2 93 31 

1,000 5/5 105 142 + 37 102.2 91 91 
3,300 5/5 106 118 + 12 84.9 88 290 

10,000 (h)0/5 106 <g> < g > (g> <g> (g) 

(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 ± standard error of the mean 
(d) Grams of feed per kilogram body weight per day averaged over the 2-wk period; not corrected for scatter. 
(e) Milligrams per kilogram per day, based on mean of initial and final body weights; not corrected for scatter. 
<f> Day of death: 6,6,6,6,7 
(g) No data are reported due to 100% mortality in this group, 
(h) Day of death: 5,5,6,6,6 

TABLE 5. NUMBERS OF RATS WITH SELECTED LESIONS IN THE FIFTEEN-DAY FEED STUDIES OF 
PENTACHLOROBENZENE (a) 

Site/Lesion Control 100 ppm 330 ppm 1,000 ppm 3,300 ppm 10,000 ppm 

MALE 

Kidney 
Hyaline droplets (b) 0 1 5 5 2 0 

Liver 
Centrilobular hypertrophy 0 0 0 5 5 0 

FEMALE 

Liver 
Centrilobular hypertrophy 0 0 0 0 5 0 

(a) Five animals were examined in each group of each sex. 
(b) Diagnosed as cytoplasmic alteration by the study pathologist in the 13-week studies. 
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_  _ 

Thirteen-Week Studies 

No compound-related deaths occurred in the 
studies (Table 6). Mean body weights of male 
rats that received 1,000 and 2,000 ppm and all 
dosed groups of female rats were lower than 
those of controls throughout the studies (Fig­
ure 1). The initial mean body weight of female 
rats that received 330 ppm was 7% lower than 
that of controls, and body weights of this group 
remained lower than all other groups 
throughout the studies. The final mean body 
weight of males that received 2,000 ppm was 
13% lower than that of the controls; for females 
that received 330, 1,000, or 2,000 ppm, final 
mean body weights were 6%-9% lower. 

Compound-related increases in the absolute or­
gan weights and organ weight to body weight ra­
tios were seen for the kidney and liver of both 
males and females (Table 7). Absolute and rela­
tive weights of other organs are given in Ta­
ble Al. 

Absolute kidney weights were increased in rats 
given feed containing dietary concentrations as 
low as 330 ppm for males and 1,000 ppm for fe­
males, and relative kidney weights in males and 
females were increased at concentrations as low 
as 100 ppm. Absolute liver weights were in­
creased at concentrations as low as 100 ppm for 
males and females, and relative liver weights 
were increased at concentrations as low as 33 
ppm (a no-observed-effect concentration was not 
reached) for males and 100 ppm for females. 

Hematocrit values, hemoglobin concentration, 
mean corpuscular hemoglobin, and mean cell 
volume were all significantly decreased for 
males and females that received 1,000 or 2,000 
ppm (Table A2). The serum albumin concentra­
tion was significantly increased for males that 
received 1,000 or 2,000 ppm and for females that 
received 330 ppm or more. The reticulocyte 
(2,000-ppm group only) and platelet counts and 
creatinine concentration were significantly in­
creased for males that received 1,000 or 2,000 

TABLE 6. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS EXAMINED 
HISTOLOGICALLY IN THE THIRTEEN-WEEK FEED STUDIES OF PENTACHLOROBENZENE 

Concentratioi 
(ppm) 

n Survival 
(a) 

Mean 
Initial (b) 

Body Weights 
Final 

(grams) 
Change (c) Reli 

Final Weight 
ttive to Control: 

(percent) 
s

Feed 
 Consump­

tion (d) 

MALE 

0 
33 

10/10 
10/10 

134 ±5 
131 ±3 

344+ 7 
341 1 8 

-1-209 1 5 
+ 210 1 7 99 

17 
17 

100 
330 

10/10 
10/10 

132 1 4 
131 ±4 

3441 9 
341 1 5 

-t-212 + 7 
+ 211 15 

100 
99 

16 
16 

1,000 
2,000 

10/10 
10/10 

13214 
130 ± 3 

331 1 8 
299 + 6 

+ 199 16 
+ 170 ± 3 

96 
87 

17 
17 

FEMALE 

0 10/10 125 ±3 207 + 15 + 81 1 5 11 
33 10/10 125 ±3 1991 3 + 73 13 96 11 

100 10/10 12412 1961 3 + 73 1 3 95 11 
330 

1,000 
10/10 
10/10 

116 + 3 
12513 

1881
1941

 5 
2 

+ 7215 
+ 6912 

91 
94 

11 
11 

2,000 10/10 125 12 192+ 2 + 67 12 93 13 

Compound 
Consump­

tion (e) 

2 4 
67 

22 
73 

159 

-
2.2 
6.9 

24 
69 

164 

(a) Number surviving/number initially in group for animals not bled sequentially 
(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 of feed per animal per day averaged over the 13-wlc period for both bled and nonbled groups (combined); not 
corrected for scatter. 
(e) Milligrams per kilogram per day, based on mean of initial and final body weights; not corrected for scatter. 
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FIGURE 1. GROWTH CURVES FOR RATS FED DIETS CONTAINING
 
PENTACHLOROBENZENE FOR THIRTEEN WEEKS AND EXAMINED
 

HISTOLOGICALLY (NOT BLED)
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TABLE 7. ORGAN WEIGHTS FOR RATS IN THE THIRTEEN-WEEK FEED STUDIES OF 
PENTACHLOROBENZENE (a) 

Organ Control 33 ppra 100 ppm 330 ppm 1,000 ppm 2,000 ppm 

MALE (b) 

Body weight 
(grams) 354 ± 7.1 339 ± 7.9 344 ± 8.5 345 ± 5.6 335 ± 8.3 •*299 ±68 

Right kidney 
Absolute 
Relative 

1,307 ± 39 
3.7 ± 0.09 

1,314 ± 22 
3.9 ± 0.05 

1,362 ± 40 
*4.0 ± 0.07 

••1,607 ± 43 
••4.7 ± 0.12 

••1,889 ± 53 
••5.6 ± 0.09 

••1,427 ± 36 
••4.8 ± 0.13 

Liver 
Absolute 
Relative 

12,740 ± 370 
36.0 ± 0.76 

12,990 ± 340 
•38.4 ± 0.76 

•14,620 ± 630 
**42.4 ± 1.05 

••14,330 ± 230 
••41.5 ± 0.53 

••19,750 ± 1,000 
••58.7 ± 1.99 

••21,870 ± 750 
••73.1 ± 1 40 

FEMALE (b) 

Body weight 
(grams) 209 ± 5.3 200 ± 2.9 197 ± 3.1 ••189 ± 4.5 •195 ± 2.2 ••193 ±22 

Right kidney 
Absolute 745 ± 28 712 ± 15 791 ± 15 676 ± 22 ••886 ± 18 ••911 ± 12 
Relative 3.6 ± 0.11 3.6 ± 0.06 **4.0 ± 0 09 3.6 ± 0.04 ••4.5 ± 0.06 ••4.7 ± 0 07 

Liver 
Absolute 7,010 ± 167 6,676 ± 171 •7,544 ± 106 6,706 ± 241 ••10,787 ± 296 ••13,783 ± 325 
Relative 33.6 ± 0.39 33.3 ± 0.57 •'38.4 ± 0.83 ••35.4 ± 0.68 ••55.3 ± 1.32 ••71.5 ± 1.73 

(a) Mean ± standard error in milligrams (absolute) or milligrams per gram (relative) 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). 
(b) Data for animals examined histologically but not bled sequentially during the study 
•P<005 
•*P<0.01 

ppm; for females, no effect was seen on the retic- rats in the 1,000- and 2,000-ppm groups; this 
ulocyte count and creatinine concentration, and finding was especially pronounced in males (Ta­
significantly lower values were obtained for the ble A2). Urine volume was significantly in-
platelet count in all dosed groups. These values creased for males receiving 1,000 or 2,000 ppm 
are considered to be within normal variation. and for females receiving 2,000 ppm on day 90. 
Serum sorbitol dehydrogenase activity was sig- These urinary effects were clearly compound 
nificantly increased for males at 1,000 and 2,000 related. 
ppm and for females at dietary concentrations as 
low as 100 ppm, and y-glutamyl transferase ac- Free thyroxin and total thyroxin concentrations tivity was significantly increased at 2,000 ppm in serum were significantly decreased for males at some time points. The increased serum sorbi­ at all pentachlorobenzene concentrations (down tol dehydrogenase activity was considered to be to 33 ppm) and for females at concentrations compound related, but the Y-glutamyl trans- down to 100 ppm. The thyrotropin concentration ferase activity could not definitely be related to was significantly increased for males and fe­compound administration because of the large males that received 1,000 or 2,000 ppm. Signifi­variation in individual values. cant changes in concentrations of triiodothy-
The urinary glucose concentration was signif- ronine were rare in female rats and, although 
icantly increased for male rats in the 330- to more common, not clearly dose related in male 
2,000-ppm groups and for female rats in the rats. In both sexes, however, changes in thyroid 
1,000- to 2,000-ppm groups. Urinary protein hormone concentrations were clearly related to 
concentration was increased in male and female effects of the compound on the thyroid gland. 
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Liver porphyrin values at the end of the studies 
had significant, but not dose-related, increases 
in males exposed at concentrations as low as 33 
ppm and were significantly increased in females 
given diets containing 2,000 ppm pentachloro­
benzene. 

