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NATIONAL TOXICOLOGY PROGRAM

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

The NTP is made up of four charter DHHS agencies: the National Cancer
Institute (NCI), National Institutes of Health; the National Institute of En-
vironmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Ad-
ministration; and the National Institute for Occupational Safety and
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE READER

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

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

® Clear Evidence of _Carcino(fgni,city is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of malignant neoplasms, studies that exhibit a substan-
tially increased incidence of benign neoplasms, or studies that exhibit an increased incidence of a
combination of malignant and benign neoplasms where each increases with dose.

¢ Some Evidence of Carcinogenicity is demonstrated b)ll studies that are inter%r_eted as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal in-
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in uncom-

mon malignant or benign neoplasms.

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

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

¢ Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or quanti-
tative limitations, the studies cannot be interpreted as valid for showing either the presence or ab-
sence of a carcinogenic effect.

Additionally, the followindg concepts (as l\}aatterngd from the International Agency for Research on Cancer
Monographs) have been adopted by the NTP to give further clarification of these 1ssues:

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

This stud{. was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Toxicology Program. The studies
described in this Technical Report have been conducted in compliance with NTP chemical health and
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. Animal care and use were in accordance with the U.S. Public Health Service Policy on Hu-
mane Care and Use of Animals. All NTP toxicology and carcinogenesis studies are subjected to a data au-
dit before being presented for peer review.

Although every effort is made to prepare the Technical Re%orts as accurately as possible, mistakes may
occur. Readers are requested to identify any mistakes so that corrective action may be taken. Further,
anyone who is aware of related oniouf\%r?r published studies not mentioned in this report is encouraged to
make this information known to the NTP. Comments and questions about the National Toxicology Pro-
am Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J .E. Huff,
ational Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). an%le
copies of this Technical Reﬁort are available without charge (and while supplies last) from the N'TP
g%l%xgc Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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B(OH)3

BORIC ACID
CAS No. 10043-35-3
H3BOg3 Molecular weight 61.83

Synonyms: orthoboric acid; boracic acid

ABSTRACT

Boric acid is a component of cosmetics and pharmaceuticals and is also used in numerous industrial
processes. Earlier long-term studies did not demonstrate a carcinogenic effect in Sprague-Dawley
rats (Weir and Fisher, 1972). Because of potential widespread human exposure, corroborative evi-
dence was sought in a second species. Toxicology and carcinogenesis studies were conducted by feed-
ing technical-grade boric acid (99.7% pure) to groups of male and female B6C3F; mice for 14 days, 13
weeks, and 2 years.

In the 14-day studies (five mice per group), mortality occurred in mice fed 25,000 ppm, 50,000 ppm, or
100,000 ppm beoric acid; hyperplasia and/or dysplasia of the forestomach was also seen in these dose
groups. No compound-related gross pathologic or histopathologic effects were seen in male or female
mice exposed at concentrations up to 12,500 ppm in feed. In the 13-week studies, groups of 10 male
and 10 female mice were fed boric acid at concentrations up to 20,000 ppm; 8 male mice and 1 female
mouse receiving 20,000 ppm and 1 male receiving 10,000 ppm boric acid died before the end of the
studies. Male and female mice receiving 20,000 ppm boric acid weighed 23% and 18% less, respec-
tively, than did the controls at the end of the studies. Testicular atrophy in 8/10 male mice, hyper-
keratosis and acanthosis of the stomach in 8/10 male and 3/9 female mice, and extramedullary
hematopoiesis of the spleen in all male and female mice receiving 20,000 ppm boric acid indicated
that the testis, stomach, and spleen were potential target organs in the 2-year studies. Based on these
results, 2-year toxicology and carcinogenesis studies were conducted by feeding diets containing boric
acid at concentrations of 0, 2,500, or 5,000 ppm to groups of 50 male and 50 female mice.

Survival of high dose male mice after week 63 and of low dose male mice after week 84 was lower than
that of controls (final survival: control, 41; low dose, 30; high dose, 22), which may have reduced the
sensitivity of the carcinogenicity study; the numbers of female mice (33; 33; 37) that survived to the
end of the studies were considered adequate for toxicologic evaluation. Body weight gain was reduced
in each sex after week 30; mean final body weights were 7% and 13% below control values for exposed
male mice and 7% and 20% below those of controls for exposed female mice. No chemically related
clinical signs were reported.

At the top dose, boric acid caused an increased incidence of testicular atrophy (control, 3/49; low dose,
6/50; high dose, 27/47) and interstitial cell hyperplasia (0/49; 0/50; 7/47) in male mice. The testicular
atrophy was characterized by variable loss of spermatogonia, primary and secondary spermatocytes,
spermatids, and spermatozoa from the seminiferous tubules. The seminiferous tubules contained pri-
marily Sertoli cells and variable numbers of spermatogonia. In some mice, there were accumulations
of interstitial cells, indicating hyperplasia.

3 Boric Acid, NTP TR 324



In low dose male mice, there were increased incidences of hepatocellular carcinomas (5/50; 12/50;
8/49) and hepatocellular adenomas or carcinomas (combined) (14/50; 19/50; 15/49) and an increased
incidence of subcutaneous tissue fibromas, sarcomas, fibrosarcomas, or neurofibrosarcomas (com-
bined) (2/50; 10/50; 2/50). No increased incidence of subcutaneous tissue neoplasms was seen in male
mice receiving 5,000 ppm. Because the incidence of subcutaneous tissue tumors is variable in his-
torical controls, because there was no corresponding increase in the high dose male mice, and because
the incidence of hepatocellular tumors was not significant by the incidental tumor test and was with-
in the historical control range, neither of these tumors was considered to be related to the administra-

tion of boric acid.

Boric acid was not mutagenic in the Salmonella/microsome assay with Salmonella typhimurium
strains TA98, TA100, TA1535, or TA1537. Boric acid was negative in the mouse lymphoma
L5178Y/TK /- assay and did not induce sister-chromatid exchanges or chromosomal aberrations in
Chinese hamster ovary cells. All assays were performed with and without metabolic activation.

The data, documents, and pathology materials from the 2-year studies of boric acid were audited at
the NTP Archives. The audit findings show that the conduct of the studies is documented adequately
and support the data and results given in this Technical Report.

Under the conditions of these 2-year feed studies, there was no evidence of carcinogenicity* of boric
acid at doses of 2,500 or 5,000 ppm for male or female B6C3F; mice. Testicular atrophy and inter-
stitial cell hyperplasia were observed in high dose male mice. The decrease in survival of dosed male
mice may have reduced the sensitivity of this study.

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

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

Dr. M. Dieter, NTP, introduced the toxicology and carcinogenesis studies of boric acid in mice by re-
viewing the experimental design, results, and proposed conclusions (no evidence of carcinogenicity for
male or female mice).

Dr. Perera, a principal reviewer, agreed with the conclusions as written. She said that the conclusion
should note that survival was significantly decreased in high and low dose males, thus limiting the
sensitivity of the study. Dr. Dieter agreed that this would be done [see page 41.

As a second principal reviewer, Dr. Capen agreed with the conclusions.

As a third principal reviewer, Dr. Scala also agreed with the conclusions. He noted that mean feed
consumption measurements for group-housed animals may have little value.

In other discussions, Dr. Hooper and Dr. Mirer asked for a fuller discussion of nonneoplastic toxicity,
in particular, reproductive toxicity, and said that inclusion of occupational exposure levels (“stand-
ards for nuisance dust”) would be useful if they can be obtained. Dr. Dieter said that the discussion
would be expanded and workplace exposure levels would be sought.

Dr. Perera moved that the Technical Report on boric acid be accepted with the conclusions as written

for male and female mice, no evidence of carcinogenicity. Dr. Capen seconded the motion, and it was
approved by 10 reviewers with 1 abstention (Dr. Hughes).
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I. INTRODUCTION

B(OH)3

BORIC ACID

CAS No. 10043-35-3

H3BO3 Molecular weight 61.83

Synonyms: orthoboric acid; boracic acid

Boric acid was nominated to the NTP for testing
by the Consumer Product Safety Commission
and the U.S. Environmental Protection Agency
because of its widespread use and human expo-
sure potential. Adequate data were available on
the lack of a carcinogenic effect of boric acid in
rats based on 2-year studies (Weir and Fisher,
1972). Thus, boric acid was evaluated for car-
cinogenicity only in mice in the current NTP
studies.

Boric acid occurs as the natural mineral sas-
solite in volcanic waters and hot springs. Boric
acid is an inorganic acid that is stable in air and
soluble at 0.1 M in water with a pH of 5.1. Boric
acid is an important component of cosmetics and
pharmaceuticals and is necessary for a variety of
industrial processes. It is incorporated into cos-
metic products as a preservative, antiseptic,
water softener, pH adjuster, emulsifier, neu-
tralizer, stabilizer, buffer, or viscosifier. It is
also used as a medicinal astringent and antisep-
tic for treatment of burns, a weatherproofer for
wood, and a fireproofer for fabrics. Boric acid is
also used in eyewashes; in the manufacture of
cements, crockery, porcelain, enamels, glass,
borates, leather, carpets, hats, soaps, artificial
gems, and impregnated wicks; in processes such
as nickeling baths, printing, dyeing, painting,
photography, production of electric condensers,
and hardening steel; and as a catalyst for or-
ganic reactions (FDA, 1978).

The total U.S. production capacity figures for
orthoboric acid were reported to be 236,000 short
tons in 1984 (Mannsville Chemical Products
Corp., 1984). About 40,000 short tons are ex-
pected to be exported, from production of about
139,000 short tons.

The major end use for boric acid is in glass
manufacturing, and the second largest outlet is
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in fire-retardant applications, particularly in
cellulosic insulation (Mannsville Chemical
Products Corp., 1984). Boric acid is mildly irri-
tating to the eyes and mucous membranes, and a
threshold limit value of 10 mg/m3 of total dust
has been recommended by the American Con-
ference of Governmental Industrial Hygienists,
as for other nuisance particulates. There are no
data for occupational exposure levels, but at 10
mg/m3 inhalation exposure, humans would be
exposed to a dose of about 1 mg/kg per day.

A tabulation of product formulation data by the
Cosmetic, Toiletry, and Fragrance Association
(CTFA) listed 142 products containing boric
acid; five douches contained greater than 50%
dry weight, one hair color rinse and three deo-
dorants contained greater than 5%-10%, and 133
other products contained greater than 0.1%-5%
boric acid (CTFA, 1983). The effective concen-
tration of boric acid is presumably reduced below
5% after the products are diluted before use ac-
cording to manufacturers’ instructions. The
CTFA recommended a safe upper limit of 5% bo-
ric acid additive in cosmetics and that boric acid
at this level not be used on infants or injured
skin.

Boric acid is registered as an indirect food addi-
tive for use in packaging products that contact
foods, and tolerances of 8 ppm of total boron from
plant fungicides are permissible as residues on
citrus fruits (Fed. Regist., 1969). The estimated
average daily intake of boron in France, partly
from boric acid residues in fruit, was 25 mg per
person (Ploquin, 1966).

Boric acid is poorly absorbed through intact
skin; absorption is greatly increased through
abraded, denuded, or burned skin and through
mucous membranes. Ingested boric acid is
transported to the blood and accumulates in the
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brain, liver, and fat; excretion is by urine, feces,
saliva, milk, and perspiration (Pfeiffer and
Jenney, 1950). Dermal studies have been con-
ducted in infants with or without diaper rash or
with burns (Mulinos et al., 1953; Vignec and
Ellis, 1954, Johnstone et al., 1955), and in adult
patients with burns (Draize and Kelley, 1959;
Schuppli et al., 1971) or vaginitis (Swate and
Weed, 1974). Boric acid appeared only in the
urine of infants with diaper rash or burns and in
adult burn patients, confirming that absorption
occurred through the compromised dermal layer.
There was no chemical residue in sera of females
treated twice daily for 14 days with vaginal in-
serts of 600 mg boric acid. There are clinical re-
ports of central nervous system toxicity and tox-
icity to the genito-urinary tract, liver, and skin
in humans exposed to boric acid at pharmaco-
logic concentrations. Death has occurred when
boric acid was accidentally ingested or used on
abraded skin (Goldbloom and Goldbloom, 1953).

The FDA ruled that boric acid was safe but in-
effective as an ocular germicide at concentra-
tions up to 5%, safe and effective as a buffer in
ophthalmic preparations at the same concentra-
tion (FDA, 1980a), but unsafe as a skin protec-
tant, oral antimicrobial, and anorectal antisep-
tic, based on the absorption of boric acid by
damaged skin and mucous membranes, its
cumulative toxicity, and slow elimination (FDA,
1980b).

In animal studies, boric acid is classified as rela-
tively nontoxic, the acute LDsg value being
greater than 4 g/kg when administered orally in
Sprague-Dawley and Long-Evans rats (Weir and
Fisher, 1972) and greater than 1 g/kg when ad-
ministered by subcutaneous injection (Mulinos
et al., 1953). The LDsg value in mice (unspeci-
fied strain) was greater than 1 g/kg by either the
intravenous or subcutaneous route (Kunkel,
1950).

Administration of boric acid in water by gavage
at 1 g/lkg per day or in the diet at 10,000 ppm for
21-27 days reduced body weight gain (Roe et al.,
1972) and resulted in altered liver, kidney, and
brain nucleotide concentrations (Dani et al.,
1971). The same high boric acid doses of about
1 g/kg per day caused testicular 'atrophy and
cellular dystrophic changes after either 14 days
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(Silaev et al., 1977) or 90 days of oral adminis-
tration (Weir and Fisher, 1972). The no-effect
level in the 90-day study was about 100 mg/kg
per day, since at 300 mg/kg per day one of five
rats showed some testicular atrophy.

Boric acid fed for 14 days to male and female rats
at about 700 mg/kg per day resulted in sterility
in subsequent mating trials (Weir and Fisher,
1972). Males lacked viable sperm, and there was
decreased ovulation in females. Doses of about
67 and 200 mg/kg per day did not affect repro-
duction through three generations. Krasovskii
et al. (1976) showed that ingestion of boric acid
in the drinking water at 6 mg/liter (boron equiv-
alents) per day for 6 months also resulted in tes-
ticular atrophy and cellular dystrophy in rats.

