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NATIONAL TOXICOLOGY PROGRAM

The National Toxicology Program (NTP), established in 1978, develops and
evaluates scientific information about potentially toxic and hazardous
chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of disease. By bringing
together the relevant programs, staff, and resources from the U.S. Public
Health Service, DHHS, the National Toxicology Program has centralized
and strengthened activities relating to toxicology research, testing and test
development/validation efforts, and the dissemination of toxicological
information to the public and scientific communities and to the research
and regulatory agencies.

The NTP is made up of four charter DHHS agencies: 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. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE READER

These studies are desi%ned and conducted to characterize and evaluate the toxicologic potential, in-
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for testm% in the NTP Carcinogenesis Proggam are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per se is not an indicator
of a chemical’s carcinogenic potential. Negative results, in which the test animals do not have a greater
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen,
inasmuch as the experiments are conducted under a limited set of conditions. Positive results
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate
that exposure to the chemical has the potential for hazard to humans. The determination.of the risk to
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends
beyond the purview of this study.

Five categories of interpretative conclusions were adopted in June 1983 for use in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet
will be selected to describe the findings. These categories refer to the strength of the experimental evi-
dence and not to either potency or mechanism.

¢ Clear Evidence of Carcinogenicity is demonstrated by studies that are interﬁreted as showing a
chemically related increased incidence of malignant neoplasms, studies that exhibit a sub-
stantially increased incidence of benign neoplasms, or studies that exhibit an increased incidence
of a combination of malignant and benign neoplasms where each increases with dose.

¢ Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal In-
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in un-
common malignant or benign neoplasms.

¢ Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

¢ No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

¢ Inadequate Study of Carci_nogenicit% demonstrates that because of major ?alitative or quan-
titative limitations, the studies cannot be interpreted as valid for showing either the presence or
absence of a carcinogenic effect.

Additionally, the following concepts (as l\Patterne_:d from the International Agency for Research on Cancer
Monograp_hsf have been adopted by the NTP to give further clarification of these issues:

The term chemical carcinogenesis generally means the induction by chemicals of neoglasms not
usually observed, the earlier induction by chemicals of neoplasms that are cognmonlg observed, or
the induction bg chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Etymologically, the term carcinogenesis means induction of
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction
of various types of neoplasms or of a combination of malignant and benign neoplasms. In the Tech-
nical Reports, the words tumor and neoplasm are used interchangeably.

This stude{ was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Toxl.col%% Program. The studies
described in this Technical Report have been 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 U.S. Public Health Service Policy on
Humane Care and Use of Animals. All NTP toxicology and carcinogenesis studies are subjected to a data
audit before being presented for peer review.

Although every effort is made to prepare the Technical Regorts as accurately as possible, mistakes may
occur. Readers are requested to identify any mistakes so that corrective action may be taken. Further,
anyone who is aware of related ongoing or Bubhshed studies not mentioned in this re&ort; is encouraged to
make this information known to the NTP. Comments and questions about the National Toxicolo
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J.E. Hulf,
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

These NTP Technical 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). S

ingle
copies of this Technical Regrort are available without char%e (Band while supplies last) from the NE‘P
Pu’%igc Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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ABSTRACT

The technical grade of xylenes (mixed) (hereafter termed xylenes) contains the three isomeric forms
and ethylbenzene (percentage composition shown above). The annual production for 1985 was ap-
proximately 7.4 X 10° gallons. Xylenes is used as a solvent and a cleaning agent and as a degreaser
and is a constituent of aviation and automobile fuels. Xylenes is also used in the production of benzoic
acid, phthalic anhydride, and isophthalic and terephthalic acids as well as their dimethyl esters.

Toxicology and carcinogenesis studies of xylenes were conducted in laboratory animals because a
large number of workers are exposed and because the long-term effects of exposure to xylenes were
not known. Exposure for the present studies was by gavage in corn oil. In single-administration
studies, groups of five F344/N rats and B6C3F mice of each sex received 500, 1,000, 2,000, 4,000, or
6,000 mg/kg. Administration of xylenes caused deaths at 6,000 mg/kg in rats and mice of each sex
and at 4,000 mg/kg in male rats. In rats, clinical signs observed within 24 hours of dosing at 4,000
mg/kg included prostration, muscular incoordination, and loss of hind limb movement; these effects
continued through the second week of observation. Tremors, prone position, and slowed breathing
were recorded for mice on day 3, but all mice appeared normal by the end of the 2-week observation
period. In 14-day studies, groups of five rats of each sex were administered 0, 125, 250, 500, 1,000, or
2,000 mg/kg, and groups of five mice of each sex received 0, 250, 500, 1,000, 2,000, or 4,000 mg/kg.
Chemical-related mortality occurred only at 2,000 mg/kg in rats and at 4,000 mg/kg in mice. Rats
and mice exhibited shallow breathing and prostration within 48 hours following dosing at 2,000
mg/kg. These signs persisted until day 12 for rats, but no clinical signs were noted during the second
week for mice. In 13-week studies, groups of 10 rats of each sex received 0, 62.5, 125, 250, 500, or
1,000 mg/kg, and groups of 10 mice of each sex received 0, 125, 250, 500, 1,000, or 2,000 mg/kg. No
deaths or clinical signs of toxicity were recorded in rats. However, high dose male rats gained 15%
less weight and females 8% less weight than did the vehicle controls. Two female mice died at the
2,000 mg/kg dose. Lethargy, short and shallow breathing, unsteadiness, tremors, and paresis were
observed for both sexes in the 2,000 mg/kg group within 5-10 minutes after dosing and lasted for 15-
60 minutes.

Two-year toxicology and carcinogenesis studies were conducted by administering 0, 250, or 500 mg/kg
xylenes in corn oil by gavage to groups of 50 F344/N rats of each sex, 5 days per week for 103 weeks.
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Groups of 50 B6C3F; mice of each sex were administered 0, 500, or 1,000 mg/kg xylenes on the same
schedule. Although the mortality was dose related in male rats (final survival: vehicle control, 36/50;
low dose, 26/50; high dose, 20/50), many of the early deaths in the dosed males were gavage related.
Body weights of the high dose male rats were 5%-8% lower than those of the vehicle controls after
week 59. The mean body weights of low dose and vehicle control male rats and those of dosed and
vehicle control female rats were comparable. Survival rates of female rats and both sexes of dosed
mice were not significantly different from those of the vehicle controls. The mean weights of dosed
male and female mice were comparable to those of the vehicle controls. Hyperactivity lasting 5-30
minutes was observed in high dose mice after dosing, beginning after week 4 and continuing through
week 103.

At no site was the incidence of nonneoplastic or neoplastic lesions in dosed rats or mice of either sex
considered to be related to the administration of xylenes.

Neither xylenes nor any of its components (o-xylene, m-xylene, p-xylene, or ethylbenzene) were
mutagenic when tested with or without metabolic activation in Salmonella typhimurium strains
TA100, TA1535, TA97, or TA98 with the preincubation protocol. In addition, ethylbenzene was
tested in cytogenetic assays using cultured Chinese hamster ovary cells both with and without meta-
bolic activation; neither sister-chromatid exchanges nor chromosomal aberrations were induced by
ethylbenzene.

An audit of the experimental data was conducted for the 2-year studies of xylenes. No data discrep-
ancies were found that influenced the final interpretations.

Under the conditions of these 2-year gavage studies, there was no evidence of carcinogenicity* of
xylenes (mixed) for male or female F344/N rats given 250 or 500 mg/kg or for male or female B6C3F;
mice given 500 or 1,000 mg/kg.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 8.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
XYLENES (MIXED)

On March 26, 1986, the draft Technical Report on the toxicology and carcinogenesis studies of xylenes
(mixed) received peer review by the National Toxicology Program Board of Scientific Counselors’
Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting was
held at the National Institute of Environmental Health Sciences, Research Triangle Park, North
Carolina.

Dr. W. Eastin, Jr., NTP, introduced the toxicology and carcinogenesis studies of xylenes (mixed) by
reviewing the experimental designs, results, and proposed conclusions (no evidence of carcinogenicity
in rats or mice).

