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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 and Prevention. In July 1981, the Carcinogenesis Bioassay Testing
Program, NCI, was transferred to the NIEHS. 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 laboratory 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. The prechronic and chronic studies were
conducted in compliance with Food and Drug Administration (FDA) Good Laboratory Practice Regulations, and
all aspects of the chronic studies were subjected to retrospective quality assurance audits before being presented for
public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice). Chemicals
selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of human exposure, level
of production, and chemical structure. The interpretive conclusions presented in this Technical Report are based
only on the results of these NTP studies. Extrapolation of these results to other species and quantitative risk
analyses for humans require wider analyses beyond the purview of these studies. Selection per se is not an
indicator of a chemical’s carcinogenic potential.

Details about ongoing and completed NTP studies are available at the NTP’s World Wide Web site:
[http://ntp-server.niehs.nih.gov.| Abstracts of all NTP Technical Reports and full versions of the most recent reports
and other publications are available from the NIEHS’ Environmental Health Perspectives (EHP)
[http://ehp.niehs.nih.gov|(866-541-3841 or 919-653-2590). In addition, printed copies of these reports are available
from EHP as supplies last. A listing of all the NTP Technical Reports printed since 1982 appears at the end of this
Technical Report.
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SUMMARY

Background

Propylene glycol mono-z-butyl ether is used as a solvent in all-purpose cleaners, inks, and nail polish lacquers. We
studied the effects of propylene glycol mono-#-butyl ether on male and female rats and mice to identify potential
toxic or cancer-related hazards to humans.

Methods

We exposed groups of male and female rats and mice to air containing vapors of propylene glycol mono-#-butyl
ether at concentrations of 75, 300, or 1,200 parts per million (ppm) for 6 hours per day, 5 days a week for 2 years.
Untreated control animals were housed in similar exposure chambers but without chemical exposure for
comparison. Tissues from more than 40 sites were examined for every animal.

Results

Rats receiving 1,200 ppm propylene glycol mono-z-butyl ether weighed less on average than the control animals.
Tumors were seen in the liver and kidney of a few male rats exposed to propylene glycol mono-#-butyl ether. No
increases in the numbers of tumors were seen in female rats. In male and female mice there were large increases in
the numbers of liver tumors compared with the control animals.

Conclusions

We conclude that propylene glycol mono-#-butyl ether caused cancer in the liver of male and female mice.
Propylene glycol mono-z-butyl ether did not cause cancer in female rats, and its effect on the liver and kidney of
male rats was considered uncertain.
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PROPYLENE GLYCOL MONO-+~BUTYL ETHER

CAS No. 57018-52-7

Chemical Formula: C7H]6O2

Molecular Weight: 132.2

Synonyms: 1-(1,1-Dimethylethoxy)-2-propanol; 1-methyl-2-tert-butoxyethanol; propylene glycol mono-fert-butyl ether; fert-butoxypropanol;

1-tert-butoxy-2-propanol; 1-tertiary-butoxypropan-2-ol
Trade names: Arcosolv PTB

Propylene glycol mono-z-butyl ether is used as a solvent
for all-purpose cleaners, electronic chemicals, inks,
adhesives, nail polish lacquers, and other water-
reducible coatings. Propylene glycol mono-z-butyl ether
was nominated for study by the United States Consumer
Product Safety Commission because of its widespread
use, potential for human exposure, and the lack of ade-
quate toxicological, chronic toxicity, and carcinogenicity
information. Male and female F344/N rats and
B6C3F, mice were exposed to propylene glycol mono-t-
butyl ether (at least 99% pure) by inhalation for 2 weeks,
3 months, or 2 years. The chemical structure of
propylene glycol mono-#-butyl ether indicated a poten-
tial to induce c:2u-globulin nephropathy, a male-specific
renal syndrome characterized by the accumulation of
hyaline droplets in the proximal tubule epithelium of
F344/N rats. Thus, male NBR rats, which do not
develop this condition, were exposed to propylene
glycol mono-z-butyl ether concurrently with F344/N rats
for 2 weeks for comparison of renal lesion development.
Genetic toxicology studies were conducted in

Salmonella typhimurium, cultured Chinese hamster
ovary cells, and mouse peripheral blood erythrocytes.

2-WEEK STUDY IN RATS

Groups of five male and five female F344/N rats and
five male NBR rats were exposed to 0, 75, 150, 300, 600,
or 1,200 ppm propylene glycol mono-z-butyl ether vapor
6 hours per day, 5 days per week for 16 days. All rats
survived to the end of the study, and mean body weights
of exposed groups were similar to those of the chamber
controls. Renal toxicity studies were performed in male
F344/N and NBR rats. The number of cells labeled
with proliferating cell nuclear antigen and the labeling
index (number of labeled nuclei/total nuclei) in the left
kidney of 1,200 ppm male F344/N rats were signifi-
cantly greater than those in the chamber controls. No
significant differences in labeling indices were noted in
NBR rats. Kidney weights of 600 ppm male F344/N rats
were significantly increased. Liver weights of male and
female F344/N rats exposed to 600 and 1,200 ppm and



male NBR rats exposed to 1,200 ppm were significantly
increased.

2-WEEK STUDY IN MICE

Groups of five male and five female B6C3F, mice were
exposed to 0, 75, 150, 300, 600, or 1,200 ppm propylene
glycol mono-#-butyl ether 6 hours per day, 5 days per
week for 17 days. All mice survived to the end of the
study. Mean body weights of 1,200 ppm female mice
were significantly greater than those of the chamber con-
trol group. Liver weights of 600 and 1,200 ppm males
and of 300 ppm or greater females were significantly
increased.

3-MONTH STUDY IN RATS

Groups of 25 male and 20 female F344/N rats were
exposed to 0, 75, 150, 300, 600, or 1,200 ppm propylene
glycol mono-#-butyl ether vapor 6 hours per day, 5 days
per week for 2 (five male renal toxicity rats), 4 or
6 (10 male and 10 female clinical pathology rats), or
14 (10 core study rats) weeks. All core study rats sur-
vived to the end of the study. Mean body weight gains
of 1,200 ppm males and 600 and 1,200 ppm females
were significantly increased.

At week 12, urinalysis results indicated that exposure of
rats to propylene glycol mono-z-butyl ether caused
increases in urine volume, glucose and protein concen-
trations, and the activities of aspartate aminotransferase
in males and increases in the activities of lactate dehy-
drogenase and N-acetyl-B-D-glucosaminidase in males
and females. Renal toxicity studies were performed on
male rats sacrificed at 2 and 6 weeks and at the end of
the study. In kidney tissue examined for cell prolifera-
tion, the numbers of PCNA-labeled cells and labeling
indices in exposed groups of rats were generally signifi-
cantly greater than those of the chamber controls at all
three time points. Exposure-related increases in
o2u-globulin concentrations in males occurred through-
out the study.

Kidney weights of all exposed groups of males and of
300 ppm or greater females and liver weights of all
exposed groups of males and 600 ppm or greater females
were increased. Incidences of renal tubule regeneration
and granular casts in the medulla of the kidney in
exposed rats were increased, and the severities of hya-
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line droplets generally increased with increasing expo-
sure concentration.

3-MONTH STUDY IN MICE

Groups of 10 male and 10 female B6C3F, mice were
exposed to 0, 75, 150, 300, 600, or 1,200 ppm propylene
glycol mono-#-butyl ether 6 hours per day, 5 days per
week for 14 weeks. All mice survived to the end of the
study. Final mean body weights of 300 and 1,200 ppm
males and mean body weight gains for 150, 300, and
1,200 ppm males were significantly less than those of the
chamber control group. Liver weights of 600 and
1,200 ppm males and females were significantly
increased. The estrous cycle length of 1,200 ppm
females was significantly increased. The incidences of
minimal to mild centrilobular hypertrophy of the liver
were significantly increased in 600 ppm males and
1,200 ppm males and females. The incidence of mini-
mal squamous metaplasia of the respiratory epithelium
of the nose was significantly increased in 1,200 ppm
males.

2-YEAR STUDY IN RATS

Groups of 50 male and 50 female F344/N rats were
exposed to 0, 75, 300, or 1,200 ppm propylene glycol
mono-z-butyl ether vapor 6 hours per day, 5 days per
week for 104 weeks. Survival of 300 ppm males was
less than that of the chamber controls. Mean body
weights of 1,200 ppm males and females were less than
those of the chamber controls during the second year of
the study. In 1,200 ppm males and females the excretion
of propylene glycol mono-z-butyl ether glucuronide in
urine, expressed as the metabolite to creatinine ratios,
were generally significantly less than those in the groups
exposed to 75 or 300 ppm.

Incidences of renal tubule hyperplasia, renal tubule hya-
line droplet accumulation, papilla mineralization, and
transitional epithelial hyperplasia were increased in most
exposed groups of males. Marginally increased inci-
dences of renal tubule adenoma and adenoma or carci-
noma (combined) occurred in 300 and 1,200 ppm males.
The severities of chronic nephropathy increased with
increasing exposure concentration in males and females
and were significantly increased in all exposed groups of
males and in 1,200 ppm females. The incidences of
hepatocellular adenoma occurred with a positive trend in
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male rats. The incidences of basophilic foci of the liver
were significantly increased in all exposed groups of
males; the incidence of clear foci of the liver was signif-
icantly increased in 1,200 ppm females. The incidences
of hyaline degeneration of the olfactory epithelium in all
exposed groups of males and females and the incidence
of corneal mineralization in 1,200 ppm females were
significantly increased.

2-YEAR STUDY IN MICE

Groups of 50 male and 50 female B6C3F, mice were
exposed to 0, 75, 300, or 1,200 ppm propylene glycol
mono-t-butyl ether vapor 6 hours per day, 5 days per
week for 104 weeks. Survival of exposed groups of
mice was similar to that of the chamber control groups
throughout the study. Mean body weights of 1,200 ppm
females were slightly less than those of the chamber con-
trol group at the end of the study. Clinical findings
included ataxia, shallow breathing, and lethargy in
1,200 ppm mice during the first 6 months of the study
and pale foci of the eyes in 1,200 ppm females in the last
month of the study.

The incidences of hepatocellular adenoma, hepatocellu-
lar adenoma or carcinoma (combined), and hepatoblas-
toma occurred with positive trends in males and females,
and the incidences in the 1,200 ppm groups were
increased. The incidences of eosinophilic foci and mul-
tinucleated hepatocytes in 1,200 ppm males and
eosinophilic foci in 1,200 ppm females were signifi-
cantly increased. The incidence of mild corneal miner-
alization was significantly increased in 1,200 ppm
females.

GENETIC TOXICOLOGY

Propylene glycol mono-#-butyl ether was mutagenic in
S. typhimurium strain TA97 in the absence of liver S9

activation enzymes; negative results were obtained with
strain TA97 in the presence of rat or hamster liver S9
enzymes, in strains TA98, TA100, and TA1535 with and
without S9, and in strain TA1537 without S9. Propylene
glycol mono-#-butyl ether did not induce sister chro-
matid exchanges or chromosomal aberrations in Chinese
hamster ovary cells, with or without S9. Propylene
glycol mono-#-butyl ether induced a small but significant
increase in the frequency of micronucleated normochro-
matic erythrocytes in peripheral blood of female mice in
the 3-month study; no significant increase in micronu-
cleated normochromatic erythrocytes was seen in male
mice, and percentages of polychromatic erythrocytes
were similar in the exposed and chamber control groups.

CONCLUSIONS

Under the conditions of this 2-year inhalation study,
there was equivocal evidence of carcinogenic activity*
of propylene glycol mono-t-butyl ether in male
F344/N rats based on marginally increased incidences of
renal tubule and liver neoplasms. There was no evidence
of carcinogenic activity of propylene glycol mono-z-
butyl ether in female F344/N rats exposed to 75, 300, or
1,200 ppm. There was clear evidence of carcinogenic
activity of propylene glycol mono-#-butyl ether in male
and female B6C3F, mice based on increased incidences
of liver neoplasms.

Exposure of male rats to propylene glycol mono-#-butyl
ether resulted in nonneoplastic lesions of the kidney
characteristic of c2u-globulin accumulation. Exposure
to propylene glycol mono-z-butyl ether resulted in non-
neoplastic lesions of the liver and nose in male and
female rats, the liver in male and female mice, and the
eyes in female rats and mice. Kinetic and biomarker
studies indicated that clearance was saturated at the
1,200 ppm exposure for both rats and mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 12. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 14.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies

of Propylene Glycol Mono-#butyl Ether

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F, Mice

Female
B6C3F, Mice

Concentrations in air Chamber control, 75,

300, or 1,200 ppm
Body weights 1,200 ppm group less
than the chamber control

group

27/50, 29/50, 16/50,
22/50

Survival rates

Nonneoplastic effects Kidney: renal tubule
hyperplasia (standard
evaluation - 0/50, 3/50,
7/49, 19/50; standard and
extended evaluations -
10/50, 20/50, 23/49,
30/50); hyaline droplet
accumulation (1/50, 2/50,
9/49, 17/50); renal
papilla mineralization
0/50, 8/50, 28/49, 41/50);
transitional epithelium
hyperplasia (2/50, 1/50,
6/49, 15/50); severity of

chronic nephropathy (1.9,

23,2.9,3.5)

Liver: basophilic foci
(6/50, 18/50, 15/49,
17/50)

Nose: olfactory
epithelium hyaline
degeneration (0/50,
25/49, 45/49, 50/50)

Neoplastic effects None

Chamber control, 75,
300, or 1,200 ppm

1,200 ppm group less
than the chamber control

group

33/50, 34/50, 28/50,
36/50

Kidney: severity of
chronic nephropathy (1.5,
1.6,1.7,2.1)

Liver: clear cell foci
(12/49, 13/50, 11/50,
27/50)

Nose: olfactory
epithelium hyaline
degeneration (10/49,
22/49, 48/50, 50/50)

Eye: corneal
mineralization (0/49,
0/50, 0/50, 10/50)

None

Chamber control, 75,
300, or 1,200 ppm

Exposed groups similar
to the chamber control

group

35/50, 40/50, 40/50,
37/50

Liver: eosinophilic foci
(9/50, 14/49, 11/50,
29/50); multinucleated
hepatocytes (27/50,
23/49, 24/50, 46/50)

Liver: hepatocellular
adenoma (18/50, 23/49,
26/50, 36/50);
hepatocellular carcinoma
(9/50, 8/49, 13/50,
11/50); hepatocellular
adenoma or carcinoma
(25/50, 26/49, 33/50,
41/50); hepatoblastoma
(0/50, 0/49, 1/50, 5/50)

Chamber control, 75, 300,
or 1,200 ppm

1,200 ppm groups slightly
less than the chamber
control group

39/50, 36/50, 42/50,
39/50

Liver: eosinophilic foci
(11/49, 10/50, 9/50,
27/49)

Eye: corneal
mineralization (1/50,
2/50, 0/50, 20/48)

Liver: hepatocellular
adenoma (14/49, 8/50,
10/50, 37/49);
hepatocellular carcinoma
(4/49, 8/50, 7/50, 10/49);
hepatocellular adenoma
or carcinoma (18/49,
14/50, 16/50, 41/49);
hepatoblastoma (0/49,
0/50, 0/50, 2/49)
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies
of Propylene Glycol Mono-#butyl Ether

Male
F344/N Rats

Equivocal findings

Level of evidence of
carcinogenic activity

Genetic toxicology

Kidney: renal tubule
adenoma (standard
evaluation - 1/50, 1/50,
3/49, 2/50; standard and
extended evaluations
combined - 1/50, 2/50,
5/49, 4/50); renal tubule
adenoma or carcinoma
(standard evaluation -
1/50, 1/50, 3/49, 3/50;
standard and extended
evaluations combined -
1/50, 2/50, 5/49, 5/50)

Liver: hepatocellular
adenoma (3/50, 0/50,
2/49, 6/50)

Equivocal evidence

Salmonella typhimurium gene mutations:

Sister chromatid exchanges

Cultured Chinese hamster ovary cells in vitro:

Chromosomal aberrations

Cultured Chinese hamster ovary cells in vitro:

Micronucleated erythrocytes

Mouse peripheral blood in vivo:

Female Male Female
F344/N Rats B6C3F1 Mice B6C3F1 Mice
None None None
No evidence Clear evidence Clear evidence

Positive in strain TA97 without S9; negative in strains TA98, TA100, and TA1535
with and without S9; negative in strain TA1537 without S9

Negative with and without S9
Negative with and without S9

Negative in males; weak positive in females
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those
conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals
found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence observed
in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised in March 1986 for
use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

» Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

» Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

* Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

* No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

+ Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical
exposure. In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are
indicated as “may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

 adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

* progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

» some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible to
identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign
neoplasms of those types have the potential to become malignant;

» combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

« latency in tumor induction;

« multiplicity in site-specific neoplasia;

* metastases;

« supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

 presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

 concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

« survival-adjusted analyses and false positive or false negative concerns;

* structure-activity correlations; and

* in some cases, genetic toxicology.
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The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on propylene glycol mono-z-butyl
ether on May 22, 2003, are listed below. Subcommittee members serve as independent scientists, not as representatives of any institution,
company, or governmental agency. In this capacity, subcommittee members have five major responsibilities in reviewing the NTP studies:

¢ to ascertain that all relevant literature data have been adequately cited and interpreted,

* to determine if the design and conditions of the NTP studies were appropriate,

« to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
* to judge the significance of the experimental results by scientific criteria, and

* to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On May 22, 2003, the draft Technical Report on the tox-
icology and carcinogenesis studies of propylene glycol
mono-t-butyl ether received public review by the
National Toxicology Program’s Board of Scientific
Counselor’s Technical Reports Review Subcommittee.
The review meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle
Park, NC.

