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GLYCIDOL
CAS No. 556-52-5
C3HgOg9 Molecular weight 74.1

Synonyms: 2,3-epoxy-1-propanol
ABSTRACT

Glycidol is a viscous liquid that is used as a stabilizer in the manufacture of vinyl polymers, as an ad-
ditive for oil and synthetic hydraulic fluids, and as a diluent in some epoxy resins. Toxicology and
carcinogenesis studies were conducted by administering glycidol (94% pure, containing 1.2% 3-
methoxy-1,2-propanediol, 0.4% 3-chloro-1,2-propanediol, 2.8% diglycidyl ether, and 1.1% 2,6-dimeth-
anol-1,4-dioxane) in water by gavage to groups of F344/N rats and B6C3F| mice of each sex for 16
days, 13 weeks, or 2 years. Genetic toxicology studies were conducted in Salmonella typhimurium,
Chinese hamster ovary (CHO) cells, Drosophila melanogaster, and the bone marrow of male B6C3F
mice.

Sixteen-Day Studies: Glycidol doses for groups of five rats or five mice of each sex ranged from 37.5 to
600 mg/kg; vehicle controls received distilled water. All rats that received 600 mg/kg died between
days 3 and 13. Edema and degeneration of the epididymal stroma, atrophy of the testis, and granulo-
matous inflammation of the epididymis occurred in males that received 300 mg/kg.

All mice that received 600 mg/kg and two males and two females that received 300 mg/kg died by day
4 of the studies. Focal demyelination in the medulla and thalamus of the brain occurred in all female
mice that received 300 mg/kg.

Thirteen-Week Studies: Doses for groups of 10 rats ranged from 25 to 400 mg/kg, and doses for groups
of 10 mice ranged from 19 to 300 mg/kg; vehicle controls received distilled water. All rats that re-
ceived 400 mg/kg died by week 2; three males and one female that received 200 mg/kg died during
weeks 11-12, Final mean body weights of male rats that received 50, 100, or 200 mg/kg were 96%-
85% that of vehicle controls; final mean body weights of female rats receiving the same doses were
94%-89% that of vehicle controls. Sperm count and sperm motility were reduced in male rats that re-
ceived 100 or 200 mg/kg. Necrosis of the cerebellum, demyelination in the medulla of the brain, tubu-
lar degeneration and/or necrosis of the kidney, lymphoid necrosis of the thymus, and testicular atro-
phy and/or degeneration occurred in rats that received 400 mgrkg.

All mice that received 300 mg/kg died by week 2; deaths of mice that received 150 mg/kg occurred
during weeks 4-8 for males and weeks 1-5 for females. Mean body weights of chemically exposed mice
surviving to the end of the studies were generally 90%-94% those of vehicle controls. Sperm count
and sperm motility were reduced in dosed male mice. Compound-related histopathologic lesions in-
cluded demyelination of the brain in males and females that received 150 or 300 mg/kg, testicular

atrophy in males at all doses, and renal tubular cell degeneration in male mice that received 300
mg/kg.

Based on reduced survival, reduced weight gain, and histopathologic lesions in the brain and kidney
in rats that received 200 or 400 mg/kg and on reduced survival and histopathologic lesions of the
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brain in mice that received 150 or 300 mg/kg, doses selected for the 2-year studies of glycidol were
37.5 and 75 mg/kg for rats and 25 and 50 mg/kg for mice.

Body Weights and Survival in the Two-Year Studies: Mean body weights of chemically exposed male
rats generally ranged from 80% to 94% of those of vehicle controls, and mean body weights of chem-
ically exposed female rats were from 90% to 97% of those of vehicle controls. Mean body weights of
chemically exposed male mice were similar to those of vehicle controls; mean body weights of chem-
ically exposed female mice were 79%-95% of those of vehicle controls. Virtually all male and female
rats that received glycidol died or were killed in a moribund condition as a result of the early in-
duction of neoplastic disease (final survival--male: vehicle control, 16/50; low dose, 0/50; high dose,
0/50; female: 28/50; 4/50; 0/50). Survival of vehicle control male rats was lower than that usually ob-
served; however, specific causes of deaths could not be determined. The survival of male mice and low
dose female mice was similar to that of vehicle controls; survival of female mice that received 50
mg/kg was lower than that of vehicle controls after week 101 (final survival--male: 33/50; 25/50;
27/50; female: 29/50; 27/50; 17/50).

Nonneoplastic and Neoplastic Effects in the Two-Year Studies: Chemical-related nonneoplastic le-
sions in both rats and mice included hyperkeratosis and epithelial dysplasia of the forestomach. Fi-
brosis of the spleen was also present in rats of each sex, and cysts of the preputial gland and kidney
were present in male mice.

Exposure to glycidol induced dose-related increases in the incidences of neoplasms in numerous tis-
sues in both rats and mice (see facing table). In male rats, mesotheliomas arising in the tunica
vaginalis and frequently metastasizing to the peritoneum were considered the major cause of early
death. Early deaths in female rats were associated with the presence of mammary gland neoplasms.