Dr. Popp, a principal reviewer, agreed with the conclusions as written. He asked that a rationale be
given for using the gavage route of exposure and that the most common or important route of human
exposure be noted. [See page 20.]

As a second principal reviewer, Dr. Mirer agreed with the conclusions. He expressed concern that
higher doses could have been given and thus a maximum tolerated dose was not achieved for female
rats and male and female mice, even though the choice of dose was well justified. Dr. Eastin indicated
that the doses were appropriate based on the results of the 13-week studies and that the marginally
lower body weights in male rats gave some indication that higher doses might not be tolerated.

As a third principal reviewer, Dr. Chinchilli also agreed with the conclusions. He asked that the ran-
domization scheme and the process for animal cage rotation be described in the Materials and
Methods section. Dr. Eastin said that cages were not being rotated at the time of these studies, al-
though cage rotation is practiced with more recent studies. Dr. J. Huff, NTP, stated that this in-
formation would be added to the Materials and Methods section in all Technical Reports [page 30].

Dr. Mirer moved that the Technical Report on xylenes (mixed) be accepted with the conclusions as

written for rats and mice of each sex, no evidence of carcinogenicity. Dr. Popp seconded the motion,
and it was approved by 10 affirmative votes with 1 abstention (Dr. Scala).
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I. INTRODUCTION

CH3 CH3
CH3
CHj
m-Xylene p-Xylene
(60%) (14%)

CHs CoHs
CH;

Ethylbenzene
(17%)

o-Xylene
(9%)

XYLENES (MIXED)

CAS No. 1330-20-7

CgHjo

Production, Physical Properties, and Uses

The technical grade of xylenes (mixed) (also
referred to as xylenes in this report) is a mixture
of all three isomers (m-xylene predominating)
and ethylbenzene and may also contain small
amounts of toluene, trimethylbenzene, phenol,
thiophene, pyridine, and nonaromatic hydro-
carbons (Sittig, 1985). The exact proportion of
commercial xylenes constituents is somewhat
variable and depends on the material from
which it is produced. Xylenes is produced pri-
marily from petroleum; smaller amounts are
produced from coal tar (NIOSH, 1975). The NTP
studies used xylenes produced from petroleum
with less than 0.3% volatile impurities (per-
centage composition of each major constituent is
shown above).

Xylenes is a clear, colorless, aromatic liquid
with a melting point of less than -50° C, a
boiling point of 137°-140° C, a specific gravity of
0.86-0.88 at 20°/4° C, and a vapor pressure of
approximately 10 mm Hg at 28° C. Xylenes is
insoluble in water and very soluble in ethyl
alcohol and ethyl ether (CRC, 1982-1983; Merck
Index, 1983).

Xylenes is used as a solvent in the paint, print-
ing, rubber, and leather industries and in the
manufacture of mirrors. The mixture is also
used as a cleaning agent (especially in micro-
scope technique), as a degreaser, and as a

Xylenes (Mixed), NTP TR 327

Molecular weight 106.2

constituent of aviation and automobile fuels
(Browning, 1965; Ikeda et al., 1984). Xylenes is
araw material for the production of benzoic acid,
phthalic anhydride, and isophthalic and tere-
phthalic acids, as well as their dimethyl esters
(used in the manufacture of polyester fibers,
dyes, and other organics) (Merck Index, 1983).
The total production of o- and p-xylenes in 1984
was 2.2 X 10'? g/year (6.8 X 10° gallons)
(USITC, 1985). In 1984, xylene was listed 22nd
among the top commercial products ranked by
production volume (Chem. Eng. News, 1985).

Occupational Exposure

Approximately 140,000 workers are potentially
exposed to xylenes in the United States (NIOSH,
1975). The most frequent routes of occupational
exposure for xylenes are inhalation and dermal
(Sittig, 1985). In a survey done to obtain in-
formation about contaminants for which the
Environmental Protection Agency is considering
the development of drinking water criteria, xy-
lenes was identified as a contaminant of ground
water in the vicinity of hazardous waste disposal
sites (Lockheed Engineering and Management
Services Co., Inc., 1985). In these areas, there is
increased potential for exposure to xylenes in
the drinking water.

The National Institute for Occupational Safety
and Health (NIOSH) and the Occupational
Safety and Health Administration (OSHA)



I. INTRODUCTION

recommend that the occupational air concentra-
tion of xylenes not exceed 100 ppm, determined
as a time-weighted-average (TWA) exposure for
up to a 10-hour workday, 40-hour workweek,
with a ceiling concentration of 200 ppm as deter-
mined in a 10-minute sampling period (NIOSH,
1975; OSHA, 1975).

Several reviews of the literature on xylene in-
cluding toxicity studies have been published
(NIOSH, 1975; Miller et al., 1976; Mazella et al.,
1978}. The following summarizes the conclu-
sions regarding occupational exposure. The
major routes of exposure in industry are inhala-
tion and dermal. It appears that there is little
difference between the toxicity of individual
xylene isomers and xylenes (mixed). Xylenes
can have a narcotic effect at relatively high
levels. Liver damage and kidney damage have
been reported after inhalation of xylenes and
liver damage after accidental ingestion. In all
these instances, exposure was sufficient to cause
unconsciousness or illness, but all those involved
recovered fully. No published evidence of irre-
versible liver or kidney damage has been found.
Liver necrosis and diffuse nephritis have been
reported in rats that received intraperitoneal in-
jections of xylenes. Early studies concluded that
xylenes was myelotoxic. However, in all re-
ported occupational exposures to xylenes, con-
comitant benzene exposure was either known or
suspected. Findings of more recent animal
studies in which exposure to xylenes did not pro-
duce significant hematologic changes were
taken as evidence that xylenes is not myelotoxic.
NIOSH (1975) concluded that a xylenes stan-
dard should protect against the irritating and
narcotizing properties of xylenes, the only well-
documented effects. No studies were cited which
presented evidence for the carcinogenicity of
xylenes alone.

In October 1977, the Interagency Testing Com-
mittee (ITC), as required by section 4(e) of the
Toxic Substances Control Act (TSCA), desig-
nated xylenes to be studied for potential muta-
genic and teratogenic effects and for epidemi-
ology (TSCA, 1977). In December 1982, the EPA
responded to the ITC that it did not plan to ini-
tiate rulemaking under section 4 (a) because
sufficient data are available to reasonably
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predict the potential for mutagenic and terato-
genic effects (Fed. Reg., 1982).

Metabolism

Percutaneous absorption of o-xylene was es-
timated to be 0.058 pmol/hour per cm2 for SD-
JCL rats (Tsuruta, 1982), 1.82 umol/hour per
cm? for mouse skin (strain unspecified), and 1.13
pmol/hour per cm?2 for human skin (Engstrom et
al., 1977). Neat (stock) xylenes applied to the
clipped skin of guinea pigs reportedly caused
increased vascular permeability and produced
erythema after 1 minute of exposure; the effect
was diminished after about 5 minutes (Steele
and Wilhelm, 1966).

Absorption by inhalation has been well studied
in humans. Six men exposed to an industrial
xylene mixture at concentrations of 435 mg/m3
(100 ppm) or 870 mg/m3 (200 ppm) absorbed 60%
of the amount of xylenes supplied to the lungs
(Astrand et al., 1978). The concentration in
alveolar air was relatively low throughout the
entire exposure. The ratio between the con-
centration in arterial blood (milligrams per kilo-
gram) and alveolar air (milligrams per liter) was
30-40:1 at rest or during exercise. In humans
exposed at 100 or 200 ppm during rest or ex-
ercise, the amount of solvent taken up was
closely related to the amount of body fat (Eng-
strom and Bjurstrom, 1978).