Dr. A.M. Doi, NIEHS, introduced the toxicology and
carcinogenesis studies of propylene glycol mono-z-butyl
ether by discussing the uses of the chemical and the
rationale for study, describing the experimental design,
reporting on survival, body weight, and kidney toxicity
effects, and commenting on compound-related neoplas-
tic and nonneoplastic lesions. The proposed conclu-
sions for the 2-year inhalation studies in rats were
equivocal evidence of carcinogenic activity of propylene
glycol mono-z-butyl ether in male F344/N rats based on
marginally increased incidences of renal tubule and liver
neoplasms. Renal tubule neoplasms occurred at concen-
trations where there was evidence of o2u-globulin
nephropathy. There was no evidence of carcinogenic
activity of propylene glycol mono-z-butyl ether in female
F344/N rats. There was clear evidence of carcinogenic
activity of propylene glycol mono-z-butyl ether in male
and female B6C3F, mice based on increased incidences
of liver neoplasms.

Dr. Roberts, the first principal reviewer, questioned
whether equivocal evidence was the most appropriate
conclusion for the male rat study but agreed with the
other conclusions. He stated that the inclusion of NBR
rats and the special attention paid to the question of
o2u-globulin were useful.

Dr. Boekelheide, the second principal reviewer, stated
that the studies had been carefully analyzed and agreed
with the proposed conclusions.

Dr. Walker, the third principal reviewer, questioned the
significance of the renal tumors and liver adenomas in
male rats and the liver neoplasms in mice.

Dr. Doi explained that renal tumors are rare in rats and
the potential trend in liver adenomas, though not dose
related, was consistent with equivocal evidence of

carcinogenic activity. Dr. J.K. Haseman, NIEHS, noted
that the significance of the trend test derived from the
spacing of the doses, with the lowest dose being close to
the control value. He also observed that the control rate
was at the upper end of the historical range.

Dr. Doi explained the reasons for the choice of clear evi-
dence of carcinogenic activity for the mouse studies.
The incidences of liver adenoma and of multiple ade-
noma were markedly increased in the 1,200 ppm group.
The incidences of carcinoma were also elevated, and
uncommon malignant hepatoblastomas were also seen in
exposed mice.

Dr. W. Faber, representing the Lyondell Chemical Co.,
argued that propylene glycol mono-z-butyl ether should
not be considered genotoxic because of a positive
response in one Sal/monella strain and a small increase in
the micronucleus test. He also suggested that the
1,200 ppm concentration exceeded the maximally toler-
ated dose.

Dr. Roberts noted that the Technical Report made no
overall conclusions of genotoxicity beyond listing indi-
vidual test results.

Dr. J.R. Bucher, NIEHS, defended the dose selection,
noting that any clinical signs of toxicity observed were
brief and transient and that the 1,200 ppm groups did not
exceed the criteria of survival, body weight changes, or
other toxicity.

Dr. Bucher also described two additions proposed to the
concluding statement: a comment that the nonneoplastic
lesions in male rats were characteristic of c:2u-globulin
accumulation and a statement that kinetic and biomarker
studies indicated that clearance was saturated at the
1,200 ppm exposure concentration both for rats and
mice.

Dr. Roberts moved, and Dr. Vore seconded, that the pro-
posed conclusions to the report be accepted. Dr. Walker
proposed an amendment that the conclusion for female
mice be changed to some evidence of carcinogenic activ-
ity. That amendment failed for lack of a second. The
original motion was approved unanimously with eight
votes.
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PROPYLENE GLYCOL MONO-#+-BUTYL ETHER

CAS No. 57018-52-7

Chemical Formula: CH, o0,

Molecular Weight: 132.2

Synonyms: 1-(1,1-Dimethylethoxy)-2-propanol; 1-methyl-2-tert-butoxyethanol; propylene glycol mono-tert-butyl ether; tert-butoxypropanol;

1-tert-butoxy-2-propanol; 1-tertiary-butoxypropan-2-ol
Trade name: Arcosolv PTB

CHEMICAL AND PHYSICAL PROPERTIES
Propylene glycol mono-#-butyl ether is one of several
monoalkyl ethers of propylene glycol. It is a colorless
liquid with a boiling point of 151° C, a specific gravity
of 0.87, and a vapor pressure of 3.7 mm Hg at 25° C. It
is combustible and has a flash point of 45° C (open cup).
It is partly soluble in water, and is miscible with most
organic solvents (Greany and Gillman, 1989; Boatman,
2001). The solubility in water is >100 mg/mL at 19° C
(NTP, 2001).

ProbuUCTION, USE,

AND HUMAN EXPOSURE

Propylene glycol mono-#-butyl ether is prepared by the
reaction of isobutylene with an excess quantity of
propylene glycol in the presence of a solid resin etherifi-
cation catalyst. It is then distilled to produce around
99% of the alpha isomer, I-fert-butoxy-propan-2-ol
(Gupta, 1987). Because glycol ethers display properties
of both alcohols and ethers, they exhibit dual solubility
in water and solvents and can be employed in a variety
of applications (Brucker and Warren, 2001). The com-
mercial uses of propylene glycol mono-#-butyl ether
include all-purpose cleaners, electronic chemicals, inks,
adhesives, nail polish lacquers, and other water-

reducible coatings (Anonymous, 1985; Heckman, 1986;
Gupta, 1987; Kessler, 1989; Nudy and Johnston, 1990).
Propylene glycol mono-#-butyl ether is listed in the 1994
High Production Volume Chemical List posted by the
Environmental Protection Agency, and its 1993 produc-
tion volume was estimated to be between 6 and 10 mil-
lion pounds (Boatman, 2001). Propylene glycol
mono-#-butyl ether was formulated to replace ethylene
glycol monobutyl ether, the largest volume alkyl glycol
produced, after concern emerged regarding its potential
toxic effects (Begley, 1986).

Due to the high production volume and widespread use,
there is a high potential for occupational and consumer
exposure as a result of contact with propylene glycol
mono-z-butyl ether-containing products mainly via
inhalation and dermal absorption. Occupational expo-
sures during the manufacturing process are thought to be
low since the manufacturing process is largely enclosed
(Boatman, 2001). In the United States, occupational
exposure limits have not been established by the
American Conference of Governmental Industrial
Hygienists, the National Institute for Occupational
Safety and Health, or the Occupational Safety and
Health  Administration for propylene glycol
mono-z-butyl ether.
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ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION

Experimental Animals

Radiolabeled propylene glycol mono-#-butyl ether was
rapidly absorbed from the gastrointestinal tract of male
Fischer F344/N rats after administration by gavage
(NTP, 1994). By 72 hours, 87% to 100% of the radiola-
beled dose was eliminated, and less than 6% of the dose
remained in the carcasses of rats following single oral
doses ranging from 3.8 to 377 mg/kg. The distribution
of radioactivity in various tissues was similar regardless
of the administered oral dose. The predominant route of
elimination was via the urine (48% to 67% of the dose),
and the main urinary metabolite (23% to 52% of metabo-
lites) observed in all dosed groups was propylene glycol
mono-z-butyl ether glucuronide. Propylene glycol
mono-#-butyl ether sulfate was identified at lower levels
(7% to 13%) in the urine.

Dermal absorption of radiolabeled propylene glycol
mono-t-butyl ether was reported to be greater in male
B6C3F, mice (close to 8%) than in male Fischer
344/N rats, with approximately 3% absorption (NTP,
1994). This apparent species difference in absorption
may be related to the temporal effects (absorption versus
evaporation) in penetrating the thinner skin barrier of the
mouse. In both species, the vast majority of the radiola-
beled propylene glycol mono-#-butyl ether volatilized
from the skin surface before absorption could occur.
Excretion of the absorbed compound occurred mainly
via the urine, with approximately 2% to 5% of the dose
in mice and 2% of the dose in rats being recovered
within 72 hours. In a metabolic pattern similar to that
seen following oral administration, the major urinary
metabolites seen in rats were propylene glycol
mono-f-butyl  ether glucuronide and sulfate.
Radioactivity in the urine of the B6C3F, mouse was
insufficient for conducting metabolite analysis.

In addition to being conjugated, propylene glycol mono-
t-butyl ether is also hypothesized to be partly metabo-
lized by O-dealkylation to propylene glycol in a similar
fashion to propylene glycol mono-n-butyl ether.
Although direct metabolism studies have not been con-
ducted with propylene glycol mono-n-butyl ether, a
scheme has been suggested where it is partly conjugated
to sulfates and glucuronides followed by excretion in the
urine, and partly metabolized to propylene glycol via
microsomal O-dealkylation (Verschuuren, 1996).
Propylene glycol is in turn further metabolized to lactic
acid and pyruvic acid, which enter the tricarboxylic acid
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cycle, resulting in ultimate elimination as carbon dioxide
(Miller, 1987). The excretion of 22% to 26% of the
administered oral dose of propylene glycol mono-#-butyl
ether as expired carbon dioxide in rats was reported by
NTP (1994). This finding is consistent with the metab-
olism of propylene glycol mono-z-butyl ether to carbon
dioxide via O-dealkylation, but this pathway remains to
be demonstrated.

Intravenous bolus administration of radiolabeled
propylene glycol mono-z-butyl ether to male Fischer
344/N rats revealed a mean elimination half-life of
16 minutes and a mean clearance of 25.1 mL/minute/kg
(NTP, 1994). Biliary excretion studies demonstrated that
40% of a radiolabeled intravenous dose was recovered in
the bile as propylene glycol mono-#-butyl ether glu-
curonide. However, only 11% or less of the radioactive
dose was recovered in the feces, suggesting that the
metabolite underwent hydrolysis in the intestine and the
parent chemical was reabsorbed.

Humans

Systemic exposures to propylene glycol mono-z-butyl
ether may occur in humans from inhalation and dermal
contact with products containing this solvent. Glycol
ethers have been shown to be capable of penetrating the
human skin, and the absorption rate of monoethylene
and diethylene glycol ethers was shown to decrease with
increasing molecular weight or increasing boiling point
of glycol ethers within a specific series (Dugard ef al.,
1984). However, subsequent studies by Larese Filon
et al. (1999) implied that the water and lipid solubility of
a compound would prevail over molecular weight in
predicting the skin permeation of glycol ethers, because
permeation rates are only indirectly linked to molecular
weight. Accordingly, propylene glycol mono-#-butyl
ether is likely to be dermally absorbed at a rate com-
parable with propylene glycol mono-n-butyl ether,
which was shown to exhibit a permeation rate of
0.017 + 0.005 g/cm” per hour in human skin in vitro
(Larese Filon et al., 1999).

Toxiciry

Experimental Animals

No deaths or abnormal clinical signs were observed in
male or female Sprague-Dawley rats exposed to
2,680 mg/m’ (~550 ppm) propylene glycol mono-z-butyl
ether for 4 hours in a whole-body inhalation study by the
ARCO Chemical Company (Boatman, 2001). In this
study, the animals were observed for 14 days and then
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necropsied. Mild hepatic extra-medullary hematopoiesis
(small foci of hematopoietic cells in some portal triads)
was seen in two of the five rats of each sex exposed to
propylene glycol mono-#-butyl ether. In a separate
study, male and female Fischer 344/N rats were exposed
to propylene glycol mono-z-butyl ether at concentrations
of 28 to 709 ppm, 6 hours per day, 5 days per week for
13 weeks (Boatman, 2001). Animals were sacrificed
after 4 weeks, at the end of the 13-week exposure period,
or following a 3-week recovery period. No differences
in mortality or body weight were noted. Hematology
and clinical chemistry parameters were unaltered, and
urinalysis data revealed no signs of renal injury.
Increases in liver, kidney, and spleen weights were not
considered to be treatment related, due to the absence of
accompanying histopathology or clinical chemistry
alterations. Testicular degeneration, described as dam-
age to the seminiferous tubules, occurred in one of ten
animals at the end of the 4-week and 13-week exposures.
However, this finding was not reported to be treatment
related in view of its low severity, its unilateral occur-
rence, and because it is a common lesion in rats of the
particular age used in the study (not specified). Absence
of alterations in the bone marrow, blood and thymus
were particularly noted. The no-observed-adverse-effect
level for this study was 709 ppm, the highest concentra-
tion tested.

Studies by the ARCO Chemical Company using rabbits
(strain and gender not specified) showed that 24-hour
dermal application of 2 g/kg of propylene glycol mono-
t-butyl ether resulted in no deaths, adverse clinical signs,
or body weight effects over a 14-day observation period
(Boatman, 2001). The compound was applied to the
abraded, clipped skin of rabbits using an occlusive wrap.
Transient erythema and persistent desquamation, atonia,
erythema, fissures, discoloration, and thickened skin
were noted at the site of application in some treated ani-
mals. In separate studies, it was reported that the appli-
cation of propylene glycol mono-z-butyl ether to the
clipped skin of albino rabbits at both abraded and
nonabraded areas using an occlusive wrap for 24 hours
resulted in slight erythema and desquamation over a
7-day period, leading to the conclusion that propylene
glycol mono-#-butyl ether had a slight skin irritation
potential (Boatman, 2001).

The oral LD, of propylene glycol mono-#-butyl ether in
male and female Sprague-Dawley rats was determined to
be 3,771 mg/kg body weight in a study by the ARCO
Chemical Company (Boatman, 2001). Rats treated with
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2,239 to 4,467 mg/kg displayed lethargy, ataxia, prostra-
tion, irregular breathing, lacrimation, crusty eyes, and
yellow and brown-stained fur. In addition to these clin-
ical signs, animals that died during the study showed
crusty muzzle, salivation, red-stained fur, and emacia-
tion and had decreased body weights. Necropsies con-
ducted in animals that did not survive to the end of the
study revealed red and dark-stained areas of the lungs, in
addition to damage to the stomach and the liver (no
details provided). Survivors displayed similar lung dam-
age and mild dilation of kidney pelvises.

The ARCO Chemical Company tested the eye irritation
potential of propylene glycol mono-z-butyl ether in rab-
bits (strain and gender not specified) by instilling 0.1 mL
of neat chemical into their eyes (Boatman, 2001).
Reversible corneal opacity was seen in most treated ani-
mals; washing the eyes immediately following treatment
lessened the duration of this alteration. Additional tran-
sient signs of irritation, such as redness, chemosis, and
discharge, were also observed. The compound was con-
sidered a severe eye irritant in its neat form. Subsequent
studies reported that propylene glycol mono-z-butyl
ether had a slight irritation potential when applied to the
eye of albino rabbits (strain and gender not specified) as
a 20% aqueous solution (Boatman, 2001).

Structurally related propylene glycol mono-n-butyl ether
was shown to cause mild or no toxic effects following
inhalation exposures. No signs of toxicity were reported
in Fischer 344/N rats (gender not specified) exposed to
saturated vapors of propylene glycol mono-n-butyl ether
for 4 hours, or 600 ppm (7 hours per day, for 9 days, over
a 2-week period) in studies by the DOW Chemical
Company (Boatman, 2001). In two separate studies by
the Union Carbide Corporation, the main treatment-
related effects in female Fischer 344/N rats exposed to
600 ppm (7 hours per day, for 31 days), and male and
female rats exposed to 600 ppm (6 hours per day, for
9 days over an ll-day interval) propylene glycol
mono-n-butyl ether were increased liver weights
(Boatman, 2001). Additional mild eye lesions following
300 and 600 ppm exposures were also seen in the latter
experiment. Studies with the shorter chained propylene
glycol monomethyl ether by the DOW Chemical
Company showed no deaths in Fischer 344/N rats (gen-
der not specified) following single 6-hour exposures at
concentrations of 6,038 or 7,559 ppm, although signs of
narcosis were noted (Boatman, 2001). In short-term
inhalation studies, Fischer 344/N rats and B6C3F, mice
were exposed to concentrations of 300 to 3,000 ppm
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propylene glycol monomethyl ether, 6 hours per day for
9 days over an ll-day interval (Miller et al., 1981).
Exposure to 3,000 ppm resulted in increased liver
weights in male rats in addition to central nervous sys-
tem depression and decreases in specific gravity of the
urine in both sexes of rats. No other gross or histopatho-
logical changes were seen in either rats or mice.

Ethylene glycol ethers have been shown to be much
more toxic than propylene glycol ethers. Ethylene gly-
col monomethyl ether, for instance, has been shown to
cause a variety of adverse effects in male and female
Fischer 344 rats following inhalation exposures to
1,000 ppm, 6 hours per day for 9 days over an 11-day
interval (Miller et al., 1981). Effects included decreases
in red and white blood cell counts, reduction in bone
marrow cellularity, and lymphoid cell depletion in the
thymus. Hematologic effects were also seen in male and
female Fischer 344 rats following exposures to 86 or
245 ppm ethylene glycol monobutyl ether, 6 hours per
day for 9 days (Dodd et al., 1983). Statistically signifi-
cant depressions of red blood cell (RBC) count, hemo-
globin and mean corpuscular hemoglobin (MCH)
concentration, in addition to increases in nucleated
erythrocytes, reticulocytes, and lymphocytes were seen
in the 245 ppm group. A subsequent 90-day study in rats
exposed to 77 ppm ethylene glycol monobutyl ether,
6 hours per day, 5 days per week, resulted in significant
decreases in RBC count and hemoglobin concomitant
with an increase in MCH in females (Dodd et al., 1983).
In both studies with ethylene glycol monobutyl ether,
there was a substantial reversal of the affected blood
parameters during a postexposure recovery period in the
short-term study and at the conclusion of the 90-day
exposure period.

