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Proposed Report on Carcinogens Delisting for Saccharin’

Saccharin is currently listed in the Report on Carcinogens, 8th Edition as reasonably
anticipated to be a human carcinogen. The basis for this listing was sufficient evidence of
carcinogenicity in experimental animals. The Calorie Control Council has petitioned the NTP to
consider delisting saccharin from its Report on Carcinogens based upon mechanistic data related
to development of urinary bladder cancers in rats.

Carcinogenicity

In four studies of up to 30 months duration, sodium saccharin was carcinogenic in Charles
River CD and Sprague-Dawley male rats as evidenced by a dose-related increased incidence of
benign or malignant urinary bladder neoplasms at dietary concentrations of 1% or greater (Tisdel
et al., 1974; Arnold et al., 1980; Taylor et al., 1980; Schoenig et al., 1985). Non-statistically
significant increases in urinary bladder cancer have also been seen in saccharin-treated female rats
from studies showing a positive effect in males (Arnold et al., 1980; Taylor et al., 1980).
Furthermore, several initiation/promotion studies in different rat strains have shown a reduced
latency and/or increased incidence of similar urinary bladder cancers in male and female rats fed
sodium saccharin subsequent to treatment with different urinary bladder initiators (e.g., Hicks
and Chowaniec, 1977; Cohen et al., 1979; Nakanishi et al., 1980b; West et al., 1986; Fukushima
etal., 1990). Several additional rat studies in which sodium saccharin was administered either in
the diet or in drinking water were negative for tumorigenicity (Fitzhugh et al., 1951; Lessel, 1971;
Schmihl, 1973; cited by IARC, 1980; Chowaniec and Hicks, 1979; Hooson et al., 1980; Schmihl
and Habs, 1984).

Three mouse studies have reported positive carcinogenicity following exposure to
saccharin. Two of these studies involved surgical implantation of saccharin-containing
cholesterol pellets into the urinary bladders and resulted in development of malignant urothelial
neoplasms (Allen et al., 1957; Bryan et al., 1970). In the third study, dietary sodium saccharin
resulted in increased incidences of malignant thyroid neoplasms (Prasad and Rai, 1986). While
the mouse data cannot be discounted, some of these studies had methodological flaws, provided
limited information, did not show a dose-response, or had unexpected outcomes that may be
species or strain-specific and should be verified by additional studies. Four studies in mice were
judged negative for tumorigenesis (Roe et al., 1970; Kroes et al., 1977, Homberger, 1978;
Frederick et al., 1989) as were studies in nonhuman primates (McChesney et al., 1977 abstr.;
Sieber and Adamson, 1978; both cited by IARC, 1980; Thorgiersson et al., 1994; Cohen et al.,
1996 abstr.) and a single hamster study (Althoff et al., 1975).

Much of the epidemiology has examined associations between urinary bladder cancer and
artificial sweeteners, rather than saccharin per se. The time trend data for bladder cancer are
essentially noninformative with no clear indication that the increased use of saccharin or artificial
sweeteners commencing in the 1940s is associated with a general increase in bladder cancer when
controlled for confounding factors, chiefly smoking. Risk of bladder cancer in diabetics, who
presumably consume greater amounts of artificial sweeteners compared to the general population,

'Saccharin is produced commercially as calcium and sodium salts as well as the free acid, and the name saccharin
has been applied to all three.
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is not greater than risks in the general population (Armstrong and Doll, 1975). Based upon
several case-control studies there is no overall association between use of artificial sweeteners and
bladder cancer (reviewed by IARC, 1980; IARC, 1987b; JECFA, 1993). It is harder to reject an
association between use of artificial sweeteners and bladder cancer in some case-control
subgroups, even though the numbers are small? (Howe et al., 1980; Hoover and Strasser, 1980;
Morrison and Buring, 1980; Cartwright et al., 1981; Morrison et al., 1982; Mommsen et al.,
1983). Taken together, while the available epidemiology data show no consistent evidence that
saccharin is associated with increased bladder cancer in general, a small increased risk in some
subgroups, such as heavy users of artificial sweeteners, cannot be unequivocally excluded. With
regard to the general population, if sodium saccharin is a risk factor, it is weak and cannot be
proven or disproved due to lack of actual exposure data and intrinsic limitations of existing
epidemiology studies.

Other Information Relating to Carcinogenesis or Possible Mechanisms of
Carcinogenesis

Extensive studies of the mutagenicity and genotoxicity of saccharin have shown generally
negative but occasionally conflicting results. Sodium saccharin is essentially nonmutagenic in
conventional bacterial systems but is weakly clastogenic or genotoxic in short-term in vitro and in
vivo test systems (reviewed by Ashby, 1985; IARC, 1987a,b; Whysner and Williams, 1996)
with evidence that equimolar ionic solutions of sodium chloride in vitro produce a comparable
cytotoxic response (Garland et al., 1989a). Urine from mice treated with sodium saccharin was
mutagenic in the Ames test (Batzinger et al., 1977). Saccharin does not covalently bind to DNA
and does not induce unscheduled DNA synthesis in bladder urothelium.

Saccharin-induced carcinogenesis in rats shows a sex predilection for males (Tisdel et al.,
1974; Arnold et al., 1980; Taylor et al., 1980), an organ specificity for urinary bladder (Tisdel et
al., 1974; Amold et al., 1980; Taylor et al., 1980; Fukushima et al., 1983; Schoenig et al., 1985),
and a dose-response when exposure to dietary concentrations of 1 to 7.5% of the sodium salt of
saccharin has begun early in life (beginning at birth or immediately at weaning) and is continued
for approximately two years (Schoenig et al., 1985). The results of mechanistic studies have
shown that certain physiological conditions must be simultaneously or sequentially present for
induction of urinary bladder tumorigenesis. These conditions include a urinary pH greater than
6.5, increased urinary sodium concentration, increased urine volume, decreased urine osmolality,
presence of urinary crystals or precipitate, and damage to the urothelium resulting in a
proliferative (hyperplastic) response. All of these conditions have been studied extensively in
male rats but less so in females. The high levels of urinary protein characteristic of many male
rats may partially explain the sex predilection. The high intrinsic rate of urothelial proliferation
at about the time of weaning is also believed to contribute to the observed tumorigenic effects.
The urinary milieu in rats, especially male rats, is sufficiently different from that in humans or
other species to support the contention that these observations are rat-specific. Pharmacokinetic

2 Morrison and Buring (1980) indicate an increased risk for women. Hoover and Strasser (1980) suggest increased
risk among low risk (non-smoking, non-occupationally exposed women) and high risk (male heavy smokers)
subgroups.
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and metabolism data on sodium saccharin do not explain the male rat sensitivity for induction of
urinary bladder neoplasms (Sweatman and Renwick, 1979, 1980).

Conclusion

There is evidence of the carcinogenicity of saccharin in rats but less convincing evidence in
mice. Mechanistic studies indicate that the observed urinary bladder cancers in rat studies are
related to urinary pH, osmolality, volume, presence of precipitate, and urothelial damage with
attendant hyperplasia following dietary concentrations of 3% or higher with inconsistent findings
at lower dietary concentrations. The factors thought to contribute to tumor induction by sodium
saccharin in rats would not be expected to occur in humans. The mouse data are inconsistent and
require verification by additional studies. Results of several epidemiology studies indicate no
clear association between saccharin consumption and urinary bladder cancer. Although it is
impossible to absolutely conclude that it poses no threat to human health, sodium saccharin is
not reasonably anticipated to be a human carcinogen under conditions of general usage as an
artificial sweetener.
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Listing Criteria from the Report on Carcinogens, Eighth Edition

Known To Be A Human Carcinogen:
There is sufficient evidence of carcinogenicity from studies in humans which indicates a
causal relationship between exposure to the agent, substance or mixture and human cancer.

Reasonably Anticipated To Be A Human Carcinogen:
There is limited evidence of carcinogenicity from studies in humans, which indicates that
causal interpretation is credible, but that alternative explanations, such as chance, bias or
confounding factors, could not adequately be excluded; or

There is sufficient evidence of carcinogenicity from studies in experimental animals which
indicates there is an increased incidence of malignant and/or a combination of malignant and
benign tumors: (1) in multiple species or at multiple tissue sites, or (2) by multiple routes
of exposure, or (3) to an unusual degree with regard to incidence, site or type of tumor, or
age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laboratory animals;
however, the agent, substance or mixture belongs to a well-defined, structurally related
class of substances whose members are listed in previous Reports on Carcinogens as either
known to be a human carcinogen or reasonably anticipated to be a human carcinogen, or
there is convincing relevant information that the agent acts through mechanisms indicating it
would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on scientific
judgment, with consideration given to all relevant information. Relevant information includes, but
is not limited to dose response, route of exposure, chemical structure;, metabolism,
pharmacokinetics, sensitive sub populations, genetic effects, or other data relating to mechanism of
action or factors that may be unique to a given substance. For example, there may be substances
for which there is evidence of carcinogenici ity in laboratory animals but there are compelling data
indicating that the agent acts through mechanisms which do not operate in humans and would
therefore not be reasonably anticipated to cause cancer in humans.
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1.0 CHEMICAL PROPERTIES

Saccharin
[81-07-2]

)\JH

0

1.1 Chemical Identification
Saccharin (C;HsNO;S, mol. wt. = 183.19) is also called:

Anhydro-o-sulfaminebenzoic acid
3-Benzisothiazolinone 1,1-dioxide
1,2-Benzisothiazol-3(2H)-one 1,1-dioxide
o-Benzoic sulfimide

Benzoic sulphimide

o-Benzoic sulphimide
o-Benzosulfimide

Benzosulphimide

o-Benzosulphimide
Benzo-2-sulphimide

o-Benzoyl sulfimide

0-Benzoyl sulphimide
1,2-Dihydro-2-ketobenzisosulfonazole
1,2-Dihydro-2-ketobenzisosulphonazole
2,3-Dihydro-3-oxobenzisosulfonazole
2,3-Dihydro-3-oxobenzisosulphonazole
Garantose

Glucid

Gluside

Hermesetas
3-Hydroxybenzisothiazole-S,S-dioxide
Insoluble saccharin

Kandiset

Sacarina
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Saccharimide
Saccharina
Saccharin acid
Saccharine

Saccharin insoluble

Saccharinol
Saccharinose
Saccharol
Sacharin (Czech)
Sucre edulcor

Sucrette
o-Sulfobenzimide

o-Sulfobenzoic acid imide
2-Sulphobenzoic imide

Zaharina

Saccharin has the RCRA waste number U202.

1.2 Physical-Chemical Properties

Property Information Reference
Color White HSDB (1996)
Physical State Monoclinic crystals Budavari (1996)
Melting Point, °C 228.9-229.7 Budavari (1996)
Density, g/mL 0.828 Budavari (1996)
Odor Odorless or has a faint aromatic =~ HSDB (1996)
odor
Solubility:
Water Soluble in water Weast and Astle (1980)
Organic Solvents Soluble in acetone Weast and Astle (1980);
Slightly soluble in chloroform, HSDB (1996)
ethyl ether, and benzene
Partition Coefficient:
Log octanol/water 0.91 HSDB (1996)
Vapor pressure at 25 °C,mm Hg 9.1 1x107 HSDB (1996)
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2.0 HUMAN EXPOSURE

Summary: The original uses of saccharin were numerous. Today, it is primarily used as
a nonnutritive sweetening agent. From the 1950's to the 1970's, the U.S. consumption of
saccharin increased dramatically. Following the ban on saccharin in Canada, stricter legislation on
the marketing of saccharin, and the introduction of other artificial sweeteners into the U.S.
market, consumption steadily declined. Recently, however, it appears that U.S. saccharin
consumption is steady, if not slightly increasing.

Saccharin and sodium saccharin have been produced commercially in the United States for
over 80 years. The compounds are produced commercially only by the Maumee process.
Calcium saccharin was first produced in the United States in 1953. U.S. imports and production
of saccharin has steadily declined. Currently, PMC Specialties Group, Inc. is the only
commercial producer of saccharin.

Potential exposure to saccharin occurs through the consumption of dietetic foods and
drinks and by use of some personal hygiene products. The concentration of saccharin aliowed in
these products is regulated by the FDA. Potential exposure to saccharin also occurs in the
workplace, specifically in occupations, industries, or facilities that produce and deal with
saccharin and its salts.

Regulation of saccharin and its salts is accomplished through many agencies and
legislation. The EPA regulates saccharin and its salts under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), Resource Conservation and Recovery
Act (RCRA), and Superfund Amendments and Reauthorization Act (SARA). The FDA
regulates saccharin under the Food, Drug, and Cosmetic Act (FD&CA). Saccharin is regulated by
OSHA under the Hazard Communication Standard.

2.1 Production

The 1979 Toxic Substances Control Act (TSCA) Inventory identified three U.S.
companies producing 1.1 million Ib (499 metric tons [Mg]) of saccharin in 1977, while 6.3 million
Ib (2,860 Mg) were imported. Two U.S. companies produced 1.6 million Ib (726 Mg) of sodium
saccharin, and 281,000 Ib (128 Mg) were imported in 1977. Imports of calcium saccharin, which
was first produced commercially in the United States in 1953, amounted to 5,500 Ib (2.5 Mg) in
1977. One U.S. company produced 550,000 1b (250 Mg) of the ammonium salt in 1977 (NTP,
1994).

Production of all forms of saccharin increased gradually from 180 Mg in 1957 to an
estimated 2,040 Mg in 1970 to an estimated total of 2,177 Mg in 1977 (IARC, 1980). The
USITC (1981-1991, 1993-1995) identified one U.S. producer of saccharin and its sodium salt
from 1980 to 1994, but no production data were provided for these years. The USITC (1983-
1985) also reported that one U.S. company produced saccharin, calcium salt, from 1982 to 1984,
but no production data were provided. SRI International (1996) identified one U.S. producer of
sodium saccharin, most likely PMC Specialties Group, Inc. which produces saccharin under the
trade name SYNCAL® in the United States and worldwide (PMC Specialties Group, 1996).

10
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PMC Specialties Group produces sodium saccharin in crystalline and powder forms, and
calcium saccharin and insoluble (acid) saccharin in powder form (PMC Specialties Group, 1996).
Production volumes were not available.

The forms of saccharin produced by PMC Specialties Group are listed below, in
Table 2-1.

Table 2-1. Forms of Saccharin Produced by PMC Specialties Group

[SYNCAL®  |soluble (CH,SO,NCO) 128-44-9 | PMC Specialties

GS & GSD saccharin Na2H,0 Group (1997a)

SYNCAL?® soluble (CH,SO,NCO)Na 128-44-9 | PMC Specialties

S & SD saccharin Group (1997b)

SYNCAL® CAS |calcium (CH,SO,NCO),Ca |6485-34-3 |PMC Specialties
saccharin Group (1997¢)

SYNCAL® SDI |insoluble C,H,NO,S 81-07-2 PMC Specialties
(acid) Group (1997d)
saccharin

PMC Specialties Group also produces and markets the SYNCAL?® saccharin products
SWEET-CHEW® (for animal feed) and SHERBRITE?® (for the plating industry) (PMC
Specialties Group, 1996).

U.S. imports of saccharin have steadily declined from 5.9 million Ib (2,700 Mg) in 1983 to
3.7 million 1b (1,700 Mg) in 1984, about 1.8 million Ib (817 Mg) in 1985, and 1.6 million Ib (726
Mg) in 1987 (NTP, 1994). Calcium saccharin was first produced commercially in the United
States in 1953.

Saccharin is manufactured commercially by both the Maumee process and the Remsen-
Fahlberg method. In the United States, saccharin and sodium saccharin are produced
commercially only by the Maumee process (HSDB, 1996), and have been produced for over 80
years (Crammer and Ikan, 1977, cited by IARC, 1980). In the Maumee process, diazotization of
methyl anthranilate by treatment with sodium nitrate and hydrochloric acid gives 2-
carbomethoxy-benzenediazonium chloride. Sulfonation of this intermediate gives 2-
carbomethyoxy-benzenesulfonic acid, which is treated with chlorine to give 2-carbomethoxy-
benzenesulfonyl chloride with chlorine. Treatment of this sulfonyl chloride with ammonia,
followed by acidification, gives saccharin (IARC, 1980). Saccharin is converted to the sodium
salt by treating with sodium hydroxide or sodium bicarbonate. Twenty-three impurities have
been reported in this process (Arnold et al., 1983).

In the Remsen-Fahlberg method of producing saccharin, toluene is reacted with
chlorosulfonic acid to produce o- and p-toluenesulfonyl chlorides. The o-isomer is isolated and
treated with ammonia to form o-toluenesulfonamide. Oxidation gives o-sulfamoylbenzoic acid,
and when this intermediate is heated, saccharin forms (IARC, 1980). Thirty-one impurities have
been reported when saccharin is synthesized by this method (Arnold et al., 1983).

11
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2.2 Use

The primary use of saccharin is as a nonnutritive sweetening agent. Its use increased
substantially after cyclamates (synthetic chemicals having a sweet taste) were banned in food in
1969 (FESA database). In 1976, the estimated U.S. consumption for all forms of saccharin was
77% in food uses (45% in soft drinks; 18% in tabletop sweeteners; 14% in fruit juices, sweets,
chewing gum, and jellies), and 23% in non-food uses (10% in cosmetics and oral hygiene
products, such as toothpastes, mouthwash, and lipstick; 7% in drugs, such as coatings on pills;
2% in smokeless tobacco products, such as chewing tobacco and snuff; 2% in electroplating, e.g.,
a brightener in nickel-plating baths used in the coating of automobile bumpers; 1% for cattle feed;
and 1% in miscellaneous uses (IARC, 1980; HSDB, 1996).

The original uses of saccharin were numerous. A few of the original uses were as an
antiseptic and preservative to retard fermentation in food, in estimating the circulation time of
blood from an antecubital vein to the lingual capillaries, as an antistatic agent in plastics and
textiles, as a polymer modifier and accelerator in photosensitive dispersions, as a light-fastness
aid in nylon dyes, and as a chemical intermediate for the fungicide probenazole used in controlling
rice blast in Japan (Arnold et al., 1983).

Based upon government legislation and market competition, the consumption of saccharin
in the United States has varied. Saccharin and saccharin salts were approved under the 1958
Food Additives Amendment to the Food, Drug, and Cosmetics Act. Under the provisions of this
act, saccharin was included in those substances that had been in use prior to 1958 and had been
accorded GRAS (Generally Recognized As Safe) status. Saccharin was removed from the GRAS
list in 1972, however, when questions by the Food and Drug Administration (FDA) about its
safety arose (IARC, 1980). During the period when saccharin was recognized as having GRAS
status, its consumption increased dramatically. For example, the consumption of saccharin in the
United States in 1953 was 21,000 Ib (9.5 Mg); in 1962, 2.5 million Ib (1,100 Mg); and following
the ban on cyclamates in 1969, consumption rose to 4.0 million Ib (1,800 Mg) (Arnold et al.,
1983). The approval and introduction of other artificial sweeteners such as aspartame and
acesulfame-K into the U. S. market lowered the annual per capita consumer consumption of
saccharin from 3.5 kg (9.6 mg/day) in 1980 to 2.7 kg (7.4 mg/day) in both 1985 and 1988 (Irving-
Monshaw, 1989). The total U.S. consumption of saccharin in 1992 was 700,000 sugar
sweetness equivalent tons (2,333 Mg) whereas aspartame’s consumption was 1,500 sugar
sweetness equivalent tons (8,333 Mg) (Research Studies-USDA ERS, 1992). According to SRI
International, saccharin accounted for 39% of the world’s consumption of high-intensity
sweeteners in 1992, while aspartame accounted for 41% (Dawson, 1994b). The 1994 consumer
consumption of saccharin was estimated to be 2,200 Mg in the United States and 1,100 Mg in
Europe (Dawson, 1994a).

In 1983, the Calorie Control Council estimated that in the United States, 44 million adults
consumed saccharin-sweetened products (NTP, 1994). It has been estimated that the average
consumption of saccharin by humans in the United States is about 5 mg/kg body weight/day
(Vesely and Levey, 1978). Saccharin consumption is greatest among diabetics and others whose
medical conditions require the restriction of calories or carbohydrates (NTP, 1994).

12
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2.3 Environmental Exposure

2.3.1 Environmental Releases
The Toxic Chemical Release Inventory (EPA) listed four industrial facilities that

produced, processed, or otherwise used saccharin in 1988. In compliance with Community
Right-to-Know Program, the facilities reported releases of saccharin to the environment which
were estimated to total 750 Ib (340.5 kg) (NTP, 1994). Facilities are required to notify the
National Response Center (NRC) when release of saccharin equals or exceeds its reportable
quantity of 100 Ib (45.4 kg). When saccharin becomes a waste, as a commercial chemical
product, a manufacturing chemical intermediate, an off-specification commercial chemical
product, or a manufacturing chemical intermediate, it must be managed according to Federal
and/or State hazardous waste regulations (HSDB, 1996).

Releases of saccharin to the environment as reported by PMC Specialties Group, the
only U.S. commercial saccharin producer listed by the USITC and Cumberland-Swan, Inc., the
manufacturer of Sweet ‘n Low®, are listed below, in Table 2-2.

Table 2-2. Releases of Saccharin to the Environment

75 Iblyr 65 Ib/yr 64 1b/yr
, (34.1 kg/lyr) | (29.5kglyr) | (29.1 kglyr)
PMC Land 0 Ib/yr 0 Ib/yr 0 Ib/yr
Specialties Water 0 Ib/yr 0 Iblyr 0 1blyr
Group Sewer 0 Ib/yr 10 Ib/yr 10 Ib/yr
(4.5 kglyr) (4.5 kglyr)
Other 1,700 Ib/yr 1,100 Ib/yr 1,400 Ib/yr
(771.8 kglyr) | (499 kg/yr) | (635.6 kg/yr)
Air 250 Ib/yr 250 Ib/yr
(113.5 kg/yr) | (113.5 kgl/yr)
Cumberland- Land 0 kg/yr Okg/yr |
Swan, Water 0 kg/yr O kg/yr
Inc. Sewer 250 Ib/yr 250 Ib/yr
(113.5 kgfyr) | (113.5 kg/yr)
Other 2,700 Ib/yr 350 Ib/yr
(1,226 kg/yr) | (158.9 kgl/yr)

Source: Toxic Release Inventory Systems (TRIS, 1996)

2.3.2 Environmental Occurrence
Saccharin and its salts, as well as the impurity o-toluenesulfonamide, do not occur as

natural products (IARC, 1980).

13
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2.3.3 Drinking Water and Food
Refer to section 2.3.4 for any information regarding exposure to saccharin from food.

2.3.4 Consumer Products

Potential exposure to saccharin also occurs through the consumption of dietetic foods and
drinks and some personal hygiene products, such as certain toothpastes and mouthwashes that
use saccharin as a sweetening agent (NTP, 1994). The FDA has authorized the use of saccharin
and its salts in beverages in concentrations not to exceed 12 mg/oz (413 mg/L), as a sugar
substitute not to exceed 20 mg for each expressed teaspoonful of sugar sweetening equivalency,
and in processed food not to exceed 30 mg per serving. Data from the Nationwide Food
Consumption Survey, conducted by the USDA from 1977-1978, on calculated daily saccharin
intake levels is presented in Table 2-3. The survey included responses from 30,770 U.S.
residents from the 48 contiguous states. Respondents reported foods eaten and quantities
consumed.

Table 2-3. USDA Nationwide Food Consumption Survey (1977-1978): Total Calculated
Saccharin Intake Levels, mg/kg bw/day

Age Group 1-2;  |3-5; |6-8; |9-14; [15-18;
(years); Sex M&FIM&FIM&F(M&F |M

Total Average | 11.46] 9.62] 6.76 5.6 5.23
Daily Intake

90th 15.76] 19.67| 14.12] 11.98 7.4
Percentile 1

Source: Calorie Control Council (1996)

The amount of saccharin consumed by diabetics in Great Britain was estimated in a study
conducted by researchers at the University of Southaxhpton (MAFF, 1994). The highest level
consumed (as measured by the 97.5th percentile) was 3.1 mg saccharin per kilogram body weight
per day. The study included 761 participants, age 2 years and over. The average consumption
of saccharin by diabetics was not provided.

Consumer exposure to saccharin has possibly decreased in recent years due to the
introduction of Nutra-Sweet® (aspartame). According to SRI International, saccharin, packaged
as an artificial sweetener under the product name Sweet ‘n Low®, commands 31.8% of the U.S.
market share in artificial tabletop sweeteners. Saccharin is second to aspartame, which
commands 67.8% of the market share (Tomasula, 1994).

2.3.5 Biomarkers of Exposure
Saccharin has not been found to be mutagenic, and evidence shows it does not undergo

covalent binding to the DNA of a rat’s liver or bladder (Lutz and Schlatter, 1977).

14
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2.3.6 Occupational Exposure
Occupational exposure occurs through dermal contact or inhalation of dust at places

where saccharin is produced or used. The risk of potential occupational exposure exists for
workers involved in the production of saccharin or its salts, in the manufacture and formulation
of saccharin-containing products, and during the packaging of the consumer products. A National
Occupational Exposure Survey (1981-1983) estimated that 225,095 total workers, including
97,729 women, representing 73 occupations in 107 industries at 7,347 facilities, potentially were
exposed to saccharin (NIOSH, 1990). This survey also found 1,150 employees, including 591
women, representing 5 occupations in 1 industry at 11 facilities were potentially exposed to its
sodium salt. This same survey found 10,053 employees, including 4,418 females, representing
16 occupations in 19 industries at 454 facilities that either were involved with the production of,
dealt with, or were potentially exposed to sodium saccharin dihydrate (RTECS, 1996).

Table 2-4. NIOSH National Occupational Exposure Survey (NOES, 1981-83)":

By Industry

Agricultural Services 1838
[l Heavy Construction Contractors 19 3129 75
|| Special Trade Contractors 20 1683
Food and Kindred Products 149 497
Textile Mill Products 66 252
Lumber and Wood Products 166 2331
Furniture and Fixtures 94 2630 376
Paper and Allied Products 132 6134 229§“
Printing and Publishing 64 477
Chemicals and Allied Products 23 1329 175)|
Rubber and Misc. Plastics Products 52 633 ||
Stone, Clay, and Glass Products 230 762 i
li Primary Metal Industries 9 264 It
Fabricated Metal Products 307 11616 6172
Machinery, Except Electrical 2107 57361 166048|
Electric and Electronic Equipment 881 26850 13490
Transportation Equipment 143 8947 1029]]
Instruments and Related Products 315 8910 3966||
Miscellaneous Manufacturing Industries 86 839 1 161|
Railroad Transportation 22 22
Trucking and Warehousing 37 75 i
Water transportation 39 774
Transportation by Air 75 10086 57||
Communication 152 3748 |
Electric, Gas, and Sanitary Services 203 9025 |
Business Services 24 1106 g“
Auto Repair, Services, and Garages 299 1796
Miscellaneous Repair Services 704 1110
Health Services 699 60871 51 7381'
Total 7347 225095 97729
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2.4 Regulations

2.4.1 Qccupational Exposure Limits
No occupational standards or criteria have been promulgated (OSHA) or recommended

(NIOSH, ACGIH) in the United States for exposure to saccharin in workroom air.

2.4.2 Other Standards and Criteria

The EPA regulates saccharin and its salts under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), Resource Conservation and Recovery
Act (RCRA), and Superfund Amendments and Reauthorization Act (SARA). Saccharin is
subject to reporting and record keeping rules under CERCLA, RCRA, and SARA. The EPA
proposed raising the statutory reportable quantity (RQ) of 1 b, established under CERCLA, to
100 Ib for saccharin and its salts. The final rule adjusts the RQ from 1 1b to 100 1b. Saccharin is
regulated as a hazardous constituent of waste under RCRA, and threshold amounts for facilities
which may release saccharin have been established under SARA. OSHA regulates saccharin
under the Hazard Communication Standard and as a chemical hazard in laboratories. The FDA
regulates saccharin under the Food, Drug, and Cosmetic Act (FD&CA) as a food ingredient not to
exceed specific concentrations (NTP, 1994). In compliance with the Delaney Clause, the FDA
proposed to ban saccharin as a food additive in 1977 because of the available evidence of its
carcinogenicity in animals. Due to conflicting scientific study results as well as the potential
benefits of saccharin, a compromise solution was enacted instead of an outright ban. In
November, 1977, Congress passed the Saccharin Study and Labeling Act which placed an 18-
month moratorium on any action by the FDA against saccharin, and mandated that all products
containing saccharin bear the following warning label: “Use of this product may be hazardous to
your health. This product contains saccharin, which has been determined to cause cancer in
laboratory animals” (Viscusi, 1994). In 1991, the FDA withdrew its call for an outright ban on
saccharin in the United States, but warning labels are still required on all packaging (Tomasula,
1994). The moratorium against any further FDA action has been extended to May 1, 1997.
FDA regulates, under the Food, Drug, and Cosmetic Act (FD&CA) and the Fair Packaging and
Labeling Act, the labeling of various food products containing saccharin and/or saccharin salts.

The FDA also regulates how saccharin and certain saccharin salts are used as sweetening agents in
food and as a weight control drug under the FD&CA and the Public Health Service Act.
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REGULATIONS

Regulatory Action

Effect of Regulation/Other Comment

oa-Nes!

40 CFR 261—PART 261—
IDENTIFICATION AND LISTING OF
HAZARDOUS WASTES. Appendix
VII—Basis for Listing Hazardous Waste.
Promulgated: 46 FR 4619, 1981 with
numerous amendments. The hazardous

waste number for saccharin and it salts is
U202.

40 CFR 261.30 ff.—Subpart D—Lists of
Hazardous Wastes.

40 CFR 302—PART 302—
DESIGNATION, REPORTABLE
QUANTITIES, AND NOTIFICATION.
Promulgated: 50 FR 13474, 04/04/85. U.S.
Code: 42 U.S.C. 9602, 9603, and 9604; 33
U.S.C. 1321 and 1361.

40 CFR 302.4—Sec. 302.4 Designation of
hazardous substances. Limits: Superfund
(CERCLA, SARA) final reportable quantity
(RQ) is 100 1b (45.4 kg).

40 CFR 302.6—Sec. 302.6 Notification

requirements.

40 CFR 372-- PART 372--TOXIC
CHEMICAL RELEASE REPORTING:
COMMUNITY RIGHT-TO-KNOW.
Promulgated: 53 FR 4525, 02/16/88. U.S.
Code: 42 U.S.C. 11013, 11028. This part
sets forth requirements for the submission of
information relating to the release of toxic
chemicals under section 313 of Title III of
SARA (1986).

App. VIII lists the hazardous constituents
of industrial waste streams listed in 40
CFR 261.31.

This part designates under section 102(a)
of CERCLA 1980 those substances in
the statutes referred to in section 101(14)
of CERCLA, identifies reportable
quantities for these substances, and sets
forth the notification requirements for
releases of the substances. This part also
sets forth reportable quantities for
hazardous substances designated under
section 311(b)(2)(A) of the CWA.

EPA designated as hazardous those
substances that when released into the
environment may present substantial
danger to the public health or welfare or
the environment.

Notification of EPA is required if the RQ
is released to the environment. ’

Information collected under this part is
intended to inform the general public and
the communities surrounding covered
facilities about releases of toxic
chemicals, to assist research, and aid in
the development of regulations,
guidelines, and standards.
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REGULATIONS

Regulatory Action

Effect of Regulation/Other Comment

> o m

40 CFR 372—Subpart D—Specific Toxic
Chemical Listings.

40 CFR 372.65—Sec. 372.65 Chemicals
and chemical categories to which this part
applies.

>0

21 CFR 100—PART 100—GENERAL.
Promulgated: 42 FR 14306, 03/15/77. U.S.
Code: 21 U.S.C. 321, 331, 337, 342, 343,
348, and 371.

21 CFR 100.11—Sec. 100.130
Combinations of Nutritive and Nonnutritive
Sweeteners in “Diet Beverages”.

21 CFR 101—PART 101—FOOQOD
LABELING. Promulgated: 42 FR 14308,
03/15/77. U.S. Code: 15 U.S.C. 1453,
1454, 1455; 21 U.S.C. 321, 331, 342, 343,
348, and 371.

21 CFR 101.11—Sec. 101.11 Saccharin and
Its Salts; Retail Establishment Notice.

21 CFR 150—PART 150—FRUIT
BUTTERS, JELLIES, PRESERVES, AND
RELATED PRODUCTS. Promulgated: 42
FR 14445, 03/15/77. U.S. Code: 21
U.S.C. 321, 341, 343, 348, 381, and 37%e.

21 CFR 180—PART 180—FOOD
ADDITIVES PERMITTED IN FOOD OR IN
CONTACT WITH FOOD ON AN
INTERIM BASIS PENDING
ADDITIONAL STUDY. Promulgated: 61
FR 14482, 04/02/96. U.S. Code: 21

U.S.C. 321, 342, 343, 348, 371; 42 U.S.C.
241.

General state and local requirements
along with specific administrative rulings
and decisions for various food products.

The label of any “diet beverage” or diet
beverage base that contains saccharin
must contain the statement “Contains
____ mg saccharin (or saccharin salt, as
the case may be) per ounce, a “
nonnutritive artificial sweetener.

Requirements are given for the principal

display panel (the panel most likely to be
examined under customary conditions of
display for retail sale) of form food.

Retail establishments (except restaurants)
that sell food containing saccharin shall
display a notice informing the consumer
that saccharin products are sold at that
location.

Artificially sweetened fruit containing a
packing medium sweetened with
saccharin and/or sodium saccharin shall
have the specified name “artificially
sweetened ”, the blank being filled
by name of the fruit or fruit product.

Regulations govern specific requirements
for food additives in food or additives in
contact with food. This regulation is
pending additional study.
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REGULATIONS

Regulatory Action Effect of Regulation/Other Comment

21 CFR 180.37—Sec. 180.37 Saccharin, Regulates how these saccharin food
Ammonium Saccharin, Calcium Saccharin, |additives may be safely used as
and Sodium Saccharin. sweetening agents in food.

>0

21 CFR 310—PART 310—NEW DRUGS. |Regulations govern the administrative
U.S. Code: 21 U.S.C. 321, 331, 351, 352, |rulings and decisions on new drug

353, 355, 356, 357, 360b-360f, 360j, status, new drugs exempted from
361(a), 371, 374, 375, 379%; 42 U.S.C. prescription-dispensing requirements,
216, 241, 242(a), 262, 263b-263n. records, reports, and requests for

specific new drugs or devices.

21 CFR 310.545—Sec. 310.545 Drug There is inadequate data to establish
products containing certain active ingredients | general recognition of the safety and
offered over-the-counter (OTC) for certain | effectiveness of saccharin as a weight
uses. control drug product.

The regulations in this table have been updated through the Federal Register 100 Vol.62, May 23, 1997.

3.0 HUMAN STUDIES

A number of epidemiological studies have been conducted to determine whether the use of
artificial sweeteners (AS), including saccharin, has been associated with human cancer. U.S.
epidemiological studies of AS may not be as informative as those from Canada, the United
Kingdom, Europe, and Japan, where widespread saccharin use first began (1945 [imported
primarily from Japan and the United States], 1916, 1894, and 1945, respectively). Artificial
sweetener use in the United States was not widespread until the middle of the 1960s, when
cyclamate and saccharin were used together. The IARC Working Group reviewed saccharin
epidemiology in the original monograph (IARC, 1980) and updated the review in Supplement 7
to the IARC Monographs (IARC, 1987b). In both reviews by the IARC Working Group, it was
concluded that the results from epidemiological studies of saccharin are equivocal. In a review of
saccharin by the Joint FAO/WHO Expert Committee on Food Additives (JECFA, 1993),
however, it was concluded that “the epidemiological studies on saccharin did not show any
evidence that saccharin ingestion increases the incidence of bladder cancer in human populations”.

Epidemiologic studies have in general examined associations between urinary bladder
cancer and artificial sweeteners in general, rather than saccharin, per se; this could either inflate or
disguise a risk due to saccharin alone. Time trend data are essentially uninformative, since
information concerning use of artificial sweeteners and confounding factors is presented only for
populations and not for individuals. Cohort studies of diabetics are confounded by reduced
smoking in this group. Overall, case-control studies demonstrate at best a small risk for the
general population (reviewed in IARC, 1980; IARC, 1987a,b; JECFA, 1993). However, some
studies have demonstrated increased risk for groups otherwise at low risk, such as female
nonsmokers (Howe et al., 1980; Hoover and Strasser, 1980; Cartwright et al., 1981; Morrison et
al, 1982; Mommsen et al., 1983). Heavy users of artificial sweeteners may also be at increased
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risk regardless of gender or smoking habits (Hoover and Strasser, 1980). While the available
epidemiology data show no consistent evidence that saccharin is associated with increased
bladder cancer in general, a small increased risk in some subgroups cannot be excluded.

3.1 IARC (1980) Review of Saccharin Epidemiology

TARC (1980, pp. 171-183; see Appendix A) examined time trends in the United States,
England, and Wales and found that there was no marked increase in the incidence of bladder
cancer following rapid increase in the use of artificial sweeteners (e.g., see Armstrong and Doll,
1974). In addition, the IARC Working Group found that in the United Kingdom diabetics as a
group consume higher quantities of artificial sweeteners and experience lower mortality from
bladder cancer than the general population (e.g., see Armstrong and Doll, 1975). The IARC
Working Group stated that due to metabolic or dietary differences, use of drugs, exposure to
tobacco, or occupational factors associated with diabetics, a carcinogenic effect of sweeteners
cannot be excluded (IARC, 1980).

The IARC Working Group evaluated 7 case-control studies (Morgan and Jain, 1974,
Simon et al., 1975; Howe et al., 1977, Wynder and Goldsmith, 1977; Miller et al., 1978;
Connolly et al, 1978; Kessler and Clark, 1978). Five of the seven studies were negative for
bladder cancer and were found to be limited by some inadequacies in experimental design. Of the
two studies that examined possible confounding factors in detail, one (Howe et al., 1980 [a
reanalysis of data from Howe et al., 1977]) suggested that artificial sweetener use was positively
associated with bladder cancer in men but not in women. The association was limited to men
who consumed an average of more than eight tablets of saccharin per day or men who used nine
or more tablets of AS per day. In both instances, the relative risk (RR) was approximately 3.
The IARC Working Group noted that in these small groups, the result could have been due to
confounding factors that were not included in the analysis, residual confounding effects of those
factors that were considered in the analysis, or chance.

The second study reviewed by the IARC Working Group that considered confounding
factors (Kessler and Clark, 1978; cited by IARC, 1980) found no association between bladder
cancer and use of AS and suggested that a relative risk of about 1.5 or higher was unlikely.

In 6 out of 7 of the case-control studies reviewed by the IARC Working Group, women
with bladder cancer consumed less AS than the controls. The IARC Working Group stated that
this observation suggests that there is no association between use of artificial sweeteners and
bladder cancer in women.

In a case-control study that was in press when reviewed by IARC (1980), Wynder and
Stellman (1980) reported that there was no association between use of artificial sweeteners or
diet beverages and bladder cancer. The study included 302 male and 65 female bladder cancer
patients who were matched by age, sex, hospital, and hospital-room status to an equal number of
patients without bladder cancer. More details on this study after publication are given in
subsection 3.2.1.

The 1980 IARC Working Group concluded their review of epidemiological data for AS
with the following statement: The epidemiological data taken as a whole cannot with confidence
exclude a small increase in risk but provide no clear evidence that artificial sweeteners cause

bladder cancer in humans (IARC, 1980). In 1987, the IARC Working Group reiterated the
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findings from their 1980 review by concluding that the evidence that the risk of cancer is
increased among users of artificial sweeteners is inconsistent (IARC, 1987).

3.2 Human Studies Published Post IARC (1980)
Experimental details for the studies described in this section are presented in Table 3-1.

3.2.1 U.S. Case-Control Studies

Hoover and Strasser (1980) conducted a large multicenter bladder cancer case-control
study that included 3010 newly diagnosed, histologically confirmed bladder cancer cases and
5783 population-based controls chosen at random. Information collected by personal interview
included information regarding quantity of AS consumed, either by table-top or diet-drink use.
No increase in overall RR for bladder tumors was found when comparing the use of AS with
never having used AS (males: RR = 0.99; CI [Confidence Interval] = 0.89-1.10; females: RR =
1.07; CI = 0.89-1.29). There was no trend found for men for either table-top or diet-drink AS
use. A statistically significant trend for table-top, but not diet-drink, consumption was observed
for females after adjustment for age, race, and cigarette smoking. For men and women who
consumed at least 2 diet drinks and 3 table-top servings/day or at least some diet drinks and at
least 6 table-top servings/day, there was a borderline statistically significant RR of 1.45 (CI =
1.00-2.10) after adjustment for sex, age, race, smoking, occupational exposures, region, and
education (for males the RR was 1.47; for females the RR was 1.41). Two subgroups—females
who had never smoked or been occupationally exposed to known bladder carcinogens and men
who smoked heavily—showed a statistically significant relative risk estimate with daily AS use
(men: table-top >6 uses, RR = 1.86; diet drinks >3 servings, RR = 2.62; women: table-top >2
uses for >5-9 years, RR = 1.8; >2 uses >10 years RR = 2.7). Additional control for coffee
drinking, history of geographic area, education, obesity, use of hair dyes, and history of urinary
infections did not affect the relative risk. [TARC (1982) reviewed this study in Supplement 4 to
the monographs.]

Using a different analytic approach, Walker et al. (1982) reevaluated the study conducted
by Hoover and Strasser (1980) and found essentially the same overall result for AS use (RR =
1.2; CI = 1.0-1.5). These investigators used a composite variable that included education, bladder
infection, job exposure, and coffee consumption to define baseline risk strata. Odds ratio
estimates were adjusted for region, race, sex, and age. The authors found no trends in odds ratios
associated with increasing AS use for the different risk categories. However, this reanalysis was
criticized by Hoover and Hartge (1982; cited by IARC, 1987b), who argued that the use of
stratification did not include sex and age, and suggested that the low- or high-risk groups based on
the composite risk variable used in the reanalysis were actually of intermediate risk. [TARC
(1982) mentioned these two studies in Supplement 4.]

Morrison and Buring (1980) reported an association of artificial sweetener use and
increased risk of lower urinary tract cancer in females. The relative risk of lower urinary tract
cancer was 1.6 (95% CI = 0.9-2.7; 69 cases/46 controls) among women who never used dietetic
beverages, and 1.5 (95% CI = 0.9-2.6; 54 cases/39 controls) among women who reported use of
sugar substitutes. There was also an increased lower urinary tract cancer risk among women after
five or more years of dietetic beverage use (RR = 3.7; 22 cases/6 controls), but statistical
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estimates were not provided. [This study was described by IARC (1980) as a footnote since it
was published after the Working Group Meeting.]

A case-control study was conducted by Wynder and Steliman (1980) between 1977 and
1979 using 302 male and 65 female cases with bladder cancer. Controls were hospital admissions
matched for sex, age, hospital, and hospital-room status (an indicator of socioeconomic status).
The authors found no association between use of saccharin or diet beverages and bladder cancer.
The RR for saccharin use was 0.93 (CI = 0.68-1.28) for men and 0.62 (CI = 0.26-1.40) for
women. For diet beverage consumption, the RR was 0.85 (CI = 0.55-1.17) for men and 0.60
(CI =0.27-1.29) for women. [This study was published after the Working Group meeting and
was described in IARC (1980) as a footnote.]

Najem et al. (1982) compared 75 male and female bladder cancer cases with 142 hospital-
based controls in a study conducted in 1978 in New Jersey. Controls were matched to cases by
age, place of birth, sex, race, source of obtaining cases, and place of current residence. The
authors found no statistically significant increased risk of bladder cancer from consumption of
saccharin (RR = 1.3 [CI = 0.6-2.8]). However, only 12/75 cases (16%) and 19/142 controls
(13%), reported having consumed saccharin. The relative risk was not adjusted for any
potentially confounding factors.

Silverman et al. (1983) examined the use of population- versus hospital-based controls to
estimate the risk of lower urinary tract cancer from AS consumption. The study was conducted
in Detroit, MI as an add-on to the multicenter study conducted by Hoover and Strasser (1980).
The study included 391 cases diagnosed from December 1977 to December 1978 in Detroit with
transitional or squamous cell carcinoma of lower urinary tract, 305 population-based controls
matched to cases by age and sex, and 440 hospital-based controls discharged from the same
hospital as a case and matched by age, race, sex, discharge date. Population-based controls had a
lower reported AS use compared with hospital-based controls. Using population-based controls,
the RRs for men and women were 1.1 and 1.8, respectively. Using hospital-based controls, the
RRs for men and women were 0.9 and 1.1, respectively. Using hospital controls without
obesity-related diseases, RR was 1.1 for both men and women. Adjustment of RR values for age,
smoking, education, and body mass index were found to have no effect on risk.

A New York state study reported no increased risk of bladder cancer for young (20 to 49
yr-old) women who reported using AS more than 100 times (Odds Ratio [OR] = 1.1 [CTI = 0.7-
1.7]). Cases (173) with bladder cancer diagnosed between 1975 and 1980 were matched by sex,
age, and residence within an area code to 173 population-based controls (Piper et al., 1986).

In a study conducted by Nomura et al. (1991), men and women of Japanese or Caucasian
ancestry, diagnosed with lower urinary tract cancer between 1977 and 1986 in Oahu were
matched to population-based controls by sex, ethnic group, age, and residence. Participants were
classified into non-users and users of saccharin based on consumption history 1 year prior to
interview or diagnosis. There was no increased risk of lower urinary tract cancer in users (OR for
men, 1.1 [CI = 0.7-1.8]; OR for women, 0.7 [CI = 0.3-1.5]).

In an analysis of data from the Hoover and Strasser (1980) study conducted by Sturgeon
et al. (1994), it was found that heavy use of AS (> 1680 mg/day) was associated with higher-
grade, poorly differentiated bladder tumors (RR = 2.2; CI = 1.3-3.6). The analysis included 1860
cases from 10 geographic regions with bladder cancer identified between December 1977 and
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March 1978, and 3934 population-based controls. The RR was adjusted for age, sex, cigarette
use, history of urinary infection or bladder stones, coffee consumption, family history of urinary
tract cancer, high-risk occupation, race, and education.

3.2.2 Canadian Case-Control Studies

Risch et al. (1988) conducted a large multicenter Canadian bladder cancer study that
matched 826 cases with population-based controls during 1979-1982. No association with any
table-top AS consumption, including a subgroup of nonsmoking females (OR = 1.04; CI = 0.4-
2.71) was reported. An OR of approximately 2 was associated with females that drank diet
soda; the dose-related trend reached borderline statistical significance. The authors noted that
none of the diet soda consumption had exceeded 10 years (Risch et al., 1988). Thus, these
authors failed to confirm the increased risk for bladder cancer that they previously reported
(Howe et al., 1980) for consumers of artificial sweeteners.

3.2.3 Case-Control Studies From Other Countries

Morrison et al. (1982) conducted a case control study including cases of lower urinary
tract cancer cases from Nagoya, Japan (293 cases) and Manchester, United Kingdom (555 cases).
Controls (589 Japanese, 735 British) were population-based and were matched to cases by age
and sex. The study found no increased risk of lower urinary tract cancer related to AS use
(British men, RR = 0.9 [CI = 0.7-1.2]; British women, RR = 0.9 [CI = 0.6-1.4]; Japanese men,
RR = 0.7 [CI = 0.5-0.9]; Japanese women, RR = 0.5 [CI = 0.3-0.8]). The study populations from
Japan and the United Kingdom used saccharin predominantly (97% of British, 94% of Japanese)
for 30-40 years prior to the study. The authors found an increased RR of 1.6 among nonsmoking
men from the United Kingdom; the RR for nonsmoking British women was 1.2. There was no
increased risk in nonsmoking Japanese or in any group of current or former smokers. The United
Kingdom analysis for AS in tablets showed an increased RR among the over-10-tablets-a-day
female group (RR = 2.3) and a decrease in males (RR = 0.6).

Another study from the United Kingdom, conducted by Cartwright et al. (1981), included
622 prevalent and 219 incident cases of bladder cancer in West Yorkshire, each of which was
matched to hospital-based controls (622 for existing cases, 448 for new cases) for age and sex.
Saccharin use was described as regular for > 1 year, at least 5 years prior to diagnosis. Risk was
significantly elevated for nonsmoking males (RR = 2.2 [CI = 1.3-3.8]), but not for nonsmoking
females (RR = 1.6 [CI = 0.8-3.2]), or for smokers of either sex (male RR = 0.9 [CI = 0.6-1.3];
female RR = 1.2 [CI = 0.5-2.6]). The RR values were adjusted for age and type of case (incident
or prevalent).

Mommsen et al. (1983) conducted a small case-control study from Denmark comprised of
47 female cases newly diagnosed with bladder cancer and 94 population-based controls matched
by sex, age, and geographic area, including degree of urbanization. Cases were interviewed in
person at the hospital, whereas controls received a mailed questionnaire which was followed up
by a phone interview. Only 6/47 cases and 2/94 controls reported consumption of saccharin. An
elevated risk of bladder cancer was found for all women who had consumed saccharin (RR = 6.7
[CI = 1.5-30.2]). When only nonsmokers who used saccharin were included, the risk decreased
(RR=13.3[CI =1.4-7.8)).
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In another study from Denmark, however, Meoller-Jensen et al. (1983) found no increased
risk of bladder cancer from consumption of saccharin (RR for men = 0.68 [CI = 0.45-1.02]; RR
for women = 1.04 [CI = 0.51-2.09]). The study included 290 male and 98 female bladder cancer
patients who were matched by age and sex to 592 male and 195 female controls selected at
random from the general population. Participants were classified as users of saccharin only
(72.9%), cyclamate only (10.7%), or both substances.

A case-control study using 117 cases with 117 population-based controls and 117
hospital-based controls was prompted following a report of high bladder cancer incidence in La
Plata, Argentina. However, no association between saccharin use and bladder cancer was
reported. Controls were matched to cases by sex, age, and residence (population-based controls)
or hospital (hospital-based controls). Relative risk values were not provided (Iscovich et al.,
1987).

No increased risk of bladder cancer from consumption of saccharin (as a food additive
only) was found in a case-control study conducted by Momas et al. (1994) (OR = 1.5 [CI = 0.8-
3.0]). The study included 219 men living in a region of France for > 5 years and diagnosed with
primary bladder carcinoma between January 1987 and May 1989. The 794 controls were men
from the same region who were over 50 years old and had lived in the region > 5 years. Saccharin
use was defined as consumption of 365 (units were not given).

3.2.4 Descriptive Studies

Jensen and Kamby (1982) found that in utero exposure to saccharin did not appear to
increase the bladder cancer incidence in the first 3 decades of life, which was the limitation of
their follow-up. This Danish study also found no increased incidence in bladder cancer mortality
up to an age of 30 years for persons born from 1941 to 1945, which corresponds to a time period
when saccharin use was high in Denmark due to war-time shortages of sugar.