The percentage of abnormal sperm was sig­
nificantly increased by 70% or 100% in males 
that received 330 or 2,000 ppm, respectively; 
sperm of males that received 1,000 ppm was not 
examined (Table A2). There were no effects on 
epididymal sperm motility or density. The 
length of the estrous cycle was significantly re­
duced at 33 and 2,000 ppm; females that re­
ceived 100 or 1,000 ppm were not examined, and 
the reduction at 330 ppm was not statistically 
significant. The reduction in the length of the 
estrous cycle was not dose related and was not 
clearly related to compound administration. 

In male rats, dose-related renal lesions included 
accumulation of hyaline droplets (cytoplasmic 
alteration) in the cortical tubular epithelium, 
tubular dilatation and granular casts at the 
outer stripe of the outer medulla, and focal min­
eralization of medullary collecting tubules (Ta­
ble 8). Cytoplasmic alteration was defined histo­
logically by the study pathologist as an increase 
relative to controls of large, angular, intracyto­
plasmic eosinophilic granules (hyaline droplets) 
present in tubules scattered diffusely through­
out the cortex (Figure 2). These large droplets 
were distinctly different in morphology from the 
less abundant, smaller, uniformly round eosino­
philic droplets seen in the renal tubular cyto­
plasm of control males (Figure 3). The hyaline 
droplets were strongly positive with Lee's 
methanamine blue-basic fuchsin stain for pro­
tein (Short et al., 1987). 

Dilatation of tubules of .the outer stripe of the 
outer medulla (medullary tubular dilatation) 
was characterized by distended tubules lined by 
low cuboidal or flattened epithelium and often 
containing coarse material (granular casts) (Fig­
ure 4). Focal mineralization of the medullary 
collecting tubules consisted of small plugs of 
basophilic, sometimes granular, von Kossa 
stain-positive intraluminal mineralized ma­
terial (Figure 5). These lesions are considered 
characteristic of renal toxicity described as 

"hydrocarbon or hyaline droplet nephropathy" of 
male rats (Thomas et al., 1985). 

Regeneration of cortical tubular epithelium oc­
curred at increased incidences and severity in 
exposed male and female rats versus controls. 
This lesion consisted of multiple foci of cortical 
tubules lined by plump, cuboidal cells that had 
basophilic cytoplasm and were often supported 
by thickened, hyalinized basement membranes. 
Cortical tubular casts occurred in high dose 
groups of each sex. Composed of homogeneous 
eosinophilic material, these cortical protein 
casts were morphologically distinct from the 
granular casts previously described. The inci­
dences of scattered interstitial foci of mononucle­
ar inflammatory cells (chronic inflammation) 
with or without fibroplasia, and sometimes asso­
ciated with clusters of regenerating tubules, 
were increased in exposed male rats. Tubular 
regeneration, protein casts, and chronic inflam­
mation are typical features of the spontaneous 
nephropathy of F344 rats (Peter et al., 1986), 
which was exacerbated in incidence and severity 
by pentachlorobenzene exposure. 

Small, round, yellow-brown pigment granules 
were in the cortical renal tubular epithelium of 
exposed animals of each sex but were most 
prominent in females. This pigment was nega­
tive with the following stains: oil red O (neutral 
fat), Prussian blue (iron), Hall's bilirubin stain, 
and Ziehl-Neelsen (acid.fast); it was weakly 
positive by the periodic acid-Schiff (PAS) reac­
tion. The incidence of renal pigmentation cor­
related well with an increase in liver porphyrin 
content in rats of each sex (see above). These 
results indicate that the pigment granules could 
be composed of porphyrin compounds. 

Cortical mineralization observed in exposed and 
control female rats consisted of scattered foci of 
basophilic granular material in cortical tubules. 
This lesion was topographically distinct from the 
collecting tubule mineralization seen in males. 
It is a common spontaneous change in female 
rats and is not considered to be compound 
related. 

Compound-related centrilobular hepatocellular 
hypertrophy was present at increased incidences 
in the liver of exposed male (330-2,000 ppm) and 
female (1,000-2,000 ppm) rats. Hypertrophy was 
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Figure 2. Kidney from male rat given 2,000 ppm pentachlorobenzene in feed for 13 weeks. Accumulation of 
abnormal hyaline droplets (cytoplasmic alteration) is evident as angular, crystalline inclusions (arrows) in 
tubular epithelial cells (Lee's methanamine blue-basic fuchsin). Compare with Figure 3 at same 
magnification. 

Figure 3. Kidney from control male rat in the 13-week study. Collections of small, uniformly round hyaline 
droplets are present in the cytoplasm of some tubular epithelial cells (arrows) (Lee's methanamine blue-basic 
fuchsin). Compare with Figure 2 at same magnification. 

Figure 4. Kidney from male rat given 2,000 ppm pentachlorobenzene in feed for 13 weeks. A dilated 
medullary tubule (arrows) contains a cast of coarse, granular cellular debris (hematoxylin and eosin). 

Figure 5. Kidney from male rat given 2,000 ppm pentachlorobenzene in feed for 13 weeks. Mineralization of 
medullary tubules is present (arrows) (hematoxylin and eosin). 



 



TABLE 8. INCIDENCES OF SELECTED LESIONS IN RATS IN THE THIRTEEN-WEEK FEED STUDIES 
OF PENTACHLOROBENZENE (a) 

Site/Lesion iControl 33 ppm 100 ppm 330 ppm 1,000 ppm 2,000 pprr 

MALE 

Liver
 
Centrilobular hypertrophy 0 0 0 10(1.0) 10(2.0) 10(2.1)
 

Kidney
 
Medullary tubular dilatation 0 0 3(1.0) 10(2.6) 10(3.0) 10(1.8)
 
Tubular cortex hyaline droplets (b) 0 0 6(1.0) 10(2.0) 10(2.0) 10(20)
 
Tubular cortex pigmentation 0 0 0 0 0 10(1.0)
 
Tubular cortex regeneration 2(1.0) 0 5(1.0) 10(2.0) 10(2.0) 10(2.0)
 
Tubular cortex protein casts 0 0 0 0 0 10(1.4)
 
Cortex chronic inflammation 2(1.0) 0 1(1.0) 10(2.0) 10(3.0) 10(1.1)
 
Medullary collecting tubule
 

mineralization 0 0 0 10(1.2) 10(1.8) 10(1.8) 

Thyroid Gland
 
Follicular cell hypertrophy 0 0 0 0 9 10
 

FEMALE 

Liver
 
Centrilobular hypertrophy 0 0 0 0 10(1.0) 10(2.0)
 
Pigmentation 0 0 0 0 1(1.0) 10(1.1)
 
Periportal cytoplasmic
 

vacuohzation 0 0 0 0 1(1.0) 8(1.0) 

Kidney
 
Tubular cortex pigmentation 0 0 0 0 10(1.0) 10(2.0)
 
Tubular cortex regeneration 0 0 0 0 0 9(1.5)
 
Tubular cortex protein casts 0 0 0 0 0 10(1.3)
 
Cortex mineralization 8(1.1) 10(1.4) 10(1.3) 9(1.3) 10(1.2) 10(1.4)
 

Thyroid Gland
 
Follicular cell hypertrophy 0 0 0 0 10 10
 

(a) Ten animals were examined from each group; mean severity of animals with the lesion is in parentheses; (1) = minimal; 
(2) = mild; (3) = moderate. (4) = marked. 
(b) Diagnosed as cytoplasmic alteration by laboratory pathologist 

characterized histologically as enlargement of Thyroid follicular cell hypertrophy of minimal 
hepatocytes with increased cytoplasmic eosino- severity was present in male and female rats in 
philia and slightly enlarged nuclei. In the liver the 1,000- and 2,000-ppm groups. This lesion 
of two female rats (one each from the 1,000- and was characterized histologically by slight en-
2,000-ppm groups), pigmentation (small yellow- largement and increased height of thyroid fol­
brown intracytoplasmic granules in hyper- licular cells, often accompanied by cytoplasmic 
trophied hepatocytes) and cytoplasmic vacuoli- vacuolation and decreased staining intensity of 
zation (multiple clear, round intracytoplasmic intraluminal colloid. In some follicles, small 
vacuoles in periportal hepatocytes) were also papillary projections composed of follicular epi­
noted. The hepatocellular pigment resembled thelium extended into the lumen. 
the renal pigment in appearance, and results of 
special stains for this pigment were the same in 
both tissues. 
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STUDIES IN MICE 

Fifteen-Day Studies 

All mice that received diets containing 3,300 or 
10,000 ppm pentachlorobenzene died before the 
end of the studies (Table 9) The final mean body 
weights of dosed mice that lived to the end of the 
studies were similar to those of controls Feed 
consumption by animals living to the end of the 
studies was not clearly compound related In 
mice that received 3,300 ppm, tremors, lethargy, 
hunched posture, and paralysis were observed 
on the day or the day before the animals died or 
were killed in a moribund condition, dyspnea 
was seen in females given 3,300 ppm. Com­
pound-related clinical signs were not seen in an­
imals that lived to the end of the studies The 

absolute liver weights and the liver weight to 
body weight ratios were significantly increased 
for males and females that received 330 and 
1,000 ppm, at 1,000 ppm, the mean absolute 
liver weight was 1.7 times that of controls for 
males and 1 5 times that of controls for females 

Mild-to-moderate depletion of thymic lympho­
cytes occurred in males and females that re­
ceived 3,300 or 10,000 ppm, lymphocyte necrosis 
was characterized by pyknosis and karyorrhexis, 
and phagocytized cellular debris was also seen in 
the thymic macrophages of these animals 
These lesions are frequently seen in moribund or 
early-death animals. At lower concentrations, 
no compound-related lesions were noted in ani­
mals that lived to the end of the studies 