Genetic Toxicology: Glycidol was mutagenic in a variety of in vitro and in vivo short-term tests. Mu-
tagenic activity was observed in S. typhimurium strains TA97, TA98, TA100, TA1535, and TA1537
exposed to glycidol with and without exogenous metabolic activation. Glycidol was positive in the ab-
sence of exogenous metabolic activation in the mouse lymphoma assay for induction of trifluorothy-
midine resistance in L5178Y/TK cells; it was not tested with activation, In cytogenetic tests with
CHO cells, glycidol induced both sister chromatid exchanges and chromosomal aberrations in the
presence and absence of exogenous metabolic activation. Glycidol induced sex-linked recessive lethal
mutations and reciprocal translocations in the germ cells of male D. melanogaster exposed by feeding.
The incidence of micronucleated polychromatic erythrocytes was increased in the bone marrow of
male B6C3F; mice administered glycidol by intraperitoneal injection.

Conclusions: Under the conditions of these 2-year gavage studies, there was clear evidence of carcino-
genic activity* of glycidol for male F344/N rats, based on increased incidences of mesotheliomas of the
tunica vaginalis; fibroadenomas of the mammary gland; gliomas of the brain; and neoplasms of the
forestomach, intestine, skin, Zymbal gland, and thyroid gland. There was clear evidence of carcino-
genic activity for female F344/N rats, based on increased incidences of fibroadenomas and adenocarci-
nomas of the mammary gland; gliomas of the brain; neoplasms of the oral mucosa, forestomach,
clitoral gland, and thyroid gland; and leukemia. There was clear evidence of carcinogenic activity for
male B6C3F| mice, based on increased incidences of neoplasms of the harderian gland, forestomach,
skin, liver, and lung. There was clear evidence of carcinogenic activity for female B6C3F mice, based
on increased incidences of neoplasms of the harderian gland, mammary gland, uterus, subcutaneous
tissue, and skin. Other neoplasms that may have been related to the administration of glycidol were
fibrosarcomas of the glandular stomach in female rats and carcinomas of the urinary bladder and
sarcomas of the epididymis in male mice.

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 9-10.
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NEOPLASMS ASSOCIATED WITH THE TWO-YEAR GAVAGE ADMINISTRATION OF GLYCIDOL (a)

Site/Neoplasm Male

Female

RATS Veh. Control 37.5 mg/kg
Tunica vaginalis/peritoneum

Mesothelioma
Mammary gland

Fibroadenoma

Adenocarcinoma
Brain

Glioma
Oral mucosa

Papilloma or carcinoma
Forestomach

Papilloma or carcinoma
Intestine

Adenomatous polyp or adenocarcinoma
Skin

Sebaceous gland adenoma, basal cell tumor,

or sebaceous gland adenocarcinoma

Zymbal gland

Carcinoma
Clitoral gland

Adenoma, adenocarcinoma, or carcinoma
Thyroid gland

Follicular cell adenoma or carcinoma
Hematopoietic system

Leukemia

3/49 34/50

3/45 8/39

0/46 5/50

1/46 2/50

0/47 1/50

0/45 5/41

1/49 3/50

1/46 4/42

MICE Veh. Control 25 mg/kg
Harderian gland (b)

Adenoma or adenocarcinoma
Mammary gland

Adenoma, fibroadenoma, or adenocarcinoma
Forestomach

Squamous cell papilloma or carcinoma
Uterus

Carcinoma or adenocarcinoma
Subcutaneous tissue

Sarcoma or fibrosarcoma
Skin

Squamous cell papilloma or carcinoma
Liver

Adenoma or carcinoma
Lung

Alveolar/bronchiolar adenoma or

carcinoma

8/46 12/41

1/50 2/50

0/50 0/50

24/50 31/50

13/50 11/50

75 mg/kg Veh. Control 37.5 mg/kg 75 mg/kg

39/47

mt 14/49

1/50

29/44
16/48

32/46
11/48

6/30 0/49 4/46 4/46

1/46 3/37 /26

6/32 0/47 4/38 11/30

4/37

4/18
6/48

5/49 9/47 12/45

6/19 0/49 1/38 3/35

13/49 14/44 20/41

50 mg/kg Veh. Control 25 mg/kg 50 mg/kg

22/44 4/46 11/43 17/43

2/50 6/50 15/50

10/50

0/50 3/50 3/50

0/50 3/50 9/50

4/50 0/50 0/50 2/50

35/50

21/50

(a) A blank space indicates that the tumor incidence at that site and in that sex was not increased by chemigal exposure. Tumor
incidence is expressed as the number of tumor-bearing animals divided by the number of animals alive in each group at the

time the first tumor was observed in any of the three groups.

{b) The denominators for the incidence of harderian gland tumors are the actual number of harderian glands available for

microscopicexamination.
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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 labora-
tory 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 evi-
dence 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 ex-
periments that because of major flaws cannot be evaluated (“Inadequate Study”). These categories of interpretative conclusions
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports 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 quintet is selected to describe the findings. These categories refer to the
strength of the experimental evidence and not to either 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 chemically
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 mar-
ginalincrease of neoplasms that may be chemically related.

e No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re-
lated increases in malignant or benign neoplasms.