A variety of cellular enzyme activities in mam-
malian testes (Lee et al., 1978) and in blood cells,
liver, brain, kidney, and muscle were affected by
boric acid; the effect was dependent on concen-
tration (CTFA, 1983). Inhibition or stimulation
was observed at millimolar or higher concentra-
tions. Hepatic RNA biosynthesis in rats was
also stimulated by millimolar concentrations of
boric acid in vivo and in vitro (Weser, 1967,
1968).

There were reports of gene reversion in Es-
cherichia coli B/r/Sd-4 assays with boric acid
(Demerec et al., 1951), but subsequent, more
thorough tests by Iyer and Szybalski (1958) in
the Sd-4-73 strain failed to confirm the occur-
rence. Studies by Szybalski (1958) in E. coli
were also negative for mutagenic activity; Datta
et al. (1983) also reported that boric acid was in-
effective for stimulation of Tn9 transposition in
E.coliK12,

In studies conducted by the NTP, boric acid was
not mutagenic in either bacteria or cultured
mammalian cells. In the Salmonella typhimuri-
um assay with strains TA98, TA100, TA1535, or
TA1537, negative results were obtained in the
presence or absence of Aroclor 1254-induced
male Sprague-Dawley rat or male Syrian ham-
ster liver S9 (Appendix C, Table C1; Haworth et
al., 1983); boric acid was also negative in the
mouse lymphoma L5178Y/TK*/~ assay with or
without activation by S9 from Aroclor 1254-
induced male F344 rat liver (Tables C2 and C3).

Boric Acid, NTP TR 324



I. INTRODUCTION

There was no induction of sister-chromatid ex-
changes or chromosomal aberrations in Chinese
hamster ovary cells with or without activation
by S9 from Aroclor 1254-induced male Sprague-
Dawley rat liver (Tables C4 and C5).

The carcinogenic potential of boric acid was
studied in female BALB/c mice injected intra-
vaginally with about 100 mg/kg twice per week
for 50 weeks (Boyland et al., 1966). There were
20 positive controls dosed with 7,12-dimethyl-
benz(a)anthracene (DMBA), 30 untreated con-
trols, and 20 mice dosed with boric acid. One
mouse in the boric acid group, 15 in the DMBA
group, and none of the untreated controls had
vaginal neoplasms. This preliminary study was
not considered adequate to determine the car-
cinogenicity of boric acid.

A 2-year study of boric acid was conducted in

groups of 35 Sprague-Dawley rats of each sex
(Weir and Fisher, 1972). Dietary concentrations
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were 0, 117, 350, or 1,170 ppm in boron equiva-
lents (about 0, 67, 200, and 669 mg/kg per day).
There were no toxicologic effects or histopatho-
logic changes in the two lowest dose groups.
Animals receiving the high dose of boric acid
had decreased feed consumption, retarded
growth, rough hair coats, postural abnormali-
ties, swollen paws, and inflamed, bleeding eyes,
as well as hematologic disturbances. The male
rats had shrunken scrota and atrophic testes.
There was no histopathologic evidence of
carcinogenicity.

Study Rationale: The 2-year studies of boric acid
in Sprague-Dawley rats by Weir and Fisher
(1972) were considered adequate carcinogenesis
studies, although no historical data base was
available for comparison and the chemical was
tested in only one species. To complete the test
for potential carcinogenicity, the NTP conducted
short-term tests and 2-year toxicology and car-
cinogenesis studies of boric acid in B6C3F mice.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF BORIC ACID

Technical-grade boric acid was obtained in one
batch from Thompson Haywood Chemicals
(Kansas City, Missouri). Purity and identity de-
terminations were conducted at Midwest Re-
search Institute (Kansas City, Missouri) (Appen-
dix D).

This batch of study material was obtained as a
colorless, crystalline solid with a melting point
of approximately 165° C. The identity of boric
acid was confirmed by elemental analysis and
infrared and ultraviolet/visible spectroscopy
{Appendix D). The data were consistent with a
literature spectrum and the structure of boric
acid.

Cumulative data indicated that this batch of bo-
ric acid was approximately 99.7% pure. The ele-
mental analysis for boron gave a value in
agreement with theory. Spark source mass spec-
trometry indicated that the two significant
metal impurities were silicon (~0.18%) and potas-
sium (~0.16%). Weight loss on drying over silica
gel indicated that the study material contained
0.03% water. Titration with sodium hydroxide
indicated a purity of 99.7%.

The study material was determined to be stable
for 2 weeks at 60° C. Therefore, it was recom-
mended that the study material be stored at am-
bient temperatures for the duration of the toxic-
ity studies. The boric acid study material was
stored at 0° + 5° C at the study laboratory.
Periodic characterization of the boric acid study
material and a reference standard stored at
—20° C by infrared spectroscopy and titration
indicated no degradation over the course of the
toxicity studies.

PREPARATION AND
CHARACTERIZATION OF
FORMULATED DIETS

Boric acid was accurately weighed, added to an
aliquot of NIH 07 Rat and Mouse Ration in a
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mortar, and mixed with a pestle. This premix
was sandwiched between the remaining meal in
a pin intensifier bar model Patterson-Kelly® V.-
blender and mixed for 15 minutes (5 minutes
with the intensifier bar on, 10 minutes with the
intensifier bar off). Formulated diets were
analyzed for boric acid content by the azo-
methine H method for the determination of
boron (John et al., 1975). This method involves
the extraction of formulated diets with 50%
aqueous methanol followed by treatment of the
extract with an azomethine color-developing
solution. The absorbance of the resultant solu-
tion was read at 420 nm. Formulated diets were
found to be homogenous. Further studies dem-
onstrated that boric acid feed blends were stable
for 2 weeks when stored, sealed, and protected
from light at 5° C (Appendix E). The formulated
diets were stored at 0° * 5° C for no longer than
2 weeks.

Periodic analyses of formulated diets by the
method described above were performed at the
study and analytical chemistry laboratories (Ap-
pendixes F and G) to determine if the feed mix-
tures contained the correct concentrations of
boric acid. Formulated diets were analyzed once
during the 13-week studies. The results ranged
from 91% to 101% of target concentrations (Ta-
ble G1). All dose mixtures analyzed during the
2-year studies were within 10% of the target
concentration (Table 1; Table G2). It is therefore
concluded that dose mixtures were prepared
within specifications throughout the studies.
Referee analyses were periodically performed by
the analytical chemistry laboratory. Results
from the two laboratories were generally in close
agreement (Table G3).

FIRST FOURTEEN-DAY STUDIES

Male and female B6C3F; mice were obtained
from Charles River Breeding Laboratories and
held for 15 days before the studies began. The
mice were 6-8 weeks old when placed on study.
Groups of five males and five females were fed
diets containing 0, 600, 1,200, 2,400, 4,900, or
9,800 ppm boric acid for 14 consecutive days.



TABLE 1. SUMMARY OF RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED
STUDIES OF BORIC ACID

Mean (ppm)

Standard deviation

Coefficient of variation (percent)
Range (ppm)

Number of samples

Target Concentration (ppm)
2,500 5,000
2,521 5,034
106 137
4.2 2.7
2,370-2,730 4,780-5,210
14 14

Animals were weighed on days 1, 7, and 15. A
necropsy was performed on all animals. Details
of animal maintenance are presented in Table 2.

SECOND FOURTEEN-DAY STUDIES

Male and female B6C3F; mice were obtained
from Charles River Breeding Laboratories and
held for 20 days before the studies began. The
mice were 7-9 weeks old when placed on study.
Groups of five males and five females were fed
diets containing 0, 6,200, 12,500, 25,000, 50,000,
or 100,000 ppm boric acid for 14 consecutive
days. Animals were weighed on days 1, 7, and
15. A necropsy was performed on all animals.
Details of animal maintenance are presented in
Table 2.

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to eval-
uate the cumulative toxic effects of repeated
exposure to boric acid and to determine the con-
centrations to be used in the 2-year studies.

Four- to five-week-old male and female B6C3F;
mice were obtained from Charles River Breeding
Laboratories, observed for 3 weeks, and assigned
to cages such that average cage weights for each
sex were approximately equal. Diets containing
0, 1,200, 2,500, 5,000, 10,000, or 20,000 ppm
boric acid were fed to groups of 10 mice of each
sex for 13 weeks. The 1,200-, 2,500-, 5,000-, and
10,000-ppm groups were fed formulated diets for
up to 3 additional weeks. Mice were housed five
per cage. Formulated or control diets and water
were available ad libitum. Further experi-
mental details are summarized in Table 2.
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Animals were checked two times per day; mori-
bund animals were killed. Feed consumption
was measured weekly by cage. Individual ani-
mal weights were recorded weekly.

After 13-14 weeks, survivors in the control and
20,000-ppm groups were killed. Animals in the
other dosed groups continued to receive formula-
ted diets until they were killed (between week
14 and week 17). A necropsy was performed on
all animals except those excessively autolyzed or
cannibalized. Tissues and groups examined are
listed in Table 2.

TWO-YEAR STUDIES

Study Design

Diets containing 0, 2,500, or 5,000 ppm boric
acid were fed to groups of 50 male and 50 female
mice of each sex for 103 weeks.

Source and Specifications of Animals

The male and female BBC3F; (C57BL/6N,
female X C3H/HeN MTV ™, male) mice used in
these studies were produced under strict barrier
conditions at Frederick Cancer Research Center
under a contract to the Carcinogenesis Program.
Breeding stock for the foundation colvny at the
production facility originated at the National In-
stitutes of Health Repository. Animals shipped
for study were progeny of defined microflora-
associated parents that were transferred from
isolators to barrier-maintained rooms The mice
were shipped to the study laboratory at 5 weeks
of age. The mice were quarantined at the study
laboratory for 2 weeks. Thereafter, a complete
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TABLE 2. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES OF

BORIC ACID
First Fourteen- Second Fourteen- Thirteen-Week Two-Year
Day Studies Day Studies Studies Studies
EXPERIMENTAL DESIGN
Size of Study Groups
5 males and 5 females 5 males and 5 females 10 males and 10 females 50 males and 50 females

Doses
0,600, 1,200, 2,400, 4,900,0r 0, 6,200, 12,500, 25,000, 0,1,200, 2,500, 5,000, 10,000, 0,2,500, or 5,000 ppm boric
9,800 ppm boric acid in feed 50,000, or 100,000 ppm boric or 20,000 ppmboricacidin  acid in feed

acid in feed feed
Date of First Dose
8/14/79 12/12/79 3/14/80 3/26/81
Date of Last Dose
8/27/79 12/25/79 6/13/80-6/28/80 3/18/83

Duration of Dosing

14 consecutive d Same as first 14-d studies 5 d/wk for 13 wk for 0- and 103 wk
20,000-ppm groups; other
groups up to 16 wk

Type and Frequency of Observation
Observed 2 X d; weighed Same as first 14-d studies Observed 2 X d; weighed Observed 2 X d; weighed 1 X
ond1,7,and 15 initially,1 X wk thereafter wkfor 12 wk;thenl X 4 wk

Necropsy and Histologic Examination
Necropsy and histologic Necropsy performed on all Necropsy and histologicex- Necropsy performed on all ani-
examination performed animals; histologic exam per- amination performedonall mals; the following tissues ex-

onall animals formed on selected tissues animals; the following tis- amined histologically for all
from animals in 25,000-, sues examined: gross le- control and high dose animals
50,000-, and 100,000-ppm sions and tissue masses, and for low dose animals dying
groups; tissues examined mandibular lymph nodes, before end of studies: tissue
included forestomach mammary gland, skin, sali- masses, abnormal regional

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species
B6C3F; mice

Animal Source

Charles River Breeding
Laboratories (Portage, MI)
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B6C3F; mice

Charles River Breeding
Laboratories (Portage, MI)

thyroid gland, parathyroids,
small intestine, colon,
liver, prostate/testes or
ovaries/uterus, lungs and
bronchi, heart, pancreas,
esophagus, stomach, brain,
thymus, trachea, spleen,
kidneys, adrenal glands,
urinary bladder, pituitary
gland, spinal cord (if neu-
rologic signs present),

eyes (if grossly abnormal),
and gallbladder

B6C3F; mice

Charles River Breeding
Laboratories (Portage, MI)
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and brain vary glands, sternebrae, lymph nodes, skin, mandibular

and mesenteric lymph nodes,
mammary gland, salivary
glands, vertebrae, bone marrow,
costochondral junction, thymus,
larynx, trachea, lungs and bron-
chi, heart, thyroid gland, para-
thyroids, esophagus, stomach,
duodenum, jejunum, ileum,
colon, liver, gallbladder, pan-
creas, spleen, kidneys, adrenal
glands, urinary bladder,
seminal vesicles/prostate/testes
or ovaries/uterus, brain, pitui-
tary gland. The following tis-
sues examined histologically for
low dose mice: lung, liver,
stomach, kidney, salivary
glands, testis, pancreas, and
brain for males and lung, liver,
ovary, and brain for females

B6C3F; mice

Frederick Cancer Research
Center (Frederick, MD)



TABLE 2. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES OF
BORIC ACID (Continued)

First Fourteen- Second Fourteen- Thirteen-Week Two-Year
Day Studies Day Studies Studies Studies
ANIMALS AND ANIMAL MAINTENANCE (Continued)
Study Laboratory
EG&G Mason Research EG&G Mason Research EG&G Mason Research EG&G Mason Research

Institute (Worcester, MA)
Method of Animal Identification

Institute (Worcester, MA)

Ear punch Ear punch
Time Held Before Study

15d 20d

Age When Placed on Study

6-8 wk 7-9 wk
Age When Killed

8-10 wk 9-11 wk
Necropsy Dates

Not performed 12/27/79

Method of Animal Distribution

Animals assigned to cages Same as first 14-d studies
such that cage weights for

each sex were approximately

equal

Feed
Wayne Lab Blox?® (Allied
Mills, Chicago, IL)

Same as first 14-d studies

Bedding
Aspen Bed?® (American
Excelsior, Baltimore, MD)

Same as first 14-d studies

Water

Automatic watering system
(Edstrom Industries, Water-
ford, WI); available ad libitum

Same as first 14-d studies

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

Same as first 14-d stu(iies

Cage Filters
Nonwoven fiber filters
(Lab Products, Inc.)