TABLE 9. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
FIFTEEN-DAY FEED STUDIES OF PENTACHLOROBENZENE 

Mean Body WeiKhl Is (grams) Final Weight Feed Compound 
Concentratio n Survival Initial (b) Final Change (c) R elative to Control: 3 Consump- Consump­

(ppm) (a) (percent) tion (d) tion (e) 

MALE 

0 5/5 21.3 22.3 + 10 218 
100 5/5 21.3 223 + 10 100.0 183 18 
330 5/5 21.7 233 + 16 104.5 232 77 

1,000 5/5 21.4 242 + 28 108.5 191 191 
3,300 (ft 0/5 21.3 (g) (g) <g> <g> <g) 

10,000 (h)0/5 20.8 <g) (g) (g) (g) (g) 

FEMALE 

. 
100 d)5/5 18.3 190 + 07 1016 263 26 
330 5/5 18.1 192 + 1 1 1027 258 85 

1,000 5/5 17.8 194 + 1 6 1037 231 231 
3,300 (j)0/5 18.2 <g> < g > lg> <g> ig) 

10,000 <k)0/5 18.6 (g) lg> < g > < g > < g > 

0 5/5 18.4 187 + 03 292 

(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 ± standard error of the mean 
<d) Grams of feed per kilogram body weight per day averaged over the 2-wk period, not corrected for scatter. 
(e) Milligrams per kilogram per day, based on mean of initial and final body weights; not corrected for scatter 
(f) Day of death. 4,4,5,5,5 
(g) No data are reported due to 100% mortality in this group, 
(h) Day of death 3,3,3,3,4 
(i) One animal died on day 15. 
(j) Day of death: 4,6,6,7,10 
(k) Day of death, all 4 
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Thirteen-Week Studies 

No compound-related deaths occurred (Ta­
ble 10). The final mean body weights were not 
compound related (Table 11 and Figure 6). Com­
pound-related clinical signs included ventral 
body swelling and ruffled fur in males and fe­
males that received 2,000 ppm. 

Compound-related increases in the absolute 
organ weights and organ weight to body weight 
ratios were seen for the kidney of males and the 
liver of males and females (Table 11). The ab­
solute kidney weights were increased in male 
mice given dietary concentrations as low as 330 
ppm; the relative kidney weights for males were 
increased at concentrations as low as 1,000 ppm. 
The absolute liver weights were increased at di­
etary concentrations of 100 ppm and above for 
males and 330 ppm and above for females. The 
relative liver weights were increased for male 
and female mice given diets containing 330 ppm 
or higher concentrations. 

The hemoglobin concentration was significantly 
decreased and the platelet count was signifi­
cantly increased for males and females that re­
ceived 2,000 ppm (Table A3). These values are 
considered to be within normal variation. Se­
rum sorbitol dehydrogenase activity was signifi­
cantly increased for males and females that 
received 1,000 or 2,000 ppm, with a threefold in­
crease at 2,000 ppm. The y-glutamyl transferase 

activity was increased fourfold for females at 
2,000 ppm. 

Total thyroxin concentrations were significantly 
decreased in males and females at pentachloro­
benzene concentrations down to 33 ppm. Tri­
iodothyronine concentrations were not dose re­
lated. In both control and exposed groups, the 
thyrotropin concentration either was generally 
lower than the limit of detection for the analysis 
or could not be measured because of insufficient 
serum. Liver porphyrin values at the end of the 
studies were significantly increased in males 
and females at 1,000 and 2,000 ppm (nearly two­
fold for males and threefold to sixfold for fe­
males). Sperm morphology endpoints (testicular 
and epididymal weights and epididymal sperm 
density, motility, and morphology) and female 
estrous cycle length were not affected by admin­
istration of pentachlorobenzene. 

Compound-related increased incidences of 
minimal-to-moderate centrilobular hepatocellu­
lar hypertrophy were present in the liver in 
male mice in all exposed groups and in female 
mice in the 330-, 1,000-, and 2,000-ppm groups 
(Table 12). In exposed animals of each sex, indi­
vidual cell necrosis of hypertrophied hepatocy tes 
was occasionally present and was considered sec­
ondary to the hypertrophy. Necrotic hepatocytes 
had deeply eosinophilic cytoplasm and pyknotic, 
often karyorrhectic nuclei. Unlike the individu­
al hepatocellular necrosis seen in dosed mice, 
the liver lesion in the one control female was a 
focal lesion and not associated with hypertrophy. 
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TABLE 10. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE EXAMINED 
HISTOLOGICALLY IN THE THIRTEEN-WEEK FEED STUDIES OF PENTACHLOROBENZENE 

Mean Body Weigh! ts (grams) Final Weight Feed Compound 
Concentratioii Survival Initial (b) Final Change (c) Ri jlative to Control!) Consump- Consump­

(ppm) (a) (percent) tion (d) tion (e) 

MALE 

.0 (f)9/10 22.5 ± 0.4 32.6 ± 1.0 + 9 9 ±0.9 44 
33 10/10 22.9 ± 0.4 35.2 ± 1.0 . + 12.3 + 0.8 108.0 4.6 52 

100 10/10 22.9 ± 0.3 33.9 ± 0.9 + 11.0 ±0.9 104.0 45 16 
330 10/10 23.0 ± 0.4 33.7 ± 0.7 + 10.7 ± 0.5 103.3 4.5 52 

1,000 10/10 22 4 ± 0.4 33.3 ± 0.6 + 10.9 ±07 102.1 4.5 162 
2,000 10/10 23.2 ± 0.3 32.7 ± 0.4 + 9 5 ±0.4 100.3 4.3 308 

FEMALE 

.. 
33 10/10 18.6 ± 0.4 28.2 ± 0.8 + 9 5 ± 0 6 103.7 4.9 6.9 

100 10/10 18.6 ± 0.4 27.0 ± 0.4 + 8 4 ± 0 6 99.3 5.1 22 
330 10/10 187 ±04 26.9 ± 0.6 + 82 + 04 98.9 4.7 68 

1,000 10/10 18 5 ± 0.4 26.6 ± 0.6 +8 1 ±05 97.8 4.9 217 
2,000 10/10 18.9 ± 0.4 26.9 ± 0.3 + 81 + 0.4 98.9 4.7 410 

0 10/10 18 6 ± 0.4 27.2 ± 0.6 + 86 + 08 5.1 

(a) Number surviving/number initially in group for animals not bled sequentially 
(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 of feed per animal per day averaged over the 13-wk period for both bled and unbled groups (combined); not corrected 
for scatter. 
(e) Milligrams per kilogram per day, based on mean of initial and final body weights; not corrected for scatter. 
(f) Death judged to be accidental 
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TABLE 11. ORGAN WEIGHTS FOR MICE IN THE THIRTEEN-WEEK FEED STUDIES OF 
PENTACHLOROBENZENE (a) 

Organ Control 33 ppm 100 ppm 330 ppm 1,000 ppm 2,000 ppm 

MALE (b) 

Body weight 
(grams) (03 1.4 ±0.97 33.2 ± 0.95 32.5 ± 0.80 32.6 ± 0.86 31.8 ± 0.53 31.6 ± 0.53 

Right kidney 
Absolute (c) 257 ±6.2 269 ± 6.6 270 ± 4.8 •279 ± 6.6 ••292 ± 5.5 ••301 ± 1 1 2 
Relative (O8.2 ±0.22 8.1 ± 0.19 8.3 ± 0.16 8.6 ± 0.26 •9.2 ± 0.30 ••9.5 ± 0.26 

Liver 
Absolute (01,352 ±35 1,445 ± 47 •1,471 ± 29 ** 1,693 ± 72 •'2,145 ± 43 ••3,585 ± 112 
Relative (043.2 ±0.73 43.6 ± 0.85 45.5 ± 1.01 "51.9 ± 1.64 •*67.5 ± 1 66 ••113.3 ± 2.80 

FEMALE (b) 

Body weight 
(grams) 26.6 ± 0.57 27.4 ± 0.88 26.5 ± 0.53 26.1 ± 0.69 27.2 ± 0.61 26.2 ± 0.58 

Right kidney 
Absolute 184 ± 4.2 179 ± 3.8 189 ± 4.3 180 ± 4.9 195 ± 3.3 188 ± 4.0 
Relative 6.9 ± 0.17 6.6 ± 0.19 7.1 ± 0.18 6.9 ± 0.17 7.2 ± 0.13 7.2 ± 0.12 

Liver 
Absolute 1,226 ± 40 1,200 ± 38 1,322 ± 50 •1,345 ± 34 ••2,019 ± 60 ••3,220 ± 99 
Relative 46.1 ± 0.70 44.0 ± 1.00 49.7 ± 1.24 ••51.5 ± 0.43 •*74.2 ± 1.25 ••122.7 ± 1.85 

(a) Mean ± standard error in milligrams (absolute) or milligrams per gram (relative) for groups of 10 animals unless otherwise 
indicated; P values vs. the controls by Dunn's test (Dunn, 1964) or Shirley's test (Shirley, 1977). 
(b) Data for animals not bled sequentially during the studies 
(c) Nine animals were weighed. 
•P<0.05 
•*P<0.01 

TABLE 12. INCIDENCES OF SELECTED LIVER LESIONS IN MICE IN THE THIRTEEN-WEEK FEED 
STUDIES OF PENTACHLOROBENZENE (a) 

Lesion Control 33 ppm 100 ppm 330 ppm 1,000 ppm 2,000 ppm 

MALE 

Number examined 10 10 10 10 10 10 

Centrilobular hypertrophy 0 3(1.0) 7(1.0) 10(1.7) 10(2.9) 10(3.0) 
Necrosis 0 1(1.0) 0 0 0 1(2.0) 

FEMALE 

Number examined 9 10 9 10 10 10 

Centrilobular hypertrophy 0 0 0 2(1.0) 10(1.8) 10(2.6) 
Necrosis 1(1.0) 0 0 1(1.0) 0 4(2.0) 

(a) Mean severity of animals with the lesion is in parentheses; < 1) = minimal; (2) = mild; (3) = moderate; (4) = marked. 
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IV. DISCUSSION AND CONCLUSIONS
 

In these studies, the organs most affected by the 
administration of pentachlorobenzene in feed 
were the kidney and liver in rats and the liver in 
mice. Minimal thyroid gland effects also oc­
curred in rats. In general, exposure-related le­
sions were more extensive in rats than in mice. 