¢ Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quanti-
tative limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenicactivity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would ex-
tend the actual boundary of an individual category of evidence. This 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:

The 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 incidences known or thought to represent stages of progression in the same or-
gan 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);

The presence or absence of dose relationships;

The statistical significance of the cbserved tumor increase;

The 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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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
GLYCIDOL

On June 27, 1989, the draft Technical Report on the toxicology and carcinogenesis studies of glycidol
received public review by the National Toxicology Program Board of Scientific Counselors’ Technical
Reports Review Subcommittee and associated Panel of Experts. The review meeting was held at the
National Institute of Environmental Health Sciences, Research Triangle Park, NC.

Dr. R.D. Irwin, NIEHS, introduced the toxicology and carcinogenesis studies of glycidol by reviewing
the experimental design, results, and proposed conclusions (clear evidence of carcinogenic activity for
male and female rats and mice).

Dr. Irwin noted that because survival of chemically exposed rats was reduced by the early and wide-
spread onset of neoplasia, the usual convention of expressing tumor incidence might underestimate
the true incidence that would have occurred in the absence of such reduced survival. Therefore, tu-
mor analyses for rats were based on the effective number of rats in each group, i.e., the number of rats
alive at the time that the first rat died or was killed in a moribund condition with the tumor at a par-
ticular site.

Dr. Popp, a principal reviewer, agreed with the conclusions. He also agreed with the approach de-
scribed by Dr. Irwin based on the effective number of animals and suggested that the rationale could
be highlighted better in the Materials and Methods section. He asked for an explanation of the poor
survival in vehicle control rats. Dr. Irwin indicated that there was no ready explanation and this
would be noted in the Report.

Dr. McKnight, the second principal reviewer, agreed with the conclusions. She thought the tumor
sites supporting the level of evidence should be listed in the conclusions. She said that the statement
that exposure to the chemical accelerated the development of advanced stages of mononuclear cell
leukemia should either be given more support or omitted. Dr. Irwin agreed and said that the effect on
leukemia would be given less emphasis.

Dr. Garman, the third principal reviewer, agreed with the conclusions. He expressed concern about
the brevity of the histopathology portion of the Report in that the sections dealing with microscopic
lesions were restricted primarily to statements of lesion frequencies. Dr. S. Eustis, NIEHS,
responded that extensive histologic descriptions had not been prepared because the studies were over-
whelmingly positive and a large percentage of the neoplasms were malignant. He said that brief his-
tologic descriptions would be added.

Dr. Gold suggested adding more details as to which target sites support the evaluation of clear evi-
dence of carcinogenic activity and which do not. Dr. J. Huff, NIEHS, explained that the NTP philos-
ophy was to arrive at an overall conclusion for each study. Dr. Ashby suggested that assignment of a
level of evidence to each tumor site might be helpful in examining carcinogenic mechanisms. Dr.
Gold asked that estimates of worker exposure from the National Occupational Exposure Survey be
added to the Report.

In comments from the audience, Dr. Donald McFee, representing Occusafe, a private consulting firm,
suggested that there be some discussion on the possible effects of the 6% impurities, especially a-chlo-
rohydrin and digiycidy! ether. Mr. Ralph Johnson, Vice President of Environmental Affairs, Dixie
Chemical Company, the sole domestic manufacturer of glycidol, commented on human exposure
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SUMMARY OF PEER REVIEW COMMENTS

studies that they had conducted at all customer sites. He said that the studies indicated that about 70
persons were exposed annually at concentrations not exceeding 2 ppm.

Dr. Popp moved that the Technical Report on glycidol be accepted with the conclusions as written for

male and female rats and mice, clear evidence of carcinogenic activity. Dr. Garman seconded the
motion, which was accepted unanimously by the Panel.

Glycidol, NTP TR 374 10
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I. INTRODUCTION

H H H
1
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GLYCIDOL

CAS No. 556-52-5

C3HgOq
Synonyms: 2,3-epoxy-1-propanol

Glycidol is a colorless, viscous liquid soluble in
both water and organic solvents. The threshold
limit value time-weighted average for glycidol is
25 ppm (ACGIH, 1988). At 25°C, the vapor pres-
sure of glycidol is 0.9 mm mercury. The carbon
atom in the 2 position is chiral; thus, glyeidol ex-
ists as two enantiomers, differing with respect to
the projection of the hydroxymethyl group above
or below the plane of the epoxide ring (March,
1978).

The primary use for glyeidol is as a stabilizer in
the manufacture of vinyl polymers; however, it
is also used as an intermediate in the production
of pharmaceuticals, as an additive for oil and
synthetic hydraulic fluids, and as a diluent in
some epoxy resins. The glycidol structure is
present in two commercially important groups of
derivatives, glycidyl ethers and glycidyl esters,
neither of which is prepared directly from glyci-
dol. Glycidyl ethers are prepared on a commer-
cial scale in a closed system by addition of the
appropriate alcohol to epichlorohydrin in the
presence of a catalyst. The end product is a
mixed ether, one component of which is the glyec-
idyl group. Glycidyl esters are prepared by re-
acting the sodium salt of the appropriate car-
boxylic acid with epichlorohydrin. Both types of
derivatives are used almost exclusively as
diluents in epoxy resins. Over 10 million pounds
of glycidyl compounds, the majority of which are
glycidyl ethers and glycidyl esters, are produced
or imported into the United States annually
(Fed. Regist., 1983).

