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Long-term Feeding of Sodium Saccharin to
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Tract Cancer

S. Takayama, S. M. Sieber, R. H. Adamson, U. P. Thorgeirsson,
D. W. Dalgard, L. L. Arnold, M. Cano, S. Eklund, S. M. Cohen*

creased incidence of bladder tumors in (@ts5),except for one
Background: It was observed in the early 1970s that saccha- report(4). However, in two-generation experiments, sodium sac-g
rin produced bladder cancer in rats. However, it has been charin produced a statistically significant increase in bladders:
unclear whether sodium saccharin when consumed by hu- tumors in F-generation rats, and the effect was greater in males:
mans poses a substantial carcinogenic hazard. Numerousthan in femaleg5). Initiating administration at birth rather than
epidemiologic studies have not shown any evidence of in-pefore gestation also led to a comparable increased incidence 6;f
creased urothelial proliferation associated with ingestion of bladder tumors when sodium saccharin was administered in th%
sodium saccharin.Purpose: Our purpose was to determine diet for the remainder of the offsprings’ livés). On the basis of %
the effects of long-term feeding of sodium saccharin to three the observation that sodium saccharin increased the incidence éf
species of nonhuman primatesMethods:Twenty monkeys of bladder tumors in rats, the U.S. Food and Drug Adm|n|strat|on:
three species (six African green, seven rhesus, six cynomolpublished a proposal to ban the food use as well as other use tgf
gus, and one hybrid [of rhesus male and cynomolgus female this compound in 1977, but this proposal was overturned by &
parentage]) were treated with sodium saccharin (25 mg in moratorium passed by the U.S. Congress; this moratorium hag
the diet/kg body weight daily for 5 days a week) beginning been renewed several times subseque(tiyi0). However, so-
within 24 hours after birth and continuing for up to 24 years.  dium saccharin use was banned in Canada.
Sixteen monkeys (seven rhesus and nine cynomolgus) served In contrast to the weak tumorigenicity of sodium saccharin
as controls. During their last 2 years of life, urine was col- found in traditional bioassays evaluating a single agent, sodlum:
lected from selected treated and control animals and evalu- saccharin demonstrated relatively strong cocarcinogenic act|or.r
ated for various urinary chemistries and for the presence of for the rat urinary bladder, either after concurrent administration®
calculi, microcrystalluria, and precipitate. Urinary bladders — with N-[4-(5-nitro-2-furyl)-2-thiazolyl]formamide (FANFT)
were examined by light microscopy and by scanning electron (11) or after initial administration with a strong bladder carcino-
microscopy. Results:Sodium saccharin treatment had no ef- gen, such as FANFTN-butyl-N-(4-hydroxybutyl)nitrosamine
fect on the urine or urothelium in any of these monkeys. (BBN), N-methyl-N-nitrosourea (MNU), or cyclophosphamide,
There was no evidence of increased urothelial cell prolifera- or after freeze ulceratio(b). Except for the experiments with
tion, and there was no evidence of formation of solid mate- MNU (5), these studies were generally performed in male ratsw
rial in the urine. Conclusion: Although the dose of sodium In contrast to the observations in rats, sodium saccharin adcag
saccharin administered to these monkeys was only five to 10 ministered orally in the diet, either alone or following pread-
times the allowable daily intake for humans, the results pro- ministration with 2-acetylaminoflourene, had no effect in mice S S
vide additional evidence that sodium saccharin is without a (5,12).Also, administration of sodium saccharin to hamsters or"
carcinogenic effect on the primate urinary tract. [J Natl guinea pigs had no effe¢s).
Cancer Inst 1998;90:19-25] In addition to its tumorigenic effects in the rat, sodium sac-
charin was reported to produce a mild, simple hyperplastic re-
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Several studies on the carcinogenicity of sodium saccharin in
rodents have been reported, beginning in 1970 with the report by
Bryan et al.(1) that sodium saccharin increased the incidence of+Affiliations of authors:S. Takayama, S. M. Sieber, R. H. Adamson, U. P.
bladder tumors in mice treated by direct bladder implantation ®fiorgeirsson, Division of Basic Sciences, National Cancer Institute, Bethesda,
sodium saccharin in a cholesterol pellet. However, this methf@: P- W- Dalgard, Covance Laboratories, Inc., Vienna, VA, L. L. Arnold, M.