In 15-day studies, deaths were observed in 
groups of rats receiving diets containing 10,000 
ppm and in mice receiving diets containing 
3,300 ppm or higher concentrations of pentachlo­
robenzene. Compound-related deaths were not 
observed in rats or mice in the 13-week studies, 
which used average estimated daily doses of 2­
160 mg/kg for rats and 5-400 mg/kg for mice. 
Actual doses on a milligram per kilogram basis 
were higher during the early weeks of the stud­
ies because young animals tend to consume rela­
tively more diet per kilogram body weight than 
they do later in the studies. There were no char­
acteristic clinical signs of toxicity observed in 
these studies, and no clear cause of death could 
be determined. 

In the 15-day studies, compound-related his­
tologic lesions in rats included hyaline droplet 
accumulation in the renal tubular epithelium of 
exposed males in the 100- to 3,300-ppm groups. 
Early death probably precluded development of 
this lesion in animals in the 10,000-ppm group. 
The reason for the absence of this lesion in the 
10,000-ppm groups and in 3/5 animals in the 
3,300-ppm group is unknown. Possibly, there 
was decreased production of Q2u-globulin by the 
liver with increased toxicity at these doses. 

Other histologic changes were thymic lympho­
cyte depletion and forestomach hyperkeratosis, 
seen in the 10,000-ppm rats of each sex. Mild-to­
moderate thymic lymphocyte depletion and 
necrosis were present in higher dose male and 
female mice. These lesions are often seen in 
moribund and early-death rodents. 

In the 13-week studies, kidney lesions were ob­
served in rats of each sex but were most pro­
nounced in males. Male rats in groups receiving 
diets containing as little as 100 ppm pentachloro­
benzene exhibited hyaline droplet accumulation 

similar to, but more extensive than, that seen in 
the exposed male rats in the 15-day study. Hya­
line droplet accumulation and tubular dilatation 
were noted previously in male rats given 125 or 
1,000 ppm pentachlorobenzene in the diet for 
100 days (Linder et al., 1980). 

Other renal lesions observed in male rats in the 
13-week studies included tubular dilatation and 
granular cast formation in the outer stripe of the 
outer medulla and focal mineralization of 
medullary collecting ducts. These lesions are 
consistent with those described for "hydrocarbon 
or hyaline droplet nephropathy" (Busey and 
Cockrell, 1984; Thomas et al., 1985; Trump et 
al., 1985; Short et al., 1986). 

Hyaline droplet nephropathy is associated with 
increased renal cortical tubule resorption of o^­
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). o^-Globulin levels 
are regulated by male androgens and decline in 
older rats (Roy, 1977), so hyaline nephropathy 
occurs only in intact, young adult male rats (Al­
den, 1986) or female rats pretreated with tes­
tosterone (Roy, 1977). Administration to rats of 
various compounds, including light hydrocar­
bons (Trump et al., 1985), unleaded gasoline 
components (Olson et al., 1987; Short et al., 
1987), jet fuel (Bruner, 1984), d-limonene (NTP, 
1990b), and others (Dodd et al., 1987; Read et al., 
1988), caused increased incidences of hyaline 
droplet accumulation, hyaline droplet nephropa­
thy, and in some cases, increased incidences of 
renal epithelial neoplasms (Alden et al., 1984; 
Busey and Cockrell, 1984; Haider et al., 1984; 
Kitchen, 1984; Phillips and Cockrell, 1984; 
Stonard et al., 1986; Dodd et al., 1987). 

Accumulation of "eosinophilic inclusions" mor­
phologically compatible with hyaline droplets 
was reported in male rats fed pentachloroben­
zene (Chu et al., 1983). Other chlorinated ben­
zenes have been implicated as a cause of renal 
toxicity in male rats. Long-term administration 
of 1,4-dichlorobenzene, but not 1,2-dichloroben­
zene, resulted in hyaline droplet accumulation 
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and epithelial neoplasms in the kidney of F344 
rats (NTP, 1985, 1987; Bomhard et al., 1988; 
Charbonneau et al., 1989). Renal epithelial neo­
plasms also occurred in rats fed hexachloroben­
zene (Lambrecht et al., 1983), of which penta­
chlorobenzene is a metabolite (Mehendale et al., 
1975; Debets et al., 1981; Billi and San Martin 
de Viale, 1985; Stewart and Smith, 1986). 

The exact pathogenesis of hyaline drop'let 
nephropathy is unknown, but binding of chem­
icals to 02li-globulin is postulated to lead to for­
mation of complexes that are resorbed but not 
readily degraded by renal cortical epithelial 
cells (Trump et al., 1985). The resulting phago­
lyososomes are seen by light microscope as ab­
normal hyaline droplets in cortical epithelial 
cells (Short et al., 1987). Cortical epithelial cell 
necrosis with subsequent tubular regeneration 
results from hyaline droplet accumulation 
(Short et al., 1987; Swenberg et al., 1989). 

In addition, male rats in the 100- to 2,000-ppm 
groups and female rats in the 1,000- and 2,000­
ppm groups had homogeneous protein tubular 
casts and focal chronic inflammation in the kid­
ney, which were typical of the spontaneous 
nephropathy commonly seen in various strains 
of laboratory rats (Peter et al., 1986). Thus, ex­
posure to pentachlorobenzene was also associ­
ated with an exacerbation in severity of 
nephropathy, especially in male rats. 

Urinary glucose and protein concentrations 
were increased in male and female rats in the 
higher dose groups. Urinary protein increases 
in male rats in the 1,000- to 2,000-ppm groups 
were particularly striking (3 to 10 times greater 
than controls). Increases in urinary protein and 
glucose were reported previously in male F344 
rats with hyaline droplet nephropathy induced 
by administration of a light hydrocarbon (Cio-
Cn isoparaffin) (Phillips and Cockrell, 1984). 

These findings may result from impaired cor­
tical tubular resorption of glucose and protein, 
due to pentachlorobenzene-induced hyaline 
droplet nephropathy in male rats. Granular 
casts and sloughed tubular epithelial cells could 
have contributed to the increased urinary pro­
tein levels in both sexes. The exacerbated spon­
taneous nephropathy present in each sex could 

also have contributed to the observed pro­
teinuria and glucosuria (Peter et al., 1986). 

Compound-related histologic liver lesions occur­
red in both species. Centrilobular hepatocellu­
lar hypertrophy was present in higher dose 
groups of male and female rats in the 15-day and 
13-week studies. Centrilobular hepatocellular 
hypertrophy with minimal necrosis was present 
in exposed mice of each sex in the 13-week stud­
ies. The marked increased liver weight (abso­
lute and relative) at the highest dose may 
explain the clinical observation of "distended ab­
domen." There was no evidence of ascites or oth­
er lesions to account for this clinical observation. 

Hepatocellular hypertrophy was previously seen 
in the liver of male and female rats given penta­
chlorobenzene in the diet (Linder et al., 1980; 
Chu et al., 1983). Hepatocellular hypertrophy 
was also observed after administration of com­
pounds, such as other chlorinated benzenes and 
halogenated biphenyls, which induce hepatic 
microsomal enzymes; ultrastructurally, the 
light microscopic changes correlate with in­
creased amounts of smooth endoplasmic reticu­
lum (Strik et al., 1980; Kuiper-Goodman and 
Grant, 1986). 

Pentachlorobenzene acts as a "phenobarbital 
type" inducer of microsomal cytochrome P450 
enzymes, as well as of other hepatocellular en­
zymes (Ariyoshi et al., 1975; Goerz et al., 1978, 
Goldstein et al., 1982, 1986; Denomme et al., 
1983). Therefore, the hepatic changes observed 
in these studies may be morphologic manifesta­
tions of metabolic enzyme induction. 

In the 13-week studies, pigment accumulation 
was present in hepatocytes of a few female rats 
given 1,000 or 2,000 ppm pentachlorobenzene 
and in renal tubular epithelial cells of male rats 
given 2,000 ppm and female rats given 1,000 or 
2,000 ppm. The granular, yellow-brown, intra­
cytoplasmic pigment was negative for special 
stains for hemosiderin iron (Prussian blue), bile 
(Hall's stain), and ceroid/lipofuchsin (oil red O 
and Ziehl-Neelsen acid-fast stain). These results 
imply, but do not unequivocally prove, that the 
pigment granules consisted of one or more 
porphyrins. 
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Significant but not dose-related increases in 
liver porphyrin concentrations were noted in ex­
posed male rats, whereas only the females 
receiving diets containing 2,000 ppm pentachlo­
robenzene had significantly increased liver por­
phyrin. Similar mild increases in liver por­
phyrin values were reported in rats (Linder et 
al., 1980). The results of the current studies in­
dicate that, compared with hexachlorobenzene 
(San Martin de Viale et al., 1970; Boger et al., 
1979; Smith et al., 1985; Carlson and Kosian, 
1987), pentachlorobenzene is not highly por­
phyrinogenic in rats. 