Same as first 14-d studies

Animals per Cage
5 5

Other Chemicals on Study in the Same Room
None None

Animal Room Environment
Temp--20.0°-28.9° C; hum--
35%-65%; fluorescent light

12 h/d; 10 room air changes/h

Temp--20.0°-28.9° C; hum--
11%-38%; fluorescent light
12 h/d; 10-12 room air
changes/h

Institute (Worcester, MA)
Ear punch

3wk

7-8 wk

21-26 wk

6/20/80-7/5/80

Same as first 14-d studies

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

Same as first 14-d studies

when available; otherwise
Beta Chips® (Agway, Inc.,
Syracuse, NY)

Same as first 14-d studies

Polycarbonate (See-Through
II System, Lab Products,
Rochelle Park, NJ)

Nonwoven fiber filters (Snow
Filtration, Cincinnati, OH)

None

Temp--21°-28°C; hum--
42%-78%; fluorescent
light 12 h/d; 12 room air
changes/h

Institute (Worcester, MA)
Ear punch

2wk

7wk

111-112 wk
3/25/83-4/6/83

Assigned to cages according to a
table of random numbers

Same as 13-wk studies

Same as first 14-d studies

Same as first 14-d studies

Same as 13-wk studies

Same as 13-wk studies

None

Temp--mean, 23.3°C; range,
21°-28°C; hum--mean, 45.4%;
range, 5%-79%; fluorescent light
12 h/d
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II. MATERIALS AND METHODS

necropsy was performed on five animals of each
sex to assess their health status. The mice were
placed on study at 7 weeks of age. The health of
the animals was monitored during the course of
the studies according to the protocols of the NTP
Sentinel Animal Program (Appendix H).

Animal Maintenance

Mice were housed five per cage. Feed and water
were available ad libitum. Further details of
animal maintenance are given in Table 2.

Clinical Examinations and Pathology

All animals were observed two times per day,
and clinical signs were recorded once per week.
Body weights by cage were recorded once per
week for the first 12 weeks of the studies and
once per month thereafter. Mean body weights
were calculated for each group. Animals found
moribund and those surviving to the end of the
studies were humanely killed. A necropsy was
performed on all animals including those found
dead, unless they were excessively autolyzed or
cannibalized, missexed, or found missing. Thus,
the number of animals from which particular or-
gans or tissues were examined microscopically
varies and is not necessarily equal to the num-
ber of animals 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,
embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. Tissues examined
microscopically are listed in Table 2.

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

Representative slides selected by the Chairper-
son were reviewed by the PWG, which includes
the laboratory pathologist, without knowledge of
previously rendered diagnoses. When the con-
sensus diagnosis of the PWG differed from that
of the laboratory pathologist, the laboratory pa-
thologist was asked to reconsider the original di-
agnosis. This procedure has been described, in
part, by Maronpot and Boorman (1982) and
Boorman et al. (1985). The final diagnoses rep-
resent a consensus of contractor pathologists and
the NTP Pathology Working Group. For subse-
quent analysis of pathology data, the diagnosed
lesions for each tissue type are combined accord-
ing to the guidelines of McConnell et al. (1986).

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

Statistical Methods

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

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

Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such le-
sions 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 denomi-
nators consist of the number of animals on which
a necropsy was performed.

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

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

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

Incidental Tumor Analysis--The second method
of analysis assumed that all tumors of a given
type observed in animals that died before the
end of the study were “incidental”; i.e., they
were merely observed at necropsy in animals dy-
ing of an unrelated cause. According to this ap-
proach, the proportions of tumor-bearing ani-
mals in dosed and control groups were compared
in each of five time intervals: 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 denominators of these proportions
were the number of animals on which a necropsy
was actually performed during the time in-
terval. The individual time interval compari-
sons were then combined by the previously de-
scribed method to obtain a single overall result.
(See Haseman, 1984, for the computational
details of both methods.)

Unadjusted Analyses--Primarily, survival-ad-
justed methods are used to evaluate tumor inci-
dence. In addition, the results of the Fisher
exact test for pairwise comparisons and the
Cochran-Armitage linear trend test (Armitage,
1971; Gart et al., 1979) are given in the ap-
pendixes containing the analyses of primary tu-
mor incidence. These two tests are based on the
overall proportion of tumor-bearing animals and
do not adjust for survival differences.

Historical Control Data: Although the concur-
rent control group is always the first and most
appropriate control group used for evaluation,
there are certain instances in which historical
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control data can be helpful in the overall assess- trol data base (Haseman et al., 1984, 1985) are
ment of tumor incidence. Consequently, control included for those tumors appearing to show
tumor incidences from the NTP historical con- compound-related effects.
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III. RESULTS

FIRST FOURTEEN-DAY STUDIES

All the mice lived to the end of the studies (Ta-
ble 3). Five of five male mice and 1/5 female
mice that received 9,800 ppm either lost weight
or gained no weight. Final mean body weights of
mice that received 4,900 ppm were not adversely
affected. No compound-related gross or micro-
scopic pathologic effects were observed. These
studies were considered inadequate, and addi-
tional 14-day studies were conducted at higher
doses to better characterize the 14-day toxicity of
boric acid.

SECOND FOURTEEN-DAY STUDIES

Five of five males and 4/5 females that received
100,000 ppm, 3/5 males that received 50,000
ppm, and 1/5 males that received 25,000 ppm

boric acid died before the end of the studies (Ta-
ble 4). Animals were lethargic with discolored
spleen, liver, and renal medullae. Final mean
body weights of males that received 25,000 or
50,000 ppm and of females that received 100,000
ppm were more than 10% lower than those of the

controls. There was no compound-related effect

on feed consumption. Hyperplasia and/or dys-
plasia of the forestomach was seen in 3/5 males
and 2/5 females that received 25,000 ppm, 2/4
males and 2/3 females that received 50,000 ppm,
and 4/4 males and 2/2 females that received
100,000 ppm.

Because of mortality and body weight loss in
mice fed 25,000-100,000 ppm boric acid in the
14-day studies, the high dose selected for 13-
week studies was 20,000 ppm.

TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FIRST FOURTEEN-DAY FEED
STUDIES OF BORIC ACID

Mean Body Weights (grams)

Final Weight Relative

Concentration Survival (a) Initial (b) Final Change (c) to Controls
(ppm) (percent)
MALE
0 5/5 252 %12 274 % 1.1 +22+£0.7 -
600 5/5 268 £ 0.9 284 12 +16 0.5 103.6
1,200 5/5 26.9 £ 0.7 26812 -01%14 97.8
2,400 5/5 268 + 0.9 28.6 £ 0.9 +18+05 104.4
4,900 5/5 26.7 £ 0.8 278 £09 +1.1 £0.2 101.5
9,800 5/5 2651 0.6 25202 -13x05 92.0
FEMALE
0 5/5 20.2+04 204 0.5 +02+0.2 --
600 5/5 203 £ 0.5 214107 +1.1+05 104.9
1,200 5/5 20705 218%05 +1.1%03 106.9
2,400 5/5 20.0 £ 0.2 21.0+03 +1.0+0.2 102.9
4,900 5/5 204 £03 222105 +1.810.3 108.8
9,800 5/5 20.1 £0.2 208 £0.4 +0.7 £ 0.3 102.0

(a) Number surviving/number initially in group

(b) Initial mean group body weight * standard error of the mean

{c) Mean body weight change of the group + standard error of the mean

Boric Acid, NTP TR 324

24



TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SECOND FOURTEEN-DAY FEED
STUDIES OF BORIC ACID

Mean Body Weights (grams) Final Weight Relative Feed Con-
Conc. Survival (a) Initial (b) Final Change (c¢) to Controls sumption (d)
(ppm) (percent) Week 1 Week 2
MALE
0 5/5 274 1.1 209+09 +25%05 - 6.0 5.7
6,200 5/5 276 1.1 28411 +08*03 95.0 7.4 7.2
12,500 5/6 278 £1.0 288109 +10x05 96.3 10.5 12.2
25,000 (e)4/5 276 £0.8 263t14 -18%12 88.0 119 13.4
50,000 H2/5 274 £0.7 24602 -29%08 82.3 10.6 10.5
100,000 () 0/5 27304 (h) (h) (h) 25.0 (h)
FEMALE
0 5/5 20305 223+08 +20%0.3 - 10.5 6.5
6,200 5/5 201 £ 04 220%£09 +19*06 98.7 8.6 7.7
12,500 5/5 20.1 £0.5 213+£03 +12%03 95.5 11.7 12.6
25,000 5/5 202106 207209 +05%05 92.8 14.6 14.5
50,000 5/5 204 £ 0.5 21308 +09%03 95.5 15.6 15.1
100,000 (15 20.2+0.3 18.4 -1.3 82.5 12.7 3.9

(a) Number surviving/number initially in group

(b) Initial group body weight * standard error of the mean. Subsequent calculations are based on those animals surviving to

the end of the study.

(¢) Mean body weight change of the survivors of the group * standard error of the mean

(d) Grams per animal per day
(e} Day of death: 13

(f) Day of death: 8,14,14

(g) Day of death: 7,7,8,13,14

(h) No data are reported due to the 100% mortality in this group.

(i) Day of death: 9,11,11,11

THIRTEEN-WEEK STUDIES

Eight of 10 males and 6/10 females that received
20,000 ppm boric acid and 1/10 males that re-
ceived 10,000 ppm died before the end of the
studies (Table 5). Animals displayed nervous-
ness and, at the high doses, were thin, haunchy,
and dehydrated with foot lesions and scaly tails.
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The final mean body weights of mice that
received 5,000, 10,000, or 20,000 ppm were 10%,
17%, or 23% lower than that of the controls for
males and 8%, 10%, or 18% lower for females.
Because large amounts of feed were scratched
out of feeders by animals that received 10,000 or
20,000 ppm, the feed consumption values are
unreliable.
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TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK FEED
STUDIES OF BORIC ACID

Mean Body Weights (grams) Final Weight Relative Feed Con-
Conc. Survival (a) Initial (b) Final Change (¢) to Controls sumption (d)
(ppm) (percent) Week 4 Week 12
MALE
0 10/10 26.3 38.0 +11.7 - 161 140
1,200 10/10 26.6 36.8 +10.2 96.8 156 165
2,500 10/10 26.7 37.2 +10.5 97.9 164 164
5,000 10/10 26.7 34.0 +7.3 89.5 171 199
10,000 (e)9/10 26.3 31.5 +5.2 82.9 193 456
20,000 (H 2/10 26.4 29.1 +2.7 76.6 423 753
FEMALE
0 10/10 20.4 29.8 +9.4 - 222 190
1,200 10/10 20.1 28.5 +8.4 95.6 264 229
2,500 10/10 20.2 28.5 +8.3 95.6 240 219
5,000 10/10 20.3 275 +7.2 92.3 297 271
10,000 10/10 20.1 26.7 +6.6 89.6 321 431
20,000 (g)4/10 20.2 24.3 +4.1 81.5 560 1,138

(a) Number surviving/mumber initially in group
(b) Initial group body weight
(¢) Mean body weight change of the group

(d) Grams of feed consumed per kilogram of body weight per animal per day

(e) Week of death: 2
(f) Week of death: 1,2,2,2,3,3,6,8
(g) Week of death: 1,2,3,3,5,6

Extramedullary hematopoiesis of the spleen of
minimal to mild severity in dosed males and
dosed females, hyperkeratosis and/or acanthosis
of the stomach in high dose males and high dose
females, and testicular degeneration or atrophy
of the seminiferous tubules in the three highest
dose groups of males were observed at increased
incidences compared with those in the controls
(Table 6).
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Dose Selection Rationale: Because of weight
gain depression in dosed groups, the high inci-
dence of testicular atrophy in males above 5,000
ppm, and extramedullary hematopoiesis of the
spleen in all dosed groups, concentrations se-
lected for mice for the 2-year studies were 2,500
and 5,000 ppm boric acid in feed.



TABLE 6. NUMBER OF MICE WITH NONNEOPLASTIC LESIONS IN THE THIRTEEN-WEEK FEED
STUDIES OF BORIC ACID

Site/Lesion Control 1,200 ppm

2,500 ppm

5,000 ppm 10,000 ppm 20,000 ppm

MALE

Number examined 10 10
Spleen
Extramedullary
hematopoiesis 1 3
Testis
Degeneration or atrophy
of seminiferous tubules 0 0
Stomach
Hyperkeratosis and/or
acanthosis 0 0

FEMALE

Number examined 10 10
Spleen
Extramedullary
hematopoiesis 0 2
Stomach
Hyperkeratosis and/or
acanthosis 0 0

10 10 10 10

10 1

10 10 10 9

10 2

TWO-YEAR STUDIES
Body Weights and Clinical Signs

Mean body weights of high dose male mice were
10%-17% lower than those of the controls after
week 32 (Table 7 and Figure 1). The mean body
weights of high dose female mice were 10%-17%
lower than those of the controls after week 52.
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The average daily feed consumption by low dose
and high dose male mice was 118% and 160%
that of the controls and by low dose and high
dose female mice, 118% and 136% that of the
controls (Appendix I, Tables I1 and 12). The
average amount of boric acid consumed per day
was approximately 400-500 mg/kg or 1,100-
1,200 mg/kg for low dose or high dose mice. No
compound-related clinical signs were observed.
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TABLE 7. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF

BORIC ACID
Weeks Control 2,500 ppm 5,000 ppm
on Av. Wt No. of Av, Wt.  Wt. (percent No. of Av. Wt.  Wt. (percent No. of
Study (grams) Survivors (grams) of controls) Survivors (grams) of controls) Survivors
MALE
0 21.7 50 21.6 100 50 21.8 100 50
1 23.8 50 24.1 101 50 23.6 99 50
2 24.9 50 25.7 108 50 253 102 50
3 24.8 50 25.2 102 50 2.1 98 50
4 26.7 50 27.7 104 50 27.6 103 50
5 27.5 50 28.5 104 50 28.6 104 50
8 28.5 50 29.5 104 50 28.4 100 50
7 29.1 50 29.7 102 50 29.7 102 50
8 29.7 50 30.5 103 49 30.1 101 50
9 30.1 50 313 104 49 30.5 101 50
10 30.5 50 316 104 49 30.6 100 50
11 30.9 50 314 102 49 30.2 98 50
12 311 50 313 101 49 30.1 97 50
18 33.1 50 329 99 49 32.5 98 44
20 33.9 50 33.0 97 48 30.3 89 44
2 35.6 50 34.2 96 49 30.6 8¢ 44
28 37.9 50 38.1 101 49 34.8 92 43
32 38.8 50 39.0 101 49 35.0 20 43
36 39.8 50 39.8 100 49 35.3 89 42
40 411 50 40.8 99 49 35.4 86 42
44 411 50 40.8 99 49 357 87 40
48 41.0 49 42.1 103 49 36.9 90 40
52 43.4 49 425 98 49 38.3 88 38
56 43.9 48 41.9 95 49 37.8 86 37
80 44.1 48 425 96 49 37.6 85 37
84 43.3 48 415 96 48 374 86 34
68 43.7 48 41.2 94 47 36.7 84 34
72 43.4 48 40.9 94 46 36.3 84 33
78 42.8 48 39.9 93 45 37.1 87 33
80 43.1 48 39.3 91 4 374 87 31
84 43.0 48 40.7 95 41 38.0 88 30
89 42.0 48 40.7 97 38 37.3 89 29
92 42.6 47 39.9 94 38 37.3 88 27
96 42.3 45 374 88 37 35.2 83 ’ 25
100 417 43 39.5 95 35 36.5 88 24
104 42,0 41 39.1 93 30 36.5 87 22
FEMALE
0 17.6 50 7.7 101 50 171 97 50
1 18.7 50 18.5 99 50 18.4 98 50
2 20.4 50 19.9 98 50 19.7 97 50
3 20.2 50 20.4 101 50 20.5 101 49
4 21.8 50 217 100 50 21.3 99 49
5 223 50 22.1 99 50 22.1 99 49
8 22.9 50 22.8 100 50 22.0 96 49
7 23.4 50 23.1 99 50 23.3 100 49
8 23.7 50 24.0 101 50 23.7 100 49
9 23.9 50 24.0 100 50 24.1 101 49
10 24.4 50 24.83 100 50 24.0 98 49
11 24.5 50 24.3 99 50 24.1 98 49
12 25.0 50 24.7 99 50 24.7 99 49
18 27.0 50 26.4 98 48 25.9 96 49
20 28.0 50 27.0 98 48 25.8 92 49
2 29.7 50 28.3 95 48 26.1 88 49
28 37 50 30.3 96 48 28.5 90 49
32 33.2 50 30.8 93 48 29.6 89 49
38 33.1 50 318 96 48 29.9 90 49
40 35.8 50 333 94 48 30.3 85 49
44 38.1 50 33.3 92 48 31.2 86 49
48 35.2 50 34.1 97 48 32.3 92 49
52 38.9 50 36.3 93 48 33.7 87 49
56 39.4 49 36.8 93 48 33,9 86 49
80 40.9 49 378 92 48 34.8 85 49
84 39.6 49 37.7 95 48 348 88 49
88 40.2 49 375 93 47 344 86 49
72 40.8 48 384 95 46 33.8 83 48
78 40.7 48 38.4 9 44 34.4 85 48
80 39.7 47 38.0 96 43 33.5 84 48
84 417 46 40.2 98 42 36.2 87 48
89 42.3 46 39.7 93 42 35.2 82 47
92 41.8 45 40.1 96 41 35.4 85 45
96 41.9 42 40.1 98 39 35.3 84 43
100 437 38 40.4 92 35 37.1 85 40
104 4.8 33 418 93 33 35.9 80 37
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III. RESULTS

Survival

Estimates of the probabilities of survival for
male and female mice fed diets containing boric
acid at the concentrations used in these studies
and for controls are shown in Table 8 and in the
Kaplan and Meier curves in Figure 2. The survi-
val of the high dose male group was significantly
lower than that of the controls after week 63.
The survival of the low dose male group was sig-
nificantly lower than that of the control group
after week 84 (except for week 101). No signifi-
cant differences in survival were observed be-
tween any groups of female mice. During week
12, five high dose males and two low dose fe-
males drowned as a result of a clogged automatic
water sipper tube.

Pathology and Statistical Analyses of
Results

This section describes the significant or note-
worthy changes in the incidences of mice with
neoplastic or nonneoplastic lesions of the liver,
subcutaneous tissue, spleen, testis, and lung.

Lesions in male mice are summarized in Appen-
dix A. Histopathologic findings on neoplasms
are summarized in Table A1. Table A2 gives the
survival and tumor status for individual male
mice. Table A3 contains the statistical analyses
of those primary tumors that occurred with an
incidence of at least 5% in one of the three
groups. The statistical analyses used are dis-
cussed in Chapter II (Statistical Methods) and
Table A3 (footnotes). Historical incidences of tu-
mors in control animals are listed in Table A4.
Findings on nonneoplastic lesions are summa-
rized in Table A5.

Lesions in female mice are summarized in Ap-
pendix B. Histopathologic findings on neo-
plasms are summarized in Table B1. Table B2
gives the survival and tumor status for individ-
ual female mice. Table B3 contains the statisti-
cal analyses of those primary tumors that oc-
curred with an incidence of at least 5% in one of
the three groups. The statistical analyses used
are discussed in Chapter II (Statistical Methods)
and Table B3 (footnotes). Findings on nonneo-
plastic lesions are summarized in Table B4.

TABLE 8. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF BORIC ACID

Control 2,500 ppm 5,000 ppm
MALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 9 20 23
Accidentally killed 0 0 5
Killed at termination 41 30 22
Survival P values (¢) <0.001 0.020 <0.001
FEMALE (a)
Animals initially in study 50 50 50
Nonaccidenta!l deaths before termination (b) 17 15 12
Accidentally killed 0 2 1
Killed at termination 32 33 37
Died during termination period 1 0 0
Survival P values (¢) 0.366 0.997 0.410

(a) Terminal kill period: male, week 104-106; female, weeks 105-106

{b) Includes animals killed in a moribund condition

(c) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the

controls are in the dosed columns.
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IIT. RESULTS

Liver: Chronic inflammation was observed at
increased incidences in low dose mice (male:
control, 3/50; low dose, 9/60; high dose, 1/49; fe-
male: 16/50; 26/50; 9/50). Coagulative necrosis
was observed in 3/50 control, 8/50 low dose, and
7/49 high dose male mice.

The wncidence of hepatocellular carcinomas in
low dose male mice was significantly greater
thar :hat in the controls by life table analysis
(Tatic 9). Hepatocellular carcinomas and

adenomas or carcinomas (combined) in male
mice occurred with significant positive trends;
the incidences of hepatocellular adenomas or
carcinomas (combined) in dosed male mice were
significantly greater than that in the controls by
life table analysis. Hepatocellular carcinomas
were observed in 3/50 control, 2/50 low dose, and
3/50 high dose female mice, and hepatocellular
adenomas or carcinomas (combined) occurred
with incidences of 5/50, 4/50, and 6/50 in these
three groups.

TABLE 9. ANALYSIS OF LIVER TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF
BORIC ACID (a)

Control 2,500 ppm (b) 5,000 ppm (b)

Hepatocellular Adenoma (c)

Overall Rates 11/50(22%) 9/50 (18%) 8/49 (16%)

Adjusted Rates 26.0% 28.8% 34.7%

Terminal Rates 10/41 (24%) 8/30 (27%) 7/22 (32%)

Week of First Observation 96 101 102

Life Table Tests P=0.277 P=0.497 P=0.320

Incidental Tumor Tests P=0.314 P=0.551 P=0.360
Hepatocellular Carcinoma (d)

Overall Rates 5/50 (10%) 12/50 (24%) 8/49 (16%)

Adjusted Rates 11.2% 32.3% 26.0%

Terminal Rates 3/41 (T%) 7/30 (23%) 2/22 (9%)

Week of First Observation 92 65 43

L.fe Table Tests P=0.035 P=0.019 P=0.056

Incidental Tumor Tests P=0.309 P=0.139 P=0.463
Hepatocellular Adenoma or Carcinoma (e)

Overall Rates 14/50 (28%) 19/50 (38%) 15/49 (31%)

Adjusted Rates 31.4% 51.4% 50.4%

Terminal Rates 11/41(27%) 13/30 (43%) 8/22 (36%)

Week of First Observation 92 65 43

Life Table Tests P=0.023 P=0.043 P=0.038

Incidental Tumor Tests P=0.183 P=0.211 P=0.259

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix A, Table A3 (footnotes).
(b) The estimated dose in milligrams per kilograms per day is given in Chapter Il (Body Weights and Clinical Signs) and in

Appendix L.

(¢) Historical incidence at study laboratory (mean + SD): 96/697 (14% + 10%); historical incidence in NTP studies:

228/2,084(11% * 8%)

(d) Historical incidence at study laboratory (mean £ SD): 131/697 (19% % 6%); historical incidence in NTP studies:

424/2,084 (20% * 7%)

(e) Historical incidence at study laboratory (mean * SD): 216/697 (31% * 9%); historical incidence in NTP studies:

627/2,084 (30% £ 8%)
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III. RESULTS

Subcutaneous Tissue: The incidence of fibro-
mas, sarcomas, fibrosarcomas, or neurofibrosar-
comas (combined) in low dose male mice was sig-
nificantly greater than that in controls (Ta-
ble 10).

Spleen: Lymphoid depletion was observed at in-
creased incidences in dosed male mice (male;
control, 5/48; low dose, 11/49; high dose, 25/48;
female: 3/49; 4/34; 4/50). Hematopoiesis was ob-
served at increased incidences in dosed male
mice (male: 3/48; 11/49; 10/48; female: 10/49;
11/34; 7/50).

Testis: Testicular atrophy and interstitial cell
hyperplasia were observed at an increased inci-
dence in high dose male mice (atrophy: control,
3/49; low dose, 6/50; high dose, 27/47; interstitial

cell hyperplasia: 0/49; 0/50; 7/47). The testicu-
lar atrophy was characterized by variable loss of
spermatogonia, primary and secondary sperma-
tocytes, spermatids, and spermatozoa from the
seminiferous tubules. The seminiferous tubules
contained primarily Sertoli cells and variable
numbers of spermatogonia. In some mice, there
were accumulations of interstitial cells indica-
ting hyperplasia.

Lung: The incidence of lung hemorrhage was in-
creased in high dose female mice (control, 2/50;
low dose, 5/50; high dose, 12/50).

At the end of the studies, 6/10 control mice had
positive antibody titers for mouse hepatitis
virus.

TABLE 10. ANALYSIS OF SUBCUTANEOUS TISSUE TUMORS IN MALE MICE IN THE TWO-YEAR

FEED STUDY OF BORIC ACID
Control 2,500 ppm 5,000 ppm

Fibroma

Overall Rates 1/50 (2%) 3/50 (6%) 0/50 (0%)
Fibrosarcoma

Overall Rates 1/50 (2%) 4/50 (8%) 2/50 (4%)
Sarcoma

Overall Rates 0/50 (0%) 2/50 (4%) 0/50 (0%)
Neurofibrosarcoma

Overall Rates 0/50 (0%) 1/50 (2%) 0/50 (0%)
Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates 1/50 (2%) 7/50 (14%) 2/50 (4%)

Adjusted Rates 2.4% 18.1% 7.1%

Terminal Rates 1/41 (2%) 1/30 (3%) 1/22 (5%)

Week of First Observation 104 82 54

Life Table Tests P=0.184 P=0.017 P=0.331

Incidental Tumor Tests P=0.457 P=0.084 P=0.529
Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma (a)

Overall Rates 2/50 (4%) 10/50 (20%) 2/50 (4%)

Adjusted Rates 4.9% 26.6% 7.1%

Terminal Rates 2/41 (5%) 4/30 (13%) 1/22 (5%)

Week of First Observation 104 82 54

Life Table Tests P=0.239 P=0.005 P=0.493

Incidental Tumor Tests P=0.491 P=0.026 P=0.676

(a) Historical incidence at study laboratory (mean * SD): 39/697 (6% 1 4%); historical incidence in NTP studies:

156/2,091 (7% t 8%)
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IV. DISCUSSION AND CONCLUSIONS

The NTP conducted 14-day, 13-week, and 2-year
toxicology and carcinogenesis studies of boric
acid in male and female B6C3F; mice; studies in
Sprague-Dawley rats were conducted by Weir
and Fisher (1972). The short-term studies indi-
cated that the major effect of boric acid at high
doses was testicular atrophy and degeneration.
Initial 14-day studies were conducted at doses
that did not cause any observable toxic effects,
and studies were repeated at tenfold higher
doses, ranging from 6,200 to 100,000 ppm.
There was over 80% mortality in both sexes of
mice fed 100,000 ppm boric acid in the diet and
60% mortality in males fed 50,000 ppm of the
chemical; one male in the 25,000-ppm group
died. The main clinical sign associated with
these high doses was lethargy. The spleen, liver,
and renal medullae were discolored; hyperkera-
tosis and dysplasia of the forestomach consti-
tuted the principal histopathologic findings.
The five doses selected for the 13-week studies
ranged between 1,200 and 20,000 ppm. At these
doses, mice displayed nervousness and, at the
high doses, were thin, haunchy, and dehydrated;
they had foot lesions and dry, scaly tails. Gross
pathologic and histopathologic findings similar
to those associated with the 14-day studies were
observed in the 13-week studies. The affected
organs were identified as the stomach and
spleen in each sex and the testis in males. There
were increases in the incidences of hyperkera-
tosis and/or acanthosis in the stomach and extra-
medullary hematopoiesis of the spleen in each
sex and degeneration or atrophy of the seminif-
erous tubules of the testis in males.

Mice in the 2-year studies were fed diets contain-
ing 2,500 or 5,000 ppm boric acid because of the
mortality, depressed weight gain, and histo-
pathologic lesions seen at the higher doses in the
13-week studies. By comparison with controls,
there were fewer surviving high dose male mice
after week 63 and fewer surviving low dose male
mice after week 84. Two female and five male
mice from the high dose groups accidentally
drowned during week 12, so the differences in
survival of male mice were not entirely attrib-
utable to the chemical. At terminal kill, 41 con-
trol, 30 low dose, and 22 high dose male mice and
33 control, 33 low dose, and 37 high dose female
mice were available for histologic examination;
these numbers of female mice were considered
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sufficient to detect the toxicologic effects in mice,
but the lower numbers of male mice may have
reduced the sensitivity of the study.

Administration of boric acid caused a dose-
related reduction in body weight gain which was
evident after about week 30 in both male and fe-
male mice. Except for bite wounds in male mice,
no clinical signs were observed in the 2-year
studies.