The scheme illustrated in Figure 1 shows the

known and proposed metabolic reactions of glyc-
idol. Because of the reactivity of epoxides, in

Glycidol, NTP TR 374
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Molecular weight 74.1

solution glycidol can undergo several sponta-
neous reactions involving nucleophilic attack at
the a or B carbon (March, 1978); at neutral pH
and 37° C, glycidol slowly hydrolyzes to glycerol;
in 0.1 M hydrochloric acid, the hydrolysis to
glycerol (97.2%) and a-chlorohydrin (3-chloro-
1,2-propanediol) (2.8%) occurs rapidly, with a
half-life of 10 minutes. At pH 6, glycidol does
not readily react with glutathione; however, at
pH 7 or 8, the reaction to form S-(2,3-dihydroxy-
propyl)glutathione occurs readily. Glycidol may
also directly alkylate various cellular compo-
nents (Jones, 1975).

The major urinary metabolites isolated from
rats administered glycidol by intraperitoneal in-
jection are S-(2,3-dihydroxypropyl)glutathione,
S-(2,3-dihydroxypropyl)cysteine, and B-chloro-
lactic acid. The latter compound was identified
as the only radioactive urinary metabolite of
glycidol isolated from rats administered
[36Cl]saline for 3 days before glycidol adminis-
tration (Jones and O’'Brien, 1980). The same uri-
nary metabolites are found after a-chlorohydrin
administration, suggesting that glycidol is con-
verted to a-chlorohydrin by direct reaction with
hydrochloric acid in the stomach. a-Chlorohy-
drin may then be converted to the glutathione
metabolite by the action of glutathione trans-
ferase or oxidized to P-chlorolactate by the suc-
cessive action of alcohol dehydrogenase and
aldehyde dehydrogenase. The conversion of
glycidol to glycerol by epoxide hydrase has been
observed with rat liver microsomal preparations
(Patel et al., 1980). The oxidation of glycidol to
glycidaldehyde has not been observed, but glye-
idaldehyde is a potential metabolite formed by
the action of alcohol dehydrogenase.
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I. INTRODUCTION

a-Chlorohydrin reduces sperm motility and
causes infertility in male rats, perhaps as a re-
sult of the uptake of and phosphorylation of a-
chlorohydrin by sperm (Mohri et al., 1975,
Chulavatnatol et al., 1977; Jones, 1978). Phos-
phorylated a-chlorohydrin is an inhibitor of tri-
ose phosphate isomerase and glyceraldehyde
phosphate dehydrogenase, and as a result of its
accumulation, glycolysis is inhibited, reducing
the ATP concentration and hence motility of af-
fected sperm. Glycidol causes similar antifer-
tility when administered to male rats (Jackson
et al., 1970); this has been attributed to con-
version to a-chlorohydrin, as suggested by meta-
bolic studies.

Glycidol has been evaluated for teratogenicity in
both rats and mice. Intra-amniotic injection of
glycidol into pregnant Sprague Dawley rats on
day 13 of gestation caused embryolethality and
induced malformation in a significant number of
fetuses (Slott and Hales, 1985). No evidence of
teratogenicity was observed in a study in which
pregnant CD®-1 mice received 100, 150, or 200
mg/kg glycidol by gavage during days 6-15 of
gestation (Marks et al., 1982).

Glycidol has produced positive results in several
tests of genotoxicity. A number of reports have
documented the induction of gene mutations in
Salmonella typhimurium base substitution
strains TA100 and TA1535 with or without S9
activation (McCann et al., 1975; Wade et al.,
1979; Simmon et al., 1979; Thompson et al,,
1981; Kaplan et al., 1982; Mamber et al., 1984).
Glycidol induced gene mutations in Saccharo-
myces cerevisiae (Izard, 1973), S. pombe (Heslot,
1962; Migliore et al., 1982), and Neurospora
crassa (Kolmark and Giles, 1955) in the absence
of exogenous activation. In tests with mam-
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malian cells, glycidol induced unscheduled DNA
synthesis in human W138 cells and mouse
L5178Y/TK cells in the absence of S9 (Thompson
et al., 1981) and induced chromosomal aberra-
tions and sister chromatid exchanges in human
lymphocytes in the absence of S9 (Norppa et al.,
1981). Glycidol administered to Wistar rats by
intraperitoneal injection induced chromosomal
aberrations in bone marrow cells of both males
and females (Thompson and Gibson, 1984).

The dermal carcinogenicity of glycidol has been
evaluated in a study in which a 5% solution in
acetone was applied to the backs of female
ICR/Ha Swiss mice, three times per week for 2
years (Van Duuren et al., 1967). Glycidol appli-
cation produced no visible reaction on the skin:
however, similar application of a 10% solution of
glycidaldehyde to 41 mice induced the formation
of papillomas in 6 and carcinomas in 3. In stud-
ies conducted by the National Toxicology Pro-
gram (NTP) in rats and mice, diglycidyl resorci-
nol ether, a glycidol derivative, administered by
gavage in corn oil for 2 years induced hyperkera-
tosis, hyperplasia, and neoplasms of the fore-
stomach in both species (NTP, 1986); in 2-year
inhalation studies, 1,2-epoxybutane induced
papillary adenomas of the nasal cavity in male
and female rats and alveolar/bronchiolar neo-
plasms in male rats (NTP, 1988). In inhalation
studies, ethylene oxide induced neoplasms of the
lung and harderian gland in both male and fe-
male mice (NTP, 1987).