Elovaara et al. (1984) studied the metabolism
and disposition of inhaled m-xylene and ethyl-
benzene in Wistar rats at m-xylene:ethylben-
zene concentrations of 0:0, 75:25, 300:100, or
600:200 ppm. Exposure occurred 6 hours per day
for 5 days. The ratio of m-xylene to ethylben-
zene in fat was 3:1. m-Xylene metabolites were
excreted twice as fast as ethylbenzene metabo-
lites.

This relationship between uptake of xylenes and
deposition in body fat is supported by animal
studies in which male Sprague-Dawley rats ex-
posed by inhalation to labeled xylenes at 45 ppm
for 1-8 hours were found to have the largest con-
centration of xylenes and metabolites in sub-
cutaneous fat (Carlsson, 1981), and at 250 ppm,
metabolite concentrations in the cerebrum,
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cerebellum, and muscles were about 40% of the
arterial blood concentrations.

The major metabolic pathway of xylenes in-
volves the cytochrome P-450-dependent mono-
oxygenase system and appears to be related to
the route of exposure (Savolainen et al., 1978;
Heinonen et al., 1983; Pyykko, 1980; Toftgard
and Nilsen, 1982; Toftgard et al., 1983; Elovaara
et al., 1984; Engstrom et al., 1984). Oral admin-
istration studies of xylenes have shown that
methylhippuric acid in rats (Ogata et al., 1970)
and rabbits (Bray et al., 1949) is the primary ex-
cretory product; only small amounts of methyl-
benzyl alcohol and dimethylphenol are detected
in the urine (Bakke and Schelilne, 1970). How-
ever, Elovaara et al. (1984) exposed male Wistar
rats by inhalation to m-xylene at 300 or 600 ppm
for 6 hours and reported 2,4-dimethylphenol
(16%), and m-methylbenzyl alcohol (2%) as ex-
cretory products, in addition to m-methylhip-
puric acid (82%). Smith et al. (1982) using per-
fused isolated rabbit lung and liver showed that
lung tissue is deficient in alcohol dehydrogenase
and that under in vitro conditions the major
metabolite of p-xylene is p-methylbenzyl al-
cohol. Lung tissue also produced 2,5-dimethyl-
phenol, a derivative not formed by perfused
liver. It has been reported that the highest al-
cohol dehydrogenase activity occurs in liver; the
lung contains less than 5% of the activity mea-
sured in liver (Bosron and Li, 1980). Thus, the
difference in the results of xylenes metabolism
in rats may be related to the route of exposure,
i.e., oral versus inhalation. Figure 1 depicts the
major metabolic pathways proposed for xylenes
(Lauwerys, 1975; Smith et al., 1982; Elovaara et
al., 1984; Engstrom et al., 1984),

Methylbenzyl alcohol and dimethylphenol, how-
ever, have not been reported as major metabo-
lites in inhalation studies with humans. When
volunteers were exposed to a commercial xylene
mixture at 200 mg/m3 (46 ppm) or 400 mg/m3 (92
ppm) for 8 hours, 64% of the xylene isomers was
absorbed (Toftgard and Gustafsson, 1980). Only
5% of the absorbed dose was excreted unchanged
in expired air, and excretion of unmetabolized in
the urine was negligible. The main mxylenes
etabolites (greater than 95%) were isomers of
methylbenzoic acid, and these were excreted in
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the urine as methylhippuric acid (i.e., conju-
gated with glycine). Methylhippuric acid was
also found in the urine of volunteers exposed to
xylenes (Dworzanski and Debowski, 1981) and of
painters occupationally exposed to xylenes
(Engstrom et al., 1979). Engstrom et al. (1984)
measured the urinary metabolites of humans ex-
posed to ethylbenzene and m-xylene at 150 ppm
separately and together. Mandelic and phenyl-
glyoxylic acids were present after ethylbenzene
exposure and m-methylhippuric acid after m-
xylene exposure. Combined exposure resulted in
a mutual inhibition of the metabolism of each
compound.

Ingestion of ethanol (0.8 g/kg) before a 4-hour
inhalation exposure to m-xylene at 6.0 or 11.5
mmol/m3 (147 or 282 ppm) produced changes in
xylene kinetics. ,

After ethanol ingestion, blood levels of xylenes
rose 150%-200% and urinary methylhippuric
acid excretion declined about 50%, suggesting
that ethanol decreased the metabolic clearance
of xylenes by about one-half during xylenes in-
halation. This effect of ethanol was thought to
be the result of ethanol-mediated inhibition of
microsomal metabolism (Riihimaki et al., 1982).
These results support those from animal studies
in which Wistar rats were exposed to xylenes
and ethanol simultaneously at 300 ppm for 15-
18 weeks. The behavioral and biochemical
changes were interpreted to indicate an interac-
tion of these two solvents (H. Savolainen et al.,
1979).

Physiologic Effects

No electrocardiographic changes were observed
when male CFY rats received short-term expo-
sures to xylenes at 0.05-0.4 ml/100 g by the sub-
cutaneous, intraperitoneal, or intravenous
routes, but exposure by inhalation at 6,000
mg/m3 (1,400 ppm) produced respiratory paral-
ysis, bradyarrhythmia, and asystole (Morvai et
al., 1976). Administration for longer periods (up
to 6 months) produced disorders in repolariza-
tion and arrhythmia.

Chinchilla rabbits exposed to xylenes at con-
centrations of 50 mg/m3 (12 ppm) or 200 mg/m3
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(46 ppm) had increased levels of hemoglobin, red
blood cells, white blood cells, total protein, and
urinary 17-ketosteroids and increased activity of
the acetylcholine-mediating system. In these
studies, the magnitude of maximum titers of ag-
glutinin after immunization with typhoid vac-
cine and the duration of elevation of the titers
served as indices of the state of immunobiologic
reactivity. During the first 3 months, decreases
in the immunobiologic reactivity and in body
weights of exposed animals were noted, followed
by normalization of these functions during
months 4-8 and decompensation during months
9-12 (Kashin et al., 1968). Female Sprague-
Dawley rats exposed by inhalation for 4 hours to
p-xylene at 1,000, 1,500, or 2,000 ppm had in-
creased levels of serum glutamic oxalic trans-
aminase, serum glutamic pyruvic transaminase,
glucose-6-phosphate dehydrogenase, isocitric de-
hydrogenase, lactic dehydrogenase, and 5'-
nucleotidase 24 hours later (Patel et al., 1979).
These changes are interpreted clinically to indi-
cate hepatocellular damage.

Behavioral and Neuroendocrine Effects

In animal studies conducted by several inves-
tigators, xylenes affected behavior and was pos-
sibly neurotoxic. When male CFY rats were
given intraperitoneal injections (volume un-
known) of m-xylene diluted with sunflower oil
(five dose levels, approximately 265-2,236
mg/kg) and then behavioral tests 30 minutes
later, muscular weakness and disturbances in
equilibrium were observed, but there were no
signs of excitation (Paksy et al., 1982). How-
ever, Wistar rats exposed to xylenes at concen-
trations of 25 mg/liter (5,800 ppm) or 30 mg/liter
(7,000 ppm), 5 hours per day for 7, 14, or 21 days
exhibited excitation, hypersensitivity, and dis-
orders of coordination and balance (Szuldrzyn-
ska, 1980). In addition, the animals limped, sug-
gesting an effect of xylenes on the nervous
system. Female Sprague-Dawley rats infused
with 0.1%-10% xylenes intravenously for 60
minutes exhibited excitation of the vestibulo-
oculomotor reflex (Tham et al., 1984). Several
reports indicate neuroendocrine effects after xy-
lene exposure. Xylenes administered by subcu-
taneous injection to rats at 0.5 g/kg per day or up
to 30 days disrupted vascular permeability and
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caused hyperemia within the pituitary-hypo-
thalamus system and a loss of neuron function
(Bakhtizina and Sunargulov, 1976).