3.2.5 Meta-Analysis ,
In a meta-analysis that included 12 case-control studies on the relationship between AS

and bladder cancer incidence, Elcock and Morgan (1993) estimated a summary RR of near unity
(males, 0.958; females; 0.961).
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NTP Report on Carcinogens 1997 Background Document for Saccharin

4.0 MAMMALIAN CARCINOGENICITY

Several conventional carcinogenicity studies of dietary sodium saccharin have been
conducted in rats. Four of these studies that meet contemporary standards for hazard
identification, including absence of urinary bladder parasites, have shown induction of neoplasia
in urinary bladder urothelium of male rats. A condition that appears to be necessary for positive
results is exposure to high doses of sodium saccharin close to the time of weaning with continued
exposure for two years. In four studies of up to 30 months duration, sodium saccharin was
carcinogenic in Charles River CD and Sprague-Dawley male rats as evidenced by a dose-related
increased incidence of benign or malignant urinary bladder neoplasms at dietary concentrations of
1% or greater (Tisdel et al., 1974; Arnold et al., 1980; Taylor et al., 1980; Schoenig et al., 1985)
and statistically significant increased bladder neoplasia at 4% or greater (Schoenig et al., 1985;
Squire, 1985). Non-statistically significant increases in urinary bladder cancer have also been seen
in saccharin-treated female rats from studies showing a positive effect in males (Arnold et al.,
1980; Taylor et al., 1980). Furthermore, several initiation/promotion studies in different rat
strains have shown a reduced latency and/or increased incidence of similar urinary bladder cancers
in male and female rats fed sodium saccharin subsequent to treatment with different urinary
bladder initiators (e.g., Hicks and Chowaniec, 1977; Cohen et al., 1979; Nakanishi et al., 1980b;
West et al., 1986; Fukushima et al., 1990). Several additional rat studies in which sodium
saccharin was administered either in the diet or in drinking water were negative for tumorigenicity
(Fitzhugh et al., 1951; Lessel, 1971; Schmdhl, 1973; Chowaniec and Hicks, 1979; Hooson et al.,
1980; Schmihl and Habs, 1984).

Conventional carcinogenicity studies of dietary sodium saccharin in mice have been less
rigorously carried out, and have been negative for urinary bladder carcinogenesis. On the other
hand, two studies in which saccharin-containing cholesterol pellets were surgically implanted into
the urinary bladders of mice have yielded urinary bladder cancers. Three mouse studies have
reported positive carcinogenicity following exposure to saccharin. Two of these studies involved
surgical implantation of saccharin-containing cholesterol pellets into the urinary bladders and
resulted in development of malignant urothelial neoplasms (Allen et al., 1957; Bryan et al., 1970).
In the third study, dietary sodium saccharin resulted in increased incidences of malignant thyroid
neoplasms (Prasad and Rai, 1986). While the mouse data cannot be discounted, some of these
studies had methodological flaws, provided limited information, did not show a dose-response, or
had unexpected outcomes that may be species or strain-specific and should be verified by
additional studies. Four studies in mice were judged negative for tumorigenesis (Roe et al., 1970;
Kroes et al., 1977; Homberger, 1978; Frederick et al., 1989) as were studies in nonhuman
primates (McChesney et al., 1977 abstr.; Sieber and Adamson, 1978; both cited by IARC, 1980;
Thorgiersson et al., 1994; Cohen et al., 1996 abstr.) and a single hamster study (Althoff et al.,
1975).

4.1 Mammalian Carcinogenicity of Saccharin
Full experimental details for the studies described in this section are presented in
Table 4-1.
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4.1.1 Hamsters

No urinary tract tumors were observed in Syrian golden hamsters exposed to 0.156-
1.25% sodium saccharin in drinking water for life (50-60 weeks). The incidence of tumors in
other tissues was within the range of spontaneously occurring tumors (Althoff et al., 1975).

4.1.2 Mice

Twenty-five days after application of saccharin to the skin (8% solution in acetone), "S"
strain mice were given 18 weekly applications of 0.17% croton oil in acetone. Following
treatment with croton oil, 14 skin tumors were observed in 7/20 mice exposed to saccharin, while
4 skin tumors were observed in 4/19 control mice treated with croton oil only. The difference
was not significant (p value not given) (Salaman and Roe, 1956; cited by IARC, 1980).

An increased incidence of bladder cancer (p = 0.01; ? test) was observed in "stock" mice
that had saccharin/cholesterol pellets (2 mg saccharin/8 mg cholesterol) implanted in their urinary
bladder lumina for 40 or 52 weeks (Allen et al., 1957). The authors noted that the presence of
the cholesterol pellet in the bladder may have had a promoting action, and that the method of
bladder implantation detects incomplete carcinogens. It was not specified whether other tissues
were examined. The saccharin used was of unknown purity and the study involved small
numbers of animals whose sex was not specified.

As part of a combined carcinogenesis and tumor promotion study (Roe et al., 1970),
female Swiss mice were given a 5% saccharin diet for 18 months. Based upon macroscopic
examination of all major organs except brain, pituitary, and spinal cord, there were no alterations
in gross lesions or tumor incidences in saccharin-treated mice. The necropsy included careful
macroscopic examination of urinary bladder.

Stoner et al. (1973; cited by IARC, 1980) found that intraperitoneal (i.p.) saccharin
exposure (8 weeks, 0.6 or 3.3 g/kg/day) of A/He mice was not associated with induction of
pulmonary tumors. No other organs were examined. In a 6 generation study, Kroes et al. (1977)
found that the incidence of urinary bladder carcinoma was not significantly increased in Swiss
SPF mice exposed to 0.2 or 0.5% saccharin diet for 21 months. It was not specified whether
other tissues were examined.

A second cholesterol:saccharin (4:1) pellet implantation study in female Swiss mice
significantly increased the incidence of urinary bladder carcinomas but not in the degree of
malignancy in mice living more than 175 days after bladder implantation versus controls
(cholesterol pellet implants only) (Bryan et al., 1970). Since all of the saccharin was removed
from the implanted pellets within 1.5 days and the cholesterol plus saccharin pellet was porous,
having lost 20% of its weight, it has been argued that the cholesterol:saccharin pellet was
different and perhaps more irritating than the pellet comprised of only cholesterol and,
furthermore, there is some concern regarding how closely pellet implantation resembles chronic
oral exposure to saccharin (Cranmer, 1980).

The incidence of transitional-cell bladder cancers, lung tumors, hepatomas, or lymphomas
was not significantly increased in Charles River CD mice exposed to a 1 or 5% sodium saccharin
diet for up to 2 years (Homburger, 1978). Any tissue with an abnormal appearance and all vital
organs from at least half of the animals were examined histologically.
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Prasad and Rai (1986) orally administered albino mice 0.5, 1.0, or 1.5 g/kg saccharin
(purity not specified) dissolved in 1 mL of distilled water for 1 yr, beginning at 6 weeks of age.
Papillary adenocarcinoma of the thyroid was found in male (5/10) and female (3/10) mice exposed
to the highest dose. The tumors were detected during months 9-12 of the experiment and were
malignant in nature; metastases were found in the lungs. No information was provided on gross
or microscopic examinations of the bladder. Although a control group was used (10 males, 10
females), the tumor incidence in these mice was not reported. The saccharin used in this study
was purchased from Boots Co., Bombay, India.

In female weanling BALB/c mice administered a 0, 0.1, 0.5, 1.0, or 5.0% sodium saccharin
diet for 117 weeks, there was a marginally significant dose-response (p = 0.04) in the incidence of
Harderian neoplasms (27/163, 32/172, 29/160, 22/132, and 22/84, respectively). There was no
significant increase, however, for bladder, liver, breast, adrenal, or lung tumors, or for reticulum
cell sarcoma or lymphoma in any dose group (Frederick et al., 1989). Neither the authors nor the
NTP staff consider the Harderian gland response to be biologically significant.

4.1.3 Rats

Seven of 18, 21-day-old Osborne-Mendel rats exposed to a 5% saccharin diet for up to 2
years developed abdominal lymphosarcomas (Fitzhugh et al., 1951). The authors stated that this
was not "out of line with the incidence (of abdominal lymphosarcomas) in a comparable group of
rats", but noted an uncommon co-occurrence of thoracic lymphosarcomas with abdominal
lymphosarcomas in 4 of the 7 rats treated for 102 or more weeks. Urinary bladders were not
evaluated. Although controls were used in this study, the control tumor incidence was not
provided. IARC (1980) reviewed Fitzhugh et al. (1951) and noted the small number of animals
exposed.

Saccharin was negative for tumorigenesis in male and female Boots-Wistar rats exposed to
a0.005, 0.05, 0.5, or 5% saccharin diet for 2 years. Of 4 rats exposed to the highest dose and
examined histologically, 1 female had a bladder papilloma (Lessel, 1971). IARC (1980) noted the
small number of bladders examined histologically. It was not specified whether other tissues
were examined.

There was no increase in the incidence of benign and malignant mesenchymal tumors or of
bladder tumors in 70- to 90-day-old BD rats exposed to 0.2 or 0.5% sodium saccharin in the diet
for up to 30 months (Schmihl, 1973; cited by IARC, 1980). It was not specified whether other
tissues were examined.

In a two-generation study, the incidence of bladder cancer was not increased in F; male or
female Charles River CD rats exposed to 0.01, 0.1, 1.0, or 5% sodium saccharin for up to 28
months. However, the incidence of urinary bladder transitional-cell neoplasms in F; male rats
exposed to a 7.5% sodium saccharin diet for up to 28 months was significantly increased when
compared to controls (7/23 vs. 1/29 in controls). In addition, there were 2/31 urinary bladder
neoplasms in F; females exposed to 7.5% saccharin versus 0/24 in controls. The F, parents were
fed test diets from weaning, through mating, and through gestation to the weaning of their litters.
The occurrence of the bladder neoplasms was not correlated with the presence of bladder stones,
and bladders were free of parasites (Taylor et al., 1980).

37



NTP Report on Carcinogens 1997 Background Document for Saccharin

In a 2-generation study, there was an increased incidence of transitional-cell carcinoma of
the bladder in F; male Sprague-Dawley rats fed 5% sodium saccharin in the diet for 100 weeks (7
tumors in 20 exposed rats vs. 0 tumors in 20 controls). Carcinomas were not observed in the
bladder of female rats exposed similarly. Male and female rats fed a 0.05 or 0.5% sodium
saccharin diet for 100 weeks did not show an increased incidence of neoplasms at any site (Tisdel
et al., 1974).

Urinary bladder tumors were not observed in Wistar rats exposed to 2.5 g sodium
saccharin/kg/day for up to 28 months (Furuya et al., 1975 abstr.). IARC (1980) noted the
incomplete reporting of this study.

Sodium saccharin was negative for urinary bladder tumorigenesis in male and female
weanling Charles River CD rats exposed in the diet to 90, 270, 810, or 2430 mg sodium
saccharin/kg/day for 26 months. Non-invasive bladder tumors were detected in 1/60 males and
1/60 females exposed to 90 mg/kg and in 2/60 males exposed to 810 mg/kg, but none were
detected in the rats exposed to 2430 mg/kg. The authors found that the presence of bladder
calculi was not associated with exposure or the presence of bladder tumors. The combined
incidence of lymphomas and leukemias in males given the highest dose was 7/54 (vs. 2/57 in
controls), but the statistical significance of this was not specified. All major tissues were
examined (Munro et al., 1975).

The incidences of tumors of the urinary bladder, pituitary, breast, and subcutaneous
tissue were not increased in Charles River CD-1 rats exposed to 1 or 5% sodium saccharin for up
to 2 years. The authors noted that in 33% of all examined urines, Trichosomoides crassicauda
ova were found (Homburger, 1978). Any tissue with an abnormal appearance and all vital organs
from at least half of the animals were examined histologically.

Sodium saccharin had no significant effect on tumor incidence in Wistar SPF rats exposed
to 4 g saccharin/kg body weight in the diet for 2 years. Although there was an increase in the
total number of exposed males with tumors at any site (10/70 males vs. 1/52 male controls), site-
specific tumor incidences were not statistically significant. Sodium saccharin also had no
significant effect on tumor incidence in Wistar SPF rats exposed to 2 g saccharin/kg in drinking
water for 2 years. There was an increase in the total number of exposed males with tumors at any
site (11/71 males vs. 1/52 male controls) in rats exposed to saccharin in drinking water, but site-
specific tumor incidences were not statistically significant. All major organs were examined
macroscopically. The bladder, kidneys, lungs, liver, spleen, pancreas, ovaries, uterus, and any
other organ with an abnormal appearance were examined histopathologically (Chowaniec and
Hicks, 1979).

In a two-generation study, the incidence of benign plus malignant bladder tumors was
significantly increased (p < 0.03) in male Sprague-Dawley rats from both the F and F,
generations (Fy: 7/38 vs. 1/36 in controls; Fy: 12/45 vs. 0/42 in controls). The F,, generation was
exposed to a 5% sodium saccharin diet for 90 days prior to mating with continued lifetime
exposure (up to 142 weeks), while the F; pups were exposed for up to 127 weeks. The
incidence of benign plus malignant bladder tumors was not statistically increased in Fy and F,
females and there was no increase in the incidence of tumors of other tissues in males or females.
Two F, saccharin-dosed females, however, did have malignant urinary bladder tumors. All organs
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and all grossly abnormal areas of dermal, supportive, or skeletal tissues were examined
histologically (Arnold et al., 1980).

As part of an initiation/promotion study (Hoosan et al., 1980), female Wistar rats were
exposed to 2 g/kg/day of sodium saccharin in drinking water or in diet. There was no increase in
urinary bladder neoplasms or other tumors in rats exposed to saccharin for two years.

There was no statistically significant increase in tumor incidence in offspring of pregnant
Sprague-Dawley rats administered 0.2, 1, or 5 g saccharin/kg in aqueous solution by gavage on
gestation days 14, 17, and 20. Offspring were fed normal diet and observed for life
(approximately 2 years) or were killed when moribund. Complete necropsies were performed.
All urinary bladders and any organs with macroscopically visible abnormalities were examined
histologically (Schmihl and Habs, 1980).

The incidence of urinary bladder transitional cell papilloma was significantly increased in
male ACI rats administered 5% sodium saccharin in the diet for 52 weeks beginning at 6 weeks of
age (9/32 vs. 0/28 in controls, p < 0.01). Calculi were observed in 1 rat with bladder cancer and
there was a higher level of urinary MgNH,PO, crystals in treated rats than in controls. At least
half of the rats were infected with the bladder parasite Trichosomoides crassicauda, which could
have enhanced cell proliferation in the bladder. The bladder, liver, and kidneys were the only
tissues examined histologically. Females were not included in the study (Fukushima et al., 1983).

No tumors were detected in the bladder, liver, or kidneys of male F344, Sprague-Dawley,
or Wistar rats administered 5% sodium saccharin in the diet for 52 weeks beginning at 6 weeks of
age. Females were not evaluated (Fukushima et al., 1983).

In a two-generation study, administration of a mixture of 2 or 5% sodium saccharin and
sodium cyclamate (1:10 ratio) in the diet of Sprague-Dawley rats was not carcinogenic. Full
necropsies were performed, including evaluation of the urinary tract (Schméhl and Habs, 1984).

In a large 2-generation study, F, rats were started on a test diet at 6 weeks of age; F, rats
were started on the same test diet between 28 and 38 days of age. There was a clear dose
response for urinary bladder tumors in F; male Charles River CD rats exposed to 1.0 to 7.5%
sodium saccharin in the diet for up to 30 months (1.0%, 5/658; 3.0%, 8/472; 4.0%, 12/189; 5.0%,
15/120; 6.25%, 20/120; 7.5%, 37/118; controls, 0/324) (Schoenig et al., 1985). Females were not
evaluated in this study. The authors concluded a no-effect level for bladder tumors at the 1%
dietary level based upon lack of statistical significance and historic control incidences at their
laboratory. Following independent review of the urinary bladder lesions, Squire also concluded a
no-effect level for bladder tumors at 1% (Squire, 1985). The bladder tumor incidence in rats
exposed to 5% sodium saccharin only during gestation was 0/122, while that in rats exposed to
5% sodium saccharin from birth for a single generation was 12/120 (Schoenig et al., 1985). The
urinary bladder, urethra, ureter, kidneys, and all gross lesions and tissue masses were examined
histologically (Schoenig et al., 1985).

Bladder carcinomas and precancerous lesions were not observed in 6-week-old male
analbuminemic (low level of albumin in the serum) Sprague-Dawley rats exposed to 5% sodium
saccharin in the diet for 80 weeks (Homma et al., 1991). Only the bladder was examined.
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4.1.4 Nonhuman Primates

Histopathological examination of urinary bladders, kidneys, and testes of surviving and
deceased male and female rhesus monkeys (exposed to 20, 100, or 500 mg saccharin/kg/day in the
diet for 79 months) showed no abnormal pathology (McChesney et al., 1977 abstr.; cited by
IARC, 1980).

Sieber and Adamson (1978; cited by IARC, 1980) found that sodium saccharin was
negative for gross neoplasia in monkeys (4 strains, not specified by IARC) exposed to 25
mg/kg/day in the diet for 9 yr. This study was ongoing in 1980.

Twenty 0 to 1-yr-old monkeys (Cynomolgus, Rhesus, and African Green were used but
additional details were not provided) were exposed to 25 mg sodium saccharin/kg/day by mouth
in water for at least 20 yr. Five monkeys died from either varicella, pneumonia, or unknown
reasons. No tumors were found in the dead monkeys nor were there any indications of tumors in
the 15 surviving monkeys. Complete necropsies were performed on all animals that died.
Various unspecified hematological and biochemical tests were routinely performed on survivors
(Thorgeirsson et al., 1994).

Results from the surviving monkeys from the Thorgeirsson et al. (1994) study were
subsequently reported (Cohen et al., 1996 abstr.). There were no calculi, unusual crystals,
increased crystalluria, or calcium phosphate precipitate in urine of cynomolgus and rhesus
monkeys administered 25 mg sodium saccharin/kg/day for 17 to 23 years. Urine was analyzed
during the last year of life. There was no association between ingestion of sodium saccharin and
urinary protein content. Urinary bladders were free of hyperplasia and tumors and scanning
electron microscopy revealed no difference in the appearance of the urothelium in exposed and
age-matched control monkeys (Cohen et al., 1996 abstr.). It was not specified in the abstract
whether other tissues were examined.

40



v

‘POUTUIEX? 2ToM
Sanssn JAYI0 YoM paygroads jou sem J] A[restdoosoroeur paIesqo
sem Joppejq uaym A3ojoyied Joppe[q Areuun 1oagje jou pip

ar 13 paymads jou (payads
OL6D) pue (poyroads jou ad£1) souIn} Jo SOUSPIDUI I3J[E JOU PIP ULIRYIDES  fyund pue Gorpnposd ot o3¢)
‘e 90y aayedaN owr g 11p Wl %6 Jo poyew *uLIeyodEs 408 408 QOTWI SSIMS
‘JoUq
ATI9A sem ULIEYDoES 0} ISppe[q snowr oY) Jo arnsodxa 3y) 0s ‘smoy
GG Inoqe sem pajnd aq o} punoduiod 9yl Jo 9,06 10§ pannbal
swp 9yl "S[OMUOD UL 957 PUB €] JO SIOUIPIOUL Yjim pareduiod se [012]s3[0y2
%S PUR [ 1om S[ewlie pasodxo Ul SEUIOUIDIRD JOppeIq Isnoul JO ur papuadsns
s30uapIou] ‘s30[[od [0IS1SA[OYD PIAIIOAI SJONUCD “BUIUIN] JPPR[Q upey3oes omu
Areuun o) ojur pajuerdunr oxom s)affad [oIsisajoyo/uLIRYIORS uInipos %0¢ payroads jou £und pue SSImMSpIo
(oLeD) ’ i stoprad uononpoxd Jo poyrowt -Kep
Te 10 weAlg aAnIsod owr g1 8w 70T ‘ULRYDOES WNIPOS doot- 4001 -06 01 -09
‘POUTUIEYD AJ9M SONSST) JAYI0 ISYIdym payrsads
10u sem 3] “suafourores 9ja1dwooul s19910p uoneyuedunt Joppelq
JO poyiour ay3 yey) pue uonoe Sunowold e pey oaey Keur Isppe[q
a3 ut J9p1d [o19)sa[0YD AY) Jo oussaid oY) Jey) pajou sIoYHNE
ay[L (1591 X {[00=d) 190ued J1oppERIq PEY DT [0NUD $T/]
pue 30T PIJBAI-ULIBYIIES C[/p ‘SYSM (O ISBI 18 JOJ PIAIAINS syoqred
YOWM S0WI JO SI9f[ad [0I91SO[0UD PIAIIOAI S[ONUOD) "BUNLN] [o13)s31040
1oppe[q Areupn w pajueidust a1om s19[[d [0IISI[OYS/ULIRYISES 8w payy1oads jou (payroads
Ls6n) Q/uLIey39es And pue woponpoid (poyroads (pagroads j0u 93¢)
T 12 USqy oapisod | ym zs 1o o Swz JO poyIouI ‘,ULIeyses 10U Xa5) §T 10U X35) 0T OWU YOOIS,,
*(uaA13 jou anpea d) JueoygruSis j0u sEM 0UIAJJIP
s|yL "A[uO [0 UOJOID Y)im PAjesl) S[eWlIue [OXUO0d §]/p Ul PIAISSqO
aIom SIOUIN) ULYS $ 9[IYM ‘ULRYdoes 0} pasodxo sfewnue (z/L Ut
PAAISSQO 1M SIOWIN) ULYS ] “[I0 UOJ0IO YIIM Jusunean Suimorjod
(0861 ‘D¥VI *9U0320R UI [10 U003 %/ [°0 Jo suonestjdde Apjoom g1 usAId vwcmuo% (payroads
4q paid dlom s[ewrtue “urreyooes Jo uonesrdde 1sye sKep say-fjuom], urys 0} parjdde 10u Kyund ‘poyrows jou
‘9661) 30y : ‘auolaoe Sroque-uasway (paytoads (paytoads a8e) a0t
pue ueue[es aanedaN ymzz | uruonnjos 98 Aq apew uLreYOES 10U X95) 61 10U X38) 0T urens S,
NN TT'Y
‘stown) Surunodo K[snoauejuods jo ofuel oy UM sem swsepdosu sIajsurey
I9Y10 JO JOUIPIOUL o] "PIAIasqo a1om suwise[dosu joen Areunn oN 1ajem paymwads jou Ajund uapjod
SL61) Suryuup ur ‘ssaoo1d soumey £q ueuAg
e 10 Joyny aAnedoN Im 09-0 %ST1-981°0 dpeur uLeys5es Wnipos suou 40€ ‘Wog PIO-yMm-8

LyRIuagourdie) ueI[eWWRIA

s1yswey 1T’y

‘I~ dlqEL

UWIIBYIORS 0] JUIWNIO( punoidydeq L6l susdourdae) uo prodoy JIN



(44

Jueoyrusis A[[es1301o1q 3q 0} paISPISUOD

jou sem asuodsar pue[S wenaprey 9y, 'dnoid osop Aue ur
ewroydwrA| J0 BWIOOIES [[20 WINJNOWAI IO IO ‘siowrn) Sunj Io ‘feuaipe
“)SB2Iq “JOAY ‘Ioppe|q 10} asuodsal-asop JuBdYSIS OU Sem UYL

“(¥8/2T “TEV/TT ‘091/6T ‘TLI/TE ‘€91/LT) Swsejdoou uenoprey Jo (%0°6) 296 o
2oudprour a3 ur (p()'0=d) puan yuesyusis A[eurSiew e sem oISy [, wIp | poyrads Jou uononpoxd (%0'1) divl o/ aIvd
(6861) ® %0°S 10 ‘0'T Jo poyour ‘amd (auope (9%5°0) dz61 PIo-ya
19 youepald aanesaN AN LT ‘0100 | %86< ‘ULEYoOES WAIPOS 191p [eseq) JZ61 (%1°0) dz61 -61 03 -81
"payrodor J0U Sem S[OXUO0D UI AOUSPIOUT JOUINY Y], "Ioppe|q oY) JO
suoneurwexs 51dossoIomr 10 s5018 U0 popiAold sem UHOTIBULIONUT ON (poyroads
‘sSunj oy ur punoj aram syisodop STBISEIAUI {2INjRU UT JURUSTEU ou Ym/sowrm)
alom pue JuawIadxa 3y Jo 71-6 SPUOW SuLmp palodp 1M o,w_?mw ) . (e1pug
szown} 9yJ, -asop 1soy3ny a3 03 pasodxa 201w (Q[/€) S[eW} pue Aq ‘133em | “‘Aequiog “0)) sj00g w0y
(01/S) Sfeul UI punoj seam P1oIAy} ay) Jo ewoUIdIROOUIpE Arefjideq Pa[THSIp T paseyoind) payroads
(9861) rey 1 ut Aep/3y/8 | 10u Ayund pue wonanpoxd asop | oM ourqye
pue peseld aAnIsod Ky | STI0°0T°C0 JO poyjew ‘ULrRYIIeS 40T ‘WOt Tod 301 ‘WOT Pio-im-9
“19ppe|q oy Jo sisojewofjided oAIsualxo asned
01 umouy st aysered siy) Jey) paje)s Joyne Y] °S[EWIUE [OXUOD
pue paYesn) Ul DPRDIISSDLD SIPIOWOSOYILLL WIOM ) JO aouasard
ay) Aq paeorjdwiod sem Apnjs STy] “S[ewITue jonuod pue pasodxo
ur £ouonbay repruns s paunsoo sewoydumik| pue ‘sewrojedoy
‘sourn) Sun] “S[OBUOD UI JBY) WO} JUAIIp Apuedtjiusis
JOU SeM S[EUITUR PIJea) Ul SIDURD JOPPe[q [[99-[euonisuen
Jo 2ouapioul oy "A[Tes1S0[0ISIY POUTWEXD JIIM S[eUIIUe dy) JOo
JTey seaf je woij sueSIo [elIA [fe pue souereadde reunouqe ue Yim (payoads
onssn AUy “sIeak T 18 PO 2I9M SIOATAING "puUnqLIOW Iom A3y} SpIUIEUojNSauUaN|o) jou
UayM JO USIS 3I9M SIOWN) SNOTAGO USYM PISTJLIORS JIoM S[RUITUY -0 3%/3w y¢ ‘payioads a23e) somu
(8L61) i you uononpoxd Jo poyour asop a 1Aty
I33Inquoy aAnedaN K7s %510 | ‘ULreYyooes WNIpPos AST ‘NST 1ad ST ‘INST safrey)
‘POUTHIBXD 210M SINSSH . Ayundur
Io10 JayRYM payIoads J0U seam I “BUIOUIOIR) JOppe]q ATeuln (Apms SpTUEUOJ[NSIUSRIO} (paytoads
JO aduapiout 3y) I Apuesyusis jou pIp ureysses o] amsodxyg uopesousd -0 950 "poyIom jou
(LL61) T -9) 11p S10q[ye.J-ussuIoy ssop a3¢) Qomu
‘Te 12 seory aane3aN ow g | Wm%s00T0 £q oprws ‘uLeyoES A0S ‘oS 1ad 405 ‘WOS ddS ssig
el
anssy A[uo oy arom sdunj oy ‘siourn) Arevowrynd jo uononpui
Swmm UM PIIBIOOSSE JOU Sem ULIeydoes 03 amsodxyg 'sysem pg Ioye parpads jou Kyund pue (poyroads
o\ 4! S[[TY 2IOM S[ONUOD ‘SYIIM [T 19 O[] 1o sjeurre pasod uononpoxd Jo Bl t
powd ‘€L61) Paly o5y A 1T Ioye pa[y feurre pasodxyg &1 Kep/Ax/3 1onpoid Jo poyy Jou 23¢)
sApedaN Mg LULIRYOORS J0€ asop Jod JOT

‘T 19 J9u0)S

£e1090

(panunuo)) Luadourdie) UBI[BWWE

oot SH/V

‘T dlqeL

ULIEYIIES J0J JUSW N0 punoisydeq Le61 suddourdse) uo yuo0day 4N




197

-Apmis sry Jo Summodax
ojo[dwroour oy} pajou HYy] POUTIEXD SIOM SONSSL) IO JAPOYM

M ] "PIAIISqO uum o payroads jou Ayund pue (payroads
(nsqe §L61) poyjtoads jou sem 3] p 40 213 siouny Jappelq Areaun o KepaySrom uononpoid Jo poyaur jou 23e)
Te 10 eAning aATIRSON owmgrs Apoq 3y/8¢ ‘ULIRYOOeS WINIPOS W9S-¥S W9S-vS S)ex JeIsIp
(100°0=d) yreoyTuSis sem SouspIOUI STY) J_
Y pIIoU (0861) DAV AQ Malaal y "350p 1SAYSNY 33 Py sofeus
ur A[uo Inq ‘1appelq Areunn oy} JO SEUIOUIdIeD [[90-[euonisuen) vwm_ou%
uaAds a1om 1oy, -Sunidsjjo se 9sop sures paj sem uoneIouas o4 1ou Aund ‘poyrow
(Lel) 19Ip UL 958 S1aqquye4-uaswoy Aq asop syex
Te 39 [3psiL (asop 1s3y3ny Je ‘A[uo safeur) 3anIsod 4 001 10°6°0 ‘600 | SpEW ‘ULEYOIES WINIPOS 40T ‘WoT 1ad 40T ‘WOT | s Surjueam
[weurzony ur soded feurSuo] -speurue
ITe JO %9[ JO 108X ATRULIn 9y} Ul punoj sem vuojjidor sapojd3uoug
"PoAIISqO SI9M SIOWIM] J9ppe[q ON “s[ewniue pasodxa pue [onuod uwamoo% it
ur Je[TuIts sem siourn) yueuSifewr pue uSusq Jo 25uspUl YL, 10u £yumd ‘potpow syes
(€L6D) 11p S1aqyeg-usswoy Aq asop | Qg plo-Aep
(UL EN aAnedaN oWwQES | UI%E0IOTO | SprW ‘ULEYIIES WMIPOS JT8 ‘Wes Iod g6 ‘WL -06 01 -0L
‘PoUTUIEXD 2I9M SINSST) JIYI0
1o1ayMm paggroads jou sem )] “A[[eot30]0Isn] pauTUIEX? SIappe|q
Jo Ioquunu [[ews ) pajou (0361) JYVI "ewofided 1oppeiq
B pey 9[ewd) | ‘2sop 1Say31y o) 0) pasodxa s[euIiue Wwolj s1appe[q cwc_ooaw
¢ JO ‘speunue pasodxa pue [OIUOD UL JR[ILIS SEM dOUSPIOUL Joun], jou Kyumd ‘poyo
’ J9IP Ul 96 FroqyeJ-ussway asop SJeI TeISTM
(1L61) 195891 oapedoN K7 | 10°50°0 ‘S00°0 £q apvwr *jurreyooes 40 ‘Woe | 4 30T ‘WOT -sj00g
*Apn3s ST} UI pasn S[eUIIUe JO JoqUInU
[rews ays palou (0861) DUV "PAIEN[BAS 10U I9M SIdppe|q Areurin
‘papracid J0u Sem S[OIIUOD U SIUSPIOUT JOWIN], "SY3OM JIOUI
10 ZOT 10J payean sl / 33 Jo ¢ Ul sewrooresoydwA] feunuopqe
Pim sewrodresoydwA] S19eI0Y) JO SOUALINDI0-03 UOUILIOdUN
ay) pajou 1nq °,ster Jo dnoad ojqereduros v ur (sewosresoydurky
[EUIIOPQE JO) 30USPIDUL 3Y) YPIM JUI] JO N0, 10U Sem
STY) Jey) pajels sioyine 3y, “sewosresoydw| reurwropqe padofaaap
950p 9§ SurAredal (Payy1dads JoU Xas) STRWIUE [ JO USARS 131p paytoads Syl [apuaN
(1s61) ut 9¢ 10 ‘7 | 100 £3und pue uononpord asop -auI0qsQ
Te 12 y3nyzLg aAnesaN Ks ‘S0°10°100 Jo poyiour ‘quLreyooes 401 ‘WOt 1d 401 ‘WOT pio-Aep-1g
S8y €1y

(panunuo)) AjIuafourndie)) uelewwely “I-p dqelL

ULIBYOIES 10J JUIWINIO( punoidydey Le6] sudsourdie)) uo 310day JIN



(6L61)
SYoIH pue
22UEMOYD

‘K[res13ojoyedoisy

paururexa a1om souereadde [euntouqe ue Yum uedio Isyjo

Aue pue ‘snuon ‘samreso ‘searoued ‘uayds ‘10Ar] ‘s3umy ‘sAoupry
‘roppelq Y], ‘A[[eo1doosoIoRwl POUTIEX? 31om sue3io Jofeur

IV -uediiuss A[[eousmiels JoU AI9M SaOUIPIdUL Journy syroads-ays
“(SJOMUOD A[PW ZG/] "SA SO[RUX [L/1]) SNS AUE JB SIOWIN) Y)IM SOofewl
pasodxa jJo Jaquinu (103 AY) UL ISBAIOUL UE SEM 210y YSnoyry

aAneSaN

KT

Idlem
Supuup

ur y3om
Apoq 3y ¢

OpIUIBUOJ[NSIUIN]0)
-0 8y/3w 69 ‘poyrour
S1aqueg-ussway £q
opeul ‘uleyodes WINIPOS

405 ‘WSS

408 ‘WSL

(pargioads
10U 238) syer
A4S TSt

(6L61)
SYIY pue
231UBMOY)

*K[res13ojoyredoisty

paururexs arom aouereadde eunrouqe ue Yim uedio Ioyio

Aue pue ‘sniain ‘sowreao ‘searoued ‘usopds ‘1oAy] ‘s3unj ‘skoupry
‘1oppelq oyl Aqfeotdoosorseur paururexs orxom suedio Jofeur

IV uedyrusis AJ[esnsne)s J0U S1om SOUSPIouL Jouwrn) dy1oads-o)s
“(S[OTIUOD J[BUI TG/] "SA SO[BW (£/0]) 9NS AUR J& SIOWIN} YHIM Sofet
pasodxa Jo Iaquinu [£10) Y} U ISBIIOUT UB Sem 212y) YSnoyry

aAnRSaN

pr4

1a1p Ur {JySrom
£poq 83 ¢

SPIWBUOJ[NSIUIN[O)
-0 8/8u 69 ‘poaur
S1oquyeJ-uoswoy £q
apeuwt ‘uLeyodes WNipos

(moraq

90s ‘Apmis
1em Juryuup
J0J pasn

OS[E S[OXU0D
asam) 40S WSS

4L ‘WSL

(peyroads
j0u 38e) sjer
AdS TeIsIm

(8L61)
I3 mquioH

“BAO DPNDIISSDLI SIPIOWOSOYILL]
UTeIuOod 03 JY3NOY) 3I9M SIULIN PIUTIIEXS [[e JO PIY) SUO ey} pajels
Joyne sy], speurie pesodxa pue JONUOD UL JE[TUIS 2IdM SNSST)
snoauenoqns pue ‘ysealq ‘Areyraypd ‘Iopperq Areunn 2g) Jo siourny
JO S9ouapIoul Ay, "A[TRSIS0[0ISIY PAUTUIEXS JISM S[RUITUeR oY)

JO Jrey 1sea] Je wolj sueSIo [eyA e pue souereadde puuouqe ue
yum anssn Auy “IK 7 Je pO[[D] 2Iam SIOAIAING "punquowm axam £ay)
USYM JO UISS 2I9M SIOUIN) SNOIAGO USYM PIOYLIJBS 2Iom S[BWIUY

aAne3aN

KZs

w1p
u1 9§ 10|

OPIUIBUOJ[NSOUSN]O)
-0 Sy/Au Gpg “payoads
jou uononpoid Jo poryiewr
‘upeyades Wnipos

45T ‘NWST

asop
1od JST ‘ST

(parjioads
10U 33e) syer
1-dD ATy
seprey

(sLel)
‘Te 32 oXun

‘paunrexs a1om sonssy) Jofew [y "pay1oads jou sem sty

Jo soueoyuSLS [EONISHEIS 9Y) INQ ‘(SJONU0D £G/T “SA) PS/L Sem asop
15943y oy uaALS safeur ul SefUONNI pue seuroyduwA| Jo aoUIpIIUL
PAUIqUIOD BY], "AOUSPIOUT Jown) Ul dsearour ue £q paruedwiosde
10U SeM UOTIRSIURIIPE ULIEYOORS SIOUIN) Joppe[q Jo souasaid

Y1 y1m Jo arnsodxa YIim pIjeIOOSSe J0U Sem SNInofes Jappe[q

Jo aouasard ayJ, Sy/8w Q¢ 01 pasodxs sjer Aue ul jou ynq ‘3y/Bw
018 01 pasodxo sofeut 9/ Ul pue 3%/8w o6 031 pasodxa sofeuray
09/] PUe SI[BW )9/ UY PSIIISP S10M SIOUWIN] JOPPR[Q SAISRAUI-UON

aAneSaN

ow 9z

wIp

ur Aep/3y/3ur
0ErT 10

018 ‘0LZ ‘06

pagroads jou Kyund pue
uononpoid Jo poyiour
‘uLreydIRS WNIPOS

409 ‘W09

d0vT “‘WoreT

syex
o JeAry

ssreyD)
Surueap

(panunuo))) £jpiuaoupae) uelewwe]N °‘[-p dqeL

ULIBYIIES J0J JUdNdo(q punoidydeg L66 suadoundie) uo 310day 4N



197

‘ppnDIISSDLD saplowosoyandf ansered 1apperq

AU} i POJOdJUL M SIRI 3Y) JO Jrey Isea] 1Y "A[[eoiSo[olsty
pautureXs SoNssn AJuo Sy} A1oM SASUPDY PUe “ISAI] ‘ISpPe[q oYL
*S[OQUOD UX Wey) SJel pajesn Ul  S[e)sk1o, ATeunn Jo [oAs] 1oysny

€ SEA 9IY) pUE 190U JIPPE[q I Jel | Ul PIAIISqO S1oM InoeD
"(10°0 >d ‘SJonu0d 8Z/() "SA TE/6) IM TS 18 pasearoul Apueoyrudis
sem vwoppided (]2 [euonisuen Joppe[q ATeurn Jo dduapOUl AL

payraads
jou uononpoid Jo poyrour
[oprureuoyns suanjo}

(€861) & -0 wdd /] amd 96" 66< SIBI DV
19 pUITySIYN] SAIISOq Am TS 121p UL %6 ‘uneydIOEs WNIPOS 14194 W8 Plo-3im-9
*A[[eo130[0ISTY PoUTUIEX? 2I9M SINSSY [euLiouqe
K[ss013 Aue pue ‘siowin) [[e ‘Ioppelq Areunm oy], ‘pourtojrod azom
sarsdoroau 9jopduro) “sron 1oy Jo Surueam o} uoneIsad ysnonyp
pue .owEEE ySnony) Surueam woxy AJSNONUTIUOD J21P 159} Paj 2IoMm B —— e
s1er % *(S[onuod 67/ 'SA €7/L) ULIBYIORS WINIPOS 9,6/ PIJ Safewr : . :
L.] ur sJouwmny Joppejq ATeurm Jo 3dUSPIOUL PIseaIoul Ue Sem AFY ] wip -0 wdd gg¢ ‘poyrour D JeAry
(0861) ut 96°L 10 B1aqqued-ussway Aq sofreq)
"[e 39 10[AR L *250p 152YSTY Je So[eUI Ul SANISO] Kes | s1'10°100 | opew ‘uweysses winipos A% ‘W8T J0vT ‘WOFe odan ut
0T pue
-K[[eo130[0ISTY POUNLEXS ‘LT ‘1 shep
a1om sonifeuriouqe Iyqisia Afresrdoosoroew Pim suedio Aue uone)saes uo
pue sIappe[q Areuun ||y ‘poutioyrad arom sorsdoroou sporduio)y paisjsuIupe
'sponuod jo Sundsyjo 01 paredurod se ‘punqLIOW Uaym PaffIy alom uonnjos
10 (3K T ~) SJI[ J0J PIAIISQO PUE ISIP [EULIOU PIJ d39m Jeyp) Juudspo snoanbe payoads
I 20UAPIOUI JOUIN) UI ISBAIUT Jueoyrudts A[[EOTSIIEIS OU SEM a1y urogeses | jou uonsnpoxd yo poyrow (9s0p 431q) AL
(0861) sqeH T £q 348 ‘[oprureuoyns suonjo} (asop prun) 49 el
pue [qeunyos aanedaN skep ¢ SI0I ‘20 -0 wdd (1 >] quureysoes AS (asop mop) 4 | s ueuSaxd
"JOIp [CULIOU B UO SY99M [IAASS Jo)Je Jnq ‘Surresm je
10U JAIP 1S9) AY) UO PAIE]S JIIM S[EWTUR JBY) PAIOU DYV "PoUTIIexd
( 9Jom SIOPPE[Q SIPISI] SIANSSH YOMM MIIASI oY) Ul payroads Jou sem
0861 | 1 ‘siex pasodxo pue [ONUOD UIIMIIQ ISJJIP 10U PIP IJUSPIOUT JOWN]
DAVI Aq mﬁo\,o v.ﬂﬁ _uomﬂmxw 10 [0NUOO U} vohmooo swisejdoau mogﬂn oN paywads jou fjund (payoads
PN ‘0861) KepaySom ‘ssaco1d soumey Aq jou a5e)
‘[& 19 UOSOOH BTN UFETN| 1K Apoq 83 ¢ opew ‘uLIBIoRS WINIPOS d£9 A0S SRl TeISIM
It ‘s1ajourered
reo1dojoreway 1o ‘Ayaaguo] ‘uononpoidal uo $199JJ0 oU AIoM
a1ay], "A[[eoI30[0ISIY POUTUEXS 2I9M SaNSST) [e19[Ys 10 ‘danaoddns
‘feutIop Jo seare feurrouqe A|ssoid [e pue suedio [y So[eWa) JO
So[eUI UT SINSSI) JOYNO JO SIOUIN] JO 3DUIPIDUT YY) UL ISBIIOUL OU SeMm
a10y) pue sorewd) ' 10 O ur pesearour [reonsnels Jou sem siowrn)
Joppelq ﬁ.«:w:«& snd uSueq Jo aouapLout Ay L .ﬁ_o.::cw wn
*SA SH/T1 ' ‘s|onuod gg/] ‘sa gg/L %) suonerouad ' pue % oy
ﬁcnm wolj sjer afewr pasodxa ut (g0°Q > d) pesearour buwaom_uwww (sdnd) SpIuIEuOJINSaUINIo)
sem srourny Joppe[q jueusirews snjd uSruaq Jo aouIpOUY skep 00L~ -0 wdd 600
(0861) ‘(synpe) > ‘ssaooid sowmepy £q sleI s
Te 19 plowry s&ep 06 408 ‘oS plo-Aep-z¢

(sorew A[uo) 2AMISOq

1Ip UL %6

(panupuo))) AyPIudgourdIe)) UBI[BUIWRIA

apew ‘ULBYOIES UINIPOS

L

408 ‘Wos

‘I-¥ 9IqEL

ULIBYIIES 10] JUIWINIO( punoidyded L66] SuaSourdae) uo 310doy 4N



9v

‘pauIIEXa Sem JSpPe[q oY) A[UQ "SIkl oY) Jo Aue as noe syel
Uy POAIISQO 2I9M SUOISI] SNOIDURII 10 SPWOULdIed I9ppe[q ON paygwads jou Aund pue as nwyl s pue dmud
(1661) uononpoid Jo poyowr OTUIUIMINGEUE IR i -upunqreue
'[e 10 ewiwioy aanedoN Im 08 191p Ul 956 ‘urreydoRs WNIpos 44! 4433 PIo-3ym-9
*K[reo180[o3Isty .. Nscl
POUIUIEXS A1OM SISSEUI JNSST) pue SUOISI] SSOI3 [[e pue (uonesagd
‘sKoUpry ‘39JaIn ‘BIYIAIN ‘I9ppe[q ATeuln Y[ "SIOwn} Joppe|q pey w:t..é:ob
uoneIousd o[uls € 10§ YMIq WOK ULEYIIES WINIPOS G 0} pasodxd %S -WSTL
SIRI QZI/T1 "SIOMUO0D 0} Je[TIS sem uonessd Suump ueyooes (uonesod
UINIPOS 9§ 0} A[uo pasodxa s)el Ul SUIPIOUT JOWN], "PIjeNn[eAd Jou (8uudsyyo M_w:o.:_d BS
arom syer ' ofewag “(S[eNU0d Ul $,7¢/0 'SA I8 ‘8T 1/LE “%S L “0T1/0T pue Juared CSTL%SL
‘%ST'9 ‘0TL/ST ‘%0°S ‘681/T1 ‘%O ‘TLY/S ‘%€ “859/S “%0'T) S1ed 10j pasn ‘WS BT Syel
ayeur !, U POAISSQO SBM SIOWN) Iappe[q Areulin 1o asuodsar asop as0p Jures) JNSTT %S D JeAny
Je[0 V -25¢ JO SYOaM § WIOI] ISOP Sures 03 pasodxa drom sjuareq WIp UL %6°L arnd 9566< ‘W00T ‘%Y So[reYD)
(s861) ' 10 ‘6T9‘0’S ‘ssapold sommnely Aq N00S ‘%€ pro-Aep
10 Brusoydg 2ADISOq our og ‘Y 0E01 apeul ‘ULBYdORS WNIPOS NO0SE ‘WO00L ‘%1 -8¢€ 01 -8C
(onel
01:1) 391p o3
“yoexy KIeULIN 21 JO UOnEA[RAS SuUrpnioul (osop | wrayewreppho | paytoads jou voponposd (esop
‘pouniopzad d1om so1sd0103U po[IRId 9SO JAPIS I8 duSSourored sures paj wnipos 3JO poyow ‘djeure[dkd ySwy) JL€ ‘WYE
10U SEM JRWE[IAD WNIPOS pUe ULBYOORS WNIPOS JO SIMIXIUL YL, osfe a19m | pue uweysses | wmipos pue [opruruojNs
+861) SqeH syuared) wnpos QU3N01-0 %5000°0) (asop syes
pue [qEUYoS sapedaN unxyY %S I0T ULIRYDIBS WRIPOS ArE ‘W9E | mop d6E WEE | S uwroqmau
paytoads
jou uononpoid Jo poyow
‘sAoupry 10 ‘IOAT] ‘IOPPR[q Ul PIJI3IAP U9M sIowIn) ON [aprureuoj|ns auan|o)
(€361) T -0 widd /] amd 9,6°66< STRI JeISTA
39 BwIgsIyn] aanedoN R L4y J91p Ut %6 ‘unreyodes Wnipos Wov 14104 PIo-3m-9
payroads
you uondnpoid Jo poyour
*sKoupry IO “JOAT] ‘ISPPE[q Ul PIJDJOP oM SIOWN) ON [oprureuoj|ns ouon|o}
(£861) T® -0 wdd /] a1nd 96" 66< syes
10 eurmysnyn{ aape3aN b L4y 1Ip Ul %6 ‘ULeY0es WNIpos Wov Wov | ds pio-ym-9
payads
10u uonpnpold Jo poyrow
*sAoupry 10 “IOAT] ‘IOPPE[q Ul PIJI3ISP I9M SI0WN) ON [oprureuoj[ns auanjo)
(€861) T -0 widd ;] amd 956 66< s1el pyed
19 ewIysm,J aanedoN AM TS ‘ULIBYOIES WINIPOS WOV WOv pIO-ym-9

191p Ul %¢

(ponunuo)) LypmaSounie) uelewwe]y “[-p d[qeL

ULIBYD2BS J0] JUIWNJO( punoadyoeq L661 susdournae) uo 310day JIN



Ly

J[BS WINIPOS S} PUE ULIBYOIOLS UIIMIA] IPeL Sem UOTOUSp ON
UOISSNOSIP DYV Y3 UI J[ES UIIpos §) pue ULIRYIdEs UIM)aq SPBLl Sem uonounsip oN,
ssorewt = | ‘A[resucjuadenuy = “d'1 so[ewo) =  SUONBIASIQQY

—
‘poururex?
3I9m SONSST IOYI0 IAYIAYM pagIdads jou sem ) “sksyuour
fonuoo payojew-age pue pasodxa ur umrjayiom jo dvuereadde
U1 SOUAISIIP OU Sem AISY], "siown) pue eisejdradAy jo 2215 arom
s1sppelq Areuu) "Jusu0d UTal0id ATeuun pue uueydodes uInipos
JO UONSISUX USAM)OQ UOTIBIDOSSE OU SBM alay] -suum ut srediad (poproads
areydsoyd wniofes Jo ‘eUN[EISAIO PAsLaIdul ‘S[e)sA1d fensnun jou age)
“I[no[eo ou 21aM JIAL 3JI JO JBK I5e] SULNp PIZATEUE Sem SULI) payoads jou Knd pue skaxyuowr
(nsqe 9661) 1o1p Uy uononpoid jo poypowt snsagy pue
‘Te 39 Uayo) aAneSaN K gT-L1 Kep/3y/8w 5T ‘uLTeysoes WRIPOS paytoads jou pegwads jou { sndjowous)
*SIOAIAINS U0 pauriopzad A[aunnol SIom S)59) [eaTUIaYd0Iq
pue [eaiSojorentay payroadsun snotre "poip Jey} SfenIue
[Te uo pautiopad a1om sarsdordou apepdwio) “sAyuow FUTAIAINS (w3919
ST oY JO Aue Ul JO peap Y} Ul PUNOJ AUIM SIOWN] ON "SUOSESI ey
umowyun 1o ‘eruownaud B[[OLIBA IS WIOK PIIp sAoyuow Ppue "Snsayys
aAL ‘uewny 3y oL Aq Kep 1od epOs 191p sues ¢ 01 spuodsaniod asoq paytoads jou Aund pue n3[owoui))
(¥661) "B 12 ’ 1Ip Ui uononpod jo poyrow skaxuow
uossItagIoy ], osAneSaN 1K 97< Kep/Sy/Bu g7 ‘ULBYIoeS WNIPOS 0 Mmooz | plo-is-1 010
(0861
‘DUVI Aq ‘0861 ut Suroguo .
PN ‘8L6T) sem Apms sy “eisejdoou ssoIS OU Pa[ESASI UOHEAIISGO [RIMIT) [pagund, ‘payroods (surens
uosurepy ’ jorp ur | 10u uononpord jo poyoux payadsun
i pue 13qa1S aAne3aN K6 Kep/3y/3w 67 ‘UIIRYIOLS WINIPOS 0 [e101 01 ) skaxuous
AOmm_ -ASooyyed rp —
0dVI Aq [EWLIOUGE OU PAMOYS S[EWITUR Pase3dop pue SUIAIAINS JO SOS) ! . !
payd “Isqe pue ‘sKoupyy ‘sIappe[q ATeupn jo uoreuIUIEXa [edr3o[oyredoisty ur Aep/3y/8w Jpagund, ‘payroads 100 33e)
LL6T) T8 : 00s | 10u vononpoid yo pogiowt sAayuous
12 KousayDoW aATBSoN ouI 6 30 ‘001 ‘0T ‘ULIBYOIBS WINIPOS A€ ‘WE AL ‘WL snsayl

(panunjuo)) AydIusdourdie)) UBI[EWWEIA

‘I-v dqeL

ULIBYI9ES 0] JUdWNIO( punoadydeq L661 suadourare)) uo yoday JIN



NTP Report on Carcinogens 1997 Background Document for Saccharin

4.2 Initiation/Promotion and Co-Carcinogenicity Studies
Experimental details for the studies described in this section are presented in Table 4-2.