Liver porphyrin values were significantly in­
creased in male and female mice in the 1,000­
and 2,000-ppm groups. These increases were 
much more pronounced in females (three to six 
times the control values) than in males (about 
twice the control values) (Table A3). Histo­
logically, there was no detectable porphyrinlike 
pigment in mice of either sex. 

Pigment accumulation in liver and/or kidney 
was more extensive in females than in males of 
either species. In other studies, female rats have 
been shown to be much more sensitive than 
males to the porphyrinogenic effects of hexachlo­
robenzene and other polyhalogenated aromatic 
hydrocarbons (San Martin de Viale et al., 1970; 
Strik et al., 1980; Kuiper-Goodman and Grant, 
1986). Estrogenic drugs can increase the sus­
ceptibility of male rats to hexachlorobenzene­
induced porphyria, perhaps by decreasing the 
activity of uroporphyrinogen decarboxylase 
(Smith and Francis, 1981). Possibly, female sex 
hormones played a potentiating role in por­
phyrin accumulation in the current studies. 

Increased serum sorbitol dehydrogenase activity 
is a nonspecific indicator of mild hepatocyte 
damage (Duncan and Prasse, 1977), so the sig­
nificantly increased activity seen in exposed 
male and female rats and mice was not sur­
prising. The slight increase in y-glutamyl trans­
ferase (GGT) activity in mice in the 2,000-ppm 
groups suggests mild cholestasis. 

Compound-related histologic changes were pres­
ent in the thyroid gland in male and female rats 
in the 13-week studies. Thyroid follicular cell 
hypertrophy and a decreased staining intensity 

of intraluminal colloid of minimal severity oc­
curred in rats given 1,000 or 2,000 ppm penta­
chlorobenzene. Similar lesions have been noted 
previously in rats fed diets containing 500 ppm 
pentachlorobenzene for 28 days (Chu et al., 
1983). 

Induction of thyroid gland proliferative lesions 
(hyperplasia, hypertrophy and/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), 1,4-dichlorobenzene (NTP, 
1987), 2,3,7,8-tetrachlorodibenzo-p-dioxin (NTP, 
1982), and polychlorinated biphenyls (Capen 
and Martin, 1989). 

In the current studies, free thyroxin and total 
thyroxin concentrations in serum were signifi­
cantly decreased for male rats in the 33- to 
2,000-ppm groups and female rats in the 100- to 
2,000-ppm groups (Table A2). Free thyroxin is 
an important measurement of thyroid function, 
independent of changes in binding proteins. 
Thyrotropin concentrations were significantly 
increased in males and females that received 
1,000 and 2,000 ppm; however, the erratic val­
ues at different times (Table A2) may reflect lab­
oratory assay performance, rather than physi­
ologic changes related to exposure. Overall, the 
thyroid hormone data in rats are strongly in­
dicative of a moderate primary hypothyroxine­
mia, especially in males. 

In studies with other polyhalogenated aromatic 
hydrocarbons, similar functional abnormalities 
have also been noted, frequently in conjunction 
with morphologic thyroid gland lesions similar 
to those described above (Collins and Capen, 
1980; van den Berg et al., 1988). 

Decreased serum thyroxin concentrations were 
reported in rats exposed to polychlorinated bi­
phenyls (Bastomsky et al., 1976; Collins and 
Capen, 1980). Conjugation to glucuronic acid 
and biliary excretion of thyroxin were also ac­
celerated, presumably because of chemical-
related induction of hepatic thyroxine UDP­
glucuronyltransferase (Bastomsky and Murthy, 
1976; McClain, 1989). Collins et al. (1977) pro­
posed that the lowered thyroxin concentrations 
after polychlorinated biphenyl administration 
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are caused by the combined effects of direct tox­
icity on thyroid follicular cells and potentiation 
of peripheral metabolism. Whether similar fac­
tors played a causative role in the thyroid hor­
mone abnormalities found in these studies was 
not determined. 

In male mice exposed to 330 or 1,000 ppm penta­
chlorobenzene, there were significant decreases 
at all time points in free thyroxine (with the 'ex­
ception of 1,000 ppm at day 15). There were no 
significant decreases at 2,000 ppm. In the same 
mice, in dose groups at and above 100 ppm, there 
were significant decreases in total thyroxine 
concentrations at all time points. No significant 
changes occurred, however, in triiodothyronine 
or thyrotropin concentrations. 

In female mice, significant changes (decreases) 
occurred only in total thyroxine concentrations 
(all time points, at and above concentrations of 
33 ppm). Changes in hormone concentrations in 
female mice do not provide strong evidence for a 
primary effect on the thyroid gland. Changes in 
serum concentrations of binding proteins, for ex­
ample, can produce decreases in total thyroxine 
without affecting concentrations of the other 
hormones (Henry, 1984). In male mice, the de­
creases in free thyroxine (not dose related) and 
in total thyroxine do provide some evidence for a 
primary effect on the thyroid gland. 

Hematologic findings for supplemental study 
rats included significantly decreased hematocrit 
values, hemoglobin concentration, mean cor­
puscular hemoglobin, and mean cell volume in 
males and females that received 1,000 or 2,000 

ppm. These findings are suggestive of a micro­
cytic, mildly hypochromic, poorly regenerative 
anemia. Because the serum albumin and crea­
tinine concentrations indicate possible dehydra­
tion, the anemia may have been even more 
severe than is indicated by the absolute hemato­
logic values. Reticulocyte counts were increased 
in males that received 2,000 ppm, but these find­
ings are probably attributable to dehydration. 
Similar changes in hematologic values were 
noted in male F344/N rats given 1,4-dichloro­
benzene by gavage (NTP, 1987). 

The exact cause of this anemia was not deter­
mined, but the disturbances in porphyrin metab­
olism may have played a role, since porphyrins 
are precursors in heme biosynthesis (Bonkow­
sky, 1982). Decreased renal erythropoietin pro­
duction, considered an important pathogenic fac­
tor in the anemia of renal failure (Anagnostou et 
al., 1981), could also have contributed to the 
hematologic derangements observed in the cur­
rent studies. 

The increased percentage of abnormal sperm in 
male rats that received 330 or 2,000 ppm penta­
chlorobenzene was considered to be an exposure-
related change that may reflect a primary effect 
on spermatogenesis. The reduced estrous cycle 
length in exposed female rats was not considered 
to be exposure related. 

The no-observed effect levels (NOELs) for histo­
logic lesions were 33 ppm for male rats and 330 
ppm for female rats. The NOEL for histologic 
lesions in female mice was 100 ppm. A NOEL 
was not reached for male mice. 
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TABLE Al. ORGAN WEIGHTS FOR RATS EXAMINED HISTOLOGICALLY IN THE THIRTEEN-WEEK 
FEED STUDIES OF PENTACHLOROBENZENE (a) 

Organ Control 33 ppm 100 ppm 330 ppm 1,000 ppm 2,000 ppm 

MALE 

Body weight 
(grains) 354 ± 7.1 339 ± 7.9 344 ± 8.5 345 ± 5.6 335 ± 8.3 **299 ±68 

Brain 
Absolute 1,905 ± 25 1,936± 14 1,933 ± 20 1,936 ± 18 1,905 ± 23 1,891 ± 21 
Relative 5.4 ± 0.12 «5.8 ± 0.14 5.6 ± 0.14 5.6 ± 0.08 5.7 ± 0.12 **6.4 ± 0.14 

Heart 
Absolute 1,060 ± 36 1,105 ± 47 1,047 ± 35 1,026 ± 21 1,067 ± 42 998 ± 26 
Relative 3.0 ± 0.10 3.3 ± 0.12 3.0 ± 0.05 3.0 ± 0.07 3.2 ± 0.09 *3.4 ± 0.12 

Right testis 
Absolute 1,489 ± 20 1,462 ± 20 1,481 ± 25 1,468 ± 24 1,506 ± 22 1,495 ± 18 
Relative 4.2 ± 0.09 4.3 ± 0.11 4.3 ± 0.06 4.3 ± 0.07 •4.5 ± 0.06 **5.0 ± 0 07 

FEMALE 

Body weight 
(grams) 209 ± 5.3 200 ± 2.9 197 ± 3.1 **189 ± 4.5 •195 ± 2.2 **193 ± 2.2 

Brain 
Absolute 1,789 ± 31 1,831 ± 19 1,793 ± 17 1,737 ± 27 1,760 ± 29 1,754 ± 22 
Relative 8.6 ± 0.24 9.2 ± 0.17 9.1 ± 0.13 9.2 ± 0.19 9.0 ± 0.17 9.1 ± 0.13 

Heart 
Absolute 706 ± 15 661 ± 13 692 ± 15 649 ± 23 717 ± 15 708 ± 11 
Relative 3.4 ± 0.08 3.3 ± 0.06 3.5 ± 0.09 3.4 ± 0.09 •3.7 ± 0.09 *3.7 ± 0.07 

(a) Mean ± standard error in milligrams (absolute) or milligrams per gram (relative) 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. RESULTS OF SUPPLEMENTAL ANALYSES FOR RATS IN THE THIRTEEN-WEEK FEED 
STUDIES OF PENTACHLOROBENZENE (a) 