Adaptation of female rats (strain unspecified) to
xylenes was accompanied by inhibition of ovary
and pituitary functions (Berliner, 1977). The ad-
ministration of estradiol or an ovariectomy dis-
rupted the adaptation to the solvent. Exposure
of male Sprague-Dawley rats to xylenes, o-
xylene, m-xylene, p-xylene, or ethylbenzene at
concentrations of 2,000 ppm (6 hours per day for
3 consecutive days) produced discrete increases
of dopamine and noradrenaline levels in various
parts of the hypothalamus and the median emi-
nence 16-18 hours after the last exposure
(Andersson et al., 1981). Only xylenes produced
increased dopamine levels in the striatum and
subcortical limbic forebrain.

There are fewer studies on the effects of xylenes
on human behavior. When humans at rest or ex-
ercising were exposed for 70 minutes to xylenes
or ethylbenzene at concentrations of 435 mg/m3
(100 ppm) or 1,300 mg/m3 (300 ppm), perform-
ance decrements in several central nervous sys-
tem function tests were observed only in exer-
cising subjects (Gamberale et al., 1978). When
men were exposed to m-xylene at 100-200 ppm 6
hours per day for successive days and peri-
odically at concentrations fluctuating from 100
to 400 ppm, adaptation with respect to equili-
brium and reaction time occurred during subse-
quent exposure days, but effects were again dis-
cernible the following week (K. Savolainen et
al., 1979). There was no dose-response relation-
ship between eyes closed:eyes open ratio and
blood xylenes concentration in humans exposed
at 64-400 ppm (Savolainen and Riihimaki,
1981). The effects of xylenes in combination
with aleohol have also been studied. Once a
week for 9 consecutive weeks, men were admin-
istered 6 or 11.5 pmol/liter xylenes by inhalation
either alone or after ingesting a single dose of
0.4 or 0.8 g/kg ethanol. Those administered
xylenes alone did not show marked impairment
of function on behavioral tests, whereas subjects
administered ethanol alone did; ethanol and xy-
lenes administered together produced additive
effects (Savolainen, 1980). These results support
similar findings observed in rats (H. Savolainen
et al,, 1979).
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Toxicologic Effects

Carpenter et al. (1975) examined the effects of
xylenes inhalation on rats, dogs, and cats. They
reported an LTsp value of 90 minutes for rats
that inhaled xylenes at 11,000 ppm, a concen-
tration approaching air saturation. The LCsg
value for rats was 6,700 ppm in a 4-hour expo-
sure; cats succumbed within 2 hours at 9,500
ppm with apparent central nervous system ef-
fects. No significant effects occurred in beagle
dogs or rats exposed to xylenes (6 hours per day,
5 days per week, for 13 weeks) at concentrations
of 180, 460, or 810 ppm when compared with
controls (Tatrai and Ungvary, 1980). Male CFY
rats exposed at 3,500 ppm to o-xylene 8 hours per
day for 6 weeks were reported to develop liver
enlargement and to have lower weight gains
than controls despite increased feed and fluid in-
take. A postmortem examination revealed no
abnormalities.

Bowers et al. (1982) examined ultrastructural
changes in the liver of young and aging male
Long-Evans hooded rats exposed to methylated
benzenes. Three-month-old rats were given 73
mg/kg o-xylene intraperitoneally for 3 days, and
aging rats (12-19 months old) received 200 ppm
in feed for 1, 2, 3, or 6 months. Young dosed rats
had nodular liver lesions consisting of lipid drop-
lets surrounded by macrophages and fibroblasts,
but the hepatocytes were normal. Hepatocytes
in aging rats developed vacuoles.

Nilsen and Toftgard (1980) studied the influence
of exposure to xylenes at 600 ppm for 4 weeks on
cytochrome P-450-mediated metabolism of bi-
phenyl and benzo(a)pyrene in male Sprague-
Dawley rats. They concluded that xylenes is a
phenobarbital-like inducer of rat liver micro-
somal cytochrome P-450. However, xylenes
given subcutaneously to rabbits at 330 or 700
mg/kg per day did not affect DNA synthesis in
bone marrow cells or leukocyte, thrombocyte,
reticulocyte, or erythrocyte levels in peripheral
blood (Speck and Moeschlin, 1968).

Carcinogenicity Studies
Maltoni et al. (1985} administered 500 mg/kg

xylenes in olive oil by gavage to 40 male and 40
female 7-week-old Sprague-Dawley rats (4-5
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days per week for 104 weeks) and then observed
the rats until the animals died. After 141 weeks
on test (the end of the study), 1/34 males and
0/36 females had lymphocytic thymomas com-
pared with none in controls; 3/34 males and 3/36
females had hemolymphoreticular neoplasias
compared with 3/45 and 1/49 in the controls. At
the end of the study, 14/40 dosed males and
22/40 dosed females had malignant (unspecified)
lesions compared with 11/50 control males and
10/50 control females. The emphasis of the
Maltoni et al. (1985) report is on benzene, and
data relative to xylenes exposure are less com-
plete. The report of an increase in the number of
total malignant tumors without information on
survival and specific tumor type makes evalua-
tion of the results difficult. Also, evaluating car-
cinogenesis studies by combining tumors of vari-
ous histogenic origins is not considered to be the
best approach (Haseman et al., 1986; McConnell
et al,, 1986). Asin human epidemiology studies,
comparison of site-specific neoplasia is the most
valid method for evaluating carcinogenic re-
sponses in experimental investigations.

In humans, the odor threshold was estimated to
be about 1 ppm, but the only sign of discomfort
after a 15-minute inhalation period at 460 ppm
was eye irritation in four of six subjects (Car-
penter et al., 1975). Hipolito (1980) described ef-
fects of solvent poisoning for cytotechnicians ex-
posed to xylenes for 1.5-18 years; symptoms and
signs included chronic headache, chest pain,
electrocardiographic abnormalities, dyspnea,
cyanosis of the hands, fever, leukopenia, mal-
aise, impaired lung function, inability to work,
and confusion. Dossing et al. (1981) reviewed
hospital records of patients referred for sus-
pected solvent poisoning. Liver damage attrib-
uted to occupational exposure to organic sol-
vents (including xylenes) was found in 13
patients, but focal necrosis was found only in
persons exposed within the previous 6 months.
No reduction in the glomerular filtration rate of
51Cr-EDTA was observed in kidney function
studies of humans exposed to organic solvents,
including xylenes (Askergren et al., 1981a,b,c).
However, urinary excretion of red and white
blood cells was found to be significantly greater
in 101 men occupationally exposed to xylenes
and toluene than in controls (Askergren, 1981).
Chemical workers occupationally exposed to
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xylenes had a significant increase of urinary
glucaric acid, which was related to hippuric acid
excretion (Dolara et al., 1982).

The toxic effects of xylenes can be summarized
as follows (Mackison et al., 1981; Sittig, 1985):
Xylenes vapor irritates the eyes, nose, throat,
mucous membranes, and skin; at high concen-
trations, it causes narcosis. Repeated or pro-
longed dermal contact with xylenes may cause
drying and defatting of the skin which, in turn,
may lead to dermatitis. Liquid xylenes is also ir-
ritating to the eyes and mucous membranes, and
aspiration of a few milliliters may cause chem-
ical pneumonitis, pulmonary edema, and hemor-
rhage. Repeated exposure of the eyes to xylenes
at high concentrations may cause irreversible
damage. Short-term exposure to xylenes vapor
may cause central nervous system depression
and minor reversible effects on the liver and kid-
neys. Inhalation of xylenes at high concentra-
tions may cause dizziness, staggering, drowsi-
ness, and unconsciousness; and inhalation at
very high concentrations may cause pulmonary
edema, anorexia, nausea, vomiting, and ab-
dominal pain.

Teratogenic and Reproductive Effects

Exposure of pregnant CD rats to air containing
100 or 400 ppm xylenes for 6 hours per day on
days 6-15 of gestation resulted in no adverse ef-
fects on the mothers and no evidence of fetal sex
ratio variation, embryotoxicity, inhibition of fe-
tal growth, or teratogenic potential (API, 1978).
Hudak and Ungvary (1978) exposed CFY rats to
xylenes at 230 ppm 24 hours per day on days 9-
14 of gestation and concluded that xylenes was
not teratogenic; however, extra ribs and fused
sternebrae were observed.