Glycidol and certain representative glycidyl
ethers and esters were selected for carcino-
genicity evaluation by NTP because of the po-
tential for widespread human exposure to
glycidol and the glycidyl group associated with
the presence of these compounds in epoxy resins.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF GLYCIDOL

Glycidol was obtained in one lot (lot no. 1536A)
from the Dixie Chemical Company (Houston,
TX). Purity and identity analyses were con-
ducted at Midwest Research Institute (Kansas
City, MO) (Appendix G). Chemical identity was
confirmed by infrared and nuclear magnetic
resonance spectroscopy.

Glycidol was found to be 94% pure, as deter-
mined by elemental analysis, Karl Fischer
water analysis, titration of the epoxide function,
and gas chromatography.

Impurities in the glycidol study material were
identified and quantitated by gas chromatog-
raphy and combined gas chromatography/mass
spectrometry. Impurities with peak areas
greater than or equal to 0.1% relative to the
major peak area were as follows: methanol, ap-
proximately 0.1%; 3-methoxy-1,2-propanediol,
1.2%; 3-chloro-1,2-propanediol (a-chlorohydrin),
0.4%; diglycidy! ether, 2.8%; and 2,6-dimetha-
nol-1,4-dioxane, 1.1%.

The identity of the chemical at the study labora-
tory was confirmed by infrared spectroscopy.
The stability of the study material was moni-
tored by epoxide titration and gas chromato-
graphic analysis. No notable degradation oc-
curred over the course of the studies.

CHARACTERIZATION OF DOSE
MIXTURES

The 2-week stability of glycidol at 20 mg/ml in
water stored at room temperature and 5° C was
determined by the analytical laboratory. The
water solutions were diluted with acetonitrile
and analyzed by gas chromatography with a 10%
Carbowax 20M column and a flame ionization
detector. The water solutions were found to be
unstable when stored at room temperature.
Storage at 5° C resulted in minimal loss (2%)
after 7 days, but a significant loss (5%) was ob-
served after 14 days.

Studies conducted by the study laboratory in-

dicated that dose mixtures (2.54 and 15.4 mg/ml)
lost 0.2%-0.3% glycidol per day during storage at
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3°-6° C. Additional losses occurred while the
solutions were held for about 3 hours at room
temperature during the dosing period. Losses
averaged 2.7% after 7 days of storage and ani-
mal-room exposure. During the 13-week stud-
ies, glycidol/distilled water mixtures were stored
at 2°-5° C for no longer than 9 days. During the
2-year studies, the dose mixtures were stored at
3°-6°C for no longer than 11 days.

During the 2-year studies, the dose mixtures
were analyzed every 1 or 2 months, and concen-
trations varied from 89% to 113% of the target
concentration (Table G2). For glycidol, it is es-
timated that the mixtures were formulated
within £10% of the target concentrations ap-
proximately 97% (61/63) of the time throughout
the studies. Results of periodic referee analysis
of dose mixtures by an independent laboratory
were generally lower than those observed by the
study laboratory, probably due in part to the
instability of the chemical in water under the
conditions of shipment and storage (Table G3).

SIXTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories and observed for 19 (rats) or 20 (mice)
days before the studies began. The rats were 7
weeks old when placed on study, and the mice
were 8 weeks old.

Groups of five rats and five mice of each sex were
administered 0, 37.5, 75, 150, 300, or 600 mg/kg
glycidol in distilled water by gavage on 14 days
over a 16-day period. Animals were housed five
per cage. Water and feed were available ad libi-
tum. Further experimental details are sum-
marized in Table 1.

The rats and mice were observed twice per day
and weighed once per week. A necropsy was per-
formed on most animals. Tissues and groups
examined are listed in Table 1.

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to evalu-
ate the cumulative toxic effects of repeated ad-
ministration of glycidol and to determine the
doses to be used in the 2-year studies.



TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF

GLYCIDOL

Sixteen-Day
Studies

Thirteen-Week
Studies

Two-Year
Studies

EXPERIMENTAL DESIGN

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

Doses

0,37.5,75,150, 300, or 600 mg/kg
glycidol in distilled water by
gavage; dose vol--rats: 5 mlkg;
mice: 10 mlkg

Date of First Dose
11/19/79

Date of Last Dose
12/4179

Duration of Dosing
5d/wkonlddoverl6d

10 males and 10 females of each
species

Rats--0, 25, 50, 100, 200, or 400 mg/kg
glycidol in distilled water by gavage;
mice--0, 19, 38, 75, 150, or 300 mg/kg
(mice received 125% of the nominal
doses during wk 2); dose vol--rats:

5 ml/kg; mice: 10 ml/kg

3/3/80

5/30/80

5 d/wk for 13 wk

Type and Frequency of Observation

Observed 2 X d; weighed 1 wk before
dosingandond 8 and 16

Observed 2 X d; rats weighed at start
of study and 1 X wk thereafter; mice
weighed ond 3 and 1 X wk thereafter