Cano, S. Eklund, S. M. Cohen, Department of Pathology and Microbiology and

has been questioned with respect to interpretation, and the reg| ﬁzppley Institute, University of Nebraska Medical Center, Omaha.
may be related directly to the effects of the pellet rather than t('-l:orrespondence tad. P. Thorgeirsson, M.D., National Institutes of Health,
the chemical within the pelle(2). The traditional single- Bldg. 37, Rm. 2D-02, Bethesda, MD 20892.
generation 2-year bioassay in which high doses of sodium sacSee"Notes” following “References.”

charin are used in the diet generally has been negative for @exford University Press
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sponse within a relatively short period when it was administeredr slice of bread), after which the dose of sodium saccharin was added on top
at high dOSESE€2.5%) in the die(5). Hyperplasia was found to of the spread and the bread was folded in half to form a sandwich and then fed

. .. .o the animal. Sodium saccharin administration was initiated within 24 hours
occur regardless of whether the chemical was administered IEa%)ft r birth and was continued until the animals died or were euthanized at the end

two-generation protoco{13) or beginning after weaning in af the study. The sexes of the animals are listed in Table 1.
traditional one-generation protoc¢l4). The hyperplastic re-

sponse was considered necessary for eventual developmerﬁ'
bladder epithelial tumorgl5). Evidence(16) suggests that the A total of 20 monkeys were treated with sodium saccharin. They included six
hyperplasia occurs secondary to mild cytotoxicity of the supehfrican green, seven rhesus, six cynomolgus, and one hybrid rhesus male x
ficial layers of the bladder epithelium from formation of a cySynomolgus female monkeys (Table 1).

totoxi Ici h hat taini ivitate in th . __Control, untreated breeder and vehicle-treated monkeys, ranging in age from
otoxic, caicium phosphate-containing precipitate in the u”%G to 301 months, that were contemporary with the sodium saccharin-treated

after administration of high doses of sodium saccharin or oth@nkeys were used for comparison. Monkeys that died at earlier ages were not
similar sodium salts, such as sodium ascorbate, sodium citraieluded as controls for this comparison. The controls consisted of seven rhesus
and sodium chloride. (five males and two females) and nine cynomolgus (five males and four females)

Because of saccharin consumption by humans. an experimr@mkeys. The specific strains and sexes of the animals used are listed in Table

. . . 2. These control, aged monkeys were included to determine whether the ob-
was begun in nonhuman primates in 1970 to evaluate possiplg ., changes were in fact age dependent

urinary bladder or other effects; preliminary findings have beenrhe individual monkeys underwent complete physical examinations by a vetJ
published(17,18). The nonhuman primates used in that expererinarian every 6 months. In addition, the following routine blood examinations S

ment received the compound for 79 months; however, no atgre performed atintervals of 3-6 months: hematocrit, hemoglobin, white bloodd’
normal pathologic findings were observed in the urinary bIaddéF,” count, p_IgteI_et count, and oth_er cllnlcgl parametgrs (i.e., alkaline phosphg%
kidnevs. or testi$19 20) Some of these animals were Cominueéase, total bilirubin, serum glutamic pyruvic transaminase, and serum qutamlcg
ys, . ' . _ xalacetic transaminase).
on the sodium saccharin until 1995. _ _ _ _
The purpose of this study was to determine the effects bissue Collection, Processing, and Evaluation

long-term feeding of sodium saccharin to nonhuman primatesmonkeys that died or were euthanized were carefully necropsied. The follow-5=
Preliminary data have previously been presented by Sieber @ndissues and organs were fixed in buffered formalin: brain, pituitary, salivary &
Adamson in 197§20), by Thorgeirsson et al. in 19921), and gland, thyroid, tongue, cheek pouches, trachea, esophagus, lungs, heart, aor,
bv Coh t al. in 199622 liver, gallbladder, spleen, kidneys, adrenals, stomach, pancreas, duodenum, j_ -
y Cohen et al. in 622). . ) ; ) . )

junum, ileum, large intestine, lymph nodes, urinary bladder, testis, prostate@
seminal vesicles (or ovaries and uterus), breast, skin, and bone marrow, as wéfl
as any grossly apparent tumor tissue. Tissue sections were routinely process
for paraffin embedding and stained with hematoxylin-eosin. Animals remaining=:
for the terminal euthanasia were put under deep anesthesia, and their urinag