Analysis Control 33 ppm 100 ppm 330 ppm 

MALE 

No examined (b) 9 10 10 10 

Hematocnt (percent) 461 + 052 457 ± 043 462 ± 088 449 ± 049 
Hemoglobin (g/dl) 16 6 ± 0 13 165 ± Oil 165 ± 023 •160 ±016 
Mean corpuscular 

hemoglobin (pg) 186 ± 022 18 6 i 0 14 184 ± 018 18 1 ± 0 07 
Mean corpuscular hemoglobin 

concentration (g/dl) 361 ± 0 3  7 361 ± 021 358 ± 038 358 ± 020 
Mean cell volume 

(microns3) 514 ± 038 51 7 ± 0 30 514 ± 027 507 ± 030 
Platelets UOS/microliter) 558 ± 89 579 ± 220 547 ± 155 550 ± 80 
Erythrocytes(106/microliter) 9 0 ± 0 13 88 ± 006 9 0 ± 0 17 89 ± 010 
Reticulocytes 

(106/microhter) 0 14 ± 0 Oil 012 ± 0012 015 ± 0012 014 ± 0013 
Albumin (g/dl> 

Day 3 (c)43 ± 005 43 ± 006 44 ± 005 44 ± 007 
Day IS 43 ± 009 43 ± 009 (d)44 ± 007 44 ± 008 
Day 45 4 5 ± 0 05 47 ± 006 4 5 ± 0 10 •49 ± Oil 
Day 90 5 1 ± 0 07 5 0 ± 0 12 53 ± 009 51 ± 006 

Craatinme (mg/dl) 
Day 3 (c) 0 36 ±0037 034 ± 0037 037 ± 0026 034 ± 0040 
Day 15 0 28 ± 0015 030 ± 0026 029 ± 0028 032 ± 0025 
Day 45 039 ± 0020 040 ± 0015 044 ± 0016 '•046 ± 0016 
Day 90 0 51 ± 0 035 052 ± 0029 057 ± 0040 057 ± 0026 

Sorbitol dehydrogenase (Ill/liter) 
Day 3 (e)83 ± 049 (d)89 ± 064 ( f )96 ± 051 (g)84 ± 053 
Day 15 7 8 ± 1 30 (h)99 ± 101 (h)93 ± 071 108 ± 137 
Day 45 (d) 8 3 ± 031 70 ± 042 83 ± 0 3 0 (d)95 ± 057 
Day 90 123 ± 107 93 ± 047 76 ± 090 117 ± 033 

GOT (lU/liter) 
Day3 (c)27 ± 045 2 2 ± 0 47 45 ± 110 38 ± 095 
Day 15 09 ± 068 21 ± 091 26 ± 102 16 ± 043 
Day 45 09 ± 068 06 ± 034 03 ± 0 15 07 ± 040 
Day 90 0 7 ± 0 33 10 ± 037 04 ± 016 06 ± 027 

Tmodothyromne (ng/dl) 
Day 15 80 7 ± 2 66 764 ± 492 76 8 ± 3 21 "618 ± 2 6 8 
Day 45 (d) 102 9 ±6 18 1146 ± 824 1036 ± 729 ;h)899 ± 853 
Day 90 827 ± 572 66 0 ± 4 12 76 0 ± 2 72 •641 ± 370 

Fr«e thyronn (ng/dl) 
Day 15 0 28 ± 0 Oil ••022 ± 0014 ••021 ±0009 ••0 10 ± 0 005 
Day 45 023 ± 0008 021 ±0007 ••018 ±0009 ••0 13 ± 0 005 
Day 90 022 ± 0007 ••0 18 ± 0 006 "0 19 ± 0 006 ••013 ±0003 

Total thyroxin (micrograms/dl) 
Day 15 64 ± 021 "52 ± 027 ••4 5 ± 0 19 ••19 ± 006 
Day 45 66 ± 025 60 ± 026 ••50 ±027 ••25 ±010 
Day 90 6 7 ± 0 19 ••53 ± 0 2 0 ••5 4 ± 0 15 ••3 0 ± 0 10 

Thyrotropin (ng/ml) 
Day IS 34 ± 037 •52 ± 088 (d)39 ± 041 45 ± 072 
Day 45 id) 6 1 ± 0 93 (h)59 ± 072 (g)82 ± 176 ( g ) 4 7 ± 055 
Day 90 2 9 ± 0 21 35 ± 059 •38 ± 033 33 ± 046 

Liver porphynn (micrograms/g) for noabled amn lals 
Day 90 (O054 ± 0075 •077 ±0078 062 ± 0083 •086 ±0080 
Day 90 (ratio) (D 143 115 159 

Abnormal sperm (percent) for nonbled animals 
Day 90 (c)0620 ± 0 7  6 0680 ± 0085 •1060 ± 0133 
Day 90 (ratio) (l) no 171 

Sperm density ( x lofy 
Day 90 769 ± 42 739 ± 43 754 ± 41 
Day 90 (ratio) (l) 096 098 

Sperm motihty (percent) 
Day 90 951 ± 074 946 ± 069 93 0 ± 1 06 
Day 90 (ratio) (0 099 098 

Caudal weight (mg) 
Day 90 178 ± 4 178 ± 6 175 t 5 
Day 90 (ratio) (0 100 098 

Right epididymal weight (mg) 
Day 90 435 ± 5 435 ± 6 432 ± 8 
Day 90 (ratio) (0 100 099 

No examined for unnalysis (b) 9 5 4 5 

Unne specific gravity 
Day 3 (e) 1 036 ± 0 004 (J) 1 030 ± 0 003 (k) 1 028 ± 0 009 (d) 1 039 ± 0 004 
Day 15 (1)1030 ±0005 1 047 ± 0 010 1038 ± 0012 1039 ± 0011 
Day 90 1058 ± 0003 (g) 1 054 ± 0 008 (h) 1 065 ± 0 004 "(h) 1 044 ± 0 001 

Urinary glucose (mg/16 h) 
Day 3 1 5 ± 0 75 15 ± 075 17 ± 027 1 6 ± 0 19 
Day 15 0 8 ± 0 14 15 ± 051 07 ± 017 10 ± 022 
Day90 14 ± Oil 13 ± 025 1 2 ± 0 13 ••35 ± 0 2 8 

1,000 ppm 

10 

••420 ± 0 7 6 
"148 ± 0 2 1 

••178 ± 0 10 

•353 ± 0 2 3 

•504 ± 0 2 7 
•592 ±96 
••8 3 ± 0 16 

0 16 ± 0 013 

43 ± 009 
"46 ± 0 0 5 
"5 1 ± 0 14 
"59 ± 0 0 8 

03" ± 0033 
••044 ± 0034 
"058 ± 0025 
"069 ± 0023 

l h ) 8 9 ± 098 
"(hi 13 6 ±053 
•id) 10 8 ± 0 8 2 

137 ± 180 

41 ± 0 74 
1 1 ± 023 
02 ± 020 
03 ± 0 15 

"514 ± 2 2 8 
•73 7 ± 4 99 
•641 ± 257 

"008 ±0002 
"010 ± 0 0 0 4 
"009 ±0004 

"1 1 ± 006 
"16 ± 0 0 6 
"17 ± 003 

"(d)68 ± 0 6 6 
( h ) 6 0 ± 050 

•40 ± 039 

•0 92 ± 0 157 
170 

10 

Ig) 1044 ± 0007 
(f>1032 ± 0003 
"1041 ± 0001 

13 ± 027 
20 ± 043 

"54 ± 0 2 4 

2,000 ppm 

10 

"419 ± 0 2 6 
"149 ± 0 12 

••179 ±013 

355 ± 029 

•504 ± 0 3 7 
"648 ± 1 7 2 
"83 ± 0 0 7 

•019 ± 0012 

43 ± 009 
"53 ± 0 0 9 
"57 ±011 
"6 2 ± 0 06 

037 ± 0030 
"038 ± 0025 
"053 ± 0015 
"066 ± 0016 

f) 10 0 ± 0 63 
"hill 6 ± 0 8 7 
"(h)137 ± 0 9 6 

"222 ± 102 

26 ± 064 
•3 3 ± ' 06 

"25	 ± 0 4 3 
20 ± 037 

"654 354 
94 5 8 56 
73 4 3 59 

"010 0005 
"0 10 0 004 
"0 10 ± 0005 

•• h) 1 2 ± 0 05 
"14 ± 0 0 5 
"17 ± 0 0 4 

"d!6 8 ± 102 
hi 5 7 ± 0"" 
"55 ± 0 8 2 

•080	 ± 0113 
148 

••1 240 ± 0 181 
200 

799 ± 37 
104 

929 ± 131 
098 

168 ± i 
094 

418 ± 4 
096 

10 

1 028 ± 0 002 
(d) 1 044 ±0 003 

"1041 ± 0001 

1 8 ± 0 28 
"36 ± 0 4 0 
"66 ± 0 4 0 
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TABLE A2. RESULTS OF SUPPLEMENTAL ANALYSES FOR RATS IN THE THIRTEEN-WEEK FEED 
STUDIES OF PENTACHLOROBENZENE (Continued) 

100 ppm 330 ppm 1,000 ppm 2,000 ppm 

(k) 6 3 ± 0 17 (d) 6 1 ± 0 08 62 ± 008 62 ± 008 
65 ± 020 65 ± 016 (065 ± 022 "(d) 61 ± 0 06 

(c)64 ± 0 11 (h)62 ± 008 62 ± 008 6 1 ± 0 07 

26 ± 055 28 ± 049 17 ± 039 24 ± 040 
3 0 ± 1 36 32 ± 141 47 ± 091 49 ± 059 
30 ± 039 •60 ± 056 "118 ± 173 "347 ± 4 0 6 