Differences in toxicity among ethylene and propylene
glycol ethers are largely attributed to the differences in
their metabolism. While propylene glycol ethers
undergo O-dealkylation to form propylene glycol, ethyl-
ene glycol ethers are metabolized to the corresponding
toxic alkoxyacetic acids by alcohol dehydrogenase and
are ultimately metabolized to carbon dioxide (Miller
et al., 1983, 1984).

Humans

No toxicity studies of propylene glycol mono-z-butyl
ether in humans were found in the literature.
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REPRODUCTIVE
AND DEVELOPMENTAL TOXICITY

Experimental Animals

Studies by the ARCO Chemical Company using preg-
nant New Zealand rabbits examined the effect of whole-
body inhalation exposures to 229 to 984 ppm propylene
glycol mono-t-butyl ether, 6 hours per day on days
7 through 9 of gestation (Boatman, 2001). In these stud-
ies, there were no signs of toxicity or behavioral, body
weight, or hematological effects in the dams. Fetal mor-
phology was similarly unaltered. The no-observed-
adverse-effect level in this study was the highest
concentration examined (984 ppm). In a similar but sep-
arate study, pregnant Charles River CDF rats were
exposed to propylene glycol mono-#-butyl ether at con-
centrations of 0, 230, 726, or 990 ppm, 6 hours per day
on days 6 through 15 of gestation (Boatman, 2001). No
fetotoxicity or developmental abnormalities were
reported in the fetuses, although dams from the mid and
high exposure groups showed statistical increases in
absolute and relative liver weights, and one half of the
dams from the high-exposure group were described as
pale over the duration of the exposure period.

Structurally related propylene glycol mono-n-butyl ether
has been shown to have no developmental or teratogenic
effects in Wistar rats or New Zealand White rabbits fol-
lowing dermal administration (Gibson et al., 1989;
Verschuuren, 1996). Similarly, propylene glycol
monomethyl ether, which has a shorter alkyl chain, has
shown no reproductive or developmental effects in the
Wistar-derived Alderly Park strain when pregnant
females were exposed on days 6 to 17 of gestation or
when male rats were exposed for 10 days at 200 or
600 ppm (Doe et al., 1983). No teratogenic effects were
seen in Fischer 344/N rats or New Zealand White rabbits
exposed to concentrations of 500 to 3,000 ppm of
propylene glycol monomethyl ether, with the exception
of delayed fetal skeletal ossification in the high dose
group (Hanley et al., 1984). An inhalation reproductive
study was conducted in Sprague-Dawley rats with
propylene glycol monomethyl ether at concentrations of
300 to 3,000 ppm, administered prior to and after mating
and during gestation and lactation for two generations
(Carney et al., 1999). Marked parental toxicity accom-
panied by decreases in the survival, litter size, and body
weights of the offspring was observed in the high dose
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groups and delays in puberty onset and hepatic and renal
histological alterations also occurred. All of these
findings appeared to be secondary to parental toxicity
(Carney et al., 1999). No treatment-related effects were
seen at lower concentrations. Propylene glycol
monomethyl ether administered in drinking water to
CD-1 mice following the NTP Reproductive Assessment
by Continuous Breeding protocol (Chapin and Sloane,
1997) had no effect on fertility or reproductive parame-
ters (NTP, 1986). However, there was some evidence of
probable developmental toxicity, expressed as reduced
pup weights at birth.

Ethylene glycol ethers, in contrast, have been demon-
strated to cause severe adverse effects, mainly on the
reproductive system. Ethylene glycol monoethyl and
monomethyl ethers have been shown to cause testicular
atrophy, teratogenicity, and fetotoxicity in addition to
myelotoxicity (ECETOC, 1995). Interestingly, the target
of longer alkyl chain length ethylene glycols, such as
ethylene glycol monobutyl ether, is not the reproductive
system because their main toxic effects are related to
their hemolytic action (Bartnik et al., 1987; Ghanayem,
1996).

Humans

No reproductive or developmental toxicity studies of
propylene glycol mono-#-butyl ether in humans were
found in the literature.

CARCINOGENICITY

Experimental Animals

No information regarding the carcinogenic effects of
propylene glycol mono-#-butyl ether in experimental ani-
mals was found in the literature. However, some evi-
dence of carcinogenic activity was shown for ethylene
glycol monobutyl ether (or 2-butoxyethanol) following
whole body exposures to air concentrations of 62.5 to
250 ppm carried out for 6 hours per day, 5 days per week
for up to 2 years in B6C3F mice (NTP, 2000). These
conclusions were based on increased incidences of
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forestomach squamous cell papillomas or carcinomas in
female mice and to a lesser extent in males, as well as
increased incidences of hemangiosarcomas of the liver
in male mice in the highest exposure groups.

Humans
No epidemiology studies of propylene
mono-z-butyl ether were found in the literature.

glycol

GENETIC TOXICITY

No published genetic toxicity data for propylene glycol
mono-t-butyl ether were found in a review of the
literature.

STUDY RATIONALE

Propylene glycol mono-#-butyl ether was nominated by
the U.S. Consumer Product Safety Commission based on
its widespread use, potential for human exposure, and
the lack of adequate toxicological, chronic toxicity, and
carcinogenicity information. Inhalation studies were
conducted because inhalation is a major route of expo-
sure to humans. Initially, the highest exposure concen-
tration of propylene glycol mono-#-butyl ether
(1,200 ppm) used in the current studies was based on the
maximum attainable vapor concentration that could be
generated without aerosolization in the exposure
chambers.

Propylene glycol mono-#-butyl ether is structurally
related to propylene glycol monomethyl ether, a com-
pound that has been shown to induce male rat-specific
nephropathy related to o2u-globulin accumulation in the
renal tubules (Bus ef al., 1992). Male NBR rats, in par-
ticular, do not produce hepatic o2u-globulin, and as a
consequence, do not develop o2u-globulin-related
nephropathy (Chatterjee et al, 1989; Dietrich and
Swenberg, 1991). Thus, male NBR rats were exposed to
propylene glycol mono-#-butyl ether, concurrently with
F344/N rats, for comparison of renal lesion development
in the 2-week study.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF PROPYLENE

GLYCOL MONO-7-BUTYL ETHER

Propylene glycol mono-z-butyl ether was obtained from
Aldrich Chemical Company, Inc. (Milwaukee, WI), in
three lots (00406CN, 00603PG, and 14301ER). Lots
00406CN and 00603PG were combined, assigned a new
lot number (8359-126-01), and used in the 2-week and
3-month studies; lot 14301ER was used during the
2-year studies. Identity and purity analyses were con-
ducted by the analytical chemistry laboratory, Research
Triangle Institute (Research Triangle Park, NC) and the
study laboratory (Appendix K). Reports on analyses
performed in support of the propylene glycol
mono-z-butyl ether studies are on file at the National
Institute of Environmental Health Sciences.

The chemical, a clear liquid, was identified as propylene
glycol mono-#-butyl ether by infrared and nuclear mag-
netic resonance spectroscopy and by gas chromatogra-
phy/mass spectrometry (GC/MS). The moisture content
of lot 14301ER was determined by Karl Fischer titration.
The purity of each lot was determined by elemental
analyses and gas chromatography. Elemental analyses
for carbon, hydrogen, oxygen, nitrogen, and sulfur were
in agreement with the theoretical values for propylene
glycol mono-#-butyl ether. Karl Fischer titration indi-
cated 0.05% =+ 0.01% water. Gas chromatography indi-
cated one major peak and one impurity with an area
greater than 0.1% relative to the major peak for both lots.
The overall purity was determined to be 99% or greater.

To ensure stability, the bulk chemical was stored at room
temperature, in metal drums under a nitrogen headspace.
Stability was monitored using gas chromatography. No
degradation of the bulk chemical was detected.

VAPOR GENERATION

AND EXPOSURE SYSTEM

Propylene glycol mono-z-butyl ether was pumped
through a preheater and into the top of a heated glass col-

umn filled with glass beads to increase the surface area
for evaporation. Heated nitrogen entering the column
from below vaporized the chemical as it conveyed it out
of the generator to a condenser column. The vapor was
transported to the exposure room at an elevated temper-
ature to prevent condensation.

In the exposure room, the vapor was mixed with heated
air before it entered a short vapor distribution manifold.
The pressure in the distribution manifold was kept fixed
to ensure constant flows through the manifold and into
the chambers. Electronically actuated metering valves
controlled flow to each chamber. Metering valves in the
chambers automatically opened to the established setting
and allowed vapor to flow through individual tempera-
ture-controlled delivery lines to each exposure chamber.
The vapor was then injected into the chamber inlet duct
where it was diluted with conditioned chamber air to
achieve the desired exposure concentration.

The study laboratory designed the inhalation exposure
chamber (Harford Systems Division of Lab Products,
Inc., Aberdeen, MD) so that uniform vapor concentra-
tions could be maintained throughout the chamber with
the catch pans in place. The total active mixing volume
of each chamber was 1.7 m3. A small particle detector
(Type CN, Gardner Associates, Schenectady, NY) was
used with and without animals in the exposure chambers
to ensure that propylene glycol mono-#-butyl ether
vapor, and not aerosol, was produced. The maximum
attainable vapor concentration that could be generated
without aerolization was 1,200 ppm, which was thus
selected as the highest exposure concentration for the
initial studies. No particle counts above the minimum
resolvable level (approximately 200 particles/cm?) were
detected.

VAPOR CONCENTRATION MONITORING

The propylene glycol mono-#-butyl ether concentrations
in the exposure chambers were monitored by an on-line
gas chromatograph. Samples were drawn from each
exposure chamber approximately every 24 minutes
using a 12-port stream select valve. The on-line



22

chromatograph was checked throughout the day for
instrument drift against an on-line standard of propylene
glycol mono-#-butyl ether in nitrogen supplied by a dif-
fusion tube standard generator. The on-line gas chro-
matograph was calibrated monthly by a comparison of
chamber concentration data to data from grab samples
that were collected with charcoal sampling tubes,
extracted with ethyl acetate containing di(ethylene gly-
col) butyl ether as an internal standard, and analyzed by
an off-line gas chromatograph. The volumes of gas were
sampled at a constant flow rate ensured by a calibrated
critical orifice. The off-line gas chromatograph was cal-
ibrated with gravimetrically prepared standards of
propylene glycol mono-#-butyl ether containing di(ethyl-
ene glycol) butyl ether as an internal standard.

CHAMBER ATMOSPHERE

CHARACTERIZATION

Buildup and decay rates for chamber vapor concentra-
tions were determined with animals present in the cham-
bers. At a chamber airflow rate of 15 air changes per
hour, the theoretical value for the time to achieve 90% of
the target concentration after the beginning of vapor gen-
eration (T,;) and the time for the chamber concentration
to decay to 10% of the target concentration after termi-
nation of vapor generation (T,)) was approximately
12.5 minutes. Based on experimental data, a T, value of
12 minutes was selected for the studies.

Evaluations of chamber uniformity and persistence and
monitoring for propylene glycol mono-t-butyl ether
degradation impurities were conducted periodically
throughout the studies by gas chromatography. With the
exception of the 75 ppm exposure chamber uniformity,
which showed slightly higher within-port variability due
to a faulty valve during the 2-week studies, chamber uni-
formity was maintained; no degradation was detected.

2-WEEK STUDIES

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Laboratory Animals and Services
(Germantown, NY); male NCI Black Reiter (NBR) rats
were obtained from Charles River Laboratories
(Frederick, MD). On receipt, the F344/N rats and mice
were approximately 4 weeks old; the NBR rats were
approximately 6 to 7 weeks old. Rats were quarantined
for 34 days and were approximately 9 (F344/N) or 10 to
11 (NBR) weeks old on the first day of the studies. Mice
were quarantined for 12 days and were approximately
6 weeks old on the first day of the study. Groups of five
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male and five female F344/N rats and mice and five
NBR rats were exposed to propylene glycol
mono-z-butyl ether at concentrations of 0, 75, 150, 300,
600, or 1,200 ppm, 6 hours plus T, (12 minutes) per day,
5 days per week for 16 (rats) or 17 (mice) days. Feed
was available ad libitum except during exposure periods;
water was available ad libitum. Rats and mice were
housed individually. Clinical findings were recorded on
days 6 and 13 and at the end of the studies. The animals
were weighed initially, on days 6 and 13, and at the end
of the studies. Details of the study design and animal
maintenance are summarized in Table 1.

Concentrations of o2u-globulin and soluble protein were
measured in male F344/N rats from each exposure
group. The right kidney was removed, frozen in liquid
nitrogen, and stored at —70° C until analysis. Each right
kidney was thawed, a volume of 67 mM sodium/potas-
sium phosphate buffer (pH 7.2) equivalent to twice the
recorded fresh weight of the sample was added, and the
sample was homogenized for 30 to 60 seconds using a
tissue homogenizer (Tekmar Co., Cincinnati, OH).
Approximately 500 pL of the well-mixed kidney
homogenate was removed and stored at —70° C in
1.5 mL plastic screw-cap vials. The remainder of the
homogenate was centrifuged at 3,000 g for 15 minutes,
and the supernatant was drawn off and stored at —70° C
in 1.5 mL plastic screw-cap vials. The protein content of
each supernatant was measured in a 1:50 dilution (in
phosphate-buffered saline-Tween) using the Pyrogallol
Red Assay.

Homogenates diluted to 1:50,000 were analyzed for
o2u-globulin using a competitive indirect ELISA tech-
nique. The amount of o2u-globulin was measured by
comparing the relative fluorescent signal intensity in the
study samples to that observed with known amounts of
o2u-globulin  present in calibration standards.
Calibration standards and ELISA control standards (neg-
ative and positive) were plated in predetermined wells
on 96-well microtiter plates. Calibration standards were
assayed in triplicate. Each study sample was assayed in
quadruplicate and randomized with respect to its relative
position on the ELISA plate.

For cell proliferation analyses, the left kidney (bisected
longitudinally) and a piece of duodenum were removed
from all male and female rats and fixed in 10% neutral
buffered formalin for 24 hours. The tissues were then
processed, embedded in paraffin, and sectioned to a
thickness of 5 um. Tissues from all groups of male
F344/N rats and the chamber control and 1,200 ppm
NBR rats were stained with Mallory-Heidenhain for
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protein and proliferating cell nuclear antigen (PCNA;
PC-10 clone, Dako, Carpinteria, CA). Tissues from the
remaining exposure groups of male NBR rats were
stained with hematoxylin and eosin (H&E) and PCNA.
Tissues from female F344/N rats were stained with H&E
only. The duodenum and kidney were assessed qualita-
tively for adequate labeling. Approximately 2,000 prox-
imal tubule nuclei were counted from each kidney
stained with PCNA, and counts of labeled and total
nuclei were recorded.

Necropsies were performed on all rats and mice. The
right kidney, liver, and lung were weighed.
Histopathologic examinations were performed on all
chamber control and 1,200 ppm rats and mice. Table 1
lists the tissues and organs examined.

3-MONTH STUDIES

The 3-month studies were conducted to evaluate the
cumulative toxic effects of repeated exposure to
propylene glycol mono-#-butyl ether and to determine
the appropriate exposure concentrations to be used in the
2-year studies.

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Laboratory Animals and
Services. On receipt, the rats and mice were approxi-
mately 4 weeks old. Animals were quarantined for
13 (males) or 14 (females) days and were approximately
6 weeks old on the first day of the studies. Before the
studies began, five male and five female rats and mice
were randomly selected for parasite evaluation and gross
observation for evidence of disease. Serologic analyses
were performed on five male and five female sentinel
rats and mice at week one and on five male and five
female control rats and mice at the end of the studies
using the protocols of the NTP Sentinel Animal Program
(Appendix M).

Groups of 10 male and 10 female rats and 10 male and
10 female mice were exposed to propylene glycol
mono-z-butyl ether at concentrations of 0, 75, 150, 300,
600, or 1,200 ppm, 6 hours plus T,, (12 minutes) per
day, 5 days per week for 14 weeks. Additional groups of
10 male and 10 female rats were exposed to the same
concentrations for 6 weeks for clinical pathology and
renal toxicity analyses; additional groups of five male
rats were exposed to the same concentrations for
2 weeks for renal toxicity analyses. Feed was available
ad libitum except during exposure periods and during
urine collection; water was available ad [ibitum. Rats
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and mice were housed individually. Clinical findings
were recorded weekly for rats and mice. The animals
were weighed initially, weekly, and at the end of the
studies. Details of the study design and animal mainte-
nance are summarized in Table 1.