Necropsy, Histologic Examinations, and Supplemental Studies
Necropsy performed on all vehicle con- Necropsy performed on all animals.

trols, all rats, and the following mice
that lived to the end of the studies: 2
males and 3 females in the 300 mg/kg
groups and 4 males and 3 females in
the 150 mg/kg groups. Histologic
exams performed on all rats in the
300 mg/kg groups and on all mice on
which necropsies were performed.
Tissues examined include: adrenal
glands, bone marrow, brain, colon,
duodenum, esophagus, eyes, external
and middle ear, gallbladder {mice),
harderian gland, heart, ileum, jeju-
num, kidneys, liver, lungs, mammary
gland, mandibular and mesenteric
lymph nodes, nasal cavity, pancreas,

parathyroids, pituitary gland, rectum,
salivary glands, sciatic nerve, seminal

vesicles/prostate/testes or ovaries/
uterus, skin, spinal cord, spleen,
stomach, thigh muscle, thymus, thy-
roid gland, and trachea

Strain and Species
F344/N rats; B6C3F; mice

Animal Source
Charles River Breeding
Laboratories (Portage, MI)

Histologic exams performed on all ve-
hicle controls, all mice dying before
the end of the studies, all rats in the

50 males and 50 females of each species

Rats--0,37.5, or 75 mg/kg glycidol in distilled
water by gavage; mice--0, 25, or 50 mg/kg;
dose vol--rats: 5 ml/kg; mice: 10 mi/kg

Rats--7/20/81; mice--8/3/81

Rats--7/8/83; mice--7/22/83

5 d/wk for 103 wk

Observed 2 X d; weighed initially, 1 X wk
for 12 wk, and 1 X mo thereafter

Necropsy and histologic exams performed on
all animals; tissues examined include: adre-
nal glands, brain, cecum, colon, costochondral
junction, duodenum, esophagus, eyes, gall-

200 and 400 mg/kg groups, and all mice bladder (mice), gross lesions, harderian

in the 150 and 300 mg/kg groups. His-

gland, heart and aorta, ileum, jejunum,

tologic exams performed on brain from kidneys, liver, lungs and bronchi, mammary

rats in the 100 mg/kg groups and mice
in the 75 mg/kg groups and on testes
from rats in the 25, 50, and 100 mg/kg

gland, nasal cavity and turbinates,
pancreas, parathyroids, pituitary gland,
prostate/seminal vesicles/testes/epididymis/

groups and from mice in the 19, 38, and tunica vaginalis/scrotal sac or ovaries/
75 mg/kg groups. Sperm count and mo- uterus, rectum, salivary glands, skin, spleen,

tility analysis performed for male
vehicle controls and rats in the 25,

100, and 200 mg/kg groups and mice in
the 19,75, and 150 mg/kg groups (on 5

animals per group)

F344/N rats; B6C3F, mice

Charles River Breeding
Laboratories (Portage, MI)
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sternebrae, stomach, thymus, thyroid
gland, trachea, and urinary bladder

F344/N rats; B6C3F, mice

Charles River Breeding
Laboratories (Kingston, NY)
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TABLE 1.

EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF
GLYCIDOL (Continued)

Sixteen-Day Thirteen-Week Two-Year
Studies Studies Studies
ANIMALS AND ANIMAL MAINTENANCE
Study Laboratory
Papanicolaou Cancer Papanicolaou Cancer Papanicolaou Cancer

Research Institute

Method of Animal Identification
Ear notch, toe clip

Time Held Before Study
Rats--19 d; mice--20d

Age When Placed on Study
Rats--7 wk; mice--8 wk

Age When Killed
10 wk

Necropsy Dates
12/5/79

Method of Animal Distribution
Animals distributed to weight classes
and then assigned to cages by one table
of random numbers and to groups by
another table of random numbers

Feed

Purina Lab Chow® (Ralston Purina
Co., St. Louis, MO); available ad
libitum

Bedding
Sani Chips, hardwood pine (Pinewood
Products Company)

Water

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

Cages
Polycarbonate (Lab Products, Inc.,
Garfield, NJ)

Cage Filters
Cerex® spun-bonded nylon
(Monsanto Co., St. Louis, MO)

Animals per Cage
5

Research Institute

Ink mark, ear clip, toe clip

18d

Rats--7 wk; mice--8 wk

Rats--21 wk; mice--22 wk

6/2/80-6/9/80

Same as 16-d studies

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

Same as 16-d studies

Same as 16-d studies

Same as 16-d studies

Same as 16-d studies

5

Other Chemicals on Study in the Same Room

None

Animal Room Environment
Temp--74°-76° F; hum--50%;
fluorescent light 12 h/d;

15-18 room air changes/h

None

Temp--72°-76° F; hum--40%-60%;
fluorescent light 12 h/d;
10-15 room air changes/h

Research Institute

Ear notch, toe clip

Rats--19 d; mice--25d

Rats--8 wk; mice--9 wk

Rats--112 wk; mice--113-114 wk

Rats--7/18/83; mice--8/1/83-8/3/83

Same as 16-d studies

Same as 13-wk studies

Beta Chips (Northeastern Products,
Inc., Warrensburg, NY)

Same as 16-d studies

Same as 16-d studies

Same as 16-d studies

None

Temp--68°-80° F; hum--30%-75%;
fluorescent light 12 h/d; 10-15
room air changes/h
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II. MATERIALS AND METHODS

Four-week-old male and female F344/N rats and
5-week-old male and female B6C3F; mice were
obtained from Charles River Breeding Labora-
tories, observed for 18 days, distributed to
weight classes, and then assigned to cages ac-
cording to a table of random numbers. Cages
were assigned to dosed and vehicle control
groups according to another table of random
numbers.