4.2.1 Benzo[a]pyrene (BP)

Saccharin did not enhance the incidence of tumors in the forestomach of mice exposed to a
test diet containing 5% saccharin (for 72 wk) starting 7 days after an initial single gastric
instillation of 0.2 mL pblyethylene glycol containing 50 pg BP. No pathological changes were
observed macroscopically in urinary bladders of saccharin-exposed mice (Roe et al., 1970). It
was noted that BP is not organotropic for the bladder and that histological examination of the
urinary bladders was not conducted (IARC, 1980).

4.2.2 N-Butyl-N-(4-hydroxybutyl)nitrosamine (BBN

Sodium saccharin, administered in the diet at 0.04, 0.2, 1, or 5% for 32 wk, did not
produce any effects in 6-wk-old Charles River F344 rats that were not pretreated with BBN
(0.01% in water for 4 wk). A sodium saccharin dose-dependent increase in papillary or nodular
hyperplasia of the urinary bladder was statistically significant in females (1% and 5% sodium
saccharin groups) and males (5% sodium saccharin group) in the BBN-exposed groups
(Nakanishi et al., 1980a).

The effects of sequential administration (initiation/promotion protocol) of 0.01% BBN in
drinking water and 5.0% sodium saccharin in feed and co-administration of 0.001% BBN in
drinking water and 5.0% sodium saccharin in feed, were studied in 8-wk-old male Wistar rats by
Nakanishi et al. (1980b). In the first experiment (sequential administration), rats received BBN
for 4 wk and then sodium saccharin for an additional 32 wk. In the second experiment (co-
administration), rats were fed BBN and sodium saccharin for 40 wk. When rats were
administered BBN and sodium saccharin concurrently, there was an increased incidence of
urinary bladder papilloma (10/24 vs. 0/12 in controls). Sequential administration produced a non-
statistically significant increase (9/31 vs. 0/12 in controls) in the incidence of bladder papilloma.
In addition, there was one transitional cell carcinoma among the 31 rats that received saccharin
sequentially and two transitional cell carcinomas among the 24 rats receiving saccharin
concurrently with BBN. Transitional cell hyperplasia was noted in rats receiving sodium
saccharin alone as well as in groups receiving BBN before and during saccharin administration.

Nakanishi et al. (1982) reported that there was no statistically significant increase in the
incidence of hepatocellular carcinoma or urinary bladder papilloma in male F344 rats (age not
specified) initiated with 0.01% BBN in drinking water for 4 wk and then fed 5% sodium
saccharin in the diet for an additional 32 wk, as compared to rats administered BBN alone.
Sodium saccharin significantly enhanced urothelial hyperplasia after BBN pretreatment and
produced a non-statistically significant increase in urinary bladder papillomas (6/29 vs. 0/29 in
controls).

The comparative tumor-promoting effects of 5% sodium saccharin, 5% sodium L-
ascorbate, 5% L-ascorbic acid, 5% sodium saccharin plus sodium L-ascorbate, or 5% sodium
saccharin plus L-ascorbic acid were studied in 6-wk-old male F344 rats. Rats were initiated with
0.05% BBN in drinking water for 4 wk and were then fed the test diets for an additional 32 wk.
The authors found that bladder-cancer promotion by sodium saccharin was inhibited by L-
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ascorbic acid and enhanced by sodium L-ascorbate, apparently as a function of urinary pH.
Sodium saccharin alone, sodium L-ascorbate alone, and these two compounds in combination
caused increased incidences of urothelial hyperplasia, papilloma, and carcinoma in the urinary
bladder (Fukushima et al., 1990).

Yu et al. (1992) studied the tumor-promoting effects of sodium saccharin alone and in
combination with nordihydroguaiaretic acid (an antioxidant and inhibitor of arachidonic acid
metabolism) in BBN-initiated male F344 rats. BBN (0.05%) was administered to 6-wk-old rats
in the drinking water for 4 wk. The rats were then fed 5% sodium saccharin with or without the
antioxidant for an additional 36 wk. Nordihydroguaiaretic acid was coadministered at a
concentration of 0.1% in the diet. The authors found that sodium saccharin promoted BBN
tumorigenicity, while nordihydroguaiaretic acid plus sodium saccharin decreased the incidences of
papilloma. Both groups receiving sodium saccharin had urothelial hyperplasia.

4.2.3 2-Acetylaminofluorene (AAF)

Nakanishi et al. (1982) reported that there was no significant increase in the incidence of
hepatocellular carcinoma or urinary bladder carcinoma in male F344 rats (age not specified)
initiated with 0.02% AAF in the diet for 4 wk and then fed 5% sodium saccharin in the diet for
an additional 32 wk, as compared to rats administered AAF alone. There was a statistically
significant increase in urothelial hyperplasia in the sodium saccharin-promoted rats.

The effect of lifetime sodium saccharin dosing (0.1, 0.5, 1.0, or 5.0% diet for 117 wk),
administered 2 wk after initiation with AAF (200 ppm diet for 13 weeks), on female weanling
BALB/c mice was studied by Frederick et al. (1989). No dose-related increase in tumor incidence
was found in initiated mice exposed to 0.1-5% sodium saccharin diet.

In female Horton SD rats (age not specified) co-administered 300 mg AAF/kg diet and 5%
sodium saccharin in the diet for 40 wk, no animals developed malignant lesions of the urinary
bladder. Eleven of the 12 AAF-treated rats (no sodium saccharin in diet) developed palpable
mammary and ear-duct tumors, while 6/12 animals exposed to AAF and sodium saccharin
developed these tumors. Liver tumors occurred in control and exposed animals (Ershoff and
Bajwa, 1974; cited by IARC, 1980). IARC (1980) noted that the small number of animals used
and the fact that food consumption was not measured prevented the evaluation of AAF and
sodium saccharin exposure.

4.2.4 N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamide (FANFT)
The effects of sodium saccharin in FANFT-initiated (0.2% diet for 6 wk) 4-wk-old male

F344 rats were studied by Cohen et al. (1979). Subsequent to initiation with FANFT, rats were
exposed to a 5% sodium saccharin diet (o-toluenesulfonamide free) for up to 83 wk. Two other
groups received o-toluenesulfonamide-free sodium saccharin either with or without FANFT
initiation following a 6-wk no-exposure period. The incidence of bladder cancer was not
increased in the sodium saccharin-only group (0/20) when compared to the no-exposure control
group (0/42). In the FANFT-initiated control group, 4/20 rats developed bladder cancer and 1/20
rats developed bladder papilloma. In the FANFT plus sodium saccharin groups with or without
a 6-wk no-exposure period, the incidences of bladder cancer were 13/18 and 18/19, respectively.
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Fukushima et al. (1981) fed 5-wk-old male F344 rats 0.2% FANFT diet for only a 4-wk
initiation period in order to decrease the production of bladder cancer in the FANFT-only group.
Rats were subsequently fed a 5% sodium saccharin or control diet for 100 wk. There was a
significant increase (p < 0.03) in the incidence of carcinoma of the bladder as compared to
FANFT-only controls (5/26 vs. 0/25).

Murasaki and Cohen (1983a) evaluated the co-carcinogenicity of FANFT (0.005% diet)
and sodium saccharin (5% diet) administered to 5-wk-old male Fischer rats for 2 yr. The authors
reported that the incidence of bladder lesions was marginally significant (p < 0.06), when
compared to the incidence in FANFT-only controls (5/16 vs. 0/11). There were no statistically
significant increases in tumor incidences for other tissues.

Imaida and Wang (1986) studied sodium saccharin as a promoter in a two-stage
carcinogenesis model. Groups of 42 or 43 male weanling F344 rats were exposed to 5% sodium
saccharin in AIN-76A diet for 100 wk subsequent to a 4-wk regimen of exposure to either 0.2%
FANFT in Wayne diet or 0.005% N, N-dibutylnitrosamine (DBN) in drinking water and control
Wayne diet. None of the control rats fed sodium saccharin alone developed bladder, liver,
esophageal, or forestomach tumors. There was no statistically significant increase in the
incidence of tumors of the bladder, liver, or esophagus in rats initiated with FANFT or DBN,
with a subsequent dietary administration of sodium saccharin, as compared to FANFT-only and
DBN-only controls, respectively. However, the group receiving FANFT initiation followed by
sodium saccharin promotion did have an increased incidence of urinary bladder carcinomas
(p = 0.059).

The comparative effects of different chemical forms of saccharin and ascorbate in
conjunction with other chemicals that would affect the urinary ionic composition and pH were
studied by Cohen et al. (1991b). Rats (5-wk-old male F344) were exposed to 0.02% FANFT or
control diet for 6 wk. Subsequent to administration of FANFT, rats were exposed to 3 or 5%
sodium saccharin, 3.12 or 5.2% calcium saccharin, 2.53 or 4.21% acid saccharin, 4.44% ascorbic
acid, or 5% sodium ascorbate diet for 72 wk. Carcinomas and papillomas developed in 12/39
(31%) and 5/39 (13%) rats, respectively, in the FANFT-only group. A statistically significant
increased incidence of tumorigenesis occurred in all of the other groups, with the exception of acid
saccharin, ascorbic acid, and low-dose calcium saccharin. Sodium saccharin > sodium ascorbate >
calcium saccharin for enhancement of bladder tumorigenesis; none of the forms of saccharin were
tumorigenic without FANFT initiation. The authors found that an elevated urinary pH increased
tumorigenicity. However, elevated urinary sodium concentrations are sufficient, as shown by the
enhancement of bladder tumor promotion by sodium saccharin and sodium ascorbate, and by the
enhanced bladder tumorigenicity of calcium saccharin when sodium chloride was added to the
calcium saccharin exposure. Masui et al. (1991) analyzed the tumors in this study for H-ras
mutations by Western blotting using a monoclonal antibody against p21. H-ras mutations were
found in 2/3 and 3/6 bladder tumors from rats exposed to FANFT alone, and 4/20 and 1/10 H-ras
mutations were found in tumors from rats exposed to FANFT initiation with 3 or 5% sodium
saccharin promotion, respectively.

Okamura et al. (1991) compared the Prolab 3200 with the AIN-76A diet for the
promoting effects of sodium saccharin and found that male F344 rats on Prolab 3200 diet

exhibited sodium saccharin (5% diet for 100 wk) enhancement of bladder tumors when initiated
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for 4 wk with 0.2% FANFT. This effect was not found in the AIN-76A-fed rats initiated with
FANFT and fed 5% sodium saccharin for 100 wk.

4.2.5 N-Methyl-N-nitrosourea (MNU)

A series of reports on studies conducted by Hicks et al. (1973, 1975) and Hicks and
Chowaniec (1977) evaluated sodium saccharin (2-yr exposure) following intravesicular instillation
of MNU (single dose of 1.5 or 2 mg) in 6- to 8-wk-old Wistar rats. In 138 rats in the male and
female 4 g/kg/day dietary sodium saccharin-only group, 3 bladder tumors were found.
Administration of 2 g/kg/day of sodium saccharin in drinking water for two yr did not produce
any bladder tumors in male and female Wistar rats. Bladder tumors were found in 23/49 (47%)
female rats in an MNU plus 2 g/kg/day dietary sodium saccharin group. Bladder tumor incidence
was increased in the MNU plus 4 g/kg/day sodium saccharin female group (27/47; 57%).

In an effort to reproduce the experiments of Hicks et al. (1973, 1975) and Hicks and
Chowaniec (1977), Mohr et al. (1978) instilled 2 mg MNU in the bladders of female Wistar/AF-
Han rats which were subsequently fed 2% sodium saccharin for the first 10 wk and 4%
afterwards [up to 2 yr] (specific dosing regimen not specified). In the MNU-only group, bladder
tumors were found in 19/49 (39%) rats; and ureter tumors were found in 8/49 (17%) rats, while
14/49 (28%) rats developed renal pelvis tumors. In the MNU plus sodium saccharin group,
incidences of renal pelvis, ureter, and bladder tumors were 43, 11, and 39%, respectively. The
high incidence of tumors in the MNU-only group was explained by the original authors as a
result of the use of MNU within 15 min of dissolution and the assumption that in their
experiment the dose of MNU was not subcarcinogenic.

Hooson et al. (1980) studied the contribution of the sodium saccharin contaminant o-
toluenesulfonamide in the promotion of MNU-initiated bladder carcinogenesis in female Wistar
rats (age not specified). No statistically significant differences were found in bladder tumor
incidence with administration of a single 0.15 mL-dose of MNU, followed 2 wk later by daily
administration in drinking water or diet of either 2 g/kg o-toluenesulfonamide-free sodium
saccharin or 2 g/kg sodium saccharin containing 40 mg/kg o-toluenesulfonamide for 2 yr, as
compared to a control group given MNU alone. There was, however, a decrease in the latency
period in the MNU+sodium saccharin treated groups (55 and 52 wk vs. 87 wk for MNU-only
controls).

West et al. (1986) exposed 8-wk-old female Sprague-Dawley rats, which had previously
been dosed with a single dose of MNU or by saline transurethral instillation into the bladder, to
0.1, 0.5, 1.0, 2.5, or 5% sodium saccharin in the diet. Other groups received MNU followed by
2% sodium saccharin in water or 5% acid saccharin diet. Sodium saccharin dosing was initiated 2
days after rats were dosed with MNU and continued until the termination at 102 wk. In MNU-
exposed rats, histopathological examination revealed papillomas and carcinomas of the urinary
bladder. A mortality-adjusted increase in tumor incidence and a decrease in time-to-tumor with
increasing sodium saccharin dose for the 0-2.5% doses in dead and moribund rats was reported.

A statistically significant increase in bladder tumor prevalence (p < 0.0012) was found for the
group of rats exposed to 2.5% sodium saccharin plus MNU vs. the MNU-only control group.
The greatest number of tumors developed in rats that received four doses of MNU alone

throughout the experiment. Rats not exposed to MNU that were dosed with a 0.1-5% sodium
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saccharin or 5% acid saccharin diet or 2% sodium saccharin in the drinking water developed a
small number of tumors that were not significantly different from controls.

In the bladders of female Sprague-Dawley rats exposed to 1.0, 2.5, or 5.0% dietary
sodium saccharin (given 4 wk immediately preceding, following, or centered on the day of bladder
instillation of 0.5mg MNU), MNU-induced tumorigenesis was not enhanced (West et al., 1994).
After the 4-wk administration of dietary sodium saccharin, rats were maintained on control diet.
Additional groups of rats were dosed neonatally in the milk by administration of the same three
levels of dietary saccharin to the dams during three wk of lactation. These latter groups then
received MNU by bladder instillation at 8 wk of age and remained on the control diet for up to
106 wk of age. This neonatal exposure to saccharin did not enhance MNU-induced bladder
tumors.

4.2.6 Freeze Ulceration

Five-wk-old male F344 rats had their bladder cells initiated with application of a steel rod
frozen in dry ice and acetone (freeze ulceration). Rats were subsequently fed a control diet for
two wk and then a sodium saccharin diet for 102 wk. This treatment resulted in 5/20 (25%)
carcinomas and 1/20 (5%) papillomas compared with none when rats were exposed to either
dosage regimen (freeze ulceration or sodium saccharin diet) alone. When 0.2% FANFT was
administered in the diet for 2 wk after freeze ulceration followed by 5% sodium saccharin diet for
102 wk, 4/23 (17%) of the bladders had tumors. Reversing the order of FANFT and freeze
ulceration exposure resulted in an 8/22 (36%) incidence of bladder tumors. Tumors were not
found in rats that had received FANFT or sodium saccharin alone (Cohen et al., 1982).

Hasegawa et al. (1985) fed 5-wk-old male F344 rats 5% sodium saccharin diet either
immediately or 2, 4, 6, or 18 wk following freeze ulceration of the bladder. There was a
significant increase in the incidence of transitional cell carcinoma of the bladder in all of these
groups as compared to a freeze ulceration-only control group, except in the group fed sodium
saccharin 2 wk after freeze ulceration (11/36, 6/36, 12/40, 7/36, 9/39 vs. 1/39 in controls). No
bladder carcinoma was detected in control rats administered saccharin alone.
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5.0 GENOTOXICITY

Extensive reviews of the genotoxicity of saccharin have been conducted by Ashby (1985),
IARC (1980, pp. 148-150, see Appendix A; 1982, see Appendix B; 1987b, see Appendix C),
and, most recently, by Whysner and Williams (1996). The studies summarized below are largely
based on these reviews; additional, relevant studies are presented in Table 5-1, while the Genetic
Activity Profiles published by IARC (1987a) for saccharin are provided in Figures 5-1 and 5-2.

Most of the numerous in vitro and in vivo genotoxicity studies on sodium saccharin have
been negative with occasional inconsistent or conflicting results and false positive results
attributed to factors such as mutagenic impurities, inhibition of DNA synthesis, and osmotic
effects.

5.1 Noneukaryotic Systems
5.1.1 Gene Mutations

Both sodium saccharin and saccharin (form unspecified) have been reported as negative in
15 studies for the induction of reverse mutations in Salmonella typhimurium strains TA92,
TA94, TA98, TA100, TA1535, TA1537, and TA1538 (not all strains were tested in all studies),
with and without S9 activation, and using either the plate incorporation or pre-incubation forms
of the assay.

In a study that evaluated the induction of reverse mutations in S. typhimurium by 4
commercially available saccharin samples and by 1 highly purified saccharin sample in the
presence and absence of S9, the commercially produced samples were positive for mutation
induction, whereas the highly purified sample was negative (Batzinger et al., 1977). The author
concluded that commercial saccharin samples contain mutagenic impurities.

5.1.2 DNA Damage
Saccharin (form unspecified) was reported as negative for the induction of prophage

(Rossman et al., 1991) and DNA damage/SOS repair in Escherichia coli (DeFlora et al., 1984).

5.1.3 DNA Synthesis
Saccharin did not alter DNA synthesis, as measured by the incorporation of

[PHlthymidine, in S. typhimurium (Beljanski et al., 1982).

5.2 Lower Eukaryotic Systems
5.2.1 Saccharomyces cerevisiae

Sodium saccharin without metabolic activation was reported to be positive in the yeast,
Saccharomyces cerevisiae, for the induction of aneuploidy, gene conversion, and reverse
mutations. However, in two other yeast studies (including one conducted using a 9-fold higher
dose), saccharin (form unspecified) was negative for gene conversion and mutation induction but
positive again for the induction of aneuploidy.

5.2.2 Drosophila melanogaster
Sodium saccharin was initially found in a 1971 study to be positive for the induction of
sex-linked recessive mutants and negative for heritable translocations in Drosophila
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melanogaster. However, two subsequent studies conducted using equal or higher doses reported
weak positive or negative results for the induction of sex-linked recessive mutations.

5.2.3 Higher Plants
Ma et al. (1995) concluded that saccharin induced micronuclei in the root-tips of Allium

cepa (onions) and Vicia fava (beans) following a 6-hour exposure at 120 mM.

5.3 Mammalian Systems In Vitro
5.3.1 Gene Mutations

In two studies, sodium saccharin was reported to be weakly mutagenic in mouse
lymphoma L5178Y cells at very high doses (>10 mg/mL) and only in the presence of metabolic
activation. A third study using doses as high as 20 mg/mL up was negative. Sodium saccharin, at
doses above 10 mg/mL, was also reported to induce a highly significant increase in the number of
ouabain-resistant mutants in human RSa embryo cells (Suzuki and Suzuki, 1988), and to increase
the number of mutations at the k-ras gene, codon 12 in SW480 human colon adenocarcinoma cells
(Suzuki and Suzuki, 1993). However, based on either the weakness of the response and/or the
magnitude of the doses required to elicit a positive response, these data would be considered to
be of questionable value using current testing practices.

5.3.2 DNA Damage
Sodium saccharin (without metabolic activation) was weakly positive or positive for the

induction of sister chromatid exchanges (SCE) in three studies using Chinese hamster cells and in
two studies using human lymphocytes. Sodium saccharin and saccharin, in the absence of
metabolic activation, were reported to be negative for SCE induction in one study using mouse
embryo fibroblasts and in two studies using human lymphocytes. Studies with metabolic
activation were either not conducted or were negative for SCE induction. In the positive studies,
the doses capable of inducing a significant increase in SCE ranged from 1 to 12 mg/mL and the
maximum increase in SCE was generally less than two-fold. As discussed by Ashby (1985) and
based on our current appreciation of the various processes involved in SCE induction, this
increase in SCE more likely reflects the ability of saccharin at high doses to inhibit DNA
synthesis rather than an ability to cause DNA damage.

5.3.3 Inhibition of DNA Repair
Skare and Wong (1985) reported that sodium saccharin did not inhibit the repair of UV-

induced DNA damage in WI-38 human fetal lung fibroblasts.

5.3.4 DNA Synthesis
Yanagisawa et al. (1987) and Heil and Reifferscheid (1992) both concluded that sodium

saccharin at relatively high doses inhibited the rate of DNA synthesis, as measured by
incorporation of [°H]thymidine after treatment, in human B-32 fibroblasts or HeLa S3 cells.
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5.3.5 Chromosomal Damage
Sodium saccharin was found to be positive without S9 activation in ten studies and

negative in two studies for the induction of chromosome aberrations using Chinese hamster cells
and human lymphocytes. Ashby (1985) and Whysner and Williams (1996) concluded that the
high dose levels used (up to 48 mg/mL) may have caused osmotic changes leading to false
positive results.

5.3.6 Cell Transformation

Saccharin (form unspecified) was found to give negative results for cell transformation in
BALB/c3T3 and C3H 10T1/2 mouse and RLV Fischer rat embryo cells. Sakai and Sato (1989)
also reported that sodium saccharin did not increase the number of transformed foci in
BALB/3T3 cells with or without a 2-week promotion period with TPA.

5.4 Mammalian Systems In Vivo
5.4.1 Gene Mutations and Dominant Lethal Mutations

In a study that compared the mutagenic activities of 3 commercially available saccharin
samples with a highly purified saccharin sample, Batzinger et al. (1977) administered 2.5 g
saccharin/kg to mice (strain not specified) and collected 24-hour urine samples. The urine
samples were then assayed for mutagenicity in S. typhimurium strains TA98 and TA100 in the
presence and absence of S9 and the enzyme B-glucuronidase. In strain TA98, all commercial
samples were positive for the induction of reverse mutations, but the purified sample was
negative. In strain TA100, all samples were positive. Mutagenic activities of the urine was
enhanced in TA98 by B-glucuronidase. In TA100, mutagens were inactivated by S9; in TA98,
mutagens were activated by S9. The authors proposed that 2 mutagenic substances were
present. A similar study using TA 98, TA 100 and TA 1537 performed on urine obtained from
rats treated with 5% dietary sodium saccharin, Hasegawa et al. (1984) failed to show mutagenic
activity after 0, 1, 5, or 14 days of treatment.

Batzinger et al. (1977) also conducted a host-mediated assay for the induction of reverse
mutations by the 4 saccharin samples (3 commercially available, 1 highly purified). S.
typhimurium strain TA98 or TA100 was incubated for 6 hours in the peritoneal cavity of mice
administered 2.5 g saccharin/kg. The highly purified sample was negative for mutation induction
in both bacterial strains. All of the commercially available samples were positive, except for one
sample that was negative when incubated with strain TA98.

Both negative and positive results were obtained for sodium saccharin in the mouse spot
test, examining somatic cell mutations induced in pup coat color. In his review of the literature,
Ashby (1985) reported that the difference may have been due to the different routes of exposure
(i.p. vs. orally, respectively) and the 7.5-fold higher oral dose levels in the positive study.

As compiled by Ashby (1985), IARC (1987a,b) and Whysner and Williams (1996) and
discussed by Adler and Ashby (1989), saccharin has given conflicting results in the mouse
dominant lethal mutation assay, with three positive and three negative studies for sodium
saccharin. The strain of mice and the route of exposure were often the same and the doses often
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overlapped for both negative and positive studies. The authors of the review articles concluded
that the in vivo mutagenic ability of saccharin has not been adequately demonstrated.

5.4.2 DNA Damage

Sodium saccharin, when administered orally at doses between 5 and 10 g/kg, was reported
to induce up to a two-fold increase in SCE in Chinese hamster bone marrow cells (Renner, 1979).
Dropkin et al. (1985) reported that sodium saccharin at doses up to 25 mg/kg/day did not cause
sister chromatid exchanges in the fetal pups of female ICR albino mice dosed on the 10th day of
gestation and sacrificed on the 17th day.

5.4.3 Chromosomal Aberrations

In the reviews conducted by Ashby (1985), IARC (1987a,b), and Whysner and Williams
(1996), both sodium saccharin and saccharin (form unspecified) were reported as negative for the
induction of chromosomal damage in somatic and germ cells of rodents in seven studies and
positive in somatic and germ cells in one study each. Dropkin et al. (1985) also reported that
sodium saccharin at doses up to 2000 mg/kg did not cause chromosome aberrations in the fetal
pups of female ICR albino mice dosed on the 10th day of gestation and sacrificed on the 17th
day.

5.4.4 Induction of Micronuclei
Sodium saccharin was reported in two studies as negative for micronucleus induction in
mouse bone marrow cells.
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Figure 5-3. Schematic View of a Genetic Activity Profile
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A schematic view of a Genetic Activity Profile (GAP) representing four studies (two positive and
two negative) for an example short-term test, ECW. Either the lowest effective dose (LED) or
highest ineffective dose (HID) is recorded from each study, and a simple mathematical
transformation (as illustrated above) is used to convert LED or HID values into the logarithmic
dose unit (LDU) values plotted in a GAP. For each test the average of the LDUs of the majority
call is plotted using a solid vertical bar drawn from the origin. A dashed vertical bar indicates
studies that conflict with the majority call for the test. Note in cases where there are an equal
number of positive and negative studies, as shown here, the overall call is determined positive.
The GAP methodology and database have been reported previously (Garrett et al., 1984; Waters et
al., 1988, 1991).

Garrett, N. E., H. F. Stack, M. R. Gross, and M. D. Waters. 1984. An Analysis of the Spectra
of Genetic Activity Produced by Known or Suspected Human Carcinogens. Mutat. Res. 134:89-
111.

Waters, M. D., H. F. Stack, A. L. Brady, P. H. M. Lohman, L. Haroun, and H. Vainio. 1988.
Use of Computerized Data Listings and Activity Profiles of Genetic and Related Effects in the
Review of 195 Compounds. Mutat. Res. 205:295-312.

Waters, M. D., H. F. Stack, N. E. Garrett, and M. A. Jackson. 1991. The Genetic Activity
Profile Database. Environ. Health Perspect. 96:41-45.
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6.0 OTHER RELEVANT DATA

Summary: Saccharin is a polar synthetic compound that is not a substrate for normal
intermediary metabolism and is not used as an energy source. Earlier metabolic investigations
using radiolabeled techniques indicated that saccharin underwent limited metabolism by ring
opening to 2-sulfamoylbenzoic and 2-sulfabenzoic acids. However, these findings were not
confirmed in later more extensive studies conducted on humans and rats using similar radiolabeled
techniques. In humans, saccharin is almost completely (90%) absorbed from the intestinal tract
and excreted unchanged in the urine largely (90%) by renal tubular secretion within 24 hours after
oral administration. Human data fitted a two compartment model (plasma and renal clearance,
half-life [t;,] about 70 minutes) for intravenous (i.v.) administration of a bolus dose of sodium
saccharin dihydrate (NaSac+2H,0).

After rats were i.v. dosed with [5-3H]saccharin, the plasma concentration-time curve
clearly showed a biphasic decline during the first 2 hours, and about 90% of the dose was
recovered in urine which was found to be consistent with the elimination t;, (30 minutes). At
low doses (100 mg/kg or less) the plasma clearance (about 10 mL min™ kg™) decreased at high
doses (1000 mg/kg) to 5.5 mL min! kg™, with the recovery in urine in 2 hours decreasing to 65%
of the dose. The elimination t;,; (30 minutes) was found to be similar for all doses less than 1000
mg/kg.

With occasional exceptions, studies in male and female rats dosed with 5% or greater
levels of sodium saccharin in the diet typically show alterations in the ultrastructural morphology
of urinary bladder urothelium, enhanced proliferation as evidenced by elevated labeling indexes
(LIs), and morphological evidence of urothelial hyperplasia. These effects can be seen as soon as
90 days after commencement of in utero treatment and generally within 10 wk when treatment
starts shortly after weaning, especially when treatment is preceded or accompanied by treatment
with a urinary bladder initiator. It has been shown that the severity of urothelial changes is
influenced by diet. Urinary bladder changes have been demonstrated in male and female rats but
not in other species tested.

6.1 Absorption, Distribution, and Excretion

Sweatman et al. (1981) dosed three adult human males ages 25 to 37 years with saccharin
either orally (2 g in gelatin capsules after an overnight fast or 1 to 2 hours after breaking fast) or
i.v. (sodium saccharin dihydrate, 10 mg/kg) and recorded the excretion of saccharin over 96 hours.
The results indicated that saccharin was almost completely (90%) absorbed from the intestinal
tract after oral administration and excreted unchanged in the urine largely by renal tubular
excretion, mostly within the first 24 hours of dosing. This study also found that saccharin
administered either orally or intravenously resulted in 90% recovery of the dose in the urine and
up to 8% in the feces.

In studies it was found that saccharin does not accumulate in any tissues, including the
bladder (Renwick, 1986). Sweatman and Renwick (1980) studied eighteen adult male and six
adult female rats fed ad libitum a diet containing 1 to 10%, and 5%, respectively, sodium
saccharin dihydrate for 22 days. High-pressure liquid chromatography was used to detect the
concentration of saccharin in tissues (well perfused; poorly perfused) and plasma. Saccharin
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underwent significant plasma protein binding (69 to 86%) at all dietary levels. The well perfused
tissues (adrenal, liver, lung, and spleen) contained 20 to 50% lower concentrations of saccharin
than the corresponding plasma concentrations at each dietary level. The lowest levels of
saccharin detected (10 to 20% plasma level) were found in poorly perfused tissues (muscle and
fat). The highest concentrations were found in the gut wall. A tissue-to-plasma ratio greater than
unity was observed in the kidneys (101.6 pg/mL : 29.6 ug/mL [3.43]) and urinary bladder (120.7
pg/mL : 29.6 pg/mL [4.1]). Although the tissue distribution was similar between male and female
rats fed a diet containing 5% saccharin, the tissue concentrations of saccharin were higher in
females than those found in males (liver, 2.4-fold; lung, 3-fold; muscle, 2.6-fold; kidney, 1.5-fold;
bladder, 6.7-fold).

Sweatman and Renwick (1982) studied whether or not a two-generation feeding protocol
was associated with uniquely elevated concentrations of saccharin in the bladder or other tissues
of rats. Following a single oral dose of [3H]saccharin (sodium saccharin dihydrate; 50 mg/kg; 1.0
to 3.0 mCi; >99.8% pure) to female Sprague-Dawley rats in late pregnancy, concentrations of 3H
in tissues of dams at 6 to 12 hr after administration of the dose were higher than those of the
fetuses. At 6 hr, maternal liver, kidney, and bladder wall concentrations were ~5-fold, ~33.3-fold
and ~16.7-fold, respectively, higher than those of the fetuses. At 12 hr, maternal liver, kidney,
and bladder wall concentrations were ~1.4-fold, ~8.3-fold, and ~5.8-fold, respectively, higher than
those of fetuses. The concentrations of 3H in fetal tissues decreased more slowly at 48 hr,
exceeding the corresponding values obtained for maternal tissues: liver, 3.2-fold; kidney, 0.8-fold,
and bladder wall, 5.4-fold. The authors suggested that these findings point to the possible
accumulation of saccharin during chronic intake (Sweatman and Renwick, 1982).

In another experiment conducted by Sweatman and Renwick (1982), dams were fed a 5%
saccharin diet ad libitum from 4 wk prior to mating until killed during late gestation. The
observed liver and kidney concentrations were lower in the fetuses than the corresponding
maternal values: liver, 80 pg/g maternal vs. 36.5 ug/g fetal; kidney, 382 pg/g maternal vs. 198 ug/g
fetal. However, the average concentration of saccharin in fetal bladder tissue was approximately
3.8-fold higher than the corresponding maternal value. The saccharin levels in the bladder, but no
other tissue, of females (189 + 149 pg/g) were significantly lower than in males (292 + 261 pg/g)
(p < 0.05 by unpaired Student’s t-test). Between days 17 and 20, the concentration of saccharin
in the amniotic fluid increased (males [n = 5], 15 pg/g; females [n = 7], 20 ug/g to males [n = 12]
361 pg/g; females [n = 18] 276 ng/g), which is a similar finding to Ball et al. (1977) who stated
that the increase was possibly due to elimination of saccharin in fetal urine.

Liver concentrations of saccharin in F; animals exposed to a 5% saccharin diet reached a
maximum of approximately 50 pLg/g soon after weaning (between days 28 and 45). Due to the
variability in the levels of saccharin in the bladder, no distinct maximum concentration was
observed in F; animals. In previous studies conducted by Matthews et al. (1973), Lethco and
Wallace (1975), Ball et al. (1977), and Sweatman and Renwick (1980), variability in the
concentration of saccharin in the bladder wall was reported, either after a single dose or after
chronic administration. Statistical analysis of the total bladder wall data showed that female
levels were significantly (50%; p < 0.05) lower than males when each individual result was
expressed as a percentage of the mean for the animals killed at that time point (to eliminate
temporal variation). Between days 18 and 23, which corresponds to the time of separation from

71



NTP Report on Carcinogens 1997 Background Document for Saccharin

the mother and consumption of a 5% saccharin diet, the average concentration of saccharin in
urine of F; animals showed a marked increase (males, [n = 5] 4.6 ug/mL vs. [n=2] 17.9 ug/mL;
females, [n = 2] 8.6 ug/mL vs. [n = 5] 11.1 pg/mL) (Sweatman and Renwick, 1982).

Sweatman and Renwick (1982) studied the distribution and turnover of [3H]saccharin in
pregnant rats maintained on a 5% saccharin diet prior to mating and transferred to a 5% saccharin
diet radiolabeled with [3H] (6.1 pCi/g) on the 10th day of gestation. On days 10 to 20 of
gestation, the concentrations of [3H]saccharin in maternal and fetal livers were similar to the
unlabeled concentrations found by HPLC on day 20 (see above), indicating that steady-state
concentrations had been reached. In the fetal tissues, the levels of [3H]saccharin showed a
relatively uniform distribution. However, markedly lower concentrations were found in the
brain. Similar findings were reported by Ball et al. (1977). The concentrations of [3H]saccharin
were below the limit of detection in the fetal bladder. Sweatman and Renwick (1982) suggested
that this was due to the size of the fetal bladder and the relatively low specific activity of the
[3H]saccharin diet given. There was a marked reduction in the 3H concentrations in most
maternal and fetal tissues upon transferring back to an unlabeled 5% saccharin diet for 24 hr or 48
hr prior to killing. Tritium concentrations in fetal liver, kidney, and muscle decreased to an
average of 29, 45, and 22%, respectively, of the steady-state level after 24 hr on the unlabeled
saccharin diet, while the corresponding maternal tissues decreased to 19, 51, and 23%,
respectively. Tritium concentrations were not detectable (< 200 pg/g) in the fetal bladder wall
throughout the duration of [3H]saccharin diet (10-20 days).

Ball et al. (1977) studied three groups of rats, one on a normal diet without pretreatment
with [**C]sodium saccharin for up to 12 months, and the others pre-treated with 1% or 5%
saccharin diet for up to 12 months. Individual rats in each group were subsequently administered
an oral dose of 16 to 22 mg/kg (5 to 9 puCi) sodium saccharin. In both groups about 95% of the
dose was eliminated within 24 hours, with 72 to 92% detected in the urine and 0 to 22% detected
in the feces. Within 3 days of dosing, excretion of '*C was essentially complete. The final
recovery in 6 days averaged 100%, with the urine containing 77 to 97% and feces containing 6 to
22% of the labeled dose. Pre-treatment of rats with a diet containing 1% and 5% saccharin for up
to 12 months did not alter the pattern of absorption and excretion. The only alteration of this
pattern was increased concentrations of ["*C]saccharin in the feces after continued intake,
especially at the 1% dietary level. The authors also investigated the excretion of [*C]saccharin in
urine after i.p. injection and very little was associated with the gastrointestinal tract. The authors
concluded that the increased concentration of ['*C]saccharin in feces after oral administration
arose from incomplete absorption in the gut. /

Lethco and Wallace (1975) administered [3-'*C]saccharin (5, 50, and 500 mg/kg) to male
and female rats. The distribution of radioactivity in organs and tissues at various time intervals
was monitored. One hour after administration of a 50 mg/kg dose, traces of '*C were found in
almost all of the organs. Saccharin reached a peak blood concentration within 8 hours. The
kidney, urinary bladder, and liver tissues contained the highest 14C concentration. All of the
tissues except brain and spleen contained traces of 14C 72 hours after dosing. The rats excreted
66 to 84 % of the labeled dose of [3-'*C]saccharin in the urine and 10 to 40% in the feces. This
study also compared the metabolic profiles of a dog, rabbit, guinea pig, and hamster. When
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compared, the metabolic profiles indicated that there was very little difference in the pattern due
to dose level or animal species.

The absorption, distribution, and excretion of radiolabeled saccharin was studied by
Matthews et al. (1973). Male rats (seven groups of three or more) were studied after receiving a
single oral dose of ['*C]saccharin (1 mg/kg in 0.5 cm3 distilled water). The dose was administered
orally to animals that had been fed ad libitum or fasted overnight. Saccharin entered the
bloodstream rapidly, most likely due to absorption through the stomach, with peak
concentrations in the blood between 7.5 and 15 minutes after administration. Saccharin was
absorbed by the fasted animals more rapidly than those that were fed. The saccharin
concentration of fasted animals was approximately twice that found in animals fed ad libitum.
The time to peak saccharin concentration and the general shape of the curve were similar in the
kidney and blood. The authors found that glomerular filtration of saccharin from the blood and
its excretion in the urine resulted in temporary accumulation of 5 times more saccharin in the
kidneys than in other organs or tissues. Saccharin was detected in the urine taken from the
bladders of every rat as soon as 3 minutes post saccharin administration.

The accumulation and clearance of multiple doses of saccharin was also investigated by
Matthews et al. (1973). Saccharin (1 mg/kg/day) was administered to two groups of four rats
each for 7 days. Saccharin concentrations in the major organs were measured 24 and 72 hours
after administering the final dose. At 24 hours, the saccharin concentration was slightly higher in
the gastrointestinal tract and considerably higher in the bladder than in any other tissues. The
authors suggested that although elevated concentrations of saccharin were not present in these
tissues, the tissues may have absorbed saccharin from their contents rather than by distribution
of the blood. Most of the saccharin had been cleared from all of the tissues by 72 hours after the
last dose, with none of the tissues having a significantly higher concentration than the others at
that time. The authors also stated that the ratio of saccharin excreted in the urine and feces was
approximately 9:1 when analyzed during the feeding period and after the last dose of saccharin
had been administered.

The authors continued this study by treating rats 5 times with a dose of 1 mg/kg at 90-
minute intervals for a total dose of 5 mg/kg within a 6-hour period. This dosing regimen was used
to simulate the daily dose of saccharin humans would be expected to consume be using saccharin
in food or beverages several times throughout the day. The rats receiving multiple doses of
saccharin were reported to have a higher saccharin concentration in tissues than in the
corresponding tissues of rats which had received single doses of saccharin (1 mg/kg). Rats that
were sacrificed 90 minutes after the fifth (last) 1 mg/kg dose were found to have a saccharin
concentration in the kidneys equal to or greater than 5 times the concentration of kidneys from
rats which received only a single dose of 1 mg/kg. Thereafter, the saccharin concentration in the
kidneys of all of these rats approached 9 to 10 times that of the animals which received only a
single dose. Twenty-four hours later, the difference had decreased to approximately 2-fold. A
10-fold difference was observed after 24 hours between concentrations in the bladders of rats
receiving multiple doses and those of rats receiving single doses. Still, at 24 hours, the
concentration in the bladders of rats which received 5 doses was less than 10% of that observed
90 minutes after the last of the 5 doses (Matthews et al., 1973). These data showed that
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significant concentrations of saccharin can occur in certain tissues such as the kidney and bladder
that appear to be almost completely cleared by the following day.

6.2 Metabolism

Saccharin is a polar synthetic compound that is not a substrate for normal intermediary
metabolism and is not used as an energy source (Renwick, 1986). Metabolic investigations using
radiolabeling techniques have indicated that saccharin undergoes limited metabolism by ring
opening to 2-sulfamoylbenzoic and 2-sulfobenzoic acids (Pitkin et al., 1971; Kennedy et al.,
1972; Amold, 1983; Renwick, 1986). Kennedy et al. (1972) fed ['*C]saccharin to two rats (1
male and 1 female). Components of solvent extracts from their acidified urine were separated by
thin layer chromatography (TLC) and compared to the authentic 2-sulfamoylbenzoic and
sulfobenzoic acids. This experiment showed that in the urine samples collected between 0 to 24
hours after dosing, 0.4% to 0.6% of the dose was excreted as 2-sulfamoylbenzoic acid and less
than 0.1% to 0.6% of the dose as 2-sulfobenzoic acid.

Pitkin et al. (1971) studied the metabolism of [**C]saccharin in eight female Rhesus
monkeys using the same method as Kennedy et al. (1972), which was unpublished at the time.
The authors reported that ['*C]saccharin was excreted essentially unchanged in the urine of
monkeys. The authors also found that urine samples collected and analyzed between 24 to 48
hours and 48 to 72 hours after dosing contained 1.2% of the dose as 2-sulfamoylbenzoic acid and
0.1% as 2-sulfobenzoic acid.

The Food and Drug Administration also detected 2-sulfamoylbenzoic in a more extensive
study that focused on the metabolic profiles of a dog, guinea pig, hamster, rabbit, and six rats
exposed to [3-C]saccharin via gavage (Lethco and Wallace, 1975). In this study six rats (three
males and three females) were given oral doses of 5, 50, and 500 mg/kg [3-'*C]saccharin (10 to 15
uCi/kg). Twenty-four hours after the dose was administered, the rate of *CO, expiration, and
[“C]carbonate and 2-sulfamoylbenzoic acid excreted via the urine were identified using paper
chromatography, TLC, UV spectrophotometry, and reverse isotope dilution techniques. These
data showed that both male and female rats expired '*CO, between 0.5 and 8 hours after dosing,
while only female rats expired 0.01% of the dose at 24 hours. Male rats expired a total of 0.29,
0.03, and 0.10% of 5, 50, and 500 mg/kg doses, respectively, and female rats expired a total of
0.23, 0.55, and 0.27% of the 5, 50, and 500 mg/kg, doses, respectively, 24 hours post-dose.
When 24 rats (12 males and 12 females; 4 rats/dose) were dosed with 5, 50, and 500 mg/kg [3-
14C1saccharin, about 0.4% of the dose was excreted as 2-sulfamoylbenzoic acid in the urine with
approximately equal amounts identified as 14C carbonate as detected by DEAE cellulose
chromatography (Lethco and Wallace, 1975; Renwick, 1986). Generally, more than 99% of the
urinary radioactivity was unmetabolized saccharin and all of the species’ urine samples contained
small amounts of 2-sulfamoylbenzoic acid. Comparative metabolic profiles of a dog, rabbit,
guinea pig, and hamster indicated that there was little difference in the pattern due to animal
species or dose level (Lethco and Wallace, 1975). The authors suggested that the breakdown of
saccharin was due to a chemical reaction as opposed to enzymatic reactions.

Ball et al. (1977) used chromatographic, reverse isotope dilution techniques, and UV
spectrophotometric techniques for the detection of radiolabeled metabolites of saccharin (2-
sulfamoylbenzoic acid and "*CO5? in the urine, *CO; in expired air). The limits of detection
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were as low as 0.03% for '*CO, and *CO,;2. Rats were fed a diet containing 1% or 5% of
saccharin for up to 12 months prior to receiving a ['*C]saccharin dose (20 mg/kg) administered
orally. The authors were unable to detect any metabolism in either the urine or in the expired air
of the rats dosed with radiolabeled saccharin. Ball et al. (1977) were also unable to detect any
metabolites of saccharin in the urine of three adult humans (one female, two males; 55 to 94 kg
body weight) who ingested 1 g saccharin/day for 22 days as a treatment prior to receiving a final
dose of [3-1*C]-saccharin (20 pCi; 13 mg) on the 22nd day. The authors were also unable to
detect metabolite production from the three adult humans when they were not subjected to the
saccharin pretreatment before a dose of [3-'*C]saccharin (20 uCi/13 mg).

Sweatman and Renwick (1979) exposed male rats to saccharin both in utero and during
lactation. The authors were unable to detect any metabolites of saccharin in the excreta of rats
_ under these conditions. The authors also reported that after 3-methylcholanthrene treatment
(inducer of metabolism), saccharin metabolites were undetectable using reverse isotope dilution
with limits of detection as low as 0.01% for 2-sulfamoylbenzoic acid. These results found that
significant metabolism is not induced by long term administration of saccharin during the neonatal
and weaning-stages of two generations.

Clearly, a discrepancy between some of the earlier reports and later investigations exist.
Earlier studies may have used saccharin with slight impurities resulting in metabolism of the
impure substance. Pitkin et al. (1971) used benzene ring-labeled [**C]saccharin from
Mallinckrodt Chemical Corp. Byard and Golberg (1973) reported that the benzene ring-labeled
[**C]saccharin supplied by Mallinckrodt Chemical Works (St. Louis, MO, USA) contained an
impurity which produced a 2 to 3% metabolic reaction if given to animals. In brief, the authors
found that the metabolite produced in vivo from the impurity chromatographed as 2-
sulfamoylbenzoic acid but did not recrystallize with added 2-sulfamoylbenzoic acid. Both
Matthews et al. (1973) and Byard and Golberg (1973) found that solvent extraction and t.1.c. in
neutral solutions would give rise to artifactual metabolites. In neither the Kennedy et al. (1972)
study which used [3-'“C]saccharin from Monsanto Co. (St. Louis, MO, USA), nor the Pitkin et
al. (1971) study, which used [**C]saccharin from Mallinckrodt Chemical Corp, was the purity of
the saccharin specified. It seems likely that the results obtained from experiments conducted by
Kennedy et al. (1972) and Pitkin et al. (1971) might be due to some unidentified impurity similar
to that found by Byard and Golberg (1973). Experiments aimed at the induction of metabolism
of [“C]saccharin by pretreatment with phenobarbital (Byard and Golberg, 1973) also failed to
induce metabolic reactions producing 2-sulfamoylbenzoic acid, 2-sulfobenzoic acid, CO,, or the
carbonate. -

Lethco and Wallace (1975) explained the presence of ['*C]saccharin metabolites as a slight
breakdown of saccharin due to simple decomposition rather than enzymatic mechanisms.
Although the authors’ data were substantiated by the large number of animals studied and the
consistency of the extent of metabolism over a wide range of doses in various species, the
saccharin molecule is resistant to chemical decarboxylation and thus slight breakdown to CO, and
CO;* seems unlikely (Renwick, 1986).
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6.3 Pharmacokinetics

The human data generated by Sweatman et al. (1981) fitted a two-compartment model
(plasma and renal clearance) for i.v. administration of a bolus dose of saccharin (sodium saccharin
dihydrate; 10 mg/kg) in the presence or absence of probenecid (competes for and inhibits renal
tubular secretion of organic ions). Probenecid was administered (500 mg) 2 and 12 hours before
and 2 hours after the i.v. dose of saccharin. Saccharin was rapidly eliminated via the urine after
i.v. administration (t;,, about 70 min). A significant decrease in the elimination rate constant
(40%) and in the plasma clearance (36%) rate occurred when the i.v. dose was given during
probenecid treatment. Thus, tubular secretion is responsible for the elimination of a minimum of
40% of circulating saccharin in humans, which is consistent with the high renal clearance noted in
this study. The fact that plasma clearance values were slightly less than the corresponding renal
clearance suggests the absence of significant metabolism. This supports earlier studies using [**C]
saccharin in humans (Byard et al., 1974; Ball et al., 1977) that failed to detect significant
metabolism after oral administration.

Sweatman and Renwick (1980) dosed ten male rats with low i.v. bolus doses 1, 20,50
mg/kg). The plasma concentration-time curve clearly showed a biphasic decline during the first 2
hours. The plasma levels fit the equation

C,= 3.12De + 1.35De "',
where C, is the plasma concentration in ug mL"! at time (t) and D is the dose in mg/kg. About
90% of the dose was recovered in the urine within 2 hours. This finding is consistent with the
elimination t;, (30 minutes).

6.4 Structure-Activity Relationships
No data were found.

6.5 Cell Proliferation
Experimental details for the studies described in this section are presented in Table 6-1.

6.5.1 Hamsters

Neither hyperplasia of the urinary bladder nor significantly increased DNA synthesis was
observed in 6-wk-old male Syrian hamsters administered a 5% sodium saccharin diet for 20 wk
(Fukushima et al., 1983).

6.5.2 Mice

Neither hyperplasia of the urinary bladder nor significantly increased DNA synthesis was
observed in 6-wk-old male B6C3F1 mice administered a 5% sodium saccharin diet for 20 wk
(Fukushima et al., 1983).

6.5.3 Rats

Lessel (1971) reported that saccharin was positive for hyperplasia in rats exposed to a
5% saccharin diet for 2 yr. Of 5 bladders from animals exposed to 5% saccharin, 1 male and 1
female had urothelial hyperplasia. IARC (1980) noted the small number of bladders examined
histologically.
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A 5% sodium saccharin diet fed to 6-wk-old F344 male rats for up to 18 wk induced
vacuolar degeneration of the bladder urothelium after 3 wk and simple hyperplasia at 5 wk. The
degree of hyperplasia increased with a display of mitotic figures, hyperplastic foci and
pleomorphic microvilli starting at 9 wk. Increased thymidine uptake (5- to 8-fold the rate seen in
controls) was present in the bladders of exposed rats at all time periods measured through 18 wk
(Fukushima and Cohen, 1980).