Animals were anesthetized with carbon dioxide, and
blood was collected from the retroorbital sinus of clini-
cal pathology rats on days 3 and 23 and from core study
rats at the end of the study for hematology and clinical
chemistry analyses; blood was collected from the supra-
orbital sinus of mice at the end of the study for hematol-
ogy. Blood samples for hematology analyses were
placed in tubes containing potassium EDTA. Packed
cell volume; hemoglobin concentration; erythrocyte,
platelet, and leukocyte counts; mean cell volume; mean
cell hemoglobin; and mean cell hemoglobin concentra-
tion were determined using a Roche Cobas Helios
(Roche Diagnostics, Branchburg, NJ). Manual hema-
tocrit value was determined using a Damon/[EC MB
microcentrifuge (International Equipment Company,
Needham Heights, MA) and a Damon/IEC capillary
reader for comparison to Cobas values for packed cell
volume. Blood smears for mice and rats were stained
with Wright/Giemsa stain in a Wescor 7100 Aerospray
Slide Stainer (Wescor, Inc., Logan, UT). Leukocyte dif-
ferential counts for mice and rats were based on classi-
fying a minimum of 100 white cells. Reticulocytes were
stained with New Methylene Blue and enumerated as a
reticulocyte:erythrocyte ratio using the Miller disc
method (Brecher and Schneiderman, 1950). Blood sam-
ples for clinical chemistry analyses were placed in tubes
without anticoagulant, allowed to clot, and centrifuged.
During week 12, core study male and female rats were
placed in metabolism cages, and urine was collected
over ice, protected from light for 16 hours. Table 1 lists
the parameters measured.

At the end of the 3-month studies, samples were col-
lected for sperm count and motility and vaginal cytology
evaluations in core study rats and mice exposed to 0,
300, 600, or 1,200 ppm. The parameters evaluated are
listed in Table 1. For 12 consecutive days prior to
scheduled terminal sacrifice, the vaginal vaults of the
females were moistened with saline, if necessary, and
samples of vaginal fluid and cells were stained. Relative
numbers of leukocytes, nucleated epithelial cells, and
large squamous epithelial cells were determined and
used to ascertain estrous cycle stage (i.e., diestrus,
proestrus, estrus, and metestrus). Male animals were
evaluated for sperm count and motility. The left testis
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and left epididymis were isolated and weighed. The tail
of the epididymis (cauda epididymis) was then removed
from the epididymal body (corpus epididymis) and
weighed. Test yolk (rats) or modified Tyrode’s buffer
(mice) was applied to slides and a small incision was
made at the distal border of the cauda epididymis. The
sperm effluxing from the incision were dispersed in the
buffer on the slides, and the numbers of motile and non-
motile spermatozoa were counted for five fields per slide
by two observers. Following completion of sperm
motility estimates, each left cauda epididymis was
placed in buffered saline solution. Caudae were finely
minced, and the tissue was incubated in the saline solu-
tion and then heat fixed at 65° C. Sperm density was
then determined microscopically with the aid of a hema-
cytometer. To quantify spermatogenesis, the testicular
spermatid head count was determined by removing the
tunica albuginea and homogenizing the left testis in
phosphate-buffered saline containing 10% dimethyl
sulfoxide. Homogenization-resistant spermatid nuclei
were counted with a hemacytometer.

Renal toxicity studies were performed on male rats. To
determine levels of o2u-globulin in each exposure
group, the right kidney was collected from five renal tox-
icity study males at 2 weeks, five clinical pathology
males at 6 weeks, and five core study males at terminal
sacrifice. The right kidney was removed, cut in half, and
stored at —70° C until analysis.

The kidney homogenate for determination of o2u-glob-
ulin was prepared as described for the 2-week study.
Homogenates diluted to 1:10,000 with PBS-Tween were
analyzed for o2u-globulin using a competitive indirect
ELISA technique. The amount of o2u-globulin was
measured by comparing the relative fluorescent signal
intensity in the study samples to that observed with
known amounts of c2u-globulin present in calibration
standards. Calibration standards and ELISA control
standards (negative and positive) were plated in prede-
termined wells on 96-well microtiter plates. Calibration
standards were assayed in triplicate. Each study sample
was assayed in quadruplicate and randomized with
respect to its relative position on the ELISA plate.

For each exposure group, the left kidney and a piece of
duodenum were collected from five male renal toxicity
rats at 2 weeks, five male clinical pathology rats at
6 weeks, and five male core study rats at terminal sacri-
fice and prepared as described for the 2-week study.
Sections from each kidney were stained with Mallory-
Heidenhain for protein and PCNA (PC-10 clone, Dako)
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for determination of cell proliferation indices. The duo-
denum and kidney were qualitatively assessed as
described for the 2-week study.

Necropsies were performed on all core study animals.
The heart, right kidney, liver, lung, right testis, and thy-
mus were weighed. Tissues for microscopic examina-
tion were fixed and preserved in 10% neutral buffered
formalin, processed and trimmed, embedded in paraffin,
sectioned to a thickness of 4 to 6 um, and stained with
hematoxylin and eosin. Testes were fixed in plastic and
sectioned to a thickness of 1 pm. Complete histopatho-
logic examinations were performed on all chamber con-
trol and 1,200 ppm animals, and tissues were examined
to a no-effect level. Table 1 lists the tissues and organs
routinely examined.

2-YEAR STUDIES
Study Design

Groups of 50 male and 50 female rats and mice were
exposed to propylene glycol mono-z-butyl ether at con-
centrations of 0, 75, 300, or 1,200 ppm, 6 hours plus T,
(12 minutes) per day, 5 days per week for 104 weeks.

Source and Specification of Animals

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Laboratory Animals and Services
for use in the 2-year studies. Rats were quarantined for
13 days and mice were quarantined for 12 days before
the beginning of the studies. Five male and five female
rats and mice were randomly selected for parasite evalu-
ation and gross observation of disease. Rats and mice
were approximately 6 weeks old at the beginning of the
studies. The health of the animals was monitored during
the studies according to the protocols of the NTP
Sentinel Animal Program (Appendix M).

Animal Maintenance

Rats and mice were housed individually. Feed was
available ad libitum except during exposure and urine
collection periods. Water was available ad [libitum.
Cages and racks were changed weekly. Further details
of animal maintenance are given in Table 1. Information
on feed composition and contaminants is provided in
Appendix L.

Clinical Examinations and Pathology

All animals were observed twice daily. Body weights
were recorded initially, and clinical findings and body
weights were recorded approximately every 4 weeks
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through week 89, every 2 weeks beginning at week 92,
and at the end of the studies.

Complete necropsies and microscopic examinations
were performed on all core study rats and mice. At
necropsy, all organs and tissues were examined for
grossly visible lesions, and all major tissues were fixed
and preserved in 10% neutral buffered formalin,
processed and trimmed, embedded in paraffin, sectioned
to a thickness of 4 to 6 pm, and stained with hematoxylin
and eosin for microscopic examination. For all paired
organs (e.g., adrenal gland, kidney, ovary), samples from
each organ were examined. For extended evaluation of
renal proliferative lesions, kidneys of male and female
rats were step sectioned at | mm intervals to obtain three
to four additional sections from each kidney with a max-
imum of eight additional sections per animal. Tissues
examined microscopically are listed in Table 1.

Microscopic evaluations were completed by the study
laboratory pathologist, and the pathology data were
entered into the Toxicology Data Management System.
The slides, paraffin blocks, and residual wet tissues were
sent to the NTP Archives for inventory, slide/block
match, and wet tissue audit. The slides, individual ani-
mal data records, and pathology tables were evaluated
by an independent quality assessment laboratory. The
individual animal records and tables were compared for
accuracy, the slide and tissue counts were verified, and
the histotechnique was evaluated. For the 2-year studies,
a quality assessment pathologist evaluated slides from
all tumors and all potential target organs, which included
the kidney, liver, and nose of male and female rats, the
urinary bladder and testes in male rats, and the eye in
female rats. The liver, teeth, and eyes of male and
female mice, the forestomach and lung of male mice,
and the uterus of female mice were reviewed.

The quality assessment report and the reviewed slides
were submitted to the NTP Pathology Working Group
(PWG) chairperson, who reviewed the selected tissues
and addressed any inconsistencies in the diagnoses made
by the laboratory and quality assessment pathologists.
Representative histopathology slides containing exam-
ples of lesions related to chemical administration, exam-
ples of disagreements in diagnoses between the
laboratory and quality assessment pathologists, or
lesions of general interest were presented by the chair-
person to the PWG for review. The PWG consisted of
the quality assessment pathologist and other pathologists
experienced in rodent toxicologic pathology. This group
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examined the tissues without any knowledge of dose
groups or previously rendered diagnoses. When the
PWG consensus differed from the opinion of the labora-
tory pathologist, the diagnosis was changed. Final diag-
noses for reviewed lesions represent a consensus
between the laboratory pathologist, reviewing patholo-
gist(s), and the PWG. Details of these review proce-
dures have been described, in part, by Maronpot and
Boorman (1982) and Boorman et al. (1985). For subse-
quent analyses of the pathology data, the decision of
whether to evaluate the diagnosed lesions for each tissue
type separately or combined was generally based on the
guidelines of McConnell et al. (1986).

Biomarkers of Exposure

Five male and five female chamber control core study
rats and mice (data not provided) and 10 male and
10 female core study rats and mice from each exposed
group were randomly selected for urinary metabolite
analyses at 2 weeks. Urine was also collected from the
same animals at 6 and 14 (rats) or 16 (mice) weeks.
Animals were placed in metabolism cages for 16 hours
after three consecutive days of exposure, and urine was
collected over ice. Urine volume and creatinine concen-
tration were measured on a Cobas Fara II chemistry sys-
tem, then the samples were frozen at —70° C pending
metabolite analysis.

Concentrations of propylene glycol mono-#-butyl ether
sulfate and propylene glycol mono-#-butyl ether glucu-
ronide were determined by liquid chromatography/tan-
dem mass spectrometry as described by Battelle (1997).
A buffer was prepared by dissolving 120 mg ammonium
formate and 2.0 mL formic acid in 500 mL deionized
water and then diluting with an equal volume of
methanol. An internal standard solution of target con-
centrations of 3.2 ug propylene glycol mono-#-butyl
ether sulfate-d; and 6.4 pg propylene glycol
mono-t-butyl ether glucuronide-d, in buffer was added
to 20 pL aliquots of urine and mixed thoroughly.
Samples were injected into a Microsorb C18 column
(250 mm x 4.6 mm ID, 5 pm; Rainin Instrument Co.,
Woburn, MA), and metabolites were eluted isocratically
using a 19 mM ammonium formate/50% methanol
mobile phase at 0.5 mL/minute in a triple quadrupole
mass spectrometer (TSQ 7000, Finnigan MAT,
San Jose, CA) with an electron spray ionization source.
Metabolite ratios were determined by dividing metabo-
lite concentration by creatinine concentration; further
division by exposure concentration yielded normalized
ratios.
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TABLE 1
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Experimental Design and Materials and Methods in the Inhalation Studies
of Propylene Glycol Mono-#-butyl Ether

2-Week Studies

3-Month Studies

2-Year Studies

Study Laboratory
Battelle Toxicology Northwest
(Richland, WA)

Strain and Species
F344/N rats

NBR rats

B6C3F, mice

Animal Source

F344/N rats and B6C3F, mice: Taconic
Laboratory Animals and Services
(Germantown, NY)

NBR rats: Charles River Laboratories
(Frederick, MD)

Time Held Before Studies
Rats: 34 days
Mice: 12 days

Average Age When Studies Began
F344/N Rats: 9 weeks

NBR Rats: 10-11 weeks

Mice: 6 weeks

Date of First Exposure
July 22, 1996

Duration of Exposure
6 hours plus T, (12 minutes) per day, 5 days
per week for 16 (rats) or 17 (mice) days

Date of Last Exposure
Rats: August 6, 1996
Mice: August 7, 1996

Necropsy Dates
Rats: August 7, 1996
Mice: August 8, 1996

Average Age at Necropsy
F344/N rats: 11 weeks

NBR rats: 13-14 weeks
Mice: 8 weeks

Size of Study Groups

F344/N rats: 5 males and 5 females
NBR rats: 5 males

Mice: 5 males and 5 females

Battelle Toxicology Northwest
(Richland, WA)

F344/N rats
B6C3F, mice

Taconic Laboratory Animals and Services
(Germantown, NY)

13 days (males) or 14 days (females)

6 weeks

December 9 (males) or 10 (females), 1996

6 hours plus T, (12 minutes) per day, 5 days
per week for 14 weeks

Rats: March 10 (females) or
12 (males), 1997
Mice: March 11 (females) or
13 (males), 1997

Rats: March 11 (females) or
13 (males), 1997
Mice: March 12 (females) or
14 (males), 1997

19 weeks

Rats: 25 males and 20 females
Mice: 10 males and 10 females

Battelle Toxicology Northwest
(Richland, WA)

F344/N rats
B6C3F | mice

Taconic Laboratory Animals and Services
(Germantown, NY)

Rats: 13 days
Mice: 12 days

6 weeks

Rats: October 6, 1997
Mice: September 29, 1997

6 hours plus T, (12 minutes) per day, 5 days
per week for 104 weeks

Rats: October 1, 1999
Mice: September 24, 1999

Rats: October 4-7, 1999
Mice: September 27-October 1, 1999

110 weeks

Core studies: 50 males and 50 females
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Experimental Design and Materials and Methods in the Inhalation Studies
of Propylene Glycol Mono-#butyl Ether

2-Week Studies

3-Month Studies

2-Year Studies

Method of Distribution

Animals were distributed randomly into
groups of approximately equal initial mean
body weights.

Animals per Cage
1

Method of Animal Identification
Tail tattoo

Diet

NTP-2000 pelleted diet, (Zeigler Brothers,
Inc., Gardners, PA), available ad libitum
except during exposure periods, changed
weekly

Water

Tap water (City of Richland municipal
supply) via automatic watering system
(Edstrom Industries, Waterford, WI),
available ad libitum

Cages

Stainless-steel wire bottom (Hazleton
Systems, Inc., Aberdeen, MD), changed
weekly

Chamber Air Supply Filters

Single HEPA (Northland Filter System
International, Mechanicville, NY); charcoal
(RSE, New Baltimore, MI); Purafil
(Environmental Systems, Lynnwood, WA)

Chambers

Stainless steel with excreta pan suspended
below each cage unit (Lab Products, Inc.,
Aberdeen, MD), changed weekly

Chamber Environment
Temperature: 75° £3°F

Relative humidity: 55% + 15%
Room fluorescent light: 12 hours/day
Chamber air changes: 15/hour

Exposure Concentrations
0, 75, 150, 300, 600, or 1,200 ppm

Type and Frequency of Observation
Observed twice daily; animals were weighed
initially, on days 6 and 13, and at the end of
the studies; clinical findings were recorded
on days 6 and 13 and at the end of the
studies.

Same as 2-week studies

Tail tattoo

Same as 2-week studies, except irradiated.
Available ad libitum except during exposure
and urine collection periods.

Same as 2-week studies, except softened by

study laboratory

Same as 2-week studies

Same as 2-week studies

Same as 2-week studies

Same as 2-week studies

0, 75, 150, 300, 600, or 1,200 ppm

Observed twice daily; animals were weighed
initially, weekly, and at the end of the
studies; clinical findings were recorded
weekly.

Same as 2-week studies

Tail tattoo

Same as 3-month studies

Same as 2-week studies

Stainless-steel wire bottom (Lab Products,
Inc., Seaford, DE), changed weekly

Single HEPA (Environmental Filter, Santa
Rosa, CA); charcoal (RSE, New Baltimore,
MI); Purafil (Environmental Systems,
Lynnwood, WA)

Same as 2-week studies (Lab Products, Inc.,
Seaford, DE)

Same as 2-week studies

0, 75, 300, or 1,200 ppm

Observed twice daily; animals were weighed
and clinical findings were recorded initially
(body weights), every 4 weeks for weeks

5 through 89, every 2 weeks beginning
week 92, and at the end of the studies.
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TABLE 1
Experimental Design and Materials and Methods in the Inhalation Studies
of Propylene Glycol Mono-#-butyl Ether

2-Week Studies 3-Month Studies 2-Year Studies

Method of Sacrifice

Carbon dioxide asphyxiation. Same as 2-week studies Same as 2-week studies

Necropsy

Necropsies were performed on all animals. Necropsies were performed on all animals. Necropsies were performed on all core study
Organs weighed were right kidney, liver, and ~ Organs weighed were heart, right kidney, animals.

lung. liver, lung, right testis, and thymus.

Clinical Pathology

None Blood was collected from the retroorbital None

sinus of clinical pathology rats on days 3 and
23 and from core study rats at the end of the
study for hematology and clinical chemistry.
Blood was collected from the supraorbital
sinus of mice at the end of the study for
hematology. Core study rats were placed in
metabolism cages for 16-hour urine
collection during week 12.

Hematology: hematocrit; packed red cell
volume; hemoglobin; erythrocyte,
reticulocyte, nucleated erythrocyte, and
platelet counts; mean cell volume; mean cell
hemoglobin; mean cell hemoglobin
concentration; and leukocyte counts and
differentials.

