National Toxicology Program
Technical Report Series

No. 294

4 SERV)
* El
o
§
h.d
&
=
E
% C
~.
‘:’4-
R &,

TOXICOLOGY AND CARCINOGENESIS
STUDIES OF

CHLORINATED TRISODIUM PHOSPHATE

(CAS NO. 56802-99-4)

IN B6C3F1 MICE

(GAVAGE STUDIES)

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
National Institutes of Health



baldwind2
Rectangle



NATIONAL TOXICOLOGY PROGRAM

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

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

These studies are 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 testu;% 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
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends
beyond the purview of this study.

Five categories of interpretative conclusions were adopted 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 findings. These categories refer to the strength of the experimental evi-
dence and not to either potency or mechanism.

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

¢ Some Evidence of Carcinogenicity is demonstrated b}{ studies that are interpreted as showing a

- chemically related increased incidence of benign neoplasms, studies that exhibit marginal in-

creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in uncom-
mon malignant or benign neoplasms.

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

o 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
quantitative limitations, the studies cannot be interpreted as valid for showing either the presence
or absence of a carcinogenic effect.

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

». The term chemical carcinogenesis generally means the induction by chemicals of neoglasms not
usually observed, the earlier induction by chemicals of neoplasmsg that are commonly observed, or
the induction by chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Etrvimologmally, 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 study was initiated b¥ the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Toxl.col%% Program. The studies
described in this Technical Report have been conducted in compliance with NTP chemical health and
safet( requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre-
sented for peer review.

Althouﬁl every effort is made to prepare the Technical Reports 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 ongoingNor Bubhshed studies not mentioned in this reﬁorq is encouraged to
make this information known to the NTP. Comments and questions about the National Toxicolo
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J.E. H
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without char%)e g.n while supplies last) from the NTP
12'-"?'%1; Information Office, National Toxicology Program, P.D. Box 12233, Research Triangle Park, NC
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(NagP0412H20)4NaOCl

Chlorinated trisodium phosphate
(Sodium hypochlorite phosphate)

ABSTRACT

Two-year toxicology and carcinogenesis studies of chlorinated trisodium phosphate, an inclusion com-
plex of trisodium phosphate and sodium hypochlorite used in various cleaning compounds, were con-
ducted by administering 0, 500, or 1,000 mg/kg (dose volume: 10 ml/kg) of the chemical in water by
gavage, 5 days per week for 103 weeks, to groups of 50 male and 50 female B6C3F; mice. Groups of
mice receiving 250 mg/kg were included in these studies but were removed after 6 months because of
a lack of toxicity in the 500 and 1,000 mg/kg groups. Two-year studies were begun in male and female
F344/N rats at doses of 0, 500, 1,000, or 2,000 mg/kg of chlorinated trisodium phosphate in water by
gavage (10 ml/kg). The 2,000 mg/kg groups were killed at 15 weeks because of poor survival, and the
other groups were killed at 35 weeks because of toxicity in the 1,000 mg/kg group. The doses selected
for the 2-year studies were based on the general lack of adverse effects seen in the 14-day and 13-week
studies in which rats received 0-1,000 mg/kg and mice received 0-2,000 mg/kg by gavage in water.

No compound-related histopathologic effects were observed in the 14-day or the 13-week studies in
mice. In the 2-year studies, survival and mean body weights of dosed and vehicle control male mice
groups were comparable (survival--vehicle control, 39/50; low dose, 35/50; high dose, 32/50). Survival
of the dosed female mice was lower than that of the vehicle controls (30/50; 16/50; 21/50), although at
week 80 survival of female mice was 42/50, 39/50, and 36/50. The mean body weights of the high dose
female mice were lower than those of the vehicle control mice, primarily after week 32; final body
weights were 11% lower in the high dose group compared with that in the vehicle controls. The lower
survival and mean body weights of the dosed female mice may have been due to the greater incidence
of uterine/ovarian infections in these mice rather than to a direct toxic effect of chlorinated trisodium
phosphate. Nine of 20 vehicle control, 20/34 low dose, and 21/29 high dose female mice that died be-
fore the end of the studies had such infections. This reduced survival decreased the sensitivity of the
study of female mice for detecting the presence or absence of carcinogenic effects.