Hooson et al. (1980) reported mild focal urothelial hyperplasia in 1/50 female Wistar rats
exposed to 2 g sodium saccharin/kg/day for 2 yr. IARC (1980) noted that the rats were not
started on the test diet at weaning, but after several wk on a normal diet.

Six-week-old male and female F344 rats fed up to 5% sodium saccharin in a stock diet
alone for 32 wk did not develop simple, papillary, or nodular hyperplasia (Nakanishi et al.,
1980a). However, rats initiated with BBN for 4 wk and then fed 5% sodium saccharin stock diet
for 32 wk developed papillary and nodular hyperplasia (Nakanishi et al., 1980a).

In a 2-generation study, male and female F; Charles River CD rats exposed to up to 7.5%
sodium saccharin in the diet for up to 2 yr had an increased incidence of urinary bladder
hyperplasia at the 7.5% dose, but it was not morphologically precancerous. Exposure to 0.01,
0.1, 1.0, or 5.0% sodium saccharin had no effect on the incidence of hyperplasia (Taylor et al.,
1980).

Lawson and Hertzog (1981) reported that sodium saccharin did not induce DNA
synthesis in male Sprague Dawley rat bladder epithelium, as measured by an LI or by specific
activity of DNA. Animals were fed 7.5% sodium saccharin diet for 50 wk with interim sacrifices
throughout. [Methyl-*H]thymidine was injected intraperitoneally 1 hour before death.

Murasaki and Cohen (1981) studied the dose response relationship between sodium
saccharin exposure and cell proliferation in the urinary bladders of five-week-old male F344 rats
fed sodium saccharin in the diet for 10 wk. The results of this experiment showed a dose-related
increase in tritiated thymidine LI, the presence of pleomorphic microvilli, and hyperplasia. The
no-observable-effect-level (NOEL) for statistically significant changes in LI was 0.1%.

The incidences of simple hyperplasia (25/32 vs. 1/28 controls) and papillary or nodular
hyperplasia (20/32 vs. 0/28 controls) were significantly increased in male ACI rats administered
5% sodium saccharin in the diet for 52 wk beginning at 6 wk of age. At least half of the ACI rats
were infected with the bladder parasite Trichosomoides crassicauda (Fukushima et al., 1983).
Females were not evaluated.

Male F344 rats fed a 5% sodium saccharin diet for up to 20 wk beginning at 6 wk of age
developed hyperplasia of the urinary bladder and significantly increased DNA synthesis at 20
wk (Fukushima et al., 1983).

Sodium saccharin induced hyperplasia of the urinary bladder in male ACI rats but not in
F344, Sprague Dawley, or Wistar rats administered 5% sodium saccharin in the diet for 52 wk
beginning at 6 wk of age. However, the concentration of urinary MgNH,PO, crystals was greater
in all strains of treated rats than in their respective controls (Fukushima et al., 1983). The ACI
rats also developed urinary bladder papillomas and carcinomas. Females were not evaluated.

The effects of sodium saccharin on freeze ulceration-induced cell proliferation in male
F344 rats were studied by Murasaki and Cohen (1983b). The authors found that the degree of
microvilli formation and hyperplasia was similar for the 2-wk period following freeze ulceration
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whether or not 5% sodium saccharin was administered immediately following the procedure. In
another experiment, Murasaki and Cohen (1983b) found that sodium saccharin administered 2 or
8 wk following freeze ulceration produced a similar increase in hyperplasia, LI, and microvilli.

Hasegawa and Cohen (1986) studied the impact of the cation associated with different
dosage forms of saccharin. In male F344 rats fed a 5% sodium saccharin, acid saccharin,
potassium saccharin, or calcium saccharin diet for 10 wk, the LI was increased approximately 2-
fold for calcium saccharin, 3-fold for potassium saccharin, and 9-fold for sodium saccharin. No
increased LI was found for acid saccharin, and only the increased LI associated with sodium and
potassium salt exposures reached statistical significance. A statistically significant increase in
rats with hyperplasia was found in the sodium saccharin-treated group. Evidence of simple
hyperplasia following potassium saccharin and calcium saccharin exposure, and increases in
microvilli with potassium saccharin exposure were found. However, these changes were not
statistically significant.

Tatematsu et al. (1986) found that a 5% sodium saccharin diet for 21 wk did not increase
DNA synthesis in the bladder epithelium of male Fischer rats.

‘A 2-generation study conducted by Masui et al. (1988 abstr.), evaluated the urinary
bladder proliferative effects upon fetal and neonatal Sprague-Dawley rats of both sexes, when
their dams were fed a 5% sodium saccharin diet prior to mating and up to weaning. In control
and sodium saccharin-treated fetuses at days 17 and 21 of gestation, the LIs were similar in both
groups. Similar LIs were also found for both exposed and control rats at day 7 after birth.
However, the LI was greater in sodium saccharin-treated rats (higher in females than in males), at
day 21 after birth, compared to controls.

Garland et al. (1989b) found that the proliferative effects of sodium saccharin were
dependent upon diet. In Experiment 1, five-week-old male F344 rats were given 5 or 7.5%
sodium saccharin in Prolab 3200, NIH-07 or AIN-76 diet for 4 or 10 wk. In Experiment 2, male
F344 rats and 4-wk-old male Sprague-Dawley rats were dosed with 5 and 7.5% sodium saccharin
in Prolab 3200 or Purina 5002 diet for 10 wk. The results of Experiment 1 showed that sodium
saccharin had a greater effect on bladder urothelium in the rats fed the Prolab diet compared with
those on the NIH diet. In addition, there was little effect in the rats on the AIN diet. Effects
included urothelial hyperplasia at 4 and 10 wk and an increased thymidine LI for the Prolab and
NIH diet at 10 wk. In Experiment 2, the response was greater in F344 rats than in Sprague-
Dawley rats and greater for the Prolab rather than the Purina diet for hyperplasia, increased L1,
and evidence of urothelial damage.

Male F344 rats were exposed to 3, 5, or 7.5% sodium saccharin diet (Prolab feed) for 4, 7,
or 10 wk in a dose-response experiment conducted by Cohen et al. (1990). Cell exfoliation and
necrosis were evident at 10 wk in the group fed 3% sodium saccharin. An apparent progression
from mild to more severe necrotic changes during the 4- to 10-wk period was found in the 5 and
7.5% sodium saccharin group. In the 5% sodium saccharin-exposed group, a doubling of the LI
with extensive cell damage was noted. In the 7.5% sodium saccharin-exposed group, the LI was
increased several fold, with evidence of hyperplasia.

The effects of diet on cell proliferation induced by sodium saccharin were also studied by
Debiec-Rychter and Wang (1990). Male F344 rats were exposed to 5% sodium saccharin in
either Wayne or AIN-76A diet for 2, 4, 6, 10, or 16 wk. Both diets increased the LI
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approximately 5-fold when measured at 2, 4, 6, 10, or 16 wk. The authors also found that 2%
sodium bicarbonate increased the LI for the AIN-76A diet 6- to 9-fold. In addition, a sodium
saccharin and sodium bicarbonate combination proved to have an additive effect on cell
proliferation, except at the 2-wk interval. A similar study was not conducted for the Wayne diet.

Garland et al. (1991) reported that sodium saccharin at 7.5% dietary concentration was
positive for hyperplasia in male SD rats exposed in utero from conception up to 90 days of age.
Urothelial hyperplasia was not present at 30 days of age.

Two separate studies conducted by Garland et al. (1994) and Uwagawa et al. (1994)
demonstrated that NCI-Black-Reiter (NBR) rats, which do not produce 2-globulin (the male rat-
specific, low molecular weight urinary protein), do not exhibit sodium saccharin-induced urinary
bladder cell proliferation. Male NBR, F344, and castrated F344 rats were fed 7.5% sodium
saccharin in Prolab 3200 diet for 10 wk. The most severe changes were found in both normal and
castrated sodium saccharin-exposed F344 rats. Hyperplastic changes were found in the bladders
of 7/10 intact F344 rats compared with 1/10 NBR rats. Hyperplasia was not found in the
bladders of control rats. Although the 2j1-globulin urinary content in castrated F344 rats has
been reported to be only 10% of that in intact normal F344 rats (Roy and Neuhaus, 1967, cited
by Garland et al., 1994), examination of the saccharin-treated castrated F344 rats urinary
bladders revealed that 4/10 showed signs of hyperplasia (Garland et al.,1994).

Uwagawa et al. (1994) exposed 6-wk-old F344 and NBR rats to 5% sodium saccharin,
5% sodium ascorbate, or 3% uracil for 8 wk. In both strains, the most severe urothelial changes
were induced by uracil as shown by scanning electron microscopy (SEM). Sodium ascorbate-
induced simple hyperplasia was found in the bladders of F344 rats but not in NBR rats. Sodium
saccharin did not induce hyperplasia in the bladders of NBR; uracil-induced hyperplasia,
however, was found in both strains. Increases in the BrdU LIs were found in F344 rats
administered uracil (> 50-fold), ascorbate (36-fold), or sodium saccharin (20-fold).

Fischer 344 rats exposed to a 7.5% sodium saccharin diet for 10 wk developed
hyperplasia. Amorphous precipitate was present in exposed rats along with an increased
incidence of urothelial simple hyperplasia (Cohen et al., 1995a).

Sodium saccharin was positive for cell proliferation in male and female F344 rats exposed

to a 5% sodium saccharin diet for 21 or 91 days; the effects were reversible over time (Cohen et
al., 1995b).

6.5.4 Guinea Pigs

Neither hyperplasia of the urinary bladder nor significantly increased DNA synthesis was
observed in 6-wk-old male Hartley guinea pigs administered a 5% sodium saccharin diet for 20
wk (Fukushima et al., 1983).

6.5.5 Nonhuman Primates

Sodium saccharin was negative for cell proliferation in Macaca mulatta monkeys fed 20,
100, or 500 mg/kg/day in diet for 79 months. Histopathological examination of urinary bladders,
kidneys, and testis of surviving and deceased animals showed no abnormal pathology
(McChesney et al., 1977 abstr.; cited by IARC, 1980).
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6.6 Cell Proliferation with Co-Administration of Known Carcinogens
6.6.1 N-Butyl-N-(4-hydroxybutyl)nitrosamine (BBN)

Urinary bladder hyperplasia was enhanced in 6-wk-old male and female F344 rats
exposed to 2000, 10,000, or 50,000, but not 400 ppm, sodium saccharin in the diet following
BBN pretreatment. Exposure to sodium saccharin without BBN pretreatment did not induce any
changes in urinary bladders of rats of either sex (Nakanishi et al., 1980a).

The effects of sequential administration (initiation/promotion protocol) of 0.01% BBN in
drinking water and 5.0% sodium saccharin in feed and concurrent administration of 0.001% BBN
in drinking water and 5.0% sodium saccharin in feed, were studied in 8-wk-old male Wistar rats
by Nakanishi et al. (1980b). In the first experiment (sequential administration), rats received
BBN for 4 wk and then sodium saccharin for an additional 32 wk. In the second experiment
(concurrent administration), rats were fed both BBN and sodium saccharin for 40 wk. There was
an enhancement of urinary bladder hyperplasia and bladder tumors when rats were exposed to
BBN and sodium saccharin either sequentially or concurrently, while sodium saccharin alone
caused urinary bladder urothelial hyperplasia.

Nakanishi et al. (1982) reported that there was a significant increase (p < 0.05) in the
incidences of simple, papillary, or nodular urinary bladder hyperplasia in male F344 rats (age not
specified) initiated with 0.01% BBN in drinking water for 4 wk and then fed 5% sodium
saccharin in the diet for an additional 32 wk, as compared to rats administered BBN alone (simple
hyperplasia: 27/29 vs. 19/28; papillary or nodular hyperplasia: 24/29 vs. 11/28).

6.6.2 2-Acetylaminofluorene (AAF)

Sodium saccharin was positive for hyperplasia in female Horton SD rats fed a 5% sodium
saccharin diet for 40 wk with co-administration of AAF. Hyperplasia of the urinary bladder
mucosal lining occurred in all control and treated females fed AAF. The hyperplasia was most
pronounced in the AAF/sodium saccharin-exposed animals, with one of these rats displaying
squamous metaplasia and precancerous changes in the mucosal epithelium. IARC noted that the
small number of animals used, and the fact that food consumption was not measured, prevented
the evaluation of AAF and sodium saccharin exposure (Ershoff and Baja, 1974; cited by IARC,
1980).

Nakanishi et al. (1982) reported that there was a significant increase (p < 0.05) in the
incidences of simple, papillary, or nodular urinary bladder hyperplasia in male F344 rats (age not
specified) initiated with 0.02% AAF in the diet for 4 wk and then fed 5% sodium saccharin in the
diet for an additional 32 wk, as compared to rats administered BBN alone (simple hyperplasia:
6/29 vs. 0/28; papillary or nodular hyperplasia: 4/29 vs. 0/28).

6.6.3 N-Methyl-N-nitrosourea (MNU)

There was an increase in the number of proliferative bladder lesions in female Wistar rats
(age not specified) administered a single 0.15 mL intravesicular dose of MNU, followed 2 wk
later by daily administration of either 2 g/kg o-toluenesulfonamide-free sodium saccharin or 2 g/kg
sodium saccharin containing 40 mg/kg o-toluenesulfonamide for 2 yr, as compared to a control
group given MNU alone (incidence not given) (Hooson et al., 1980).
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NTP Report on Carcinogens 1997 Background Document for Saccharin

7.0 MECHANISMS

Summary: Bladder tumors found predominantly in male rats exposed to high dietary
concentrations of sodium saccharin (equal to or greater than 1% of the diet) prior to birth, at
birth, or starting at up to 35 days of age are thought to occur and proceed in association with
elevated urinary sodium ion concentration and pH above 6.5. Implications that the sodium ion,
itself, may be at least partially responsible for the carcinogenic effects observed in the male rat
bladder stem from studies involving many other sodium salts (e.g., of succinic acid and ascorbic
acid) eliciting similar effects in the male rat. In addition, when rat bladder epithelial cells were
incubated with sodium saccharin, calcium saccharin, potassium saccharin, sodium ascorbate,
sodium chloride, sodium citrate, potassium chloride, or calcium chloride in vitro for 24 hours, all
of the sodium salts proved to be cytotoxic, while the other salts did not display similar effects.
Studies using diets varying in pH have shown that sodium saccharin does not significantly
promote proliferation in the male rat urinary bladder when fed in the acidic AIN-76A diet, but
sodium saccharin did increase urothelial proliferation when fed in the Prolab 3200 (alkaline) diet.

A number of studies have shown that pH above 6.5 and increased urinary sodium ion
concentration in the male rat urinary bladder enhance the formation of urinary silicate crystals.
These crystals have been shown to form by the binding of urinary proteins to saccharin, and may
act as microabrasives in the rat urinary bladder, causing regenerative hyperplasia (increase in cell
number) and increased cell proliferation, which, when sustained over a lifetime, provide the basis
for urinary bladder tumorigenesis. The anatomy of the rat bladder is thought to play a role in
rendering the rat susceptible to bladder tumorigenesis. It is known that the horizontal position of
the rat during urination leaves the rat prone to the retention of calculi in the bladder, and the
formation and retention of precipitate in the rat bladder has been linked to the induction of
tumors predominantly in the male rat.

Other factors associated with induction of urinary bladder tumors in the rat include high
urine volume, low urine osmolality, and intrinsically high urinary protein, especially in male rats.
It is noteworthy that saccharin binds to urinary proteins, including o2u-globulin which is
common in male rats, and that the most extensive mechanistic studies have been conducted only
in male rats. Whether the female rat positive urinary bladder response seen in
initiation/promotion studies is associated with increased urinary protein and urinary crystal
formation has not been adequately studied. Furthermore, extensive mechanistic studies in mice
exposed to high doses of sodium saccharin, with or without previous exposure to a urinary
bladder initiator, have not been done to definitively rule out the possibility that mice could also
develop urinary bladder neoplasia under specific experimental conditions.

The constellation of physiological characteristics of urine in rats fed high doses of sodium
saccharin, particularly commencing at times when intrinsic bladder urothelial proliferation is high,
would not be expected in humans exposed to normal usage levels of sodium saccharin.
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7.1 Mechanism of Urinary Bladder Tumorigenesis Found Predominantly in Male Rats

Long-term studies of sodium saccharin have shown that bladder tumors are the most
common malignancies and that they occur predominantly in the male rat. Tumors found in the
bladder are detected only when sodium saccharin is fed at high dietary levels (equal to or greater
than 1% in rats) beginning at birth or when fetal rats are exposed in utero by feeding the dams 5%
sodium saccharin diet (Schoenig et al., 1985; for review, see Velazquez et al., 1996). Schoenig et
al. (1985) also found that in utero exposure was not necessary and that the incidence of bladder
tumors in rats given 5% sodium saccharin from birth was essentially identical to that in rats fed
5% sodium saccharin prior to conception and throughout life (for review, see Renwick, 1993;
Williams and Whysner, 1996).

Cohen et al. (1991b) offered the following hypothesis to describe the events leading to
urinary bladder tumorigenesis in male rats: When sodium saccharin is fed to male rats at high
dietary levels (about 2.5%), the concentration of urinary sodium is increased and the pH level is
elevated (above 6.5). Under these conditions, binding of saccharin and male-rat-specific o2j-
globulin results in the formation of silicon-containing crystallized precipitate in the bladder (for
review, see Ellwein and Cohen, 1990; Burin et al., 1995a; Cohen et al., 1995d; Velazquez et al.,
1996). After binding, the precipitate enters the bladder urothelial cells and is cytotoxic. Acting
as microabrasives, the silicate and precipitate particles irritate the mucosa and cause focal
necrosis. The loss of urothelial cells results in regenerative hyperplasia and increased cell
proliferation, which, when sustained over the rats' lifetime, provides the basis for urinary bladder
tumorigenesis. Cohen et al. (1991a) further hypothesized that diet-, dose-, species-, and sex-
specific effects of saccharin may be related to the formation of the particles (for review, see Burin
et al., 1995a; Velazquez, 1996).

7.1.1 The Role of pH in the Promotion of Bladder Carcinogenesis in Male Rats
Studies indicate that a urinary pH higher than 6.5 promotes the tumorigenicity of sodium

saccharin in male rats (for reviews, see Murai et al., 1997; Cohen et al., 1995d). For instance,
Okamura et al. (1991) compared the effects of sodium saccharin on 5-wk-old male F344 rats
initiated with 0.2% FANFT for 4 weeks followed by administration for 100 weeks of either 0 or
5% sodium saccharin in either Prolab 3200 or AIN-76A diet. In rats, administration of AIN-76A
diet results in a strongly acidic urine, with a pH lower than 6.0 (for review, see Cohen, 1995¢c;
Velazquez et al., 1996) while Prolab 3200 produces a neutral or slightly alkaline urinary pH
(Fisher et al., 1989). [Humans tend to have acidic urine, with a pH between 5.0 and 6.0, although
diet can alter this (Cohen, 1995c)]. The data from the study by Okamura et al. (1991)
demonstrated that sodium saccharin did not significantly promote urinary bladder tumors in the
male rat if fed an AIN-76A diet. However, there was a significant increase the incidence of
bladder tumors if male rats were fed the Prolab 3200 diet.

A study by Garland et al. (1989b) also evaluated the responses of 5-wk-old male F344
rats to sodium saccharin administered in different diets. However, while Okamura et al. (1991)
used tumor formation as an endpoint, Garland et al. (1989b) looked only at cellular proliferation
in the urinary bladder, presumably because of the short duration of the study (10 weeks). Rats
were either administered 0 or 7.5% sodium saccharin in Prolab 3200, AIN-76A, or NIH-07 diet
and killed after 4 weeks, or they were administered 0, 5, or 7.5% sodium saccharin in these same
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diets and killed after 10 weeks. In rats killed after 4 weeks of treatment, there was a significantly
higher incidence of hyperplasia with administration of sodium saccharin and this incidence was
higher in rats fed the Prolab diet than in rats fed the NIH diet. There was little response when
sodium saccharin was administered in the AIN-76A diet. In the group of rats killed after
treatment for 10 weeks, there was a similar trend (these rats also demonstrated a dose-dependent
increase in hyperplasia). Since the urinary pH of rats fed sodium saccharin in the NIH-07 diet is
known to be slightly lower than the urinary pH in rats fed Prolab 3200, and the urinary pH of
rats fed AIN-76A is known to be even lower than that of rats fed NIH-07 (ibid.), these results
are consistent with the hypothesis that urinary pH participates in the mediation of the
proliferative response in urinary bladders of male rats exposed to sodium saccharin.

The findings of Okamura et al. (1991) and Garland et al. (1989b) imply that alkaline
urinary pH alone was responsible for mediating urothelial proliferation, but other factors might
also explain this phenomenon. For instance, while different diets have been shown to produce
different urinary pH levels, they also can produce different levels of ions such as calcium,
potassium and sodium, and silicates (Cohen, 1995c). Other studies, however, have supported a
role for urinary pH in saccharin-induced carcinogenesis, showing that a pH above 6.5 greatly
enhances the formation of the bladder epithelium-irritating urinary silicate crystals in male rats
fed sodium saccharin (for review, see Cohen et al., 1991a). For a review of the role of pH in
oncogenesis, see Harguindey et al. (1995).

7.1.2 The Role of Sodium Concentration in the Promotion of Bladder Carcinogenesis in
Male Rats

There is evidence indicating that induction of bladder carcinogenesis in male rats exposed
to saccharin is increased under conditions of high urinary sodium ion concentration. For instance,
Hasegawa and Cohen (1986) fed weanling male F344 rats the sodium, potassium, or calcium salt
of saccharin, or acid saccharin as 5% of the diet for ten weeks. They found that sodium saccharin
induced a significantly higher level of urinary bladder epithelial proliferation than potassium
saccharin. Calcium saccharin and acid saccharin, on the other hand, did not significantly change
the bladder epithelium. Anderson et al. (1988) found similar results in weanling male CD rats.
Like Hasegawa and Cohen (1986), they fed sodium saccharin, potassium saccharin, calcium
saccharin, or acid saccharin to rats for 10 weeks and noticed that only sodium saccharin and
potassium saccharin produced hyperplasia in the bladder. In a later study by Cohen et al.
(1991b), after a 6-wk initiation period with 0.2% FANFT, sodium saccharin, administered as 3%
or 5% of the diet for 72 weeks, was shown to be tumorigenic in male F344 rat bladders while
calcium saccharin was only slightly so and acid saccharin was not at all.

In a review written by Cohen et al. (1997), it was noted that in rats, oral administration of
sodium saccharin causes an increase in cell proliferation in the urothelium that is more
pronounced than that induced by potassium saccharin, whereas calcium saccharin produces only
slight changes and acid saccharin has no effect on the urinary bladder. It was also noted that
these differences in potency occur even though urinary saccharin concentrations do not vary
greatly among rats administered the different forms of saccharin. Refer to Table 7-1 for a
summary of the effects of various forms of saccharin on the rat urinary bladder. Refer to Table
7-2 for results of urine analyses in rats given various forms of saccharin.
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While sodium saccharin has been shown to induce carcinogenesis in the male rat bladder,
so have many other sodium salts including those of vitamin C (Fukushima et al., 1986), glutamate
and bicarbonate (for review see Cohen, 1995b), and succinic acid (Otoshi et al., 1993) (most of
these studies did not evaluate the responses of female rats). This implies that the sodium ion,
itself, may be at least partially responsible for these effects. Studies supporting this idea include
those by Shioya et al. (1994) and Shibata et al. (1989), both of which only evaluated the
responses of male rats. A list of sodium salts that produce changes in the rat bladder is provided
in Table 7-3.

The results of an in vitro study performed by Garland et al. (1989a) suggest that the
carcinogenic effect on the bladder of a high urinary sodium ion concentration could be mediated
by the cytotoxicity of these ions. Transformed rat bladder epithelial cells (sex of donor animals
not specified) were incubated in sodium saccharin, calcium saccharin, potassium saccharin,
sodium ascorbate, sodium chloride, sodium citrate, potassium chloride, or calcium chloride for 24
hours and then attachment and viability of the cells were assessed. All of the sodium salts (and
potassium saccharin) decreased cell attachment and viability, while potassium chloride and
calcium chloride did neither. Calcium saccharin decreased only cell viability.

Another possible mechanism for sodium-induced carcinogenesis is direct induction of
cellular proliferation and/or DNA synthesis by sodium ions (for review, see Cohen, 1995¢).
Several in vitro studies support this hypothesis. For example, Burns and Rozengurt (1984) used
confluent quiescent Swiss mouse 3T3 cells to demonstrate that initiation of DNA synthesis in
these cells by various stimulants was inhibited by limiting extracellular sodium ion concentration.
Normally, 3T3 cells will initiate DNA synthesis when growth factors are included in their
incubation media. However, when Burns and Rozengurt (1984) included one growth factor (i.e.,
epidermal growth factor, vasopressin, or insulin) in the media (serum-free), and removed
extracellular sodium ions, there was no initiation of DNA synthesis.

Another study by Cameron et al. (1980) evaluated intracellular sodium ion concentrations
in slowly and rapidly dividing cells, and in tumor cells. They found that sodium ion
concentrations were highest in tumor cells and lowest in slowly dividing cells. They concluded
that high sodium ion concentrations were, associated with mitogenesis while very high levels
were associated with oncogenesis. However, the studies do not necessarily provide any support
for the hypothesis that extraneous high sodium ion concentrations were responsible for induction
of cellular proliferation or oncogenesis.

The most likely mechanism for a carcinogenic response to sodium saccharin mediated by
sodium ions is the interation of sodium ions with proteins in the urine (Cohen, 1995c). It has
been shown that urinary proteins in rats bind to saccharin to produce a crystallized precipitate
(Cohen, 1995b; Cohen et al., 1995a), which may act as an abrasive in the rat bladder, causing
regenerative hyperplasia (Cohen et al., 1990; Hicks, 1984). The formation of this precipitate is
greatly enhanced by high sodium ion concentrations (Cohen et al., 1991a), thus raising the
possibility that high sodium ion concentration is a necessary condition for precipitate formation.

Renwick (1993) stated that the urinary concentration of the anion of sodium saccharin
does not play a role in the overall mechanism for tumorigenesis in the rat bladder. In addition,
Renwick (1993) suggests that dietary sodium saccharin provides a vehicle for the delivery of
"massive" but non-toxic amounts of sodium ions to the urinary bladder. However, the sodium
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jon concentrations in the feed containing carcinogenic doses of sodium saccharin are not much
higher than in the rat feed alone. For example, Purina Rodent Chow consists of 0.3% sodium
ions or 3000 ppm. When comparing this concentration to the highest sodium saccharin
concentration known to promote tumorigenesis (7.5% or 75,000 ppm), we calculated that the
sodium ion concentration in the feed at this dose was approximately 3-fold that found in a
typical rat chow (75,000 ppm x 12.5% sodium ions in sodium saccharin = 9400 ppm). Although
a 7.5% sodium saccharin diet increased the concentration of sodium ions approximately 3-fold,
this concentration scarcely represents a large increase from the usual daily dietary intake of
sodium ions.

7.1.3 The Combined Effect of pH Level and Sodium Concentration
While both pH and sodium ions have been shown to affect cell proliferation in the

bladder, most likely these two parameters do not act in isolation but are part of a set of
parameters that regulate tumorigenesis. This hypothesis is supported by a study conducted by
Fukushima et al. (1988) in which male F344 rats were initiated with 0.05% N-butyl-N-(4-
hydroxybutyl)nitrosamine (BBN) and then fed a diet containing either 3% sodium bicarbonate,
1% sodium chloride, or a control diet. Sodium bicarbonate was found to increase urinary pH and
sodium ion concentration and promote urinary bladder carcinogenesis. Administration of sodium
chloride produced an increase in urinary sodium ions but not pH, and did not promote urinary
bladder carcinogenesis.

Ito and Fukushima (1989) also found that both elevated pH and elevated sodium ion
concentration were necessary conditions for induction of bladder tumorigenesis. They initiated
male rats with 0.05% BBN and then administered either ascorbic acid, sodium ascorbate, sodium
bicarbonate, or ammonium chloride alone or in several different combinations. Promotion of
urinary bladder carcinogenesis occurred only under conditions of both elevated urinary pH and
elevated urinary sodium ion concentration, induced by the administration of sodium bicarbonate
and sodium ascorbate.

7.1.4 The Association Between Increased Urinary Qutput and Sodium Saccharin-Induced
Bladder Tumors

Schoenig et al. (1985) found that rats that ingested 7.5% sodium saccharin in a two-
generation bioassay and developed bladder tumors had a higher urine volume throughout their
lives than did those that did not develop bladder tumors. Schoenig et al. (1985) also found that
the difference in urine volume between the non-tumor bearing group and the untreated controls
was almost as great as the difference between the sodium saccharin-treated tumor bearing and
non-tumor bearing rats.

Anderson et al. (1987b) studied the effect of inherent urine output (high urine volume or
low urine volume) on the response of male rats fed 7.5% dietary sodium saccharin for 10 weeks.
Rats exposed to 7.5% dietary sodium saccharin for 10 weeks showed an increased incidence of
bladder epithelial hyperplasia (12/20 rats exposed to sodium saccharin vs. 2/20 controls). The
incidence of hyperplasia was similar (6/10) in the sodium saccharin high and low urine output
groups. One of the two control rats that had hyperplastic lesions in the bladder showed evidence
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of inflammation and had a higher than average urine output, while the other had the highest urine
output in the control group (73 g/kg).

Anderson et al. (1987a) found that high urine output rats in the control group consumed
more feed than those in the low urine output control group. Therefore, the authors compared the
mean daily sodium saccharin consumption between the exposed high and low urine output
groups (g/kg bw) for the 10-week period. The authors found that the high urine output group
consumed 8.0 £ 0.2 g/kg bw and the low urine output group consumed 7.8 + 0.2 g/kg bw feed
containing 7.5% sodium saccharin on an average daily basis. However, urinary concentrations of
saccharin were similar in the high and low urine mass groups (41 + 3 and 46 + 2 mg/mlL.,
respectively). Thus, Anderson et al. (1987a) concluded that it is unlikely that a difference in
urinary saccharin concentration or total saccharin exposure can account for the role of high
urinary volume in saccharin-associated bladder tumorigenicity.

7.2 Dose Response in Cell Proliferation and Tumorigenesis

Numerous studies have been conducted that suggest high doses of sodium saccharin
produce urinary bladder tumors in male rats. For example, Cohen et al. (1991b) and Fukushima
et al. (1986) have demonstrated that the effects of high dietary concentrations of sodium
saccharin on male rat bladder epithelium are associated with increased urinary bladder tumor
promotion. Cohen et al. (1989 abstr.) found that feeding male rats high doses of sodium
saccharin (7.5%) beginning 5 weeks after birth increased cell proliferation in the bladder
urothelium. Cohen and Ellwein (1991) suggested that approximately one-third of the total
mitoses of the urothelium occurs within the first 3 weeks of a rat's life. Therefore, when sodium
saccharin dosing begins at birth, rather than after weaning, rats are somehow more susceptible to
sodium saccharin-induced tumors in later life due to the increased cell proliferation occurring at
this time. The increases of cell proliferation observed after short periods of high sodium \
saccharin administration are dose-responsive. Details of carcinogenesis experiments mentioned
herein are in Table 4-1.

Schoenig et al. (1985) conducted a 2-generation rat bioassay on sodium saccharin. This
study involved 2500 second-generation male Charles River CD rats (F,, between 21 and 38 days
of age; 6 treatment groups, 125 to 700 rats per group) receiving 1, 3, 4, 5, 6.25, and 7.5% sodium
saccharin in their diet for up to 30 months. The parents (F,) of the F; generation had been
maintained on diets containing between 1 and 7.5% sodium saccharin. Except during mating,
gestation, and lactation, all animals were housed individually in a single environmentally
controlled room. The data resulting from this experiment, designed to determine the dose-
response for urinary bladder tumors, indicated that a 1% dietary level of sodium saccharin
represented a no-effect level. Higher dietary concentrations showed a very steep dose-response,
indicating that tumor incidence increased rapidly with an increase in the dose. For example,
significant increases in the incidence of primary neoplasia (benign and malignant tumors) in the
urinary bladder of F; male rats sacrificed during month 15 of this study were not found in the 1.0
or 3.0% sodium saccharin group. However, pairwise comparisons between the control group
(0.0% total primary neoplasia) and all groups treated with 4, 5, 6.25, and 7.5% sodium saccharin
showed significant increases in the incidence of benign (2.1, 3.3, 10.0, and 15.3%, respectively)
and malignant tumors (4.2, 9.2, 6.7, and 16.1%, respectively) alone as well as of total primary
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bladder neoplasia (6.3% to 31.4%). Total primary bladder neoplasia was also significantly higher
in the 3.0% sodium saccharin group (1.7%). Therefore, the 1.0% sodium saccharin dietary level
was considered to be a no-effect level for bladder neoplasia. However, 5 bladder tumors were
found in the 1% sodium saccharin group and none were found in the concurrent controls. This
finding prompted the authors to review the historical control data for the incidence of primary
urinary bladder tumors in male Charles River CD rats at IRDC (Squire, 1985). The review
included 10 studies that examined the urinary bladders from 982 male controls either in utero or
over a lifetime. Of these animals, 863 survived for 67 weeks, which corresponds to the
appearance of the first urinary bladder tumor observed in the bioassay conducted by Schoenig et
al. (1985). No primary urinary bladder tumors appeared prior to week 67 in the controls of the
ten studies reviewed. The percentage incidence of tumors was calculated from historical controls
by using the number of rats that survived until the first bladder tumor was observed as the
denominator. These data showed that total primary bladder neoplasia ranged from 0.0 to 3.3%
with a mean of 0.8%. The corresponding incidence of total primary bladder neoplasia at the 1%
dietary sodium saccharin observed by Schoenig et al. (1985) was also 0.8%. These findings
suggest that the NOEL (1% sodium saccharin dietary level) proposed by Schoenig et al. (1985) is
not significantly different from the results obtained from the controls (0.8%) studied by Squire
(1985), and that the background tumor incidence for this strain of rat at IRDC was identical to
that observed in the 1% sodium saccharin group (0.8%) studied by Schoenig et al. (1985).

Murusaki et al. (1981), who studied the light microscopic and electron microscopic
changes in the bladder of rats fed sodium saccharin (dietary concentrations between 0.1 and 5%),
also reported a steep dose-response curve over a narrow range of dose levels above 1%.
Furthermore, Nakanishi et al. (1980a) and West et al. (1986), using light microscopy,
autoradiography, and scanning electron microscopy, detected cellular responses in male rat
bladders only with sodium saccharin dietary concentrations of 2.5% to 5% beginning at 6 to 8
weeks of age. Chappel (1992) reviewed and assessed the biological risk of sodium saccharin.

The author stated that the steep dose-response curves representing both physiological changes
in the urine and morphological changes in the urothelium provide strong evidence of a common
threshold at a sodium saccharin dietary concentration between 1 and 3%. To Chappel (1992),
these results provided strong evidence that these phenomena are interrelated.

Ellwein and Cohen (1988), using model-based simulations, demonstrated that the
proliferative effects (hyperplasia; increase in LI) following high doses of sodium saccharin are
sufficient to explain tumorigenic effects in the rat urinary bladder without having to postulate a
genotoxic influence. Their database was generated from a large series of experiments dealing with
the increase in LI and hyperplasia after the administration of high doses of sodium saccharin.

The authors postulated a tumorigenic effect secondary to sodium saccharin administration only if
it is administered during the neonatal period at a dose which will generate a cell proliferative
response in the urothelium; and after weaning when ulcerations of the bladder occur. The authors
suggested that a dietary level of at least 1% sodium saccharin is necessary for a cellular response
to occur in the rat bladder, even though most experiments aimed at cellular responses detected by
light microscopy, autoradiography, or scanning electron microscopy (West et al., 1986; Murusaki
et al., 1981; Nakanishi et al., 1980a) have found these effects only at doses of 2.5% or higher.
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Like Chappel (1992), Ellwein and Cohen (1990) suggested that saccharin exhibits a biological
threshold.

7.3 Relevance of Animal Cancers To Humans

Numerous studies have investigated the carcinogenicity of sodium saccharin in rats
(Cohen et al., 1995b; Cohen et al., 1990; Anderson, 1988; for review, see Oser, 1985; Williams
and Whysner, 1996), mice (for review, see Oser, 1985), non-human primates (Thorgeirsson et al.,
1994) and humans (Risch et al., 1988; for reviews, see Elcock and Morgan, 1993; Chappel, 1992;
Ellwein and Cohen, 1990; Morgan and Wong, 1985). These studies have revealed that it is
mainly the male rat which is susceptible to the formation of bladder tumors following chronic
exposure to high doses of sodium saccharin (Cohen, 1995b; Chappel, 1992), i.e., greater than or
equal to 1% of the diet (Ellwein and Cohen, 1990). A summary of positive mammalian
carcinogenicity studies is presented in Table 7-4. An interspecies comparison of the effects of
sodium saccharin on the urinary bladder is presented in Table 7-5, and a comparison of the
effects of sodium saccharin in various rat strains is presented in Table 7-6.

Results from animal studies suggest that there is an intrinsic difference between male rats
and other animals in how they react to sodium saccharin exposures and, in particular, they imply
that there may be a peculiarity of the male rat bladder which makes the male rat uniquely
susceptible to cancer of this organ following sodium saccharin exposures. Most likely, this
peculiarity is not of a genetic origin but is, rather, physiologically based (Weisburger, 1990), since
sodium saccharin has been shown to be non-genotoxic in vivo (Ellwein and Cohen, 1990; Ashby,
1985; Lutz and Schlatter, 1977).

If the male rat bladder is indeed a unique organ with respect to its response to sodium
saccharin, it would have to be concluded that male rats do not accurately represent humans when
considering such a response and that it would therefore not be appropriate to extrapolate data
from male rat exposure studies to humans. This section will investigate the validity of these
statements by comparing the anatomy and physiology of the male rat bladder with the human
bladder.

7.3.1 Comparative Bladder Anatomy and Urine Chemistry
The anatomy of the rat bladder is significantly different than that of the human bladder.

For instance, the rat bladder is an abdominal organ, while the human bladder progresses from an
abdominal organ in infancy and childhood to a pelvic organ in adulthood when the pelvis is fully
developed and upright posture of the body is achieved (DeSesso, 1995).

The upright/vertical posture of mature humans versus the horizontal posture of rats is
highly relevant to the nature of bladder response to sodium saccharin when the process of
urination is considered. Specifically, it is known that the vertical position of humans allows for a
more efficient elimination of calculi from the bladder while the horizontal position of the rat
during urination leaves the rat more prone to retention of such material (Burin et al., 1995b;
Cohen, 1995b).

Although other animals (e.g., mice) that maintain a horizontal position may also be
susceptible to calculus retention, this phenomenon is uniquely relevant to rats when exposure to
sodium saccharin is considered. This is due to the fact that sodium saccharin has been shown to
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induce precipitate formation solely in male rat urine (see Table 7-5) (Cohen, 1995b; Cohenetal.,
1995a; Cohen et al., 1991a), and the formation and retention of this precipitate has been linked to
the formation of tumors of the male rat bladder (Cohen 1995b). Tumor formation may be the
result of chronic irritation, and the damage it causes to bladder urothelium (Burin et al., 1995b;
Clayson et al., 1995; Ellwein and Cohen, 1988). The precipitate is composed of mainly calcium
phosphate, but also contains silicate, protein, saccharin, sulfur-containing substances, potassium,
and chloride (Cohen, 1995b), and is jagged in nature (Cohen et al., 1989 abstr.).

When the urothelium is damaged by abrasion, regenerative hyperplasia is likely to occur
(Cohen et al., 1990; Hicks, 1983). This results in an increase in the number of urothelial cell
divisions (Cohen and Lawson, 1995) which may lead to tumor formation (Cohen and Ellwein,
1991).

After sodium saccharin exposure, the formation of precipitate in the male rat urine is
thought to be the result of an interaction in the urine between saccharin and the male rat-specific
protein, o21-globulin (Murai et al., 1997; Garland et al., 1994; Swenberg et al., 1992). Alpha 2p-
globulin is a low-molecular-weight protein, weighing less than 40 kDa (Hard, 1995). Itis
synthesized in the liver and is quantitatively the major protein found in male rat urine (Roy and
Neuhaus, 1966). It is not present in significant quantities in female rat urine and is not
synthesized by humans (Hard, 1995).

It has been shown that rats lacking o2j-globulin are not as subject to bladder cell
proliferation following sodium saccharin exposure as are rats producing this protein. Uwagawa et
al. (1994) used the male NBR rat, which does not synthesize o2j1-globulin, and the male F344
rat, which does, to demonstrate this. After chronic administration (starting at 6 weeks of age) of
a diet containing 5% sodium saccharin, the F344 rat showed signs of cellular proliferation in the
bladder urothelium, but the NBR rat did not.

A study by Garland et al. (1994) supports the findings of Uwagawa et al. (1994). Four-
to 5-week-old intact F344, castrated F344, and NBR rats were administered 7.5% sodium
saccharin in the diet for 10 weeks. Less cellular proliferation occurred in the bladders of the
castrated rats, which had reduced levels of 02j1-globulin, than in the bladders of intact F344 rats.
Even less proliferation was seen in the bladders of NBR rats, which had lower levels of o2-
globulin than the castrated rats.

Since 02j1-globulin is normally specific to the male rat and since this protein is thought to
be at least partially responsible for the carcinogenicity of sodium saccharin in the bladder, o2t~
globulin in the urinary bladder is probably the physiologic peculiarity that renders the male rat

bladder susceptible to a carcinogenic response to sodium saccharin (for review, see Swenberg et
al., 1992). However, it is important to note that while Uwagawa et al. (1994) and Garland et al.

(1994) demonstrated an association between the presence of o2p-globulin in the male rat bladder
and the occurrence of cellular proliferation of the bladder, no studies were found which evaluated
the role of o2i-globulin in the formation of tumors in these animals.

It is also noteworthy that saccharin binds to other proteins besides o2p-globulin and that
most extensive mechanistic studies have been conducted only in male rats. Whether the female
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rat positive bladder response seen in I/P studies is associated with an increase in protein has not
been studied.

Another problem with the accuracy of this hypothesis arises from integrating studies
investigating the critical age of sodium saccharin administration to male rats for induction of
bladder tumors with those investigating the age-dependent expression of o2pt-globulin. It is
thought that sodium saccharin produces urinary bladder tumors in male rats only if it is
administered before the rats reach 35 days of age (Cohen et al., 1995b) unless exposure occurs
after administration of an initiating agent (for review, see Cohen et al., 1995a). In several studies
in which rats were exposed to sodium saccharin beginning after this time period, there was no
increase in the incidence of bladder tumors in male rats (e.g., Homma et al., 1991; Murasaki and
Cohen, 1981; Hooson et al., 1980; Schmihl, 1973; cited by IARC, 1980, for reviews, see Cohen
and Ellwein, 1991a; National Academy of Sciences-National Research Council, 1974; cited by
Arnold et al., 1980). It has also been shown that hepatic synthesis of a2t-globulin in the male
rat does not begin until 35 to 40 days of age (Roy et al., 1983) and is thus undetectable in male
rats below this age (Neuhaus and Flory, 1978). Therefore, the time of susceptibility to induction
by sodium saccharin of cellular proliferation in the bladders of male rats does not correlate with
the presence of oi2j1-globulin in these rats. While this does not necessarily preclude a role for
o2p-globulin in sodium saccharin carcinogenesis, it does raise some doubts.

While the possibility of a role for a2u-globulin in sodium saccharin carcinogenesis is
attractive because it can account for differences in species (e.g., rat and human) and sex (e.g., male
and female rats) responses to sodium saccharin, other mechanisms of sodium saccharin
carcinogenesis could exist that would also successfully explain these differences. For instance,
proteins other than a2p-globulin may be responsible for the unique vulnerability of male rats to
sodium saccharin-induced bladder tumorigenesis. Since male rats have up to 10 times more total
protein in their urine than female rats (Lehman-McKeeman and Caudill, 1991) and about 90 times
more total urinary protein than humans (Olson et al., 1990), the idea that a protein other than
o2pu-globulin can account for species and sex differences in sodium saccharin response is not
implausible (for an interspecies comparison of urine chemistries see Table 7-7). Few studies
have investigated this hypothesis, although the role of albumin was examined by Homma et al.
(1991). This group compared the response of analbuminemic rats to sodium saccharin exposure
to the response of Sprague-Dawley rats. Neither strain developed abnormal bladder growths and
the study was inconclusive. Since albumin levels in humans are known to be higher than levels in
male rats (Hard, 1995), future studies should probably focus on investigating low-molecular-
weight proteins other than a2p-globulin that are more abundant in male rats than in female rats or
humans (Olson et al., 1990).

7.3.2 Dose-Response Extrapolation
Two major issues to consider when deciding if dose-extrapolation from rats to humans is

appropriate are the nature of the carcinogenic mechanism (i.e., does it operate in both rats and
humans?) and the presence or absence of a threshold in dose-response. In fact, the majority of
data summarized in previous sections of this document indicate that the carcinogenic mechanism

of sodium saccharin may be unique to male rats, and that there is a threshold dose.
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There is significant data indicating that the mechanism of sodium saccharin-induced
bladder carcinogenesis in male rats is related to the formation and retention of urinary precipitate
formed under conditions of high urinary pH and high sodium concentration and that this
precipitate does not form in other species.

Studies using diets varying in pH have shown that sodium saccharin does not significantly
promote proliferation in the male rat urinary bladder when fed in the acidic AIN-76A diet, but
sodium saccharin does increase urothelial proliferation when fed in the alkaline Prolab 3200 diet.
It has also been shown that in rats, oral administration of sodium saccharin causes an increase in
cell proliferation in the urothelium that is more pronounced than that induced by potassium
saccharin, whereas calcium saccharin produces only slight changes, and acid saccharin has no
effect on the urinary bladder, even though urinary saccharin concentrations do not vary greatly
between the different groups of rats. In addition, while sodium saccharin has been shown to
induce carcinogenesis in the male rat bladder, so have other sodium salts.

There is also evidence from a number of studies that a threshold dose exists in male rats
for sodium saccharin-induced bladder carcinogenesis, suggesting that use of a linear dose-
response model is not appropriate to estimate risk in humans.

7.4 Additional Mechanistic Information
7.4.1 Inhibition of Apoptosis (Programmed Cell Death)

Wright et al. (1994) reported that pretreatment with saccharin inhibited apoptosis
(specifically the DNA fragmentation induced by UV light or tumor necrosis factor) in human
histiocytic (U937) lymphoma cells.

7.4.2 Intercellular Communication

A review by IARC (1987a,b) reported that saccharin (form unspecified) inhibited
intercellular communication in mammalian cells in vitro in two studies but not a third. These
studies administered doses that were 1/2 those used in the tumor-positive rat studies. In a later
review by Klaunig and Ruch (1990), the authors reported that saccharin inhibited intercellular
communication in Chinese hamster lung V79 cells but not in primary mouse hepatocytes.
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Table 7-1. Effect of Various Forms of Saccharin on th

[

e Rat Urinary Bladder

sodium 5/12° 2/6 2/6 0.55 £ 0.20 (5)°
saccharin
potassium 2/12 2/6 0/6 0.18 £ 0.09 (6)°
saccharin
calcium 2/12 1/6 0/6 0.12 £ 0.11 (6)
saccharin
acid saccharin 0/12 0/6 0/6 0.07 = 0.04 (6)
control 0/12 0/6 0/6 0.06 £ 0.04 (6)

? 5% in diet for 10 wk

b significantly different from acid saccharin and control group, p < 0.02

— ]

® significantly different from all other groups, p< 0.01

d significantly different from control group, p< 0.05

Source: Cohen (1994a)

Table 7-2. Urine Analysis in Rats Given Various Forms of Saccharin

24.8 1520

Source: Cohen (1994b)
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sodium 104 0.17 7.2 291 151

saccharin

potassium 13.5 0.14 6.8 153 298 239 1463
saccharin

calcium 6.3 0.14 5.7 158 236 41.2 2145
saccharin

acid 8.8 0.19 5.5 139 164 51.6 2029
saccharin

control 6.7 0 7.1 158 201 34.5 1678

2 5% in diet for 4 wk
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Table 7-3. Sodium Salts That Produce Urothelial Hyperplasia and Increase
the Incidence of Bladder Tumors in Rats Fed High Doses ¢ 1%)

Sodium ascorbate
Sodium aspartate
Sodium bicarbonate
Sodium chloride
Sodium citrate
Sodium erythorbate
Sodium glutamate
Sodium phosphate
Sodium phytate
Sodium saccharin
Sodium succinate

Source: Cohen et al. (1997)
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Table 7-5. Interspecies Comparison of the Effects of Sodium Saccharin on the
Urinary Bladder

Hamster + (O NE + ) NE NE
-(1) -(D

Mouse + (0) NE + (2)° NE -
-(1) - (6)

Rat + (17) + (1) + (1) +(5) +
-(N -(0) - (14) -(0)

Guinea + (0) NE NE NE NE

Pig -

NE = not evaluated

* Number of positive (+) and negative (-) studies in parentheses; data summarized from Tables 4-1 and 6-1
® Adapted from Cohen (1994c)

° These two studies were equivocal.
¢ This study was equivocal.

v
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Table 7-6. Interstrain Comparison of the Effects of Sodium Saccharin on the Rat
Urinary Bladder®

ACI + (1) NE
- (0) 1
Charles River NE +(D) +(3) |
CD -(0) -(0)
F344 +(10) NE NE |
@
NBR* +(0) NE NE |
-() ;
Osborne- NE NE + (0) NE
Mendel -1 1
Sprague- +(4) NE + (0) +(2) |
Dawley -(D -4) -(0) 1
Wistar +(1) NE +(0) NE ]
-(2) -(6)

NE = not evaluated

* Number of positive (+) and negative (-) studies in parentheses; data summarized from Tables 4-1 and 6-1

® This study was equivocal; at least half of the rats were infected with the bladder parasite Trichosomoides
crassicauda.

° NBR rats do not synthesize a2p-globulin.