Groups of 10 rats of each sex were administered
0, 25, 50, 100, 200, or 400 mg/kg glycidol in dis-
tilled water by gavage, 5 days per week for 13
weeks. Groups of 10 mice of each sex were ad-
ministered 0, 19, 38, 75, 150, or 300 mg/kg ac-
cording to the same schedule. Because of a dose-
mixing error, mice received 125% of the nominal
doses during week 2. Rats and mice were housed
five per cage in polycarbonate cages. Feed and
water were available ad libitum. Further ex-
perimental details are summarized in Table 1.

Animals were observed two times per day; mori-
bund animals were humanely killed. Individual
animal weights were recorded once per week. At
the end of the 13-week studies, survivors were
killed. A necropsy was performed on all ani-
mals. Tissues and groups examined are listed in
Table 1.

The general morphology of sperm, percentage of
motile sperm, and number of sperm per sample
were determined according to the method of
Wyrobek and Bruce (1975) at the time of the
scheduled kill for five male rats in the 0, 25, 100,
and 200 mg/kg groups and for five male mice in
the 0, 19, 75, and 150 mg/kg groups.

TWO-YEAR STUDIES
Study Design

Groups of 50 rats of each sex were administered
0, 37.5, or 75 mg/kg glycidol in distilled water by
gavage, 5 days per week for 103 weeks. Groups
of 50 mice of each sex were administered 0, 25, or
50 mg/kg according to the same schedule.

19

Source and Specifications of Animals

The male and female F344/N rats and B6C3F;
(C57BL/6N, female X C3H/HeN MTV ™, male)
mice used in these studies were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories. Breeding stock for the founda-
tion colonies at the production facility originated
at the National Institutes of Health Repository.
Animals shipped for study were progeny of de-
fined microflora-associated parents that were
transferred from isolators to barrier-maintained
rooms. Rats were shipped to the study labora-
tory at 4-5 weeks of age and mice at 5-6 weeks.
Rats were quarantined at the study facility for
19 days and mice for 25 days. Thereafter, a com-
plete necropsy was performed on five animals of
each sex and species to assess their health
status. The rats were placed on study at 8 weeks
of age and the mice at 9 weeks. The health of the
animals was monitored during the course of the
studies according to the protocols of the NTP
Sentinel Animal Program (Appendix E).

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

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

Male mice from the C3H colony and female mice
from the C57BL/6N colony were used as parents
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II. MATERIALS AND METHODS

for the hybrid B6C3F; mice used in these stud-
ies. The influence of the potential genetic non-
uniformity in the hybrid mice on these results is
not known, but results of the studies are not
affected because concurrent controls were in-
cluded in each study.

Animal Maintenance

Animals were housed five per cage. Feed (Ap-
pendix F) and water were available ad libitum.
Cages were not rotated during the studies.
Further details of animal maintenance are given
in Table 1.

Clinical Examinations and Pathology

All animals were observed two times per day.
Body weights were recorded once per week for
the first 12 weeks of the studies and once per
month thereafter. Mean body weights were cal-
culated for each group. Animals found mori-
bund and those surviving to the end of the stud-
ies were humanely killed. A necropsy was
performed on all animals; however, the number
of animals from which particular organs or tis-
sues were examined microscopically varies and
is not necessarily equal to the number of ani-
mals that were placed on study.

During necropsy, all organs and tissues were ex-
amined for grossly visible lesions. Tissues were
preserved in 10% neutral buffered formalin, em-
bedded in paraffin, sectioned, and stained with
hematoxylin and eosin. Tissues examined are
listed in Table 1.

When the pathology evaluation was completed
by the laboratory pathologist and the pathology
data entered into the Carcinogenesis Bioassay
Data System, the slides, paraffin blocks, and
residual formalin-fixed tissues were sent to the
NTP Archives. The slides, blocks, and residual
wet tissues were audited for accuracy of labeling
and animal identification and for thoroughness
of tissue trimming. The slides, individual ani-
mal necropsy records, and pathology tables were
sent to an independent pathology quality as-
sessment laboratory. The individual animal
records and pathology tables were compared for

Glycidol, NTP TR 374

accuracy, slides and tissue counts were verified,
and histotechnique was evaluated. All tissues
with a tumor diagnosis, all potential target tis-
sues, and all tissues from a randomly selected
10% of the animals were re-evaluated microscop-
ically by a quality assessment pathologist. Po-
tential target organs and tissues were the fore-
stomach, brain, and spleen for male and female
rats; tunica vaginalis and Zymbal gland for male
rats; mammary gland and clitoral gland for fe-
male rats; liver, lung, and harderian gland for
male and female mice; lung and teeth for male
mice; and mammary gland for female mice.
Nonneoplastic lesions were evaluated for ac-
curacy and consistency of diagnosis in the poten-
tial target organs, in the randomly selected 10%
of animals, and in tissues with unusual inci-
dence patterns or trends. Tissues are generally
not evaluated in a “blind” fashion (i.e., without
knowledge of dose group) unless the lesions in
question are subtle.