Ungvary et al. (1980) exposed CFY rats to o-, m-,
or p-xylene at 35, 346, or 690 ppm for 24 hours
per day during days 7-14 of pregnancy and re-
ported that the solvent crossed the placenta and
was found in fetal blood and amniotic fluid.
Toxic effects were seen in mothers at the highest
concentration, and a dose-dependent retardation
of fetal development was observed but not con-
sidered a teratogenic effect. In later studies,
CFY rats exposed by inhalation to p-xylene at
700 ppm on days 10 or 9 and 10 of gestation
produced fetuses with lowered body weights and
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decreased levels of progesterone and 17p-estra-
diol in peripheral blood. It was concluded that p-
xylene induced the hepatic monooxygenase sys-
tem, thus facilitating the metabolism of these
two hormones and producing the decrease in
peripheral hormone levels (Ungvary et al.,
1981).

Pregnant CD-1 mice were gavaged three times
per day with xylenes in cottonseed oil at concen-
trations (v/v) of 0%, 2%, 4%, 8%, 10%, 12%, or
16% (10 ml/kg body weight) on days 6-15 of ges-
tation (Marks et al., 1982). The fetuses from
dams exposed at 8% or higher had body weights
that were lower than those of the controls, and
exposure at these concentrations produced a sig-
nificantly increased incidence of malformed
fetuses, toxic effects (i.e., maternal liver enlarge-
ment), and maternal mortality (at 12% and
16%). A study of reproductive effects was con-
ducted in which 90 male and 180 female rats
were exposed to xylenes (mixed) by inhalation at
0, 60, 250, or 500 ppm (6 hours per day for 131
premating days, 20 mating days, and most of
gestation and lactation for females) (API, 1983).
No deaths and no effect on the body weights of
premating or maternal rats were observed.
However, mid dose males and females and high
dose females had significantly lower mating in-
dexes as compared with untreated controls.
Pregnancy/fertility indexes between dosed and
control animals were comparable, and no ad-
verse dose-related effects were observed on the
testes of parents or tissues from high dose pups.
A significant increase in mean kidney weight in
high dose Fy parents and a lower mean number
of fetuses per litter with malformations were ob-
served in the high-exposure group.

The effects of xylenes exposure on development
was recently reviewed by Hood and Ottley
(1985). Fetotoxic effects following inhalation ex-
posures to xylenes (mixed) included altered en-
zyme activities in rat pups. Dermal applications
resulted in apparent changes in fetal enzyme ac-
tivities; oral or inhalation exposure of pregnant
rats was followed by mortality, growth inhibi-
tion, and malformations. Malformations oc-
curred primarily at concentrations toxic to the
mother, and the reviewers concluded that there
was no clear evidence for a teratogenic effect
from xylenes exposure.
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Genetic Toxicology

Xylenes, as well as the individual isomers
present in the solvent (m-, o-, and p-xylene) and
ethylbenzene, has been tested for mutagenicity
in a variety of in vivo and in vitro assays. In
general, xylenes is considered to be nonmuta-
genic.

Salmonella/microsome assays on xylenes, the
individual isomers, and ethylbenzene demon-
strated no mutagenic activity of the compounds
with or without exogenous metabolic activation
(Connor et al., 1985; Bos et al., 1981; Florin et
al., 1980; Lebowitz et al., 1979). These results
were confirmed by NTP studies of xylenes, the
individual isomers, and ethylbenzene using the
preincubation protocol in Salmonella typhimuri-
um strains TA100, TA1535, TA1537, TA97, and
TA98 in the presence and absence of S9 from the
liver of Aroclor 1254-induced male Sprague-
Dawley rats or Syrian hamsters (Haworth et al.,
1983; Appendix E).

Xylenes was nongenotoxic in a microsuspension
assay developed by McCarroll et al. (1981a) to
measure chemically induced growth inhibition
resulting from DNA damage to seven repair-
deficient strains of Escherichia coli. Xylenes
was further tested in a microsuspension adapta-
tion to the Bacillus subtilis rec assay with
strains H17 and M45, designed to detect chemi-
cals that cannot pass unaltered through the cell
wall of E. coli (McCarroll et al., 1981b). Again,
xylenes gave no indication of mutagenic
potential.

Analysis in bacterial test systems of xylenes me-
tabolites, specifically the m-, o-, and p-xylenols
(dimethylphenols) and the methylbenzyl alco-
hols also demonstrated no mutagenic activity for
these compounds. Various combinations of S.
typhimurium strains TA100, TA1535, TA1537,
TA1538, and TA98, with and without metabolic
activation from S9, have been used to test for
mutagenic activity of p-xylenol (Pool and Lin,
1982; Florin et al., 1980; Epler et al.,1979;
Hejtmankova et al., 1979), m-xylenols (Florin et
al, 1980; Epler et al., 1979), and o-methylbenzyl
alcohol (Bos et al., 1981). 2,4-Dimethylphenol
was ineffective in causing gene reversion in E.
coli strain Sd-4-73 (Szybalski, 1958).
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Donner et al. (1980) tested xylenes, ethylben-
zene, m-xylene, and o-xylene in the Drosophila
sex-linked recessive lethal test and found no in-
crease above the spontaneous recessive lethal
frequency following exposure to the individual
isomers. However, the commercial xylenes mix-
ture did have a weak mutagenic response in this
system.

Xylenes was not mutagenic when tested in the
mouse lymphoma L5178Y/TK*/~ forward mu-
tation assay by Lebowitz et al. (1979). Xylenes
(mixed) also did not increase the frequency of
sister-chromatid exchanges (SCEs) or chromoso-
mal aberrations in cultured human lymphocytes
(Gerner-Smidt and Friedrich, 1978). The results
from the chromosomal aberration study must be
qualified, however, because the authors scored
only 60 metaphases instead of the 100 meta-
phases usually analyzed in this test.

In vivo mutagenicity testing of xylenes consists
of rat bone marrow chromosomal aberration
studies. Donner et al. (1980) exposed rats by in-
halation to xylenes at 300 ppm 6 hours per day, §
days per week, for 9-18 weeks and found no in-
crease in the frequency of chromosomal aberra-
tions. Lebowitz et al. (1979) found no evidence of
clastogenic activity in the bone marrow of rats
following intraperitoneal administration of com-
mercial xylenes.

The presence of a large amount (17%) of ethyl-
benzene in xylenes somewhat complicates the
investigation of the mutagenic potential of xy-
lenes. Ethylbenzene is nonmutagenic when
tested in a gene reversion assay using Saccharo-
myces cerevisiae strains D7 and XV185-14C
without S9 (Nestmann and Lee, 1983). In the
Salmonella/microsome assay with strains
TA100, TA1535, TA1537, TA1538, and TA9S,
ethylbenzene did not increase the number of his-
tidine-revertant colonies either in the presence
or absence of exogenous metabolic activation by
S9 (Nestmann et al., 1980; Florin et al., 1980).
As previously noted, NTP studies confirm these
results in Salmonella. Also previously noted,
ethylbenzene was nonmutagenic when tested in
the Drosophila recessive lethal test by Donner et
al. (1980). Norppa and Vainio (1983) tested the
ability of ethylbenzene to induce SCEs in cul-
tured human lymphocytes. At the highest dose
tested (10 mM), which was toxic, ethylbenzene
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induced a slight but statistically significant
(P<0.01) increase in the number of SCEs. The
overall response curve demonstrated a dose-
dependent relationship. The authors concluded
that ethylbenzene is a “weak, ineffective muta-
gen.” In vitro cytogenetic tests conducted by the
NTP demonstrated no mutagenic activity for
ethylbenzene in cultured Chinese hamster ovary
(CHO) cells with or without metabolic activation
from Aroclor 1254-induced male Sprague-Daw-
ley rat liver S9; neither the frequency of sister-
chromatid exchanges nor of chromosomal aber-
rations was affected (Appendix E, Tables E6 and
E7). Although the highest dose used in the NTP
studies was approximately tenfold lower than
that used by Norppa and Vainio (1983), this
concentration also approached toxic levels for
CHO cells.