At no site was the incidence of neoplasms considered to be related to the administration of chlorinated
trisodium phosphate. Minimal necrosis and fatty changes were observed in the livers of male mice.
Kidneys in male mice were characterized by small, multifocal areas of mineralization, primarily in
the cortex but not at the corticomedullary junction or in the tubules of the medulla. Neither effect
was considered compound related. Five different types of ovarian neoplasms were found in six dosed
female mice; because these lesions were from tissues of different embryonic origin, they were con-
sidered unrelated to administration of chlorinated trisodium phosphate.

Chlorinated trisodium phosphate was weakly mutagenic in strain TA1535 of Salmonella typhi-
murium in the presence of Aroclor 1254-induced male Sprague-Dawley rat or male Syrian hamster
liver S9. This compound was not mutagenic in strains TA97, TA98, or TA100.

An audit of the experimental data was conducted for these 2-year studies of chlorinated trisodium
phosphate. No data discrepancies were found that influenced the final interpretation of these
experiments.

Under the conditions of these 2-year gavage studies, there was no evidence of carcinogenicity* for
either male or female B6C3F; mice given chlorinated trisodium phosphate by gavage in water for 103
weeks at doses of 500 or 1,000 mg. Survival of dosed female mice was 78% and 72% after 80 weeks
and 32% and 42% at the termination of the study. The studies in male and female F344/N rats were
considered to be inadequate studies of carcinogenicity because the experiments were terminated at 35
weeks due to poor survival.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
CHLORINATED TRISODIUM PHOSPHATE

On November 2, 1984, the draft Technical Report on the toxicology and carcinogenesis studies of
chlorinated trisodium phosphate received peer review by the National Toxicology Program Board of
Scientific Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The
review meeting was held in the Conference Center, Building 101, National Institute of Environ-
mental Health Sciences, Research Triangle Park, North Carolina.

Dr. C. Whitmire, NTP, began by describing the study design, results, and proposed conclusions (in-
adequate studies in rats; no evidence of carcinogenicity in male and female mice).

Dr. Davis, a principal reviewer, did not attend the meeting but submitted written comments, which
were read by Dr. Hook, Panel Chair. Dr. Davis stated that the study results did not fully justify the
conclusions. In her opinion, survival was not sufficient to reach conclusions for either the rat or
mouse studies. She recommended doing the experiments again and using the results of the current
studies to estimate more appropriate dosage regimens.

As a second principal reviewer, Dr. Van Ryzin agreed with the conclusions. He thought the 2-year
studies in mice were adequate based on the survival and weight curves, although he thought new ex-
periments could be designed due to the inadequacy of the 2-year studies in rats. He noted that 91.75%
of the study material is trisodium phosphate, for which little toxicity data exist.

As a third principal reviewer, Mr. Beliczky stated that the studies were less than adequate to draw
reasonable conclusions and felt that additional studies were needed to determine the carcinogenicity
of chlorinated trisodium phosphate. He questioned the inclusion complex used and cited problems
associated with the water gavage, such as differential solubility and excessive dose volumes.

Dr. Hook commented that the issue was whether survival in the mice was adequate. Dr.J. Haseman,
NIEHS, said that survival in all groups of mice was above 50% at 18 months. Dr. Kociba said that
some laboratories conduct mouse studies for only 18 months. Dr. J. Huff, NTP, noted that only the fe-
male mice were at issue, since 24-month survival of all male groups was above 60%. Dr. Turnbull ob-
served that poor survival was generally more of an issue with a negative study, as was the case here.
Dr. Hook said that there seemed to be a consensus for considering the mouse studies adequate but
that the conclusions should indicate percent survival in females at 18 months.

_Dr. Van Ryzin moved that the Technical Report on the toxicology and carcinogenesis studies of
chlorinated trisodium phosphate be accepted with the parenthetical inclusion of 18- and 24-month
percentage survival for the female mouse study in the conclusions. Dr. Kociba seconded the motion
and the report was approved by nine affirmative votes. There was one negative vote (Mr. Beliczky).