Clinical chemistry: urea nitrogen,
creatinine, total protein, albumin, alanine
aminotransferase, alkaline phosphatase,
sorbitol dehydrogenase, and total bile acids.
Urinalysis: volume, specific gravity,
creatinine, glucose, protein, N-acetyl-3-
D-glucosaminidase, alkaline phosphatase,
aspartate aminotransferase, lactate
dehydrogenase, and \/-glutamyltransferase.
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of Propylene Glycol Mono-#-butyl Ether
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2-Week Studies

3-Month Studies

2-Year Studies

Histopathology

Histopathology was performed on chamber
control and 1,200 ppm rats and mice. In
addition to gross lesions and tissue masses,
the following tissues were examined to the
no-effect level: kidney (female F344/N rats,
male NBR rats, and male and female mice),
liver, lung, and nose. The kidney was also
examined in all groups of male F344/N rats.

Sperm Motility and
Vaginal Cytology

None

Renal Toxicity Studies in Rats
Concentrations of c:2u-globulin and soluble
protein in the right kidney were measured in
male F344/N rats at terminal sacrifice. For
assessment of cell proliferation, left kidney
sections from male F344/N rats and NBR
rats were stained with PCNA and examined
for labeled cells.

Complete histopathology was performed on
chamber control and 1,200 ppm core study
rats and mice. In addition to gross lesions
and tissue masses, the following tissues were
examined to the no-effect level: adrenal
gland, bone with marrow, brain, clitoral
gland, esophagus, gallbladder (mice), heart
with aorta, large intestine (cecum, colon,
rectum), small intestine (duodenum, jejunum,
ileum), kidney, larynx, liver, lung and
mainstream bronchi, lymph nodes
(mandibular, mesenteric, bronchial, and
mediastinal), mammary gland, nose, ovary,
pancreas, parathyroid gland, pituitary gland,
preputial gland, prostate gland, salivary
gland, skin, spleen, stomach (forestomach
and glandular), testis with epididymis and
seminal vesicle, thymus, thyroid gland,
trachea, urinary bladder, and uterus.

At the end of the studies, sperm samples
were collected from core study male animals
in the chamber control, 300, 600, and

1,200 ppm groups for sperm motility
evaluations. The following parameters were
evaluated: spermatid heads per testis and per
gram testis, spermatid counts, and
epididymal spermatozoal motility and
concentration. The left cauda, left
epididymis, and left testis were weighed.
Vaginal samples were collected for 12 days
during the last two weeks of the studies from
females exposed to 0, 300, 600, or

1,200 ppm for vaginal cytology evaluations.
The percentage of time spent in the various
estrous cycle stages and estrous cycle length
were evaluated.

For each exposure group, concentrations of
o2u-globulin in the right kidney were
measured in 5 male renal toxicity rats at

2 weeks, 5 males randomly selected from
clinical pathology rats at 6 weeks, and

5 males randomly selected from core study
animals at terminal sacrifice. Left kidney
sections from the same male rats were
stained with Mallory-Heidenhain for protein
and PCNA for assessment of cell
proliferation indices.

Complete histopathology was performed on
core study rats and mice. In addition to
gross lesions and tissue masses, the
following tissues were examined: adrenal
gland, bone with marrow, brain (three
sections in mice), clitoral gland, esophagus,
eyes, gallbladder (mice), harderian gland
(rats), heart with aorta, large intestine
(cecum, colon, rectum), small intestine
(duodenum, jejunum, ileum), kidney, larynx,
liver, lung with bronchi, lymph nodes
(mandibular, mesenteric, bronchial, &
mediastinal), mammary gland, nose, ovary,
pancreas, parathyroid gland, pituitary gland,
preputial gland, prostate gland, salivary
gland, skin, spleen, stomach (forestomach
and glandular), testis with epididymis and
seminal vesicle, thymus, thyroid gland,
trachea, urinary bladder, uterus, and
Zymbal’s gland.

None

None
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TABLE 1
Experimental Design and Materials and Methods in the Inhalation Studies
of Propylene Glycol Mono-#-butyl Ether

2-Week Studies 3-Month Studies 2-Year Studies

Biomarkers of Exposure

None None Urine was collected during a 16-hour period
from five male and five female chamber
control rats and mice and 10 male and
10 female core study rats and mice from
each exposed group at 2, 6, and 14 (rats) or
16 (mice) weeks. Parameters measured
included urine volume and creatinine,
propylene glycol mono-z-butyl ether sulfate ,
and propylene glycol mono-z-butyl ether
glucuronide concentrations.
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STATISTICAL METHODS

Survival Analyses

The probability of survival was estimated by the prod-
uct-limit procedure of Kaplan and Meier (1958) and is
presented in the form of graphs. Animals found dead of
other than natural causes were censored from the sur-
vival analyses; animals dying from natural causes
were not censored. Statistical analyses for possible
dose-related effects on survival used Cox’s (1972)
method for testing two groups for equality and Tarone’s
(1975) life table test to identify dose-related trends. All
reported P values for the survival analyses are two sided.

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
are presented in Tables A1, A5, B1, BS, C1, C5, D1, and
D5 as the numbers of animals bearing such lesions at a
specific anatomic site and the numbers of animals with
that site examined microscopically. For calculation of
statistical significance, the incidences of most neoplasms
(Tables A3, B3, C3, and D3) and all nonneoplastic
lesions are given as the numbers of animals affected at
each site examined microscopically. However, when
macroscopic examination was required to detect neo-
plasms in certain tissues (e.g., harderian gland, intestine,
mammary gland, and skin) before microscopic evalua-
tion, or when neoplasms had multiple potential sites of
occurrence (e.g., leukemia or lymphoma), the denomina-
tors consist of the number of animals on which a
necropsy was performed. Tables A3, B3, C3, and D3
also give the survival-adjusted neoplasm rate for each
group and each site-specific neoplasm. This survival-
adjusted rate (based on the Poly-3 method described
below) accounts for differential mortality by assigning a
reduced risk of neoplasm, proportional to the third
power of the fraction of time on study, to animals that do
not reach terminal sacrifice.

Analysis of Neoplasm

and Nonneoplastic Lesion Incidences

The Poly-k test (Bailer and Portier, 1988; Portier and
Bailer, 1989; Piegorsch and Bailer, 1997) was used to
assess neoplasm and nonneoplastic lesion prevalence.
This test is a survival-adjusted quantal-response proce-
dure that modifies the Cochran-Armitage linear trend
test to take survival differences into account. More
specifically, this method modifies the denominator in the
quantal estimate of lesion incidence to approximate
more closely the total number of animal years at risk.
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For analysis of a given site, each animal is assigned a
risk weight. This value is one if the animal had a lesion
at that site or if it survived until terminal sacrifice; if the
animal died prior to terminal sacrifice and did not have a
lesion at that site, its risk weight is the fraction of the
entire study time that it survived, raised to the kth power.

This method yields a lesion prevalence rate that depends
only upon the choice of a shape parameter for a Weibull
hazard function describing cumulative lesion incidence
over time (Bailer and Portier, 1988). Unless otherwise
specified, a value of k=3 was used in the analysis of site-
specific lesions. This value was recommended by Bailer
and Portier (1988) following an evaluation of neoplasm
onset time distributions for a variety of site-specific neo-
plasms in control F344 rats and B6C3F, mice (Portier
et al., 1986). Bailer and Portier (1988) showed that the
Poly-3 test gave valid results if the true value of k was
anywhere in the range from 1 to 5. A further advantage
of the Poly-3 method is that it does not require lesion
lethality assumptions. Variation introduced by the use of
risk weights, which reflect differential mortality, was
accommodated by adjusting the variance of the Poly-3
statistic as recommended by Bieler and Williams (1993).

Tests of significance included pairwise comparisons of
each exposed group with controls and a test for an over-
all exposure-related trend. Continuity-corrected Poly-3
tests were used in the analysis of lesion incidence, and
reported P values are one sided. The significance of
lower incidences or decreasing trends in lesions is repre-
sented as 1— P with the letter N added (e.g., P=0.99 is
presented as P=0.01N).

Analysis of Continuous Variables

Two approaches were employed to assess the signifi-
cance of pairwise comparisons between exposed and
control groups in the analysis of continuous variables.
Organ and body weight data, which historically have
approximately normal distributions, were analyzed with
the parametric multiple comparison procedures of
Dunnett (1955) and Williams (1971, 1972).
Hematology, clinical chemistry, urinalysis, spermatid,
and epididymal spermatozoal data, which have typically
skewed distributions, were analyzed using the nonpara-
metric multiple comparison methods of Shirley (1977)
(as modified by Williams, 1986) and Dunn (1964).
Jonckheere’s test (Jonckheere, 1954) was used to assess
the significance of the dose-related trends and to deter-
mine whether a trend-sensitive test (Williams’ or
Shirley’s test) was more appropriate for pairwise
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comparisons than a test that does not assume a
monotonic dose-related trend (Dunnett’s or Dunn’s test).
Prior to statistical analysis, extreme values identified by
the outlier test of Dixon and Massey (1951) were exam-
ined by NTP personnel, and implausible values were
eliminated from the analysis. Average severity values
were analyzed for significance with the Mann-Whitney
U test (Hollander and Wolfe, 1973). Because vaginal
cytology data are proportions (the proportion of the
observation period that an animal was in a given estrous
stage), an arcsine transformation was used to bring the
data into closer conformance with a normality assump-
tion. Treatment effects were investigated by applying a
multivariate analysis of variance (Morrison, 1976) to the
transformed data to test for simultaneous equality of
measurements across exposure concentrations. The
Tukey-Kramer test (Westfall, 1999) was used to assess
the significance of the comparisons between groups for
the urinary biomarker data.

Historical Control Data

The concurrent control group represents the most valid
comparison to the treated groups and is the only control
group analyzed statistically in NTP bioassays. However,
historical control data are often helpful in interpreting
potential treatment-related effects, particularly for
uncommon or rare neoplasm types. For meaningful
comparisons, the conditions for studies in the historical
database must be generally similar. One significant fac-
tor affecting the background incidence of neoplasms at a
variety of sites is diet. In 1995, the NTP incorporated a
new diet (NTP-2000) that contains less protein and more
fiber than the NIH-07 diet used previously in toxicity
and carcinogenicity studies (Rao, 1996, 1997). The cur-
rent NTP historical database contains all 21 studies that
use the NTP-2000 diet with histopathology findings
completed up to the present. A second potential source
of variability is route of administration. In general the
historical database for a given study will include studies
using the same route of administration, and the overall
incidences of neoplasms for all routes of administration
are included for comparison.

QUALITY ASSURANCE METHODS

The 3-month and 2-year studies were conducted in com-
pliance with Food and Drug Administration Good
Laboratory Practice Regulations (21 CFR, Part 58). In
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addition, as records from the 2-year studies were sub-
mitted to the NTP Archives, these studies were audited
retrospectively by an independent quality assurance con-
tractor. Separate audits covered completeness and accu-
racy of the pathology data, pathology specimens, final
pathology tables, and a draft of this NTP Technical
Report. Audit procedures and findings are presented in
the reports and are on file at NIEHS. The audit findings
were reviewed and assessed by NTP staff, and all com-
ments were resolved or otherwise addressed during the
preparation of this Technical Report.

GENETIC TOXICOLOGY

The genetic toxicity of propylene glycol mono-#-butyl
ether was assessed by testing the ability of the chemical
to induce mutations in various strains of Salmonella
typhimurium, sister chromatid exchanges and chromoso-
mal aberrations in cultured Chinese hamster ovary cells,
and increases in the frequency of micronucleated
erythrocytes in mouse peripheral blood. The protocols
for these studies and the results are given in Appendix E.

The genetic toxicity studies have evolved from an earlier
effort by the NTP to develop a comprehensive database
permitting a critical anticipation of a chemical’s carcino-
genicity in experimental animals based on numerous
considerations, including the molecular structure of the
chemical and its observed effects in short-term in vitro
and in vivo genetic toxicity tests (structure-activity
relationships). The short-term tests were originally
developed to clarify proposed mechanisms of chemical-
induced DNA damage based on the relationship between
electrophilicity and mutagenicity (Miller and Miller,
1977) and the somatic mutation theory of cancer (Straus,
1981; Crawford, 1985). However, it should be noted
that not all cancers arise through genotoxic mechanisms.

DNA reactivity combined with Sa/monella mutagenicity
is highly correlated with induction of carcinogenicity in
multiple species/sexes of rodents and at multiple tissue
sites (Ashby and Tennant, 1991). A positive response in
the Salmonella test was shown to be the most predictive
in vitro indicator for rodent carcinogenicity (89% of the
Salmonella mutagens are rodent carcinogens) (Tennant
etal., 1987; Zeiger et al., 1990). Additionally, no bat-
tery of tests that included the Salmonella test improved
the predictivity of the Salmonella test alone. However,
these other tests can provide useful information on the



Propylene Glycol Mono-#butyl Ether, NTP TR 515

types of DNA and chromosomal damage induced by the
chemical under investigation.

The predictivity for carcinogenicity of a positive
response in acute in vivo bone marrow chromosome
aberration or micronucleus tests appears to be less than
that in the Salmonella test (Shelby ef al., 1993; Shelby
and Witt, 1995). However, clearly positive results in
long-term peripheral blood micronucleus tests have high
predictivity for rodent carcinogenicity (Witt et al,
2000); negative results in this assay do not correlate well
with either negative or positive results in rodent carcino-
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genicity studies. Because of the theoretical and
observed associations between induced genetic damage
and adverse effects in somatic and germ cells, the deter-
mination of in vivo genetic effects is important to the
overall understanding of the risks associated with expo-
sure to a particular chemical. Most organic chemicals
that are identified by the International Agency for
Research on Cancer as human carcinogens, other than
hormones, are genotoxic. The vast majority of these are
detected by both the Salmonella assay and rodent bone
marrow cytogenetics tests (Shelby, 1988; Shelby and
Zeiger, 1990).
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RATS

2-WEEK STUDY

All male and female F344/N and male NBR rats sur-
vived to the end of the study (Tables 2 and 3). Final
mean body weights and body weight gains of all exposed

TABLE 2

RESULTS

trols.

Survival and Body Weights of F344/N Rats in the 2-Week Inhalation Study

of Propylene Glycol Mono-#-butyl Ether
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groups of rats were similar to those of the chamber con-
There were no clinical findings related to
propylene glycol mono-#-butyl ether exposure.

Mean Body Weightb (g) Final Weight
Concentration Survival’ Initial Final Change Relative to Controls
(ppm) (%)
Male
0 5/5 167 +£3 219+7 52+4
75 5/5 172 +3 225+4 54 +1 103
150 5/5 168 £2 217+6 49+5 99
300 5/5 167 £2 221 +4 54+4 101
600 5/5 172 +3 222 +5 50+3 101
1,200 5/5 170 +£3 214 +£5 44 +£3 97
Female
0 5/5 121 £2 147 £2 26+ 1
75 5/5 123 +1 148 £3 26+3 101
150 5/5 122+1 145+3 22+2 98
300 5/5 122 +£2 147 +£3 25+2 100
600 5/5 123 £2 144 £ 4 21 +2 98
1,200 5/5 122 +3 144 £ 4 22+2 97

Number of animals surviving at 2 weeks/number initially in group
Weights and weight changes are given as mean = standard error. Differences from the chamber control group are not significant by

Dunnett’s test.
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TABLE 3
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Survival and Body Weights of Male NBR Rats in the 2-Week Inhalation Study

of Propylene Glycol Mono-#-butyl Ether

Mean Body Weightb (2) Final Weight
Concentration Survival® Initial Final Change Relative to Controls
(ppm) (%)
0 5/5 249+ 5 288 +4 38+2

75 5/5 248+ 5 284 +4 36 +4 99

150 5/5 239+9 285+9 46 £ 10 99

300 5/5 245 +4 283 +2 38+3 98

600 5/5 2475 2815 34+3 98

1,200 5/5 248 +7 281 +7 33+£2 98

® Number of animals surviving at 2 weeks/number initially in group

Weights and weight changes are given as mean =+ standard error. Differences from the chamber control group are not significant by

Dunnett’s test.

Cell proliferation analyses were performed on male
F344/N and NBR rats (Tables H1 and H2). The number
of labeled cells and the labeling index in the left kidney
of 1,200 ppm F344/N males were significantly greater
than those of the chamber controls. No significant dif-
ferences in labeling indices were noted in NBR males.
Concentrations of c2u-globulin were measured for male
F344/N rats (Table H1); the o2u-globulin/soluble pro-
tein ratios in exposed rats were not significantly differ-
ent from that in the chamber controls.

Kidney weights of 600 ppm male F344/N rats were sig-
nificantly greater than those of the chamber controls
(Table I1). Liver weights of male and female F344/N
and male NBR rats in the 1,200 ppm groups were sig-
nificantly increased (Tables I1 and 12); liver weights of
600 ppm male F344/N rats were also increased. There
were no exposure-related histopathological changes in
the liver.

Mild hyaline droplet accumulation occurred in the kid-
neys of all male F344/N rats (data not shown). Chamber

control rats had fine, bright pink, intracytoplasmic pro-
tein granules/droplets in the proximal renal cortical
tubules, whereas the granules/droplets in the tubules of
exposed rats were irregularly shaped, larger, or con-
glomerates of several droplets. There were no exposure-
related kidney changes in male NBR rats or female
F344/N rats.