Xylenes (Mixed), NTP TR 327
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Study Rationale

Xylenes (mixed) was nominated for toxicology
and carcinogenesis studies by the Consumer
Products Safety Commission, U.S. Environ-
mental Protection Agency, National Cancer In-
stitute, and the National Institute for Occupa-
tional Safety and Health. Xylenes was selected
because of its large annual production, signifi-
cant worker exposure, potential consumer expo-
sure, and a lack of adequate long-term carcino-
genicity studies in animals or epidemiologic
studies in humans. Humans can be exposed to
xylenes by inhalation, by dermal contact, and in-
creasingly by ingestion because of ground water
contamination. To obtain a precise measure of
dose, the gavage route of exposure was selected
for the present NTP studies.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF XYLENES
(MIXED)

Xylenes (mixed) was obtained from the Shell Oil
Company (Houston, Texas) in a single lot (lot no.
F-309), which was used for all studies. Purity
and identity analyses were conducted at Mid-
west Research Institute (Kansas City, Missouri)
(MRI, 1979, 1980).

This lot was obtained as a clear, colorless liquid
with a boiling point of 137° C. The identity of xy-
lenes (mixed) was confirmed by elemental analy-
sis and infrared (Figure 2), ultraviolet/visible,
and nuclear magnetic resonance (Figure 3) anal-
yses. All data were consistent with the composi-
tion of mixed xylene isomers and ethylbenzene.

Analysis indicated that lot no. F-309 contained
17.0% ethylbenzene, 13.6% p-xylene, and 60.2%
m-xylene and 9.1% o-xylene. This composition
of xylene isomers and ethylbenzene was con-
firmed by analysis conducted by the manufac-
turer. Less than 0.3% of other volatile impuri-
ties was present. The following purity assess-
ment data was generated for lot no. F-309. The
elemental analysis for carbon was slightly high,
whereas that for hydrogen agreed with the theo-
retical value. Water content was 0.10% by Karl
Fischer titration. Gas chromatography gave

four major peaks and five impurity peaks
(0.26%) on one gas chromatographic system and
three major peaks and three impurity peaks
(0.12%) on a second system. The major peaks
were identified by spiking with ethylbenzene, p-
xylene, m-xylene, and o-xylene standards. (p-
Xylene and m-xylene were unresolved by the
second system.) Quantitation of benzene in lot
no. F-309 was also determined by gas chroma-
tography to be less than 5.0 ppm. The manu-
facturer reported this lot of xylenes contained
2.8 ppm benzene.

The study material was determined to be stable
when stored for 2 weeks at 60° C. Therefore, the
study material was stored at ambient tempera-
tures for the duration of the toxicity studies.
Periodic characterization of the xylenes study
material and a reference standard stored at
~20° C by infrared spectroscopy and gas chro-
matography indicated no degradation over the
course of the toxicity studies.

PREPARATION AND
CHARACTERIZATION OF DOSE
MIXTURES

Accurately weighed amounts of xylenes and corn
oil were mixed to give the desired concentrations
(Table 1). The stability of xylenes in corn oil was
analyzed by gas chromatography with flame

TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF
XYLENES (MIXED)

Single-Administration Fourteen-Day

Thirteen-Week Two-Year

Studies Studies Studies Studies

Preparation

Weighed portions of Same as single- Same as single-administration Same as single-

xylenes (mixed) were administration studies studies administration studies

placed in a graduated

cylinder and mixed

with corn oil to

achieve the proper

volume. The mixtures

were shaken vigorously

for 10 seconds.

Maximum Storage Time

2wk 2wk 2wk 2 wk

Storage Conditions

23°C 23°C 23°C Approximately 24°C,
45% humidity under
fluorescent light

Xylenes (Mixed), NTP TR 327 22
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FIGURE 2. INFRARED ABSORPTION SPECTRUM OF XYLENES (MIXED) (LOT NO. F-309)
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Assignments: (see structures and spectrum below)
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II. MATERIALS AND METHODS

ionization detection following extraction with
methanol. All four major components of xylenes
were found to be stable in corn oil for at least 7
days at room temperature. Formulated xy-
lenes/corn oil mixtures were stored at 24° C for
no longer than 2 weeks.

Periodic analyses of formulated xylenes/corn oil
dose mixtures by methanolic extraction and gas
chromatography were performed at the study
and analytical chemistry laboratories to deter-
mine if the dose mixtures contained the correct
concentrations of xylenes. Dose mixtures were
analyzed once during the 13-week studies. The
results ranged from 84.8% to 107.5% of the tar-
get concentrations (Table 2). During the 2-year
studies, the dose preparations were analyzed
once every 2 months, with concentrations vary-
ing from 94.6% to 106.9% (Table 3). Because all

dose mixtures analyzed for the 2-year studies
were within 10% of the target concentrations,
the other dose mixtures were estimated to have
been within specifications throughout the stud-
ies. Referee analyses were periodically per-
formed by an independent laboratory. Good
agreement was generally found between
laboratories (Table 4).

SINGLE-ADMINISTRATION STUDIES

Male and female F344/N rats and B6C3F mice
were obtained from Charles River Breeding Lab-
oratories and held for 18 days before the studies
began. Groups of five rats and five mice of each
sex were administered a single dose of 500,
1,000, 2,000, 4,000, or 6,000 mg/kg xylenes in
corn oil by gavage. No controls were used.

TABLE 2. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF XYLENES (MIXED)

Determined Percent of
Target Concentration (a) Concentration (b) Target
(mg/ml) (mg/ml)
(¢)250R 243.70 97.5
(c)250 M 244.48 97.8
125R 129.40 103.5
125 M 134.33 107.5
62.5R 64.67 103.5
625 M 62.13 99.4
31.25R 30.36 97.2
31.25M 26.49 84.8
15.63R 16.57 106.0
15.63 M 15.71 100.5
(a) Date mixed: 09/27/79
(b) Results of duplicate analysis
(c) R and M specify rat and mouse formulations.
25 Xylenes (Mixed), NTP TR 327



TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF
XYLENES (MIXED)

Concentration (a) of Xylenes (Mixed) in Corn Qil

Date Mixed for Target Concentration (mg/ml)
62.5 125
07/14/80 64.4 132.2
09/05/80 65.6 131.0
10/30/80 59.1 119.6
12/18/80 61.9 129.7
02/20/81 " 624 123.4
04/16/81 62.1 122.2
06/12/81 66.7 123.1
08/21/81 63.0 128.9
10/22/81 66.8 1279
12/17/81 66.3 127.0
02/04/82 64.2 125.0
04/01/82 61.7 122.1
06/04/82 60.0 128.4
Mean (mg/ml) 63.4 126.2
Standard deviation 2,51 3.89
Coefficient of variation (percent) 3.96 3.08
Range (mg/ml) 59.1-66.8 119.6-132.2
Number of samples 13 13

(a) Results of duplicate analysis

TABLE 4. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE
STUDIES OF XYLENES (MIXED)

Determined Concentration (mg/ml)

Date Mixed Target Concentration Study Referee
(mg/ml) Laboratory (a) Laboratory (b)
09/05/80 125 131.0 127.6
02/20/81 125 123.4 126.8
08/21/81 62.5 63.0 62.9
02/04/82 125 125.0 1219

(a) Results of duplicate analysis
(b) Results of triplicate analysis

Animals were housed five per cage and received
water and feed ad libitum. Details of animal
maintenance are presented in Table 5. The ani-
mals were observed twice daily for 14 days and
were killed on day 16. Final mean body weights
were not recorded. A necropsy was not per-
formed.

FOURTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories and held for 13 days before the studies

Xylenes (Mixed), NTP TR 327 26

began. Groups of five rats of each sex were ad-
ministered 125, 250, 500, 1,000, or 2,000 mg/kg
xylenes in corn oil by gavage for 14 consecutive
days. Groups of five mice of each sex received
250, 500, 1,000, 2,000, or 4,000 mg/kg on the
same schedule. Controls were untreated.