Chlorinated Trisodium Phosphate, NTP TR 294 10
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I. INTRODUCTION

(NagPO412H20)4NaOCl

Chlorinated trisodium phosphate
(Sodium hypochlorite phosphate)

Chlorinated trisodium phosphate, an inclusion
complex of trisodium phosphate and sodium
hypochlorite in variable proportions, is used as a
cleaner and bacteriocide in dairies and food pro-
cessing plants and as a component of dishwash-
ing compounds, scouring powders, denture
cleaners, and laundry bleaches (Merck, 1976;
Kirk-Othmer, 1978; Hawley, 1981; Gosselin et
al., 1976; Lahl et al., 1982), Trisodium phos-
phate is used as a preservative, sequesterent,
and texturizer in foods (Merck, 1983; USCFR,
1974). Production figures for chlorinated tri-
sodium phosphate in 1977 were 10-50 million
pounds (EPA public posting TSCA inventory of
chemicals in commerce for 1977).

Chlorinated trisodium phosphate is a skin and
eye irritant (Hawley, 1981) and is an irritant to
humans when inhaled or ingested (Sax, 1979).
The oral LDgg value of chlorinated trisodium
phosphate in rats (strain not specified) is 7.4
g/kg (Smyth et al., 1969).

Because toxicity data for chlorinated trisodium
phosphate are sparse, much of the following in-
formation concerns its two constituents, sodium
hypochlorite and trisodium phosphate. Sodium
hypochlorite (0.05 ml, 10% effective chlorine ad-
ministered 45 times over 245 days) promoted
skin neoplasms in ddy female mice dermally ad-
ministered 4-nitroquinoline-1-oxide 20 times
with 500 mg per application in 0.25% (w/v) ben-
zene over 50 days (Hayatsu et al., 1971). Of 32
dosed mice, 3 had squamous cell carcinomas, 1
had a fibrosarcoma, and 5 had benign skin neo-
plasms, as compared with no skin neoplasms in
27 control mice dosed with sodium hypochlorite
60 times over 30 days. A third group dosed only
with 4-nitroquinoline (as the cocarcinogen) de-
veloped no skin tumors.

In contrast, Kurokawa et al. (1984) reported
sodium hypochlorite was inactive either as a
promoter or a complete carcinogen in female
Sencar mice. In the promotion studies, groups of

Chlorinated Trisodium Phosphate, NTP TR 294 12

20 female mice were initiated with DMBA and
received dermal applications of sodium hypo-
chlorite in acetone twice weekly for 51 weeks.
Although statistically not significant, 30% of the
mice dosed with sodium hypochlorite developed
skin tumors, and five of these six mice had squa-
mous cell carcinomas, with the first skin tumor
appearing in week 17. In the complete carcino-
genicity test, a group of 20 female Sencar mice
received dermal applications of sodium hypo-
chlorite in acetone twice weekly for 51 weeks; no
skin tumors were observed.

Chloroform and other halogenated organic com-
pounds are reaction products of chlorine in water
purification and in the gut and contribute to the
toxicity of chlorinated trisodium phosphate and
its breakdown products (Lahl et al., 1982). Tri-
chloroacetic acid, dichloroacetic acid, dichloro-
acetonitrile, and chloroform were found in the
gut and/or plasma of fasted and unfasted male
Sprague-Dawley rats 1 hour after administra-
tion of 140 mg sodium hypochlorite/kg body
weight in distilled water by gavage (Mink et al.,
1983). Chloroform was present in the blood,
brain, liver, kidney, and fat 1.5 hours after ad-
ministration of sodium hypochlorite (5 ml con-
taining 80 mg equivalent free chlorine) by ga-
vage to Sprague-Dawley rats (Vogt et al., 1979).
Relative kidney weight was increased in female
Wistar rats administered sodium hypochlorite in
milk (200 mg available chlorine/liter) twice per
day by gavage (Cunningham, 1980).

Chlorinated trisodium phosphate was weakly
mutagenic in strain TA1535 of Salmonella
typhimurium in the presence of Aroclor 1254-
induced male Sprague-Dawley rat or male Syri-
an hamster liver S9 (Appendix J). Rosenkranz
(1973) demonstrated that sodium hypochlorite,
formed by chlorinated trisodium phosphate in
water, caused DNA damage in the Escherichia
colipol A assay. Kawachi et al. (1980), however,
reported that sodium hypochlorite did not cause
DNA damage in the Bacillus subtilis rec assay.



I. INTRODUCTION

Sodium hypochlorite was mutagenic in Sal-
monella strains TA1535 (Wlodkowski and
Rosenkranz, 1975) and TA100 (Kawachi et al.,
1980). In addition, Kawachi et al. (1980)
reported that sodium hypochlorite induced chro-
mosomal aberrations in hamster fibroblasts in
the presence of S9 but did not induce chromo-
somal aberrations in human fibroblasts in vitro
or in rat bone marrow cells in vivo; however,
these investigators reported that sodium hypo-
chlorite induced sister-chromatid exchanges in
human fibroblasts in vitro. Abernethy et al.
(1983) reported that sodium hypochlorite did not
induce morphologic transformation of C3H/10T4
cells. In summary, chlorinated trisodium phos-
phate is a weak base-pair substitution mutagen

in Salmonella, as is sodium hypochlorite; in ad-
dition, sodium hypochlorite causes cytogenetic
damage in some but not all of the mammalian
cell systems in which it has been tested.

Study Rationale

Chlorinated trisodium phosphate was nomina-
ted by the National Cancer Institute as a part of
a soap and detergent class study because of its
widespread use and the lack of testing for car-
cinogenicity. Gavage in water was chosen as the
route of administration to ensure systemic ex-
posure at controlled doses and because water is
the likeliest medium for human exposure to this
compound.

13 Chlorinated Trisodium Phosphate, NTP TR 294
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
CHLORINATED TRISODIUM
PHOSPHATE

Chlorinated trisodium phosphate (sedium hypo-
chlorite phosphate), a complex chemical com-
pound of indefinite composition, was obtained
from Textile Chemical Company (Baltimore,
MD) in one lot (Lot no. QJOKBS). Purity analyses
(elemental analyses, titration for available chlo-
rine and phosphorus, Karl Fischer water anal-
ysis, and spark source mass spectrometry) and
identity analyses (infrared and ultraviolet/visi-
ble spectroscopy) were conducted at Midwest Re-
search Institute (Appendix D). According to the
manufacturer, a typical lot of chlorinated triso-
dium phosphate contains 91.756% trisodium
phosphate dodecahydrate (NagP0O4-12H20), 5%
sodium chloride (NaCl), and 3.25% sodium
hypochlorite (NaOCl).

Results of elemental analyses showed that all
values were within * 6% of the manufacturer’s
specifications. A typical lot has 3.68% available
chlorine and 18.0% phosphorus as PsOs. The
major impurities detected by spark source mass
spectrometry were sulfur (0.16%), potassium
(0.07%), fluorine (0.05%), silicon (0.05%), and
magnesium (0.01%). Water content, as water of
crystallization, was 52.6%. Available chlorine
(as Clg) was present at 3.6%, and phosphorus (as
P9O5) was present at 17.7%. According to these

data, the lot used for study was representative of
typical commercially available material.

Chlorinated trisodium phosphate was found to
be stable for 2 weeks at 25° C (Appendix D). The
material used in these studies was stored at 5°C.
Periodic characterization of the bulk chemical
by infrared spectroscopy and titration for avail-
able chlorine indicated that no detectable deteri-
oration occurred over the course of the studies.

PREPARATION AND
CHARACTERIZATION OF DOSE
MIXTURES

A mixture of chlorinated trisodium phosphate at
a concentration of 12.2% (w/v) in distilled water
was found to be stable for 14 days in the dark at
room temperature (Appendix E).

Formulations of chlorinated trisodium phos-
phate in water (Table 1) were periodically anal-
yzed to estimate the accuracy with which formu-
lations were prepared over the course of the
studies (Appendix F). In addition to the anal-
yses of dose mixtures performed by the study
laboratory, a split referee sample was sent to the
analytical chemistry laboratory for analysis
twice each year during the 2-year studies. For
the first year of the studies, the method of analy-
sis was titration for available chlorine. For the
second year of the studies, analysis was by ultra-
violet spectroscopy. Comparability of the meth-
ods was established by the analytical laboratory.

TABLE 1. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF
CHLORINATED TRISODIUM PHOSPHATE

Fourteen-Day Studies

Thirteen-Week Studies Two-Year Studies

Preparation Mixed with tap water for
20 min on a stirring plate

Maximum Storage Time 144

Storage Conditions 4°C

Same as 13-wk studies,
but tissue homogenizer
not used

Compound and deionized
water mixed by inversion
in ground glass-
stoppered graduated
cylinders to visual
homogeneity. Tissue
homogenizer used at
highest dose

14d 14d
4°C 0° £ 5°C (in the dark)
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Dose mixtures prepared for the 13-week studies
were within 10% of the target concentrations
(Appendix G, Table G1). Samples were analyzed
at approximately 8-week intervals during the 2-
year studies (Table 2; Appendix G, Table G2).
The proportion of analyzed mixtures within
+ 10% of the target concentration was used to
estimate the overall number of mixes prepared
within specifications throughout the study. Be-
cause 2 of 30 samples analyzed were not within
+ 10% of the target concentration, the dose
preparations were estimated to have been with-
in specifications 94% of the time.

FOURTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories and held for 20 days before the study
began. Animals were housed five per cage. Feed
and water were available ad libitum. Details of
animal maintenance are presented in Table 3.

Groups of five male and five female rats were ad-
ministered 0, 62.5, 125, 250, 500, or 1,000 mg/kg
(6 ml/kg body weight) chlorinated trisodium
phosphate in tap water by gavage for 14 consecu-
tive days. Groups of five male and five female
mice were administered 0, 125, 250, 500, 1,000,
or 2,000 mg/kg of the compound (10 ml/kg body
weight) on the same schedule. The maximal
solubility of chlorinated trisodium phosphate in
water (20%) determined the highest dose that
was used.

The rats and mice were observed twice per day
and were weighed on days 0, 14, and 16. A nec-
ropsy was performed on all animals on day 16.

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to eval-
uate the cumulative effects of repeated adminis-
tration of chlorinated trisodium phosphate in
rats and mice and to determine the doses to be
used in the 2-year studies.

Four- to five-week old F344/N rats and 3- to 6-
week-old male and female B6C3F; mice were ob-
tained from Charles River Breeding Laborato-
ries, observed for 20 days, and then assigned to
cages such that average cage weights were ap-
proximately equal.

Groups of 10 animals of each species and sex
were administered chlorinated trisodium phos-
phate in deionized water by gavage (rats: 0, 62,
125, 250, 500, or 1,000 mg/kg in 5 ml/kg body
weight; mice: 0, 31, 62, 125, 250, or 500 mg/kg in
10 ml/kg), 5 days per week for 13 weeks. Ani-
mals were housed five per cage by species and by
sex in polycarbonate cages. Feed and water
were available ad libitum. Further experimen-
tal details are summarized in Table 3.

Animals were checked twice daily, and mori-
bund animals were killed. Individual animal
weights were recorded weekly. At the end of the
13-week studies, survivors were killed. A nec-
ropsy was performed on all animals except those
excessively autolyzed or cannibalized. Tissues
and groups examined are listed in Table 3.

TABLE 2, SUMMARY OF RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE
STUDIES OF CHLORINATED TRISODIUM PHOSPHATE

Concentration of Chlorinated Trisodium Phosphate in
Water for Target Concentration

25 mg/ml 50 mg/ml 100 mg/ml 200 mg/ml
Mean (mg/ml) 19.9 47.7 100.0 195.0
Range (mg/ml) 1.9-24.8 23.7-52.3 97.3-101.9 194.0-196.0
Standard deviation 10.07 7.01 1.29 1,41
Coefficient of variation (percent) (2)50.6 (a) 14.7 13 0.7
Number of samples 5 14 14 2

(a) Variation due primarily to one sample that was out of specification; that sample was not used in the animal studies.
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF
CHLORINATED TRISODIUM PHOSPHATE

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

EXPERIMENTAL DESIGN
Study Laboratory

Size of Study Group

Doses

Date of First Dose
Date of Last Dose

Duration of Dosing

Type and
Frequency of
Observation

Necropsy and
Histologic
Examination

EG&G Mason Research
Institute

5 males and 5 females

Rats--0, 62.5, 125, 250, 500,
or 1,000 mg/kg chlorinated
trisodium phosphate in

tap water by gavage;
mice--0, 125, 250, 500,
1,000, or 2,000 mg/kg;

dose vol--rats: 5 ml/kg;
mice: 10 ml/kg

772179
7116179

14 consecutive days

Observed 2 X d; animals
weighedond0, 14,and 16

Necropsy performed on all
animals. Kidneys from
vehicle control and high
dose mice were examined
microscopically

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species
Animal Source

F344/N rats; B6C3F; mice

Charles River Breeding
Laboratories (Portage, MI)

Same as 14-d studies

10 males and 10 females

Rats--0, 62, 125, 250, 500,
or 1,000 mg/kg;

0,31, 62, 125, 250, or

500 mg/kg chlorinated
trisodium phosphate in
deionized water by gavage;
dose vol--rats: § mi/kg;
mice: 10 ml/kg

Rats--9/9/79; mice--9/10/79
1277179

5 d/wk for 13 wk

Checked 2 X d;
weighed ond 0 and
every week thereafter

Necropsy performed on all
animals; the following
tissues from the vehicle
control and high dose
groups were examined
histologically: gross

lesions and tissue masses,
mandibular lymph node,
mammary gland, skin,
salivary gland, sternebrae,
thyroid gland, parathyroids,
small intestine, colon, liver,
prostate/testes or ovaries/
uterus, gallbladder (mice),
lungs and bronchi, heart,
esophagus, stomach, brain,
thymus, trachea, pancreas,
spleen, kidneys, adrenal
glands, urinary bladder, and
pituitary gland

Same as 14-d studies

Same as 14-d studies
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Same as 14-d studies

50 males and 50 females

Rats--0, 500, 1,000, or
2,000 mg/kg; mice--0, 250,
500, or 1,000 mg/kg
chlorinated trisodium phos-
phate in deionized water by
gavage; dose vol--10 mlkg

Rats--5/23/80; mice--6/10/80

Rats--high dose 9/10/80,
other groups 1/16/81;
mice--6/4/82

Rats--56 d/wk: high dose

16 wk, other groups 35

wk; mice--5 d/wk for 103 wk;
250 mg/kg group removed
from studies at 6 mo

Observed 2 X d; weighed
every week for 12 wk;
monthly thereafter

Necropsy performed on all
animals; the following
tissues were examined
histologically: tissue
masses, abnormal regional
lymph nodes, skin, man-
dibular lymph nodes, mam-
mary gland, salivary
gland, bone marrow, costo-
chondral junction, thymus,
trachea, lungs and bronchi,
heart, thyroid gland, para-
thyroids, esophagus,
stomach, duodenum, jeju-
num, ileum, colon, mesen-
teric lymph nodes, liver,
gallbladder (mice), pancreas,
spleen, kidneys, adrenal
glands, urinary bladder,
seminal vesicles/prostate/
testes or ovaries/uterus,
brain, and pituitary gland

Same as 14-d studies

Same as 14-d studies



TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF

CHLORINATED TRISODIUM PHOSPHATE (Continued)

Fourteen-Day Studies ' Thirteen-Week Studies Two-Year Studies
ANIMALS AND ANIMAL MAINTENANCE (Continued)
Time Held Before 20d Same as 14-d studies 14 d (rats); 19 d (mice)
Study
Age When Placed Rats--7 wk; Rats--7-9 wk; Rats--6-7 wk;
on Study mice--6-7 wk mice--6-9 wk mice--9 wk
Age When Killed Rats--9 wk; Rats--20-22 wk; Rats--high dose 23-24 wk,
mice--8-10 wk mice--19-22 wk other groups 39-40 wk;
mice--113-114 wk
Necropsy Dates NNt 12/11/79-12/12/79 Rats--9/11/80; 1/16/81;
mice--6/8/82-6/16/82
Method of Animal Assigned so that average  Same as 14-d studies Assigned to cages by a table
Distribution cage weights were of random numbers; then to
approximately equal groups by another table
of random numbers
Animal Identification Ear punch Ear punch Ear punch
Feed Wayne Lab Blox® meal Same as 14-d studies NIH 07 Rat and Mouse
(Allied Mills, Chicago, IL); Ration (Zeigler Brothers,
available ad libitum Gardners, PA); available
ad libitum
Bedding Aspen Bed (American Same as 14-d studies Same as 14-d studies
Excelsior, Baltimore, MD) and Betta chips (Agway,
Inc., Syracuse, NY)
Water Edstrom Automatic Water- Same as 14-d studies Same as 14-d studies
ing System (Edstrom
Industries, Waterford, WI);
available ad libitum
Cages Polycarbonate (Lab Same as 14-d studies Same as 14-d studies
Products, Rochelle Park,
NJ)
Cage Filters Noawoven fiber (Lab Nonwoven fiber (Snow Same as 14-d studies
Pro)ductl, Rochelle Park, Filtration, Cincinnati, OH)
NJ
Animals per Cage 5 5 5
Animal Room 10 room air changea/h; 10-12 room air changes/h; 12 room air changes/h;
Enviroment temp--21°-30°C; temp--20.6°-27.8° C, mean temp--17.2°-30.0°C, time-
fluorescent light 12 h/d; 22.8°C; fluorescent averaged mean 23°C;
humidity--34%-80% light 12 h/d; humidity-- fluorescent light 12h/d;
9%-80%, mean 41% humidity--11%-78%, time-
averaged mean 65%
Other Chemicals None None None
on Study in the
Same Room
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TWO-YEAR STUDIES
Study Design

Groups of 50 rats of each sex were administered
0, 500, 1,000, or 2,000 mg/kg chlorinated tri-
sodium phosphate in deionized water by gavage,
5 days per week (10 ml/kg body weight). The
original design called for administration for 103
weeks to two dose groups and vehicle controls;
the high dose group was terminated at 16 weeks
and the other groups at 35 weeks. Groups of 50
mice of each sex were administered 0, 500, or
1,000 mg/kg chlorinated trisodium phosphate in
deionized water by gavage, 5 days per week for
103 weeks. Groups of 50 mice of each sex admin-
istered 250 mg/kg were eliminated from the
study at 6 months, at which time there was no
toxicity at the two higher doses (500 and 1,000

mg/kg).
Source and Specifications of Animals

The male and female F344/N rats and B6C3Fy
(C57BL/6N, female, X C3H/HeN MTV ™, male)
mice used in this study were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories under a contract to the Car-
cinogenesis Program. Breeding stock for the
foundation colonies at the production facility
originated at the National Institutes of Health
Repository. Animals shipped for study were
progeny of defined microflora-associated parents
that were transferred from isolators to barrier-
maintained rooms. Rats were shipped to the
study laboratory at 4-5 weeks of age and mice at
6 weeks of age. The rats were quarantined at
the study facility for 14 days and the mice for 19
days. Thereafter, a complete necropsy was per-
formed on five animals of each sex and species to
assess their health status. The mice were placed
on study at 9 weeks of age and rats at 6-7 weeks
of age. The health of the animals was monitored
during the course of the study according to the
protocols of the NTP Sentinel Animal Program
(Appendix H).

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

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

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

Animal Maintenance

Rats and mice were housed five per cage by
species and sex in polycarbonate cages. Feed
and water were freely available, Details of ani-
mal maintenance are summarized in Table 3.

Clinical Examinations and Pathology

All animals were observed twice daily, and
clinical signs were recorded once per week. Body
weights by cage were recorded once per week for
the first 12 weeks of the study and once per
month thereafter. Mean body weights were cal-
culated for each group. Moribund animals were
killed, as were animals that survived to the end
of the study. A necropsy was performed on all
animals, including those found dead unless they
were excessively autolyzed or cannibalized.
Thus, the number of animals from which par-
ticular organs or tissues were examined micro-
scopically varies and is not necessarily equal to
the number of animals that were placed on study
in each group.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
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were preserved in 10% neutral buffered forma-
lin, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. Tissues examined
microscopically are listed in Table 3.

When the pathology examination was com-
pleted, the slides, individual animal data rec-
ords, and summary tables were sent to an inde-
pendent quality assurance laboratory. Individ-
ual animal records and tables were compared for
accuracy, 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 assurance pathologist. Slides
of all target tissues and those about which the
original and quality assurance pathologists dis-
agreed were submitted to the Chairperson of the
Pathology Working Group (PWGQG) for evalua-
tion. Representative coded slides selected by the
Chairperson were reviewed by PWG pathol-
ogists, who reached a consensus and compared
their findings with the original and quality as-
surance diagnoses. When diagnostic differences
were found, the PWG sent the appropriate slides
and comments to the original pathologist for re-
view. 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 Pathoiogy Working Group. For sub-
sequent evaluations, the diagnosed lesions for
each tissue type are combined according to the
guidelines of McConnell et al. (1986).

Nonneoplastic lesions are not examined routine-
ly by the quality assurance pathologist or the
PWG. Certain nonneoplastic findings are re-
viewed by the quality assurance pathologist and
the PWQG if they are considered part of the toxic
response to a chemical or if they are deemed of
special interest.

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 chem-
icals, animals, experimental design, survival,
body weight, and individual pathologic results,

as recommended by the International Union
Against Cancer (Berenblum, 1969).

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

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data. The two that adjust for intercurrent mor-
tality employ the classical method for combining
contingency tables developed by Mantel and
Haenszel (1959). Tests of significance included
pairwise comparisons of high dose and low dose
groups with vehicle controls and tests foi 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
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the three methods, the final interpretation of the
data will depend on the extent to which the
tumor under consideration is regarded as being
the cause of death. All reported P values for
tumor analyses are one-sided.

Life Table Analyses--The first method of anal-
ysis 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 vehicle control
groups were compared at each point in time at
which an animal died with a tumor of interest.
The denominators of these proportions were the
total number of animals at risk in each group.
These results, including the data from animals
killed at the end of the study, were then com-
bined by the Mantel-Haenszel method to obtain
an overall P value. This method of adjusting for
intercurrent mortality is the life table method of
Cox (1972) and of Tarone (1975). The under-
lying 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 Analyses--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
dying of an unrelated cause. According to this
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approach, the proportions of tumor-bearing ani-
mals in dosed and vehicle 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 actually
examined for tumors during the time interval.
The individual time interval comparisons were
then combined by the previously described
method to obtain a single overall result. (See
Haseman, 1984, for the computational details of
both methods.)

Unadjusted Analyses--Primarily, survival-
adjusted methods are used to evaluate tumor in-
cidence. 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 appendix
containing the analyses of primary tumor inci-
dence. 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 con-
current control group is always the first and
most appropriate control group used for evalua-
tion, there are certain instances in which his-
torical control data can be helpful in the overall
assessment of tumor incidence. Consequently,
control tumor incidences from the NTP his-
torical control data base (Haseman et al., 1984)
are included for those tumors appearing to show
compound-related effects.
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III. RESULTS: RATS

FOURTEEN-DAY STUDIES

One female rat at the 1,000 mg/kg dose died on
day 3 (Table 4). No other dosed or vehicle control
rat died before the scheduled termination date.
Notable weight depression was seen only in
male rats dosed with 1,000 mg/kg (13% lower
than vehicle controls) and females dosed with
500 mg/kg (8% lower than vehicle controls). One
male rat receiving 62.5 mg/kg and one male and
one female receiving 1,000 mg/kg had red
coloration at the corticomedullary border. Tran-
sient rales were observed in one male and one
female at 250 mg/kg, two males and one female
at 500 mg/kg, and one male and three females at
1,000 mg/kg. No rales were recorded for vehicle
control rats.

THIRTEEN-WEEK STUDIES

One female rat (62 mg/kg) died during the study,
but the death was not considered to be chem-
ically related (Table 5). A 6% lower final mean
body weight was seen in female rats receiving
1,000 mg/kg. No gross or histopathologic

findings were attributed to the administration of
chlorinated trisodium phosphate.

Dose Selection Rationale: No adverse compound-
related effects were observed at 500 mg/kg for 13
weeks or at 1,000 mg/kg for 14 days (other than
weight differential); therefore, doses selected for
the 2-year studies were 500, 1,000, or 2,000
mg/kg chlorinated trisodium phosphate in
water, to be administered by gavage. After 6
months, one of the dose groups was to be re-
moved from the study.

TWO-YEAR STUDIES

The 2-year studies in rats were terminated after
35 weeks due to toxicity. After 16 weeks on
study, 36 male and 30 female high dose (2,000
mg/kg) rats had died and the remaining animals
were killed. Histopathologic examinations
showed mineralizatio