105



901

(Pr661) UsYoD :20m0S

uLreydOes WINIPos = JeSeN

TEFEI9S V'eEF 88 079 F 1661 TLFWI LTF0y CIF6YI LEFIVI T'STF¥LC 200F01°0 LOOF99 S[euIoy SeSEN

9y F9¢ STTFVIT 0°0LTF 18T 81 05T OLFEIL 60F8V¥I L'8EF LEY £0TF L 900F070 600FTL Srewdy jonuo)

6EFIEY 09F608 0'88 + 8¢l 6 F9E1 9TFLE 90FST SLFOLT LT F1ST SO0F0E0 S00FS9 S[EN JeSEN

1'2¥6C 91T F VT 0°€91 ¥ 690V P'9FETT OV FLIL Y0F89 ¥'61 F 90t L6 F661 800FLI €EI'0F89 3B [onuo)
m®y

SEF8LT 61 F8I¢ 1€1 ¥ S¥8C S9F0¢1 €90FT0C 8€0F¢E TIIF91T wCFPIT €00F0I'l LOOFTL S[E [oTU0D)
SO

SOFSI 0F¢S1 19F¥6 SOFST 9F91 1¥¢ SLFS6 0F0I 80°0 +80°0 VIFS9 orewra degeN

SOFST 0FSI1 S8+8¢El 0F1 OT+08I SOFSS SFIL 0F0I1 100 F LOO SLOF89 SeWwdy [oXuoD

SEFSS Ol FS¢C 6YC F 97¢ 0F1 SYCF SOV 9F01 SCFIE SFSI €0'0F01°0 YCOFOL e SeSEN

0F¢ 0FS1 SITF6IT 0FI1 STIF6ST TFT €1F1IC SEFSEL SOOFETO IoFoL S [onuoD

snsayy-LoyuoN ;_

SEFSL IF¥1 PILF9LE 0FC LFOE vFEL LF61 S9FE9L LOOFLTO E0F89 S[ewd] degEN

SOLFSTI yTF 6L 886 FT6L -F1 0T F 11 YS F <SS S6CFS8S S9EF S ETOFVI0 610FL9 arewdy jonuo)

AR 41 01+91 90V + 89 0FI S8CFSIL S F8S SEPFSLY 0F01 200+600 9S0F0L SN 9eSEN

SOFSI 0FSI 86 F 611 SO0FS1 9FSI [{ R4 OTIF¢l 0SFSI 200F200 LYOFTL S[EN [onuo)
ouek)-KoyuoN

€1F99 LOTFT91 PILF1CL LLFT LI FE01 TF611 101 +79 691 FOvl 100¥¢00 9I'0F 8¢S Jewd]

61FT6 TLIF091 L8F08L LLFW 8CIF6I11 €F991 LOT+¢€9 88T F091 000F200 ETOFV9 SlEN
uewny

ANSIWAYD) ULl PIOA Ysalj Jo uostredumio) sdardadsiaup

uLIBYIdeS 10] Juswndo( punoidydeq Le61 suaSourdie)) uo j1o0doyg JIN

‘L-L Q1qEL



NTP Report on Carcinogens 1997 Background Document for Saccharin

8.0 REFERENCES

Adler, 1., and J. Ashby. 1989. The Present Lack of Evidence for Unique Rodent Germ-Cell
Mutagens. Mutat. Res. 212:55-66.

Allen, M. J, E. Boyland, C. E. Dukes, E. S. Horning, and J. G. Watson. 1957. Cancer of the
Urinary Bladder Induced in Mice with Metabolites of Aromatic Amines and Tryptophan. Br. J.
Cancer 11:212-231.

Althoff, J., A. Cardesa, P. Pour, and P. Shubik. 1975. A Chronic Study of Artificial Sweeteners
in Syrian Golden Hamsters. Cancer Lett. 1:21-24.

Anderson, R. L. 1988. An Hypothesis of the Mechanism of Urinary Bladder Tumorigenesis in
Rats Ingesting Sodium Saccharin. Food Chem. Toxicol. 26:637-644.

Anderson, R. L., W. R. Francis and F. R. Lefever. 1987a. Effect of Dietary Carbohydrate Type
and Content on the Response of Male Rats to Dietary Sodium Saccharin. Food Chem. Toxicol.
25:271-275.

Anderson, R. L., F. R. Lefever, and J. K. Maurer. 1987b. Effect of Inherent Urine Output of the
Response of Male Rats to 7.5% Dietary Sodium Saccharin. Food Chem. Toxicol. 25:641-645.

Anderson, R. L., F. R. Lefever, and J. K. Maurer. 1988. The Effect of Various Saccharin Forms
on Gastro-Intestinal Tract, Urine and Bladder of Male Rats. Food Chem. Toxicol. 26:665-669.

Armstrong, B., and R. Doll. 1974. Bladder Cancer Mortality in England and Wales in Relation to
Cigarette Smoking and Saccharin Consumption. Br. J. Prev. Soc. Med. 28:233-240.

Armstrong, B., and R. Doll. 1975. Bladder Cancer Mortality in Diabetics in Relation to Saccharin
Consumption and Smoking Habits. Br. J. Prev. Soc. Med. 29:73-81.

Armold, D. L. 1983. Two-Generation Saccharin Bioassays. Environ. Health Perspect. 50:27-36.
Amold, D. L., C. A. Moodie, H. C. Grice, S. M. Charbonneau, B. Stavric, B. T. Collins, P. F.
Mcguire, Z. Z. Zawidzka, and I. C. Munro. 1980. Long-Term Toxicity of ortho-
Toluenesulfonamide and Sodium Saccharin in the Rat. Toxicol. Appl. Pharmacol. 52:113-152.

Armold, D. L., D. Krewski, and I. C. Munro. 1983. Saccharin: A Toxicological and Historical
Perspective. Toxicology 27:179-256.

Ashby, J. 1985. The Genotoxicity of Sodium Saccharin and Sodium Chloride in Relation to Their
Cancer-Promoting Properties. Food Chem. Toxicol. 23:507-519.

107



NTP Report on Carcinogens 1997 Background Document for Saccharin

Ball, L. M., A. G. Renwick, and R. T. Williams. 1977. The Fate of ['*C]Saccharin in Man, Rat,
and Rabbit and of 2-Sulphamoy! [**C]Benzoic Acid in the Rat. Xenobiotica 7:189-203.

Batzinger, R. P., S.-Y. L. Ou, and E. Bueding. 1977. Saccharin and Other Sweeteners: Mutagenic
Properties. Science 198:944-946.

Beljanski, M., L. Le Goff, and M. Beljanski. 1982. In Vitro Screening of Carcinogens Using DNA
of the His” Mutant of Salmonella typhimurium. Exp. Cell Biol. 50:271-280.

Bryan, G. T., E. Erturk, and O. Yoshida. 1970. Production of Urinary Bladder Carcinomas in
Mice by Sodium Saccharin. Science 168:1238-1240.

Budavari, S., Ed. 1996. The Merck Index, 12th ed. Merck & Co., Inc., Whitehall, NJ.

Burin, G., H. Gibb, and R. Hill. 1995a. Human Bladder Cancer: Evidence for a Potential
Irritation-Induced Mechanism. Food Chem. Toxicol. 33:785-795.

Burin, G. J., D. B. Clayson, S. M. Cohen, J. M. DeSesso, L. B. Ellwein, L. Fishbein, C.
Frederick, H. Gibb, N. J. Gorelick, G. C. Hard, C. King, R. J. Lorentzen, R. Oyasu, J. M. Rice,
C.Y. Wang, and J. M. Ward. 1995b. Urinary Bladder Carcinogenesis: Implications for Risk
Assessment. Food Chem. Toxicol. 33:797-802.

Burns, P. C., and E. Rozengurt. 1984. Extracellular Na* and Initiation of DNA Synthesis: Role on
Intracellular pH and K. J. Cell Biol. 98:1082-1089.

Byard, J. L., and L. Golberg. 1973. The Metabolism of Saccharin in Laboratory Animals. Food
Cosmet. Toxicol. 11:391-402.

Byard, J. L., E. W. McChesney, L. Goldberg, and F. Coulston. 1974. Excretion and Metabolism
of Saccharin in Man. II. Studies with *C-Labelled and Unlabelled Saccharin. Food Cosmet.
Toxicol. 12:175-184.

Calorie Control Council. 1996. Saccharin: A Scientific Review. Petition to Delist Saccharin From
National Toxicology Program’s Report on Carcinogens. 143 pp.

Cameron, L. L., N. K. R. Smith, T. B. Pool, and R. L. Sparks. 1980. Intracellular Concentrations
of Sodium and Other Elements as Related to Mitogenesis and Oncogenesis In Vivo. Cancer Res.
40:1493-1500.

Cartwright, R. A., R. Adib, R. Glashan, and B. K. Gray. 1981. The Epidemiology of Bladder

Cancer in West Yorkshire. A Preliminary Report on Non-Occupational Aetiologies.
Carcinogenesis 2:343-346.

108



NTP Report on Carcinogens 1997 Background Document for Saccharin

Chappel, C. I. 1992. A Review and Biological Risk Assessment of Sodium Saccharin. Regul.
Toxicol. Pharmacol. 15:253-270.

Chowaniec, J., and R. M. Hicks. 1979. Response of the Rat to Saccharin with Particular
Reference to the Urinary Bladder. Br. J. Cancer 39:355-375.

Clayson, D. B., L. Fishbein, and S. M. Cohen. 1995. Effects of Stones and Other Physical
Factors on the Induction of Rodent Bladder Cancer. Food Chem. Toxicol. 33:771-784.

Cohen, S. 1994a. Slide 11: Effect of Various Forms of Saccharin on the Rat Urinary Bladder. In:
Transcripts from the Workshop, Assessing the Cancer Risk of Saccharin and Sodium Saccharin.
San Francisco, CA, April 14-16. Sponsored by California EPA.

Cohen, S. 1994b. Slide 12: Urine Analysis in Rats Given Various Forms of Saccharin for 4
Weeks. In: Transcripts from the Workshop, Assessing the Cancer Risk of Saccharin and Sodium
Saccharin. San Francisco, CA, April 14-16. Sponsored by California EPA.

Cohen, S. 1994c. Slide 27: Interspecies Comparison of Sodium Saccharin. In: Transcripts from
the Workshop, Assessing the Cancer Risk of Saccharin and Sodium Saccharin. San Francisco, CA,
April 14-16. Sponsored by California EPA.

Cohen, S. 1994d. Slide 28: Fresh Void Urine Chemistries. In: Transcripts from the Workshop,
Assessing the Cancer Risk of Saccharin and Sodium Saccharin. San Francisco, CA, April 14-16.
Sponsored by California EPA.

Cohen, S. 1995a. Human Relevance of Animal Carcinogenicity Studies. Regul. Toxicol.
Pharmacol. 21:75-80.

Cohen, S. 1995b. Cell Proliferation in the Bladder and Implications for Cancer Risk Assessment.
Toxicology 102:149-159.

Cohen, S. 1995c. Role of Urinary Physiology and Chemistry in Bladder Carcinogenesis. Food
Chem. Toxicol. 33:715-730.

Cohen, S. M., and L. B. Ellwein. 1991. Cell Proliferation and Bladder Tumor Promotion. Progress
in Clinical and Biological Research, Vol. 369. Chemically Induced Cell Proliferation: Implications
for Risk Assessment; Chemically Induced Cell Proliferation Conference, Austin, TX, USA;
November 29-December 2, 1989. Butterworth, B. E., et al., Eds. Wiley-Liss, Inc., New York,
NY, pp. 347-356.

Cohen, S., and T. Lawson. 1995. Rodent Bladder Tumors Do Not Always Predict for Humans.
Cancer Lett. 93:9-16.

109



NTP Report on Carcinogens 1997 Background Document for Saccharin

Cohen, S. M., M. Arai, J. B. Jacobs, and G. H. Friedell. 1979. Promoting Effect of Saccharin and
pL-Tryptophan in Urinary Bladder Carcinogenesis. Cancer Res. 39:1207-1217.

Cohen, S. M., G. Murasaki, S. Fukushima, and R.E. Greenfield. 1982. Effect of Regenerative
Hyperplasia on the Urinary Bladder: Carcinogenicity of Sodium Saccharin and N-[4-(5-Nitro-2-
furyl)-2-thiazolyl]formamide. Cancer Res. 42:65-71.

Cohen, S. M., M. Cano, E. M. Garland, and R. A. Earl. 1989. Silicate Crystals in the Urine and
Bladder Epithelium of Male Rats Fed Sodium Saccharin. Carcinogenesis 30:A205. Abstract.

Cohen, S., M. Fisher, T. Sakata, M. Cano, G. Schoenig, C. Chappel, and E. Garland. 1990.
Comparative Analysis of the Proliferative Response of the Rat Urinary Bladder to Sodium
Saccharin by Light and Scanning Electron Microscopy and Autoradiography. Scanning Microsc.
4:135-142.

Cohen, S., M. Cano, R. Earl, S. Carson, and E. Garland. 1991a. A Proposed Role for Silicates and
Protein in the Proliferative Effects of Saccharin on the Male Rat Urothelium. Carcinogenesis
12:1551-1555.

Cohen, S., L. Ellwein, T. Okamura, T. Masui, S. Johansson, R. Smith, J. Wehner, M. Khachab, -
C. Chappel, G. Schoenig, J. Emerson, and E. Garland. 1991b. Comparative Bladder Tumor
Promoting Activity of Sodium Saccharin, Sodium Ascorbate, Related Acids, and Calcium Salts in
Rats. Cancer Res. 51:1766-1777.

Cohen, S. M., M. Cano, E. M. Garland, M. St. John, and L. L. Arnold. 1995a. Urinary and
Urothelial Effects of Sodium Salts in Male Rats. Carcinogenesis 16:343-348.

Cohen, S. M., M. Cano, M. K. St. John, E. M., Garland, M. Khachab, and L. B. Ellwein. 1995b.
Effect of Sodium Saccharin on the Neonatal Rat Bladder. Scanning Microsc. 9:137-148.

Cohen, S. M., E. M. Garland, M. Cano, M. St. John, M. Khachab, J. M. Wehner, and L. L.
Arnold. 1995¢. Effects of Sodium Ascorbate, Sodium Saccharin and Ammonium Chloride on the
Male Rat Urinary Bladder. Carcinogenesis 16:2743-2750.

Cohen, S. M., L. L. Amnold, M. Cano, U. Thorgeirsson, and S. Takayama. 1996. Lack of Effect of
Sodium Saccharin Feeding on Monkey Urine and Urinary Bladder Epithelium. Proc. Am. Assoc.
Cancer Res. 37:108. Abstract.

Cohen, S. M., T. Masui, E. M. Garland, and L. L. Arnold. 1997. Effects of Diet on Urinary
Bladder Carcinogenesis and Cancer Prevention. J. Nutr. 127(Suppl. 5):826S-829S.

Connolly, J. G., W. D. Rider, L. Rosenbaum, and J .-A. Chapman. 1978. Relation Between the
Use of Artificial Sweeteners and Bladder Cancer. Can. Med. Assoc. J. 119:408.

110



NTP Report on Carcinogens 1997 Background Document for Saccharin

Crammer, B., and R. Ikan. 1977. Properties and Syntheses of Sweetening Agents. Chem. Soc.
Rev. 6:431-453. (Cited by IARC, 1980)

Cranmer, M. F. 1980. Saccharin: A Report. [Scherr, G. H., Ed.] Pathotox Publishers, Park Forest
South, IL. 586 pp.

Dawson, H. 1994a. Economic Substitution. Beverage World 55-58, April.
Dawson, H. 1994b. Holding Aces. Beverage World 58-60, April.

Debiec-Rychter, M., and C. Y. Wang. 1990. Induction of DNA Synthesis by Sodium
Phenobarbital, Uracil, and Sodium Saccharin in Urinary Bladder of the F344 Rat. Toxicol. Appl.
Pharmacol. 105:345-349.

DeFlora, S., P. Zanacchi, A. Camoirano, C. Bennicelli, and G. S. Badolati. 1984. Genotoxic
Activity and Potency of 135 Compounds in the Ames Reversion Test and in a Bacterial DNA-
Repair Test. Mutat. Res. 133:161-198.

DeSesso, J. 1995. Anatomical Relationships of Urinary Bladders Compared: Their Potential Role
in the Development of Bladder Tumours in Humans and Rats. Food Chem. Toxicol. 33:705-714.

Dropkin, R. H., D. F. Salo, S. M. Tucci, and G. I. Kaye. 1985. Effects on Mouse Embryos of In
Utero Exposure to Saccharin: Teratogenic and Chromosome Effects. Arch. Toxicol. 56:283-287.

Elcock, M., and R. Morgan. 1993. Update on Artificial Sweeteners and Bladder Cancer. Regul.
Toxicol. Pharmacol. 17:35-43.

Ellwein, L. B., and S. M. Cohen. 1988. A Cellular Dynamics Model of Experimental Bladder
Cancer: Analysis of the Effect of Sodium Saccharin in the Rat. Risk Anal. 8:215.

Ellwein, L., and S. Cohen. 1990. The Health Risks of Saccharin Revisited. Crit. Rev. Toxicol.
20:311-326.

Ershoff, B. H., and G.S. Bajwa. 1974. Inhibitory Effect of Sodium Cyclamate and Sodium
Saccharin on Tumor Induction by 2-Acetylaminofluorene in Rats. Proc. Soc. Exp. Biol. (NY)
145:1293-1297. (Cited by IARC, 1980)

Fisher, M. J., T. Sakata, T. S. Tibbels, R. A. Smith, K. Patil, M. Khachab, S. L. Johansson, and

S. M. Cohen. 1989. Effect of Sodium Saccharin and Calcium Saccharin on Urinary Parameters in
Rats Fed Prolab 3200 or AIN-76 Diet. Food Chem. Toxicol. 27:1-9.

111



NTP Report on Carcinogens 1997 Background Document for Saccharin

Fitzhugh, O. G, A. A. Nelson, and J. P. Frawley. 1951. A Comparison of the Chronic Toxicities
of Synthetic Sweetening Agents. J. Am. Pharm. Assoc. 40:583-586.

Frederick, C. B., K. L. Dooley, R. L. Kodell, W. G. Sheldon, and F. F. Kadlubar. 1989. The
Effect of Lifetime Sodium Saccharin Dosing on Mice Initiated with the Carcinogen 2-
Acetylaminofluorene. Fund. Appl. Toxicol. 12:346-357.

Fukushima, S., and S. M. Cohen. 1980. Saccharin-Induced Hyperplasia of the Rat Urinary
Bladder. Cancer Res. 40:734-736.

Fukushima, S., G. H. Friedell, J. B. Jacobs, and S. M. Cohen. 1981. Effect of L-Tryptophan and
Sodium Saccharin on Urinary Tract Carcinogenesis Initiated by N-[4-(5-Nitro-2-furyl)-2-
thiazolyl]formamide. Cancer Res. 41:3100-3103.

Fukushima, S., M. Arai, J. Nakanowatari, T. Hibino, M. Okuda, and N. Ito. 1983. Differences in
Susceptibility to Sodium Saccharin Among Various Strains of Rats and Other Animal Species.
Gann 74:8-20.

Fukushima, S., M. Shibata, T. Shirai, S. Tamano, and N. Ito. 1986. Roles of Urinary Sodium Ion
Concentration and pH in Promotion by Ascorbic Acid of Urinary Bladder Carcinogenesis in
Rats. Cancer Res. 46:1623-1626.

Fukushima, S., S. Tamano, M. A. Shibata, Y. Kurata, M. Hirose, and N. Ito. 1988. The Role of
Urinary pH and Sodium Ion Concentration in the Promotion Stage of Two-stage Carcinogenesis
of the Rat Urinary Bladder. Carcinogenesis 9:1203-1206.

Fukushima, S., S. Uwagawa, T. Shirai, R. Hasegawa, and K. Ogawa. 1990. Synergism by Sodium
L-Ascorbate But Inhibition by L-Ascorbic Acid for Sodium Saccharin Promotion of Rat Two-
Stage Bladder Carcinogenesis. Cancer Res. 50:4195-4198.

Furuya, T., K. Kawamata, T. Kaneko, O. Uchida, S. Horiuchi, and Y. Ikeda. 1975. Long-term
Toxicity Study of Sodium Cyclamate and Saccharin Sodium in Rats. Jpn. J. Pharmacol. 25:55P-
S6P. Abstract.

Garland, E. M., J. M. Parr, D. S. Williamson, and S. M. Cohen. 1989a. In Vitro Cytotoxicity of
the Sodium, Potassium, and Calcium Salts of Saccharin, Sodium Ascorbate, Sodium Citrate, and
Sodium Chloride. Toxicol. In Vitro 3:201-205.

Garland, E. M., T. Sakata, M. J. Fisher, M. Tsuneo, and S. M. Cohen. 1989b. Influences of Diet

and Strain on the Proliferation Effect on the Rat Urinary Bladder Induced by Sodium Saccharin.
Cancer Res. 49:3789-3794.

112



NTP Report on Carcinogens 1997 Background Document for Saccharin

Garland, E. M., P. L. Kraft, R. Shapiro, M. Khachab, K. Patil, L. B. Ellwein, and S. M. Cohen.
1991. Effects of In Utero and Postnatal Sodium Saccharin Exposure on the Nutritional Status of
the Young Rat. I. Effects at 30 Days Post-Birth. Food Chem. Toxicol. 29:657-67.

Garland, E., M. St. John, M. Asamoto, S. Eklund, B. Mattson, L. Johnson, M. Cano, and S.
Cohen. 1994. Comparison of the Effects of Sodium Saccharin in NBR Rats and in Intact and
Castrated Male F344 Rats. Cancer Lett. 78:99-107.

Hard, G. 1995. Species Comparison of the Content and Composition of Urinary Proteins. Food
Chem. Toxicol. 33:731-746.

Harguindey, S., J. L. Pedraz, R. G. Caiiero, J. Pérez de Diego, and E. J. Cragoe, Jr. 1995.
Hydrogen Ion-Dependent Oncogenesis and Parallel New Avenues to Cancer Prevention and
Treatment Using a H'-Mediated Unifying Approach: pH-Related and pH-Unrelated
Mechanisms. Crit. Rev. Oncogen. 6:1-33.

Hasegawa, R., and S. M. Cohen. 1986. The Effect of Different Salts of Saccharin on the Rat
Urinary Bladder. Cancer Lett. 30:261-268.

Hasegawa, R., M. K. St. John, M. Cano, P. Issenberg, D.A. Klein, B. A. Walker, J. W. Jones, R.
C. Schnell, B. A. Merrick, M. H. Davies, D. T. McMillan, and S. M. Cohen. 1984. Bladder
Freeze Ulceration and Sodium Saccharin Feeding in the Rat: Examination for Urinary
Nitrosamines, Mutagens and Bacteria, and Effects on Hepatic Microsomal Enzymes. Food
Chem. Toxicol. 22(12):935-942.

Hasegawa, R., R. E. Greenfield, G. Murasaki, T. Suzuki, and S. M. Cohen. 1985. Initiation of
Urinary Bladder Carcinogenesis in Rats by Freeze Ulceration with Sodium Saccharin Promotion.
Cancer Res. 45:1469-1473.

Heil, J., and G. Reifferscheid. 1992. Detection of Mammalian Carcinogens with an Immunological
DNA Synthesis-Inhibition Test. Carcinogenesis 12:2389-94.

Hicks, R. M. 1983. Effect of Promoters on Incidence of Bladder Cancer in Experimental Animal
Models. Environ. Health Perspect. 50:37-49.

Hicks, R. M. 1984. Promotion: Is Saccharin a Promoter in the Urinary Bladder? Food Chem.
Toxicol. 22:755-760.

Hicks, R. M., and J. Chowaniec. 1977. The Importance of Synergy Between Weak Carcinogens

in the Induction of Bladder Cancer in Experimental Animals and Humans. Cancer Res. 37:2943-
2949.

113



NTP Report on Carcinogens 1997 Background Document for Saccharin

Hicks, R. M., J. Wakefield, and J. Chowaniec. 1973. Co-carcinogenic Action of Saccharin in the
Chemical Induction of Bladder Cancer. Nature 243:347-349.

Hicks, R. M., J. S. J. Wakefield, and J. Chowaniec. 1975. Evaluation of a New Model to Detect
Bladder Carcinogens or Co-Carcinogens; Results Obtained with Saccharin, Cyclamate and
Cyclophosphamide. Chem. Biol. Interact. 11:225-233.

Hicks, R. M., J. Chowaniec, and J. St. J. Wakefield. 1978. Experimental Induction of Bladder
Tumors By a Two-Stage System. In: Carcinogenesis, Vol. 2, Mechanisms of Tumor Promotion
and Cocarcinogenesis. Slaga, T. J., A. Sivak, and R. K. Boutwell, Eds. Raven Press, NY, pp. 475-
489.

Homburger, F. 1978. Negative Lifetime Carcinogen Studies in Rats and Mice Fed 50,000 ppm
Saccharin. Chemical Toxicology of Food. Galli, C. L., R. Paoletti, and G. Vettorazzi, Eds.
Elsevier/North-Holland Biomedical Press, Amsterdam, pp. 359-373.

Homma, Y., Y. Kondo, T. Kakizoe, Y. Aso, and S. Nagase. 1991. Lack of Bladder
Carcinogenicity of Dietary Sodium Saccharin in Analbuminaemic Rats, Which Are Highly
Susceptible to N-Nitroso-n-butyl-(4-hydroxybutyl)amine. Food Chem. Toxicol. 29:373-376.

Hooson, J., R. M. Hicks, P. Grasso, and J. Chowaniec. 1980. ortho-Toluene Sulphonamide and
Saccharin in the Promotion of Bladder Cancer in the Rat. Br. J. Cancer 42:129-147.

Hoover, R. N., and P. H. Strasser. 1980. Artificial Sweeteners and Human Bladder Cancer:
Preliminary Results. Lancet 1:837-840.

Hoover, R., and P. Hartge. 1982. Non-Nutritive Sweeteners and Bladder Cancer. Am. J. Public
Health 72:382-383. (Cited by IARC, 1987b)

Howe, G. R., J. D. Burch, A. B. Miller, B. Morrison, P. Gordon, L. Weldon, L. W. Chambers, G.
Fodor, and G. M. Winsor. 1977. Artificial Sweeteners and Human Bladder Cancer. Lancet ii:578-
581.

Howe, G. R., J. D. Burch, A. B. Miller, G. M. Cook, J. Esteve, B. Morrison, P. Gordon, L. W.
Chambers, G. Fodor, and G. M. Winsor. 1980. Tobacco Use, Occupation, Coffee, Various
Nutrients, and Bladder Cancer. J. Natl. Cancer Inst. 64:701-713.

HSDB (Hazardous Substances Data Bank). 1996. Saccharin. Online available from the National
Library of Medicine’s TOXNET system. Profile last updated 1/19/96.

IARC (International Agency for Research on Cancer). 1980. Saccharin. IARC Monogr. Eval.
Carcinog. Risk Chem. Hum. 22(Some Non-Nutritive Sweetening Agents):111-170.

114



NTP Report on Carcinogens 1997 Background Document for Saccharin

IARC (International Agency for Research on Cancer). 1982. Saccharin. IARC Monogr. Eval.
Carcinog. Risk Chem. Hum. Suppl. 4(Chemicals, Industrial Processes and Industries Associated
with Cancer in Humans):224-226.

IARC (International Agency for Research on Cancer). 1987a. Saccharin. IARC Monogr. Eval.
Carcinog. Risks Hum. Suppl. 6(Genetic and Related Effects: An Updating of Selected IARC
Monographs From Volumes 1-42):488-496.

IARC (International Agency for Research on Cancer). 1987b. Saccharin. IARC Monogr. Eval.
Carcinog. Risks Hum. Suppl. 7(Overall Evaluations of Carcinogenicity: An Updating of IARC
Monographs Volumes 1-42):334-339.

Imaida, K., and C.Y. Wang. 1986. Effect of Sodium Phenobarbital and Sodium Saccharin in AIN-
76A Diet on Carcinogenesis Initiated with N-[4-(5-Nitro-2-furyl)-2-thiazolyl]formamide and
N, N-Dibutylnitrosamine in Male F344 Rats. Cancer Res. 46:6160-6164.

Irving-Monshaw, S. 1989. New Sugar Substitutes Are Poised to Hit the Table. Chem. Eng.
News, pp. 47-50, July.

Iscovich, J., R. Castelletto, J. Estéve, N. Mufioz, R. Colanzi, A. Coronel, I. Deamezola, V. Tassi,
and A. Arslan. 1987. Tobacco Smoking, Occupational Exposure and Bladder Cancer in Argentina.
Int. J. Cancer 40:734-740.

Ito, N., and S. Fukushima. 1989. Promotion of Urinary Bladder Carcinogenesis in Experimental
Animals. Exp. Pathol. 36:1-15.

JECFA. 1993. The Forty-First Meeting of the Joint FAO/WHO Expert Committee on Food
Additives. Series 32. Toxicological Evaluation of Certain Food Additives and Contaminants:
Saccharin and Its Salts. International Programme on Chemical Safety (IPCS). World Health
Organization, pp. 106-133.

Jensen, O. M., and C. Kamby. 1982. Intra-uterine Exposure to Saccharin and Risk of Bladder
Cancer in Man. Int. J. Cancer 29:507-509.

Kennedy, G., O. E. Fancher, J. C. Calandra, and R. E. Keller. 1972. Metabolic Fate of Saccharin
in the Albino Rat. Food Cosmet. Toxicol. 10:143-149.

Kessler, I. I, and J. P. Clark. 1978. Saccharin, Cyclamate, and Human Bladder Cancer. No
Evidence of an Association. J. Am. Med. Assoc. 240:349-355. (Cited by IARC, 1980)

Klaunig, J. E., and R. J. Ruch. 1990. Role of Inhibition of Intercellular Communication in
Carcinogenesis. Lab. Invest. 62:135-146.

115



NTP Report on Carcinogens 1997 Background Document for Saccharin

Kroes, R., P. W. J. Peters, J. M. Berkvens, H. G. Verschuuren, T. De Vries, and G. J. van Esch.
1977. Long Term Toxicity and Reproduction Study (Including a Teratogenicity Study) with
Cyclamate, Saccharin and Cyclohexylamine. Toxicology 8:285-300.

Lawson, T. A., and P. J. Hertzog. 1981. The Failure of Chronically Administered Saccharin to
Stimulate Bladder Epithelial DNA Synthesis in FO Rats. Cancer Lett. 11:221-224.

Lehman-McKeeman, L. D., and D. Caudill. 1991. Quantitation of Urinary a2u-Globulin and
Albumin in by Reverse-Phase High Performance Liquid Chromatography. J. Pharmacol. Methods
26:239-247.

Lehman-McKeeman, L. D., M. L. Rivera-Torres, and D. Caudill. 1990. Lysosomal Degradation of
o2p1-Globulin and o2p-Globulin-Xenobiotic Conjugates. Toxicol. Appl. Pharmacol. 103:539-
548.

Lessel, B. 1970. Carcinogenic and Teratogenic Aspects of Saccharin. In: Proceedings SOS/70
Third International Congress of Food Science and Technology, Washington, DC, pp. 764-770.

Lethco, E. J., and W. C. Wallace. 1975. The Metabolism of Saccharin in Animals. Toxicology
3:287-300.

Lutz, W. K., and C. H. Schlatter. 1977. Saccharin Does Not Bind to DNA of Liver or Bladder in
the Rat. Chem. Biol. Interact. 19:253-257.

Ma, T. H., Z. Xu, C. Xu, H. McConnell, E. V. Rabago, G. A. Arreola, and H. Zhang. 1995. The
Improved Allium/Vicia Root Tip Micronucleus Assay for Clastogenicity of Environmental
Pollutants. Mutat. Res. 334:185-195.

MAFF. 1994. Food Safety Directorate Food Surveillance Information Sheet. Number 46. MAFF
U.K. Survey of the Intake of Sweeteners by Diabetics.
http://www.maff.gov.uk/food/infsheet/1994/no46/46sweet.htm.

Masui, T., T. Sakata, E.M. Garland, L. B. Ellwein, S. L. Johansson, and S. M. Cohen. 1988.
Effects of Sodium Saccharin (NaS) on Rat Fetal and Neonatal Urinary Bladder. Proc. AACR,
29:161. Abstract.

Masui, T., A. M. Mann, T. L. Macatee, T. Okamura, E. M. Garland, H. Fujii, J. C. Pelling, and
S. M. Cohen. 1991. H-ras Mutations in Rat Urinary Bladder Carcinomas Induced by N-[4-(5-
Nitro-2-furyl)-2-thiazolylJformamide and Sodium Saccharin, Sodium Ascorbate or Related Salts.
Cancer Res. 51:3471-3475

116



NTP Report on Carcinogens 1997 Background Document for Saccharin

Matthews, H. B., M. Fields, and L. Fishbein. 1973. Saccharin: Distribution and Excretion ofa
Limited Dose in the Rat. J. Agric. Food Chem. 21:916-919.

McChesney, E. W., F. Coulston, and K.-F. Benitz. 1977. Six-Year Study of Saccharin in Rhesus
Monkeys (Abstract No. 79). Toxicol. Appl. Pharmacol. 41:164. Abstract. (Cited by IARC,
1980)

Miller, C. T., C. I. Neutel, R. C. Nair, L. D. Marrett, J. M. Last, and W. E. Collins. 1978.
Relative Importance of Risk Factors in Bladder Carcinogenesis. J. Chronic Dis. 31 :51-56. (Cited
by IARC, 1980)

Mohr, U., U. Green, J. Althoff, and P. Schneider. 1978. Syncarcinogenic Action of Saccharin and
Sodium-Cyclamate in the Induction of Bladder Tumours in MNU-Pretreated Rats. In: Health and
Sugar Substitutes. Guggenheim, B., Ed. Karger, Basel, pp. 64-69.

Moller-Jensen, O., J. B. Knudsen, B. L. Sgrensen, and J. Clemmesen. 1983. Artificial Sweeteners
and Absence of Bladder Cancer Risk in Copenhagen. Int. J. Cancer 32:577-582.

Momas, L., J.-P. Daurés, B. Festy, J. Bontoux, and F. Grémy. 1994. Relative Importance of Risk
Factors in Bladder Carcinogenesis: Some New Results about Mediterranean Habits. Cancer
Causes Controls 5:326-332.

Mommsen, S., J. Aagaard, and A. Sell. 1983. A Case-control Study of Female Bladder Cancer. J.
Cancer Clin. Oncol. 19:725-729.

Morgan, R. W., and M. G. Jain. 1974. Bladder Cancer: Smoking, Beverages, and Artificial
Sweeteners. Can. Med. Assoc. J. 111:1067-1070.

Morgan, R., and O. Wong. 1985. Review of Epidemiological Studies on Atrtificial Sweeteners and
Bladder Cancer. Food Chem. Toxicol. 23:529-533.

Morrison, A., and J. Buring. 1980. Artificial Sweeteners and Cancer of the Lower Urinary Tract.
N. Engl. J. Med. 302(10):537-541.

Morrison, A. S., W. G. Verhoek, I. Leck, K. Aoki, Y. Ohno, and K. Obata. 1982. Artificial
Sweeteners and Bladder Cancer in Manchester, U.K. and Nagoya, Japan. Br. J. Cancer 45:332-
336.

Munro, 1. C., C. A. Noodie, D. Krewski, and H. C. Grice. 1975. A Carcinogenicity Study of
Commercial Saccharin in the Rat. Toxicol. Appl. Pharmacol. 32:513-526.

Murai, T., S. Mori, M. Hosomo, A. Takashima, S. Machino, T. Oohara, H. Yamashita, S.
Makino, T. Matsuda, H. Wanibuchi, and S. Fukushima. 1997. Strain Differences in Sensitivity to

117



NTP Report on Carcinogens 1997 Background Document for Saccharin

the Promoting Effect of Sodium L-Ascorbate in a Two-Stage Rat Urinary Bladder Carcinogenesis
Model. Jpn. J. Cancer Res. 88:245-253.

Murasaki, G., and S. M. Cohen. 1981. Effect of Dose of Sodium Saccharin on the Induction of
Rat Urinary Bladder Proliferation. Cancer Res. 41:942-944.

Murasaki, G., and S. M. Cohen. 1983a. Co-carcinogenicity of Sodium Saccharin and N-[4-(5-
Nitro-2-furyl)-2-thiazolyl]formamide for the Urinary Bladder. Carcinogenesis 4:97-99.

Murasaki, G., and S. M. Cohen. 1983b. Effect of Sodium Saccharin on Urinary Bladder Epithelial
Regenerative Hyperplasia Following Freeze Ulceration. Cancer Res. 43(1):182-1 87.

Najem, G. R., D. B. Louria, J. J. Seebode, I. S. Thind, J. M. Prusakowski, R. B. Ambrose, and A.
R. Fernicola. 1982. Life Time Occupation, Smoking, Caffeine, Saccharine, Hair Dyes and Bladder
Carcinogenesis. Int. J. Epidemiol. 11:212-217.

Nakanishi, K., A. Hagiwara, M. Shibata, K. Imaida, W. Tatematsu, and N. Ito. 1980a. Dose
Response of Saccharin in Induction of Urinary Bladder Hyperplasias in Fischer 344 Rats
Pretreated with N-Butyl-N-(4-hydroxybutyl)nitrosamine. J. Natl. Cancer Inst. 65:1005-1010.

Nakanishi, K., M. Hirose, T. Ogiso, R. Hasegawa, M. Arai, and N. Ito. 1980b. Effects of Sodium
Saccharin and Caffeine on the Urinary Bladder of Rats Treated with N-Butyl-N-(4-
hydroxybutyl)nitrosamine. Gann 71:490-500.

Nakanishi, K., S. Fukushima, A. Hagiwara, S. Tamano, and N. Ito. 1982. Organ-Specific
Promoting Effects of Phenobarbital Sodium and Sodium Saccharin in the Induction of Liver and
Urinary Bladder Tumors in Male F344 Rats. J. Natl. Cancer Inst. 68:497-500.

National Academy of Sciences-National Research Council. 1974. Report to FDA on the Safety of
Saccharin and Sodium Saccharin in the Human Diet. Publication No. 238 137. (Cited by Arnold et
al., 1980)

Neuhaus, O., and W. Flory. 1978. Age-Dependent Changes in the Excretion of Urinary Proteins
by the Rat. Nephron 22:570-576.

NIOSH (National Institute of Occupational Safety and Health). 1990. National Occupational
Hazard Survey, 1981-1983. Unpublished provisional data as of July 1, 1990. Department of
Health, Education and Welfare, Cincinnati, OH.

Nomura, A. M. Y., L. N. Kolonel, J. H. Hankin, and C. N. Yoshizawa. 1991. Dietary Factors in
Cancer of the Lower Urinary Tract. Int. J. Cancer 48: 199-205.

118



NTP Report on Carcinogens 1997 Background Document for Saccharin

NTP (National Toxicology Program). 1994. Saccharin. In: Seventh Annual Report on
Carcinogens, Summary 1994. U.S. Department of Health and Human Services, Public Health
Service, National Toxicology Program, Research Triangle Park, NC, pp. 352-355.

Okamura, T., E. Garland, T. Masui, T. Sakata, M. St. John, and S. Cohen. 1991. Lack of Bladder
Tumor Promoting Activity in Rats Fed Sodium Saccharin in AIN-76A Diet. Cancer Res.
51:1778-1782.

Olson, M., J. Johnson, and C. Reidy. 1990. Comparison of Male Rat and Human Urinary
Proteins: Implications for Human Resistance to Hyaline Droplet Nephropathy. Toxicol. Appl.
Pharmacol. 102:524-536.

Oser, B. 1985. Highlights in the History of Saccharin Toxicology. Food Chem. Toxicol.
23:535-542.

Otoshi, T., H. Iwata, S. Yamamoto, T. Murai, S. Yamaguchi, I. Matsui-Yuasa, S. Otani, and S.
Fukushima. 1993. Severity of Promotion by Sodium Salts of Succinic Acid in Rat Urinary
Bladder Carcinogenesis Correlates with Sodium Ion Concentration Under Conditions of Equal
Urinary pH. Carcinogenesis 14:2277-2281.

Piper, J. M., G. M. Mantonoski, and J. Tonascia. 1986. Bladder Cancer in Young Women. Am.
J. Epidemiol. 123:1033-1042.

Pitkin, R. M., D. W. Andersen, W. A. Reynolds, and L. J. Filer, Jr. 1971. Saccharin Metabolism
in Macaca mulatta. Proc. Soc. Exp. Biol. (NY) 137:803-806.

PMC Specialties Group, Inc. 1996. High Potency Sweeteners. Information Bulletin No.
FFIGENO1.

PMC Specialties Group, Inc. 1997a. Food/Feed Ingredients: SYNCAL® GS & SYNCAL® GSD
(FCC, USP). Technical Bulletin No. FFI4210-11.

PMC Specialties Group, Inc. 1997b. Food/Feed Ingredients: SYNCAL® SDS (FCC, USP).
Technical Bulletin No. FF14213-14.

PMC Specialties Group, Inc. 1997c. Food/Feed Ingredients: SYNCAL® CAS (FCC, USP).
Technical Bulletin No. FF14216.

PMC Specialties Group, Inc. 1997d. Food/Feed Ingredients: SYNCAL® SDI (FCC, USP).
Technical Bulletin No. FFI4215.

Prasad, O., and G. Rai. 1986. Induction of Papillary Adenocarcinoma of Thyroid in Albino Mice
by Saccharin Feeding. Indian J. Exp. Biol. 24:197-199.

119



NTP Report on Carcinogens 1997 Background Document for Saccharin

Renner, H. W. 1979. Possible Mutagenic Activity of Saccharin. Experientia 35:1364-1365.
Renwick, A. G. 1986. The Metabolism of Intense Sweeteners. Xenobiotica 16:1057-1071.

Renwick A. G. 1993. A Data-derived Safety (Uncertainty) Factor For the Intense Sweetener,
Saccharin. Food Addit. Contam. 10:337-350.

Research Studies-USDA ERS. 1992. Sugar and Sweetener. U.S. Consumption, 1992: Synthetic
Sweeteners, p. 16.

Risch, H., J. Burch, A. Miller, G. Hill, R. Steele, and G. Howe. 1988. Dietary Factors and the
Incidence of Cancer of the Urinary Bladder. Am. J. Epidemiol. 127:1179-1191.

Roe, F. J. C., L. S. Levy, and R. L. Carter. 1970. Feeding Studies on Sodium Cyclamate,
Saccharin and Sucrose for Carcinogenic and Tumor-Promoting Activity. Food Cosmet. Toxicol.
8:135-145.

Rossman, T. G., M. Molina, L. Meyer, P. Boone, C. B. Klein, Z. Wang, F. Li, W. C. Lin, and P.
L. Kinney. 1991. Performance of 133 Compounds in the Lambda Prophage Induction Endpoint
of the Microscreen Assay and a Comparison with S. fyphimurium Mutagenicity and Rodent
Carcinogenicity Assays. Mutat. Res. 260:349-367.

Roy, A. K., and O. W. Neuhaus. 1966. Identification of Rat Urinary Proteins by Zone and
Immunoelectrophoresis. Proc. Soc. Exp. Biol. Med. 894-899.

Roy, A. K., and O. W. Neuhaus. 1967. Androgenic Control of a Sex-Dependent Protein in the
Rat. Nature 214:618-620. (Cited by Garland et al., 1994)

Roy, A. K., T. S. Nath, N. M. Motwani, and B. Chatterjee. 1983. Age-Dependent Regulation of
the Polymorphic Forms of o,~-Globulin. J. Biol. Chem. 258:10123-10127.

RTECS (Registry of Toxic Effects of Chemical Substances). 1996. Saccharin. Online database
available from the National Library of Medicine’s TOXNET system. Profile last updated on
2/7/96.

Sakai, A., and M. Sato. 1989. Improvement of Carcinogen Identification in Balb/3T3 Cell
Transformation by Application of a 2-Stage Method. Mutat. Res. 214:285-296.

Salaman, M. H., and F. J. C. Roe. 1956. Further Tests For Tumour-Initiating Activity: N,N-Di-

(2-chloroethyl)-p-aminophenylbutyric acid (CB1348) as an Initiator of Skin Tumour Formation
in the Mouse. Br. J. Cancer. 10:363-378. (Cited by IARC, 1980)

120



NTP Report on Carcinogens 1997 Background Document for Saccharin

Schmihl, D. 1973. Lack of Carcinogenic Effect of Cyclamate, Cyclohexylamine and Saccharin in
Rats (German). Arzneim. Forsch. 23:1466-1470. (Cited by IARC, 1980)

Schmiihl, D., and M. Habs. 1980. Absence of Carcinogenic Response to Cyclamate and Saccharin
in Sprague-Dawley Rats after Transplacental Application. Arzneim. Forsch. 30:1905-1906.

Schmihl, D., and M. Habs. 1984. Investigations on the Carcinogenicity of the Artificial
Sweeteners Sodium Cyclamate and Sodium Saccharin in Rats in a Two-Generation Experiment.
Arzneim. Forsch. 34:604-608.

Schoenig, G. P., E. I. Goldenthal, R. G. Geil, C. H. Frith, W. R. Richter, and F. W. Carlborg.
1985. Evaluation of the Dose Response and In Utero Exposure to Saccharin in the Rat. Food
Chem. Toxicol. 23:475-490.

Shibata, M. A., S. Tamano, Y. Kurata, A. Hagiwara, and S. Fukushima. 1989. Participation of
Urinary Na*, K*, Ph, and 1-Ascorbic Acid in the Proliferation Response of the Bladder
Epithelium after the Oral Administration of Various Salts and/or Ascorbic Acid to Rats. Food
Chem. Toxicol. 27:403-413.

Shioya, S., R. Nagami-Oguihara, S. Oguihara, T. Kimura, and K. Imaida. 1994. Roles of Bladder
Distension, Urinary pH and Urinary Sodium Ion Concentration in Cell Proliferation of Urinary
Bladder Epithelium in Rats Ingesting Sodium Salts. Food Chem. Toxicol. 32:165-171.

Sieber, S. M., and R. H. Adamson. 1978. Long-Term Studies on the Potential Carcinogenicity of
Atrtificial Sweeteners in Non-Human Primates. In: Health and Sugar Substitutes. Guggenheim, B.,
Ed. Basel, Karger, pp. 266-271. (Cited by IARC, 1980)

Silverman, D. T., R. N. Hoover, and G. M. Swanson. 1983. Artificial Sweeteners and Lower
Urinary Tract Cancer: Hospital vs. Population Controls. Am. J. Epidemiol. 117:326-334.

Simon, D., S. Yen, and P. Cole. 1975. Coffee Drinking and Cancer of the Lower Urinary Tract. J.
Natl. Cancer Inst. 54:587-591.

Skare, J. A., and T. K. Wong. 1985. Lack of Specific Inhibition of DNA Repair in WI-38 Human
Diploid Fibroblasts by Sodium Saccharin. Cancer Lett. 26:191-200.

Squire, R. A. 1985. Histopathological Evaluation of Rat Urinary Bladders from the IRDC Two-
Generation Bioassay of Sodium Saccharin. Food Chem. Toxicol. 23:491.

SRI International. 1996. SRI Directory of Chemical Producers, United States. SRI International,
Menlo Park, CA, pp. 311, 638.

121



NTP Report on Carcinogens 1997 Background Document for Saccharin

Stoner, G. D., M. B. Shimkin, A. J. Kniazeff, J. H. Weisburger, E. K. Weisburger, and G. B.
Gori. 1973. Test for Carcinogenicity of Food Additives and Chemotherapeutic Agents by the
Pulmonary Tumor Response in Strain A Mice. Cancer Res. 33:3069-3085. (Cited by IARC,
1980)

Sturgeon, S. R., P. Hartge, D. T. Silverman, A. F. Kantor, W. M. Linehan, C. Lynch, and R. N.
Hoover. 1994, Associations Between Bladder Cancer Risk Factors and Tumor Stage and Grade at
Diagnosis. Epidemiology 5:218-225.

Suzuki, H., and N. Suzuki. 1988. Mutagenicity of Saccharin in a Human Cell Strain. Mutat. Res.
209:13-16.

Suzuki, H., and N. Suzuki. 1993. Detection of K-ras Codon 12 Mutation by Polymerase Chain
Reaction and Differential Dot-Blot Hybridization in Sodium Saccharin-Treated Human RSA Cell.
Biochem. Biophys. Res. Commun. 196:956-61.

Sweatman, T. W., and A. G. Renwick. 1979. Saccharin Metabolism and Tumorigenicity. Science
205:1019-1020.

Sweatman, T. W., and A. G. Renwick. 1980. The Tissue Distribution and Pharmacokinetics of
Saccharin in the Rat. Toxicol. Appl. Pharmacol. 5:18-31.

Sweatman, T. W., and A. G. Renwick. 1982. Tissue Levels of Saccharin in the Rat During Two-
Generation Feeding Studies. Toxicol. Appl. Pharmacol. 62:465-473.

Sweatman, T. W., A. G. Renwick, and C. D. Burgess. 1981. The Pharmacokinetics of Saccharin
in Man. Xenobiotica 11:531-540.

Swenberg, J. A., D. R. Dietrich, R. M. McClain, and S. M. Cohen. 1992. Species-Specific
Mechanisms of Carcinogenesis. Mechanisms of Carcinogenesis in Risk Identification. Vainio, H.
et al., Eds. International Agency for Research On Cancer, Lyon, France. 477-500.

Tatematsu, M., Y. Mera, K. Kohda, Y. Kawazoe, and N. Ito. 1986. Ornithine Decarboxylase
Activity and DNA Synthesis in Rats after Long Term Treatment with Butylated
Hydroxyanisole, Sodium Saccharin or Phenobarbital. Cancer Lett. 33:119-124.

Taylor, J. M., and L. Friedman. 1974. Combined Chronic Feeding and Three-Generation
Reproduction Study of Sodium Saccharin in the Rat (Abstract No. 200). Toxicol. Appl.
Pharmacol. 29:154. Abstract.

Taylor, J. M., M. A. Weinberger, and L. Friedman. 1980. Chronic Toxicity and Carcinogenicity

to the Urinary Bladder of Sodium Saccharin in the in Utero-Exposed Rat. Toxicol. Appl.
Pharmacol. 54:57-75.

122



NTP Report on Carcinogens 1997 Background Document for Saccharin

Thorgeirsson, U., D. Dalgard, J. Reeves, and R. Adamson. 1994. Tumor Incidence in a Chemical
Carcinogenesis Study of Nonhuman Primates. Regul. Toxicol. Pharmacol. 19:130-151.

Tisdel, M. O., P. O. Nees, D. L. Harris, and P. H. Derse. 1974. Long-Term Feeding of Saccharin
in Rats. In: Symposium: Sweeteners. Inglett, G. E., Ed. Avi Publishing Co., Westport, CN, pp.
145-158.

Tomasula, D. 1994. Sweet As Sugar. Chem. Mark. Rep., pp. SR22-SR23, June 27.

TRIS (Toxic Release Inventory Systems). 1996. Federal Environmental Site Liability Records.
TRIS Database. 1989, 1990, 1991. “Copr. (c) West 1996, No claim to original U.S. government
works.”