Animals were housed five per cage and received
water and feed ad libitum. Details of animal
maintenance are presented in Table 5. The ani-
mals were observed twice daily and were
weighed on days 0 and 14. A necropsy was per-
formed on all animals.



TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF XYLENES (MIXED)

Single-Administration
Studies

Fourteen-Day
Studies

Thirteen-Week
Studies

Two-Year
Studies

EXPERIMENTAL DESIGN

Size of Study Groups
5 males and 5 females
of each species

Doses

500, 1,000, 2,000,
4,000, or 6,000 mg/kg
xylenes (mixed) in
corn oil by gavage;
dose vol--8 mlkg

Date of First Dose
3/519

Date of Last Dose
N/A

Duration of Dosing
One time only

5 males and 5 females
of each species

Rats--125, 250,

500, 1,000, or 2,000
mg/kg xylenes (mixed)
in corn oil by gavage;
dose vol--4 mlkg;
mice--250, 500,

1,000, 2,000, or 4,000
mg/kg xylenes (mixed)
in corn oil by gavage;
dose vol--8 mlkg;
controls were untreated,

5/17/79

5/30/79

14 consecutive d

Type and Frequency of Observation

Observed 2 X d

Observed 2 X d;
clinical signs
recorded2 X d

Necropsy and Histologic Examination

No necropsy or
histologic exams
performed

Necropsy performed on
all animals; histologic
exams not performed

10 males and 10 females of
each species

Rats--0, 62.5, 125, 250, 500,

or 1,000 mg/kg xylenes
(mixed) in corn oil by

gavage; dose vol--4 mli/kg;
mice--0, 125, 250, 500, 1,000, or
2,000 mg/kg xylenes

(mixed) in corn oil by

gavage; dose vol--8 ml/kg

8/6/79

11/2/79

5 d/wk for 13 wk

Observed 2 X d; body weight
recorded 1 X wk

Necropsy performed on all
animals; the following

tissues examined histo-
logically for vehicle control
and high dose groups:

gross lesions and tissue
masses, mandibular lymph
node, salivary gland, sternebrae,
femur, or vertebrae

including marrow, thyroid
gland, parathyroids, small
intestine, colon, heart,
esophagus, stomach, brain,
thymus, trachea, pancreas,
spleen, kidneys, liver,
gallbladder (mice), prostate/
testis or ovaries/uterus, lungs
and mainstem bronchi,
adrenal glands, urinary
bladder, pituitary gland,
spinal cord (if neurologic signs
present), eyes (if grossly
abnormal), and mammary gland

27

50 males and 50 females of each
species

Rats--0, 250, or 500 mg/kg
xylenes (mixed) in corn oil by
gavage; dose vol--4 ml/kg;
mice--0, 500, or 1,000 mg/kg
xylenes (mixed) in corn oil by
gavage; dose vol--8 ml/kg

Rats--6/30/80; mice--7/21/80

Rats--6/18/82; mice--7/9/82

5 d/wk for 103 wk

Observed 2 X d; clinical signs
recorded 1 X d for 16 mo, then
1 X mo; weighed 1 X wk for
12 wk,thenl X 4 wk

Necropsy and histologic
examination performed on all
animals; the following tissues
were examined: gross lesions and
tissue masses, mandibular
lymph nodes, salivary

gland, femur, including

marrow, thyroid gland,
parathyroids, small

intestine, colon, liver,
prostate/testis or ovaries/
uterus, heart, esophagus,
stomach, brain, thymus, trachea,
pancreas, spleen, skin, lungs

and mainstem bronchi, kidneys,
adrenal glands, urinary bladder,
pituitary gland, eyes (if

grossly abnormal), and
mammary gland

Xylenes (Mixed), NTP TR 327



TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF XYLENES (MIXED) (Continued)

Single-Administration
Studies

Fourteen-Day
Studies

Thirteen-Week
Studies

Two-Year
Studies

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species
F344/N rats; B6C3F,; mice

Animal Source
Charles River Breeding
Lahoratories (Portage, MI)

Study Laboratory
Battelle Columbus
Laboratories

F344/N rats; B6C3F; mice

Same as single-
administration studies

Battelle Columbus
Laboratories

Method of Animal Identification

Toe clip

Time Held Before Study
18d

Toe clip

13d

Age When Placed on Study

7wk

Age When Killed
9wk

Necropsy Dates
N/A

Rats--6 wk; mice--7 wk

Rats--8 wk; mice--9 wk

Rats--5/31/79;
mice--6/1/79

Method of Animal Distribution

Randomized to cages by
one random numbers
table, then to groups

by another table

Feed

Purina Lab Chow®
(Ralston Purina Co.,
St. Louis, MO)

Bedding
Absorb-Dri® (Lab
Products, Garfield, NJ)

Water

Automatic watering
system (Edstrom
Industries, Waterford,
WI); available ad libitum

Cages
Polycarbonate (Lab
Products, Rochelle
Park, NJ)

Cage Filters
Reemay® spun-bonded
polyester filters

(Snow Filtration,

Cincinnati, OH)

Same as single-
administration studies

Same as single-
administration studies

Same as single-
administration studies

Same as single-

administration studies

Same as single-
administration studies

Same as single-
administration studies

Xylenes (Mixed), NTP TR 327

F344/N rats; B6C3F; mice

Same as single-administration
studies

Battelle Columbus
Laboratories

Toe clip

15d

Rats--6 wk; mice--7 wk

19wk

Rats--11/6/79-11/6/79;
mice--11/6/79-11/7/79

Same as single-administration
studies

Same as single-administration
studies

Same as single-administration
studies

Same as single-administration
studies

Same as single-administration

Same as single-administration
studies
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F344/N rats; B6C3F; mice

Charles River Breeding
Laboratories (Kingston, NY)

Battelle Columbus Laboratories

Toe clip

19d

Rats--7 wk; mice--8 wk

Rats--111-112 wk;
mice--112-113 wk

Rats--6/28/82-7/2/82;
mice--7/19/82-7/23/82

Same as single-administration
studies

NIH 07 Rat and Mouse Ration
(Zeigler Bros., Inc., Gardners,
PA); available ad libitum,
except 7/2/81-7/9/81: Purina
Lab Chow®

Same as single-administration
studies

Same as single-administration

studies

Same as single-administration
studies

Same as single-administration
studies



TABLE 5. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF XYLENES (MIXED) (Continued)

Fourteen-Day
Studies

Single-Administration
Studies

Thirteen-Week

Two-Year

Studies Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Animals per Cage
5 5 5

Other Chemicals on Study in the Same Room
None None

Animal Room Environment

Temp--22° + 1°C; Same as single-
hum--40%-60%; administration studies
fluorescent light 12 h/d;

15 room air changes/h

None

Same as single-administration
studies

None

Temp--23° * 1°C;
hum--40%-60%;
fluorescent light 12 h/d;
15 room air changes/h

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to eval-
uate the cumulative toxic effects of repeated
administration of xylenes and to determine the
doses to be used in the 2-year studies. Four-
week-old male and female F344/N rats and
B6C3F; mice were obtained from Charles River
Breeding Laboratories, observed for 2 weeks,
and then assigned to study groups according to a
table of random numbers.

Groups of 10 rats of each sex were administered
0, 62.5, 125, 250, 500, or 1,000 mg/kg xylenes
(mixed) in corn oil, 5 days per week, for 13
weeks. Groups of 10 mice of each sex were ad-
ministered 0, 125, 250, 1,000, or 2,000 mg/kg on
the same schedule.

Rats and mice were housed five per cage. Feed
and water were available ad libitum. Further
experimental details are summarized in Table 5.
Animals were checked twice daily; moribund
animals were killed. Individual animal weights
were recorded weekly.

At the end of the 13-week studies, survivors
were killed. A necropsy was performed on all
animals except those excessively autolyzed or
cannibalized. Tissues and groups examined are
listed in Table 5.

29

TWO-YEAR STUDIES
Study Design

Groups of 50 rats of each sex were administered
0, 250, or 500 mg/kg xylenes in corn oil by
gavage, 5 days per week for 103 weeks. Groups
of 50 mice of each sex were administered 0, 500,
or 1,000 mg/kg on the same schedule.

Source and Specifications of Animals

The male and female F344/N rats and B6C3F,
(C57BL/6N, female, X C3H/HeN MTV ™, male)
mice used in these studies were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories under a contract to the Car-
cinogenesis Program. Breeding stock for the
foundation colonies 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. Rats were shipped to the
study laboratory at 5 weeks of age and mice at 6
weeks. The animals were quarantined at the
study laboratory for 19 days. Thereafter, a
complete necropsy was performed on five ani-
mals of each sex and species to assess their
health status. The rats were placed on study at 7
weeks of age and the mice at 8 weeks. The
health of the animals was monitored during the

Xylenes (Mixed), NTP TR 327



II. MATERIALS AND METHODS

course of the study according to the protocols of
the NTP Sentinel Animal Program (Ap-
pendix F).

A quality control skin grafting program has
been in effect since early 1978 to monitor the
genetic integrity of the inbred mice used to
produce the hybrid B6C3F; study animal. In
mid-1981, data were obtained that showed
incompatibility between the NIH C3H reference
colony and the C3H colony from a Program sup-
plier. In August 1981, inbred parental lines of
mice were further tested for genetic integrity via
isozyme and protein electrophoresis profiles that
demonstrate phenotype expressions of known
genetic loci.

The C57BL/6 mice were homogeneous at all loci
tested. Eighty-five percent of the C3H mice
monitored were variant at one to three loci,
indicating some heterogeneity in the C3H line
from this supplier. Nevertheless, the genome of
this line is more homogeneous than that of
randomly bred stocks.

Male mice from the C3H colony and female mice
from the C57BL/6 colony were used as parents
for the hybrid B6C3F{ mice used in these stud-
ies. The influence of the potential genetic non-
uniformity in the hybrid mice on these results is
not known, but the results of the studies are not
affected because concurrent controls were in-
cluded in each study.

Animal Maintenance

Rats and mice were housed five per cage in poly-
carbonate cages. At the end of the quarantine
period, animals were individually weighed to
determine the weight range for each sex. Ani-
mals were distributed by sex from weight classes
to cage groups of five animals each, and 10 cages
were then assigned to the dosed and vehicle
control groups and three cages to the sentinel
group according to tables of random numbers.
Animals were then weighed and numbered by
toe clip to identify individuals and their study
group. Cages and racks were not rotated during
this study. Feed and water were available ad
libitum. Further details of animal maintenance
are givenin Table 5.

Xylenes (Mixed), NTP TR 327

Clinical Examinations and Pathology

All animals were observed twice daily, and
clinical signs were recorded once per day for 16
months and then once per month. Body weights
by cage were recorded once per week for the first
12 weeks of the study and once per month
thereafter. Mean body weights were calculated
for each group. Animals found moribund and
those surviving to the end of the studies were
humanely killed. A necropsy was performed on
all animals, including those found dead unless
they were excessively autolyzed, cannibalized,
missexed, or found missing. Thus, the number of
animals from which particular organs or tissues
were examined microscopically varies and is not
necessarily equal to the number of animals that
were placed on study.

During necropsy, all organs and tissues were
examined for grossly visible lesions. Tissues
were preserved in 10% neutral buffered forma-
lin, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. Tissues examined
microscopically are listed in Table 5.

When the pathology evaluation was completed,
the slides, paraffin blocks, and residual wet tis-
sues were sent to the NTP Archives for in-
ventory, slide/block match, and wet tissue audit.
The slides, individual animal data records, and
pathology tables were sent to an independent
quality assessment laboratory. The individual
animal records and tables were compared for
accuracy, slides and tissue counts were verified,
and histotechnique was evaluated. All tumor
diagnoses, all target tissues, and all tissues from
a randomly selected 10% of the animals were
evaluated by a quality assessment laboratory.
The quality assessment report and slides were
submitted to the Pathology Working Group
(PWG) Chairperson, who reviewed all target
tissues and those for which there was a dis-
agreement between the laboratory and quality
assessment pathologists.

Representative slides selected by the Chair-
person were reviewed by the PWG, which
includes the laboratory pathologist, without
knowledge of previously rendered diagnoses.
When the consensus diagnosis of the PWG dif-
fered from that of the laboratory pathologist, the
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laboratory pathologist was asked to reconsider
the original diagnosis. This procedure has been
described, in part, by Maronpot and Boorman
(1982) and Boorman et al. (1985). The final
diagnoses represent a consensus of contractor
pathologists and the NTP Pathology Working
Group. For subsequent analysis of pathology
data, the diagnosed lesions for each tissue type
are combined according to the guidelines of
McConnell et al. (19886).

Slides/tissues are generally not evaluated in a
blind fashion (i.e., without knowledge of dose
group) unless lesions in question are subtle or
unless there is inconsistent diagnosis of lesions
by the laboratory pathologist. Nonneoplastic
lesions are not examined routinely by the qual-
ity assessment pathologist or PWG unless they
are considered part of the toxic effect of the
chemical.

Statistical Methods

Data Recording: Data on this experiment were
recorded in the Carcinogenesis Bioassay Data
System (Linhart et al., 1974). The data elements
include descriptive information on the chemi-
cals, animals, experimental design, survival,
body weight, and individual pathologic results,
as recommended by the International Union
Against Cancer (Berenblum, 1969).

Survival Analyses: The probability of survival
was estimated by the product-limit procedure of
Kaplan and Meier (1958) and is presented in the
form of graphs. Animals were censored from the
survival analyses at the time they were found
dead of other than natural causes or were found
to be missing; animals dying from natural
causes were not censored. Statistical analyses
for a possible dose-related effect on survival used
the method of Cox (1972) for testing two groups
for equality and Tarone’s (1975) life table test for
a dose-related trend. When significant survival
differences were detected, additional analyses
using these procedures were carried out to deter-
mine the time point at which significant dif-
ferences in the survival curves were first de-
tected. All reported P values for the survival
analysis are two-sided.

31

Calculation of Incidence: The incidence of
neoplastic or nonneoplastic lesions is given as
the ratio of the number of animals bearing such
lesions at a specific anatomic site to the number
of animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the denom-
inators consist of the number of animals on
which a necropsy was performed.

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data. The two that adjust for intercurrent mor-
tality employ the classical method for combining
contingency tables developed by Mantel and
Haenszel (1959). Tests of significance included
pairwise comparisons of high dose and low dose
groups with vehicle controls and tests for overall
dose-response trends.

For studies in which compound administration
has little effect on survival, the results of the
three alternative analyses will generally be
similar. When differing results are obtained by
the three methods, the final interpretation of the
data will depend on the extent to which the
tumor under consideration is regarded as being
the cause of death. Continuity-corrected tests
are used in the analysis of tumor incidence, and
reported P values are one-sided.

Life Table Analyses--The first method of analy-
sis assumed that all tumors of a given type
observed in animals dying before the end of the
study were “fatal”; i.e., they either directly or
indirectly caused the death of the animal. Ac-
cording to this approach, the proportions of
tumor-bearing animals in the dosed and vehicle
control groups were compared at each point in
time at which an animal died with a tumor of
interest. The denominators of these proportions
were the total number of animals at risk in each
group. These results, including the data from
animals killed at the end of the study, were then
combined by the Mantel-Haenszel method to
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obtain an overall P value. This method of ad-
justing for intercurrent mortality is the life table
method of Cox (1972) and of Tarone (1975). The
underlying variable considered by this analysis
is time to death due to tumor. If the tumor is
rapidly lethal, then time to death due to tumor
closely approximates time to tumor onset. In
this case, the life table test also provides a com-
parison of the time-specific tumor incidences.

Incidental Tumor Analyses--The second method
of analysis assumed that all tumors of a given
type observed in animals that died before the
end of the studies were “incidental”; i.e