Exposure Concentration Selection Rationale: Because
there were no effects of propylene glycol mono-z-butyl
ether on survival or body weights of male or female
F344/N rats or male NBR rats in the 2-week study, and
because the incidences of kidney lesions in exposed
male F344/N rats were mild and not significantly
increased, exposure concentrations selected for the
3-month inhalation study in F344/N rats were 0, 75, 150,
300, 600, and 1,200 ppm. The highest exposure concen-
tration was maintained for the 3-month study because it
was the maximum attainable vapor concentration that
could be generated without aerosolization in the expo-
sure chambers.
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3-MONTH STUDY
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All rats survived to the end of the study (Table 4). Final gains of 1,200 ppm males and 600 and 1,200 ppm
mean body weights of all exposed groups were similarto  females were greater than those of the chamber controls.

those of the chamber controls; final mean body weight

TABLE 4
Survival and Body Weights of Rats in the 3-Month Inhalation Study
of Propylene Glycol Mono-#-butyl Ether

Mean Body Weight” (g) Final Weight
Concentration Survival’ Initial Final Change Relative to Controls
(ppm) (%)
Male
0 10/10 102 £3 309 +4 207 =4
75 10/10 100 =3 320+5 220+ 4 104
150 10/10 98 +3 309 +4 211 +5 100
300 10/10 95+3 314+5 219+6 102
600 10/10 93+3 310+7 216 +5 100
1,200 10/10 99+3 327+7 227 + 6* 106
Female
0 10/10 93 +2 179 +4 87 +4
75 10/10 89 +2 180 +3 91 £2 101
150 10/10 90 +3 185+4 95+3 103
300 10/10 95+3 187 +4 91 +3 104
600 10/10 90 +3 187 +4 97 + 3* 104
1,200 10/10 92 +2 189 +4 96 + 2* 105

: Significantly different (P<0.05) from the chamber control group by Williams’ or Dunnett’s test.
Number of animals surviving at 3 months/number initially in group
Weights and weight changes are given as mean + standard error.
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The hematology, clinical chemistry, and urinalysis data
are shown in Table F1. In male rats, a minimal decrease
in the erythron, evidenced by small decreases in
hematocrit values, hemoglobin concentrations, and ery-
throcyte counts occurred at 14 weeks. This change was
observed in groups exposed to 300 ppm or greater, but
there was no apparent exposure-concentration relation-
ship for the response. On day 23, hemoglobin concen-
trations were minimally decreased in 600 and 1,200 ppm
males; hematocrit values and erythrocyte counts were
unaffected. On days 3 and 23, several exposed male
groups (primarily the 600 and 1,200 ppm groups)
demonstrated small increases in reticulocyte counts.
The increases in reticulocyte counts were transient and
despite the presence of minimal erythron decrease, did
not persist until 14 weeks. In female rats, minimal tran-
sient decreases in the erythron and reticulocyte counts
occurred on day 23 in the 1,200 ppm group; these effects
were not apparent at 14 weeks. Though observed statis-
tically as exposure concentration-related, none of the
erythron changes in male or female rats were considered
to be clinically significant.

In 1,200 ppm rats, leukocyte counts were decreased by
approximately 40% on days 3 and 23, reflecting
decreases in lymphocyte and monocyte counts. Low
leukocyte counts persisted in the female rats at 14 weeks,
but to a reduced extent. In contrast, leukocyte counts
were increased in all exposed groups of males at
14 weeks. The cause of the leukocyte changes, specifi-
cally the decreases or increases in lymphocytes and
monocytes, was unknown but may suggest some alter-
ation in peripheral distribution rather than a change in
production.

On day 3, a transient increase in serum bile acid concen-
tration occurred in nearly all of the exposed groups; by
day 23, this effect persisted in 300 ppm or greater males
and 1,200 ppm females. At 14 weeks, bile acid concen-
trations were similar in exposed and chamber control
groups. On day 23, an exposure concentration-related
decrease in alanine aminotransferase activity occurred in
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males and females. The effect was transient in females
with no decrease at 14 weeks, but persisted in all
exposed groups of males at 14 weeks.

On days 3 (males) and 23 (males and females), serum
creatinine concentrations were increased in the
1,200 ppm groups compared to the chamber controls.
The effect was more prominent in males and, on day 23,
the creatinine concentration was approximately twofold
higher than in the chamber controls. This effect was
transient however, and was not apparent at 14 weeks.

At week 12, urinalysis results for exposed groups of
male rats demonstrated increases in urine volumes, glu-
cose and protein concentrations, and activities of aspar-
tate aminotransferase, lactate dehydrogenase, and
N-acetyl-B-D-glucosaminidase (Tables 5 and F1). A
polyuria, evidenced by an approximately twofold
increase in urine volume, occurred in 600 and 1,200 ppm
male rats. The urine of the affected groups was charac-
terized by a mean specific gravity (1.013) that was at or
above that of glomerular filtrate (1.008-1.012) and simi-
lar to values obtained for chamber control animals, sug-
gesting that the increased urine volumes were probably
not related to contamination of the specimens with
drinking water. The mechanism for the increased urine
output was unknown.

Increases in urine glucose and protein concentrations
occurred in essentially all exposed groups of males,
urine glucose/mg creatinine was increased approxi-
mately 25% to 50%, compared to the chamber controls.
Urine protein/mg creatinine increased approximately
20% to 70% in exposed groups of males. Increased
activities of aspartate aminotransferase and lactate dehy-
drogenase per mg creatinine occurred in all exposed
groups of males. Exposed groups of female rats were
much less affected, as minimal increases in lactate dehy-
drogenase and N-acetyl-B-D-glucosaminidase per mg
creatinine occurred in groups exposed to 150 ppm or
greater and 600 and 1,200 ppm, respectively.
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TABLE 5

39

Selected Urinalysis Data for Rats in the 3-Month Inhalation Study of Propylene Glycol Mono-z-Butyl Ether”

Chamber
Control 75 ppm 150 ppm 300 ppm 600 ppm 1,200 ppm

n 10 10 10 10 10 10
Male
Volume (mL/16 hours) 122+1.8 19.0 £2.6 19.8 +3.1 139+23 253 £3.7%* 26.8 +£2.7%*
Specific gravity 1.017 £ 0.002 1.012 +0.002 1.014 +0.002 1.020 + 0.003 1.013 £ 0.002 1.013 £ 0.001
Creatinine (mg/dL) 68.40 + 8.90 50.10 +7.04 51.00 £9.19 71.40 +10.05 40.50 £ 6.12* 34.00 £ 3.19%*
Glucose (ng/mg creatinine) 118+5 153 + 6* 163 + [2%* 156 + 6* 159 + 8%* 149 £ 15
Protein (ng/mg creatinine) 964 + 43 1,256 + 81%* 1,266 + 49** 1,161 + 44** 1,293 + 48%* 1,585 £ 61**
Alkaline phosphatase

(mU/mg creatinine) 259+ 14 322+£17 293 £18 266 £ 15 288 £ 17 299+ 19
Aspartate aminotransferase

(mU/mg creatinine) 9+0 52 + 4%* 61 £ 3%* 59 + 4%* 52 + 3%* 78 + 5**
Lactate dehydrogenase

(mU/mg creatinine) 39+1 118 + 15%* 121 + 6** 127 + 6%* 124 + 7** 156 + 9%**
Y-Glutamyltransferase

(U/mg creatinine) 2.1+0.1 2.2 +0.1 22 +0.1 2.0+0.1 2.0+0.1 1.8+0.1
N-acetyl-3-D-glucosaminidase

(mU/mg creatinine) 14+1 23 + |** 23 &+ 1** 22 & 1** 24 + 1** 27 +2%*
Female
Volume (mL/16 hours) 120+ 1.7 13.2+1.6 104 +1.5 8.0+1.1 13.8+£2.0 10519
Specific gravity 1.013 £ 0.002 1.012 £ 0.002 1.015 £ 0.002 1.020 £ 0.003* 1.013 £ 0.002 1.023 + 0.004*
Creatinine (mg/dL) 45.00 £ 7.41 37.50 £4.61 44.80 +£4.94 60.00 +9.69 35.00 +4.57 52.10 £ 9.44
Glucose (ng/mg creatinine) 106 +3 102 +4 106 + 6 101 +3 93+6 114 +4
Protein (ng/mg creatinine) 91+4 158 £59 89+3 94 +4 93 +8 105+6
Alkaline phosphatase

(mU/mg creatinine) 184 +£ 10 172 £ 11 159+ 11 177 +£24 188 = 11 186 =10
Aspartate aminotransferase

(mU/mg creatinine) 2+1 4+1 2+0 3+0 3+1 2+0
Lactate dehydrogenase

(mU/mg creatinine) 27+3 31+1 36 +2%* 42 +2%* 45 + 2%* 60 + 3%*
Y-Glutamyltransferase

(U/mg creatinine) 0.9+0.1 0.9 +0.1 0.8+0.1 1.1+0.2 1.2+0.1 1.1+0.1
N-acetyl-3-D-glucosaminidase

(U/mg creatinine) 13+£0 13+£0 13£0 13£0 14 £ 0* 15 +£0**

*  Significantly different (P<0.05) from the chamber control group by Dunn’s or Shirley’s test

** P<0.01
a

Mean =+ standard error. Statistical tests were performed on unrounded data.

At 2 and 6 weeks and at study termination, five male rats
per group were sacrificed for renal toxicity studies.
Kidney tissue of male rats was examined for indices of
cell proliferation. The numbers of PCNA-labeled cells
and labeling indices in exposed males were generally
significantly greater than those of the chamber controls
at 2 and 6 weeks and at study termination (Tables 6 and
H3). In general, exposure-related increases in o2u-

globulin concentrations in males occurred throughout
the study; the concentrations at 2 weeks (8 weeks of age)
were less than those at 6 and 14 weeks (12 and 20 weeks
of age, respectively), which was in part due to the age-
dependent production of ci2u-globulin. The production
of o2u-globulin is in general relatively low at 8 weeks of
age.
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TABLE 6
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Selected Renal Toxicity Data for Male Rats in the 3-Month Inhalation Study

of Propylene Glycol Mono-#-butyl Ether®

Chamber
Control 75 ppm 150 ppm 300 ppm 600 ppm 1,200 ppm

n 5 5 5 5 5 5
Cells labeled

Week 2 79.0 £2.8 80.0 4.2 84.4+£45 742 £3.0 96.2 £4.3 1224 £9.7

Week 6 75.0+2.4 66.2 +2.6 724+£54 84.6 £2.8 96.8 + 1.4 109.6 £ 7.4

Week 13 69.2+43 83.2+5.0 93.6+3.2 87.4+3.0 108.4+9.2 148.0 £ 9.0
Cells counted

Week 2 2,210 £91 2,200 + 30 2,188 +48 2,158 + 61 2,202 £ 60 2,217 + 74

Week 6 2,093 +22 2,091 £ 50 2,149 + 38 2,187 + 52 2,226 +28 2214+ 19

Week 13 2,202 + 52 2,200 + 26 2,167 + 49 2,147 + 41 2,151 +28 2,238 +29
Labeling index (%)

Week 2 3.6+0.1 3.6+0.2 3.9+0.2 34+0.1 44+£0.2% 5.5+ 04%*

Week 6 3.6+0.1 32+0.1 34+02 39+0.1 43+0.0* 49 +0.3*%

Week 14 32+0.2 3.8+0.2 43+0.2% 4.1 +£0.2% 5.0 £ 0.4%* 6.6 £0.4%*
o2u-Globulin (nmol/g kidney)

Week 2 21524 69.2 £25.2 126.3 +34.8 171.6 + 46.0* 332.6 + 54.9%* 52.8+15.2

Week 6 160.1 £ 63.6 437.0 £ 78.9*% 505.6 + 74.6* 757.8 £ 120.1%* 670.2 +212.0%* 732.4 £ 77.4%*

Week 14 319.0 £93.7 476.8 +73.9 525.8 £ 125.0 733.6 £ 71.2%* 553.4 £ 85.2% 708.4 £ 159.1*
o2u-Globulin (ng/pg soluble protein)

Week 2 7.7£0.9 28.0 + 8.8* 47.9 £ 12.7* 71.4 £ 18.7%* 138.8 £21.4%* 25.6 £ 7.3%*

Week 6 64.7 £25.4 167.8 £27.1* 184.0 + 25.5% 249.2 + 48.7%* 237.0 + 73.5*% 250.0 + 24.7%*

Week 14 113.2 £37.0 153.0£21.9 197.7 £44.0 218.2 +24.5% 179.0 £25.0 254.0 + 44.6*

* Significantly different (P<0.05) from the chamber control group by Dunn’s or Shirley’s test.

**P<0.01
Data are presented as mean + standard error.

Kidney weights of all exposed groups of males and
300 ppm or greater females and liver weights of all
exposed males and 600 and 1,200 ppm females were sig-
nificantly increased (Table 13).

Hyaline droplet accumulation occurred in all chamber
control and exposed males at 2 and 6 weeks (data not
shown) and at 3 months (Table 7); the severities of this
lesion in the exposed groups were generally greater than
those in the chamber controls and were more pro-
nounced at week 6 and at 3 months than at week 2.
Hyaline droplet accumulation is a change commonly
observed in the proximal renal tubule of male rats in
3-month studies (Montgomery and Seely, 1990). The
less severe hyaline droplet accumulation at 2 weeks
(8 weeks of age) likely reflects the relatively low pro-
duction of o2u-globulin in male rats at this age. Hyaline
droplet accumulation did not occur in females. At
6 weeks, the incidences of minimal renal cortical tubule
regeneration were increased in all exposed groups, and

granular casts occurred in 300 and 600 ppm males (data
not shown). At 3 months, the incidences of renal corti-
cal tubule regeneration and granular casts in 150 ppm or
greater male rats were significantly greater than those in
the chamber controls, and there was a slight increase in
the severity of regeneration with increasing exposure
concentration.

Hyaline droplet accumulation consisted of numerous
variably-sized, round, brightly eosinophilic droplets
within the cytoplasm of the proximal renal tubule epithe-
lial cells. At 3 months, some epithelial cells were greatly
expanded by large droplets. Hyaline droplet accumula-
tion was observed and graded using the hematoxylin and
eosin-stained sections; however, sections stained with
the Mallory-Heidenhain protein to enhance visualization
of the droplets were evaluated to verify the initial grad-
ing. Tubule regeneration consisted of scattered small
clusters of smaller than normal proximal tubules lined by
small cuboidal basophilic epithelial cells that were
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TABLE 7
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Incidences of Nonneoplastic Lesions of the Kidney in Male Rats in the 3-Month Inhalation Study

of Propylene Glycol Mono-#-butyl Ether

Chamber
Control 75 ppm 150 ppm 300 ppm 600 ppm 1,200 ppm
Number Examined Microscopically 10 10 10 10 10 10
Renal Tubule, Regenerationa 6 (1.0)b 9 (1.0 10* (1.0) 10* (1.3) 10* (1.5) 10* (1.6)
Medulla, Casts Granular 0 0 8** (1.0) 7 (1.1) 6** (1.0) 4* (1.0)
Renal Tubule, Accumulation,
Hyaline Droplet 10 (1.2) 10 (1.0) 10 (2.0 10 (2.0 10 (2.0 10 (24

*  Significantly different (P<0.05) from the chamber control group by the Fischer exact test

** P<0.01
Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4=marked

sometimes crowded and had occasional mitotic figures.
Regeneration of the renal tubule epithelium is an early
component of chronic progressive nephropathy, a com-
mon spontaneous syndrome in F344/N rats, particularly
males. Granular casts were a minimal change that
occurred within the outer stripe of the outer medulla;
scattered tubules were filled and dilated two to three
times normal size by granular eosinophilic material
assumed to be o2u-globulin protein and cellular debris
(degenerate, sloughed proximal tubule epithelial cells).
Granular casts are indicative of cell death and degenera-
tion of renal proximal tubule epithelium.

The incidences of minimal hyaline degeneration of the
olfactory epithelium were significantly increased in 600
and 1,200 ppm males and females (males: chamber con-
trol, 0/10; 75 ppm, 0/10; 150 ppm, 0/10; 300 ppm, 0/10;
600 ppm, 4/10; 1,200 ppm, 8/10; females: 0/10, 0/10,
0/10, 1/10, 7/10, 10/10). This lesion was most evident in
the dorsal meatus of Level II and in the more distal Level
I section of the nose and consisted of single, large,
round to oval, lightly eosinophilic droplets that
expanded the apical cytoplasm of the sustentacular cells.

Exposure Concentration Selection Rationale: There
were no treatment-related mortality, reductions in body
weight gain, or clinical findings in male or female
F344/N rats exposed to 0, 75, 150, 300, 600, or
1,200 ppm propylene glycol mono-z-butyl ether. The

kidney and liver were considered target organs in the
3-month study. Kidney weights were significantly
increased in all exposed groups of males and in 300 ppm
or greater females. Increases in the incidences of renal
tubule hyaline droplet accumulation, cortical regenera-
tion, and medullary granular casts, as well as general
concentration-related increases in cell proliferation and
o2u-globulin, were observed in exposed males.
Urinalysis data were consistent with the development of
nephropathy in male rats. Liver weights were signifi-
cantly increased in male and female rats at 600 and
1,200 ppm. These renal and liver effects; however, were
not considered sufficiently severe to cause excessive
toxicity or to affect survival in a 2-year study. Therefore,
1,200 ppm was considered acceptable as the highest
exposure concentration for the 2-year study. Lower con-
centrations were based on blood clearance data from the
single administration toxicokinetic study conducted with
75, 300, and 1,200 ppm (Appendix N). In male and
female rats, blood clearance rates of propylene glycol
mono-¢-butyl ether at 1,200 ppm and probably at
300 ppm were not in the linear range (Appendix N). It
was not clear whether 75 ppm was within the linear
range since a lower concentration was not tested.
Therefore, it was decided that one concentration
(1,200 ppm) well above the linear range, one concentra-
tion (300 ppm) at or near the linear portion, and one con-
centration (75 ppm) most likely in the linear range would
be used.
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2-YEAR STUDY

Survival

Estimates of 2-year survival probabilities for male and
female rats are shown in Table 8 and in the Kaplan-
Meier survival curves (Figure 1). Survival of males in
the 300 ppm group was less than that of the chamber
control group; survival of all exposed groups of females
was similar to that of the chamber control group.