Administration of boric acid to male mice caused
testicular atrophy and interstitial cell hyper-
plasia. The testicular atrophy was characterized
by variable loss of spermatogonia, primary and
secondary spermatocytes, spermatids, and sper-
matozoa from the seminiferous tubules. The
seminiferous tubules contained primarily Ser-
toli cells and variable numbers of spermatogo-
nia. In some mice, there were accumulations of
interstitial cells, indicating hyperplasia. This
toxic effect has been well documented in other
studies (Weir and Fisher, 1972; Silaev et al.,
1977, Krasovskii et al., 1976). The doses of boric
acid used in these studies were either very high
(1,000 mg/kg per day for 14 or 90 days) or were
administered for long intervals (6 mg/liter in the
drinking water for 6 months). It is unlikely that
the levels of boric acid found in cosmetics (0.1%-
5%; CTFA, 1983) or as nuisance dust levels in oc-
cupational conditions (10 mg/m3 = 1 mg/kg per
day in humans) would pose a threat of reproduc-
tive toxicity to humans. Although Silaev et al.
(1977) hypothesized that boric acid induced his-
tologic abnormalities in rat testes through inter-
ference with the meiotic division of spermato-
cytes, the uniformly negative results of NTP
genotoxicity tests suggest that the observed non-
neoplastic effects in the testis may not be genet-
ically mediated.

There were dose-related increased incidences of
splenic lymphoid depletion in male mice given
boric acid. This lesion is often associated with
stress and debilitation and reflects the increased
mortality in these groups of male mice. There
were slightly increased incidences of other non-
neoplastic lesions in male and female mice
which were not always consistently dose related
or found in both sexes and are not believed to
have been caused by the administration of boric
acid.



IV. DISCUSSION AND CONCLUSIONS

There were slightly increased incidences of sub-
cutaneous tissue tumors (fibromas, fibrosarco-
mas, sarcomas, or neurofibrosarcomas, com-
bined) in low dose male mice. Since there was no
corresponding increase in high dose male mice,
and since the incidences of these neoplasms are
highly variable in the historical controls (Ap-
pendix A, Table A4a), they are not believed to
have been caused by administration of boric
acid. There were marginally increased inci-
dences of hepatocellular carcinomas in low dose
male mice and of hepatocellular adenomas or
carcinomas (combined) in dosed male mice.
These neoplasms were marginally significant by
the life table test only and were within the his-
torical control range. Moreover, these increases
were not significant by the incidental tumor
test, which is probably more appropriate in this
instance because there was no indication that
these tumors were the cause of death. Therefore,
the increases are not believed to be related to the
administration of boric acid.

The feed consumption values for the control and
dosed groups were higher than the normal value
of approximately 4 g per mouse per day (Appen-
dix I). The higher than normal value for the
control group is probably due to feeders that did
not prevent spillage. Higher feed consumption
values for the dosed groups may be due to de-
creased palatability of the formulated diets,
which generally results in more feed spillage.
Therefore, a better approximation of boric acid
consumption for the male and female mice at the
2,500- and 5,000-ppm concentrations would be

275 and 550 mg/kg per day. By comparison,
Weir and Fisher (1972) fed Sprague-Dawley rats
67, 200, or 669 mg/kg per day boron equivalents
for 2 years. Their findings that boric acid was
not carcinogenic in rats are confirmed by the
present studies in male and female B6C3F,
mice,

In a variety of genotoxicity tests with pro-
karyotic and eukaryotic cells, boric acid was
found to be uniformly nonmutagenic. Boric acid
also did not induce sister-chromatid exchanges
or chromosomal aberrations in Chinese hamster
ovary cells (Appendix C).

The experimental and tabulated data for the
NTP Technical Report on boric acid were ex-
amined for accuracy, consistency, and compli-
ance with Good Laboratory Practice require-
ments. As summarized in Appendix K, the audit
revealed no major problems with the conduct of
the studies or with the collection and documen-
tation of the experimental data. No discrepan-
cies were found that influenced the final inter-
pretation of the results of these studies.

Conclusions: Under the conditions of these 2-
year feed studies, there was no evidence of car-
cinogenicity* of boric acid at doses of 2,500 or
5,000 ppm for male or female BBC3F; mice. Tes-
ticular atrophy and interstitial cell hyperplasia
were observed in high dose male mice. The de-
crease in survival of dosed male mice may have
reduced the sensitivity of this study.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 8.
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
FEED STUDY OF BORIC ACID

Untreated Control Low Dose High Dose
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Subcutaneous tissue 50 (50) (50)

Sarcoma, NOS 2 (4%)
Fibroma 1 (2%) 3 (6%)
Fibrosarcoma 1 (2%) 4 (8%) 2 (4%)
Neurofibrosarcoma 1 (2%)
RESPIRATORY SYSTEM

#Lung (50) (50) (50)
Hepatocellular carcinoma, metastatic 2 (4%) T (14%) 1 2%)
Mixed hepato/cholangioca, metastatic 1 (2%)

Alveolar/bronchiolar adenoma 10 (20%) 8 (16%) 4 (8%)
Alveolar/bronchiolar carcinoma 1 (2%) 3 (6%)
Sarcoma, NOS, metastatic 2 (4%)

HEMATOPOIETIC SYSTEM

*Multiple organs (50) (50) (50)
Malignant lymphoma, undiffer type 1 2% 1 (2%)
Malignant lymphoma, lymphocytic type 1 (2%)
Malignant lymphoma, mixed type 1 (2%) 1 (2%)

#Mesenteric lymph node 43) 32) 42)
Malignant lymphoma, undiffer type 1 (3%)

#Renal lymph node (43) 32) (42)
Malignant lymphoma, undiffer type 1 (2%)

#Lymph node of upper extremity (43) 32) (42)
Neurofibrosarcoma, invasive 1 (3%)

#Inguinal lymph node (43) (32) 42)
Sarcoma, NOS, metastatic 1 (3%)

#Peyer’s patch 60 (12) (48)
Malignant lymphoma, undiffer type 1 (2%)

CIRCULATORY SYSTEM

*Multiple organs (50) (50) (50)
Hemangiosarcoma 1 (2%)

#Spleen 48) (49) (48)
Hemangioma 2 (4%)

#Heart (50) (12) (50)
Alveolar/bronchiolar carcinoma, metastatic 1 (8%)

#Liver (50) (50) (49)
Hemangioma 2 (4%)

Hemangiosarcoma 1 (2%) 1 (2%)
Hemangiopericytoma, NOS 1 (2%)
DIGESTIVE SYSTEM

#Salivary gland 49) (49) 47
Sarcoma, NOS, unclear primary or metastatic 1 (2%)

#Liver (50) (50) (49)
Hepatocellular adenoma 11 (22%) 9 (18%) 8 (16%)
Hepatocellular carcinoma 5 (10%) 12 (24%) 8 (16%)
Mixed hepato/cholangiocarcinoma 1 (2%)

Sarcoma, NOS 1 (2%)
Sarcoma, NOS, metastatic 1 (2%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEQOPLASMS IN MALE MICE IN THE TWO-YEAR
FEED STUDY OF BORIC ACID (Continued)

Untreated Control

Low Dose

High Dose

DIGESTIVE SYSTEM (Continued)
#Pancreas
Sarcoma, NOS, unclear primary or metastatic
#Forestomach
Squamous cell papilloma
#Jejunum
Adenocarcinoma, NOS

49
49)

(50)
1 (2%)

~N

(4%)

48)
(50)

-

(2%)

-

2%)
12)

45)
49)

-

(8%)
48)

URINARY SYSTEM
None

ENDOCRINE SYSTEM
#Pituitary intermedia
Adenoma, NOS

#Anterior pituitary
Adenoma, NOS
#Adrenal
Cortical adenoma
#Adrenal medulla
Pheochromocytoma
#Thyroid
C-cell carcinoma

(35)
(356)

—

(3%)

(50)

(50)
2%)

~
--g'-

2%)

9)
9
an
1 (9%)
an

(12)

47
4N
1 (2%
(48)
(48)

(48)

REPRODUCTIVE SYSTEM
None

NERVOUS SYSTEM
None

SPECIAL SENSE ORGANS
*Harderian gland
Adenoma, NOS

(50)
3 (6%)

(50)
1 (2%)

(50)
1 2%)

MUSCULOSKELETAL SYSTEM
None

BODY CAVITIES
*Mediastinum
Sarcoma, NOS, unclear primary or metastatic

(50

(50)
1 (2%)

(50)

ALL OTHER SYSTEMS
*Multiple organs
Sarcoma, NOS, unclear primary or metastatic
Mesothelioma, NOS

50)

(50)
1 2%)

(50)
1 (2%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR

FEED STUDY OF BORIC ACID (Continued)

Untreated Control Low Dose High Dose
ANIMAL DISPOSITION SUMMARY
Animals initially in study 50 50 50
Natural death 7 13 15
Moribund sacrifice 2 7 8
Terminal sacrifice 41 30 22
Accidentally killed, nda 5
TUMOR SUMMARY
Total animals with primary tumors** 31 37 23
Tqtal primary tumors 49 54 31
Total animals with benign tumors 23 22 16
Total benign tumors 33 23 18
Total animals with malignant tumors 13 23 11
Total malignant tumors 16 26 12
Total animals with secondary tumors# # 2 10 1
Total secondary tumors 2 14 1
Total animals with tumors uncertain--
benign or malignant 2
Tota! uncertain tumors 2
Total animals with tumors uncertain--
primary or metastatic 2 1
Total uncertain tumors 3 1

® Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.

** Primary tumors: all tumors except secondary tumors
# Number of animals examined microscopically at this site

# # Secondary tumors; metastatic tumors or tumors invasive into an adjacent organ
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWQ-YEAR FEED

STUDY OF BORIC ACID: UNTREATED CONTROL

ANIMAL Of Of O Of O 0f O 0] o O o O Of Of of of o 9 ¢
NUMBER 1 O 4 3] i 4 1 o 4/ of of of o o i i i if 1y i 2 2 2 2
6 8 7 38| 8 8 2 7 4 1 38 4 5 8 9 o 1 5 7 8 9 o 1 2 4
WEEKS ON o O O o o o o IrTIr I I Iy I 1 I 1T I 1 I I I I I I 1
STUDY 4 5 9 9 9 9 9of o 0' ol of of o of o o o o o of o of of 0o o
8 5 2 5| e e 7 2[ 2[ 5 5 5 5 5 5 5 5 5 5 5 8 5 5 5 5
INTECUMERTARY SYSTEM
Subcutaneous tissue + + + + + + + + F + 4+ + o+ o+ + o+ o+ F o+ o+ o+ o+ o+ o+ 4+
Fibroma
Fibrosarcoma
Lungs and bronchi + + + + o+ o+ o+ o+ + + + + + o+ o+ o+ o+ + + + + o+
Hepatocellular carcinoma, metastatic X X
Alveolar/bronchiolar adenoma X X X X
Alveolar/bronchiolar carcinoma
Trachea + = =+ + =+ o+ o+ o+ o+ o+ o+ o+ o+ O+ o+ o+ o+ + o+ + o+ o+
HEMATOFOIETIC SYSTEM
Bone marrow I T R T R N T Tk S T R R A
Spleen + = -+ F o+ + o+ o+ 4+ o+ o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+
Hemangioma X
Lymph nodes + = 4+ =+ + =+ 4+ =+ o+ o+ o+ o+ o+ + + + + + o+ o+
Malignant lymphoma, undiffer type
Thymus + = = =+ + - -+ o+ o+ -+ o+ o+ o+ o+ -+ o+ o+ o+ o+ o+ o+
CIRCULATORY SYSTEM
Heart L I I T T N T T R S S R
DIGESTIVE SYSTEM
Salivary gland L T S T S T S SR T T S TR R S T S T S R T R
Liver LA R I S L BT BT S S S S e S T SN S T S R T RS T T R
Hepatocellular adenoma X X X
Hepatocellular carcinoma X X X
Sarcoma, NOS X
Hemangioma X
Hemangiosarcoma
Bile duct L T R T e A T T R T T T S R N S e T S R
Gallbladder & common bile duct + N + + N NN + + +# N + + + N + + + + + + + + + +
Pancreas + =+ + o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ 4+ o+ o+
Esophagus T e T R S S S S R N S SR S S S S
Stomac! + = o+ + o+ F o+ o+ o+ F o+ + o+ o+ F o+ o+ o+ o+ o+ o+
Squamous cell papilloma
Small intestine + + + + o+ o+ o+ F o+ o+ F o+ o+ o+ o+ o+ o+ 4
Adenocarcinoma, NOS X
Malignant lymphoma, undiffer type X
Large intestine ) + = + + + o+ + + + o+ o+ o+ o+ o+ o+ o+ o+
URINARY SYSTEM
Kidney + o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + 4+ + + + o+ o+ o+
Urinary bladder LR I S T I T T S R R I T A T S S T S
ENDOCRINE SYSTEM
Pituitary - + = + + - =+ o+ o+ 4+ F = =+ 4+ o+ o+ o+ o+ o+ -+ =
Adenoma, NOS
Adrenal + + + 4+ + + o+ + + + 4+ o+ o+ o+ o+ o+ o+
Pheochromocytoma X
Thyroid - =+ + =+ -+ o+ = o+ o+ + + + F + + o+ o+ o+ o+
-cell carcinoma
Parathyroid + - - L N A T S S
REPRODUCTIVE SYSTEM
Mammary glan NN+ NNNNNNNNNNNNNN+NNNNNNN
Tostis + + + + o+ o+ o+ o+ o+ + F o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+
Prostate + + 4+ o+ F o+ F E o+ o+ o+ -+ o+ 4+ o+ o+ o+t
NERVOUS SYSTEM
Brain + + + + o+ F o+ o+ ok o+ o+ o+ o+ o+ F o+ o+ o+ o+
4
Harderian gland N NN NNDNNNNNNNNNNNNNNNNNNNN
Adenoma, NOS X X
—
Multiple organs, NOS N NN NDNNNNNNNNNNNNNNN N NNNN
Hemangiosarcoma X
Malignant lymphoma, undiffer type X
Malignant lymphoma, mized type X
+: Tissue examined microscopically . No tissue information submitted
—: Required tissue not examined microscopically C: Necropsy, no histology due to protocol
Tumor incidence A:  Autolysis
Necropsy, oo autolysis, no microscopic examination M: Animal missing
Animal missex: B: No necropsy performed
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED CONTROL