(k)32 ± 043 lh )2S ± 056 13 ± 0 40 31 ± 0 43 
26 ± 142 le) 2 2 ± 1 13 (026 ± 049 (d) 2 7 ± 0 28 

(013 ± 023 (036 ± 036 "45 ± 0 4 0 "55 ± 0 4 0 

10 10 10 9 

456 ± 055 459 ± 064 "435 ± 0 4 8 "433 ± 0 4 7 
162 ± 013 163 ± 014 "155 ± 0 1 5 "154 ± 0 1 8 

194 ± 016 192 ± 028 ••186 ± 0 0 5 "18 1 ± 0 14 

355 ± 028 356 ± 049 357 ± 030 356 ± 024 

547 ± 030 "538 ± 0 2 5 ••52 1 ± 0 35 "509 ± 0 2 0 
••528 ±193 ••497 ±78 "482 ±97 "547 ±67 

83 ± Oil 8 5 ± 0 13 83 ± 009 85 ± 007 

0 15 ± 0 01S 013 ± 0012 015 ± 0011 0 16 ± 0 016 

44 ± 016 45 ± 015 43 ± 0 13 (044 ± 014 
*48 ± 009 ••49 ± 0 0 8 "53 ±012 "(c)56 ± 0 1 2 
52 ± 008 "54 ± 009 "58 ± 0 1 0 "64 ± 0 0 6 
54 ± 022 •58 ± 024 ••6 1 ± 0 19 "66 ± 0 2 9 

025 ± 0017 033 ± 0021 029 ± 0018 ( c l O 32 ± 0020 
043 ± 0021 042 ± 0033 045 ± 0022 (O045 ± 0034 
047 ± 0033 048 ± 0036 043 ± 0033 047 ± 0029 
059 ± 0048 062 ± 0042 055 ± 0017 060 ± 0029 

(h) 10 3 ± 0 90 ( h ) 9 2 ± 083 90 ± 047 (c )92 ± 042 
(d) 12 5 ± 1 12 (h) 12 1 ± I 34 "(h)184 ± 173 "(e)143 ± 143 

•95 ± 078 (h)107 ± 183 "127 ± 102 "(d) 12 9 ± 1 33 
••128 ±090 "154 ± 101 "197 ± 167 ••22 1 ± 1 41 

14 ± 052 27 ± 079 16 ± 045 (el 2 2 ± 103 
22 ± 047 18 t 066 22 ± 051 •(«)38 ± 0 6 3 
11 ± 031 10 ± 045 16 ± 052 3 1 ± 0 68 
04 ± 027 04 ± 021 00 ± 000 20 ± 050 

1173 ±581 1151 ± 5 7 8 1027 ± 394 •(O987 ± 4 3 6 
853 ± 383 947 ± 686 959 ± 529 876 ± 369 

1001 ± 4 3 4 960 ± 381 104 5 ± 5 93 922 ± 452 

•015 ± 0012 "009 ± 0008 "008 ±0006 "(0008 ± 0 0 0 4 
••0 10 ± 0 009 "007 ±0006 "007 ± 0006 "008 ± 0004 
••0 14 ± 0 009 ••0 10 ± 0 005 "Oil ±0003 ••0 11 ± 0007 

"3 6 ± 0 24 "22 ± 0 1 2 "17 ± 0 0 3 •»(c) 16 ± 0 05 
••32 ±021 "23 ± 009 "18 ± 0 0 7 "1 5 ± 003 
••38 ± 0 2 4 "25 ± 009 "20 ± 0 0 8 "17 ± 0 0 6 

(hi 2 3 ± 023 (h)18 ± 019 (h)33 ± 045 "(d)44 ± 0 5 5 
(d)28 ± 033 (h)21 ± 025 (d)32 t 025 "(d)48 ± 0 3 6 

3 5 ± 0 38 (h)34 ± 048 "6 4 ± 1 15 "85 ± 121 

041 ±0089 063 ± 0054 064 ± 0185 •(c)074 ±0045 
85 131 134 154 

480 ± 013	 "h)430 ± 0 15 

214 143 
229 27 1 
200 243 
357 343 

Analysis Control 

MALE (Continued) 

Unne pH 
Day3 (e)63± Oil 
Day IS (1)68 ± 014 
Day 90 64 t Oil 

Unnary protein (mg/16 h) 
Day 3 30 ± 036 
Day 15 2 7 ± 0 57 
Day 90 3 4 t 0 25 

Unn« volume (ml/16 h) 
Day 3 d)32 t 048 
Day 15 (fH 8 ± 0 61 
Day 90 2 2 ± 0 19 

FEMALE 

No examined (b) 10 

Hematocnt (percent) 46 1 ± 0 65
 
Hemoglobin (g'dl) 166 ± Oil
 
Maan corpuscular
 

hemoglobin (pg) 19 8 ± 0 18 
Mean corpuscular hemoglobin 

concentration (g/dl) 36 0 ± 0 38 
Mean cell volume 

(microns3) 550 ± 030 
Platelets (103fmicroliter) 591 ± 1 2  6 
Erythrocytes(106/rmcrolitar) 84 ± Oil 
Reticulocytas 

(106'microliter) 0 14 t 0012 
Albumin (g/dl) 

Day 3 43 ± 012 
Day 15 4 5 ± 0 06 
Day 45 48 t 025 
Day 90 5 1 ± 0 17 

Creatinine (mg'dl) 
Day 3 0 30 t 0021 
Day 15 041 ± 0023 
Day 45 047 ± 0037 
Day 90 0 61 ± 0057 

Sorbitol dehydrogenase (IU/hter) 
Day 3 84 ± 037 
Day 15 10 3 ± 0 78 
Day 45 (h) 7 2 ± 047 
Day 90 85 t 085 

GOT (IU/hter) 
Day3 23 ± 076 
Day IS 1 5 ± 0 48 
Day 45 16 t 040 
Day 90 05 ± 031 

Tmodothyromne (ng/dl) 
Day 15 1168 ±392 
Day 45 (h) 97 9 ± 433 
Day 90 963 ± 353 

Free thyroxln (ng/dl) 
Day IS 0 20 ± 0 012 
Day 45 0 16 ± 0 013 
Day 90 0 20 ± 0014 

Total thyroxin (microgranu/dl) 
Day IS 4 6 ± 0 16 
Day 45 47 t 035 
Day 90 5 0 ± 0 29 

Thyrotropin (ng/ml) 
Day IS 2 0 ± 0 15 
Day 45 ( 0 2 4 ± 052 
Day 90 27 ± 043 

Liver porphynn (micrograms/g) for nonbled anim lals 
Day 90 (h) 0 48 ± 0061 
Day 90 ( ratio) (i) 

Estrous cycle length for 
nonbled animals (days) 4 90 ± 0 10 

Estrous cycle stage (percent) 
Proestnu 14 3 
Estnis 21 4 
Metestrus 21 4 
Diestrus 42 9 

33 ppm 

(J)63 ± 025 
64 ± 0 19 

(d) 6 4 ± 0 18 

27 ± 107 
29 ± 067 
29 ± 053 

(j)39 ± 235 
2 1 ± 0 78 

(h) 16 ± 039 

9 

464 ± 061 
166 ± 010 

196 ± 010 

357 ± 033 

550 ± 041 
•551	 ±84 

84 ± 009 

0 16 ± 0 018 

(c)44 ± 009 
"49 ± 009 

51 ± 009 
5 4 i 0 16 

(c)026 ± 0016 
044 ± 0041 
049 ± 003S 
059 ± 0039 

(c)81 ± 041 
(d) 10 0 ± 0 96 

Id) 75 ± 066 
97 ± 097 

(e)09 ± 028 
28 ± 074 
13 ± 053 
09 ± 039 

Id) 105 8 ± 5 86 
876 £ 631 

1023 ± 723 

•(d) 0 15 ± 0 013 
0 13 ± 0 013 
0 18 ± 0 010 

•Id) 3 9 ± 0 2 8 
39 ± 035 
47 ± 025 

(d)26 ± 032 
(e)23 ± OSS 

33 ± 029 

048 ± 0088 
101 

«<c) 4 30 ± 0 15 

129 
271 
200 
400 
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TABLE A2. RESULTS OF SUPPLEMENTAL ANALYSES FOR RATS IN THE THIRTEEN-WEEK FEED 
STUDIES OF PENTACHLOROBENZENE (Continued) 

FEMALE (Contini jed) 

No examined for unnalyu i(b) 7 8 10 7 7 9 

Unne specific gravity 
Day 3 
Day 90 

Urinary glucose (tng/16 h) 
Day 3 
Day 90 

Unne pH 

1 034 ± 0 005 
(d) I 042 ± 0 006 

06 ± Oil 
04 ± Oil 

1035 ±000  2 
1047 ± 0007 

10 ± 0 27 
06 ± 0 13 

(f) 1 041 ±0 005 
1 044 ± 0 006 

06 ± Oil 
05 ± 008 

1 036 ± 0 003 
*lc) 1061 ± 0 0 0  4 

•10 ± 016 
07 ± 009 

1 040 ± 0 007 
(fi I 052 ± 0 004 

•10 ± 021 
" 1 2 +  0 18 

(fl 1 028 ±0 005 
•1 063 ± 0 004 

1 1 ± 0 23 
••26 ± 0 2  0 

Day 3 
Day 90 

Urinary protein (mg/16 h) 
Day3 
Day 90 

64 ± 007 
(d)6  7 ± 028 

04 ± Oil 
04 ± 008 

6  3 ± 0 1  3 
( h ) 6  4 ± 013 

07 ± 021 
05 ± 010 

( f ) 6  2 ± 012 
63 ± 021 

04 ± 008 
04 ± 006 

63 ± 010 
(c )6  3 ± 015 

0 7 ± 0 12 
06 ± 0 10 

64 ± 009 
(f) 6 2 ± 0 12 

07 ± 019 
"1 1 ± 0 15 

( e ) 6  3 ± 0 11 
"60 ± 0 0  0 

07 ± 010 
"155 ± 187 

Unne volume (ml/16 h) 
Day 3 
Day 90 

19 ± 0 52 
(d)0  9 ± 020 

25 ± 038 
l h ) 0  9 ± 024 

(fl 2 1 ± 0 59 
1 0 ± 0 18 

24 ± 033 
(c) 0 9 ± 0 17 

24 ± 073 
1 1 ± 0 33 

(g) 1 9 ± 0 63 
"2 1 ± 0 19 

(a) Includes hematologic, serum chemical, unnalysis, reproductive function, and hver porphynn data Mean ± standard error, GGT = y glutamyl transpeptidase, 
hematologtc analyses are for animals bled on day 90, except as noted, all analyses were performed on sequentially bled animals P values are vs the controls by Dunn 
test (Dunn, 1964) or Shirley's test (Shirley, 1977) 
(b) Unless otherwise specified 
(c) Ten animals were examined 
(d) Eight animals were examined 
(e) Six animals were examined 
(f) Five animals wen examined 
<g) Seven animals were examined 
(h) Nine animals were examined 
(i) Ratio = (exposed group mean/control group mean) X 100 
(j) Two animals were examined 
(k) Three animals were examined 
(I) Four animals were examined 
•P<005 
**P<001 
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TABLE A3. RESULTS OF SUPPLEMENTAL ANALYSES FOR MICE IN THE THIRTEEN-WEEK FEED 
STUDIES OF PENTACHLOROBENZENE (a) 

Analysis Control 33 ppm 100 ppm 330 ppm 1,000 ppm 2,000 ppm 

MALE 

Number examined (b) 10 10 10 10 9 9 

Hemoglobin (g/dl) 178 t 027 176 ± 024 183 ±038 179 ± 0 1  7 178 ± 0 18 •169 ± 0 2  1 
Moan nil 

volume (microns3) 489 ± 064 485 ± 043 490 ± 0 5  6 478 ± 0 5  9 479 ± 0 4  5 480 ± 0 6  2 
Platelet! (K^/microhter) (0710 ± 24 702 ± 20 624 ± 46 742 ± 38 768 ± 26 "922 ± 26 
GOT (IU/hter> (d)10S ± 460 39 ± 146 (d)80 ± 4 9  3 1080 ± 2 2  4 ( d ) 5  4 ± 2 5  4 id) 12 5 ± 2 15 
Sortaitol dehydrogenase 

(lU/hter) (d) 109 ± 159 99 ± 94 (088 ± 59 (O 122 ± 80 "209 ± 1 5  7 "(d 311 ± 5 8  2 
Free thyroxin (ng/dl) 

Day IS 046 ± 0035 043 ± 0029 041 ± 0016 •039 ± 0017 (e)039 ± 0026 051 ± 0008 
Day 45 035 ± 0031 029 ± 0026 028 ±0032 "021 ±002  3 "(e)021 ± 0021 035 ± 0026 
Day 90 (O051 ± 0014 049 ± 0014 046 ± 0015 "036 ± 0031 "041 ± 0016 16)052 ± 0000 

Total thyroxin (micrograms/dl) 
Day IS 66 ± 053 59 ± 021 **43 ± 0 2  3 "34 ±01  5 "(e)26 ± 0 1  2 "28 ± 0 0  9 
Day 45 50 t 025 45 ± 036 "34 ± 0 2  2 "(c)24 ± 0 1  7 "(e) 1 9 ± 0 1  0 "24 ± 0 14 

Day 90 (069 ± 056 •54 ± 034 "(038 ± 0 2  4 "25 ± 0 2  1 "24 ± 0 1  5 "(el 2 2 ± 0 0  " 
Tmodothyronine (ng/dl) 

Day IS (D1084 ± 572 (g)851 ± 1002 (hi 86 9 ± 9 2  2 782 ± 563 d) 76 2 ± 6 1  0 ID 1084 ± 1244 
Day 45 (h) 97 1 ± IS 37 (g)961 ± 1001 (h) 102 2 ± 8 9  8 (f)601 ± 1459 ih) 65 0 ± 8 8  6 (g)864 ± 1382 
Day 90 (d)946 ± 587 (d)941 ± 751 (h)91  6 ± 558 (h)917 ± 7 7  5 lg)840 ± 6 2  8 id) 91 6 ± 5 0  1 

Thyrotropin (ng/dl) (J)13 ± 033 1C) 1 2 t 0 14 (d) 15 ± 0 4  2 (c)10 ± 004 id) 12 ± 0 18 (d)15 ± 0 2  6 
Liver porphynn (microgram&/g) for nonbled animals 

Day 90 (0051 ± 0036 054 ± 0064 048 ±0084 057 ± 0071 ••093 ± 0112 "(6)092 ± 00"9 
Day 90 (ratio) (kj 106 94 112 182 ISO 

FEMALE 

Number examined (b) 8 10 9 10 9 8 

Hemoglobin (g/dl) 177 ± 029 172 ± 014 174 ± 0 1  6 175 ± 0 2  2 173 ± 0 0  5 "167 ± 0 2  3 

Mean cell 
volume (microns3) 506 ± 050 494 ± 037 503 ± 0 1  7 498 ± 0 5  5 499 ± 0 2  6 "488 ± 0 5  6 

Platelets (lO^microhter) 616 ± 49 646 t 39 595 ± 27 638 ± 32 728 ± 30 "824 ± 21 
GOT (lU/liter) 42 ± 179 30 ± 072 ( d ) 7  4 ± 2 1  9 65 ± 2 5  6 31 ± L01 "176 ± 194 
Sorbitol dehydrogenasa 

(TU/litar) d)56 ± 39 58 ± 34 64 ± 18 (064 ± 35 "102 ± 37 "165 ±11  5 
Free thyroxin (ng/dl) 

Day 15 le)051 ± 0008 047 t 0019 (e) 0 46 ± 0022 049 ± 0014 (6)05  1 ± 0013 le) 0 52 ± 0000 
Day 45 049 ± 0023 (c)051 ± 0008 050 ± 0009 051 ±0008 052 ± 0001 052 ± 0000 
Day 90 lelOSO ± 0013 050 ± 0010 (e) 0 47 ± 0024 •043 ± 0015 ie)050 ± 0013 (e) 0 52 ± 0 0 0  0 

Total thyroxin (micrograms/dl) 
Day IS ( e ) 7  6 ± 019 "64 ± 022 "(e>56 ± 0 3  9 "4 1 ± 0 2  0 "(e)25 ± 0 1  0 "(el 3 1 ± 0 19 
Day 45 72 ± 034 "59 ± 0 2  1 "49 ± 0 2  3 "36 ± 0 0  7 "24 ± 009 "(028 ± 0 0  9 
Day 90 (e)55 ± 029 50 t 020 "(e)44 ± 0 2  5 "3 1 ± 008 "(e)24 ± 0 0  9 "<e>26 ± 0 0  9 

Tmodothyronine (ng/dl) 
Day 15 (h) 57 0 t 798 (g)541 ± 968 (h)544 ± 6 7  2 (t)530 ± 7 9  7 d) 38 6 ± 7 7  5 •1C) 1047 ± 11 15 
Day 45 d) 1144 ± 855 U)899 ± 659 (0949 ± 4 7  1 (g) 100 3 ± 3 1  8 (fl 1063 ± 4 1  8 (1) 1383 ± 2975 
Day 90 (e)623 ± 527 (c) 63 7 ± 1 72 (e) 55 2 ± 765 538 ± 5 1  2 (e) 57 2 ± 4 6  0 (e) 72 6 ± 3 6  2 

Thyrotropin (ng/dl) (g) l2 t 0 15 (c) 1 1 ± 0 12 (e)l 1 ± 0 0  5 (d)14 ± 0 3  7 (d)12 ± 0 1  5 (d )1  0 ± 0 0  0 
Liver porphynn (microgramm/g) for nonbled animal* 

Day 90 (0031 ± 0066 (h)029 t 0056 (1)033 ±0064 044 ± 0082 "107 ±0225 "205 ± 0259 

Day 90 ratio (k) 94 106 142 345 661 
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TABLE A3. RESULTS OF SUPPLEMENTAL ANALYSES FOR MICE IN THE THIRTEEN-WEEK FEED 
STUDIES OF PENTACHLOROBENZENE (Continued) 

(a) Includes he ma to lope, serum chemical, and liver porphynn data. Mean ± standard error, GGT = y glutamyl transpaptidase; P values are vs the controls by Dunn's 
test (Dunn, 1964) or Shirley's tost (Shirley, 1977). Analyses are for animals bled on d 90 unless otherwise noted; except as noted, all analyses were performed on 
sequentially bled animals. 
(b) Unless otherwise specified 
(c) Nine animals were examined. 
(d) Eight animals were examined. 
(«) Ten animals were examined. 
(f) Four animals were examined. 
(g) Five animals were examined. 
(h) Six animals were examined, 
(i) Seven animals were examined 
(j) Three animals were examined. 
(k.) Ratio = (exposed group mean/control group mean) X 100 
(1) Two animals were examined. 
*P<0.05 
**P<0.01 
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