USITC (U.S. International Trade Commission). 1991. Synthetic Organic Chemicals, United
States Production and Sales, 1990. USITC Publication No. 2470. U.S. Government Printing
Office, Washington, DC.

USITC (U.S. International Trade Commission). 1993. Synthetic Organic Chemicals, United
States Production and Sales, 1991. USITC Publication No. 2607. U.S. Government Printing
Office, Washington, DC.

USITC (U.S. International Trade Commission). 1994. Synthetic Organic Chemicals, United
States Production and Sales, 1992. USITC Publication No. 2720. U.S. Government Printing
Office, Washington, DC.

USITC (U.S. International Trade Commission). 1995. Synthetic Organic Chemicals, United
States Production and Sales, 1994. USITC Publication No. 2933. U.S. Government Printing
Office, Washington, DC.

Uwagawa, S., K. Saito, Y. Okundo, H. Kawasaki, A. Yoshitake, H. Yamada, and S. Fukushima.
1994, Lack of Induction of Epithelial Cell Proliferation by Sodium Saccharin and Sodium
l-Ascorbate in the Urinary Bladder of NCI-Black-Reiter (NBR) Male Rats. Toxicol. Appl.
Pharmacol. 127:182-186.

Velazquez, S. F., R. Schoeny, G. E. Rice, and J. J. Cogliano. 1996. Cancer Risk Assessment:
Historical Perspectives, Current Issues, and Future Directions. Drug Chem. Toxicol. 19:161-185.

Vesely, D. L., and G. S. Levey. 1978. Saccharin Inhibits Guanylate Cyclase Activity: Possible
Relationship to Carcinogenesis. Biochem. Biophys. Res. Commun. 81:1384-1389.

Viscusi, W. K. 1994. Efficacy of Labeling of Foods and Pharmaceuticals. Annu. Rev. Public
Health 15:325-343.

123



NTP Report on Carcinogens 1997 Background Document for Saccharin

Walker, A. M., N. A. Dreyer, E. Friedlander, J. Loughlin, K. J. Rothman, and H. 1. Kohn. 1982.
An Independent Analysis of the National Cancer Institute Study on Non-Nutritive Sweeteners
and Bladder Cancer. Am. J. Public Health 72:376-383.

Weast, R. C., and M. J. Astle, Eds. 1980. The Merck Index, 12th ed. Merck & Co., Inc.,
Whitehall, NJ.

Weisburger, E. 1990. Mechanistic Considerations in Chemical Carcinogenesis. Regul. Toxicol.
Pharmacol. 12:41-52.

West, R. W., W. G. Sheldom, D. W. Gaylor, M. G. Haskin, R. R. Delongchamp, and F. F.
Kadlubar. 1986. The Effects of Saccharin on the Development of Neoplastic Lesions Initiated
with N-Methyl-N-nitrosourea in the Rat Urothelium. Fundam. Appl. Toxicol. 7:585-600.

West, R. W., W. G. Sheldon, D. W. Gaylor, R. R. Allen, and F. F. Kadulbar. 1994. Study of
Sodium Saccharin Co-Carcinogenicity in the Rat. Food Chem. Toxicol. 32:207-213.

Whysner, J., and G. M. Williams. 1996. Saccharin Mechanistic Data and Risk Assessment: Urine
Composition, Enhanced Cell Proliferation, and Tumor Promotion. Pharmacol. Ther. 71:225-252.

Williams, G. M., and J. Whysner. 1996. Epigenetic Carcinogens: Evaluation and Risk
Assessment. Exp. Toxicol. Pathol. 48:189-195.

Wright, S. C., J. Zhong, and J. W. Larrick. 1994. Inhibition of Apoptosis as a Mechanism of
Tumor Promotion. FASEB J. 8:654-60.

Wynder, E. L., and R. Goldsmith. 1977. The Epidemiology of Bladder Cancer. A Second Look.
Cancer 40:1246-1268.

Wynder, E. L., and S. D. Stellman. 1980. Artificial Sweetener Use and Bladder Cancer: A Case-
Control Study. Science 207:1214-1216.

Yanagisawa, K., K. Nishio, and S. Gotoh. 1987. Screening for Carcinogens by the DNA
Synthesis Inhibition Test Using Human Fibroblasts. Mutat Res. 183:89-94.

Yu, A., T. Hashimura, Y. Nishio, H. Kanamaru, S. Fukuzawa, and O. Yoshida. 1992. Anti-

Promoting Effect of Nordihydroguaiaretic acid on N-Butyl-N-(4-hydroxybutyl)nitrosamine and
Sodium Saccharin-Induced Rat Urinary Bladder Carcinogenesis. Jpn. J. Cancer Res. 83:944-948.

124



APPENDIX A

Excerpts from the IARC Monograph on the
Evaluation of the Carcinogenic Risk of Chemicals to Humans
Volume 22 (Some Non-Nutritive Sweetening Agents)
Saccharin, pp. 111-185, 1980



SACCHARIN 111

(SACCHARIN, SODIUM SACCHARIN, CALCIUM SACCHARIN
& ortho-TOLUENESULPHONAMIDE)

1. Chemical and Physical Data
Saccharin!
1.1 Synonyms and trade names
Chem. Abstr. Servicgs Reg. No.: 81-07-2
Chem. Abstr. Name: 1,2-Benzisothiazol-3(2H)-one,1,1-dioxide

Synonyms:  Anhydro-ortho-sulphaminebenzoic acid; 1,2-benzisothiazolinone, 1,1-
dioxide; 1,2-benzisothiazolin-3-one, 1,1-dioxide: 3-benzisothiazolinone 1,1-dioxide;
benzoic sulphimide; ortho-benzoic sulphimide; benzoic sulphinide; benzosuiphimide;
benzo-2-sulphimide; ortho-benzosulphimide; benzo-sulphinide: ortho-benzoy! sul-
phimide; 1,2-dihydro-2-ketobenzisosulphonazole: 2,3-dihydro-3-oxobenzisosulphon-
azole;  3-hydroxybenzisothiazole-S,S-dioxide; insoluble saccharin: saccharimide;
saccharin acid; saccharine; saccharin insoluble; ortho-sulphobenzimide; ortho-sulpho-
benzoic acid imide; 2-sulphobenzoic imide |

Trade names: Assugrin vollsuss (also contains sodium cyclamate); Garantose; Glucid:
Gluside; Hermesetas; Kandiset; Natreen (also contains sodium cyclamate); Sacarina;
550 Saccharin; Saccharina; Saccharinol; Saccharinose; Saccharol; Saxin: Sucre

Edulcor; Sucrette; Sykose; Zaharina

1.2 Structural and molecular formulae and molecular weight

O
i
C
)m
A
O O
C,HsNO,S Mol. wt: 183.2

!The name ‘saccharin’ is sometimes (e.g., in government regulations) applied to the
ammonium, calcium and sodium salts as well as to the free acid.
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1.3 Chemical and physical properties of the pure substance

From Wade (1977) and Windholz (1976), unless otherwise specified

(a) Description: White crystalline powder with an intensely sweet taste
(b) Melting-point: 228.8-229.7°C

(c) Spectroscopy data: Broad peak at 267.3 nm { E: 85.7)

(d) Solubility: Soluble in water (1g in 290 ml), boiling water (1 in 25), acetone (1 in
12), ethanol (1 in 30) and glycerol (1 in 50); slightly soluble in chloroform and in
diethyl ether; soluble in dilute aqueous solutions of ammonia and alkaline hydr-
oxides and carbonates

fe] pH of aqueous solution: Acid to litmus (National Research Council, 1972)

(f} Sweetness: Dilute aqueous solution is about 500 times sweeter than a solution
containing an equal concentration by weight of sucrose.

1.4 Technical products and impurities

Saccharin is available in the US as saccharin insoluble powder FCC (Food Chemicals
Codex), which meets or exceeds the following specifications: 98-101% active ingredient
on an anhydrous basis, a maximum of 100 mg/kg toluenesulphonamides, 30 mg/kg selenium,
10 mg/kg heavy metals (as lead), and 3 mg/kg arsenic. |t passes a colour-precipitate test for
benzoic and salicylic acids and a colour test for readily carbonizable substances (National
Research Council, 1972, 1974; The Sherwin-Williams Co., 1978a).

Various national and international pharmacopoeias give specifications for the purity of
saccharin in pharmaceutical products. For example, saccharin is available in the US as a
USP grade containing 98-101% active ingredient on an anhydrous basis (US Pharmacopeial
Convention, Inc., 1975).

In France, saccharin is available as non-nutritive sweetening tablets containing: (1)
20 mg saccharin, 8 ug disodium methylarsonate (added to reduce its bitter taste), and 0.2
mg lithium chloride; and (2) 25 mg saccharin, 75 mg sodium bicarbonate and 0.15 mg
sodium arsenate. No limits have been set on the content of ortho-toluenesulphonamide
or other impurities in saccharin.



SACCHARIN 13

In the Federal Republic of Germany, saccharin meets the following specifications:
98% active ingredient on an anhydrous basis and a maximum of 10 mg/kg each of ortho- and
para-toluenesulphonamides and 30 mg/kg selenium (Bundesminister der Justiz, 1979).

In the UK, no maximum limit for the content of ortho-toluenesulphonamide has been
requlated at present; however, all existing regulations for non-nutritive sweeteners are under

review.

Impurities have been identified in commercial saccharin made by both the Remsen-
Fahlberg process (known to be used in Japan, the Republic of Korea and the UK) and the
Maumee process (known to be used in the US) (US International Trade Commission, 1977a).
Table 1 is a summary of published data on impurities in saccharin and sodium saccharin.

Sodium saccharin
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 128-44-9

Chem. Abstr. Name: 1,2-Benzisothiazol-3(2H)-one, 1,1-dioxide, sodium salt

Synonyms: 1,2-Benzisothiazolin-3-one,1,1-dioxide, sodium salt; saccharin sodium;
saccharin soluble; sodium benzosulphimide; sodium 2-benzosulphimide; sodium
ortho-benzosulphimide; sodium saccharide; sodium saccharinate; sodium saccharine;

soluble saccharin; 2-sulphobenzoic imide, sodium salt

Trade names: Cristallose; Crystallose; Dagutan; Kristallose; ODA; Saccharinnatrium;
Saccharoidum Natricum; Saxin; Soluble Gluside; Succaril (also contains sodium

cyclamate); Sucra; Sweeta; Sykose; Willosetten

1.2 Structural and molecular formulae and molecular weight

@9
7\

o O

C,H,NNa0,S Mol. wt: 205.2
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1.3 Chemical and physical properties of the dihydrate
From Wade (1977), unless otherwise specified
(a) Description: White crystalline powder with an intensely sweet taste
(b) Melting-point: Greater than 300°C (decomposes) (Beck, 1969)
(c) Solubility: Soluble in water (1g in 1.5 ml) and ethanol (1 in 50)

(d) pH of aqueous solution: Neutral or alkaline to litmus but not alkaline to phenol-
phthalein (Windholz, 1976)

(e) Sweetness: Dilute aqueous solution is about 300 times sweeter than a solution

containing an equal concentration by weight of sucrose.

1.4 Technical products and impurities

Sodium saccharin FCC (Food Chemicals Codex) is available in the US in four grades:
spray-dried, containing 3.0% moisture; powder, containing 5.0-5.8% moisture; pelletized,
containing 10.5-11.5% moisture; and granular, containing 14.0-15.0% moisture. Each of
these grades meets or exceeds the following Food Chemicals Codex specifications: 98-101%
active ingredient on an anhydrous basis, 3-15% water, 100 mg/kg toluenesulphonamides,
30 mg/kg selenium, 10 mg/kg heavy metals (as lead) and 3 mg/kg arsenic. They pass a colour-
precipitate test for benzoates and salicylates, a colour test for readily carbonizable substances
and a colour test for alkalinity (National Research Council, 1972, 1974; The Sherwin-
Williams Co., 1977a, 1978b). An industrial grade is also marketed; however, no specifi-
cations were available to the Working Group (The Sherwin-Williams Co., 1977b).

Various national and international pharmacopoeias give specifications for the purity of
sodium saccharin in pharmaceutical products. For example, it is available in the US as a
National Formulary (NF) grade containing 98-101% active ingredient on an anhydrous basis.
Tablets are available in 15, 30 and 60 mg doses which contain 95-110% of the stated amount
of sodium saccharin (National Formulary Board, 1975).

Until 1970, when the use of cyclamates in food was banned in the US, sodium saccharin
was also available in: (1) aqueous solutions containing about 0.6% sodium saccharin com-
bined with about 6% sodium cyclamate and (2) tablets containing about 5 mg sodium sacc-
harin combined with about 50 mg sodium cyclamate (National Formulary Board, 1970).

e = A L, _
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Sodium saceharin available in Europe has the following specifications: purity, 9g.
101% on a dried basis; loss on drying, 15% max; a minimum of 32% sulphate ash on a dried
basis; a maximum of 200 mg/kg sulphate, 200 mg/kg chloride, 30 mg/kg selenium, 10 mg/kg
heavy metals, 10 mg/kg ortho-toluenesulphonamide and 2 mg/kg arsenic; and no visible
contamination by a thin-layer chromatographic test.

In France, sodium saccharin is available as a non-nutritive sweetening tablet containing
13 mg sodium saccharin and 20 pg 5-methoxyresorcinol; and a tablet containing 50 mg
sodium cyclamate and 5 mg sodium saccharin.

It is available in the UK as an aqueous solution and in 12.5 mg tablets (Wade, 1977).

In the Federal Republic of Germany, sodium saccharin meets the following specifi-
cations: 98% active on an anhydrous basis and a maximum of 10 mg/kg ortho-toluenesulpho-
namide and 30 mg/kg selenium (Bundesminister der Justiz, 1979).

In the UK, no maximum limit for the content of ortho-toluenesulphonamide in sodium
saccharin has been regulated at present; “however, all existing regulations for non-nutritive
sweeteners are under review.

Sodium saccharin available in Japan must be 99% pure and contain a maximum of
100 mg/kg ortho-toluenesulphonamide; the ortho-toluenesulphonamide content at present
has been found to be in the range of 15-20 mg/kag.

Calcium saccharin

1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 6485-34-3

Chem. Abstr. Name: 1,2-Benzisothiazol-3(24)-one, 1,1-dioxide, calcium salt

Synonyms: 1,2-Benzisothiazolin-3-one,1,1-dioxide, calcium salt; calcium benzosulphi-
mide; calcium 2-benzosulphimide; calcium-ortho-benzosulphimide; calcium saccharina;
calcium saccharinate; calcium saccharine; saccharin calcium; 2-sulphobenzoic

imide, calcium salt

Trade name: Daramin
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1.2 Structural and molecular formulae and molecular weight

o |
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e 42
C14H8N2C30632 Mol. wt: 404.4

1.3 Chemical and physical properties of the hydrate
From Beck (1969) and Wade (1977)
(a) Description: White crystalline powder with intensely sweet taste
(b) Solubility: Soluble in water (1gin 1.5 ml) and 92% ethanol (1 in 33)

(c) Sweetness: Dilute aqueous solution is about 300 times sweeter than a solution

containing an equal concentration by weight of sucrose.

1.4 Technical products and impurities

in 1975, calcium saccharin that met specificatidns for the US National Formulary (NF)
grade was required to contain 98-101% active ingredient on an anhydrous basis, 3-15% water,
a maximum of 3 mg/kg arsenic, 30 mg/kg selenium and 10 mg/kg heavy metals, and to pass a
colour-precipitate test for benzoates and salicylates and a colour test for readily carbonizable
substances (National Formulary Board, 1975).

Until 1970, when the use of cyclamates in food was banned in the US, calcium saccharin
was also available in: (1) aqueous solutions containing about 0.6% calcium saccharin com-

bined with about 6% calcium cyclamates, and (2) tablets containing about 5 mg calcium
saccharin combined with about 50 mg calcium cyclamate (National Formulary Board, 1970).

ortho-Toluenesulphonamide
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 88-19-7

Chem. Abstr. Name: 2-Methy|benzenesulfonamide
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1.2 Structural and molecular formulae and molecular weight

CH,
NH,

4
N

C,H,NO,S Mol. wt: 171.2
1.3 Chemical and physical properties of the pure substance
From Hawley (1977) and Weast (1977), unless otherwise specified
(a) Description: Colourless crystals

(b) Melting-point: 156.3°C

(c) Spectroscopy data: Ultra-violet spectrum has two sharp peaks at 268 and 275 nm
(in methanol) (Grasselli, 1973)

(d) Solubility: Soluble in ethanol; slightly soluble in water and diethyl ether
1.4 Technical products and impurities

ortho-Toluenesulphonamide is not produced commercially as a separate chemical in the
US; however, a product consisting of a mixture of unknown proportions of the ortho- and
para-isomers of toluenesulphonamide is produced in the US as fine, white-to-light cream
granular particles containing 1.0% maximum moisture, with the following properties: flash-
point, 215°¢C: meiting-point, 105°C; boiling-point (10 mm), 214°C: and pH, 4.0 min
(Monsanto Industrial Chemicals Co., undated). '

ortho-Toluenesulphonamide available in Japan has the following specifications: melt-

ing-point, 155°C min; water, 0.5% max; ash, 0.2% max: para-toluenesulphonamide, 2%
max.
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2. Production, Use, Occurrence and Analysis
2.1 Production and use

SACCHARIN, SODIUM SACCHARIN AND CALCIUM SACCHARIN

(a) Production

Saccharin was first synthesized in 1879 by Remsen & Fahiberg by: (1) reaction of
toluene with chlorosulphonic acid to produce ortho- and para-toluenesulphonyl chlorides;
(2) separation of the ortho-isomer followed by treatment with ammonia to form ortho-
toluenesulphonamide; (3) oxidation to ortho-sulphamoylbenzoic acid, which, on heating,
was cyclized to saccharin (Remsen & Fahlberg, 1879). Essentially the same method was
reportedly used for commercial production by one US company until 1972 and is still
used by the six producing companies in Japan, the three producing companies in the
Republic of Korea (US International Trade Commission, 1977a) and the sole producer
in the UK.

Currently, saccharin and sodium saccharin are produced commercially in the US only
by the Maumee process. in this process, methyl anthranilate (made either by the methylation
of anthranilic acid, the reaction of phthalic anhydride with ammonia, sodium hypochlorite
and methanol, or the reaction of isatoic anhydride with methanol) is diazotized by treatment
with sodium nitrite and hydrochloric acid to form 2.carbomethoxybenzenediazonium
chloride. Sulphonation of this produces 2-carbomethy_oxybenzenesulphinic acid, which is
converted- to 2-carbomethoxybenzenesuIphonyl chloride with chlorine. Amidation of this
sulphonylchloride, followed by acidification, forms saccharin, which is treated with either
sodium hydroxide or sodium bicarbonate to produce sodium saccharin (National Research
Council/National Academy of Sciences, 1978). Calcium saccharin can be produced by the
reaction of calcium hydroxide with saccharin.

Saccharin and saccharin sodium have been produced commercially in the US for over
80 years (Crammer & lkan, 1977); calcium saccharin was first produced commercially in the
US in 1953 (US Tariff Commission, 1954). From an estimated level of 180 thousand kg
in 1957, US production of saccharin (all forms) increased gradually to an estimated 2040
thousand kg in 1970. Only one US company reported commercial production of an undis-
closed amount (see preamble, p. 20) of saccharin and sodium saccharin in 1977 (US
International Trade Commission, 1978a); one source has estimated that a total of 2177
thousand kg were produced in that year (National Research Council/National Academy of
Sciences, 1978). Commercial production of calcium saccharin was last reported by one
company in the US in 1974 (US International Trade Commission, 1976a).
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US imports of saccharin (all forms) increased from 45 thousand kg in 1955 to 500
thousand kg in 1963; after decreasing to a low of 310 thousand kg in 1967, imports in-
creased to a high of 1540 thousand kg in 1974. By 1977, US imports of saccharin (all
forms), chiefly from Japan (68%) and the Republic of Korea (19%), amounted to 1380
thousand kg (US Department of Commerce, 1978). A total of 214 thousand kg saccharin,
716 thousand kg sodium saccharin and 61 thousand kg calcium saccharin were imported
through principal US customs districts in 1977 (US International Trade Commission, 1978b).

Saccharin and sodium saccharin are not produced commercially in Canada; however,
they are imported (primarily from the US and Japan).

Annual production of saccharin and sodium saccharin in Europe is estimated to be in
the range of 100-1000 thousand kg for each chemical: the Federal Republic of Germany,
Spain and the UK are believed to be the major producing countries. Annual saccharin prod-
uction in the Federal Republic of Germany was 30 thousand kg in 1894, increased to 300
thousand kg in 1922, decreased to 96 thousand kg in 1934, rose to 500 thousand kg in 1944
and dropped again to 27 thousand kg in 1965 (Crampton, 1975). In the UK, commercial
production of saccharin and sodium saccharinwas first reported in 1916.

Saccharin and sodium saccharin have been produced commercially in Japan since
before 1945. In 1978, six Japanese manufacturers produced an estimated 2840 thousand
kg each of saccharin and sodium saccharin, and about 1930 thousand kg of sodium saccharin
were exported.

Saccharin and sodium saccharin are also produced commercially in Taiwan; however, no
information was available on the quantities produced. In 1976, saccharin was produced
commercially by three companies in the Republic of Korea (US International Trade
Commission, 1977a).

(b) Use

Saccharin was initially used as a non-nutritive sweetening agent in 1907, but prior to
that it had been used as an antiseptic and preservative to retard fermentation in food
(National Research Council/National Academy of Sciences, 1978). Since 1970, when the
use of cyclamates in food was banned in the US, the food grades of the various forms of
saccharin have been used as non-nutritive sweetening agents in a variety of applications
(National Formulary Board, 1970, 1975; National Research Council/National Academy of
Sciences, 1978). :
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The US consumption pattern for saccharin (all forms) in 1976 has been estimated as
follows: 77% in food uses: 45% in soft drinks, 18% in ‘tabletop’ sweeteners, and 14% in
other foods such as fruits, premixes, juices, sweets, chewing gum and jellies; and 23% in
nonfood items: 10% in cosmetics such as toothpaste, mouthwash and lipstick, 7% in pharma-
ceuticals such as coatings on pills, 2% in smokeless tobacco products such as chewing tobacco
and snuff, 2% in electroplating, 1% in cattle feed and 1% in miscellaneous uses (National
Research Council/National Academy of Sciences, 1978).

Typical concentrations of sodium saccharin in food products are as follows: sugar sub-
stitutes, 13.5 mg/teaspoon sugar sweetening equivalent; carbonated soft drinks, 9.5 mg/
fluid ounce; still soft drinks, 5.5 mg/fluid ounce; jams and jellies, 4.5 mg/teaspoon;
chewing gum, 2.2 mg/stick.

It has been reported that saccharin itself (as opposed to its salts) has been used in the
sweetening of pharmaceutical tablets and in the processing of tobacco (Anon., 1963).

Industrial grade sodium saccharin is reportedly used as a brightener in nickel-plating
baths, as an antistatic agent in plastics and textiles, as a polymer modifier and accelerator
in photosensitive dispersions, and as a light fastness aid in nylon dyes {(The Sherwin-Williams
Co., 1977b)

It has been reported that before 1977 approximately 205 thousand kg of saccharin were
consumed in Canada annually for food and industrial uses (Canadian Health & Welfare
Department, 1977).

Consumption of saccharin and sodium saccharin in western Europe is estimated to be
in the range of 100-1000 and 1000-5000 thousand kg, respectively.

In Japan, saccharin is also used as a chemical intermediate for the fungicide probenazole,
which is used commercially in controlling rice blast (Yamada, 1975). Of the estimated 914
thousand kg of saccharin sodium used in Japan in 1978, approximately 60% was used in
foods and beverages and 40% in miscellaneous uses (e.g., industrial applications and pharma-

ceutical uses).

In the US, saccharin (including the calcium, sodium and ammonium salts) was approved
for use in foods under the 1958 Food Additives Amendment to the Food, Drug, and
Cosmetic Act. Under the provisions of this amendment, saccharin was included in those
substances that had been in use prior to 1958 and that had been accorded GRAS (generally
recognized as safe) status (National Research Council/National Academy of Sciences, 1978).
On 1 February, 1972, questions concerning the safety of saccharin prompted the US Food
and Drug Administration (FDA) to remove saccharin from GRAS status and to establish
the following interim food additive regulation. The use of saccharin and its sodium, calcium
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and ammonium salts as sweetening agents in food in the US is permitted, provideq the
amounts do not exceed the following: 12 mg per oz in beverages and in bases or mixes when
prepared for consumption in accordance with directions; 20 mg of additive (calculated a5
saccharin) for each expressed teaspoonful of sugar sweetening equivalency, as a sugar sub-
stitute for cooking or table use: and 30 mg per serving in processed foods, The additiveg
are intended for use in vitamin tablets, chewing gum and in nonstandardized bakery products
and must provide labelling, including the name of the additive, concentration (expressed as
saccharin) and adequate directions for use (US Food & Drug Administration, 1 977a, 1978),

On 7 January 1977, an amendment to the interim food additive regulation for saccharin
and its salts was proposed to establish a tolerance for 25 mg ortho-toluenesulphonamide per
kg saccharin (US Food & Drug Administration, 1977b).

In compliance with the Delaney clause of the amendment, which prohibits the use in
food of any ingredient shown to cause cancer in animals or man, the FDA published a pro-
posal to ban the food use of saccharin on 15 April1977 (US Food & Drug Administration,
1977c). Final regulations by the FDA are now pending additional study as a result of the
Saccharin Study and Labeling Act, passed by the US Congress in November 1977. The act
requires studies of the impurities and toxicity of saccharin, and of the health benefits, if any,
resulting from the use of non-nutritive sweeteners. It also requires certain labels and notices
for foods containing saccharin (effective 21 February 1978) and prohibits action restricting
the continued use of saccharin as a component of food, drugs and cosmetics for 18 months
(Anon., 1978; US Food & Drug Administration, 1978; US International Trade Commission,
1977a).

In 1977, the Joint FAO/WHO Expert Committee on Food Additives re-evaluated the
previously established unconditional acceptable daily intake (ADI) of 0-5 mg/kg bw and the
conditional ADI of 0-15 mg/kg bw for saccharin and established a temporary acceptable daily
saccharin intake of 0-2.5 mg/kg bw until further testing is completed (WHO, 1978).

On 29 March 1978, the Commission of the European Communities recommended to its
member states the temporary ADI of 0-2.5 mg/kg bw proposed by the Joint FAO/WHO
Expert Committee on Food Additives (Commission of the European Communities, 1978).

The regulatory status of non-nutritive sweeteners containing saccharin and/or cycla-
mates in various countries is outlined in the Appendix to the General Remarks on the Sub-
stances Considered, p. 39.
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ORTHO-TOLUENESU LPHCNAM IDE

(a) Production

ortho-Toluenesulphonamide was prepared in 1879 by Remsen and Fahlberg by: (1)
reaction of toluene with chlorosulphonic acid to produce ortho- and para-toluenesulphonyl
chlorides, and (2) separation of the ortho-isomer followed by treatment with ammonia to
form ortho-toluenesulphonamide (Remsen & Fahlberg, 1879). Essentially the same pro-
cedure is believed to have been used for its commercial production in the US and is still used
for its commercial production in Japan.

In the US, ortho-toluenesulphonamide was produced in commercial quantities from
1921 (US Tariff Commission, 1922) until 1975 (US International Trade Commission,
1977b); and an ortho,para-toluenesulphonamide mixture has been produced commercially
since 1939 (US Tariff Commission, 1940). Only one US company reported commercial pro-
duction of an undisclosed amount (see preamble, p. 20) of ortho-toluenesulphonamide in
1975 (US International Trade Commission, 1977b) and of ortho-, para-toluenesulphonamide
mixtures in 1977 (US International Trade Commission, 1978a).

In 1973, US imports of ortho,para-toluenesulphonamides through the principal US
customs districts were reported as 70.2 thousand kg ‘ortho,para-toluenesulphonamide’ and
77.1 thousand kg ‘ortho,para-toluenesulphonamide mixtures (Topcizer no.2)’ (US Tariff
Commission, 1974). In 1974, imports of the latter were reported to have been 18.6 thousand
kg (US International Trade Commission, 1976b). No imports have been reported in recent
years.

ortho-Toluenesulphonamide is believed to be produced commercially in ltaly and The
Netherlands; however, no information was available on the quantities produced.

ortho-Toluenesulphonamide has been prepared commercially in Japan since before
1945. In 1978, three Japanese manufacturers produced an estimated 3 million kg ortho-
toluenesulphonamide and about 2 million kg of the ortho,para-toluenesulphonamide
mixture.

(b) Use

Until 1972, ortho-toluenesulphonamide was used in the US as a chemical intermediate
for the commercial production of saccharin (US International Trade Commission, 1977a).
The ortho- and para-toluenesulphonamide mixture is used as a reactive plasticizer in hot-
melt adhesives to improve the flow properties of thermosetting resins (e.g., melamine, urea
and phenolic resins) and to impart flexibility to coatings based on resins made from casein,
shellac, zein and soya protein (Monsanto Industrial Chemicals Co., undated). This mixture
is also believed to be used as a carrier in fluorescent pigments.
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ortho-Toluenesulphonamide is used as a starting material for the commercial production
of saccharin in Japan, the Republic of Korea (US International Trade Commission, 1977a)
and the UK. In Japan, 60% of the ortho-toluenesulphonamide consumed is used as a
chemical intermediate for the commercial production of saccharin, and 40% (in the form of
the ortho- and para-toluenesulphonamide mixture) is used as a plasticizer and pigment
carrier.

The US Food and Drug Administration has classified the mixture of ortho- and para-
toluenesulphonamides as a safe component of adhesives used in articles intended for pack-

aging, transporting or holding food if used in quantities not exceeding the limits of good
manufacturing practice (US Food & Drug Administration, 1978).

(c) Occurrence

Saccharin, sodium and calcium saccharin and ortho-toluenesulphonamide do not occur
as natural products.

2.3 Analysis

Typical methods for the analysis of saccharin, sodium saccharin and calcium saccharin
are summarized in Table 2; methods for ortho-toluenesulphonamide are listed in Table 3.
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

132

3.1 Carcinogenicity studies in animals!
SACCHARIN AND SODIUM SACCHARIN
(a) Oral administration
Single-generation exposure

Mouse: Groups of 50 female Swiss mice received 0 or 5% saccharin made by the
Remsen-Fahlberg method (British Saccharin Sales Co. Ltd, UK) in the diet for 18 months,
at which time the survivors were killed. Average survival rates were not affected, and tumour
incidences were similar in tested and control animals. No pathological alterations were ob-
served macroscopically in the urinary bladder (Roe et a/., 1970) [The Working Group noted
that the urinary bladders were not examined histologically] .

As part of a multigeneration study, two groups, each of 50 male and 50 female Swiss
SPF mice were fed 0.5 or 0.2% saccharin made by the Remsen-Fahlberg method (Bayer
Farma NV, The Netherlands; containing 0.5% ortho-toluenesulphonamide) for up to 21
months. A concurrent control group of 50 males and 50 females received a standard diet.
At 18 months, 62, 64 and 66 animals were still alive in the groups receiving 0.5 and 0.2%
saccharin and in the control group, respectively. One control female developed an anaplastic
carcinoma of the bladder, and one male in the 0.2% saccharin group had a noninvasive
transitional-cell carcinoma of the bladder (Kroes et al., 1977) (see also ‘multigeneration
exposure’, p. 137).

1The Working Group was aware of completed but unpublished studies on the intra-
gastric administration and feeding of saccharin in the diet to mice; studies in progress
on the administration in the diet and drinking-water of sodium saccharin to mice; planned
studies on the feeding of sodium saccharin to rats; and completed but as yet unpublished
studies on the feeding of sodium saccharin to rats (IARC, 1979).
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Groups of 50 male and 50 female dde mice were fed saccharin made by the Remsen-
Fahlberg method (purity unspecified) at levels of 0, 0.2, 1.0 or 5% for 21 months. No
significant difference in tumour incidence was observed between the treated and untreated
groups (National Institute of Hygienic Sciences, 1973).

Groups of 25 male and female Charles River CD mice received sodium saccharin (Merck
Co. Ltd, USA & Monsanto Industrial Chemicals Co., USA) in the diet at levels of 0, 1 or 5%
for up to 2 years. The Monsanto product contained 345 mg/kg ortho-toluenesulphonamide.
Animals that died before 6 months were not examined, and survival times were not reported.
Animals were sacrificed when obvious tumours were seen or when they were moribund;
all survivors were killed at 2 years. All animals that survived 6 months or longer were ex-
amined grossly, and any tissues with abnormal changes were examined histologically; in
addition, all vital organs from at least 12 animals in each group were examined histologically.
Vascular tumours were seen with increased frequency in the experimental groups, while fung
tumours, hepatomas and lymphomas occurred with apparently equal incidence in control and
experimental groups. Any differences in incidence of tumours were not considered to be
significant and were reported to be absent in a duplicate experiment; however, no data on
the duplicate study were given (Homburger, 1978) [The Working Group noted the in-
adequate reporting of the experiment] .

Rat: Groups of 10 male and 10 female Osborne-Mendel rats received 0, 1 and 5%
saccharin (source and purity unspecified) in the diet for up to 2 years. Mortality in pooled
controls was 14% at 1 year and 68% at 2 years; surviving animals at 1 year were 7 males and
9 females in the O dose group, 10 males and 10 females in the 1% group and 9 males and 9
females in the 5% group; no data were given for 2-year survival rates. Seven/18 animals
(sex not specified) in the 5% group developed abdominal lymphosarcomas; 4 of the 7 also
had thoracic lymphosarcomas. Urinary bladders were not examined (Fitzhugh et a/., 1951)
[The Working Group noted the small number of animals in each group].

Groups of 20 male and 20 female Boots-Wistar rats were fed 0, 0.005%, 0.05%
or 5% saccharin made by the Remsen-Fahlberg method (Boots & Co., UK; purity unspeci-
fied) for 2 years. At 18 months, 15 male and 14 female controls, and 10 male and 10 female
rats at the highest dose level were still alive. No statistically significant differences in tumour
incidence were found between treated and control animals. Only five bladders, all from
animals in the highest dose group, were examined histologically. Urothelial hyperplasia was
found in 1 male and 1 female, and a bladder papilloma was found in another female. Bladder
parasites were not found (Lessel, 1971). .

Groups of 52 male and 52 female BD rats were fed 0, 0.2 or 0.5% sodium saccharin
made by the Remsen-Fahlberg method (Bayer-Werken AG, FRG; purity unspecified) for up
to 30 months, starting between 70 and 90 days of age (average total doses, 0, 83 and 210 g/
kg bw). Survival at 18 months was 55/104 controls, 50/104 animals treated with 0.2%
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saccharin and 41/104 animals treated with 0.5% saccharin; at 24 months survival was 6/104,
3/104 and 5/104, respectively. Sixteen percent of all animals had parasites (Strongyloides
capillaria) in the urinary tract. Benign and malignant mesenchymal tumours were found with
a similar frequency in all groups. No bladder tumours were observed (Schm’hl, 1973).

Groups of 60 male and 60 female Charles River CD rats were fed diets containing
sodium saccharin made by the Remsen-Fahlberg method (Daiwa Chemical Co. Ltd, Japan;
purity conformed to USP, BP & FCC specifications) for 26 months, to give daily intakes of
0, 0.09, 0.27, 0.81 or 2.43 g/kg bw. Saccharin treatment did not affect survival of female
rats: at 18 months, approximately 50% of the original animals were alive. In male rats,
survival was affected in a dose-related manner: thus, at 18 months about 80% of male con-
trol rats were alive, but only about 50% of those in the highest dose group survived. By
24 months about 10% of the animals were alive in all groups. A total of 4 transitional-cell
tumours of the bladder were found, one in a male and one in a female given 0.09 g/kg bw and
two in males fed 0.81 g/kg bw; an angiosarcoma of the bladder was found in a male control.
Bladder calculi were recorded, but there was no association between the presence of calculi,
saccharin treatment and/or bladder tumours. The animals were free from bladder parasites.
The combined incidences of lymphomas and leukaemias was 7/54 in males at the highest dose
of saccharin and 2/57 in untreated male controls (Munro et a/., 1975).

It was reported in an abstract that groups of 54-56 male Wistar rats were fed O or 2.5
g/kg bw per day sodium saccharin (source and purity unspecified) for up to 28 months. Ten
to 16 rats of each group were killed at 12 months, 11 of each group at 24 months and all sur-
vivors (number unspecified) at 28 months. No urinary bladder tumours were observed
(Furuya et al., 1975) [The Working Group noted the incomplete reporting of this experi-
ment] .

Groups of Charles River CD male and female rats of unspecified size received saccharin
(source and purity unspecified) by an unspecified route (in the diet; or by gastric intubation
thrice weekly) for 18 months, followed by a 6-month period of observation. A high inci-
dence of benign tumours of the pituitary and mammary glands was found in surviving con-
trols and experimental animals. Survival times, types of pathological examination, tumour
types and other important experimental details were omitted (Ulland et a/., 1973) [The
Working Group noted the inadequacy of this experiment] .

Groups of 25 male Charles River CD-1 rats received sodium saccharin (Merck Co. Ltd,
USA & Monsanto Industrial Chemicals Co., USA) in the diet at levels of O, 1 or 5% for up
to 2 years. The Monsanto product contained 345 mg/kg ortho-toluenesulphonamide. Animals
that died before 6 months were not examined, and survival times were not reported. Animals
were sacrificed when obvious tumours were seen or when they were moribund; all survivors
were killed at 2 years. All animals that survived 6 months or longer were examined grossly,
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and any tissues with abnormal changes were examined histologically; in addition, all vital
organs from at least 12 animals in each group were examined histologically. Tumours of the
urinary bladder, pituitary, breast and subcutaneous tissue were seen with equal incidence in
all groups (Homburger, 1978) [The Working Group noted the inadequate reporting of the
experiment]. Ova consistent with the presence of Trichosomoides crassicauda were found in
approximately one third of all urines examined from animals in the above experiment. Their
presence was not correlated with the occurrence of bladder lesions (Bio-Research
Consultants, Inc., 1973).

A group of 75 male and 50 female Wistar SPF rats received sodium saccharin made
by the Remsen-Fahlberg method and containing 698 mg/kg ortho-toluenesulphonamide
(Boots & Co., UK) in the drinking-water to give a daily intake of 2 g/kg bw saccharin.
Another group of 75 male and 75 females received 4 g/kg bw per day saccharin in the diet.
Controls were 55 males and 50 females. The males receiving saccharin in the drinking-water
were also given 1% ammonium chloride for 4 weeks then 0.5% for life, in order to correct
a treatment-associated rise in urinary pH. Of the male controls, 25 were given ammonium
chloride at the same concentrations. No treatment-associated change in urinary pH occurred
in either of the treated groups of females or in males receiving saccharin in the diet. The exp-
eriment was terminated after 2 years. Survival at 18 months was 49/65 male and 43/50
female untreated controls, 65/75 males and 44/50 females that received saccharin in the
drinking-water, and 55/75 males and 52/75 females fed saccharin in the diet. At 2 years,
37/55 male and 13/50 female controls, 49/75 males and 29/50 females receiving saccharin in
the drinking-water, and 12/75 males and 16/75 females fed saccharin in the diet were still
alive. {"ln control animals, the total tumour incidence was 1/52 in males and 9/46 in females.
In rats receiving saccharin in the drinking-water (2 g/kg bw/day), incidence was 11/71 in
males and 10/44 in females; while in rats fed saccharin (4 g/kg bw/day), it was 10/70 in
males and 7/68 in females.' Transitional-cell carcinomas of the urothelium were not seen
in male or female controls, but accounted for 1/71 in males (in the ureter) and 1/44 in
females (in the renal pelvis) in rats receiving saccharin in the drinking-water, and 3/70 in
males (all in the bladder) and 0/68 in females in the saccharin-fed group. (The incidence of
lymphosarcomas and/or leukaemia was 0/52 in males and 0/46 in female controls, 4/71 in
males and 1/44 in females given saccharin in the drinking-water, and 2/70 in male and 1/68 in
female saccharin-fed rats.” One Leydig-cell tumour was found in each of the saccharin-treated
groups of males, but none occurred in the testes of untreated male controls. There was a
treatment-associated increase in microcalculi within the renal tubules of male (but not
female) saccharin-treated rats, with an incidence of 2/52 in controls, 30/71 in males given
saccharin in the drinking-water and 16/70 in saccharin-fed males. The animals were free from
bladder parasites (Chowaniec & Hicks, 1979). '

Groups of 50 male and 50 female 30-day old Charles-River CD rats were fed either a
control diet or a diet containing 5% sodium saccharin prepared by the Maumee process
(The Sherwin-Williams Co., USA) and free of ortho-toluenesulphonamide. Survival was not
affected by treatment. Bladder tumours (benign and malignant) were observed in 1/36
control males and in 7/38 male rats fed saccharin which survived 87 weeks or more (the time
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at which the first tumour was observed (P=>0.05). In addition, 1 treated male and 2 treated
females had urothelial tumours of the kidney pelvis and 1 treated male had a urethraj
tumour; no other urothelial tumours were observed in controls. The incidence of bladder
calculi was not related to treatment or to tumour incidence. The animals were free of
bladder parasites (Arnold et a/., 1977,1980) [The experiment was part of a two-generation
study, see p. 138].

A group of 50 female Wistar rats were given 2.0 g/kg bw per day sodium saccharin made
by the Maumee process (The Sherwin-Williams Co., USA) in the diet for 2 years. A group of
63 animals served as controls. At week 84, 50/63 controls and 37/50 saccharin-fed rats were
still alive. Overall tumour incidences were similar in the two groups; no bladder neoplasms
occurred in either group. Mild focal urothelial hyperplasia was seen in one rat fed saccharin.
The animals were free from bladder parasites (Hooson et a/., 1980) [The Working Group
noted that the animals were not started on the test at weaning but had been fed a normal diet
for several weeks prior to the start of the study]. '

Hamster: Groups of 30 male and 30 female random-bred Syrian golden hamsters
received saccharin made by the Maumee process (Sigma Chemical Co., USA) at levels of
0, 0.156, 0.312, 0.625 and 1.25% in drinking-water for their natural lifespan. The highest
dose level used in this study was the maximum tolerated dose as determined in an 8-week
study. The average daily consumption ranged from 44 mg/animal given the 0.156% level
to 353 mg/animal given the 1.26% level. The mean survival time was 50-60 weeks in all
groups. Pathological changes as well as distribution and histological types of neoplasms were
within the range of tumours that occur commonly in hamsters in this colony (Althoff et a/.,
1975).

Monkey: In an abstract, it was reported that sodium saccharin made by the Remsen-
Fahlberg method (Squibb Co., USA, containing 2.4 mg/kg ortho-toluenesulphonamide; and
Pfaltz & Bauer, Inc., USA, containing 3.2 mg/kg ortho-toluenesulphonamide) (Coulston
et al., 1975) was given orally at doses of 20, 100 or 500 mg/kg bw per day on 6 days a week
to groups of 2, 2 and 3 Macaca mulatta (rhesus) monkeys of each sex, respectively. Three
animals of each sex served as controls. After 79 months on this regime, 6 male and 6 female
monkeys remained in the treated groups; at this time all remaining monkeys were autopsied.
Histopathological examination revealed no abnormal pathology in the urinary bladder,
kidneys or testis in those surviving the treatment or in those that died during the test
(McChesney et al., 1977).

In a study in progress, now in its ninth year, 10 monkeys of 4 different strains are fed
25 mg/kg bw per day sodium saccharin (Fisher Scientific, USA; ‘purified’; method of manu-
facture unspecified) on 5 days per week. Clinical observation has failed to demonstrate any
evidence of gross neoplasia; none of the animals have died (Sieber & Adamson, 1978) [The
Working Group noted the fact that this study is not yet completed] .

e R e i i
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Multigeneration exposure

In these studies, animals of each sex of the parent (Fo) generation were fed saccharin
from weaning (or very soon after weaning) throughout both pregnancy and the preweaning
of their offspring. The offspring were placed on the same diet as their parents for their entire
lifespan; thus, their exposure to saccharin was increased by comparison with that of the Fo
generation, by the length of the gestation and suckling periods.

Mouse: Saccharin containing 0.5% ortho-toluenesulphonamide (Bayer Farma NV, The
Netherlands) was fed to groups of Swiss SPF mice in a multigeneration study for life at levels
of 0, 0.2 and 0.5% in the diet. The Fo' F3b and F6a generations, consisting of 50 males and
50 females, were used to test the compound for carcinogenicity. The experiments were ter-
minated at 21 months. The survival rates at 18 months were: 66, 62, 64 (Fo: control, 0.5%,
0.2%): 61, 54, 53 (F3b: control, 0.56%, 0.2%); and 67, 48, 54 (F6a: control, 0.5%, 0.2%).
Histopathological examination showed that pathological alterations were equally distributed
throughout the control and experimental groups. Two male mice, one of the F generation
receiving 0.2% saccharin and one of the F3b generation receiving 0.5% saccharin, developed
transitional-cell carcinomas of the bladder at 20.5 months. One female control mouse of the
Fo generation had an anaplastic carcinoma of the bladder at 20.5 months (Kroes et al.,
1977).

Rat: Groups of 20 male and 20 female weanling Sprague-Dawley rats of the F,
generation were fed sodium saccharin made by the Remsen-Fahlberg method (source un-
specified) at levels of 0, 0.05, 0.5 and 5% of the basal diet for up to 100 weeks. Of F,
males, 12, 10, 11 and 15 in the respective dosage groups survived to 80 weeks, by comparison
with 16, 14, 14 and 19 F females. Seven transitional-cell carcinomas of the urinary bladder
developed, all in F, males on the 5% saccharin diet (P=0.001). The presence or absence of
bladder parasites was not recorded. The total numbers of tumour-bearing animals were: at
0%, 2 males and 8 females; at 0.05%, 1 male and 6 females; at 0.5%, 1 male and 5 females;
and at 5.0%, 7 males and 13 females (Tisdel et a/., 1974).

Groups of 48 male and 48 female Charles River CD rats of the F, generation were fed
dietary levels of 0, 0.01, 0.1, 1.0, 5.0 or 7.5% sodium saccharin (method of production and
source unspecified) for 28 months. Their parents had been fed the same diet from weaning.
There were no significant differences in survival between treated and control animals. Al-
though no difference in bladder cancer incidence was found between F, males fed 5% sacc-
harin (1/21) and the F, controls (1/25) surviving beyond 18 months, 6/23 F, male rats fed
7.5% saccharin developed transitional-cell carcinomas of the bladder. This result was signifi-
cantly different from that in controls [P=0.018] . There was no apparent correlation between
tumour incidence and presence of bladder stones. The bladders were reported to be ‘free of
visible parasites’ (Taylor & Friedman, 1974; US Department of Health, Education, &

Welfare, 1973a, b)
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Groups of 50 male and 50 female 30-day old Sprague-Dawley rats were fed either
a control diet or a diet containing 5% sodium saccharin continuously for life. The saccharin
was prepared by the Maumee process (The Sherwin-Williams Co., USA) and was free of
ortho-toluenesulphonamide. After 3 months on test the animals were mated on a one-to-
one basis. All litters were culled to 8 pups ( 4 males and 4 females) 4 days post-partum
in a random manner. The pups were weaned onto their parents’ diet, and 50 males and 50
females from each group were randomly selected to constitute the second generation.
Survival in the offspring (F1 generation) was not affected by treatment. Of the F. gen-
eration animals surviving 67 weeks or longer, at which time the first tumour was observed,
none of the 42 male controls but 12 of the 45 saccharin-treated males had developed bladder
cancer [P=0.002]. In addition, 1 male had a urethral tumour, and 2 of the 49 surviving
females fed 5% sodium saccharin also had biadder cancers. Although urinary bladder calculi
were noted occasionally, the incidence of these calculi was not related to the saccharin treat-
ment nor were they associated with the tumours. The animals were free of bladder parasites
(see also p.136)(Arnold et a/., 1977, 1980).

(b) Skin application

Mouse: A total dose of 0.24 g saccharin, made by the Remsen-Fahlberg method (British
Drug Houses, UK) as an 8% solution in acetone was applied thrice weekly to the skin of ‘S’
strain mice. Twenty-five days after starting the treatment, the animals were given 18 weekly
applications of 0.17% croton oil in acetone. At the end of the croton-oil treatment, a total of
14 skin tumours were observed in 7 of the 20 saccharin-treated animals, by comparison with
4 papillomas in 4 of 19 controls treated with croton oil only. The increase was not statisti-
cally significant (Salaman & Roe, 1956).

(c) Intraperitoneal administration

Mouse: In a test system designed as a short-term whole animal bioassay in which the
development of lung tumours was used as an indication of carcinogenicity, groups of 20
female A/He mice were injected intraperitoneally with 0.1 ml of saccharin (Monsanto
Industrial Chemicals Co., USA; purity unspecified) in water, three times a week for 8 weeks.
Two dose levels were used, to give total doses of 78 a/kg bw (approx. 3.3 g/kg bw per day)
and 15.6 g/kg bw (approx. 0.6 g/kg bw per day). The experiment was terminated after 21
weeks. As controls, 30 females were given water intraperitoneally three times a week for 8
weeks and killed after 24 weeks. Saccharin was negative as assessed by the pulmonary tumour
response (Stoner et al., 1973) [The Working Group noted the limitations of a negative result
obtained from this test system, see General Remarks on the Substances Considered, Vol. 20,
p. 34].

(d) Other experimental systems
Bladder insertion (implantation): Saccharin (source and purity unspecified) (2 mg) was

mixed with 4 times its weight of cholesterol. Pellets (9 - 11 mg) containing saccharin were
then inserted into the urinary bladder lumina of 20 ‘stock’ mice (sex and age unspecified).



SACCHARIN 139

An identical group composed of 28 mice received 9-11 mg pellets of cholesterol. The experi-
ment lasted 52 weeks. Of mice that lived 30 weeks, 4/13 saccharin-treated and 1/24 control
animals developed bladder cancer (P=0.01) (Allen et a/., 1957).

Sodium saccharin (analytically pure; Abbott Laboratories, USA) (4-5 mg) was mixed
with 4 times its weight of cholesterol. Pellets {20-24 mg) containing sodium saccharin were
then inserted into the urinary bladder lumina in 2 separate trials using groups each composed
of 100 female Swiss mice aged 60-90 days. Ninety-nine percent of the sodium saccharin
disappeared from the pellet within 1.5 days. lIdentical groups received 20-24 mg pellets of
pure cholesterol. The experiment lasted 56 weeks. Only the bladders of animals surviving
more than 25 weeks were examined microscopically. The first urinary bladder carcinoma
was seen in a saccharin-treated animal 42 weeks after surgical insertion. The overall inci-
dences of bladder carcinomas were 31/66 (trial 1) and 33/64 (trial 2) in saccharin-treated
mice as compared with 8/63 (trial 1) and 5/43 (trial 2) in animals exposed to pure cholesterol
pellets (P<0.001). The carcinomas in saccharin-exposed mice were more frequently multiple
and invasive (P<0.009). They were composed of cells with a high mitotic index and ex-
hibited more squamous or glandular metaplasia than was found in tumours in control
animals. No other tissues demonstrated a tumour incidence deviant from the rate seen in con-
trol mice (Bryan et al., 1970) (cf. sodium cyclamate, p. 74 ).

fe) Administration in conjunction with known carcinogens

Benzo([a]l pyrene (BP): Groups of 50 female Swiss mice received an initial single gastric
instillation of 0.2 ml polyethylene glycol either alone or containing 50 ug BP (purities un-
specified). Seven days later, the test diet, containing 5% saccharin (British Saccharin Sales
Co. Ltd, UK; purity unspecified) was fed for 72 weeks. Average survival rates were not
different from those in controls. Although mice treated with BP showed an increased inci-
dence of tumours of the forestomach (20/61), saccharin did not enhance the occurrence
(10/32). Hepatocellular adenomas, pulmonary neoplasms and malignant lymphomas occur-
red with similar frequencies in all groups. No pathological alterations were observed macro-
scopically in the urinary bladder (Roe et a/., 1970) [The Working Group noted that BP is not
organotropic for the bladder and that the urinary bladders were not examined histologically] .

2-Acetylaminofiuorene (AAF): Two groups of 12 Horton Sprague-Dawley female
rats were fed a diet supplemented with 300 mg AAF/kg of diet for 40 weeks. The test group
received in addition 5% sodium saccharin (Abbott Laboratories, USA) in the diet. Eleven of
the 12 AAF-fed controls developed palpable mammary and ear-duct tumours in the 40-
week period, compared with 6/12 rats fed AAF plus saccharin. In addition, liver tumours
were observed in both groups but they were smaller and less malignant in the saccharin-fed
animals. Microscopic examination of the urinary bladders indicated that the mucosal lining
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was hyperplastic in all rats fed AAF and was particularly so in those fed AAF plus saccharin;
one animal in the test groups exhibited squamous metaplasia and precancerous changes of
the mucosal epithelium. No malignant lesions of the urinary bladder were observed in any
of the rats (Ershoff & Bajwa, 1974) [The Working Group noted the inadequate number of
animals and the fact that food consumption was not measured, so that it was not possible to
assess the intake of AAF or saccharin].

N-Nitroso-N-methylurea (NMU): A group of 50 female Wistar SPF rats, 6-8 weeks of
age, were pretreated with 1.5 mg NMU, then 2 days later were administered 4 a/kg bw per
day sodium saccharin (Boots Co., UK; Remsen-Fahlberg, containing an average of 698 mg/
kg ortho-toluenesuiphonamide) in the drinking-water for life or up to 2 years; 50 further
females were pretreated with 2 mg NMU and then fed 2 g sodium saccharin/kg bw per day
in the diet. NMU (purity unspecified) was dissolved in 0.9% sodium chloride (pH 7.0) and
instilled into the bladder. Control groups consisted of 55 male and 50 female untreated
rats, 75 males and 50 females given 2 g sodium saccharin /kg bw per day in drinking-water
and 75 males and 75 females fed 4 g sodium saccharin/kg bw per day in the diet. For con-
current NMU controls, 85 males and females were given 1.5 mg NMU, and 50 were given 2
mg NMU and maintained on a saccharin-free diet for 2 years. The incidences of transitional-
cell neoplasms of the bladder in surviving animals whose bladders were examined histologi-
cally were: untreated controls, 0/52 males and 0/46 females; lower dose of sodium sacc-
harin alone in drinking-water, 0/71 males and 0/44 females; higher dose of sodium sacch-
harin alone in diet, 3/70 males and 0/68 females; NMU-treated males and females (1.5 and
2.0 mg) 0/124; NMU followed by the lower dose of sodium saccharin in drinking-water,
23/49 females (47%; P<0.0005); NMU followed by the higher dose of sodium saccharin in
the diet, 27/47 females (52%; P<0.0005). The first bladder tumour was seen after 95
weeks in the saccharin-fed control group and after 8 weeks in the NMU-initiated and sacc-
harin-treated test groups. The animals were free from bladder parasites (Chowaniec &
Hicks, 1979; Hicksetal., 1978).

A single dose of 2 mg NMU (German Cancer Research Center, FRG) was instilled into
the urinary bladder of female Wistar rats (AF-Han strain) (weighing 195 g). Thereafter, 50
animals were given 2% saccharin (The Sherwin-Williams Co., USA; purity unspecified) in
the diet, increased after 10 weeks to 4%, for life (1.4-2.5 g/kg bw per day). Control groups
consisted of 100 untreated female rats, 50 females receiving NMU alone and 50 females re-
ceiving distilled water. A further group of 50 female rats treated with NMU were given
3% calcium carbonate in the diet instead of saccharin. Survival at two years was: controls,
59/100; water controls, 28/50; NMU-treated, 13/50; NMU + calcium carbonate-treated,
15/50; and NMU + saccharin-treated, 14/50. In the NM U-treated groups, the first tumour
of the urinary bladder was found after 14 weeks. Urethelial neoplasms (benign and mali-
gnant) occurred in the renal pelvis, ureter and urinary bladder. The overall incidences of
urinary tract tumours were 57% (NMU only; survival 76 + 29 weeks), 656% (NMU + sacc-
harin; survival, 78 * 25 weeks) and 65% (NMU + calcium carbonate; survival, 86 + 23
weeks). In the renal pelvis, frequencies were 28, 57 and 43%; the ureter showed incidences
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of 17, 12 and 11%; and the urinary bladder had frequencies of 39, 31 and 39%, respectively.
Calcifications in the urinary tract, including stone formation, were similar in all treated
groups, including water controls; they did not correlate with tumour occurrences. In the un-
treated controls, as well as in controls receiving a water instillation into the urinary bladder,
a tumour of the urinary tract was found. The presence or absence of bladder parasites was
not reported (Mohr et al., 1978) [The Working Group noted that many tumours were
found and that the animals were heavier than those used in the experiment by Hicks et al.,

1978].

~ Three groups of 63 female Wistar rats were pretreated with 0.15 ml of a saturated solu-
tion of NMU (purity unspecified) in saline instilled into the bladder. Two weeks later, rats
were given 0 or 2.0 g/kg bw per day sodium saccharin in the drinking-water for 2 years ;
one group received saccharin prepared by the Maumee process (The Sherwin-Williams Co.,
USA) and the second group received saccharin prepared by the Remsen-Fahlberg method
(Boots Co., UK) containing 40 mg/kg ortho-toluenesulphonamide. At week 84, 22 controls,
43 animals given ‘Maumee’ sodium saccharin, and 37 rats given ‘Remsen-Fahlberg’ sodium
saccharin had died. An increase in the number of proliferative bladder lesions occurred in
animals treated with NMU plus saccharin. The incidence of bladder neoplasia was not sig-
nificantly different in the saccharin-treated groups, but the latent period was shorter (65 and
52 weeks versus 87 weeks). The animals were free from bladder parasites (Hooson et al.,
1980) [The Working Group noted that the animals were not started on the test at weaning
but had been fed a normal diet for several weeks prior to the start of the study].

N-[4-(5-Nitro-2-fury/)-2-th/'azoly/ ] formamide (FANFT): Male Fischer rats, 4-weeks-old
at the start of the experiment, were treated as follows: Group 1, 0.2% FANFT (Sober
Laboratories, USA) in powdered diet for 6 weeks, followed immediately by 5% sodium
saccharin (Sigma Chemical Co., USA; containing <0.03 mg/kg ortho-toluenesulphonamide)
in powdered diet for 83 weeks, then standard diet; Group 2, pretreatment with FANFT as
Group 1, followed by 6 weeks on standard diet, then 5% sodium saccharin diet for 77 weeks,
then standard diet; Group 3, normal diet for 6 weeks, followed by 5% sodium saccharin
diet for 83 weeks, then standard diet; Group 4, pretreatment with FANFT as Group 1,
followed by standard diet for 98 weeks; and Group 5, untreated controls fed standard diet
for 104 weeks. Each group consisted of 20 animals, apart from the control group which had
42 animals. The experiment was terminated after 104 weeks, at which time 6/20, 9/20,
19/20, 16/20 and 27/42 animals survived in groups 1-5, respectively. The incidences of uro-
thelial carcinomas were 18/19 and 13/18 in the FANFT plus saccharin groups, 0/20 in the
group receiving saccharin alone, 4/20 in the group receiving FANFT alone, and 0/42 in the
untreated controls. In addition, 1/19 animals in Group 1 and 1/18 in Group 2 (FANFT plus
saccharin-treated animals) had urinary bladder sarcomas, and 1/20 in Group 4 (FANFT only)
had a bladder papilloma. The presence or absence of bladder parasites was not reported

(Cohen et al., 1979).
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SACCHARIN/CYCLAMATE MIXTURES

(a) Oral administration
Single-generation exposure

Rat: Two groups of 52 male and 52 female Sprague-Dawley rats, between 70 and 90
days of age, were given a 10:1 mixture of sodium cyclamate:sodium saccharin (Bayer-Werken
AG, FRG) daily in the diet for up to 30 months. The cyclamate in the mixture contained
less than 4 mg/kg cyclohexylamine; no information on the purity of the saccharin was
given. The mixture was administered at doses of 2 and 5%. An identical group served as con-
trols. At 24 months, approximately 10% of the initial number of animals were still alive.
Except for the occurrence of bladder parasites (Strongy/oides capillaria) in 16% of animals,
all examinations were negative. A similar frequency of benign neoplasms occurred in all
groups (fibromas, fibroadenomas or adenomas of the mammary gland in females and thy-
momas in males) (Schmihl, 1973).

It was reported in an abstract that 2 groups of 54-56 Wistar rats received 0 or 2.5 a/kg
bw per day of a mixture of sodium cyclamate:sodium saccharin (10:1) (source and purity
unspecified) in the diet for 28 months. Ten to 16 rats of each group were killed at 12 -
months, 11 at 24 months and all survivors at 28 months. No treated or control animals
developed tumours of the urinary bladder (Furuya et al., 1975) [The Working Group noted
the incomplete reporting of this experiment] . '

Groups of 35 male and 45 female FDRL strain Wistar-derived weanling rats were fed a
10:1 mixture of sodium cyclamate:saccharin (Abbott Laboratories, USA; purity and method
of manufacture unspecified) in the diet at doses of 0, 500, 1120 and 2500 mg/kg bw per day
for 2 years. From week 79 the original dose groups were split, and 50% of the survivors in
each group, except the untreated controls, received in addition cyclohexylamine hydro-
chloride in the diet. The 500 mg group received 25 mg, the 1120 mg group 56 mg, and the
2500 mg group received 125 mg cyclohexylamine/kg bw per day. Mortality rates were
similar in control and test groups. Treatment-related pathological changes were seen only in
the kidney and bladder. Pelvic hyperplasia was observed more often in the treated groups
(8/80, 21/80 and 16/80, as compared with 3/80 in controls). Among animals surviving more
than 49 weeks, 9/25 male and 3/35 female rats at the 2500 mg/kg bw dose, compared with
0/35 male and 0/45 female controls, developed transitional-cell carcinomas of the urinary
bladder. Of these, 3 male and 2 female rats had received cyclohexylamine. Two of the
bladder carcinoma-bearing animals had calculi; 18 rats at this dose level had nonmalignant
proliferative bladder lesions. In the lower dose groups, nonmalignant proliferative lesions
were found, but their incidence was not significantly higher than that in controls. Renal cal-
cification was seen in 7/12 rats with bladder carcinomas; Trichosomoides crassicauda in-
fection was present in one rat with bladder cancer and 4 rats with non-neoplastic proliferative
lesions at the highest dose level, in 4 given the 1120 mg/kyg dose, in 2 given the 500 mg/kg
dose and in 5 control animals (Oser et a/., 1975; Price et a/., 1970).
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Multigeneration exposure

Mouse: Ina muitigeneration study, a 10:1 mixture of sodium cyclamate:saccharin (5 or
2% and 0.5 or 0.2%, respectively; Bayer Farma NV, The Netherlands) was fed continuously
to Swiss SPF mice over 6 generations. The saccharin contained 0.5% ortho-toluenesulphona-
mide: the cyclamate contained 2.1 mg/kg cyclohexylamine. The Fg (parental) , F3b and
F6a generations, consisting of 50 males and 50 females each, were used for the carcino-
genicity studies and were treated for 84 weeks. Pathological alterations and urinary bladder
calculi occurred with similar frequencies in control and treated groups. Four neoplasms of
the urinary bladder occurred: three anaplastic carcinomas (1 in a female control of the Fo
generation and 2 in females of the Fo and F6a generations fed 0.2% saccharin plus 2%
cyclamate) and one papilloma (in a male of the F6a generation given 0.2% saccharin and 2%
cyclamate). The mean latent period was more than 80 weeks (Kroes et a/., 1977).

ORTHO-TOLUENESULPHONAMIDE
(a) Oral administration

Rat: In a two-generation study, groups of Charles River CD rats (30 days old) were fed
one of the following diets with tap-water ad Jibitum: control; 2.5, 25 or 260 mg/kg bw per
day ortho-toluenesulphonamide; or 250 mg/kg bw per day ortho-toluenesulphonamide with
1% ammonium chloride in the drinking-water. The ortho-toluenesulphonamide (Monsanto
Industrial Chemicals Co., USA) was more than 99.9% pure. Each group contained 50
males and 50 females, except for the group receiving ammonium chloride in the drinking-
water, which comprised 40 males and 38 females. The Fg animals were started on test at 32
days of age. After 3 months on test, the animals were mated on a one-to-one basis; all litters
were culled to 8 pups (4 males and 4 fernales) 4 days post partum in a random manner. The
pups were weaned onto their parents’ diet, and 50 males and 50 females from each group
were randomly selected to constitute the second generation (F ). The two generations
remained on test for 30 (Fl) and 32 (Fg) months. The animals were free of bladder para-
sites. Rats from both generations fed diets providing 250 mg/kg bw or 250 mg/kg bw plus
1% ammonium chloride in the drinking-water had lowered feed consumption. There were no
treatment-related effects associated with longevity. The numbers of bladder tumours (all of
which were benign) were: in the Fg generation males - 1 in a control and 1 in each of the 2.5
and 250 mg/kg bw per day ortho-toluenesulphonamide groups; females - 1 in the 2.5 mg/kg
bw group; in the F, generation females - 2 in the 2.5 mg/kg bw group (Arnold et al., 1977,
1980).

Groups of 38 male and 38 female Sprague-Dawley rats, 3 months of age, were ad-
ministered daily doses of 0, 20 or 200 mg/kg bw ortho-toluenesulphonamide (source and
purity unspecified) for lifetime by adjusting concentrations added to the diet. Average sur-
vivals were 700 days for controls, 770 days for low-dose and 840 days for high-dose animals.
The total incidences of malignant tumours were no different in treated groups compared with
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controls. Lymphosarcomas developed in 7/71 controls, 10/76 low-dose and 10/76 high-
dose animals. In addition, 3/76 leukoses occurred at the high dose and 5/75 at the low dose,
compared with 0/71 in controls. In high-dose animals, 1/76 carcinoma and 4/76 papillomas
of the bladder were found after 759-996 days [P=0.03]; in low-dose rats, 3/75 papillomas
of the bladder occurred after 539, 766 and 873 days. No bladder tumours occurred in 71
controls (Schmahl, 1978) [ The presence or absence of bladder parasites was not recorded
and the sexes of animals with bladder tumours were not specified] .

Three groups of 50 or 63 female Wistar rats were administered ortho-toluene-
sulphonamide (Monsanto Industrial Chemicals Co., USA; pure) at levels of 0 or 0.1% in
the drinking-water or 90 mg/kg in the diet for 2 years. Survival was similar in all groups at 84
weeks. No difference in overall tumour incidence was observed between control and test
groups. No bladder tumours were observed in any group. Mild diffuse urothelial hyperplasia
was found in 1/50 rats fed ortho-toluenesulphonamide in the diet (Hooson et a/., 1980).

(b) Administration in conjunction with known carcinogens

N-Njtroso-N- methylurea (NMU): Three groups of 63 female Wistar rats were treated
with a single intravesicular dose of 0.15 ml of a saturated solution of NMU in saline. Two
weeks later, ortho-toluenesulphonamide (Monsanto Industrial Chemicals Co., USA; pure)
was administered at levels of 0, 0.08 mg/kg bw in the diet or 0.1% in the drinking-water
for 2 years. Survival was similar in all groups at 84 weeks. No difference in overall tumour
incidence was seen between control and test groups. Neoplasia and hyperplasia of the
bladder occurred in 27% and 35%, respectively, of rats in the NMU control group. No
statistical increase in bladder neoplasia or hyperplasia was observed in groups given NMU and
ortho-toluenesulphonamide (Hooson et a/., 1980).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects
Saccharin and its salts

The LD, values for sodium saccharin by oral administration are: mice, 17.5 g/kg bw;
random-bred rats, 17 g/kg bw; Wistar rats, 14.2 g/kg bw (Taylor et a/., 1968); hamster,
8.7 and 7.4 g/kg bw, in males and females, respectively (Althoff et a/., 1975). The LD,,
by i.p. injection is: mice, 6.3 g/kg bw; random-bred rats, 7.1 g/kg bw (Taylor et a/., 1968).

Addition of 0.5% sodium saccharin to the diet reduced the growth rate of rats over a

38-day period. The feeding of 0.065 g/kg bw per day sodium saccharin to dogs for 11
months produced no toxic effect other than occasional stool softening (Taylor et a/., 1968).
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Addition of 2% sodium saccharin to the diet of dogs for 16 weeks or of rats for 13 weeks
had no noticeable toxic effects (Kennedy et a/., 1976). Hamsters given 1.25% saccharin for 8
weeks in their drinking-water showed no toxic effects (Althoff et a/., 1975). Administration
of 1% sodium saccharin in drinking-water and/or 5% in food decreased weight gain and
caused death in rats fed reduced food rations (Strouthes, 1978).

Administration to rats of 2 g/kg bw per day sodium saccharin in the drinking-water
or of 4 g/kg bw per day in the diet reduced weight gain markedly; fluid intake was increased
in the latter group and decreased in the former. The urinary pH of males of the first group
rose above 7.0 after 27 weeks, and some animals showed marked crystalluria. These pH
changes were reversible. The most important treatment-related findings were increased in-
cidences of microcalculi and telangiectasia of the vasa recta in kidneys, of renal pelvic hyper-
plasia , of extramedullary haematopoiesis and of hepatic zonal necrosis. Hyperplasia of the
biladder epithelium occurred earlier in animals of the second group (Chowaniec & Hicks,

1979).

In a six-generation experiment with Swiss mice receiving 0.2 or 0.5% saccharin (con-
taining 0.5% ortho-toluenesulphonamide) in their diet, no effect on weight gain and no
histopathological alterations due to treatment were found in jong-term studies (21 months)
performed with the 1st, 3rd and 6th generations (Kroes et al., 1977).

Saccharin is a competitive inhibitor of glucose-6-phosphatase in vitro (Lygre, 1974,
1976) and inhibits guanylate cyclase (Vesely & Levey, 1978). It also inhibited the induction
of liver tryptophan oxygenase (Sabri et a/., 1969). ~

Chronic feeding of 7.5% sodium saccharin in the diets of rats inhibited epithelial DNA
synthesis in the urinary bladder (Lawson, 1978).

ortho-Toluenesulphonamide

The LD, , by oral administration in rats is about 2 g/kg bw (Schméhl, 1978).

Teratogenicity and embryotoxicity

No effects on reproduction were observed in 20 mice receiving 194 ma/kg bw
saccharin daily for 180 days (Lehmann, 1929). Oral doses of up to 600 mg/kg bw per day
saccharin or its sodium salt given over the total organogenesis phase have not been found
to induce malformations or other embryotoxic effects in mice (Lorke, 1969), rats (Fritz
& Hess, 1968 ; Lessel, 1971) or rabbits (Klotzsche, 1969; Lessel, 1971).
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Feeding of male and female mice for 10 weeks with a diet containing 1% sodium sacc-
harin, corresponding to a daily intake of about 2000 mg/kg bw, had no effect on their fer-
tility when subsequently mated and caused no biologically important increase in pre-implan-
tative or post-implantative losses (Lorke & Machemer, 1975).

Multigeneration experiments, including studies on reproductive capacity and perinatal
development, and teratological studies, performed with Swiss mice receiving 0.2 or 0.5%
saccharin in the diet revealed no pathological effects (Kroes et al., 1977).

Tanaka (1964) reported that saccharin is about 100 times more toxic to fetal than
to adult mice; however, these data appear to contradict all other results. Serious doubts
have been raised about the validity of Tanaka’s data and his experimental approach (Lorke,
1969), and Tanaka et a/. (1973) could not confirm his earlier findings.

It was reported in an abstract that in a three-generation reproduction study with Charles
River CD rats, average weaning weights were decreased compared with controls in litters from
parents that received 5 or 7.5% sodium saccharin in the diet, but survival was not affected.
Other reproductive indices showed scattered variations, but were not consistent over all
generations (Taylor & Friedman, 1974).

It was reported in an abstract that no significant increase in fetal deaths, number of
resorptions or drug-induced teratogenic effect was found in hamsters administered 10 and
100 g/day of calcium saccharin or a mixture of calcium saccharin and calcium cyclamate
{‘Sucaryl’) during pregnancy. A decrease in litter size was seen in rats given the highest dose.
No decrease in survival from birth to weaning was seen in either hamsters or rats (Adkins et
al., 1972).

No evidence of a primary embryotoxic effect was seen in Wistar rats treated with 0.4%
sodium saccharin [meeting the standards established in the Federal Republic of Germany
(see section 1.4)] for 20 days after mating; histological examination revealed no ocular
damage at term or at the age of 3 weeks. Impurities were not tested (Luckhaus & Machemer,
1978).

While the majority of investigators found no abnormalities in animals treated with
saccharin during pregnancy, Lederer (1977) and Lederer & Pottier-Arnould (1973) reported
morphological changes of the eye lens and increased embryonic mortality in offspring of
pregnant Wistar rats fed 0.3 and 3% saccharin in the diet. Lederer (1977) concluded that the
anomalies found were due to impurities in commercial saccharin synthesized by the Remsen-
Fahlberg method, since the anomalies did not occur in animals treated with saccharin made
by the Maumee procedure. The contaminating compounds of the saccharin produced by the
Remsen-Fahlberg method, when tested separately, also induced ocular changes. ortho-
Sulphobenzoic acid was most active when added to feed at a level of 0.1%; ortho-sulpha-
moylbenzoic acid and ammonium-ortho-sulphobenzoic acid at dietary levels of 0.1% also
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increased the incidence of both ocular abnormalities and mortality over that seen in controls;
and ortho-toluenesulphonamide was almost inactive. Lederer reported that a few ocular
abnormalities also occurred in his controls [The possibility of histological artefacts has not
been ruled out]. Lederer & Pottier-Arnould (1969) found an increased mortality in the off-
spring of mice given 5% saccharin in their diet.

It was reported in an abstract that no toxicological changes were noted in dogs that
received 0.5-1.5 g/kg bw per day of a 10:1 combination of sodium cyclamate:sodium sacc-
harin [corresponding to daily doses of 45-140 mg/kg bw sodium saccharin] during preg-
nancy or in their offspring that received the same dose up to the age of one year (Fancher
et al., 1968).

Absorption, distribution, excretion and metabolism

Saccharin

14 c.Saccharin administered by i.v. infusion to 5 rhesus monkeys (4 ug/kg bw per min
for 60 min) in the last trimester of pregnancy crossed the placenta rapidly and was distri-
buted in all fetal tissues except the central nervous system. At the end of the infusion
period, fetal blood levels were approximately 30% of maternal values. In contrast to the
maternal organism, in which radioactivity decreased quickly after infusion ended, saccharin
cleared very slowly from the fetal compartment, and 2 hours after termination of the in-
fusion, fetal blood levels were higher than maternal ones. The slow rate of fetal clearance
suggests that considerable accumulation might result from repetitive maternal ingestion.
No data were available on the penetration of saccharin into the embryonic compartment
during the organogenesis stage (Pitkin et a/., 1971a).

Saccharin was excreted rapidly unchanged by rhesus monkeys (Pitkin et al., 1971b)
and by guinea-pigs; about 70% was found in rat urine and the remainder in the faeces
(Minegishi et al., 1972). Although it is rapidly excreted by rats, some accumulates in the
bladder; but after removal of saccharin from the diet, it is completely cleared within 3 days
(Matthews et al., 1973). Lethco & Wallace (1975) also found that the highest levels of radio-
activity after administration of 14C.|abelled saccharin were in the kidney and bladder and
that the metabolic profiles of dogs, rabbits, guinea-pigs and hamsters were similar.

Sodium 35S-saccharin instilled into the bladder of male rats was absorbed into the
plasma (Colburn, 1978).

The accumulation of saccharin by rat renal cortical tissue incubated /n vitro was depend-
ent upon oxygen and was reduced by metabolic inhibitors, suggesting that saccharin is elimi-
nated by active tubular secretion (Goldstein et al., 1978). Saccharin forms ion-pair com-
plexes with bases such as quinine and ephedrine and facilitates the absorption of these bases

from the rat rectum (Kakemi et a/., 1969).
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In many studies on the metabolism of saccharin in several animal species, Nno meta-
bolites have been detected. Byard & Golberg (1973) showed that 90% of !*C-labelleq
saccharin was excreted unchanged by rats and monkeys of both sexes. Even after pre-
treatment with phenobarbitone or sodium saccharin no metabolites of saccharin were found.
Ball et a/. (1977) showed that it was not metabolized by liver microsomal preparations or
by faecal homogenates taken from rats fed 1% saccharin in the diet for 2 years. No binding
of saccharin to DNA of rat liver and urinary bladder was found 5 hours after oral admini-
stration of 372-390 mg/kg bw 3% S-saccharin (Lutz & Schlatter, 1977).

ortho-Toluenesulphonamide and other impurities

Of the more than 30 impurities that have been identified in commercial saccharin,
data on metabolism are available for only a few. The rates at which 7 intragastrically ad-
ministered impurities of saccharin [radiolabelled ortho-toluenesulphonamide, benz(d)iso-
thiazoline-1,1-dioxide, 3-aminobenz(d)isothiazoline-1,1-dioxide, 5-chlorosaccharin, toluene-
4-sulphonamide and 4-sulphamoylbenzoic acid] were eliminated in rats were similar. At
doses ranging from 20-80 mg/kg bw, 80-95% of the impurities were recovered within 24
hours in urine and faeces; urinary metabolites of these impurities were identified (Ball et al.,
1978; Renwick, 1978; Renwick & Williams, 1978: Renwick et al., 1978).

In female Wistar rats given single oral doses of 20, 125 or 200 mg/kg bw !4 C-ortho-
toluenesulphonamide, 79, 58 and 36% of the activity were recovered in 24-hour urine
samples; 24-48-hour elimination was 7, 14 and 33% of the dose, respectively. Within 7 days,
4.5, 5.9 and 7% of the activity was recovered from the faeces. The main metabolites in the
urine were 2-sulphamoylbenzy! alcohol and its sulphate or glucuronic acid conjugates (80%),
N-acetyltoluene-2-sulphonamide (6%), saccharin (3%) and 2-sulphamoylbenzoic acid (2%)
(Renwick et a/., 1978).

In a similar study, 50% of administered ortho- and para-toluenesulphonamides excreted
in urine had been metabolized to ortho- and para-sulphamoylbenzoic acids, respectively

(Minegishi et a/., 1972).
Mutagenicity and other short-term tests

Saccharin

Saccharin of various degrees of purity was not found to be mutagenic in the Sa/monella/
microsome assay when the standard plate method was used (Ashby et al., 1978; McCann,
1977; Pool, 1978; Stoltzetal., 1977).
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There is an isolated report that a pharmaceutical preparation of saccharin was weakly
mutagenic to TA98 and TA100 strains when a modified plate procedure using reisolated
strains of the standard Sa/monel/la assay tester strains was followed; the urine of mice given
2.5 g/kg bw pure or impure saccharin orally was also reported to be mutagenic to reisolated
strains of TA98 and TA100 with this modified protocol (Batzinger et a/., 1977).

Mutagenic effects of both purified and impure lots of sodium saccharin have been
observed in mouse lymphoma L5178Y cells in the presence of liver homogenate in a dose
range of 10-14 mg/ml. Increases in the frequency of trifluorothymidine-resistant mutants
were extremely small, and no clear dose-response effect was obtained (Clive et a/., 1979).

A highly purified preparation of saccharin [synthesized by the Maumee process, pro-
vided by Dr R. Stoltz, Canada] caused a significant, dose-related increase in chromosome
aberrations (breaks, gaps, translocations and ring formations) in Chinese hamster ovary
(CHO) cells in the presence of liver homogenate (McCann, 1977). It was reported in an
abstract that chromatid breaks and gaps were also induced in CHO-K1 cells treated with
sodium saccharin (purity unspecified) (Yoshida et a/., 1978). Aberrations have been induced
by saccharin and its sodium salt in other Chinese hamster cell lines (Abe & Sasaki, 1977;
Ishidate & Odashima, 1977; Kristoffersson, 1972; Masubuchi et a/., 1978a).

I.p. injections of 4 g/kg bw sodium saccharin significantly increased chromosome breaks
and gaps in bone-marrow cells of male mice (Masubuchi et a/., 1978a), but not in those of
hamsters given 1.5 g/kg bw saccharin orally for 3 days (van Went-de Vries & Kragten, 1975);
Leonard & Leonard (1979) obtained negative results with male C57BI mice injected intra-
peritoneally with 4 g/kg bw sodium saccharin. No chromosome damage was detected in
spermatogonia of Chinese hamsters given two doses of 5 g/kg bw sodium saccharin orally
(Machemer & Lorke, 1975), or in spermatocytes of male C57BI mice given 20 g saccharin/I
drinking-water for 100 days (Leonard & Leonard, 1979).

Sister chromatid exchanges were induced by saccharin and its sodium salt in human
(Wolff & Rodin, 1978) and hamster cells (Abe & Sasaki, 1977; Wolff & Rodin, 1978) in
vitro.

Rao & Qureshi (1972) observed an increase in the number of dominant lethal muta-
tions following administration to 20 male mice of 1.72% sodium saccharin in drinking-water
for 30 days. Sram & Zudové (1974) reported a dose-related increase in the incidence of
dominant lethal mutations in mice, with a maximum frequency after 5 i.p. injections of
200 mg/kg bw sodium saccharin. In the same experiment, translocations and other aberr-
ations in spermatocyte chromosomes were induced by this treatment. Masubuchi et al.
(1978b) found a statistically significant increase in dominant lethal mutations within 2
weeks after treatment in mice given a single i.p. injection of 2 g/kg bw sodium saccharin;
fertility of treated animals was low. Oral doses of 5 g/kg bw sodium saccharin given to
NMRI mice for 5 days or of 20 g saccharin/l drinking-water given to C57B| mice for 100
days had no effect on dominant lethality (Machemer-& Lorke, 1973).
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in several experiments testing saccharin in Drosophila melanogaster, no sex-linked
recessive lethal mutations were induced (McCann, 1977; Samuel & Rao, 1972); however, the
limit of sensitivity in the most extensive of these studies was detection of a 4-fold increase in
the incidence of recessive lethal mutations (McCann, 1977). Some batches of commercial
saccharin induced recessive lethal mutations in Drosophila, while others did not (Kramers,
1977), so that earlier positive results (Sram & Weidenhofferova, 1969; S&ram & Zudova,
1972) may have been due to contaminants.

It was reported in an abstract that sodium saccharin caused a dose-related increase in
unscheduled DNA synthesis in human fibroblasts treated /n vitro (Ochi & Tonomura, 1978).
There was no evidence of mitotic recombination in Saccharomyces cerevisiae D3 (McCann,
1977).

An impure sample used in the cancer bioassay of the Health Protection Branch of
Canada (Arnold et a/., 1977, 1979) and purified samples of saccharin (provided by Dr R.
Stoltz, Canada) (2 mg/mi) did not produce oncogenic transformation of C3H/10T% mouse
embryo fibroblasts /n vitro. However, after treatment of the cells with a nontransforming
initiating dose (0.1% ug/ml) of 3-methylicholanthrene, continuous treatment with either
sample of saccharin (100 ug/ml) led to significant transformation. In this system saccharin
was 1000-fold less active than the tumour promoter 12-O-tetradecanoyl-phorbol-13-acetate
(Mondal et a/., 1978).

ortho-Toluenesulphonamide and other impurities

ortho-Toluenesulphonamide was not mutagenic in the Sa/monel/a/microsome plate
assay using strains TA98, TA100, TA1535, TA1537 and TA1538, with or without Arochlor
1254-induced rat liver 9000 x g supernatant. The doses used were up to 1 mg/plate
(Jagannath & Brusick, 1978; Stoltz et al., 1977) and 2.5 mg/plate (Ashby et al., 1978).
A similar study with negative resuits was reported by Poncelet et a/. (1979). Wild et al.
(1980) obtained a doubling of the mutation rate in TA98 at very high doses (up to 14 mg/
plate) in the presence of Arochlor-induced rat-liver 9000 x g supernatant and only on a
special medium other than the Vogel-Bonner-E-medium. A very similar effect was observed
with para-toluenesulphonamide.

Impurities extracted with organic solvents from some lots of saccharin were active in
tester strains TA98, TA1538 and TA100 (McCann, 1977; Stoltz et al., 1977). ortho-Sulpho-
benzoic acid and ammonium ortho-sulphobenzoic acid were not mutagenic in the standard
tester strains of Sa/monella typhimurium, with or without rat liver post-mitochondrial

fraction (Poncelet et a/., 1979).

Doses of up to 1 mg/plate ortho-toluenesulphonamide did not induce gene conversion
in Saccharomyeces cerevisiae strain D4, with or without metabolic activation (Jagannath &
Brusick, 1978).

L 4
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Injection of 0.2 ul or feeding of 5 mM of ortho-toluenesulphonamide did not increase
the incidence of sex-linked recessive lethal mutations in Drosophila melanogaster (Kramers,
1977); however, in a larger-scale study, Wild et al. {1980) found a statistically significant
doubling of the frequency after 3 days’ feeding of a 0.05% solution of ortho- or para-toluene-
sulphonamide.

No increase in the number of breaks, gaps and other aberrations was seen in CHO-K1
cells after 24-hours’ treatment with 0.9-400 pg/mi ortho-toluenesulphonamide (Masubuchi
etal., 1977, 1978c).

Concentrations of 0.025-2500 pg/ml ortho-toluenesulphonamide produced no morpho-
logical transformation in BHK 21/Cl 13 cells (Ashby et al., 1978). Oral and i.p. doses of up
to 2 x 1 g/kg bw ortho- and para- toluenesulphonamide did not induce micronuclei in mouse
bone-marrow cells (Wild et a/., 1980).

(b) Humans

Saccharin

Doses of more than, 3 g saccharin per day cause some disturbances in digestion
(Neumann, 1926). No metabolic disturbances were observed in subjects with diabetes
mellitus administered 8 g saccharin (Préls et al., 1973). Allergic reactions to saccharin have
been reported (Gordon, 1972; Miller et al., 1974); and Fujita et al. (1965) reported 5
patients in whom oral administration of 0.1 g saccharin caused pruritis and oedematous

papules on the trunk and limbs.

Saccharin diffuses into lymph, cerebrospinal fluid, saliva, tears and milk.(Carlson etal.,
1923). About 90% of that present in plasma is bound to serum albumin (Agren & Béck,

1973).

in 3 volunteers, 85-92% of doses of 1g [3-14C] -saccharin administered orally for 21
days was excreted unchanged in the urine within 24 hours; no metabolites were found
(Ball et al., 1977). Within 48 hours, 92.3% of a dose of 500 mg ! % C-saccharin was excreted

in the urine and 5.8% in the faeces (Byard et al., 1974).

Stone et al. (1971) studied 975 women delivered of children who were not mentally
retarded and women delivered of 247 mentally retarded children. They found that more
mothers of children with Down’s syndrome and other causes of mental retardation had used
artificial sweeteners before and during pregnancy than had controls (Table 4).
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Table 4. Mothers of mentally retarded and normal children who had used artificial
sweeteners during pregnancy

Year of delivery

1959-61 1962-64 1965-69
Mothers of
mentally retarded 14/79 (17.7%) 26/115 (22.6%) 18 53 (35.8%)
children
Mothers of normal 9/78 (11.5%) 35/242 (14.5%) 141/655 (21.5%)
children not significant x2=4.75, P<0.05 X2=4.96, P<0.05
Relative risk! 1.7 1.7 2.0

In addition, the study showed that users of artificial sweeteners had an increased incidence of
other adverse outcomes of pregnancy: ‘behavioural problems’ {incidences - 5.4%, 10/ 185, in
children of artificial sweetener users and 2.0%, 15/790, in children of non-users) and ‘physical
anomalies’ (mainly deformities of the bones and joints of the hip, leg and foot; incidences -
4.8%, 9/185, in children of artificial sweetener users and 1.5%, 12/790, in children of non-
users [P<0.01]) [Neither age, parity, smoking habits, the presence of diabetes melitus nor
socio-economic status were controlled for in the analysis, and no data were presented on how
much artificial sweetener was used. The diverse effects found might argue against a direct
effect of the artificial sweeteners, particularly in the absence of a prior expectation that
exposure to such agents may cause such abnormalities. Further epidemiological data are
needed before concluding that the use of artificial sweeteners in pregnancy is associated with
fetal damage] .

Kline et al. (1978) compared saccharin use in 545 women who had had spontaneous
abortions (<28 weeks gestation) and that in 308 women delivering after 28 weeks. Cases
were matched with controls within 2 years of age at last menstrual period. There were no
statistically significant differences between cases and controls with respect to language
spoken at interview, marital status, ethnic group or education level of patient or husband.
Occupational level and mean income were slightly greater in cases, and controls more often
reported welfare as the principal source of income [These last two factors were not con-
trolled for in the analysis]. Age at last menstrual period, number of previous abortions,
smoking and obesity were controlled for using a multiple logistic regression analysis, and
diabetics and suspected diabetics were excluded. Saccharin was used by 30 cases (5.5%) and
by 18 controls (5.8%) (relative risk, 0.94; 95% confidence interval, 0.5-1.8) [Information

! Calculated by the Working Group
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on the intake of saccharin did not include use of presweetened drinks and food. No data
were available on whether saccharin was used before or during pregnancy, or both, and
no information on dose was presented. Most chromosomally abnormal conceptions are lost
quite early in pregnancy (often before a women may even be aware that she is pregnant),
and, as the authors point out, few women aborting for this reason will be included in a
hospital series. This factor cannot be evaluated fully, since the gestational ages of the cases

are not reported] .

ortho-Toluenesulphonamide

Low oral doses of 0.2-0.4 mg/kg bw 14 C_ortho-toluenesulphonamide were excreted
more slowly in humans than in rats, with about 50% of the activity being excreted in the
urine within 24 hours and 80% within 48 hours. Less than 1% of the activity was found in
faeces. The main urinary metabolites were 2-sulphamoylbenzyl alcohol and its sulphate an
glucuronic acid conjugates (35%), saccharin (35%), 2-sulphamoylbenzoic acid (4%) and N-
acetyltoluene-2-sulphonamide (2%) (Renwick et al., 1978).

3.3 Case reports and epidemiological studies

See Studies in Humans of Cancer in Relation to the Consumption of Artificial, Non-
nutritive Sweetening Agents, pp. 171-183.

4. Summary of Data Reported and Evaluation
4.1 Experimental data

Saccharin has been tested by oral administration in mice, rats and hamsters. In mice,
saccharin produced no difference in tumour incidence between treated and control animals
in one single and in one multigeneration study. Two further studies by oral administration
in mice and three in rats were considered to be inadequate for evaluation. A study in
hamsters by oral administration and one study in mice by skin application could not be
evaluated. A study in mice by bladder insertion provided evidence for the induction of
bladder carcinomas.

Sodium saccharin has been tested by oral administration in mice, rats and monkeys.
One study in mice was inadequate for evaluation. One single-generation study in rats showed
an increased incidence of bladder tumours in males; two further studies showed a few
bladder tumours: one other study showed no difference in tumour incidence between treated
and control animals; and two others were inadequate for evaluation. In three two-
generation studies in rats, sodium saccharin produced a statistically significant increase in
bladder tumours in F males. Sodium saccharin has also been tested in mice by bladder

/
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insertion (implantation): it increased the incidence of bladder carcinomas. |t has also been
tested by oral administration in monkeys and by intraperitoneal administration in mice, but
these experiments were considered to be inadequate for evaluation.

single -generation experiments in rats. [n one study in rats, transitional-cel| carcinomas in
the bladder were produced in male animals given the highest dose; in a further study in rats
and in the study in mice, there was no difference in tumour incidence between treated and
control animals. The other study in rats was inadequate for evaluation.

In one study, female rats were administered sodium saccharin in the drinking-water or
diet after receiving a single instillation into the bladder of a low dose of N-nitroso-N-methyl-
urea (NMU): a high incidence of transitional-cell neoplasms of the bladder was found com-
pared with animals that received NMU alone. Sodium saccharin was also tested in male rats
pretreated with N-[4(5—nitro-2-furyl)-2-thiazolyl] formamide, resulting in an increased inci-
dence of carcinomas of the bladder over that seen in rats given the latter compound alone.

There is little evidence that saccharin itself induces point mutations. Dominant lethal
effects and unscheduled DNA synthesis have been reported; and it causes sister chromatid
exchanges and other chromosomal effects, :

In the majority of the studies, no indication for a teratogenic effect of saccharin was
found; impurities may be responsible for the occasional effects reported. There is no

test, saccharin was found to enhance the neoplastic transformation of fibroblasts treated with
3-methylicholanthrene,
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4.2 Human data

Mortality from bladder cancer has been investigated in two studies by examination of
time trends in the United States and in England and Wales. These have shown no marked
increase in incidence or mortality from bladder cancer following a substantial increase over a
few years in the use of cyclamates and saccharin, but such studies are too insensitive to ex-
clude completely a carcinogenic effect.

In two studies of cancer mortality in patients with diabetes mellitus {(who, as a group,
have been shown to consume larger quantities of artificial sweeteners than the general pop-
ulation), lower mortality from cancer at all sites was observed as compared with the general
population; there was no excess of bladder cancer in particular. In a further study, the
frequency of the mention of diabetes mellitus in death certificates of persons who had died
of bladder cancers was compared with that in those of controls who had died of other cancers
(excluding the lung and pancreas); in the presence of diabetes mellitus, there was no increase
in the risk of bladder cancer. As there are differences other than artificial sweetener use
between diabetics and the general population, such studies cannot exclude a small carcino-
genic effect of these sweeteners.

Seven case-control studies were considered by the Working Group. Only two of these
studies examined confounding factors in detail. Of these two, one suggested that use of nine
or more tablets of artificial sweeteners per day (or more than eight tablets of saccharin per
day) was positively associated with risk for bladder cancer in men but not in women, al-
though in these small groups the results may have been due to chance, to unsuspected con-
founding factors, or to residual effects of those confounding factors that were considered
in the analysis and could be shown to reduce the magnitude of the association. The other
study that considered confounding factors suggested that there was no effect of the use of
artificial sweeteners on the incidence of bladder cancer; the observed relative risk was 1.0
(indicating no increase in risk), but a relative risk below 1.4 could not be excluded. The
other five case-control studies also showed no association, although they were limited by
some inadequacies in experimental design.

In six of the seven case-control studies, women with bladder cancer showed a tendency
to consume less artificial sweeteners than female controls. This observation suggests that
there is no association between use of artifical sweeteners and bladder cancer in women.
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4.3 Evaluation !

Although a small increase in the risk of urinary bladder cancer in the general Population
or a larger increase in some individuals consuming very high doses of saccharin and cycla.
mates cannot be excluded, the epidemiological data provide no clear evidence that saccharin
alone, or in combination with cyclamates, causes urinary bladder cancer, There are no epide-
miological studies on a possible association between use of saccharin and cyclamates ang
cancer at other sites in humans.

to rats; but the available data suggest that impurities at the levels normally found in com-
mercial saccharin do not contribute to the carcinogenicity of saccharin,

See footnote pp, 182-183
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STUDIES IN HUMANS OF CANCER IN RELATION TO THE
CONSUMPTION OF ARTIFICIAL, NON-NUTRITIVE SWEETENING AGENTS

A general discussion of the use of epidemiological studies for establishing carcino-
genicity is presented in the preamble to this volume, p. 16. The epidemiological data re-
lating to cyclamates are not adequately separated from those relating to saccharin, and
persons taking artificial sweeteners often do not know whether they are taking one or the
other, or indeed a mixture of both. This review does not, therefore, consider them sep-
arately; however, when a distinction is made in a particular study, this is mentioned.

Case reports

Bladder cancer has been described in four persons who took artificial sweeteners;
one took saccharin (4 tablets a day for many years)(Grasset, 1974), and three took cycla-
mates (Barkin et al., 1977). The latter persons consumed large daily doses of cyclamates,
namely 75, 65 and 40-50 mg/kg bw, respectively [A dose of 50 mg/kg bw per day is equiva-
lent to an intake by a 70 kg person of about seventy 50 mg tablets each day]. Two of
these patients had diabetes mellitus and two were smokers.

Trends in bladder cancer (Table 1A)!

Burbank & Fraumeni (1970) examined bladder cancer death rates in the US for the
years 1950-1967. There was no clear-cut break in the continuity of the trends in the age-
specific or age-adjusted rates following the widespread introduction of artificial sweeteners
(mainly a 10:1 mixture of cyclamate:saccharin) in 1962. There was also no break in the
continuity of incidence trends for bladder cancer in Connecticut ‘and New York states.

Armstrong & Doll (1974) carried out a cohort analysis of bladder cancer mortality in
England and Wales for the period 191 1-1970. This showed ‘no evidence of any break in the
continuity of the trends in either men or women which corresponds to the introduction of

saccharin’.

[While these studies indicate that no marked increase in incidence of bladder cancer has
occurred in the US and the UK following the increased use of artificial sweeteners, studies of

1The Working Group was aware of a study in progress in which information was being
collected on patients with urinary bladder cancer,in particular on occupational exposure, geo-
graphical factors and eating habits (e.g., consumption of saccharin and cyclamates) (IARC,

1979).
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incidence or mortality trends in populations are likely to be insensitive for three reasons:
(1) the proportion of the population exposed to large amounts of artificial sweeteners is
small. Therefore, unless there was an excess risk for humans of much higher magnitude than
that suggested by experimental work in animals, only a small proportion of bladder cancers in
the general population would be attributable to this exposure; (2) changes over time in the
exposure of the general population to other risk factors, such as smoking and occupation,
would also affect the rates; (3) early diagnosis or improvements in medical treatment or
both, which have led to increased survival among patients with bladder cancer, mean that an
increase in incidence may not be reflected in an increase in mortality] .

Studies of patients with diabetes mellitus (Table 1B)

Kessler (1970) reported on the mortality experience of 21,447 diabetic patients regis-
tered at one diabetes clinic in Boston from 1930-1956, who were followed up until the end
of 1959. Expected deaths were computed on the basis of the mortality of the population
of Massachusetts. Bladder cancer mortality was less than expected in both sexes [for males:
observed to expected deaths (O/E) = 14/18.09, Standardized Mortality Ratio (SMR) = 0.77,
P >0.3; for females: O/E =7/11.52, SMR = 0.61, P > 0.1]. Respiratory cancer deaths
were significantly lower in males (O/E = 46/71.7, SMR = 0.64, P <0.005), a finding which
may be only partly explained by the reduced cigarette consumption among diabetic men
compared to men in the general population, since males also had lower than expected mor-
tality for cancers other than those of the respiratory tract (O/E = 312/348.78, SMR = 0.89,
P <0.05). Females did not show a similar effect for either respiratory cancer (O/E = 25/
19.7, SMR = 1.27, P > 0.2) or other cancers (O/E = 519/509.81, SMR = 1.01, P > 0.5)
[There were some differences between the study and control populations (other than the
presence of diabetes) which might have affected the results of the study. For instance,
I7% of the diabetic group were Jews, compared with only 5% of the Massachusetts pop-
ulation. The study did not measure artificial sweetener consumption in diabetics and did
not consider the possible role of sweeteners in the etiology of cancer] .

Armstrong & Doll (1975) performed a case-control study using death certificates from
England and Wales for the period 1966-1972: 18,733 persons with bladder cancer as the
underlying cause of death constituted the cases, and a random sample of 19,709 persons
with other cancers as the cause of death were used as controls. Among cases, diabetes mellitus
was mentioned on the death certificates of 138 men and 81 women; the corresponding
figures in controls (excluding cancer of the lung and pancreas) were 103 and 172. The rela-
tive risk of bladder cancer for male and female diabetics combined was 0.98, with 95% con-
fidence limits of 0.70-1.38. Among a sample of 269 patients who died in 1971-1972 and who
were chosen to determine the date of diagnosis from medical records, there was no increase in
risk of bladder cancer in those who had had diabetes of long duration. An indication of sac-
charin consumption among diabetics was ascertained from a sample of 200 diabetics curr-
ently attending a diabetes clinic in Oxford and 200 controls matched by age and sex curr-
ently on the lists of the same general practices as the diabetics. These diabetics were shown to
consume substantially more saccharin than the nondiabetic controls, and the duration of reg-
ular saccharin use by diabetics was highly correlated with the duration of the diabetes,
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Armstrong et al. (1976) reported on the mortality experience of 5971 diabetics who
were mainly new members of the British Diabetic Association from November 1965 until
~ the end of 1968 and who were followed for 5-8 years to mid-1973. Expected deaths from
bladder cancer and SMRs in the cohort of diabetics were calculated by comparison with the
mortality experience of the population of England and Wales of comparable age and sex.
Deaths from bladder cancer were fewer than expected: O/E = 4/5.8, SMR = 0.70 (not
significant). Smoking-related cancers (i.e., those of buccal cavity and pharynx, oesophagus,
~ respiratory system and bladder) were also less frequent - O/E = 30/61.1, SMR = 0.49, P<
0.01 - as was non-smoking related cancer - O/E = 98/107.0, SMR = 0.92 (not significant).
Deaths from all cancers (128 observed) were significantly fewer than expected (168) (SMR =
0.76, P < 0.01). Data on saccharin consumption was gathered from a questionnaire sent to
4000 members of the British Diabetic Association (about 10% of the total membership)
and returned by 77%: more than half of them used saccharin tablets daily, with an overall
daily intake of 3-6 tablets, depending on age and sex; older men consumed more. Informa-
tion relating to a sample of 61 survivors from the mortality study (100 were sent question-
naires) indicated that by the end of follow-up 10% (6) would have taken saccharin daily for
25 years or more, a further 13% (8) for between 10 and 25 years and 77% (47). for less than
10 years or not at all.