(Continued)
ANTMAL o 0 0 0 0) [ [ [
NUMBER 20 00 1 2 2 2 2 2 3 3 3 3 8 3 3 3 3 4 4 4 4 4| 4 4 5
S| 2 4 38 6 7 8 9o of 1 2 4 5 6 7 8 9 of i 2| 3 5 6 9 0 TOTA
WEEKS ON 1040 I 13y 111 I 1 I 0O I I 100 17 I 1 I 1T |TISSUES
STUDY o o o o o o0 o of o of o o o o o o o o of o o of 0o o0 0 |TUMORS
sl 6 6 6 6 6 6 6 e 6 o 6 e 6 o6 6 6 o o 6 6 6 6 6 &
INTEGUMERTARY SYSTEM
Subcutazeous tisse + + + + + + + + + + + + + N + + + + + + 4+ + o+ o+ o+ *50
Fibroma X 1
Fibrosarcoma X 1
Lungs and bronchi + + + + + o+ E 4+ o+ o+ E Y+ 50
Hepatocellular carcinoma, metastatic 2
Alveolar/ronchiolar adenoma X X 10
veolar/ hiolar carei X 1
Trachea + 0+ o+ F o+ F o+ F + + + o+ o+ 4+ -~ 4+ + + + o+ + o+ 48
Bone marrow L I N A T T S P T S S S T TR S S 49
Spleen L A I T TR S S S T S S S S R T T T T S S 48
emangioma X 2
Li{mfh nodes + o+ -+ o+ o+ o+ o+ -+ + o+ - + o+ + + + 4+ 43
alignant lymphoma, undiffer type X 1
Thymus + + =+ F -+ F F =+ o+ - = =+ o+ -+ -+ o+ 35
CIRCULATORY SYSTEM
Heart L T I A R I R N I I I N S T T T I . 50
Salivary gland L I A T T S S R S R . S T T Y 49
Liver + + + F 4+ o+ F o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ % 50
Hepatocellular adenoma X X X X X X X X 11
Hepatocellular carcinoma X 5
Sarcoma, NOS 1
Hemangiomsa X 2
Hemangiosarcoma X 1
Bile duct + + + + + + o+ o+ o+ 4+ F o+ + o+ o+ o+ o+ 4+ o+ o+ o+ o+ 50
Gallbladder & common bile duct + + N + + NN + + + + + + + + + + + + + + + + + N *50
Pancreas LI T T N TR S ST T T R T SR S 49
Esopha, -~ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ A -+ o+ 4+ o+ o+ o+ 42
Stomac! E I A T T e R A T S I S S 49
Squamous cell papilloma X X 2
Small intestine L T S A T T U R T R R R R S R R ST T 50
Adenccarcinoma, NOS L
Malignant lymphoma, undiffer type 1
Large intestine LI T K T I R T TR S R S T A S T N S T 49
Kidney + 0+ + o+ o+ F F o+ o+ o+ o+ o+ o+ + o+ o+ 50
Urinary bladder L R T T I T R R S T S S S R S N N 50
Pituitary -+ + - - + + = 4+ + -+ F+ o+ 4+ + F o+ + -+ -+ 35
Adenoma, NOS X 1
renal P S T S T T S S S S S S + o+ 50
Pheochromocytoma 1
roid + F + F + o+ F F o+ 4+ o+ o+ o+ o+ o+ o+ =+ o+ + + 44
-cell carcinoma X 1
Parathyroid -+ 4+ - =+ + =+ + + 4+ -+ -+ o+ =+ - - = = - 23
Mammary gland N NN NNNNNNNNNNNNNNNNNNNNNN *50
Testis R S I A TR T S R A T R S A T 49
Prostate EIEE S T T S R S R ST S T S T R S 48
NERVOUS SYSTEM -
Brain LT T T T T S S S T S T R S A S SR B R 50
Harderian gland N NNNDNDNNNNNNNNNNNNNNNNNNNN *50
Adenoma, NOS X 3
Multiple organs, NOS N NN NNNNUNNNNNNNNNNNNNNNNNN *50
Hemangiosarcoma 1
Malignant lymphoma, uadiffer type 13
Malignant lymphoma, mixed type 1

* Animals necropsied
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED
STUDY OF BORIC ACID: LOW DOSE

ANIMAL 0] 0 0
NUMBER 1) 4 38 4 2/ 3 3 1 of 4 of 4 1 1 3 1 2 4 9 0|
6 6 6 7 4 0 4 0 1 3 9 5 8 9 2 8 5 9 2 3 ¢

WEEKS ON I
STUDY 0 68 6 6 7 T 8 B8 8 8 8 9 9 0
8 4 5 9 4 8§ o 2 4 5| 8 4 5 2|

» oo
- o q.—-ol

L - X=)

o

& o

@

N + NN + N N

+
z
+
+

INTEGUMERTARY SYSTEM

Subcutaneous tissue + + + 4 + + + + + 4+ + N + N
Sarcoma, NOS X
Fibroma X
Fibrosarcoma X X X
Neurofibrosarcoma X

RESPIRATORY SYSTEM

Lungs and bronchi + + o+ o+ o+ + o+ o+
Hepatocellular carcinoma, :not.astatlc X
Mixed hepato/cholangiocarc , X
Alveolar/bronchiolar adenoma X X X
Alveolar/bronchiolar carcinoma X X
Sarcoma, NOS, metastatic X X

Trachea L R T O e I I N T T

"+
E
o I B

REMATOPOIETIC SYSTEM
Bone marrow + o+ + + + o+ o+
Spleen + o+ o+ o+ o+ o+
Lymph nodes + o+ + o+ o+ o+ o+
Sarcoma, NOS, metastatic
Noeurofibrosarcoma, invasive
Malignant lymphoma, undiffer type
Thymus O T S S T T S S

CIRCULATURY SYSTEM

Heart + 4+ + 4+ 4+ o+ o+ o+ o+ o+ o+
Alveolar/bronchiolar carcinoma, i

| ++
1+ +
+
+
Mo
++
1+
++ 1
++ 1
++3
P+l
++ 1
++
++1
1L+ 1
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(Kol

DIGESTIVE STSTEM
Salivary gland
Sarcoma, NOS, unclear primary or metastatic
Liver
Hepatocellular adenoma
Hepatocellular carcinoma
Mixed hepato/cholangiocarcinoma
Sarcoma, NOS, metastatic
Homanmosamomu
Hemangiopericytoma, NOS
Bile duct
Gallbladder & common bile duct
Pancreas
Samma. NOS, unclear primary or metastatic

sophagus
Stomacg“
Squamous cell papilloma

Small intestine
Largs intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal

Cortical adenoma
Thyroid
Pamthyrmd

+ +
+ +
o+ o+
+ +
+ +
o+ o+
+ +
oM o+ o+
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"o+ o+
+
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+1
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+1
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+
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+1
+ 1
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+ 1
+1

I
]
i
]
1
]
|
|
i
1
|
i
t

++ 4+
T+ ++ +Z+
++ ++ +++
++ ++ +++
++ ++ 4+
4+ 24
++ 4+ e+
++ ++ +ZB+
++ +t+ H++
++ 4+

++ ++

+ 19

1+
++
++
++
++
++
++
++
L+
++
++
++
i+
1+
+
++
)+
+
|+
1+
+
1+
1+
|+

++ 41
1+ ++
++ 4+
++ ++
++ 4+
1+ ++
t+ 41
++ 1+
++ 4+
++ 1+
1+ ++
P o+
Vi
1
1
1
11
1y
1
1
|
1l
1
)
1

1
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]
|
1
]
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1

Mammary gland
Testis
Prostate

1 +Z
++Z
++2
++2
++42
++2
++2
1 +2Z
1+
1+
1 +2
|+
1 +2
1 +4
i +2Z
1 +2
1+Z
1+2
1+2
1 +2
I +2Z
1 +2

++2Z
++

+
+
+
+
+
+
+
+
+

Brain + + + 4+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+

SPECIAL SENSE ORGANS
Harderian gland N NN NN NDNNNNNNNNDNNNNNNNNNNNN
Adenoma, NOS

BODY CAVITIES
Mediastinum N NN NNDNNNNDNNNDNNNDNNNNNNNNNNNN
Sarcoma, NOS, unclear primary or metastatic X

ALL OTHER SYSTEMS
Multiple organs, NOS NNNNNNNNN;‘NNNNNNNNNNNNNNN

Mesothelioma, NOS
Malignant lymphoma, mixed type X
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE

(Continued)
ANIMAL 0] [ 0 o 0 0
NUMBER of o 1 A 1 i 2f 2f 2y 28 2 2 2 8 3 3 8 3| 35 4] 4| 4 4 4 5
el 7 1 31 4 5 of 2f 3 8 7 8 9 i 2/ 5 7 8 9 O 1 2 4 8 O
. . TOTAL:
WEEKS ON g i 1 1 I L 1 Af I 4y af i if I A IO Y I L Lol TISSUES
STUDY 0 of of of of of of of of 0 of of of of 0 O o o o of o 0 0 0o 0 |TUMORS
5 5 5 5 5 5 5 & 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5
Subcutaneous tissue N ++ + NN NNNUNNDNNNNNNNNNNNNNN *50
Sarcoma, Ni 2
Fibroma X X 3
Fibrosarcoma X 4
Neurofibrosarcoma 1
Lungs and bronchi + + + + F + 4+ o+ F F o+ o+ o+ 50
Hepatocellular carcinoma, metastatic X X X Z
ized hepato/cholangi : meta
Alveolar/bronchiolar adenoma X X X X 8
glvoohrlbmnchiolgr carcinoma X g
Trachea ’ - - - = R R T T S 12
Bone marrow - - - - - - = - = = = e - - -- = = - - - = - 12
Spleen + + + o+ o+ =+ o+ F + + o+ o+ o+ o+ + o+ + o+ o+ 49
Lymph nodes R N A T R T T T I S R R 32
arcoma, NOS, metastatic 1
Neurofibrosarcoma, invasive 1
Malignant lymphoma, undiffer type 1
Thymus L - T R R T T T R e T 7
Heart R R I R e R I I T 12
Alveolarfibronchiolar carcinoma, metast 1
Salivary gland + + + + + 4 + + + + + + + o+ o+ + 49
Sarcoma, NOS, unclear primary or meta 1
Liver + + o+ o+ o+ o+ + o+ o+ o+ o+ o+ + 4+ + + 0+ o+ 50
Hepatocellular adenoms X X X X X X X X 9
Hepatocellular carcinoma X X X 12
Mixed b pat /chol _' inoma 1
Sarcoma, NOS, metastatic 1
Hemangiosarcoma X 1
Hemangiopericytoma, NOS 1
Bile duct + o+ F F o+ F o F o F o+ F o E o+ o+ + + + + 50
Gallbladder & common bile duct + + + N + +# NN + + + + + + +# + + + + + + N + N + *50
Pancreas LR S N R R T I R T T B R . T R + o+ + 48
Sarcoma, NOS, unclear primary or meta 1
Esophagus R e T T T T T T 12
Stomac + 4+ + F A+ o+ F o+ o+ AP E o+ E o+ o+ e+ 50
Squamous cell papilioma X 1
Small iatestine B T T T T T T 12
Large intestine R R R T e T 12
TURINARY SYSTEM
Kidney P N T T T T T I S TR S R N I N T I 50
Urinary bladder L T S T T e T 19
Pituitary R T T 9
Adrenal - e T T T T S 11
Cortical adenoma X 1
Thyroi - e - - - 2 - - 2t e m s e e e e e e e e - - 12
Parathyroid B T T T T e T 7
Mammary gland N NN NNNNNNNNNNNNNNNNNNNNNN *50
Testis L L T R A T T I SRR I I I R R R 50
Prostate B I 9
NERVOUS SYSTEM
Brain PR T T S R T T N T SRS S T T T T T T I 50
Harderian gland N NN NNNNNNNNNNNNNNINNNNNNNN *50
Adenoma, NOS X 1
BODY CAVITIES
Mediastinum N NN NNNNDNNNNNNNNNNNNNNNNNNN *50
Sarcoma, NOS, unclear primary or meta 1
Multiple organs, NOS N NN NNNDNNNNNNNNNNNNNNNNNNN *50
Mesothelioma, NOS 1
Malignant lymphoma, mixed type 1
* Animals necropsied
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWQ-YEAR FEED

STUDY OF BORIC ACID: HIGH DOSE

ANIMAL 0 o 0 0 0 of O of of of O O
NUMBER 11 1 1 1 2| 4 1] of § 3| 4 2| 31 1 4] 3] 3 L 4 3
8 7 8 9 0 3 0 2 o 5 6 7| 1 4 8 4 7| 2 4 2
WEEKS ON
STUDY 1 Y Ly L L 2| 8| 4 4 4 S5 S5 6 6 6 7 7 7 8 8 8 9 9 9
3 8| 3 3| 3 S5 6 6 2| 3 9 i 4 2| 4/ 4 2( 7 9 o 8 9o 2f 3 4
Subcutaneous tissue N + + + + + + + N + + + + + + + + + + + + N + + +
Fibrosarcoma X
RESPFIRATORY SYSTEM
Lungs and bronchi LR T T R T S T T S S R N R T T S T T S I

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Trachea

+
+
+
+
+
+
+
+
+
+
+

L L T T T T S R T S

HEMATOPOIETIC SYSTEM
Bone marrow

Spleen

L{mph nodes
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11 ++
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L+ ++

CIRCULATORY SYSTEM
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+
+
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+
+
+
+
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+
+
+
+
+

DIGESTIVE SYSTEM
Salivary gland
Liver
Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
ganc?n
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Stomacgu

Squamous cell papilloma
Small intestine
Large intestine
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Kidney
Urinary bladder
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++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
+4
++

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid
Parathyroid

Mammary gland
Testis
Prostate
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i
+++ +
t+1 +
+++ +

+

+ 4+
1 ++

14+ +
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1+ 4+
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1++ 4+
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1++ +
P++ +
+++ o+

++2
++Z
++Z
++2
++2
1i2
++2
++2
++%
++2
++Z
+1Z
++2Z
++2Z
+1Z
++Z
++Z
| +2
++Z
++%2
++2Z
++Z
++
++%
| +2Z

RERVOUS SYSTEM
Brain

+
+
+
+
+
+

R T R TR T SR T TR S S S S S

3
Harderian gland
Adenoma, NOS

'z
4
z
4
z
z

N NNNNUNNNNNNNNNNNNNN

ALL OTRER SYSTEMS

Multiple organs, NOS
Sarcoma, NOS, unclear primary or metastatic
Malignant lymphoma, undiffer type
Malignant lymphoma, lymphocytic type