Monkeys were selected at the time of inception of this study in 1970 frofjadders were inflatedh situ by injection of 25 mL phosphate-buffered glutar-
those available in a monkey colony consisting of three speblasaca fascicu- aldehyde mto the bladder_ to distend it for examlrlatlon by bth light microscopy
laris (cynomolgus)Macaca mulattarhesus), an€ercopithecus aethiopgf- ~ 2nd scanning electron microscof88—25). The animals on which these proce-
rican green). One hybrid monkey bred by the mating of a rhesus male Witﬁjﬁres were performed are indicated in Tables 1 and 2.
cynomolgus female was also used in the study. Details of the maintenance @}qlne Collection and Analysis
management procedures and the method used to rear neonates have been de-
scribed elsewherél7,20). One to 2 years before the animals were euthanized, urine samples were co

The monkeys were cared for according to the standards established by léeted from two male and two female monkeys that had been treated with sodiurf?
Association for Assessment and Accreditation for Laboratory Animal Casaccharin and from two male and two female controls of the cynomolgus and theg
(AAALAC). The experimental protocols used were approved by the Animahesus species. Collection was frona to 10am. Urinary pH was determined <
Sciences Branch of the National Cancer Institute and reviewed on an anrfaaluse of the Beckman combination electrode (Beckman Instruments, Inc., Ful$
basis. The animals were given a diet consisting of high-protein Purina monKeyton, CA), and urine chemistries were determined on an Ektachem 700 Chemz
chow (5045 Standard), with a vitamin spread on sandwiches and apples. Eutbigy Analyzer (Eastman Kodak Co., Rochester, NY), except for chloride deter->,
nasia was performed by immobilization with ketamine hydrochloride (15 mg/kginations, which were measured on an Astra 4 Automated Analyzer (Beckma%
intramuscular), followed by sodium thiamylal (40 mg/kg, intravenous). Thimstruments, Inc.), and protein determinations, which were measured by use

xperimental Design

/:sdny wo.

Materials and Methods

Monkeys

80L/6L/L/06/3101E

=

autopsies were performed immediately following the euthanasia. the Bradford protein assay (BioRad Laboratories, Richmond, CA). The urineS
. samples were examined for solid material by means of scanning electron miX
Chemical and Treatment croscopy, using previously described meth¢i). N

) ) ) ) S A sample of fresh-voided control urine was also collected and examined by
Sodium saccharin (>99% purity) was purchased from Fisher Scientific Coppse of chromatographic procedures detailed elsew{Batfor the potential of

pany (Fairlawn, NJ) and was used as obtained without further purificatiogygiym saccharin to associate (coelute) with urinary macromolecules. Urinary
Sodium saccharin was administered orally at a level of 25 mg/kg for 5 day$;gers were examined by means of scanning electron microscopy (Phillips 515
week. This dose represents 10 times the allowable daily intake for humanssasnning Electron Microscope; Phillips, Inc., Eindhoven, The Netherlands) with

determined by various agencies, e.g., JECFA (Joint Food and Agricultural Qfached energy dispersive spectroscopy (Kevex Micro-X 7000 Analytical Spec-
ganization/World Health Organization Expert Committee on Food AdditiveSyometer with Quant-X Program; Kevex, Inc., Hayward, CA).

Use of 10 times the allowable daily intake was the standard choice of dose for

the National Cancer Institute’s nonhuman primate carcinogenicity testing plesults

gram at the time of inception of this stu@®1). For newborn monkeys, sodium

saccharin was added to the Similac formula at the time of feeding. When the Twenty monkeys underwent long-term treatment with so-
monkeys were 6 months old, the compound was incorporated into a vitanglflum saccharin. These monkeys were arbitrarily divided into

mixture that was given to the monkeys as a vitamin sandwich on a slice of breﬁ% groups: Group 1 consisted of eight monkeys that died during
The mixture consisted of powdered dry milk (5 pounds), Parvo (a folic acj )

supplement, 4 ounces, 20% with starch; Roche Agricultural Products), Cecorﬁag Course of the e>.<per|ment be_tween 'l(.)3 an_d 282 months after
vitamin C supplement, 300 mL; Abbott Laboratories, Chicago, IL), molasses {@€ initiation of sodium saccharin administration. Group 2 con-

L), and water (500 mL). The vitamin mixture was spread onto bread (1 teaspagisted of 12 monkeys that did not show toxic effects and were
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Table 1. Tumors and other lesions in monkeys treated with sodium saccharin

Animal Age at Month
No. Species* Sext first dose dosed Total dose, g Major autopsy findings

Group 1: monkeys that died during the course of the experiment from non-neoplastic diseases

827K Rh M 2 days 103 267.8 Bronchial aspiration

1206S Cy F 2 days 128 229.9 Bronchopneumonia; ulcer of the esophagus and stomach

1204S Rh M 1 week 157 457.5 Congestion of the lung, spleen, and kidney; edema of the lung

826K Gr F 2 days 168 299.7 Septic hepatitis

821J Gr F Birth 170 307.7 Septic hepatitis

1214St Gr M Birth 192 467.1 Myocardial degeneration; atelectasis of the lung; congestion of
the liver, lung, spleen, and kidney; hypoplastic bone marrow;
atrophy of the thyroid; cholelithiasis

1207S Rh M Birth 214 721.0 Myocardial fibrosis; congestion of the liver and lung; renal
tubular necrosis; kyphosis

828K+ Gr F 1 day 282 473.6 Chronic ileitis

Group 2: monkeys euthanized after >207 months in the experiment

1213S Cy F Birth 207 318.7 Fatty infiltration of the liver; colloid cyst of the thyroid;
endometriosis; chronic ulcer of the rectum; hydronephrosis of
the kidney

1215S%t Cy M 1 day 213 803.0 Myocardial fatty infiltration; fatty infiltration of the liver; atrophy
of the testis

1205St Hybrid F 3 days 214 598.9 Fatty degeneration of the liver; myocardial fibrosis and fatty
degeneration

1209St Rh F 1 day 214 633.1 Ductal hyperplasia of the pancreas

1211S%t Cy M 1 day 214 658.3 Myocardial fibrosis and fatty degeneration; fatty infiltration of
the liver; hyalinization of the pancreatic islet cells; atrophy of
the testis

1212S%t Cy F 1 day 214 461.2 Myocardial fatty degeneration; fatty infiltration of the liver;
hyalinization of the pancreatic islet cells

829K+t Gr F Birth 281 515.6 Leiomyoma of the uterus; diverticulosis of the colon

820J% Rh F Birth 282 1021.5 Congestion and fatty degeneration of the liver; ovarian cyst

823J% Rh M Birth 282 1136.2 Fatty degeneration of the liver; colloid cyst of the thyroid

824Kt Rh M Birth 282 1054.3 Lymphoma of thyroid; cyst of the pituitary gland

825K%t Gr F 10 days 282 455.4 Papillary cystadenoma of the ovary; leiomyoma of the stomach

818J Cy M 1 day 283 970.1 Myocardial fibrosis; liver cyst

*Rh = rhesus (Macaca mulatta); Cy¥ cynomolgus (Macaca fascicularis); G¢ African green Cercopithecus aethiops).
tM = male; F= female.
iBladder observed by scanning electron microscopy.

Table 2. Major autopsy findings in control monkeys

Animal Euthanized

No. Species* Sext or diedt Observation, mo Major histologic findings

1234T§ Cy F E 206 Myocardial degeneration; hyalinization of the pancreatic islet cells

1188S8§ Cy M E 217 Atrophy, testis

1156R§ Rh F E 224

947M Rh M E 234

944M Rh M E 237 Fatty infiltration of the liver; hemorrhage and edema of the lung;
inguinal hernia

987M Cy F E 240 Hypertrophy of the left kidney; absence of the right kidney;
endometriosis; oil injury of the right eye

1017N Cy M E 244 Fibrosis, papillary muscle, left ventricle

1041N8 Cy M E 248 Atrophy of the testis; fatty infiltration of the liver; hyalinization of the
pancreatic islet cells; cystic dilation of the prostate glands

989M§ Rh M E 257 Nodular cortical hyperplasia of the left adrenal

6971 Rh M E 261 Diverticulitis; emphysema and interstitial fibrosis of the lung

899L Cy M E 268 Chronic bronchitis

901L8 Cy F E 277 Proliferation, follicular epithelial cell of the thyroid

778J Rh M D 284

780J Cy M D 285 Myocardial fibrosis; hyalinization of the pancreatic islet cells

779 Rh F E 299 Fatty infiltration, clear cell foci of the liver; chronic gastritis;
cholecystitis; adenomyosis of the uterus

678H Cy F E 301 Fatty infiltration of the liver; hyalinization of the pancreatic islet cells;

endometriosis; splenomegaly; hydronephrosis of the right kidney

*Rh = rhesus (Macaca mulatta); Cy¥ cynomolgus (Macaca fascicularis); G¢ African green Cercopithecus aethiops).
M = male; F= female.

fE = euthanized; D= died.

8Urinary bladder examined by scanning electron microscopy.
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euthanized between 207 and 283 months after administratiordafim saccharin-treated animals, but no definite tumors were
the compound had begun (terminal sacrifice). seen.

The major necropsy findings for the eight monkeys in group It should be noted that the three types of tumors found in the
1 are summarized in the top one third of Table 1. Total dosessz#ccharin-treated monkeys have also been observed in breeders
sodium saccharin consumed by these monkeys averaged 403a0d normal controls in this monkey colorf21). Among 373
and ranged from 229.9 to 721.0 g. Two African green monkewgsitopsy records reviewed, one case of leiomyoma of the uterus,
had septic hepatitis. The most frequent histopathologic findingee case of papillary cystadenoma of the ovary, and three cases
at necropsy of these monkeys involved the respiratory systeshlymphomas were found in breeders and normal con{&i3.
Five of these monkeys were found at necropsy to have lungNo abnormalities were seen in the urinary bladders of the 12
infection, edema, congestion, or atelectasis. In one monkegdium saccharin-treated monkeys (e.g., Fig. 2) and the six con-
acute bronchial aspiration and pneumonia were present. In ttw@ monkeys examined by scanning electron microscopy fol-
monkeys, there was myocardial fibrosis associated with mylowing glutaraldehyde fixation. The animals whose bladders
cardial fatty degeneration. One monkey had chronic ulcers of twere examined by scanning electron microscopy are indicated in
stomach and esophagus, and another monkey had histologic@ples 1 and 2. The bladder mucosa was lined with the typical
observed chronic ileitis. None of these monkeys had abnormalisperficial cells of mammalian urothelium, consisting of large
ties of the urothelium, including the renal pelvis, ureters, urinapolygonal cells with a microridge system on their surf§28). o
bladder, or urethra. For a few of the monkeys that were euthanized, the bIadderg

In group 2, the total dose of sodium saccharin consumegre removed and remained on the autopsy table for 15-2§
averaged 718.9 g and ranged from 455.4 to 1136.2 g. When thimutes before they were placed in formalin for fixation. They§
12 remaining saccharin-treated monkeys were euthanizedwiare not inflatedn situ, and they were not opened for fixation g
1995, three of them had gross evidence of tumors. Histologitthe formalin until after they had been fixed in formalin for =
examination revealed a thyroid lymphoma in the first monkegyeater than 24 hours. By light microscopy, these bladders al%’
leiomyoma of the uterus in the second monkey, and a papillagpeared normal. However, by the more sensitive technique ojt
cystadenoma of the ovary and leiomyoma of the stomach in theanning electron microscopy, the surface of these bladde@
third monkey. Other histopathologic findings in the monkeys ifwhether from control or treated animals) showed changes (e.93
group 2 are summarized in the bottom two thirds of Table 2. Fig. 3) that were identical to those seen in normal rat bladder;
addition to the tumors, three of the 12 monkeys had myocardiallowing autolysis secondary to lack of immediate fixation 5
fibrosis and three had myocardial fatty degeneration. In sevensitii. These autolytic changes occur literally within minutes (5-8
these 12 monkeys, fatty degeneration of the liver was noted, arfsl minutes) of the death of the animal; thus, inflation of the%
one animal had a liver cyst. Light microscopy showed no evdadder with glutaraldehyde (a proper electron microscopic fixa-:
dence in any of these monkeys of urothelial changes, i.e., in tiee) is necessary for the proper evaluation of the bladder uro=
renal pelvis, the ureters, the urinary bladder (Fig. 1), or thbelial surface. Besides the autolytic changes, no alteration ofthg
urethra. bladder surface was evident in any of the animals. In summaryz

The lesions observed in age-matched control monkeys &nelight microscopy and by scanning electron microscopy, theg
listed in Table 2. In general, these monkeys showed myocardiabthelium of the bladders of these sodium saccharin-treated
and hepatocellular changes similar to those observed in the smnkeys was normal.

¥202 yole ¢ uo1senb Ag L£G08

- gl . Fig. 2. Scanning electron micrograph of the surface of the urinary bladder of a
monkey (monkey 1211S) administered sodium saccharin. The bladder was in-
flatedin situwith phosphate-buffered glutaraldehyde while the animal was under
Fig. 1. Light microscopy of the urinary bladder of a monkey (monkey 1212S) fedeep anesthesia but not yet dead. A similar appearance was observed in the
sodium saccharin. A similar appearance was noted for all monkeys (treated aridary bladders of control monkeys processed the same way (original magni-
controls) in the study. fication x810).
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of primates, whether monkey or human, compared with those in
rodents(26—30)and may also be related to the qualitative dif-
ferences in the proteins of different species.

Discussion

Sodium saccharin administered to rats beginning at weaning,
birth, or before conception (i.e., to their mothers) and continuing
throughout their lives produces a low incidence of bladder tu-
mors, and the effect is greater in males than in fem@gsThis
finding is associated with a mild superficial cytotoxicity of the
urothelium with a mild regenerative hyperplagiat). This out-
come appears not to be due to the concentration of saccharin
in the urine, but rather to the marked physiologic alterations
produced by high doses of sodium saccharin administered in
the diet(5,16). Critical factors in the urine appear to be pH, o
volume, and protein, calcium, and phosphate concentrations &
Fig. 3. Scanning electron micrograph of the surface of the urinary bladder oifge|l as other contributory factor,16). Ultimately, sodium
monkey (monkey 823J) administered sodium saccharin. Changes observedag;echarin, along with numerous other sodium sAI&), admin-

due to autolytic changes occurring within minutes after euthanasia. The blad d at high d in the diet of | t d .
was removed and remained on the autopsy table for 15-20 minutes before beT red at hig 0ses In the diet of male rals produces a unnarg

placed in buffered formalin. Similar changes occurred in the urinary bladdersR¥€Cipitate that contains predominately calcium phosphate bué
other saccharin-treated and control monkeys processed in the same way. Ad80 contains large amounts of mucopolysaccharides and sm
similar changes were seen in rat urinary bladders if they were not placedgmounts of silicate, saccharin, and proteins. Calcium phosphat%
fixative until 5-15 minutes after death (original magnification x400). precipitate is cytotoxic to bladder epithelial cells in tissue culture
(31). ®
No serum, hematologic, or chemical abnormalities were de- Since the observations in the early 1970s that sodium sacs
tected in these animals during their lifetime. Measurement coiiarin produced bladder cancer in rats, the question has persistéd
urine chemistries showed no differences between treated mas-to whether sodium saccharin poses a significant carcinogeni¢
keys and controls (Table 3). Examination of the urinary sediazard when it is consumed by humaBs-8). Numerous epi-
ment by filtration and scanning electron microscopy showed memiologic studies in humans have consistently failed to show2
increase in microcrystalluria or no evidence of abnormal micrany effect on urinary tract tumor incidences [reviewed3g)],
crystals, precipitate formation, or calculi. The few microcrystaind they also have not shown any evidence of increased urothe:
that were present were typical of mammalian urine and welial proliferation in response to sodium saccharin ingestion<
morphologically identical to magnesium ammonium phosphat@3).
crystals seen in other mammalian sped@8). Some of these  To ascertain whether a carcinogenic hazard is present fog
crystals may also be crystals of magnesium potassium phesdium saccharin when consumed by humans, we need to ur§
phate. In contrast to the urinary proteins of rats and r(#de27), derstand the mechanism involved. On the basis of more than tw@&
the urinary proteins of the monkeys examined showed no ediecades of extensive research, it appears that the phenomenonEn
dence of an association with saccharin. Similarly, we did noats is related to the development of a calcium phosphates
find evidence of an association at these saccharin concentratiomstaining precipitate in the urine, which occurs following in- g*
with human urinary proteiné8). This finding may be related to gestion of high doses of any sodium salt, i.e., saccharin, ascorz
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the much lower concentrations of protein of any kind in the urin@ate, aspartate, or a wide variety of other s@it46). A high ‘g
Q
g

Table 3. Urinary chemistries from monkeys?2 years before being euthanized* N
N
~
Cynomolgus Rhesus
Male Female Male Female
Control Saccharin treated Control Saccharin treated Control Saccharin treated Control Saccharin treated

pH 7.9;,6.6 7.6;6.5 6.5;6.1 7.1;6.4 6.9;7.1 7.2,6.7 7.5;6.1 7.9;5.1

Protein 0.03; 0.0 0.07; 0.10 0.17;0.11 0.24;0.10 0.18; 0.08 0.07;0.13 0.06; 0.08 0.16; 0.01

Sodium, mEg/L 20; <10 <10; <10 10; 83 23; <10 17; <10 20; <10 <10; <10 <10; <10

Potassium, mEg/L 24,2 91; 4 29; 88 12; 26 34,8 56; 6 16; 6 17; 2

Calcium, mg/dL 5;3 110; 6 1;109 9;17 14; 10 16; 4 5;6 4;2

Phosphorus, mg/dL 2;1 1;1 — 1 2;2 1;<1 1;1 1;1 2;1

Magnesium, mg/dL 2;1 26; 2 1;22 4;11 5;5 9;2 2;3 2;1

Chloride, mEg/L <15; 15 17; <15 <15; 63 13; <15 <15; <15 35; <15 <15; <15 <15; <15

Urea, mg/dL 217;21 873; 62 204; 1380 263; 490 334; 104 575; 77 146; 129 155; 33

Creatinine, mg/dL 21;9 130; 13 29; 233 23;37 37,14 65; 16 17;19 22;10

Osmolality, mOsm/kg 194; 25 527; 84 —; 959 237; 305 255; 90 384; 81 156; 184 159; 45

*Values are listed for individual monkeys (value from one monkey; value from second monkey).
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dose appears to be required, and no effects are seen when theDeSesso IM. Confounding factors in direct bladder exposure studies. Com-
diet administered contains 1% sodium saccharin. The following Ments Toxicol 1989;3:317-34.

. . Arnold DL, Moodie CA, Stavric B, Stoltz DR, Grice HC, Munro IC.
factors appear to be necessary in rat urine for the development } Canadian saccharin study. Science 1977197:320.

thIS preC|pltate: a pH abovg 6.5, high urinary protein Con.cgmretzl) Arnold DL, Moodie CA, Grice HC, Charbonneau SM, Stavric B, Collins
tion (possibly acting as a nidus for generation of the precipitate), BT, et al. Long-term toxicity of orthotoluenesulfonamide and sodium sac-
and high concentrations of calcium and phosphate (often in- charinin the rat. Toxicol Appl Pharmacol 1980;52:113-52.

creasing despite an overall dilutional effect of the urine becaué@ Ellwein LB, Cohen SM. The health risks of saccharin revisited. Crit Rev

. . . . . . Toxicol 1990;20:311-26.
OT the mc_reased W(titer |ng_est|on associated with consumption 835 Schoenig GP, Goldenthal El, Geil RG, Frith CH, Richter WR, Carlborg
high sodium salts in the die{p,16,27).

) FW. Evaluation of the dose response amditero exposure to saccharin in
The results from this long-term study clearly show that there the rat. Food Chem Toxicol 1985;23:475-90.

is no adverse effect of sodium saccharin administered in the di@) Arnold DL, Krewski D, Munro IC. Saccharin: a toxicological and historical

of three species of monkeys beginning at birth and continuing Perspective. Toxicology 1983;27:179-256. , ,

for nearly the entire lifetime of the animals. There was no evil ) National Research Council/National Academy of Sciences. Saccharin:

d f helial f . d th id Technical Assessment of Risks and Benefits, Report No. 1, Committee for
ence of urothelial tumor formation, and there was no evidence a Study on Saccharin and Food Safety Policy. Washington (DC): Assembly

of increased urothelial proliferation as judged either by light of Life Sciences/Institute of Medicine, 1978.
microscopy or by the more sensitive scanning electron microg9) OTA cancer testing technology and saccharin. Washington (DC): Office of §
copy. In addition, there was no evidence of formation of a cal- Technology Assessment, U.S. Govt Print Off, 1977.

cium phosphate-containing urinary precipitate. A major diffeﬁ-lo) US Food and Drug Administration. Saccharin and its salts, proposed rul
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