The quality assessment report and slides were
submitted to a Pathology Working Group (PWQ)
Chairperson, who reviewed microscopically all
potential target tissues and any other tissues for
which there was a disagreement in diagnosis be-
tween the laboratory and quality assessment pa-
thologists. Representative examples of potential
chemical-related nonneoplastic lesions and neo-
plasms and examples of disagreements in diag-
nosis between the laboratory and quality assess-
ment pathologists were shown to the PWG. The
PWG, which included the laboratory pathol-
ogist, the quality assessment pathologist, and
other pathologists experienced in rodent toxicol-
ogy, examined the tissues without knowledge of
dose group or previously rendered diagnoses.
When the consensus diagnosis of the PWG
differed from that of the laboratory pathologist,
the diagnosis was changed to reflect the opinion
of the PWG. This procedure has been described,
in part, by Maronpot and Boorman (1982) and
Boorman et al. (1985). The final pathology data
represent a consensus of contractor pathologists
and the NTP Pathology Working Group. For
subsequent analysis of pathology data, the di-
agnosed lesions for each tissue type are com-
bined according to the guidelines of McConnell
etal. (1986).
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Statistical Methods

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

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

Analysis of Tumor Incidence--Mice: The majori-
ty of tumors in this study were considered to be
incidental to the cause of death or not rapidly
lethal. Thus, the primary statistical method
used was an incidental tumor analysis, which
assumed that the diagnosed tumors were dis-
covered as the result of death from an unrelated
cause and thus did not affect the risk of death.
In this approach, the proportions of tumor-
bearing animals in dosed and vehicle control
groups were compared in each of five time inter-
vals: weeks 0-52, weeks 53-78, weeks 79-92,
week 93 to the week before the terminal-kill
period, and the terminal-kill period. The denom-
inators of these proportions were the number of
animals actually examined for tumors during
the time interval. The individual time interval
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comparisons were then combined to obtain a
single overall result.

In addition to incidental tumor analysis, alter-
native methods of statistical analysis were used,
and the results of these tests are summarized in
Appendixes C and D. These include the life
table test (Cox, 1972, Tarone, 1975), appropriate
for rapidly lethal tumors, and the Fisher exact
test and the Cochran-Armitage trend test
(Armitage, 1971; Gart et al., 1979), procedures
based on the overall proportion of tumor-bearing
animals. Tests of significance include pairwise
comparisons of each dosed group with vehicle
controls and a test for an overall dose-response
trend. Continuity-corrected tests were used in
the analysis of tumor incidence, and reported P
values are one-sided. The procedures described
above also were used to evaluate selected non-
neoplastic lesions. (For further discussion of
these statistical methods, see Haseman, 1984))

Calculation of Incidence--Rats: Because early
deaths from mesotheliomas or mammary gland
neoplasms reduced the number of male or female
rats at risk for development of neoplasms at
other sites, the usual convention of expressing
tumor incidence (the number of animals with tu-
mors at a site divided by the total number of ani-
mals in which this site was examined) may un-
derestimate the tumor incidence that would
have been observed in the absence of early
deaths. This would be especially true for tumors
that were not rapidly lethal and/or developed
later in the study. In an effort to express tumor
incidence in terms of the “effective” number of
animals actually at risk, all tumor incidences for
rats were expressed as the number of tumor-
bearing animals at a particular site divided by
the number of animals alive in each group at the
time the first tumor was observed at that site in
any of the three (vehicle control, low dose, or
high dose) groups.

Analysis of Tumor Incidence--Rats: Because of
poor survival (196/200 dosed rats died before the
end of the studies), the statistical approach out-
lined above for mice was not used for rats. For
example, the incidental tumor test lacked power
because, in each time interval, there were too
few animals at risk in some groups for meaning-
ful comparisons (e.g., the 93- to 104-week time
interval included 29 male rat vehicle controls

Glycidol, NTP TR 374



II. MATERIALS AND METHODS

but only 2 low dose males and no high dose
males). The life table test was also misleading
in some instances, since many tumors were not
rapidly lethal; thus, life table analysis could
exaggerate the significance of certain neoplastic
effects. Consequently, the primary tumor analy-
ses for rats were the Cochran-Armitage trend
and Fisher exact tests based on the “effective”
number of animals, as described above, a proce-
dure recommended by Gart et al. (1979). For
those few tumors considered to be rapidly lethal
(e.g., mesotheliomas in male rats), the results of
life table analyses are also given. The results of
these tests are summarized in Appendixes A and
B. Tests of significance include pairwise com-
parisons of each dosed group with vehicle con-
trols and a test for an overall dose-response
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trend. Continuity-corrected tests were used in
the analysis of tumor incidence, and reported P
values are one-sided. The procedures described
above also were used to eva