NNNNNNNNNNNNNNNNNNI;NNNNNN
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE

(Continued)
ANTMAL o 0 0] 0 0 O 0 0 0 0] 0 0 0 o] o 0 o o o 0 0 0 0o 0
NUMBER 20 4 4 O o of o i i 1 3 2 2@ 2 2 2 2 2 3 3 3 3 4 4 4
of 71 of 1 4 e 9 1 3 5 3 1 2t 3 4 5 6 8 o 6 8 9 0o 2 5
TOTAL:
WEEKS ON 17 17 I 1T 771 I I 10 I 17 1 17 If I 17 I 17 I 1 TISSUES
STUDY 9l o o o o of o o o o o o o o o0 O o 0o of of o o o O 0O TUMORS
8l 2 2| 4 4 4] 4/ 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5
INTEGUMENTARY SYSTEM
Subcutaneous tissue + + + + N + + + + + + + + + + + + + + + + + + + + *50
Fibrosarcoma X 2
Lungs and bronchi + o+ + 0+ + + + o+ + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Hepatocellular carcinoma, metastatic X 1
Alveolar/bronchiolar adenoma X X X X 4
Trachea + + o+ + + + + + + 4+ + o+ o+ 4+ o+ o+ -+ o+ o+ o+ 48
Bone marrow + + + + F + o+ o+ + F o+ o+ o+ -~ o+ F o+ o+ o+ o+ o+ o+ o+ 4+ 48
Spleen + O+ + + + o+ o+ o+ o+ o+ F o F -+ o+ 48
Lymph nodes L T N T T T S T N S T T S S N N T 42
T{ymus B T . S S S S S I S I I 27
SYSTEM
Heart L T T T S S S I N 50
Salivary gland + + + o+ F o+ o+ F o+ + o+ o+ o+ + o+ A+ O+ o+ O+ o+ o+ o+ 47
Liver + + + F + + + F o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Hepatocellular adenoma X X X X X X X X 8
Hepatocellular carcinoma X X X 8
Bile duct + 0+ + o+ o+ + o+ o+ o+ o+ 4+ o+ o+ 4+ o+ o+ o+ o+ o+ 49
Gallbladder & common bile duct N + + + + + N + + + + N + + + + + + N + + N + + N *50
Pancreas E R R T T N T R T T T S S T R T S I T R 45
Ewphuﬁ’us I T T T T S S S S S N R 47
Stomac| + 4+ + + + 4+ + + + 4+ + + o+ o+ o+ O+ o+ + + o+ o+ o+ o+ o+ o+ 49
Squamous cell papilloma X X X 4
Small intestine + O+ + o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 48
Large intestine L T S T T T T T S R T S T TR T I TN S S 46
URINARY SYSTEM
Kidney + 0+ + +F + + o+ + o+ 4+ o+ 4+ 4+ o+ o+ 4 50
Urinary bladder LR IR L T e T T S T S S S I N A 49
ENDOCRINE SYSTEM
Pituitary + + + + + + F o+ o+ o+ o+ o+ -+ o+ + o+ o+ o+ 47
Adenoma, NOS 1
Adrena] + O+ F o+ o+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ 48
Thyroid + 0+ + =+ o+ o+ o+ o+ F o+ o+ F o+ F o+ o+ o+ o+ -+ o+ o+ o+ o+ 48
Parathyroid I T S . T T T T S S i T T 24
Mammary gland N +# #+ NN N + NN NNNDNUNNNNNNNNNNNN *50
Testis LI T S S R R R S S 2 T T T T T R R T R 47
Prostate + + + o+ o+ o+ o+ o+ o+ o+ F o+ F o+ -+ o+ 4+ o+ A+ o+ o+ 48
NERVOUS SYSTEM
Brain + O+ + o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Harderian gland N NN NNINNDNNNDNNNNNNNNNNNNNNNNN *50
Adenoma, NOS X 1
Multiple orﬁnnl, NOS N NN NDNINNNNNNNNNNNNN N N NNNN *50
Sarcoma, NOS, unclear primary or meta 1
Malignant lymphoma, urdiffer type X 1

Malignant lymphoma, lymphocytic type

* Animals necropsied
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY
OF BORIC ACID

Control 2,500 ppm 5,000 ppm

Subcutaneous Tissue: Fibroma

Overall Rates(a) 1/50 (2%) 3/50 (6%) 0/50 (0%)

Adjusted Rates (b) 2.4% 10.0% 0.0%

Terminal Rates (c) 1/41 (2%) 3/30 (10%) 0/22 (0%)

Week of First Observation 104 104

Life Table Tests (d) P=0.580N P=0.201 P=0.624N

Incidental Tumor Tests (d) P=0.580N P=0.201 P=0.624N

Cochran-Armitage Trend Test (d) P=0.378N

Fisher Exact Test (d) P=0.309 P=0.500N
Subcutaneous Tissue: Fibrosarcoma

Overall Rates(a) 1/50 (2%) 4/50 (8%) 2/50 (4%)

Adjusted Rates (b) 2.4% 11.5% 7.1%

Terminal Rates (¢c) 1/41 (2%) 1/30 (3%) 1/22 (5%)

Week of First Observation 104 85 54

Life Table Tests (d) P=0.205 P=0.113 P=0.331

Incidental Tumor Tests (d) P=0.405 P=0.262 P=0.529

Cochran-Armitage Trend Test (d) P=0.406

Fisher Exact Test (d) P=0.181 P=0.500
Subcutaneous Tissue: Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates (a) 1/50(2%) 7/50 (14%) 2/50 (4%)

Adjusted Rates (b) 2.4% 18.1% 7.1%

Terminal Rates (¢) 1/41 (2%) 1/30 (3%) 1/22 (5%)

Week of First Observation 104 82 54

Life Table Tests (d) P=0.184 P=0.017 P=0.331

Incidental Tumor Tests (d) P=0.457 P=0.084 P=0.529

Cochran-Armitage Trend Test (d) P=0.421

Fisher Exact Test (d) P=0.030 P=0.500

Subcutaneous Tissue: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates(a) 2/50 (4%) 10/50 (20%) 2/50 (4%)

Adjusted Rates (b) 4.9% 26.6% 7.1%

Terminal Rates (c) 2/41 (5%) 4/30 (13%) 1/22 (5%)

Week of First Observation 104 82 54

Life Table Tests (d) P=0.239 P=0.005 P=0.493

Incidental Tumor Tests (d) P=0.491 P=0.026 P=0.676

Cochran-Armitage Trend Test (d) P=0.568

Fisher Exact Test (d) P=0.014 P=0.691
Lung: Alveolar/Bronchiolar Adenoma

Overall Rates(a) 10/50 (20%) 8/50 (16%) 4/50 (8%)

Adjusted Rates (b) 23.8% 23.6% 17.1%

Terminal Rates (¢) 9/41 (22%) 6/30 (20%) 3/22 (14%)

Week of First Observation 102 78 96

Life Table Tests (d) P=0.367N P=0.549 P=0.404N

Incidental Tumor Tests (d) P=0.231N P=0.478N P=0.357N

Cochran-Armitage Trend Test (d) P=0.060N

Fisher Exact Test (d) ’ P=0.398N P=0.074N
Lung: Alveolar/Bronchiolar Carcinoma

Overall Rates(a) 1/50 (2%) 3/50 (6%) 0/50 (0%)

Adjusted Rates (b) 2.4% 8.7% 0.0%

Terminal Rates (¢c) 1/41 (2%) 1/30 (3%) 0/22 (0%)

Week of First Observation 104 88

Life Table Tests (d) P=0.563N P=0.217 P=0.624N

Incidental Tumor Tests (d) P=0.401IN P=0.403 P=0.624N

Cochran-Armitage Trend Test (d) P=0.378N

Fisher Exact Test (d) P=0.309 P=0.500N
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OF BORIC ACID (Continued)

TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY

55

Control 2,500 ppm 5,000 ppm

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma

QOverall Rates (a) 11/50(22%) 11/50 (22%) 4/50 (8%)

Adjusted Rates (b) 26.1% 30.8% 17.1%

Terminal Rates (c) 10/41 (24%) 7/30 (23%) 3/22 (14%)

Week of First Observation 102 78 96

Life Table Tests (d) P=0.352N P=0.311 P=0.328N

Incidental Tumor Tests (d) P=0.175N P=0.574 P=0.286N

Cochran-Armitage Trend Test (d) P=0.043N

Fisher Exact Test (d) P=0.595 P=0.045N
Hematopoietic System: Malignant Lymphoma, Undifferentiated Type

Overall Rates (a) 3/50 (6%) 1/50 (2%) 1/50 (2%)

Adjusted Rates (b) 7.3% 3.3% 4.5%

Terminal Rates (c) 3/41 (7%) 1/30 (3%) 1/22 (5%)

Week of First Observation 104 104 104

Life Table Tests (d) P=0.392N P=0.422N P=0.544N

Incidental Tumor Tests (d) P=0.392N P=0.422N P=0.544N

Cochran-Armitage Trend Test (d) P=0.202N

Fisher Exact Test (d) P=0.309N P=0.309N
Hematopoietic System: Lymphoma, All Malignant

Overall Rates(a) 4/50 (8%) 2/50 (4%) 2/50 (4%)

Adjusted Rates (b) 9.3% 6.7% 8.0%

Terminal Rates (c) 3/41 (T%) 2/30 (7%) 1/22 (5%)

Week of First Observation 96 104 92

Life Table Tests (d) P=0.518N P=0.485N P=0.630N

Incidental Tumor Tests (d) P=0.398N P=0.438N P=0.434N

Cochran-Armitage Trend Test (d) P=0.252N

Fisher Exact Test (d) P=0.339N P=0.339N
Circulatory System: Hemangioma

Overall Rates(a) 3/50 (6%) 0/50 (0%) 0/50 (0%)

Adjusted Rates (b) 7.1% 0.0% 0.0%

Terminal Rates (c) 2/41 (5%) 0/30 (0%) 0/22 (0%)

Week of First Observation 102

Life Table Tests (d) P=0.083N P=0.180N P=0.249N

Incidental Tumor Tests (d) P=0.066N P=0.141N P=0.217N

Cochran-Armitage Trend Test (d) P=0.037N

Fisher Exact Test (d) P=0.121IN P=0.121IN
Circulatory System: Hemangioma or Hemangiosarcoma

Overall Rates(a) 5/50(10%) 1/50 (2%) 0/60 (0%)

Adjusted Rates (b) 11.5% 3.3% 0.0%

Terminal Rates (c) 3/41 (7%) 1/30 (3%) 0/22 (0%)

Week of First Observation 97 104

Life Table Tests (d) P=0.044N P=0,186N P=0.117N

Incidental Tumor Tests (d) P=0.029N P=0.129N P=0.083N

Cochran-Armitage Trend Test (d) P=0.011N

Fisher Exact Test (d) P=0.102N P=0.028N
Liver: Hepatocellular Adenoma

Overall Rates (a) 11/50 (22%) 9/50 (18%) 8/49 (16%)

Adjusted Rates (b) 26.0% 28.8% 34.7%

Terminal Rates (c) 10/41 (24%) 8/30 (27%) /22 (32%)

Week of First Observation 96 101 102

Life Table Tests (d) P=0.277 P=0.497 P=0.320

Incidental Tumor Tests (d) P=0.314 P=0.551 P=0.360

Cochran-Armitage Trend Test (d) P=0.276N

Fisher Exact Test (d) P=0.402N P=0.323N
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OF BORIC ACID (Continued)

TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY

Control 2,500 ppm 5,000 ppm

Liver: Hepatocellular Carcinoma

Overall Rates (a) 5/50 (10%) 12/50 (24%) 8/49 (16%)

Adjusted Rates (b) 11.2% 32.3% 26.0%

Terminal Rates (¢) 3/41 (1%) 7/30 (23%) 2/22 (9%)

Week of First Observation 92 65 43

Life Table Tests (d) P=0.035 P=0.019 P=0.056

Incidental Tumor Tests (d) P=0.309 P=0.139 P=0.463

Cochran-Armitage Trend Test (d) P=0.237

Fisher Exact Test (d) P=0.054 P=0.263
Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 14/50 (28%) 19/50 (38%) 15/49 (31%)

Adjusted Rates (b) 31.4% 51.4% 50.4%

Terminal Rates (¢) 11/41(27%) 13/30 (43%) 8/22(36%)

Week of First Observation 92 65 43

Life Table Tests (d) P=0.023 P=0.043 P=0.038

Incidental Tumor Tests (d) P=0.183 P=0.211 P=0.259

Cochran-Armitage Trend Test (d) P=0.430

Fisher Exact Test (d) P=0.198 P=0.474
Forestomach: Squamous Cell Papilloma

Overall Rates(a) 2/49 (4%) 1/50 (2%) 4/49 (8%)

Adjusted Rates (b) 4.9% 3.3% 16.3%

Terminal Rates (c) 2/41 (5%) 1/30 (3%) 3/22 (14%)

Week of First Observation 106 105 79

Life Table Tests (d) P=0.083 P=0.609N P=0.118

Incidental Tumor Tests (d) P=0.116 P=0.609N P=0.201

Cochran-Armitage Trend Test (d) P=0.238

Fisher Exact Test (d) P=0.492N P=0.339
Harderian Gland: Adenoma

Overall Rates(a) 3/50 (6%) 1750 (2%) 1/50 (2%)

Adjusted Rates (b) 6.9% 3.3% 4.5%

Terminal Rates (¢) 2/41 (5%) 1/30 (3%) 1/22 (5%)

Week of First Observation 96 105 104

Life Table Tests (d) P=0.391N P=0.419N P=0.542N

Incidental Tumor Tests (d) P=0.369N P=0.364N P=0.499N

Cochran-Armitage Trend Test (d) P=0.202N

Figher Exact Test (d) P=0.309N P=0.309N

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality

(c) Observed tumor incidence at terminal kill

(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates.
A negative trend or lower incidence in a dosed group is indicated by (N).
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TABLE A4a. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN MALE B6C3F, MICE
RECEIVING NO TREATMENT (a)

Incidence in Controls

Fibroma or Sarcoma, Fibrosarcoma, Fibroma, Neurofibroma,
Study Neurofibroma or Neurofibrosarcoma Sarcoma, Fibrosarcoma, or
Neurofibrosarcoma

Historical Incidence at EG&G Mason Research Institute

4,4’'-Methylenedianiline-2HCI 0/49 4/49 4/49
Monuron 0/50 2/50 2/50
8-Hydroxyquinoline 1/50 6/50 7/50
Butyl benzyl phthalate 1/50 1/50 2/50
Di(2-ethylhexyl)phthalate 2/50 0/50 2/50
Di(2-ethylhexyl)adipate 1/50 4/50 5/50
Guar gum 0/50 6/50 6/50
Locust bean gum 0/50 1/50 1/50
Gum arabic 0/49 3/49 3/49
Tara gum 0/50 0/50 0/50
Agar 1/49 0/49 1/49
C.1.Basic Red 9 0/50 0/50 0/50
Boric acid 1/50 1/50 2/50
2-Biphenylamine-HCI 0/50 4/50 4/50
TOTAL 7/697 (1.0%) 32/697 (4.6%) 39/697 (5.6%)
SD (b) 1.30% 441% 4.32%
Range (c)
High 2/50 6/50 7/50
Low 0/50 0/50 0/50

Overall Historical Incidence

TOTAL 36/2,091 (1.7%) 125/2,091 (6.0%) 156/2,091 (7.5%)

SD (b) 2.78% 6.46% 7.68%
Range (¢)

High 6/50 15/50 19/50

Low 0/50 0/50 0/50

(a) Data as of August 30, 1985, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.