TABLE 8

Propylene Glycol Mono-z-butyl Ether, NTP TR 515

Body Weights and Clinical Findings

Mean body weights of 1,200 ppm males and females
were less than those of the chamber controls during the
second year of the study (Figure 2; Tables 9 and 10).
Pale corneal foci were noted in the eyes of females
exposed to 1,200 ppm.

Survival of Rats in the 2-Year Inhalation Study of Propylene Glycol Mono-z-butyl Ether

Chamber 75 ppm 300 ppm 1,200 ppm
Control

Male

Animals initially in study 50 50 50 50
Moribund 20 15 26 22
Natural deaths 3 6 8 6
Animals surviving to study termination 27 29 16 22
Percent probability ott; survival at end of studya 54 58 32 44
Mean survival (days) 676 689 639 671
Survival amalysisC P=0.358 P=0.727N P=0.031 P=0.435
Female

Animals initially in study 50 50 50 50
Moribund 14 12 20 11
Natural deaths 3 4 2 3
Animals surviving to study termination 33 34 28 36
Percent probability of survival at end of study 66 68 56 72
Mean survival (days) 675 709 681 698
Survival analysis P=0.515N P=0.801N P=0.419 P=0.602N

()

Kaplan-Meier determinations
Mean of all deaths (uncensored, censored, and terminal sacrifice).

The result of the life table trend test (Tarone, 1975) is in the chamber control column, and the results of the life table pairwise comparisons

(Cox, 1972) with the chamber controls are in the exposed group columns. A negative trend or lower mortality in an exposure group is

indicated by N.
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TABLE 9
Mean Body Weights and Survival of Male Rats in the 2-Year Inhalation Study
of Propylene Glycol Mono-#-butyl Ether

Weeks Chamber Control 75 ppm 300 ppm 1,200 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (€3] Survivors (2 controls) Survivors (2) controls) Survivors (€3] controls) Survivors
1 98 50 99 101 50 96 98 50 97 99 50
5 229 50 235 103 50 232 101 49 225 98 50
9 299 50 305 102 50 301 101 49 294 98 50
13 342 50 344 101 50 344 101 49 341 100 50
17 378 50 381 101 50 377 100 49 373 99 50
21 400 50 402 101 50 399 100 49 392 98 50
25 424 50 425 100 50 420 99 49 413 98 50
29 445 50 447 100 50 439 99 49 432 97 50
33 461 50 464 101 50 453 98 49 445 97 50
37 472 50 475 101 50 464 98 49 454 96 49
41 478 50 483 101 50 470 98 49 463 97 49
45 489 49 495 101 50 481 98 49 475 97 49
49 500 49 502 100 50 490 98 49 482 96 49
53 505 49 505 100 50 497 99 48 487 97 49
57 504 49 505 100 50 499 99 48 491 97 49
61 514 48 513 100 50 504 98 48 494 96 49
65 518 48 519 100 50 511 99 47 499 96 49
69 528 46 528 100 49 517 98 47 505 96 49
73 535 46 530 99 49 516 97 47 505 94 49
77 540 46 536 99 46 525 97 45 507 94 47
81 540 45 538 100 46 523 97 41 510 95 45
85 537 45 540 100 44 521 97 38 500 93 44
89 529 44 534 101 44 525 99 34 500 94 41
92 532 40 530 100 43 522 98 32 496 93 37
94 536 35 537 100 39 525 98 28 494 92 34
96 538 33 537 100 37 521 97 26 497 93 30
98 537 32 537 100 36 519 97 24 494 92 28
100 536 31 537 100 34 522 97 20 494 92 25
102 521 31 529 102 32 513 99 19 483 93 25
104 513 27 519 101 29 514 100 16 481 94 22

Mean for weeks

1-13 242 246 102 243 100 239 99
14-52 450 453 101 444 99 437 97
53-104 527 528 100 516 98 496 94
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TABLE 10
Mean Body Weights and Survival of Female Rats in the 2-Year Inhalation Study
of Propylene Glycol Mono-#-butyl Ether

Weeks Chamber Control 75 ppm 300 ppm 1,200 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (€3] Survivors (2 controls) Survivors (2) controls) Survivors (€3] controls) Survivors
1 88 50 88 100 50 89 100 50 88 99 50
5 152 50 153 101 50 153 101 50 153 101 50
9 178 50 176 99 50 176 99 50 177 100 50
13 194 50 193 99 50 193 99 50 196 101 50
17 208 50 206 99 50 204 99 50 205 99 50
21 215 50 216 101 50 215 100 50 212 99 50
25 224 49 226 101 50 221 99 50 218 98 50
29 233 49 235 101 50 229 98 50 227 98 50
33 242 49 244 101 50 236 97 50 233 96 50
37 250 49 252 101 50 244 98 50 240 96 50
41 256 48 261 102 50 253 99 50 249 97 49
45 267 48 273 102 50 262 98 50 258 97 49
49 279 48 286 103 50 277 99 50 269 97 49
53 289 48 296 103 50 287 99 50 278 96 49
57 295 47 303 103 50 295 100 50 284 96 49
61 305 46 313 103 49 305 100 50 292 96 49
65 314 46 322 103 49 312 100 50 298 95 49
69 322 46 330 103 49 319 99 49 304 94 49
73 331 46 340 103 49 324 98 48 312 94 49
77 335 46 345 103 49 336 100 45 318 95 48
81 340 44 348 102 49 338 100 44 321 94 46
85 343 43 354 103 49 343 100 43 326 95 45
89 351 42 357 102 49 344 98 40 330 94 44
92 358 41 362 101 48 344 96 38 333 93 44
94 362 40 359 99 46 350 97 36 331 91 43
96 366 40 365 100 43 352 96 36 333 91 42
98 363 39 362 100 40 350 96 34 335 92 41
100 366 37 362 99 39 350 96 33 337 92 39
102 363 35 362 100 38 349 96 30 335 93 39
104 367 33 356 97 35 349 95 28 330 90 37

Mean for weeks

1-13 153 153 100 153 100 154 101
14-52 242 244 101 238 98 235 97
53-104 339 343 101 332 98 317 94
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MEAN BODY WEIGHT IN GRAMS
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Pathology and Statistical Analyses

This section describes the statistically significant or bio-
logically noteworthy changes in the incidences of neo-
plasms and/or nonneoplastic lesions of the kidney,
urinary bladder, liver, nose, and eye. Summaries of the
incidences of neoplasms and nonneoplastic lesions, indi-
vidual animal tumor diagnoses, statistical analyses of
primary neoplasms that occurred with an incidence of at
least 5% in at least one animal group, and historical inci-
dences for the neoplasms mentioned in this section are
presented in Appendix A for male rats and Appendix B
for female rats.

Kidney: 1In the standard evaluation of the kidney, the
incidences of renal tubule adenoma and adenoma or car-
cinoma (combined) in 300 and 1,200 ppm males were
increased; however the increases were marginal and not
statistically significant. Historically, no more than a sin-
gle kidney neoplasm has been observed in chamber con-
trols compared to two to three in each of the exposed
groups (Tables 11, A3, and A4a). The incidences of
renal tubule hyperplasia in males increased with increas-
ing exposure concentration, and the incidences in the
300 and 1,200 ppm groups were significantly increased
(Tables 11 and AS). A single 1,200 ppm male had a stro-
mal nephroma and a single 1,200 ppm female had a renal
tubule adenoma.

Renal tubule hyperplasia consisted of single or multiple
expanded cortical tubules composed of increased num-
bers of tubular epithelial cells arranged in multiple lay-
ers that partially or completely filled the tubule. Renal
tubule adenomas were discrete proliferative lesions that
were larger than focal hyperplasias (generally greater
than the combined diameter of 5 normal sized renal
tubules). Adenomas tended to have a more complex
structure than hyperplasias composed of closely packed
tubules and nests of pale basophilic cells and lesser num-
bers of cells with clear cytoplasm. The carcinoma was
an expansive and invasive mass composed of large
basophilic to amphiphilic cells that formed large multi-
layered tubular structures, solid nests, and sheets.

In the kidney, renal tubule hyperplasia, adenoma, and
carcinoma are thought to constitute a morphologic and
biologic continuum in the progression of proliferative
lesions in the renal tubule epithelium. A single section
of each kidney was examined microscopically during the
initial evaluation. Because the incidences of renal tubule
neoplasms in the 300 and 1,200 ppm male rats suggested
the possibility of a treatment-related carcinogenic effect,
an extended evaluation of the kidney was performed to
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explore this possibility. The residual formalin-fixed wet
kidney tissues (male only) were step-sectioned to obtain
an additional 3 to 4 sections per kidney and examined
microscopically. In the extended evaluation, additional
renal tubule adenomas were identified in each exposed
group (Table 11). Additional renal tubule hyperplasias
were also identified in the chamber control and all
exposed groups. No additional renal tubule carcinomas
were identified. In the combined analyses, the inci-
dences of renal tubule adenoma and adenoma or carci-
noma (combined) in the exposed groups were marginally
increased, however the increases were not statistically
significant (Table 11).

Renal tubule oncocytic hyperplasia was identified in two
300 ppm males and a single 1,200 ppm male; however,
a low incidence of this lesion is not uncommon in aged
males and is not considered to be chemical related. Age-
related chronic nephropathy occurred in all exposed
males and in most exposed females and chamber control
males and females. The severities of nephropathy
increased with increasing exposure concentration in
males and females, and were significantly increased in
all exposed groups of males and in 1,200 ppm females
(Tables 11, AS, and B5). Nephrotoxic chemicals fre-
quently exacerbate the severity of nephropathy in both
sexes of F344/N rats. Nephropathy consisted of a spec-
trum of lesions of varying severity that included dilated
renal tubules that were empty or contained hyaline (pro-
teinaceous) casts, multifocal tubular epithelial regenera-
tion, glomerular atrophy, thickening of the tubular and
glomerular basement membrane, interstitial fibrosis, and
mononuclear inflammatory cell infiltrates within the
interstitium.

Incidences of mild to moderate renal tubule hyaline
droplet accumulation in male rats increased with increas-
ing exposure concentration, and the increases were sig-
nificant in the 300 and 1,200 ppm groups (Tables 11, AS,
and B5). The hyaline droplets were similar to those typ-
ically induced in the early stages of o2u-globulin
nephropathy. In male F344/N rats, synthesis of
o2u-globulin declines progressively after 12 to
15 months of age, and exposure-related increases should
not occur at the end of a 2-year study. In this study, hya-
line droplet accumulation was most frequent in male rats
that died or were sacrificed relatively early during the
course of the study.

There were significant exposure-related increases in the
incidences of mineralization in the renal papilla of
exposed males (Tables 11 and AS5). Mineralization was
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TABLE 11
Incidences of Neoplasms and Nonneoplastic Lesions of the Kidney in Rats
in the 2-Year Inhalation Study of Propylene Glycol Mono-z-butyl Ether

Chamber Control 75 ppm 300 ppm 1,200 ppm
Male
Number Examined Microscopically 50 50 49 50
Single Sections (Standard Egaluation) b
Renal Tubule, Hyperplasia 0 3 (23) 7** (2.7) 19%* (2.4)
Nephropathy, Chronic 46 (1.9) 50 (2.3)4 49 (2.9)* 50 (3.5
Renal Tubule, Accumulation,

Hyaline Droplet 1 (3.0 2 (3.0 9%* (3.1) 17*%* (2.6)
Papilla, Mineralization 0 8** (1.0) 28** (1.6) 41%* (1.0)
Pelvis, Transitional Epithelium, Hyperplasia 2 (1.0) 1 (1.0) 6 (1.3) 15%* (1.4)
Renal Tubule, é\denoma (includes multip]e)C

Overall rate . 1/50 (2%) 1/50 (2%) 3/49 (6%) 2/50 (4%)

Adjusted rate 2.4% 2.3% 8.1% 4.9%

Terminal rate 0/27 (0%) 1/29 (3%) 1/16 (6%) 122 (5%)

First incidence (days) 655 729 (T) 681 683

Poly-3 test® P=0.423 P=0.754N P=0.260 P=0.490
Renal Tubule, Carcinoma 0 0 0 1
Renal Tubule, Adenoma or Carcinomah

Overall rate 1/50 (2%) 1/50 (2%) 3/49 (6%) 3/50 (6%)

Adjusted rate 2.4% 2.3% 8.1% 7.3%

Terminal rate 0/27 (0%) 129 (3%) 1/16 (6%) 2/22 (9%)

First incidence (days) 655 729 (T) 681 683

Poly-3 test P=0.214 P=0.754N P=0.260 P=0.295
Stromal Nephroma 0 0 0 1

Step Sections (Extended Evaluation)
Renal Tubule, Hyperplasia 10 20%* 20%* 25%*
Renal Tubule, Adenoma (includes multiple)

Overall rate 0/50 (0%) 1/50 (2%) 3/49 (6%) 2/50 (4%)

Adjusted rate 0.0% 2.3% 8.0% 4.9%

Terminal rate 0/217 (0%) 1/29 (3%) 0/16 (0%) 122 (5%)

First incidence (days) — 729 (T) 509 725

Poly-3 test P=0.293 P=0.508 P=0.100 P=0.231

Single Sections and Step Sections (Combined)
Renal Tubule, Hyperplasia 10 20%* 23%* 30%**
Renal Tubule, Adenoma (includes multiple)

Overall rate 1/50 (2%) 2/50 (4%) 5/49 (10%) 4/50 (8%)

Adjusted rate 2.4% 4.6% 13.2% 9.8%

Terminal rate 0/27 (0%) 2/29(7%) 1/16 (6%) 2/22 (9%)

First incidence (days) 655 729 (T) 509 683

Poly-3 test P=0.192 P=0.511 P=0.077 P=0.169

Renal Tubule, Carcinoma 0 0 0

1
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TABLE 11
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Incidences of Neoplasms and Nonneoplastic Lesions of the Kidney in Rats
in the 2-Year Inhalation Study of Propylene Glycol Mono-z-butyl Ether

Chamber Control

75 ppm 300 ppm 1,200 ppm

Male (continued)

Renal Tubule, Adenoma or Carcinoma
Overall rate
Adjusted rate
Terminal rate

1/50 (2%)
2.4%
0/27 (0%)

First incidence (days) 655
Poly-3 test P=0.091
Female
Number Examined Microscopically 49
Nephropathy, Chronic 45 (1.5)
Renal Tubule, Adenoma 0

2/50 (4%) 5/49 (10%) 5/50 (10%)

4.6% 13.2% 12.2%
2129 (7%) 1/16 (6%) 3/22 (14%)
729 (T) 509 683
P=0.511 P=0.077 P=0.094

50 50 50

45 (1.6) 45 (1.7) 49 (.14
0 0 1

*  Significantly different (P<0.05) from the chamber control group by the Poly-3 test

** P<0.01

4 Significantly different (P<0.01) from the chamber control group by the Mann-Whitney U test

gT) Terminal sacrifice

b Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4=marked

C

3/299 (1.0% + 1.1%), range 0%-2%

Observed incidence at terminal kill

g 0 o

Historical incidence for 2-year inhalation studies with chamber controls given NTP-2000 diet (mean + standard deviation):

Number of animals with neoplasm per number of animals with kidney examined microscopically
Poly-3 estimated neoplasm incidence after adjustment for intercurrent mortality

Beneath the chamber control incidence is the P value associated with the trend test. Beneath the exposed group incidence are the P values

corresponding to pairwise comparisons between the chamber controls and that exposed group. The Poly-3 test accounts for differential

Historical incidence 4/299 (1.3% + 1.0%), range 0%-2%
Not applicable; no neoplasms in animal group

a generally minimal lesion that appeared as small multi-
focally scattered deposits of mineral within the tubules
of the papilla. In some males, the mineral deposits
occurred as linear profiles, suggestive of c2u-globulin
nephropathy. The incidence of minimal transitional
epithelial hyperplasia was significantly increased in
1,200 ppm males and was characterized by increased
thickness of the transitional epithelium lining the renal
pelvis. Transitional epithelial hyperplasia was consid-
ered a component of the exacerbated nephropathy.

Urinary bladder: A transitional epithelial carcinoma
occurred in the urinary bladder of a 1,200 ppm male, and

mortality in animals that do not reach terminal sacrifice. A lower incidence in an exposed group is indicated by N.

a transitional epithelial papilloma occurred in the urinary
bladder of a 1,200 ppm female (Tables Al and B1).
Although no transitional epithelial carcinomas have been
previously observed in 297 male rat chamber controls
and only two transitional epithelial papillomas have been
observed in 295 female rat chamber controls (Tables
A4b and B4), the two urinary bladder neoplasms were
not considered related to exposure to propylene glycol
mono-#-butyl ether. The incidence of transitional epithe-
lial hyperplasia was increased in the 1,200 ppm males
(chamber control, 3/50; 75 ppm, 1/49; 300 ppm, 3/49;
1,200 ppm, 6/50; Table A5), however, the increase was
not statistically significant.
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Liver: The incidence of hepatocellular adenoma
occurred with a positive trend in male rats, and the inci-
dence in the 1,200 ppm group exceeded the historical
range in chamber controls (Tables 12, A3, and A4c). A
single incidence of hepatic cholangiocarcinoma occurred
in a 1,200 ppm male. Hepatic cholangiocarcinoma has
not occurred in 299 male or 297 female historical cham-
ber controls. Hepatocellular adenoma occurred in one
chamber control female and two 1,200 ppm females; the
marginal increase in females was not significant and not
considered related to exposure. The incidences of
basophilic foci in all exposed groups of males and the

TABLE 12

Propylene Glycol Mono-z-butyl Ether, NTP TR 515

incidence of clear cell foci in 1,200 ppm females were
significantly increased (Tables 12, A5, and BS5).

Nose: The incidences and severities of hyaline degener-
ation of the olfactory epithelium in males and females
increased with increasing exposure concentration and
the incidences in all exposed groups were significantly
increased (Tables 13, A5, and B5). The incidences of
dilatation of the submucosal glands were significantly
increased in males exposed to 300 or 1,200 ppm. The
incidences of goblet cell hyperplasia in 1,200 ppm males
and females were greater than those in the chamber

Incidences of Neoplasms and Nonneoplastic Lesions of the Liver in Rats
in the 2-Year Inhalation Study of Propylene Glycol Mono-z-butyl Ether

Chamber Control 75 ppm 300 ppm 1,200 ppm
Male
Number Examined lgdicroscopically 50 50 49 50
Basophilic Focus 6 18%* 15%* 17%*
Clear Cell Focus 8 11 11 9
Eosinophilic Focus 0 1 1 2
Hepatocellular Adenomab
Overall rate 3/50 (6%) 0/50 (0%) 2/49 (4%) 6/50 (12%)
Adjusted ratee 7.2% 0.0% 5.4% 14.3%
Terminal rate 2/27 (7%) 0/29 (0%) 1/16 (6%) 2/22 (9%)
First incidence (days) 712 ¢ 684 537
Poly-3 test P=0.022 P=0.112N P=0.556N P=0.241
Cholangiocarcinoma 0 0 0 1
Female
Number Examined Microscopically 49 50 50 50
Basophilic Focus 39 45 43 40
Clear Cell Focus 12 13 11 27%*
Eosinophilic Focus 1 0 0 1
Hepatocellular Adenoma 1 0 0 2

** Significantly different (P<0.01) from the chamber control group by the Poly-3 test

Number of animals with lesion

Historical incidence for 2-year inhalation studies with chamber controls given NTP-2000 diet (mean + standard deviation):

4/299 (1.3% + 2.4%), range 0%-6%

- 0 o0

Observed incidence at terminal kill

Number of animals with neoplasm per number of animals with liver examined microscopically
Poly-3 estimated neoplasm incidence after adjustment for intercurrent mortality

Beneath the chamber control incidence is the P value associated with the trend test. Beneath the exposed group incidence are the P values
corresponding to pairwise comparisons between the chamber controls and that exposed group. The Poly-3 test accounts for differential
mortality in animals that do not reach terminal sacrifice. A lower incidence in an exposed group is indicated by N.

Not applicable; no neoplasms in animal group
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TABLE 13
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Incidences of Nonneoplastic Lesions of the Nose in Rats in the 2-Year Inhalation Study

of Propylene Glycol Mono-#-butyl Ether

Chamber Control 75 ppm 300 ppm 1,200 ppm
Male
Number Examined Microscopically a 50 49 b 49 50
Olfactory Epithelium, Degeneration, Hyaline 0 25%* (1.8) 45%* (3.0) 50%* (3.6)
Goblet Cell, Hyperplasia 1 (1.0) 1 (1.0) 2 (2.5) 15%* (1.9)
Glands, Dilatation 1 (2.0 2 (1.0 7* (1.9) 15%* (1.8)
Female
Number Examined Microscopically 49 49 50 50
Olfactory Epithelium, Degeneration, Hyaline 10 (1.9) 22%* (2.0) 48%* (2.3) 50%* (3.6)
Goblet Cell, Hyperplasia 0 0 0 3 (1.7)

* Significantly different (P<0.05) from the chamber control group by the Poly-3 test

** P<0.01
Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4=marked

controls, and the incidence in 1,200 ppm males was sig-
nificantly increased. Hyaline degeneration primarily
affected the olfactory epithelium lining the dorsal mea-
tus extending ventrally along the dorsal portion of the
nasal septum (in the standard Level II histological sec-
tion of the nose) and the dorsal aspects of the ethmoid
turbinates. In affected sites, large eosinophilic globules
filled the cytoplasm of the olfactory epithelial cells and
that of the adjacent submucosal glands. Submucosal
gland dilatation occurred adjacent to the epithelium
affected by hyaline degeneration. Goblet cell hyperpla-
sia occurred along the nasal septum (in the standard
Level II histological section of the nose); the apical cyto-
plasm of the affected respiratory epithelium was
expanded by large clear vacuoles. Hyaline degeneration
and goblet cell hyperplasia are commonly observed in
aging rats. In chronic inhalation studies, the incidence
and severity may be exacerbated often in an exposure
dependent manner. These changes are considered non-
specific adaptive or protective responses to prolonged
inhalation of irritants.

Eye: Gross observations noted at necropsy included
opacity or pale foci in the eyes of females exposed to

1,200 ppm. The incidence of corneal mineralization in
1,200 ppm females was significantly increased (chamber
control, 0/49; 75 ppm, 0/50; 300 ppm, 0/50; 1,200 ppm,
10/50; Table BS5); however, there was poor correlation
between corneal mineralization and the corneal opacity
observed at necropsy.

Biomarkers of Exposure

Propylene glycol mono-#-butyl ether sulfate and
propylene glycol mono-#-butyl ether glucuronide excre-
tion data are listed in Table G1. Excretion of the
metabolites in urine was not proportional to exposure
concentration when expressed as the metabolite to crea-
tinine ratios. Dose proportionality was determined by
normalizing the metabolite to creatinine ratios to expo-
sure concentrations and testing for significant differ-
ences between exposed groups. Propylene glycol
mono-z-butyl ether glucuronide is the more useful bio-
marker since it represents 90% or more of the total of the
two metabolites. In 1,200 ppm males and females at all
time points, the normalized propylene glycol mono--
butyl ether glucuronide/creatinine ratios were generally
significantly less than those in the groups exposed to 75
or 300 ppm.
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2-WEEK STUDY

All mice survived to the end of the study (Table 14).
Final mean body weights and body weight gains of
1,200 ppm female mice were greater than those of the
chamber controls. There were no clinical findings
related to propylene glycol mono-#-butyl ether exposure.

Liver weights of 600 and 1,200 ppm males and 300 ppm
or greater females were significantly greater than those
of the chamber controls (Table 14). No exposure-related
lesions occurred in male or female mice.

TABLE 14

Propylene Glycol Mono-z-butyl Ether, NTP TR 515

Exposure Concentration Selection Rationale: Because
there were generally no effects of propylene glycol
mono-#-butyl ether on survival or body weights of male
or female B6C3F, mice in the 2-week study and because
there were no other exposure-related lesions in addition
to increases in liver weights, exposure concentrations
selected for the 3-month inhalation study were 0, 75,
150, 300, 600, and 1,200 ppm. The highest exposure
concentration was maintained for the 3-month study
because it was the maximum attainable vapor concentra-
tion that could be generated without aerosolization in the
exposure chambers.

Survival and Body Weights of Mice in the 2-Week Inhalation Study

of Propylene Glycol Mono-#butyl Ether

Mean Body Weightb (g) Final Weight
Concentration Survival® Initial Final Change Relative to Controls
(ppm) (%)
Male
0 5/5 20.7 £0.3 26.1 £0.5 54+04
75 5/5 20.2 +0.6 256+0.5 55+0.6 98
150 5/5 20.6 = 0.5 256 £0.7 5.0+0.6 98
300 5/5 204 +0.2 26.6 £0.6 6.2+0.6 102
600 5/5 20.7 £0.1 26.1 £0.3 54+03 100
1,200 5/5 204 +0.5 26.6 £0.4 62+0.8 102
Female
0 5/5 176 £0.4 21.9+0.3 44 +£02
75 5/5 179+0.3 220+04 41+03 100
150 5/5 185+0.3 224 +£0.2 39+04 102
300 5/5 174 +£04 21.9+04 45+03 100
600 5/5 18.0+0.3 22.0+0.2 39+04 100
1,200 5/5 17.8 £0.5 23.4 £ 0.4* 5.6 +£0.3* 107

: Significantly different (P<0.05) from the chamber control group by Dunnett’s test.

Number of animals surviving at 2 weeks/number initially in group
Weights and weight changes are given as mean + standard error.
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3-MONTH STUDY

All mice survived to the end of the study (Table 15).
Final mean body weights of 300 and 1,200 ppm males
were significantly less than that of the chamber controls,
as were mean body weight gains of 150, 300, and
1,200 ppm males. Exposed groups of females weighed
slightly more than the chamber controls, but the differ-
ences were not significant.

TABLE 15
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The hematology data for mice are shown in Table F2. In
all exposed groups of males, a minimal increase in the
erythron occurred at 3 months, evidenced by small
increases in hematocrit values, hemoglobin concentra-
tions and erythrocyte counts. Females were unaffected
by exposure. The erythron changes in the males were
generally statistically significant but not considered to be
clinically significant.

Survival and Body Weights of Mice in the 3-Month Inhalation Study

of Propylene Glycol Mono-#butyl Ether

Mean Body Weight” (g) Final Weight
Concentration Survival’ Initial Final Change Relative to Controls
(ppm) (%)
Male
0 10/10 22.0+0.3 36.2+0.5 142 £ 0.5
75 10/10 21.7+0.5 350+1.0 13.2+0.8 97
150 10/10 21.9+0.3 33.6 0.9 11.7 £ 0.9% 93
300 10/10 21.6+04 32.5+0.9* 10.9 +£ 0.6** 90
600 10/10 21.9+0.3 348 £0.7 129+ 0.6 96
1,200 10/10 21.4+£0.5 33.0£0.7* 11.6 £ 0.4* 91
Female
0 10/10 18.6 £ 0.6 27.6 £0.6 9.0+0.6
75 10/10 19.4+0.3 29.5+0.8 10.1 £ 0.6 107
150 10/10 19.5+0.3 28.4+0.4 8.9+0.5 103
300 10/10 193+04 29.9+0.8 10.6 £ 0.6 108
600 10/10 19.6 £0.2 30.0 £ 0.7 10.5+0.7 109
1,200 10/10 19.3+0.3 28.5+0.7 9.2+0.6 103

*  Significantly different (P<0.05) from the chamber control group by Dunnett’s test

** P<0.01

Number of animals surviving at 3 months/number initially in group

Weights and weight changes are given as mean + standard error.
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Liver weights of 600 and 1,200 ppm males and females
were significantly greater than those of the chamber con-
trols (Table 15). The estrous cycle length of 1,200 ppm
females was longer than that of the chamber controls
(Table J4).

The incidences of minimal to mild centrilobular hyper-
trophy of the liver were significantly increased in 600
and 1,200 ppm males and in 1,200 ppm females
(Table 16). Centrilobular hepatocytes were slightly
enlarged and had increased amounts of finely granular
lightly eosinophilic cytoplasm; the affected hepatocytes
also appeared to contain less glycogen, as evidenced by
being less vacuolated than surrounding unaffected hepa-
tocytes and hepatocytes in the chamber controls.

The incidence of minimal squamous metaplasia of the
respiratory epithelium of the nose in 1,200 ppm males
was significantly increased; this lesion also occurred in
one 75 ppm and one 1,200 ppm female (Table 16).

TABLE 16

Propylene Glycol Mono-#-butyl Ether, NTP TR 515

Metaplasia involved the dorsal aspects and tips of the
maxilloturbinates, the tips and lateral aspects of the
nasoturbinates and the lateral wall of the nasal passages
of the Level I histological section of the nose. In
affected sites, three or more layers of squamous to low
cuboidal, nonciliated epithelial cells replaced the single
layer of normally cuboidal to columnar ciliated respira-
tory epithelium. These lesions are considered to be pro-
tective in response to nasal epithelial irritation.

Exposure Concentration Selection Rationale: There
were no treatment-related mortality, reductions in body
weight gain, or clinical findings in B6C3F, mice
exposed to 0, 75, 150, 300, 600, or 1,200 ppm propylene
glycol mono-#-butyl ether. In male and female mice,
liver weights were increased at 600 and 1,200 ppm.
Minimal hepatic centrilobular hypertrophy was observed
in very few animals exposed to these concentrations.
There were no significant treatment-related hematologic

Incidences of Nonneoplastic Lesions of the Liver and Nose in Mice in the 3-Month Inhalation Study

of Propylene Glycol Mono-#butyl Ether

Chamber
Control 75 ppm 150 ppm 300 ppm 600 ppm 1,200 ppm
Number Examined Microscopically 10 10 10 10 10 10
Male
Liver . b
Centrilobular, Hypertrophy 0 0 0 0 4% (1.0) 10** (1.8)
Nose
Respiratory Epithelium,
Metaplasia, Squamous 0 0 0 0 0 6** (1.0)
Female
Liver
Centrilobular, Hypertrophy 0 0 0 0 0 5* (1.2)
Nose
Respiratory Epithelium,
Metaplasia, Squamous 0 1 (1.0) 0 0 0 1 (1.0)

*  Significantly different (P<0.05) from the chamber control group by the Fischer exact test

** P<0.01
Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4=marked
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effects. The liver effects were not considered suffi-
ciently severe to preclude use of the 1,200 ppm exposure
concentration in the 2-year study. Lower concentrations
were based on blood clearance data from the single
administration toxicokinetic studies conducted with 75,
300, and 1,200 ppm propylene glycol mono-#-butyl ether
(Appendix N). In male and female mice, blood clear-
ance rates of propylene glycol mono-#-butyl ether at
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1,200 ppm and probably at 300 ppm were not in the lin-
ear range. It was not clear whether 75 ppm was within
the linear range since a lower concentration was not
tested (Appendix N). Therefore, it was decided that one
concentration (1,200 ppm) well above the linear range,
one concentration (300 ppm) at or near the linear por-
tion, and one concentration (75 ppm) most likely in the
linear range would be used.
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2-YEAR STUDY
Survival

Estimates of 2-year survival probabilities for male and
female mice are shown in Table 17 and in the Kaplan-
Meier survival curves (Figure 3). Survival of exposed
groups of mice was similar to that of the chamber con-

trol groups.

TABLE 17

Propylene Glycol Mono-#-butyl Ether, NTP TR 515

Body Weights and Clinical Findings

Mean body weights of male mice were generally similar
to those of the chamber controls throughout the study;
those of 1,200 ppm females were slightly less at the end
of the study (Tables 18 and 19; Figure 4). Clinical find-
ings included pale foci in the eyes in 23 of 50 1,200 ppm
females in the last month of the study.

Survival of Mice in the 2-Year Inhalation Study of Propylene Glycol Mono-#butyl Ether

Chamber
Control 75 ppm 300 ppm 1,200 ppm

Male
Animals initially in study 50 50 50 50
Moribund 4 6 6 8
Natural deaths 11 4 4 5
Animals surviving to study termination . 35 40 40 37
Percent probability o£ survival at end of study 70 80 80 74
Mean survival (days) 643 526 576 598
Survival analysisC P=0.927 P=0.430N P=0.462N P=0.931N
Female
Animals initially in study 50 50 50 50
Accidental deaths” 0 1 0 1
Moribund 8 10 6 4
Natural deaths 3 3 2e 6e
Animals surviving to study termination 39 36 42 39
Percent probability of survival at end of study 78 74 84 80
Mean survival (days) 670 660 663 616
Survival analysis P=0.878N P=0.749 P=0.612N P=1.000N

Kaplan-Meier determinations

Mean of all deaths (uncensored, censored, and terminal sacrifice)

The result of the life table trend test (Tarone, 1975) is in the chamber control column, and the results of the life table pairwise comparisons
(Cox, 1972) with the chamber controls are in the exposed group columns. A negative trend or lower mortality in an exposure group is

indicated by N.
Censored from survival analyses

Includes one animal that died during the last week of the study
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PROBABILITY OF SURVIVAL

PROBABILITY OF SURVIVAL
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FIGURE 3

Kaplan-Meier Survival Curves for Male and Female Mice
Exposed to Propylene Glycol Mono-z-butyl Ether by Inhalation for 2 Years
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TABLE 18
Mean Body Weights and Survival of Male Mice in the 2-Year Inhalation Study
of Propylene Glycol Mono-#-butyl Ether

Weeks Chamber Control 75 ppm 300 ppm 1,200 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (€3] Survivors (2 controls) Survivors (2) controls) Survivors (€3] controls) Surv