[The risk of bladder cancer in diabetics who do not use artificial sweeteners may be
lower than that in the general population, either because of metabolic differences or dif-
ferences in, say, their diet, use of drugs, exposure to tobacco or occupational factors. There-
fore, derivation of an expectation from the general population for the risk of bladder cancer
in diabetic populations may conceal a risk. The studies of diabetics cannot therefore be
regarded as providing strong evidence for a lack of a carcinogenic effect of artificial sweet-
eners in humans. These studies of diabetic patients are the only ones that have investigated
the possible carcinogenic effect on organs other than the bladder, and, so far, there is no

evidence for such an effect] .

Case-control studies

Table 2 summarizes in chronological sequence of publication the 7 case-control studies
of bladder cancer available to the Working Group in which subjects were asked how much arti-
ficial sweetener they used. These studies will be considered in turn.

Morgan & Jain (1974) reported a study in which histologically confirmed cases of
transitional-cell carcinoma of the urinary bladder were individually matched to a control
patient according to age and sex. Male controls had benign prostatic hypertrophy, while
female controls had stress incontinence. Rates of response to a mailed questionnaire were:
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'TABLE 2. Summary of case-control studies of bladder cancer in relation to the use of
artificial sweeteners
Source of information
Years subjects No. of subjects on artificial sweetener
Reference recruited Cases  Controls consumption
Morgan & Jain Not stated (m) 158 158 MQ o
(1974) (f) 74 74
Simon et a/. 1965-1971 (f) 135 390 MQ
{1975)
Howe et al. 1974-1976 (m) 480 480 P
(1977) (f) 1562 152 -
Wynder & 1969-1974 {m) 132 124 P
Goldsmith (f) 31 29
(1977)
Miller et al. Not stated (m) 188 376 sa 5
(1978) f 77 154
£
Connolly et al. Not stated (m) 243 479 NK E
(1978) (f) 98 194
Kessler & Clark 1972-1975 (m) 365 365 P
(1978) (f) 154 154
m - male
f - female

MQ - mailed questionnaire
Pl - personal interview
SQ - supervised questionnaire

NK - not known

NS - not statistically significant
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a——

Source of subjects

Relative risk
(95% confidence interval)

Matching variables

Not stated
Controls had benign prostatic

hypertrophy (m) and stress in-

continence (f)

White subjects from 10
hospitals

Controls without urinary
problems from same hospitals

All incident bladder cancer cases

in 3 provinces in Canada
Neighbourhood controls

Bladder cancer patients from
17 hospitals

Controls without ‘tobacco-
related disease’

All patients over 40 years at
urology clinic: cases, bladder
cancer; controls, all others

Not stated

All bladder cancer patients
in 19 hospitals

Controls in same hospital
cancer-free, no bladder
complaints

1.00° (0.6-1.8):
0.357 (0.1-0.8)

Cyclamate 1.2 (0.5-2.6)

Saccharin 1.0° (0.5-1.7)

1.6° (1.1-2.3)
1.6 (0.3-1.1) f

0.7° (0.2:2.2)
0.7° (0.1-15)

1.12(ns)
0.9 (NS)

097 (0.6-1.4):
0.77 (0.4-1.3)

1.1% (0.8-1.6)
0.8° (0.5-1.4)

Sex, age (+ 5 yrs)

Age (+ 4 yrs), urban/rural,
discharge date

Sex, age (+ 5 yrs)

Sex, race, hospital
status, age {+ 5 yrs)

Sex, age (+ 5 yrs)

Sex, age (+ 5 yrs), residence

Sex, race, age (+ 3 yrs),
marital status

a
Prolonged regular use versus never use

b
Usual adult use versus never use

177

c
Ever use versus never use

d o
Extent of use not specified

e N . . . . .
Use for 6 months or more versus never use; relative risk adjusted for many variables, including smoking,
occupation, diabetes

. fConfidence intervals not given in the published paper but calculated by the Working Group (approximate
intervals for the ratio of discordant pairs in matched studies, or calculated using the method of Miettinen, 1969,

1970)
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male cases, 67% and male controls, 57%: female cases, 73% and female controls, 57%. The
actual analysis was based on 158 matched male case-control pairs and 74 matched female
pairs. Data relating to 2 cases (1%) and 18 controls (10%) in men, and 17 cases (18%) and 17
controls (18%) in women could not be analysed due to lack of a suitable match, Prolonged
regular use of any artificial sweetener was associated with a relative risk of 1.00 (not signi-
ficant) in males and 0.35 ( P <0.01) in females [The distribution of amount, frequency
and duration of artificial sweetener consumption were not given, and the method of ascert.
aining the cases was not specified. It is not clear how many of the nonascertained subjects
and those who were sent questionnaires had already died and to what extent the study was
therefore one of long-term survivors of bladder cancer. The controls had diseases the treat-
ment of which may have affected fluid intake, although this was not medically prescribed,
and thus their intake of artificial sweeteners may also have been affected. For example,
control women may have drunk less to reduce stress incontinence. On the other hand,
women with stress incontinence might be more likely to be obese than cases and thus have
a higher consumption of artificial sweeteners] .

From pathology records and the diagnostic indices of 10 hospitals in Massachusetts
(other than Boston) and Rhode Island, Simon et a/. (1975) identified 216 white women in
whom lower urinary tract cancer (95% of which were bladder cancer) was diagnosed between
1965 and 1971. Three female controls without urinary tract problems were matched to each
case according to race, age (+ 5 years), place of residence (urban/rural) and hospital. Forty
of the cases were found to have died and 77% of the remainder responded to a mail question-
naire, leaving 135 cases for analysis. - The corresponding response rate among controls was
72%. Neither saccharin (RR, 1.0) nor cyclamate (RR, 1.2) were significantly associated
with lower urinary tract cancer. The absence of such an effect was demonstrated in tea-
as well as coffee-drinkers [No data were presented on the possible risk of cancer in relation
to amount, frequency or duration of artificial sweetener use].

A study by Howe et a/. (1977) is the only one that reported a positive association
between artificial sweetener use and bladder cancer. Cases were derived from all nonrecur-
rent, newly-diagnosed bladder cancer patients in 3 Canadian provinces between April 1974
and June 1976. They were identified through population-based tumour registries, patho-
logists and urologists. Out of 821 eligible cases, 56 were dead, 65 refused to be interviewed,
25 were too ill and 34 were not approached because their doctors did not want their patients
to be interviewed, thus leaving 641. The final analysis was actually based on 632 cases (480
men and 152 women), representing 77% of all the eligible cases. The cases were interviewed
in their homes, and controls were sought by approaching neighbours who lived a specified
number of homes away from the case and continuing from one home to another until a
control of the same sex and age (within 5 years) was found. A statistically significant excess
of artificial sweetener use was reported in male cases (RR, 1.6); and this excess was also
present when the analysis was restricted to the 82% of men who used artificial sweeteners
that contained only saccharin. The relative risks of bladder cancer in male users of these
brands (relative to those in men who had never consumed saccharin) were 1.5 and 2.1 among
men who consumed less than 2500 and 2500 or more saccharin tablets per year, respectively.
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gimilarly, the relative risks were 1.4 and 2.0 among men who used such saccharin tablets for
less than 3 years and more than 3 years, respectively. The trends in both associations were
statistically significant (P=0.02, P=0.03). The risk of bladder cancer was lower among female
users of artificial sweeteners than among women who never used them (RR, 0.6; 95% con-
fidence interval, 0.3-1.1). The possible confounding effects of smoking and coffee consump-
tion on the risk of bladder cancer were analysed after discarding pairs discordant with
respect to smoking or coffee consumption, using the following groupings: <10,000 and
>10,000 packs of cigarettes lifetime consumption and ‘never’ and ‘ever’ instant coffee
consumption [This analysis for confounding was described as inadequate in a Lancet editorial
article (Anon., 1977), and the study was thus considered to be inconclusive] .

In response to the Lancet editorial, Miller & Howe (1977) presented further analyses
relating to men to better control for smoking and coffee consumption. This analysis was
unmatched. When instant coffee consumption was considered in three groups (none, <1%
cups per day and 21"z cups per day), the relative risk for each group and the summary relative
risk remained unchanged, at 1.6 [95% confidence interval, 1.1-2.4]. The authors also divided
cigarette consumption into 5 groups, namely: none (RR, 0.7), former smokers of <5000
packs lifetime consumption (1.5), former smokers of =>5000 packs lifetime consumption
(2.1), current smokers of <15 cigarettes/day (1.0) and current smokers of =15 cigarettes/
day (1.7). The summary relative risk was given as 1.7 (P=0.01, one-tailed); but this excluded
data relating to nonsmokers [Inclusion of the latter lowered the summary relative risk est-
imate to 1.5 (P=0.03, one-tailed; 95% confidence interval, 1.0-2.3].

Howe et al. (1979) have also analysed their data on men using a logistic regression
analysis which took account of the case-control matching. Cigarette consumption was re-
lated to both artificial sweetener use and bladder cancer and was the principal confounding
variable. When the confounding variables (life-time tobacco consumption, ‘high risk’ occup-
ations, use of non-public water supply, bladder infection, diabetes, school marks, lifetime
aspirin use, daily coffee use) were controlled for simultaneously, the relative risk of bladder
cancer in relation to artificial sweetener consumption (divided into 5 groups) was as follows:

Artificial sweetener consumption Relative risk
(tablets/day) (95% confidence interval)
0 1.0
1-4 0.9 (0.4-2.1).
5-6 1.6 (0.6-4.3)
7-8 1.1 (0.3-4.0)

9 or more 2.8 (0.9-8.9)
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The authors reported that when artificial sweetener use was considered as a continuous
variable, the overall linear trend is statistically significant using a one-tailed test (P=0.03) [This
implies that the trend is not likely to be statistically significant at the conventional level
of P=0.05 if a two-tailed test were used] .

When the analysis was restricted to those individuals who reported using saccharin
alone, the results were similar. The relative risk estimates for up to 4, 4-8, and more than 8
tablets of saccharin per day were: 0.9, 1.4 and 3.1 (Howe et a/., 1979) [The Working Group
noted that the confidence limits were not reported] .

[The numbers of men in each artificial sweetener consumption group are not given in
the paper; however, the Working Group inferred, on the basis of the width of the reported
confidence intervals (see table above), that they were small. While the data are consistent with
no effect of artificial sweetener use on the risk of bladder cancer, there remains a suspicion of
such an effect among heavy users of artificial sweeteners. An unknown number of eligible
neighbourhood controls who were not at home when the interviewer visited could not be
included in the study. It is possible that factors (e.g., social) influencing their absence were
also related to saccharin consumption and so may have biassed the estimates of relative risk] .

Wynder & Goldsmith (1977) studied bladder cancer patients and controls matched for
sex, race, age and ‘hospital status’. Thirteen of 132 male cases (10%) and 16 of 124 male
controls (13%) used artificial sweeteners (RR, 0.7; not significant). The comparable data
for females were 4 of 31 cases (13%) and 5 of 29 controls (17%) (RR, 0.7; not significant)
[It was not clearly stated whether each case-control pair came from the same hospital; the
subjects were recruited from 17 hospitals throughout the USA].

Miller et al. (1978) studied 265 patients with bladder cancer and 530 matched controls
(two for each case) matched for sex and age (* 5 years). All subjects were registered as out-
patients at a Canadian urology clinic. Data were collected using a self-administered question-
naire supervised:by clinic staff [The diagnosis was unknown to both patient and staff at
the time the data were collected]. There was no significant risk associated with the regular
use of artificial sweeteners (RR, 1.1 for men and 0.9 for women) [The diagnoses of controls
are not given, and no account was taken of possible confounding factors, such as smoking] .

Connolly et al. (1978) published a letter reporting no excess of artificial sweetener
users in 341 patients with bladder cancer, compared with 673 controls matched for sex, age
(£ 5 years) and place of residence (county and urban/rural) [The relative risk was 0.93 for
men and 0.70 for women. No information was provided on how the cases and controls were
ascertained or on the distribution or effect of potential confounding variables. No data were
presented on the extent, duration or length of exposure to artificial sweeteners].
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Kessler & Clark (1978), expanding the work of Kessler (1976), ascertained all of 1300
histologically confirmed bladder cancer cases discharged from 19 Baltimore hospitals between
1972 and 1975. Of these, 519 (40%) (365 males, 154 females) were interviewed; the remain-
der consisted of subjects who died (509), those who were unable or refused to be interviewed
(115) and those who were identified late (157). One control patient without a diagnosis of
cancer and without a bladder condition was matched with each case on the basis of hospital,
age (+ 3 years), sex, race, date of admission and current marital status. Personal interviews
were used to obtain information on the use of foods and beverages containing artificial
sweeteners by frequency, quantity, duration and brand name. Use of saccharin or cyclamates
during the year prior to the cancer diagnosis was ignored for each case and matched control.
Matched-pair analysis of relative risks for those using any form of artificial sweeteners ‘more
than occasionally’ were 0.97 for men {95% confidence limits, 0.70-1.35), 1.00 (0.63-1.59) for
women and 0.98 (0.75-1.28) overall. Adjustment of these figures for such potential con-
founding factors as smoking, occupation, obesity and diabetes yielded relative risks of 1.11
(0.78-1.58) for men, 0.80 (0.47-1.39) for women and 1.04 (0.80-1.40) overall in users of 6
months’ duration or more. No evidence of a dose-response trend was obtained for either sex
when users were subdivided into three equal groups according to lifetime exposure. Relative
risks calculated separately for saccharin were 1.08 (0.79-1.48) for men and 0.87 (0.55-1.37)
for women: for cyclamates these figures were 1.12 (0.79-1.58) and 0.74 (0.46-1.19) [These
results make a relative risk of about 1.5 or higher unlikely, but they are not inconsistent with
a relative risk closer to 1. Restriction of the cases to survivors leaves open the possibility
that use of artificial sweeteners might be higher in cases with rapidly lethal tumours, who
would have been less likely to be interviewed] .

[Neither Howe et al. (1977) nor Kessler & Clark (1978) found a statistically signifi-
cant difference in the proportion of cases and controls who ate foods or drank beverages
containing artificial sweeteners. However, intake of sweeteners from these sources may be
of too short duration and involve too young an age group to allow detection of an effect].

General

Examination of time trends in the USA and in England and Wales shows that there has
been no marked increase in the incidence of bladder cancer following the rapid increase in use
of artificial sweeteners. In the UK, diabetics as a group consume higher quantities of artificial
sweeteners than the general population and experience a lower mortality from bladder cancer
than the general population. However, because of metabolic differences or differences in
diet, use of drugs, exposure to tobacco or occupational factors in diabetics, this finding
cannot exclude a carcinogenic effect of sweeteners.
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Seven case-control studies were considered by the Working Group. Five were negative
but were limited by some inadequacies in experimental design. Only two examined possible
confounding factors in detail. Of these, one suggested that artificial sweetener use was posi-
tively associated with bladder cancer in men but not in women. The association was limited
to men who used nine or more tablets of artificial sweeteners per day or if only saccharin
was considered, who consumed an average of more than eight tablets of saccharin per day;
the relative risk in both instances was about 3. However, in these small groups, the result
could have been due to chance, to confounding factors that were not included in the analysis,
or (as in any study with relative risks near 1) to residual effects of those confounding factors
that were considered in the analysis.

In 6 out of the 7 case-control studies reviewed, women with bladder cancer took less
artificial sweeteners than the controls, and in one study this difference was statistically sig-
nificant. This observation provides no evidence that artificial sweeteners cause bladder
cancer in women.

The epidemiological data taken as a whole cannot with confidence exclude a small
increase in risk but provide no clear evidence that artificial sweeteners cause bladder cancer
in humans.

Footnote

After the meeting of the Working Group, two epidemiological investigations
(Morrison & Buring, 1980; Wynder & Stellman, 1980) were reported.

The study by Morrison & Buring evaluated the relation between cancer of the lower
urinary tract and the use of artificial sweeteners in a case-control study of 592 patients
with lower-urinary-tract cancer (94 per cent of whom had a bladder tumour) and 536 controls
chosen from the general population of the study area. A history of use of artificial sweet-
eners and exposure to other known or suspected risk factors was determined by interview. In
those who had used dietetic beverages and in those who had used sugar substitutes, the
relative risk of lower-urinary-tract cancer was estimated as 0.9 (0.7 to 1.2, 95% confidence
interval), as compared with 1 in nonusers of artificial sweeteners. Among men, the relative
risk was 0.8 (0.6 to 1.1) in those who had used dietetic beverages and 0.8 (0.5 to 1.1) in
those who had used sugar substitutes. Among women, the corresponding relative risks were
1.6 (0.9 to 2.7) and 1.5 (0.9 to 2.6). Increasing frequency or duration of use of artificial
sweeteners was not consistently associated with increasing relative risk. This study suggests
that, as a group, users of artificial sweeteners have little or no excess risk of cancer of the
lower urinary tract [Authors’ summary] .
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The study by Wynder & Stellman was a case-control study of 302 men and 65 women
with bladder cancer and an equal number of controls matched for age, sex, hospital and
hospital-room status. No association was found between the use of artificial sweeteners or
diet-beverage consumption and bladder cancer. The relative risk of bladder cancer (95%
confidence interval) among men was 0.9 (0.7-1.3) for artificial sweetener use and 0.8 (0.6-
1.2) for diet-beverage consumption; among women, the relative risks were 0.6 (0.3-1.4) and
0.6 (0.3-1.3), respectively. These relative risk estimates did not vary appreciably when a
number of potential confounding variables were controlled for, namely, history of diabetes,
obesity, occupation, education, religion and coffee or tea consumption. No dose-response
relationships between consumption of artificial sweeteners or diet beverages and quantity
or duration of use were observed.
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SACCHARIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

There is no consistent evidence that the risk of cancer is increased among users of
saccharin'. Three case-control studies’ have shown no overall excess of bladder cancer
in association with use of artificial sweeteners, nearly all of which contained saccharin®+.
The largest of these studies was a population-based survey in 10 areas of the US,
involving interviews with 3010 bladder cancer patients and 5783 controls randomly
selected from the areas in which the patients resided?. The relative risk of bladder cancer
associated with any use of artificial sweeteners was 0.99 (95% confidence limits, 0.89-
1.10) among men and 1.07 (0.89-1.29) among women, compared with a risk of 1.0 among
non-users. However, significant trends of increasing risk with increasing average daily
consumption and with duration of use were observed in certain subgroups, namely female
non-smokers (with a low baseline risk of bladder cancer) and male heavy smokers (with
a high baseline risk). Since these subgroups were considered a priori to be worthy of
special attention on the basis of hypotheses derived from animal experimentation, the
findings raise the possibility that saccharin may act as a weak carcinogen and/or
promoter. In one of the other two studies, a population-based survey of 592 patients with
lower-urinary-tract cancer®, the relative risk among women associated with any use of
diet drinks or sugar substitutes was 1.6 and exceeded by two-fold that for non-smokers.
The risk for any use among men was 0.8. :

B. Evidence for carcinogenicity to animals (/imited)

Saccharin or sodium saccharin has been tested, either alone or in combination with
other chemicals, by several routes of administration. (a) It was tested by oral administra-
tion of several dose levels to different strains of mice and rats, including several
multigeneration studies'. In one study in mice and in one in rats the tumour incidence
was similar in treated and control animals. in one single-generation study and two two-
generation studies in rats, a significant increase in the incidence of bladder tumours was
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observed in males treated with high doses'®. Several experiments in mice, rats, hamsters
and monkeys were considered inadequate for evaluation. A 10:1 mixture of sodium
cyclamate:sodium saccharin was given in one multigeneration experiment in mice and in
two experiments in rats'. Transitional-cell carcinomas of the bladder were induced only
in male rats of one strain given the highest dose. Pretreatment with a single instillation
into the bladder of a low dose of N-nitroso-N-methylurea or feeding of N-{4-(5-nitro-2-
furyl)-2-thiazolyllfformamide and subsequent oral administration of saccharin increased
the incidence of bladder neoplasms in female and male rats, respectively!. Commercial
saccharin preparations enhanced lung tumour induction in mice when given before or
during urethane administrations. (b) Saccharin and sodium saccharin were also tested by
insertion into the urinary bladder of mice, inducing bladder neoplasms'. (c) Experiments
in which it was given by skin application or intraperitoneal administration could not be
evaluated'.

ortho-Toluenesulphonamide increased the incidence of bladder neoplasms in one out
of three experiments in rats following its oral administration®.

C. Evidence for activity in short-term tests (inadequate)

Saccharin was not mutagenic'®® and did not induce DNA repair in bacteria®. It
produced genetic effects in yeast'?; it was not mutagenic to Drosophila melanogasters;
it was reported to be mutagenic in mouse lymphoma cells in the presence of a liver
homogenate'. Conflicting results were obtained with regard to chromosomal anomalies
in cells in vitro''': saccharin caused chromosomal aberrations in cultured Chinese
hamster cells' and a low level of sister chromatid exchanges in cultured lymphocytes and
hamster cells''2. No anomaly was seen in cells from animals treated in vivo'®. It showed
no covalent binding to DNA of rat bladder or liver'. It did not produce transformation in
mouse embryo fibroblasts (C3H/10T)", but at high concentrations it enhanced the
transformation of these cells by 3-methyicholanthrene’. No sperm abnormality was seen
in mice'. There were conflicting data concerning the production of dominant lethal
mutations in mice!, and conflicting results in the specific-locus somatic mutation test
(spot-test) conducted in mice in vivo: in one study'4, positive but non-dose related effects
were obtained; while negative results were obtained in single-dose experiments reported
in another study's. No data on humans were available.

DNA damage Mutation Chromosomal Oiher
anomalies
Prokaryotes - -
Fungi/Green plants +
Insects -
Mammalian cells (in vitro) ? ? T(-)
Mammals (in vivo) - ? - - DL(?)
SA()

Humans (in vivo)

T = cell transformation ; DL = dominant lethal mutations; SA = sperm abnormalities
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SACCHARIN (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

The evidence that the risk of cancer is increased among users of artificial sweeteners is
inconsistent!. Since the positive report of Howe et al2, reports have become available on '
seven case-control studies and on one population study of bladder cancer.

The largest was a population-based study in ten areas of the USA, with 3010 bladder
cancer cases and 5783 controls. The relative risk for bladder cancer associated with use of
artificial sweeteners was 1.0 (95% confidence interval, 0.9-1.1)among menand 1.1 (0.9-1.3)
among women. Significant trends of increasing risk with increasing average daily
consumption were found in certain subgroups examined a priorion the basis of the results of
animal experiments; these subgroups were female nonsmokers and male heavy smokers?.
Subsequent, independent re-analysis of the same data by a different statistical technique
(multiple logistic regression) confirmed the original findings overall but cast doubt on the
significance of the findings in the two subgroups because of inconsistent dose-response
trends, especially among the male heavy smokers?. In response, the original investigators
noted that the inconsistency derived from the development of risk scores which, in their
opinion, were not correctly derived, as two relevant variables had been omitteds. In a
subsequent report on data from one of the areas participating in this study, the use of
hospital and population controls was compared. A higher proportion of hospital controls
was found to have used artificial sweeteners than population controlsé. This had been
postulated earlier? as a possible reason for the negative findings of a hospital-based case-
control study’. Bias resulting from use of prevalent rather than incident cases® has been
suggested as a possible reason for the negative findings of another hospital-based case-
control study®.
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Three other case-control studies have also shown increased risks among subgroups. In
one, conducted simultaneously in Japan, the UK and the USA, the relative risks among
women in the US component of the study associated with ‘any’ use of diet drinks and of
sugar substitutes were 1.6 and 1.5, respectively, and 2.6 and 2.1, respectively, for
nonsmokers!0. In the other two areas, however, a history of the use of sugar substitutes,
primarily saccharin, was not associated with an elevated bladder cancer risk!!. In a second
study, conducted in West Yorkshire, UK, elevated risks were found for saccharin takers who
were nonsmokers. In men, the relative risk was 2.2 (95% confidence interval, 1.3-3.8); thatin
women was 1.6 (0.8-3.2)!2. In a third study, conducted in a rural district of Denmark, a
relative risk of 2.5 (1.0-6.6) was reported for saccharin consumption in men and women
combined. This risk was not reduced after controlling for tobacco use and industrial work!3.

Two studies in Denmark!415, one in the USA!6 and a further case-control study in
Canada!’, however, gave negative results. In one of the Danish studies, incidence of bladder
cancer at ages 20-34 among people born 1941-1945 (when use of saccharin was high in
Denmark) was compared with that among those born 193 1-1940. The risk for men was 1.0
(0.7-1.6) and that for women, 0.3 (0.1-1.0). This study indirectly assessed intrauterine
exposure to saccharin!4. The other two studies were population-based case-control studies
of bladder cancer. In Denmark, the relative risk for people of each sex combined was 0.8
(0.6-1.1)15. In a study in the USA of bladder cancer in women aged 20-49, the odds ratio for
regular use of artificially sweetened beverages, table-top sweetener or both was 1.1 (0.7-
1.7)16. In Canada, the odds ratio for use of saccharin was 1.0 (0.9-1.2) in men and 1.0
(0.8-1.2) in women!”. The increased risks seen in subgroups in other studies were not
replicated in either study.

In the USA, in a study of 1862 patients hospitalized for cancer and of 10 874 control
patients, a greater proportion of artificial sweetener users was found only among women
with cancer of the stomach. Little information was available on urinary-tract cancer. No
overall association was found between artificial sweetener use and cancer!s.

B. Evidence for carcinogenicity to animals (sufficient)

Saccharin (unspecified or commercial) has been tested for carcinogenicity by oral
administration to mice, rats and hamsters. In mice, saccharin produced no difference in
tumour incidence between treated and control animals in one single- and in one multi-
generation study. Two further studies by oral administration in mice and three in rats were
considered to be inadequate for evaluation. A study in hamsters by oral administration and
one study in mice by skin application could not be evaluated. A study in mice by bladder
insertion provided evidence for the induction of bladder carcinomas!. Oral administration
to mice produced thyroid tumours!’.

Sodium saccharin has been tested for carcinogenicity by oral administration to mice,
rats and monkeys. One study in mice was inadequate for evaluation!. One single-generation
study in rats showed an increased incidence of bladder tumours in males; two further studies
showed a few bladder tumours; another study showed no difference in tumour incidence
between treated and control animals; and two others were inadequate for evaluation!. In
four two-generation studies in rats, sodium saccharin produced a statistically significant



336 IARC MONOGRAPHS SUPPLEMENT 7

increase in the incidence of bladder tumours in F, males fed either 5% or 7.5% sodium
saccharin’»20, In a further two-generation study of rats, a dose-related increase in the
incidences of benign, malignant and/ or combined bladder neoplasms was observed in males
treated with doses ranging from 4-7.5% in the diet, while no tumorigenic effect was observed
with 192122, Transplacental exposure of rats to sodium saccharin and to saccharin
(commercial) did not produce any treatment-related neoplasm?!:23, Sodium saccharin has
also been tested in mice by bladder insertion: it increased the incidence of bladder
carcinomas. Experiments in which it was tested by oral administration to monkeys and by
intraperitoneal administration to mice were considered to be inadequate for evaluation'.

The combination of sodium saccharin with sodium cyclamate in a ratio of 1:10 has been
tested by oral administration in a multigeneration experiment in mice and in single
experiments in rats. In one study in rats, transitional-cell carcinomas in the bladder were
produced in male animals given the highest dose; in two further studies in rats and in the
study in mice, there was no difference in tumour incidence between treated and control
animals’»24. Another study in rats was inadequate for evaluation!.

Pretreatment with a single instillation into the bladder of a low dose of N-methyl-N-
nitrosourea or feeding of N{4-(5-nitro-2-furyl)-2-thiazolyl}formamide and subsequent oral
administration of sodium saccharin for long periods increased the incidence of bladder
neoplasms in rats over that induced by the nitrosourea or the amide alone!. Simultaneous
administration of N-nitroso-N~(4-hydroxybutyl)butylamine and sodium saccharin signif-
icantly enhanced the induction of bladder papillomas over that seen after treatment with the
nitrosamine alone?s. Commercial saccharin preparations enhanced lung tumour induction
in mice when given before or during intraperitoneal administration of urethane?. In rats,
oral administration of sodium saccharin significantly increased the incidence of bladder
neoplasms induced by ulceration of bladder mucosa?”-23. Other studies of simultaneous or
consecutive treatment with saccharin and known carcinogens were inadequate for
evaluation!.

ortho-Toluenesulphonamide was tested for carcinogenicity by oral administration in
rats in a two-generation study: no increase in bladder tumour incidence was noted in
animals of either generation. In one of two single-generation studies in rats, benign and
malignant bladder tumours were found!.

C. Other relevant data

No data were available on the genetic and related effects of saccharin, sodium saccharin
or ortho-toluenesulphonamide in humans?.

It should be noted that many studies do not differentiate between saccharin (‘insoluble’
form) and sodium saccharin. Additionally, when it is reported that ‘saccharin’ (presumably
sodium saccharin) causes a positive response, primarily in assays for chromosomal effects,
the effect is seen only with very high concentrations, at which simple salts also give

responses?’.
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Treatment of mice with saccharin did not induce micronuclei or chromosomal
aberrations in bone-marrow cells or spermatocytes; conflicting results were obtained for the
induction of dominant lethal mutations. A commercial preparation (of unknown purity)
caused somatic mutations in the mouse spot test. Injection of radioactive saccharin into rats
revealed no DNA binding in the liver or bladder, nor did treatment of rats result in DNA
damage in bladder tissue. Saccharin did not induce sister chromatid exchanges in cultured
human lymphocytes. Negative results were obtained in assays for transformation in
cultured rodent cells, but saccharin enhanced transformation of virus-infected rat embryo
cells and of C3H 10T1/2 mouse embryo cells initiated with 3-methylcholanthrene in
two-state transformation assays. Results obtained with rodent cell systems were inconclusive
with regard to inhibition of intercellular communication. It caused DNA strand breaks in
rat hepatocytes but no chromosomal aberration in Chinese hamster cells. Saccharin
induced aneuploidy but not recombination or gene conversion in yeast. It was not
mutagenic and did not induce prophage in bacteria®.

Treatment of mice with sodium saccharin did not induce micronuclei, somatic
mutations (in the spot test) or sperm abnormalities. Treatment of Chinese hamsters did not
induce chromosomal aberrations in bone-marrow cells or spermatogonia but induced sister
chromatid exchanges in bone-marrow cells. Treatment of mice with commercial sodium
saccharin resulted in the induction of dominant lethal mutations, but treatment with a
preparation ‘purified’ by undefined criteria did not. Sodium saccharin induced chromo-
somal aberrations and sister chromatid exchanges in cultured human lymphocytes and
induced sister chromatid exchanges and chromosomal aberrations in cultured Chinese
hamster cells but no mutation in mouse lymphoma cells. It did not induce transformation of
BALB/c 3T3 cells. Contradictory results have been reported concerning the ability of
sodium saccharin to induce sex-linked recessive lethal mutations in Drosophila, and it did
not cause a significant increase in heritable translocations. Sodium saccharin induced
mutation, gene conversion and recombination in yeast, but was not mutagenic to bacteria?.

ortho-Toluenesulphonamide did not induce micronuclei or somatic mutation (in the
spot test) in mice treated in vivo. Contradictory results have been obtained for the induction
of sex-linked recessive lethal mutations in Drosophila. It was not mutagenic to bacteria®.

References

1A RC Monographs, 22, 55-109, 171-185, 1980

2Howe, G.R., Burch, J.D., Miller, A.B., Cook, G.M., Estéve, J., Morrison, B., Gordon, P., Chambers,
L.W., Fodor, G. & Winsor, G.M. (1980) Tobacco use, occupation, coffee, various nutrients and
bladder cancer. J. natl Cancer Inst., 64, 701-713

3Hoover, R.M. & Strasser, P.H. (1980) Artificial sweeteners and human bladder cancer. Preliminary
results. Lancet, i, 837-840 :

4Walker, A.M., Dreyer, N.A,, Friedlander, E., Loughlin, J., Rothman, K.J. & Kohn, H.1. (1982) An
independent analysis of the National Cancer Institute study on non-nutritive sweeteners and
bladder cancer. Am. J. public. Health, 72, 376-381



338 IARC MONOGRAPHS SUPPLEMENT 7

sHoover, R. & Hartge, P. (1982) Non-nutritive sweeteners and bladder cancer. Am. J. public Health,
72, 382-383

6Silverman, D.T., Hoover, R.N. & Swanson, G.M. (1983) Artificial sweeteners and lower urinary tract
cancer: hospital vs. population controls. Am. J. Epidemiol., 117, 326-334

7Wynder, E.L. & Stellman, S.D. (1980) Artificial sweetener use and bladder cancer: a case-control
study. Science, 207, 1214-1216

8Goldsmith, D.F. (1982) Calculation of potential bias in the odds ratio illustrated by a study of
saccharin use and bladder cancer. Environ. Res., 27, 298-306

9Kessler, I.I. & Clark, J.P. (1978) Saccharin, cyclamate, and human bladder cancer. No evidence of an
association. J. Am. med. Assoc., 240, 349-355

10Morrison, A.S. & Buring, J.E. (1980) Artificial sweeteners and cancer of the lower urinary tract. New
Engl. J. Med., 302, 537-541

1tMorrison, A.S., Verhoek, W.G., Leck, I., Aoki, K, Ohno, Y. & Obata, K. (1982) Artificial

sweeteners and bladder cancer in Manchester, UK, and Nagoya, Japan. Br. J. Cancer, 45,
332-336

12Cartwright, R.A., Adib,R,, Glashan, R. & Gray, B.K. (198 1) The epidemiology of bladder cancerin
West Yorkshire. A preliminary report on non-occupational aetiologies. Carcinogenesis, 2,
343-347

13Mommsen, S., Aagaard, J. & Sell, A. (1983) An epidemiological study of bladder cancer in a
predominantly rural district. Scand. J. Urol. Nephrol., 17, 307-312

t4Jensen, O.M. & Kamby, C. (1982) Intra-uterine exposure to saccharin and risk of bladder cancer in
man. Int. J. Cancer, 29, 507-509

15sMgller-Jensen, O., Knudsen, J.B., S¢rensen, B.L. & Clemmesen, J. (1983) Artificial sweeteners and
absence of bladder cancer risk in Copenhagen. Int. J. Cancer, 32, 577-582

16Piper, J.M., Matanoski, G.M. & Tonascia, J. (1986) Bladder cancer in young women. Am. J.
Epidemiol., 123, 1033-1042

17Risch, H.A., Burch, J.D, Miller, A.B., Hill, G.B., Steele, R. & Howe, G.R. (1987) Dietary factors
and the incidence of cancer of the urinary bladder. Am. J. Epidemiol. (in press)

18Morrison, A.S. (1979) Use of artificial sweeteners by cancer patients. J. natl Cancer Inst., 62,
1397-1399

19Prasad, O. & Rai, G. (1986) Induction of papillary adenocarcinoma of thyroid in albino mice by
saccharin feeding. Indian J. exp. Biol., 24,197-199

20Taylor, J.M., Weinberger, M.A. & Friedman, L. (1980) Chronic toxicity and carcinogenicity to the
urinary bladder of sodium saccharin in the in utero-exposed rat. Toxicol. appl. Pharmacol., 54,
57-75

21Schoenig, G.P., Goldenthal, E.L, Geil, R.G., Frith, CH,, Richter, W.R. & Carlborg, F.W. (1985)
Evaluation of the dose response and in utero exposure to saccharin in the rat. Food chem.
Toxicol., 23, 475-490 N

22Squire, R.A. (1985) Histopathological evaluation of rat urinary bladders from the IRDC two-
generation bioassay of sodium saccharin. Food chem. Toxicol., 23, 491-497

23Schmihl, D. & Habs, M. (1980) Absence of a carcinogenic response to cyclamate and saccharin in
Sprague-Dawley rats after transplacental application. Arzneimittelforschung, 30, 1905-1906



SHALE-OILS 339

24Schmihl, D. & Habs, M. (1984) Investigations on the carcinogenicity of the artificial sweeteners
sodium cyclamate and sodium saccharin in ratsin a two-generation experiment. Arzneimittel-

forschung, 34, 604-606

25Nakanishi, K., Hirose, M., Ogiso, T., Hasegawa, R., Arai, M. & Ito, N. (1980) Effects of sodium
saccharin and caffeine on the urinary bladder of rats treated with N-butyl-N-(4-hydroxybutyl)-
nitrosamine. Gann, 71, 490-500

26Theiss, J.C., Arnold, L.J. & Shimkin, M.B. (1980) Effect of commercial saccharin preparations on
urethan-induced lung tumorigenesis in strain A mice. Cancer Res., 40, 4322-4324

27Cohen, S.M., Murasaki, G., Fukushima, S. & Greenfield, R.E. (1982) Effect of regenerative
hyperplasia on the urinary bladder: carcinogenicity of sodium saccharin and N{4-(5-nitro-2-
furyl)-2-thiazolyl)formamide. Cancer Res., 42, 65-71

28Hasegawa, R., Greenfield, R.E., Murasaki, G., Suzuki, T. & Cohen, S.M. (1985) Initiation of
urinary bladder carcinogenesis in rats by freeze ulceration with sodium saccharin promotion.
Cancer Res., 45, 1469-1473

2%]4 RC Monographs, Suppl. 6, 488-493, 520-522, 1987

SHALE-OILS (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

The association between shale-oils and skin cancers, particularly of the scrotum, was
demonstrated by analyses of 65 cases of skin cancer, including 31 of the scrotum, from the
Scottish shale-oil industry. In the UK, over 2000 cases of skin cancer (‘mule-spinners’
cancer’) were recorded among cotton-textile workers and others exposed to lubricating oils
(many of which are believed to have been shale-derived). The occupational etiology of these
cases is supported by occupational mortality statistics for the UK and by an occupational
comparison with fatal cases of penile cancer. In contrast, one study showed very few scrotal
cancers among US cotton-textile workers employed in mills where shale-derived lubricants
were not used. A cohort study of shale-oil workers in western USA showed statistically
significant excesses of all cancers and of colon cancer, although data on duration and time
since first exposure were not available. A cohort study of shale-oil workers in Estonia
showed a significant excess of skin cancer but not of cancers at other sites!. A follow-up of
6064 men who had worked in the Scottish oil-shale industry between 1950 and 1962 showed
a significant excess of skin cancer2. A case-control study of lung cancer in the shale area
showed no association with work in the shale industry?.

Two basal- and two squamous-cell carcinomas were found émong 325 workers
employed at an oil-shale demonstration facility during 1948-1969 in Utah, USA. The
incidence was about that expected3.
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DESCRIPTION OF ONLINE SEARCHES FOR SACCHARIN
AND SACCHARIN SALTS

Initial online searches for saccharin [CASRN 128-44-9] and its sodium [81-07-2,
anhydrous; 6155-57-3, dihydrate] and ammonium [6381-61-9] salts were performed in February
and March 1996 in databases on the systems of STN International, DIALOG, NLM’s TOXNET,
and the Chemical Information System. Toxicology information was sought in the databases
CCRIS (Chemical Carcinogenesis Research Information System), CHEMHAZIS (from the NTP
Chemical Repository), EMIC, EMICBACK, GENETOX, RTECS (one record for each), and
TOXLINE (name and CASRNs combined with terms for metabolism and the MESH heading for
all neoplasms). Since that time, we have monitored 1200 life sciences journals for saccharin
information using Current Contents on Diskette® (and cumulative issues on CD-ROM). We
monitored not only for saccharin but also for information on rat bladder carcinogenesis induced
by other chemicals and for articles by S. Cohen. We had requested and received many reprints
on these topics by the time work resumed on this compound in 1997.

Market information, including production, shipments, sales and consumption, labor use,
and workers by type was sought in IAC PROMT and the FOODLINE files Food Science and
Technology and International Food Market Data in March 1996.

Regulatory information was sought in March 1996 from CHEMTOX and the
FOODLINE file CURRENT FOOD LEGISLATION and more recently from the in-house FESA
CD-ROM containing the latest Code of Federal Regulations and the Federal Register pertaining
to the title 21 (FDA) and title 40 (EPA) regulations.
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LISTING OF GAP TEST CODES IN PHYLOGENETIC ORDER
FOR SACCHARIN AND SODIUM SACCHARIN

Prokaryotic Systems:

PRB = Prophage, induction, SOS repair, DNA strand breaks or cross-links
SAS5 = Salmonella typhimurium TA1535, reverse mutation

SA7 = Salmonella typhimurium TA1537, reverse mutation

SA8 = Salmonella typhimurium TA1538, reverse mutation

SA9 = Salmonella typhimurium TA98, reverse mutation

SAOQ = Salmonella typhimurium TA 100, reverse mutation

Lower Eukaryotic Systems:

SCG = Saccharomyces cerevisiae, gene conversion

SCH = S. cerevisiae, homozygosis by recombination or gene conversion
SCR = Saccharomyces cerevisiae, reverse mutation

SCN = Saccharomyces cerevisiae, aneuploidy

DMZX = Drosophila melanogaster, sex-linked recessive lethal mutation
DMH = Drosophila melanogaster, heritable translocation test

Mammalian Systems in vitro:

DIA = DNA strand breaks, cross-links or rel. damage, animal cells in vitro
G5T = Gene mutation, mouse L5178Y cells in vitro, TK locus

SIC = Sister chromatid exchange, Chinese hamster cells in vitro

CIC = Chromosomal aberrations, Chinese hamster cells in vitro

TBM = Cell transformation, BALB/C3T?3 mouse cells

TCM = Cell transformation, C3H10T 1/2 mouse cells

TRR = Cell transformation, RLV/Fischer rat embryo cells

SHL = Sister chromatid exchange, human lymphocytes in vitro

CHL = Chromosomal aberrations, human lymphocytes in vitro

Mammalian Systems in vivo:

BFA = Body fluids from animals, microbial mutagenicity

DVA = DNA strand breaks, cross-links or rel. damage, animals in vivo

MST = Mouse spot test

SVA = Sister chromatid exchange, animal cells in vivo

MVM = Micronucleus test, mice in vivo

CBA = Chromosomal aberrations, animal bone-marrow cells in vivo

CGC = Chromosomal aberrations, spermatogonia treated in vivo and cytes obs.
CGG = Chromosomal aberrations, spermatogonia treated in vivo and gonia obs.
DLM = Dominant lethal test, mice
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* Alternative test codes (not shown in profiles)

BVD = Binding (covalent) to DNA, animal cells in vivo

ICR = Inhibition of intercellular communication, rodent in vitro
ICR = Inhibition of intercellular communication, rodent in vitro
ICR = Inhibition of intercellular communication, rodent in vitro
SPM = Sperm morphology, mouse
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SACCHARIN
CAS No. 128-44-9
First Listed in the Second Annual Report on Carcinogens

CARCINOGENICITY

There is sufficient evidence for the carcinogenicity of saccharin in experimental animals
(IARC V.22, 1980; IARC S.4, 1982; IARC 8.7, 1987). Saccharin is produced commercially as
calcium and sodium salts (6485-34-3 and 128-44-9, respectively) as well as the free acid, and the
name saccharin has been applied to all these chemicals. When saccharin was administered in the diet
or drinking water, increased incidences of lymphomas/leukemias and transitional cell carcinomas
of the urinary bladder were seen in rats. In multigeneration studies using rats, administration of
saccharin in the diet induced transitional cell carcinomas and papillomas of the urinary bladder in
the first generation male offspring. In one study when administered in the diet, saccharin induced
papillary adenocarcinomas of the thyroid in mice. Several studies in which saccharin was
administered orally to mice, rats, hamsters, and monkeys were considered inadequate for evaluation
by IARC Working Groups. Surgical insertion of pellets containing saccharin resulted in urinary
bladder cancer in mice and urinary bladder carcinomas in female mice. Other studies involving
topical administration of saccharin to mice and intraperitoneal injection of female mice were
considered to be inadequate for complete evaluation by IARC Working Groups. Transplacental
exposure of rats to sodium saccharin and to saccharin did not produce any treatment-related
neoplasms. Pretreatment with a single instillation in the urinary bladder of a low dose of N-methyl-
N-nitrosourea or feeding of N-[4-(5-nitro-2-furyl)-2-thiazolyl]formamide and subsequent oral
administration of sodium saccharin for long periods increased the incidence of urinary bladder
neoplasms in rats over that induced by the nitrosourea or the amide alone. Simultaneous
administration of N-nitroso-N-(4-hydroxybutyl)butylamine and sodium saccharin significantly
enhanced the induction of urinary bladder papillomas over that seen after treatment with the
nitrosamine alone.

AnIARC Working Group reported that there is no adequate evidence for the carcinogenicity
of saccharin in humans (IARC S.7, 1987). Since the positive report of Howe et al. (1980), the results
of seven case-control studies and one population study of urinary bladder cancer have been
inconsistent. The largest was a population-based study in 10 areas of the United States. Significant
trends of increasing risk with increasing average daily consumption were found in female
nonsmokers and male heavy smokers. Subsequent, independent reanalysis of the same data by a
different statistical technique (multiple logistic regression) confirmed the original findings overall
but cast doubt on the significance of the findings in the two subgroups because of inconsistent dose-
response trends, especially among the male heavy smokers. Three other case-control studies have
also shown increased risks among subgroups, but other studies have given negative results. In
another study of patients hospitalized for cancer and control patients, a greater proportion of artificial
sweetener users was found only among women with cancer of the stomach. Little information was
available on urinary tract cancer. No overall association was found between artificial sweetener use
and cancer.

PROPERTIES

Saccharin is a white crystalline powder with an intensely sweet taste. It is soluble in water,
acetone, ethanol, and glycerol and slightly soluble in chloroform and diethy! ether. Saccharin is also
available as the calcium and sodium salts. Calcium saccharin is a free-flowing white powder that
is odorless or has a faint aromatic odor. Sodium saccharin occurs as white, nondusting granules with
no odor. Both salts are soluble in water. When heated to decomposition, saccharin and its calcium
and sodium salts emit toxic fumes of nitrogen oxides (NO,) and sulfur oxides (SO,). Saccharin is
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available as a grade containing up to 98-101% active ingredients. Calcium saccharin is available as
a grade 95% pure. Sodium saccharin is available as a grade 98-101% pure.

USE

Saccharin is used primarily as a nonnutritive sweetening agent, with usage increasing
substantially after cyclamates were banned in food in 1970. In 1976, the estimated U.S. consumption
for all forms of saccharin was 45% in soft drinks; 18% in tabletop sweeteners; 14% in fruit juices,
sweets, chewing gum, and jellies; 10% in cosmetics and oral hygiene products; 7% in drugs, such
as coatings on pills; 2% in smokeless tobacco products; 2% in electroplating; and 2% for other uses
(IARC V.22, 1980).

PRODUCTION

The USITC identified one U.S. producer for saccharin and its sodium salt from 1980 to 1988,
but no production data were provided (USITC, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1988,
1989). The USITC also reported that one U.S. company produced saccharin, calcium salt, from 1982
to 1984, but no production data were provided. U.S. imports of saccharin have steadily declined
from 5.9 million Ib in 1983 to 3.7 million Ib in 1984, about 1.8 million Ibin 1985, and to 1.6 million
Ib in 1987 (USITCa, 1984; USDOC Imports, 1985 1986, 1988). The 1979 TSCA Inventory
identified three U.S. companies producing 1.1 million Ib of saccharin in 1977, and 6.3 million 1b
were imported. Two U.S. companies produced 1.6 million Ib of saccharin, sodium salt, and 281,000
1b were imported in 1977. Imports of saccharin, calcium salt, amounted to 5,500 Ib, and one U.S.
company produced 550,000 Ib of saccharin, ammonium salt, in 1977 (TSCA, 1979).

EXPOSURE

The primary routes of potential human exposure to saccharin are ingestion and dermal
contact. Potential exposure occurs through the consumption of dietetic foods and drinks and some
personal hygiene products, such as certain toothpastes and mouthwashes. The FDA has authorized
the use of saccharin and its salts in beverages in concentrations not to exceed 12 mg/oz, as a sugar
substitute not to exceed 20 mg for each expressed teaspoonful of sugar sweetening equivalency, and
in processed food not to exceed 30 mg per serving. In 1983, the Calorie Control Council estimated
that in the United States, 44 million adults consumed saccharin-sweetened products. Saccharin
consumption is greatest among diabetics and others whose medical conditions require the restriction
of calories or carbohydrates. Exposure to saccharin has possibly decreased in recent years due to the
introduction of Nutra-Sweet® and Equal® (aspartame). The risk of potential occupational exposure
exists for workers involved in the production of saccharin or its salts, in the manufacture and
formulation of saccharin-containing products, and during the packaging of the consumer products.
The National Occupational Hazard Survey, conducted by NIOSH from 1972 to 1974, estimated that
about 28,000 workers were potentially exposed to saccharin in the workplace (NIOSH, 1976). The
National Occupational Exposure Survey (1981-1983) estimated that 12,994 total workers, including
11,182 women, potentially were exposed to saccharin and 18,952 total workers, including 11,801
women, potentially were exposed to its sodium salt (NIOSH, 1984). The Toxic Chemical Release
Inventory (EPA) listed four industrial facilities that produced, processed or otherwise used saccharin
in 1988 (TRI, 1990). In compliance with Community Right-to-Know Program, the facilities reported
releases of saccharin to the environment which were estimated to total 750 Ib.
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REGULATIONS

The EPA regulates saccharin and its salts under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), Resource Conservation and Recovery Act (RCRA),
and Superfund Amendments and Reauthorization Act (SARA). Saccharin is subject to reporting and
recordkeeping rules under CERCLA, RCRA, and SARA. The EPA proposed raising the statutory
reportable quantity (RQ) of 1 Ib, established under CERCLA, to 100 Ib for saccharin and its salts.
The final rule adjusts the RQ from 1 Ib to 100 Ib. Saccharin is regulated as a hazardous constituent
of waste under RCRA, and threshold amounts for facilities which may release saccharin have been
established under SARA. The FDA regulates saccharin under the Food, Drug, and Cosmetic Act
(FD&CA) as a food ingredient not to exceed specific concentrations. In compliance with the
Delaney Clause, the FDA proposed to ban saccharin as a food additive in 1977 because of the
available evidence of its carcinogenicity in animals. However, final regulations are pending because
of congressional action in 1977 requiring further study and labeling of saccharin. OSHA regulates
saccharin under the Hazard Communication Standard and as a chemical hazard in laboratories.
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