57 Boric Acid, NTP TR 324



TABLE A4b. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F; MICE
RECEIVING NO TREATMENT (a)

Incidence in Controls

Study Adenoma Carcinoma Adenoma or Carcinoma
Historical Incidence at EG&G Mason Research Institute
4, 4'-Methylenedianiline-2HCI 7/49 10/49 17/49
Monuron /50 6/50 12/50
8-Hydroxyquinoline 9/50 5/50 14/50
Butyl benzyl phthalate 4/50 9/50 13/50
Di(2-ethylhexyDphthalate 6/50 9/50 14/50
Di(2-ethylhexyl)adipate 6/50 7/50 13/50
Guar gum 1/50 15/50 16/50
Locust bean gum 6/50 15/50 18/50
Gum arabic 4/49 13/49 16/49
Tara gum 8/50 9/50 17/50
Agar 0/49 9/49 9/49
C.I1.BasicRed 9 22/50 10/50 29/50
Boric acid 11/50 5/50 14/50
2-Biphenylamine - HC! 5/50 9/50 14/50

TOTAL 96/697 (13.8%) 131/697(18.8%) 216/697 (31.0%)

SD(b) 10.46% 6.45% 9.09%
Range (¢)

High 22/50 15/50 29/50

Low 0/49 5/50 9/49
Overall Historical Incidence

TOTAL 228/2,084 (10.9%) 424/2,084 (20.3%) 627/2,084 (30.1%)

SD®) 7.29% 6.85% 7.78%
Range (¢)

High (d) 22/50 16/50 (e) 29/50

Low 0/49 4/50 8/50

(a) Data as of August 30, 1985, for studies of at least 104 weeks
(b) Standard deviation

(c) Range and SD are presented for groups of 35 or more animals.
(d) Second high: 11/50

(e) Second high: 20/50
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF BORIC ACID

Untreated Control Low Dose High Dose
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)
Epidermal inclusion cyst 2 (4%)
Inflammation, acute 3 (6%) 2 (4%) 1 (2%)
Inflammation, acute necrotizing 1 2%) 6 (12%) 1 (2%)

*Subcutaneous tissue (50) (50 (500
Mineralization 1 (2%)

Abscess, NOS 1 2%) 1 (2%)
Inflammation, active chronic 1 (2%) 1 (2%)
Inflammation, chronic 1 (2%)
Inflammation, granulomatous 1 (2%)
RESPIRATORY SYSTEM

*Nasal cavity (50) 50) (50)
Inflammation, acute 2 (4%) 2 (4%)

*Nasal gland (50) (50) (50)
Inflammation, acute 1 (2%)

#Lung (50) (50) (50)
Aspiration, foreign body 2 (4%)
Congestion, NOS 1 (2%) 4 (8%)
Hemorrhage 5 (10%) 2 (4%) 1 (2%)
Inflammation, acute 1 (2%) 1 2%) 1 (2%)
Inflammation, chronic 4 (8%) 1 (2%)
Perivascular cuffing 1 (2%)
Hyperplasia, alveolar epithelium 3 (6%) 3 (6%) 2 (4%)
Histiocytosis 2 (4%)

HEMATOPOIETIC SYSTEM

*Multiple organs (50) (50) (50)
Depletion, lymphoid 1 (2%)

#Bone marrow (49) (12) (48)
Hypoplasia, NOS . 2 (4%)

#Spleen (48) (49) (48)
Depletion, lymphoid 5 (10%) 11 (22%) 25 (52%)
Hyperplasia, lymphoid 3 (6%) 3 (6%) 1 (2%)
Hematopoiesis 3 (6%) 11 (22%) 10 (21%)

#Lymph node (43) 32) (42)
Pigmentation, NOS 2 (5%)
Depletion, lymphoid 1 (2%)

#Mandibular lymph node (43) (32) (42)
Pigmentation, NOS 1 (3%)

Depletion, lymphoid 1 (2%) 2 (6%) 3 (T%)

#Cervical lymph node (43) (32) (42)
Depletion, lymphoid 1 3%)

#Tracheal lymph node (43) (32) (42)
Depletion, lymphoid 1 (2%

#Mediastinal lymph node (43) 32) (42)
Depletion, lymphoid 1 (3%) 1 (2%)
Hyperplasia, plasma cell 1 (2%)

#Pancreatic lymph node (43) @2) (42)
Depletion, lymphoid 1 2%)
Angiectasis 1 (2%) 1 (3%)

Hyperplasia, lymphoid 1 (2%)

59 Boric Acid, NTP TR 324



TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOQPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF BORIC ACID (Continued)

Untreated Control Low Dose High Dose
HEMATOPOIETIC SYSTEM (Continued)

#Lumbar lymph node (43) 32) 42)
Hyperplasia, plasma cell 1 (3%) 1 (2%)

#Mesenteric lymph node (43) 32) (42)
Hemorrhage 1 (2%) 2 (6%)

Inflammation, acute 1 2%) 1 (2%)
Inflammation, active chronic 1 (2%) 1 (2%)
Inflammation, granulomatous 1 (3%)

Fibrosis 1 (2%)
Depletion, lymphoid 3 (9%) 6 (14%)
Angiectasis 10 (23%) 3 (9%) 2 (5%)
Histiocytosis 2 (5%)
Hyperplasia, lymphoid 3 (7T%)

#Renal lymph node (43) (32) (42)
Hyperplasia, NOS 1 (2%)
Hyperplasia, plasma cell 1 (3%)

#Inguinal lymph node (43) (32) (42)
Pigmentation, NOS 1 (2%)

Depletion, lymphoid 1 (3%) 1 (2%)
Hyperplasia, plasma cell 1 3%

#Lung 50 (50) (50)
Leukemoid reaction 1 (2%)

#Liver 50 (50) (49)
Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 1 2%)

Hematopoiesis 1 (2%) 2 (4%)

#Peyer’s patch (50) (12) (48)
Hyperplasia, lymphoid T (14%) 1 (8%)

#Thymus (35) (M 2n
Cyst, NOS 10 (29%) 2 (29%) 5 (19%)
Hemorrhage 1 3%)

Necrosis, NOS 1 (3%) 2 (29%) 1 (4%)
Depletion, lymphoid 4 (11%) § (71%) 8 (30%)
CIRCULATORY SYSTEM

#Mesenteric lymph node (43) (32) 42)
Thrombus, organized 1 (2%) 1 3%)

#Lung (50) (50) (50)
Perivasculitis 1 (2%) 2 (4%)

#Heart (50) (12) (50)
Mineralization 1 (8%) 2 (4%)
Inflammation, chronic 1 (2%)

Degeneration, NOS 2 (4%)

*Pulmonary artery (50) (50) (50)
Hyperplasia, NOS 1 (2%)

*Cystic artery (50) (50) (50)
Necrosis, fibrinoid 1 (2%)

*Sup. pancreaticoduodenal artery (50) (50) (50)
Inflammation, chronic 1 (2%)

*Mesenteric artery (50) (50) (50)
Thrombus, organized 1 (2%)

#Liver (50) (50) 49)
Thrombosis, NOS 1 (2%)

#Forestomach (49) (50) (49)
Lymphangiectasis 1 (2%)

#Testis (49) (50) 47
Perivasculitis 1 (2%)
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TABLE A5, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF BORIC ACID (Continued)

Untreated Control Low Dose High Dose
DIGESTIVE SYSTEM

*Hard palate (50) (50) (50)
Inflammation, acute 1 (2%)

Granuloma, foreign body 1 2%)

*Tooth (50) (50) (50)
Abscess, NOS 1 (2%)

Inflammation, chronic 1 (2%)

#Salivary gland (49 (49) 4n
Inflammation, chronic 36 (73%) 33 (67%) 13 (28%)
Atrophy, NOS 1 (2%)

#Liver (50) (50) (49)
Rupture 1 (2%)

Inflammation, acute 1 (2%) 2 (4%)

Inflammation, chronic 3 (6%) 9 (18%) 1 (2%)
Necrosis, coagulative 3 (6%) 8 (16%) T (14%)
Nuclear enlargement 1 (2%)

Cytoplasmic vacuolization 2 (4%) 3 6% 1 (2%)
Basophilic cyto change 2 (4%) 3 (6%)
Clear cell change 2 (4%) 1 2%

Hepatocytomegaly 1 2%)

Atrophy, NOS 1 (2%)

Angiectasis 1 (2%)

#Liver/periportal (50) (50) (49)
Inflammation, chronic 1 (2%)

#Liver/Kupffer cell (50) (50) (49)
Hyperplasia, NOS 1 (2%)

*Gallbladder (50) (50) (50)
Inflammation, chronic 2 (4%)

#Bile duct (50) (50) (49)
Dilatation, NOS 1 (2%)

Hyperplasia, NOS 1 2%)

#Pancreas 49) (48) (45)

Dilatation/ducts 1 (2%)
Inflammation, acute 1 (2%) 1 (2%)
Inflammation, chronic 29 (59%) 28 (58%) 21 (47%)
Fibrosis 1 (2%)
Cytoplasmic change, NOS 3 (6%) 1 (2%)
Atrophy, NOS 3 (6%) 1 (2%) 2 (4%)
Hyperplasia, NOS 3 (6%) 1 (2%)

#Pancreatic duct (49) (48) (45)
Hyperplasia, NOS 1 (2%) 1 (2%)

#Stomach (49) (50) (49)
Cyst, NOS 1 (2%) 1 (2%)

Epidermal inclusion cyst 1 (2%)

#Glandular stomach (49) (50) (49)
Mineralization 1 (2%)

Inflammation, acute 1 (2%) 1 (2%)
Inflammation, chronic 7 (14%) 8 (16%) 2 (4%)
Hyperplasia, epithelial 2 (4%) 1 (2%)
#Forestomach (49) (50) (49)
Inflammation, chronic 4 (8%)
Necrosis, NOS 1 (2%)
Hyperplasia, epithelial 1 (2%) 3 (6%)
Hyperkeratosis 2 (4%) 1 (2%)
Metaplasia, squamous 1 (2%)

#Peyer’s patch (50) (12) (48)
Hyperplasia, NOS 1 (2%)

#Duodenum (50) (12) (48)
Congestion, NOS 1 (8%)
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF BORIC ACID (Continued)

Untreated Control Low Dose High Dose
DIGESTIVE SYSTEM (Continued)

#Jejunum (50) (12) (48)

Ulcer, acute 1 (2%)
Necrosis, coagulative 1 (2%)
Hyperplasia, epithelial 1 (2%)

#Colon (49) (12) (46)
Inflammation, NOS 1 (2%)

URINARY SYSTEM

#Kidney 50) (50) (50)
Hydronephrosis 2 (4%) 3 (6%
Cyst, NOS 1 (2%)
Glomerulonephritis, NOS 5 (10%) 3 (6%) 1 (2%)
Pyelonephritis, NOS 1 (2%) 3 (6%) 3 (6%)
Inflammation, acute 1 (2%) 1 (2%)
Inflammation, chronic 47 (94%) 37 (74%) 34 (68%)
Fibrosis 1 (2%)
Glomerulosclerosis, NOS 1 (2%) 6 (12%) 2 (4%)
Infarct, NOS 1 (2%)

Metaplasia, osseous 3 (6%) 2 (4%)

#Renal papilla (50) (50) (50)
Necrosis, coagulative 1 2%) 1 (2%)

#Kidney/glomerulus (50) (50) (50)
Adhesion, NOS 1 (2%)

#Kidney/tubule (50) (50) (50)
Mineralization 24 (48%) 21 (42%) 14 (28%)
Cast, NOS 1 (2%)

Degeneration, NOS 1 2%)

Necrosis, NOS 1 (2%) 1 (2%)
Pigmentation, NOS 1 (2%)

Atrophy, NOS 2 (4%) 2 (4%) 5 (10%)
Hyperplasia, epithelial 1 (2%)

Regeneration, NOS 31 (62%) 22 (44%) 15 (30%)

#Kidney/pelvis (50) (50) (50)
Hemorrhage 1 (2%)

*Ureter (50) (50) (50)
Inflammation, acute 1 (2%)
Hyperplasia, epithelial 1 (2%)

#Urinary bladder (50) (19) (49)
Calculus, gross ocbservation only 2 (4%) 4 (21%)

Calculus, microscopic examination 1 %)
Hemorrhage . 1 2%)
Inflammation, acute 1 (6%)
Inflammation, chronic 12 (24%) 9 47%) 12 (24%)
Fibrosis 1 (6%
Hyperplasia, epithelial 2 (11%)
Angiectasis 1 (2%)

*Urethra (50) (50) (50)
Calculus, gross observation only 1 (2%)

Calculus, microscopic examination 13 (26%) 7 (14%)
Inflammation, acute 1 2%)
Inflammation, chronic 1 (2%)

*Urethral gland 50 (50) 50

Inflammation, acute 1 (2%)
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TABLE A3. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS