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ALGINIC ACID AND ITS AMMONIUM, CALCIUM, POTASSIUM AND SODIUM SALTS

Explanation

These substances have been evaluated for acceptable daily intake
by the Joint FAC/WHO Expert Committee on Food Additives (see Annex 1,
Ref. No. 7) in 1963.

Since the previous evaluation, additional data have become
available and are summarized and discussed in the following monograph.
The previously published monograph has been expanded and is reproduced
in its entirety below.

BIOLOGICAL DATA
BIOCHEMICAL ASPECTS

Calcium balance experiments on six healthy adults taking 8 g of
sodium alginate daily for seven days failed to show any interference
with the absorption of calcium from a normal mixed diet (Millis &
Reed, 1947).

In 14 out of 15 humans receiving 1.5 g sodium alginate the
gastrointestinal of strontium was reduced by a factor of two. Calcium
absorption was hardly affected (Harrison et al., 1966).

From the clinical experiments reported (Feldman et al., 1952;

Gill & Duncan, 1952) it appears that alginic acid does not bind sodium

— 4 —
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in man to any great extent.

Cl4-labelled alginates were fed as 10% of the diet to 10-week-
old rats that had been starved for 24 hours; and the subsequent
metabolism over a 17-hour period measured. 85-91% of the radiocactivity
was recovered in the faeces. Recoveries of administered 14C in
urine (0.11-0.16%), respiratory CO, (0.21-0.42%), and plasma
(0.002-0.007%), show that alginate absorption under these conditions
of feeding is extremely small (Humphreys & Triffitt, 1968).

The absorption and retention of '7Ca and 85Sr was compared for
four human volunteers on a normal diet with and without supplement of
sodium alginate. Alginate was given for seven days in amounts
approximately chemically equivalent to the dietary calcium. Alginate
decreased the retention of 85Sr and 17Ca by about 70% and 77%
respectively (Carr et al., 1968). In a limited trial with three human
volunteers, the absorption of 203pb was unchanged by alginate
supplement (Harrison et al., 1969).

The absorption of orally administered riboflavin-5'-phosphate by
healthy male subjects was increased significantly when the vitamin was
administered in 50 ml of 2% alginate solution rather than water alone
(Levy & Rao, 1972).

TOXICOLOGICAL STUDIES

Special studies on carcinogenicity

Mouse

Infant albino mice (ICR/HA) strain were injected subcutaneously
in the nape of the neck with suspensions of alginic acid (10 and
100 mg/ml) or solvent alone in volumes of 0.1, 0.1, 0.2 and 0.2 ml on
days 1, 7, 14 and 21 respectively after birth, and maintained on
normal diets for 49 to 53 weeks. The tumour frequency fell within
control ranges (Epstein et al., 1970).

Acute toxicity

LD
Compound Animal Route (mg/k;)bw) References
Alginic acid Rat i.p. 1 600 - Thienes et al.,
1957
Sodium alginate Mouse i.v. less than 200 Solandt, i941
Sodium alginate Rabbit i.v. approx. 100 Solandt, 1941
Sodium atginate Cat i.p. approx. 250 Chenoweth, 1948
Sodium alginate Rat oral > 5 000 Woodard Research
Corp., 1972
Sodium alginate Rat i.v. 1 000 Sokov, 1970
Calcium alginate Rat i.p. 1 407 Sokov, 1970
Calcium alginate Rat i.v. 64 Sokov, 1970

Subcutaneous and intramuscular injections of 0.1 ml of a 1%

__6__
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~0.007%) Th Y. TiLb OEEEEMAT TR, TAE L BEORINAED TIMETHD = LRT
Sz (Humphreys & Triffitt, 1968) , : |

4 BLDORT T ATIERLT, TAXVBT N ULAEZRMLIEEER, BEIORMLRWE
BEEEX T, Ca BEU BSr OIS L UBE R L, BEROHAL Y AIZEEE
RERBOTAX=VEES T BRIChEY 52 i, TAXVEBEICLY, ¥t B L0 Ca 0B
B, TN 10%E 77%8A Lz, (Carr &, 1968), 3 £ DART T 4 TIZxt3 5 BERRER
ThE, TAF= VBRIV, *PPb ORIIE(L Lied o7z (Harrison 5, 1969),
RERBEPRECH LT, VRT I 50 VREBEORSE LT, ZORRERANDL L, 2
DEF I U EKBERIFETIERL 2%D T VX VBB ST/KERELTSOml 285358, %
DRI FEZIHEM L7 (Levy & Rao, 1972),

BERRR
EEHIC OV T ORRIFR

<A

LEBOT LY )+~ R (ICRHA) RIS LT £%D1HE.7HE. 4B HE. 21 BEIC,
TR BEOBEIR (10 mg/ml 3 X0 100 mg/ml) | E7HEEOH 2 ZNEN 01 ml 0.1 ml, 0.2
ml, 0.2 ml FEEICE FEH L, 20%, FBOMT49~53 BREICOLVEE L, BEEOR
ABEEIIRHRBEOFFHNTH o7 (Epstein H, 1970),

atEEt
. LDso

o=y Enb7) B HRRRE (mg/kg bw) TR
Alginic acid Rat ip. 1 600 Thienes et al., 1957
Sodium alginate Mouse iv. less than 200 Solandt, 1941
Sodium alginate Rabbit 1iv. approx. 100 Solandt, 1941
Sodium atginate Cat - 1.p. approx. 250 Chenoweth, 1948
Sodium alginate Rat oral > 5000 Woodard Research Corp.,

1972

Sodium alginate Rat Lv. . 1000 Sokov, 1970
Calcium alginate Rat ip. 1407 Sokov, 1970
Calcium alginate Rat iv. 64 Sokov, 1970

Subcutaneous and intramuscular injections of 0.1 ml of a 1% dispersion of alginic acid were not followed by

any injurious reactions in mice or rats (Chenoweth, 1948).
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dispersion of alginic acid were not followed by any injurious
reactions in mice or rats (Chenoweth, 1948).

Short-term studies
Rat

Groups of six rats were fed sodium alginate for 10 weeks at
levels of 5%, 10%, 20% and 30% in the diet. The mortality rate was
high in the 20% and 30% groups during the first two weeks, apparently

due to inanition. The weight gains of the 5% and 10% groups were
slightly decreased (Nilson & Wagner, 1951).

" Potassium.alginate at a level of 5% in the feed acted as a
" laxative; calcium alginate 5% was without this effect (Thienes et al.,
1957) .

Groups of five rats were fed 5%, 10% and 20% of alginic acid in
the diet for two months. Rats on the 20% diet showed a decreased rate
of weight gain. Those on the lower levels were unaffected (Thienes et
al., 1957).

Guinea-pig

Two groups of five adult male albino guinea-pigs were given 1%
sodium alginate in their drinking water for 10 weeks. A further four
groups of six animals were used for a seven-month study. No ill
effects were observed and no colonic ulceration occurred (Watt &
Marcus, 1972).

Dog

Groups each of six beagle dogs (equally divided by sex), were
maintained on diets containing 0, 5 or 15% sodium alginate for one
year. Weight gain, behaviour, appearance, periodic blood values,
terminal urinalysis, blood urea nitrogen, blood glucose and serum
alkaline phosphase were within normal limits. Gross autopsy and
histopathologic examination of tissues revealed no compound-related
effects (Woodard Research Corp., 1959).

Long-form studies
Rat

Two groups of 10 male albino rats were fed two different
commercial preparations of sodium alginate at the 5% level over their
life span (maximum 128 weeks). Data on longevity, maximum weight and
food and water consumption indicate no adverse effect. Gross necropsy
studies revealed no abnormalities. Histopathological examination was
not carried out (Nilson & Wagner, 1951).

Groups each of 40 rats (equally divided by sex}) were maintained
on diets containing 0 or 5% sodium alginate for a period of two years.
During this period approximately half the rats were bred once to
produce an F, generation, which was subsequently bred to produce an

F, generation. There were no significant differences in growth rate

of test groups and controls, for both the parent group over the two-
year period, as well as the progeny (F, and F,). Reproduction was

normal. Haematologic values of the Parent group, as well as that of
the F, offsprings were normal. Gross and microscopic study of various

tissues and organs of the parent groups at two years, and the F, and
F, groups at the conclusion of the rapid growth period was normal
(Morgan et al., undated).
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S b
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OBSERVATIONS IN MAN

Six healthy adults were given 8 g of sodium alginate daily for
seven days without untoward effects (Millis & Reed, 1947).

Three patients whose clinical condition warranted sodium )
restriction were given oral doses of 15 g of alginic acid three times
daily for seven days. A slightly increased faecal sodium and potassium
excretion was noted, but no changes in plasma electrolyte
concentration (Feldman et al., 1952).

Six patients with essential hypertension were given daily doses
of 45 g of alginic acid containing 10% of potassium alginate for five
to nine weeks and three patients in an oedematous state were given the
same dosage for about a week. It was well tolerated and produced no
gastrointestinal disturbance (Gill & Duncan, 1952).

Comments:

It seems reasonable to consider alginic acid and the four salts
of alginic acid together. Additional data are available to show that
the alginates per se are poorly absorbed.

EVALUATION

Level causing no toxicological effect

Rat: 50 000 ppm (5%) in the diet equivalent to 2500 mg/kg bw.

Estimate of acceptable daily intake for man

0-25* mg/kg bw.

* Calculated on alginic acid.
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ALGINIC ACID AND ITS AMMONIUM, CALCIUM, POTASSIUM AND
SODIUM SALTS

First draft prepared by

Dr G.J.A. Speijers and Mrs M.E. van Apeldoorn

National Institute of Public Health and Environmental Protection
Laboratory for Toxicology

Bilthoven, The Netherlands

1. EXPLANATION

These substances were evaluated at the seventh and seventeenth
meetings of the Committee (Annex 1, references 7 and 32). At the
seventeenth meeting, an ADI of 0-50 mg/kg bw was established. Since
these evaluations, additional data have become available and were
reviewed by the Committee at its present meeting.

Alginate solutions of different viscosities are used as texture
modifiers in a wide variety of food and industrial applications.

2. BIOLOGICAL DATA
2.1 Biochemical aspects
2.1.1 Absorption, distribution and excretion

4C-Labelled alginates were fed as 10% of the diet to
10-week-0ld rats that had been starved for 24 h; and the subsequent
metabolism over a 17 h period was measured. Eighty-five to
ninety-one % of the radiocactivity was recovered in the faeces.
Recoveries of administered 4C in urine (0.11-0.16%), respiratory
CO, (0.21-0.42%), and plasma (0.002-0.007%), show that alginate
absorption under these conditions of feeding is extremely small
(Humphreys & Triffitt, 1968).

From the clinical experiments reported it appears that alginic

acid does not bind sodium in man to any great extent {(Feldman
et al., 1952; Gill & Duncan, 1952).

The absorption of orally administered riboflavin-5'-phosphate
by healthy male subjects was increased significantly when the
vitamin was administered in 50 ml of 2% alginate solution rather
than water alone (Levy & Rao, 1972).

2.2 Toxicological studies

2.2.1 Acute toxicity

Table 1. Acute toxicity of alginic acid and its salts

Compound Animal Route LDy, References
(mg/kg bw)
Alginic acid rat i.p. 1600 Thienes et al.,
1957
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© 24 BRSO VA SR 10 BED T v MIF LT, 20D 10%ED “CHER 7 L X B
WEEEL, LT, ZOHROWERBE 17 BEIChZo TR Lz, ZORE, #EFiC 85~
91%DBEHHEMEMEN STz, 5 Uiz C OEMLERIL, RFIC 0.11~0.16%, FER D CO, H1IZ 0.21
~0.42%, BIO, MEEFIZ 0.002~0.007%ThH 2 Z L b, ZhbDAREEHETTIE, TAXY
BB ORI PBD TIHE TH D Z L H/RS 7z (Humphreys & Triffitt, 1968) ,

W|E SN TOBERRRICLIIE, b FOENTIE, TAXVBOKREANF U o hLEs
Lanb ol Bbivsd (Feldman 5. 1952; Gill & Duncan, 1952),
VRZ7ITEr5-Y  Br, RELRBEHERECRORES L, TORNEZRATHL L, ZOFY
Ik, KEMERTIERL, 2%D 7V U BESSTe/KEKRE LT 50ml 285458, £
ORI ZE LML= (Levy & Rao, 1972),
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Alginic acid rat - ip. 1600 Thienes et al., 1957



Sodium . mouse i.v. less than 200 Solandt, 1941
alginate

Sodium mouse i.p. LDLO 500 Arora et al.,

alginate 1968

Sodium rat . oral >5000 Woodward

alginate Research Corp.
1972

Sodium rat i.v. 1000 Sokov, 1970

alginate

Sodium rabbit i.v. approx. 100 Solandt, 1941

alginate

Scdium cat i.p. approx. 250 Chenoweth, 1948

alginate

Calcium rat i.v. 64 Sokov, 1970

alginate

Calcium rat i.p. 1407 Sokov, 1970

alginate

Subcutaneous and intramuscular injections of 0.1 ml of a 1%
dispersion of alginic acid were not followed by any injurious
reactions in mice or rats (Chenoweth, 1948).

2.2.2 Short-term studies
2.2.2.1 Rats

Potassium alginate at a level of 5% in the feed acted as a
laxative; calcium alginate 5% was without this effect (Thienes
et al., 1957).

Groups of 4 male and 4 female Charles river CD rats were fed a
control diet or a diet with 10% sodium alginate at the expense of
starch for 12 days. Faecal lipids were increased 5 times in the
alginate group. Total blood cholesterol was decreased but not
significantly. Total faecal sterols were somewhat increased (Mokady,
1973) .

When male Sprague-Dawley rats (5-7/group) received for 2 or 4
weeks a non-fibre diet in which 5% sucrose was substituted by 5%
sodium alginate, pancreatic-bile secretion was elevated. When
alginic acid or calcium alginate was fed, no effect on pancreatic
and biliary secretion was observed (Ikegami et al., 1989).

Groups of ten 21-day old male Wistar rats received a diet with
10% casein or 10% soybean proteins with 0, 0.5, 1, 2 or 3% sodium
alginate for 4 weeks. Sodium alginate had no effect on the protein
efficiency ratio (Mouecoucou et al., 1990).

Groups of 5 rats were fed 5%, 10% or 20% of alginic acid in the
diet for two months. Rats on the 20% diet showed a decreased food
consumption and weight gain. Those on lower levels were unaffected
(Thienes et al., 1957).

Groups of 6 rats were fed sodium alginate for 10 weeks at

levels of 5%, 10%, 20% and 30% in the diet. The mortality rate was
high in the 20% and 30% groups during the first two weeks,



Sodium alginate  mouse iv. less than 200 Solandt, 1941
Sodium alginate  mouse ip. LDLO 500 Arora et al., 1968

Sodium alginate rat = oral ' >5000 Woodward
Research Corp. 1972

Sedium alginate rat iv. 1000 | Sokov, 1970
Sodium alginate  rabbit iv. approx. 100 Solandt, 1941
Sodium alginate  cat 1Lp.  approx. 250 Chenoweth, 1948

Calcium alginate  rat iv. 64 Sokov, 1970

Calcium alginate  rat ip. 1407 » Sokov, 1970

< URBIVT v MZH LT, 0.1 ml ® 1% 7 LXK LK TENB X OHRNER L
LA, BERSITIR BN o 72 (Chenoweth, 1948) , '
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EBRBA TR T, MEPRTu—LELETHEMLZ (Mokady, 1973),
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WHIBH OSWREM LT, TAX VBT AXVBILY Y A EEXTSEICIE, R+
FBI DA WM KT D R EIIBE I N2 D o 72 (Ikegami H., 1989),
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1%, 2%. 3%DTAEVEET U T AERMLE 10%0OKREEATEateil%, 4 BRicbiz-
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. 100 BREICHIZY 5 X7, 20%& 30%DHE T, KO 2BEIZBIT HHTRPFENTZH, £



apparently due to inanition. Ten per cent or 5% in the diet had no
effect on longevity. The weight gain of the 10% group was slightly
decreased. Five per cent had no effect on weight gain (Nilson &
Wagner, 1951).

Groups of 10 male and 10 female Wistar rats (bw 46.0-47.3 g)
received for 4 or 13 weeks 0, 0, 5, 15 or 45% low viscosity sodium
alginate in their diet. Body weights were recorded weekly. Food
consumption was determined at weeks 1-4 and weeks 12-13. During the
first week faeces were collected. Appearance of faeces was judged at
intervals during 90 days. After 4 weeks one control group and the 5
and 45% groups were discarded. At week 13 haematology (Hb, Ht, Er,
Leu, Diff) in all rats was carried out. In week 14 all rats were
killed, relative organ weights were determined, macroscopy and
microscopy (approximately 25 tissues) in all rats were carried out.

In the first weeks rats on 45% sodium alginate showed abnormal hair
loss resulting in practically complete baldness. Heavy diarrhoea was
seen in the 45% group in the initial phase of the study. In the 15%
group only slightly abnormal faeces were produced during the first
weeks. In the 45% group congiderable growth retardation was
observed. At the 15% level growth was normal. In the final 2 weeks
of the study the batch of sodium alginate had to be replaced by
another sample. The feeding of the new material caused a sharp drop
in body weight followed by a recovery which had not yet been
completed at the end of week 12. Low food intake in the 15% group in
the final week of the study is ascribed to the change of the test
batch. The amount of faeces produced per 100 g of food consumed was
considerably increased in rats fed sodium alginate. Haematology did
not show abormalities. A significantly increased weight of the
caecum, both filled and empty, was seen in the 15% sodium alginate
group. Macroscopy showed enlarged, distended, heavy caeca.
Histopathology revealed thickened urothelium with papillomatous
appearance in the urinary bladder of 6/10 male and 3/10 female rats
on 15% sodium alginate. Small calcium deposits under the sometimes
‘thickened urothelium of the renal pelvis and/or under the surface of
the renal papilla were seen in 6/10 male and 2/10 female rats on 15%
sodium alginate. These changes were not seen in the control group
(Feron et al., 1967).

2.2.2.2 Guinea-pigs

Two groups of five adult male albino guinea-pigs were given 1%
sodium alginate in their drinking water for 10 weeks. A further four
groups of six animals were used for a seven-month study. No ill
.effects were observed and no colon ulceration occurred (Watt &
Marcus, 1872).

2.2.2.3 Dogs

Groups of each six beagle dogs (equally divided by sex), were
maintained on diets containing 0, 5 or 15% sodium alginate for one
year. Weight gain, behaviour, appearance, periodic blood values,
terminal urinalysis, blood urea nitrogen, blood glucose and serum
alkaline phosphatase were within normal limits. Gross autopsy and
histopathologic examination of tissues revealed no compound-related
effects (Woodard Research Corp., 1959).

2.2.3 Long-term/carcinogenicity studies
2.2.3.1 Mice

Groups of 75 male and 75 female Swiss mice (age 6 weeks)
received for 89 weeks a control diet or a diet containing sodium
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alginate at a'dose level gradually increasing to 25% (week 39).
Sodium alginate was incorporated into the control diet at the

expense of equal amounts of the precooked control starch. The mice
were observed daily for condition, behaviour and the appearance of
faeces. Body weights were recorded at weeks 1, 2 and 4 and once
every 4 weeks thereafter. Water intake was measured in at least 5
animals/sex/group in week 87. Haematology was performed in 10
animals/sex/group in weeks 40 and 78. Blood glucose and
urea-nitrogen levels were determined in 10 anlmals/sex/group in
weeks 78 and 86 after overnight fasting. Urinalysis was conducted in
at least 5 males/group and 8 females/group in weeks 82 and 86,
respectively. In week 87 half of the surviving male and female
animals in the treated group were placed on control diet and 2-5
weeks later urinalysis was performed in 6-8 males. The pH of faeces
was measured in 4-5 males/group in weeks 82 and 85. In week 80, 10
animals/sex/group and in weeks 89-92, all surviving animals were
killed, organ weights were determined and macroscopy and microscopy
were carried out.

In the male control group between weeks 39 and 65, and in the
male alginate group during the last six months, high mortality
occurred due to haemorrhagic myocarditis. This phenomenon is not
uncommon in this strain of mouse. Mean body weights in the alginate
group were decreased from week 8 onwards in males and from week 20
onwards in females. Alginate was nephrotoxic to mice as shown by
extremely high water consumption (5-10 times control value), high
urine production, urinary incontinence (8 males and 2 females), high
pH and low specific gravity of the urine, increased level of blood
urea nitrogen, increased kidney weights, distension of renal calyx
and a high incidence.of dilated distal tubules. Furthermore caecal
and colonic enlargement and urinary changes were seen, but these
changes appeared to be reversible and had completely or largely
disappeared within 2-5 weeks after cessation of treatment in week
87. The incidence of intratubular calcinosis or of concretions in
the pelvic space was not reduced during the recovery period. In mice
no renal pelvic calcification accompanied by hyperplasia of the
papillary and pelvic epithelium, as seen in rats fed 15% sodium
alginate in their diet, was observed. Probably the high water
consumption together with the high production of urine with a low
specific gravity prevented formation and deposition of calcareous
concretions in the pelvic space of the kidneys of the mice on 25%
sodium alginate. Furthermore, in mice no hyperplasia of the
epithelium of the urinary bladder, as was seen in rats on 15% sodium
alginate, was observed. No indication for a carcinogenic activity of
sodium alginate in mice was seen (Til et al., 1986).

Infant albino mice (ICR/HA strain) were injected subcutaneously
in the nape of the neck with suspensions of alginic acid (10 and
100 mg/ml) or solvent alone in volumes of 0.1, 0.1, 0.2, and 0.2 ml
on days 1, 7, 14, and 21 respectively after birth (so total dose in
the two test groups was 6 and 60 mg alginic acid, respectively), and

maintained on normal diets for 49 to 53 weeks. The initial number of
mice was 170, 20 and 79, respectively, in the solvent control group,
the 6 mg group and the 60 mg group. Tumour frequency fell within
control ranges. At 21 days 16 out of 20 mice in the 6 mg group and
16 out of 79 mice in the 60 mg group were alive, whereas in the
solvent control group 147 out of 170 animals were alive. At week 49,
10 out of 20 mice in the 6 mg group and only 11 out of 79 mice in
the 60 mg group were alive, whereas in the solvent control group 118
out of 170 animals were alive. Due to the limited number of animals
in the lowest dosage group, the low number of survivors in the
highest dosage group and the short duration of the experiment, the
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study is considered to be inappropriate for evaluation of a possible
carcinogenic effect of alginic acid (Epstein et al., 1970).

2.2.3.2 Rats

Two groups of 10 male albino rats were fed two different
commercial preparations of sodium alginate at the 5% level over
their lifespan (maximum 128 weeks). Data on longevity, maximum
weight and food and water consumption indicate no adverse effect.
Gross necropsy studies revealed no abnormalities. Histopathological
examination was not carried out (Nilson & Wagner, 1951).

2.2.4 Reproduction studies
2.2.4.1 Rats

Groups of 40 rats (equally divided by sex) were maintained on
diets containing 0 or 5% sodium alginate for a period of two years.
During this period approximately half the rats were bred once to
produce an F,-generation, which was subsequently bred to produce

an F,-generation. There were no significant differences in growth

rate of test groups and controls, for either the parent group over
the two-year period or the progeny (F, and F,). Reproductive

performance was normal. Haematologiéal values of the parent group,
as well as those of the F, offspring, were normal. Gross and

microscopic study of various tissues and organs of the parent groups
at two years, and of the F, and F, groups at the conclusion of

the rapid growth period, were normal (Morgan et al., undated).
2.2.5 Special studies on genotoxicity

Table 2. Results of genotoxicity assays on sodium alginate

Test system Test object Dose-levels Results
used
Ames test Salmonella up to 10 negativel
typhimurium mg/plate
Chromosomal Chinese hamster up to 10 negative?
aberrations lung cells mg/ml
(CHL cells)
Chromosomal Chinese hamster 1, 50, 100 negative?
aberrations ovary cells " pg/per ml
Dominant ICr/Ha Swiss i.p. 82, negative3
lethal assay mice 200, 1000
mg/kg bw

Assay with metabolic activation.
Assay without metabolic activation.
3 Test compound alginic acid.

2.2.6 Special studies on immunotoxicity
2.2.6.1 Mice

Four mice received an injection with 100 pg of sodium alginate
(derived from Mycrocystis pyriforma) 4 days before and at the day

Refere:

Isidate
al., 1

Isidate
al., 1
Larrip:

al., 1

Epstei:
al., 1
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typhimurium mg/plate 1984
AR Y Chinese hamster up to 10 Rt 2 Ishidate et al.,
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CYERRE Chinese hamster 1, 50, 100 Rart 2 Larripa et al.,
ovary cells pg/per ml 1987
BB ICr/Ha Swiss ip. 82,200,1000  Rak’ Epstein et al.,
mice mg/kg bw - 1972
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of inoculation with sheep red blood cells. Mice were bled 7 days
after inoculation and serum was assayed for antibodies against sheep
red blood cells by haemagglutination. Sodium alginate caused a
significant increase in haemagglutination titer. However when the
test was repeated the result was negative  (Mayer et al., 1987).

2.2.7 Special studies on tumour inhibition
2.2.7.1 Rats

Two groups of 10 male Spague-Dawley rats (age 5 weeks) received
weekly for 12 weeks a s.c. injection with a solution of
dimethylhydrazine (DMH) (dose 20 mg DMH/kg bw adjusted to pH 7 with
sodium bicarbonate). One group received a basal diet while the
second group received 1.5% sodium alginate (crude) in their diet

during the 12 weeks of DMH treatment. The experiment was terminated
8 weeks after the treatment period. Sodium alginate appeared to
exert an inhibitory effect on the development of intestinal tumours
resulting from DMH (Yamamoto & Maruyama, 1985).

2.2.8 Special 1nvestlgatlons on the interference of alginate
with minerals

Two groups of 12 male weanling Sprague-Dawley rats received a
control diet or a diet with 10% Na-alginate, at the expense of corn
starch, for 8 days. A marked increase in faecal dry matter was seen
in the alginate group. Ca and 2Zn absorption were not affected by
alginate. Absorption of Fe, Cr, and Co were significantly reduced in
the alginate group (Harmut-Hoene & Schelenz, 1980).

2.2.8.1 Interference with Cd and Pb
In vitro

Equilibrium dialysis experiments were carried out in solutions
containing varying concentrations of either Cd (as Cd(OH),) in

saline or Pb (as lead acetate) in water with or without the addition
of 1 g alginic acid/100 ml. Equilibration lasted for a minimum of

24 h at room temperature. The extent of the binding by alginate
increased as metal concentration increased. At concentrationsg of 10
and 50 pg Pb/L, 0.7 and 5 mg Pb, respectively, was bound per g
alginic acid. At concentrations of 0.01, 0.1, 5 and 10 ug cda/L 0.09,
0.4, 2.1 and 7.5 mg Cd, respectively, were bound to 1 g alginic acid
(Rose & Quarterman, 1987).

Rats

A group of 6 male rats received for 4 weeks a diet supplemented
with 200 mg Pb/kg (as lead acetate) together with 5 mg Cd/kg (as
cadmium hydroxide). Furthermore, 40 g alginic acid/kg of diet was
added. A control group of 16 male rats received the Pb/Cd
supplemented diet without the addition of alginic acid. Deposition
of Pb and Cd in liver, kidneys and femur was measured. A reduction
of growth was seen in the alginic acid group. Alginic acid had no
effect upon Cd deposition, but Pb content in femur and kidneys was
doubled.

Five groups of 6 male rats received 0, 1, 5, 10 or 40 g alginic
acid in their diet for 4 days. On the third day all rats received by
stomach tube 0.2 ml saline containing 2 ug radioactive Pb. On day 4
the rats were killed and radioactivity in blood, duodenal mucosa,
liver, kidney and gut-free carcass was measured. Pb retention was
already increased at 1 g alginic acid/kg of diet (Rose & Quarterman,
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1987) .
Humans

In a limited trial with 3 human volunteers, the absorption of
203ph was unchanged by alginate supplement (Harrison et al.,
1969).

2.2.8.2 Interference with radium
Mice

Male mice (C57 Black, age 3 months) given a single i.p.
injection with 226RaCl, and fed from day 3 thereafter with bread

containing 10% sodium alginate (intake Na-alginate was 13 g/kg bw)
showed a reduction of the 226Ra content in the femur without
decalcification. The amount of 22°Ra. decorporated was independent
of the dose of 226Ra injected i.p. 22°Ra content of blood was
doubled and 226Ra content of faeces showed a 60% increase. Urinary
level of 226Ra was not changed significantly (Kestens et al.,
1980) .

Mice (BALB/c, age 3 months), given bread with 6% sodium
alginate 2 h before oral administration (by gavage) of 22°RaCl,
revealed a more than 100 times reduction of Ra uptake (measured in
whole body). In the same experiment 47ca uptake was only 1.2 times

less than in controls (Vanderborght et al., 1971).
2.2.8.3 Interference with strontium
Humans and animals

Several experiments in humans and animals which demonstrated a
reduction of Sr uptake when Sf isotopes were administered very early
before or together with alginate, in the majority of the cases via
the oral route. In animals reductions of Sr intake of 1.2 to 10-fold
were measured. The radioactive Sr isotopes were determined in
carcass, skeleton, femur or whole body. In humans reductions in Sr
uptake of 1.6 to 24--fold were reported. Radiocactive Sr isotopes

were measured in whole body or plasma (Vanderborght et al. 1971).
Mice

Male C57 Black mice (which had been contaminated with 85gr
3 weeks previously) were fed a dough containing 5% sodium alginate
showed an increased 858r content of the blood (Vanderborght
et al., 1971). It was hypothesized that the increased 855y
content in blood was due to a shift in Sr-equilibria between
intestinal lumen, blood and the skeleton (Van Barneveld et al.,

1977) .

Simultaneous i.p. and oral (via a diet with starch containing
dough) treatment of male Black mice with sodium alginate which had
been contaminated with 855r 9 weeks previously, resulted in a
5-fold increase of the blood content of 85sr. 8%sr content of
liver, kidney and spleen is increased 4-6 times by this combined
treatment. Urinary and faecal excretion of 855y were increased 1.2
and 1.8 times, respectively. Treatment with dietary alginate only

caused a 2.5-fold rise in blood 855r content, 1.5-2 times
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increases of 855y contents in liver, spleen and kidney, a 2.1

times rise in Ffaecal exéretion of 8%sr and urinary excretion was -’

" somewhat lowered. I.p. treatment with alginate only resulted in a
2.3-fold increase in blood 85sr content, 2.3-3.6-fold increases of
85gr contents of liver, spleen and kidney andiajl.7;fold increase

in urinary 85gr excretion, while faecal excretion was not changed.
The biological half-life of Sr is about halved by the treatment with
alginate via the diet together with i.p. alginate injection.
Treatment with alginate via the diet only will speed decorporation

of Sr from skeleton by about 40% (Vanderborght et al., 1978).
2.2.8.4 Interference with calcium

Rats

Rats received diets supplemented with calcium and phosphate
with and without 10% sodium alginate. No effect on the absorption
and skeletal retention of calcium was observed (Slat

et al., 1971).
Humans

Calcium balance experiments on six healthy adults taking 8 g of
sodium alginate daily for seven days failed to show any interference
with the absorption of calcium from a normal mixed diet (Millis &

Reed, 1947).

In 14 out of 15 men receiving 1.5 g sodium alginate the
gastrointestinal content of strontium was reduced by a factor of two
while calcium absorption was hardly affected (Harrison et al.,

1966) .

The absorption and retention of 47ca and 85sr was compared
for four human volunteers on a normal diet with and without sodium
alginate supplement. Fifteen to twenty grams alginate/day was given
for seven days. Alginate decreased the retention of 855r and
47ca by about 70 and 7%, respectively. No changes in excretion

pattern of Na, K, Mg or P were observed (Carr et al., 1968) .

2.2.8.5 Interference with barium
Rats

Rats were fed diets with 10% alginate (3 different types). At
day 3 or 4 on diet the animals received an oral, i.p. or s.c. dose
of 133pa. The retention of barium in the carcass after oral
administration was reduced 4 to 8 times with the different types of
alginate. Four days after parenteral administration of radiolabelled
barium, the barium content of the carcass was 5-12% lower than in
controls accompanied by a small increase in faecal excretion of the

marker (Sutton et al., 1972).
2.2.9 Observations in humans

Six healthy adults were given § g of sodium alginate daily for

seven days without untoward effects (Millis & Reed, 1947).

Three patients whose clinical condition warranted sodium
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restriction were given oral doses of 15 g of alginic acid three
times daily for seven days. A slightly increased faecal sodium and
potassium excretion was noted, but no changes in plasma electrolyte

concentration (Feldman et al., 1952).

Six patients with essential hypertension were given daily doses
of 45 g of alginic acid containing 10% of potassium alginate for
five to nine weeks and three patients in an oedematous state were
given the same dosage for about a week. It was well tolerated and

produced no gastrointestinal disturbance (Gill & Duncan, 1952).

Five healthy male volunteers received 175 mg sodium alginate/kg
bw/day for 7 days, followed by 200 mg/kg bw for a further 16 days.
The daily doses were consumed in three measured portions at
intervals each day. The portions were prepared by adding the weighed
aliquots of sodium alginate by rapid stirring to 220 ml cold
distilled watér. The hydrocolloid was then allowed to hydrate for
24 h to a thick, but fluid gel to which each volunteer added a
predetermined amount of orange juice prior to consumption. The
treatment period was preceded by a 7.day initial control period
during which a daily amount of orange juice, equal to that to be
taken later, was consumed. During the treatment period enguiries
were made with respect to apparent allergic responses. At day 3 of
the initial control period, on the last day of the 23 day treatment
period and on the last day of the 7 day recovery period the
following parameters were examined; fasting blood glucose, plasma
insulin, breath hydrogen'concentrations, haematological parameters
(Hb, Ht, MCV, MCH, MCHC, Er, Leu, Diff, platelets) and biochemical
parameters (Na, Cl, K, CO,, urea, LDH, AST, bilirubin, alk.

phosphatase, phosphate, Ca, protein, albumin, creatinine, urate,
lipids, cholesterol, HDL cholesterol and triglycerides). Routine
urinalysis was carried out during the initial control week and
during the third week of treatment. Five day faecal collections were
made during days 2-6 of the initial control period and during days
16-20 of the treatment period. Faecal transit time, wet weight, dry
weight, water content, pH, occult blood, neutral sterols, fat,
volatile fatty acids and bile acids in faeces were determined. No
allergic reactions were reported nor observed. Sodium alginate acted
as a bulking agent of moderate efficiency as indicated by a
significant increase in faecal dry and wet weight and an increase in
water content of faeces without a significant change in transit
time. Faecal pH remained normal. Total faecal volatile acids
increased in four volunteers but decreased in one. No changes in
faecal total and individual neutral sterols or in total and
individual bile acids were seen. Haematological, biochemical and
urinalysis parameters did not show significant changes with the
exception of some parameters of one volunteer who suffered from

influenza (Anderson et al., 1991).

Two-hundred-and-eight workers who are exposed to dust from
dried milled seaweed and pure alginate compounds in an alginate
factory were examined for pulmonary hypersensitivity. Fifteen out of
these 208 workers showed symptoms definitely related to dust

exposure at work. Serological tests showed that 8 of the 15 workers
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with definite symptoms and one worker without definite symptoms had

precipitating antibodies to prepared extracts in their serum.

Chest X-rays of these 16 workers were normal. Twelve workers
with either evidence of work related respiratory symptoms or
precipitating antibodies in their serum or both (3 out of 12) were
exposed to an atmosphere artificiélly'contaminated with raw seaweed
dust for a maximum of one hour. Measurements of pulmonary function
were made before, immediately after, and 1, 3, 5 and 24 h after
exposure. A significant reversible deterioration in pulmonary
function was seen as shown by an acute and sometimes severe airway
obstruction, followed by a delayed loss of lung volume with

reduction in transfer factor (Henderson et al., 1984).
3. COMMENTS

Three limited long-term dietary studies, one in mice and two in
rats, provided no indication of a carcinogenic effect of alginates.
Neiher an in vitro nor an 1in vivo genotoxicity study showed any
genotoxic activity. No effects on the reproduction of rats were
observed, but the experimental design of the study was limited. A
long-term study in mice using only a single dose level of 25% sodium
alginate in the diet showed a clear effect (soft stool, distended
caecum, decreased growth and deposition of calcium in the pelvis of

the kidney).

In a 90-day study in rats, 15% sodiﬁm alginate in the diet
resulted in an enlarged, distended, heavy caecum, a papillomatous
appearance in the urinary bladder and calcium deposits in the renal
pelvis and/or renal papilla. A slight decrease in growth was seen in
only one short-term experiment with rats at the 10% level, but the
effects were not specific and were also seen with other poorly
absorbed compounds. Recent studies have shown slight interference

with the absorption of a number of minerals.
4. EVALUATION

The Committee recalled the similar effects of poorly absorbed
compounds (modified celluloses, polyalcohols, gums, modified
starches) reviewed in Section 2.2.3 of the report of the
thirty-fifth meeting (Annex 1, reference 88); for such compounds an
ADI "not specified” usually had been allocated. The Committee
therefore allocated a group ADI "not specified"” to alginic acid and
its ammonium, calcium, potassium and sodium salts, but pointed out
(as it had for other compounds causing this effect) that laxative

effects might occur at a high level of intake.

Propyleneglycol alginate was evaluated at the Committee’'s
seventeenth meeting (Annex 1, reference 32) when an ADI of
0-25 mg/kg bw was allocated. It was not re-evaluaed at the present

meeting.
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COCHINEAL, CARMINE AND CARMINIC ACID

Explanation

Cochineal is a red colouring matter consisting of the dried
bodies of the female insect Coccus cacti (Dactylopius coccus Costa,
Fam. Coccidae), containing eggs and larvae. The insect grows on
various species of the cactus, Nopalea (Fam. Cactacea), in the
Canary Islands and Central and South America. The colouring matter is
carminic acid. Carmine is the aluminium/calcium lake of carminic acid
(Meloan et al., 1971).

EVALUATION FOR ACCEPTABLE DAILY INTAKE

BIOLOGICAL DATA
BIOCHEMICAL ASPECTS

No information available.
TOXICOLOGICAL STUDIES

Special studies on skin sensitization

Three subjects with 1lip lesions gave positive patch tests when
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tested with red lip salve containing carmine (the Al/Ca lake of
carminic acid), but negative reactions to colourless lip salve. Since
the coloured product had previously been used by each individual, the
symptoms of allergic sensitivity were ascribed to carmine (Sarkany et
al., 1961). '

Special studies on mutagenicity

Carminic acid was negative in the Bacillus subtilis rec-assay
for DNA-damaging ability (Kada et al., 1972). Carminic acid was not
mutagenic for several strains of Salmonella typhimuriam in the
presence of liver microsomal preparations or enzymatic extracts of rat
cecal micro-flora (Brown and Brown, 1976; Brown et al., 1977).

Teratogenicity studies

The embryotoxicity and teratogenicity of carmine has been studied
in mice. Mice were killed on day 19 of gestation, after i.p.
injections of lithium carmine or sodium carmine on day 8. Treated
animals of both groups showed resorption rates (20%) higher than those
of control groups (2%). The malformation rate was about 16% in the
lithium carmine group and 2.5% after injection of sodium carmine. Only
animals given sodium carmine showed an increase in the number of
retarded foetuses (Schluter, 1970).

Groups of mice were injected once with 2.5% lithium carmine at a
dose of 150 mg earmine/kg on day 6, 8, 10, 12 or 14 of pregnancy. A
teratogenic effect was observed on the first three treatment days,
with the maximal response on day 8 (Schluter, 1971a and b).

Acute toxicity

No information available.

Short-term studies

Mouse

Mice (number not stated) were given intraperitoneal injections of
a 1 to 2% aqueous solution of the lithium salt of carminic acid for a
period of 60 days. The only abnormality observed was proliferation of
spleen tissue (Harada, 1931).

Rat

Groups of 40 rats, equally divided by sex, received ammoniacal
cochineal carmine in 0.4% aqueous gum tragacanth by intubation at
dosage levels of 0, 2.5, 5.0 and 10.0 mg/kg five days per week for
13 weeks. Body weight was recorded bi-weekly. Blood counts were made
three times. Gross and microscopic findings were not remarkable aside
from a dose-related accumulation of colour in the tissues of the rats
receiving the two higher dosage levels. No haematological effects were
noted. At the two highest levels some decreased growth was apparent.
Urine and faeces of the treated rats were coloured during the period
of administration (Battelle, 1962).

Groups of 50 weanling rats equally divided by sex were fed
carmine in the diet at levels of 0, 50, 250 and 500 mg/kg bw/day for
90 days. Blood counts, blood glucose, blood urea nitrogen and
urinalyses were performed three times. No effects due to the carmine
were reported in terms of growth, haematology and other clinical
findings. Gross and microscopic pathology were not remarkable (FDRL,
1962) .
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Rabbit

Five rabbits were given intravenous injections every five to
seven days, of 3 to 10 ml of a 2 to 4% aqueous solution of the lithium
salt of carminic acid. The treatment was continued for periods
varying from 130 to 529 days. No tumours were observed, but great
proliferation of the tissue of the spleen was noted (Harada, 1931).

Long-texrm studies

Four groups of 30 mated female rats received daily 0, 200, 500 or
1000 mg/kg bw of carmine by gastric intubation as aqueous solution
during pregnancy days 0 to 20. A group of 17 similar animals received
a solution of chlorides to provide an intake of sodium, potassium and
ammonium equal to that resulting from the highest dose level of
carmine. No adverse effects were noted on body weight, pregnancy rate
pre-implantation losses, the average number of live young litter
weight or foetal weight. The group given the highest dose of carmine
and the cations control had an increased number of implantation sites
and of post-implantation losses. The latter was considered to be due
to an inability to maintain the increased numbers of implantations
rather than to an embryotoxic effect. No teratogenic effects were
noted in the foetuses and the degree of ossification of those from the
carmin treated rats tended to be more advanced than those from the
control (Gaunt et al., 1976).
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CARMINES (FORMERLY COCHINEAL, CARMINE, AND CARMINIC ACID)

Explanation

Cochineal, carmines and carminic acid were evaluated for
acceptable daily intake for man by the Joint FAO/WHO Expert Committee
on Food Additives in 1975 and 1977 (see Refs. 37 and 43 in the Annex).

Since the previous evaluations, additional data have become
available and the previous monographs have been expanded.

Cochineal carmine is obtained from agueous extracts of cochineal,
which consists of the dried bodies of the female insect Dactylopius
coccus costa. The colouring principle of carmines is the hydrated
aluminium chelate of carminic acid, in which aluminium and carminic
acid are thought to be present in the molar ratio 1:2 (Meloan et al.,
1971) .

In commercial products the colouring principle is present in
association with ammonium, calcium, potassium or sodium cations,
singly or in combination, and these cations may also be present in
excess. Ammonium carmines exhibit solubility over a wide range of pH
while calcium carmines are sparingly soluble at pH values below 7.
Commercial products also contain proteinaceous material derived from
the source insect, and may contain free carminate anion or small
excesses of aluminium cations (Lloyd, 1980).

BIOLOGICAL DATA

BIOCHEMICAL ASPECTS

No information on metabolism is available.
TOXICOLOGICAL STUDIES

Special studies on mutagenicity

Carminic acid was negative in the Bacillus subtilis rec-assay
for DNA-damaging ability (Kada et al., 1972).

Carminic acid was not mutagenic for several strains of
Salmonella typhimurium in the presence of liver microsomal
preparations or enzymatic extracts of rat caecal microflora (Brown &
Brown, 1976; Brown et al., 1977).

Carminic acid did not produce reverse mutations in four strains
(TA-1535, TA-1537, TA-98, TA-100) of Salmonella typhimurium when
tested in presence and absence of liver microsomal (S9) fractions
obtained from animals pretreated with phenobarbitone. There was no

evidence of gene conversions when carminic acid was tested similarly
in vitro with Saccharomyces cerevisiae D strain, nor of forward
mutations in vitro or im vivo in host mediated assays using
Schizosaccharomyces pombe (Barale et al., 1978). Similar results
have been obtained in studies using Salmonella typhimurium TA-1538
and Escherichia coli WP2 uvr A (Haveland-Smith & Combes, 1980).

Special studies on skin sensitization
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Three subjects with lip lesions gave positive patch tests when
tested with red lip salve containing calcium carmine, but negative
reactions to colourless 1lip salve.

Special studies on teratogenicity

The embryotoxicity and teratogenicity of carmine have been
studied in mice. Mice were killed on day 19 of gestation, after i.p.
injection of lithium carmine or sodium carmine on day 8. Treated
animals of both groups showed resorption rates (20%) higher than those
of control groups (2%). The malformation rate was about 16% in the
lithium carmine group and 2.5% after injection of sodium carmine. Only
animals given sodium carmine showed an increase in the number of
retarded foetuses (Schluter, 1970).

Groups of mice were injected once with 2.5% lithium carmine at a
dose of 150 mg/kg bw of carmine on days 6, 8, 10, 12 or 14 of
pregnancy. A teratogenic effect was observed on the first three
treatment days, with the maximum effect on day 8 (Schluter, 1971a,b).

Four groups of 30 mated female rats were given daily 0, 200, 500
or 1000 mg/kg bw of ammonium carmine by gastric intubation as aqueous
solution during pregnancy days 0 to 20. A group of 17 similar animals
received a solution of chlorides to provide an intake of sodium,
potassium and ammonium ions equal to that resulting from the highest
dose level of carmine. No adverse effects were noted on body weight,
pregnancy rate, pre-implantation losses, the average number of live
young litter weight or foetal weight. The group given the highest dose
of carmine and the cations control had an increased -number of
implantation sites and of post-implantation losses. The latter was
considered to be due to an inability to maintain the increased numbeérs
of implantations rather than to an embryotoxic effect. No teratogenic
effects were noted in the foetuses and the degree of ossification of
those from the carmine treated rats tended to be more advanced than
those from the control (Gaunt et al., 1976).

Special studies over three generatiomns

Ammonia carmine was administered to Wistar rats over several
generations at dietary concentrations designed to provide intakes of
0, 50, 150 or 500 mg/kg bw per day. Animals of both sexes were used in
groups of 36 for treatment with carmine and groups of 60 for the
control. After a suitable period of treatment, the original animals
(generation FoA) were mated to provide generation Fla and then remated
to produce generation Flb. Generation Fla animals provided animals for
generation F2, which in turn provided the final F3 generation.

There were no effects on body weights, food and water intakes,
fertility or organ weights in adults of generations FoA, Fla or F2
which could be attributed to treatment. Post mortem examinations and
organ weight measurements of pups of generations Fib, F2 and F3 did
not reveal any differences between control and treated groups which
could be related to treatment. Histopathological examination of pups
of generation F3 revealed no treatment related effects. Survival,
growth and development of pups in treated groups were similar to those
of the control group apart from a slight delay in tooth eruption in
the 150 and 500 mg/kg bw groups of generations Flb and F2. No delay in
tooth eruption was seen in any of the treated groups of generation F3.

In the teratological investigations, foetuses of all treated
groups in the generation F3 were slightly more advanced in their
degree of skeletal ossification compared to the control groups.
Finally, post mortem examinations of the dams of generations FoA, Fla
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and F2 used in the teratology studies revealed no significant
differences between control and treated animals except for slightly
increased numbers of corpora lutea and post-implantation losses in the
150 mg/kg bw group of generation Fla. These were considered to be
unrelated to treatment (Grant et al., 1979).

Acute toxicity

No information available.
Short-term studies
Mouse

, Mice (number not stated) were given intraperitoneal injections of
a 1 to 2% aqueous solution of the lithium salt of carminic acid for a
period of 60 days. The only abnormality observed was proliferation of
spleen tissue (Harada, 1931).

Rat

Groups of 40 rats, equally divided by sex, received ammoniacal
cochineal carmine in 0.4% agueous agar by intubation at dosage levels
of 0, 2.5, 5.0 and 10.0 g/kg bw five days per week for 13 weeks.

Body weight was recorded bi-weekly. Blood counts were made three
times. Gross and microscopic findings were not remarkable aside from a
dose-related accumulation of colour in the tissues of the rats
receiving the two higher dosage levels. No haematological effects were
noted. At the two highest levels some decreased growth was apparent.
Urine and faeces of the treated rats were coloured during the period
of administration (Battelle, 1962).

Groups of 50 weanling rats equally divided by sex were fed
calcium carmine in the diet at levels of 0, 50, 250 and 500 mg/kg
bw/day for 90 days. Blood counts, blood glucose, blood urea nitrogen
and urinalyses were performed three times. No effects due to the
carmine were reported in terms of growth, haematology and other
clinical findings. Gross and microscopic pathology were not remarkable
(FDRL, 1962).

Rabbit

Five rabbits were given intravenous injections every five to
seven days, of 3 to 10 ml of a 2 to.4% aqueous solution of the lithium
salt of carminic acid. The treatment was continued for periods
varying from 130 to 529 days. No tumours were observed, but great
proliferation of the tissue of the spleen was noted (Harada, 1931).

Comments

Cochineal and colouring principles derived from it were
considered in the twenty-first report of the Expert Committee but at
that time the toxicological data available were considered to be
insufficient for an evaluation and the establishment of an ADI. The
present Committee understood that the main substances used were
ammonium carmine for alcoholic beverages and calcium carmine for
foods. Their use was limited because of the small amount of cochineal
produced. Recent reproduction studies with ammonium carmine had found
no toxicologically significant effects. The Committee was informed
that.-a long-term study had also been completed, but the data had not
yet been submitted. The Committee allocated a temporary ADI of
0-2.5 mg/kg bw for ammonium carmine, or equivalent amounts of the
calcium, potassium, or sodium salts (the lithium salt is not
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acceptable for food-additive use). This was based on a no-effect
level of 500 mg of ammonium carmine per kg of body weight in a
multigeneration study. The Committee requested the submission of the
results of the long-term study for evaluation at a future meeting.

EVALUATION

Level causing no toxicological effect

Rat: 500 mg/kg bw per day.

Estimate of temporary acceptable daily intake for man

0-2.5 mg/kg bw.

FURTHER WORK OR INFORMATION

Required by 1982.

Submission of the results of the long-term studies.
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CARMINES

Explanation

Cochineal, carmines and carminic acid were last evaluated for
acceptable daily intake for man by the Joint FAO/WHO Expert Committee
on Food Additives in 1981 (see Annex I, Ref. 57).

Since the previous evaluation, additional data have become
available and the previous monograph has been expanded.

Cochineal carmine is obtained from aqueous extracts of cochineal,
which consists of the dried bodies of the female insect Dactylopius
coccus Costa. The colouring principle of carmines is the hydrated
aluminium chelate of carminic acid, in which aluminium and carminic
acid are thought to be present in the molar ratio 1:2 (Meloan et al.,
1971) .

In commercial products the colouring principle is present in
association with ammonium, calcium, potassium or sodium cations,
singly or in combination, and these cations may also be present in
excess. Ammonium carmines exhibit solubility over a wide range of pH
while calcium carmines are sparingly soluble at pH values below 7.
Commercial products also contain proteinaceous material derived from
the source insect, and may contain free carminate anion or small
excesses of aluminium cations (Lloyd, 1980).

BIOLOGICAL DATA

BIOCHEMICAL ASPECTS

No information on metabolism is available.
TOXICOLOGICAL STUDIES
Special studies on mutagenicity

Carminic acid was negative in the Bacillus subtilis rec-assay
for DNA-damaging ability (Kada et al., 1972).

Carminic acid was not mutagenic for several strains of
Salmonella typhimurium in the presence of liver microsomal
preparations or enzymatic extracts of rat caecal microflora (Brown &
Brown, 1976; Brown el al., 1977).

Carminic acid did not produce reverse mutations in 4 strains
(TA 1535; TA 1537; TA 98; TA 100) of Salmonella typhimurium when
tested in presence and absence of liver microsomal (S9) fractions
obtained from animals pretreated with phenobarbitone. There was no
evidence of gene conversions when carminic acid was tested similarly

in vitro with Saccharomyces cerevigiae D strain, nor of forward
mutations in vitro or in vivo in host mediated assay using
Schizosaccharomyces pombe (Barale et al., 1978). Similar results
have been obtained in studies using Salmonella typhimurium TA 1538
and Escherichia coli WP2 uvr A (Haveland-Smith & Combes, 1980).

Special studies on skin sensitization
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Three subjects with lip lesions gave positive patch tests when
tested with red lip salve containing calcium carmine, but negative
reactions to colourless lip salve. Since the coloured product had
previously been used by each individual, the symptoms of allergic
sensitivity were ascribed to carmine (Sarkany et al., 1961) .

Special studies on teratogenicity

The embryotoxicity and teratogenicity of carmine have been
studied in mice. Mice were killed on day 19 of gestation, after i.p.
injection of lithium carmine or sodium carmine on day 8. Treated
animals of both groups showed resorption rates (20%) higher than those
of control groups (2%). The malformation rate was about 16% in the
lithium carmine group and 2.5% after injection of sodium carmine. Only
animals given sodium carmine showed an increase in the number of
retarded foetuses (Schluter, 1970).

Groups of mice were injected once with 2.5% lithium carmine at a
dose of 150 mg carmine/kg on days 6, 8, 10, 12 or 14 of pregnancy. A
teratogenic effect was observed on the first 3 treatment days, with
the maximum effect on day 8 (Schluter, 1971a,b).

Four groups of 30 mated female rats were given daily 0, 200, 500
or 1000 mg/kg bw of ammonium carmine by gastric intubation as aqueous
solution during pregnancy days 0 to 20. A group of 17 similar animals
received a solution of chlorides to provide an intake of sodium,
potassium and ammonium ions equal to that resulting from the highest
dose level of carmine. No adverse effects were noted on body weight,
pregnancy rate, pre-implantation losses, the average number of live
young litter weight or foetal weight. The group given the highest dose
of carmine and the cations control had an increased number of
implantation sites and of post-implantation losses. The latter was
considered to be due to an inability to maintain the increased number
of implantations rather than to an embryotoxic effect. No teratogenic
effects were noted in the foetuses and the degree of ossification of
those from the carmine-treated rats tended to be more advanced than
those from the control (Gaunt et al., 1976).

Special studies over 3 generations

Ammonia carmine was administered to Wistar rats over several
generations at dietary concentrations designed to provide intakes of
0, 50, 150 or 500 mg/kg bw per day. Animals of both sexes were used in
groups of 36 for treatment with carmine and groups of 60 for the
control. After a suitable period of treatment, the original animals
(generation F,,) were mated to provide generation F,,  and then

remated to produce generation F,, . Generation F,, animals provided
animals for generation F,, which in turn provided the final F,
generation.

There were no effects on body weights, food and water intakes,
fertility or organ weights in adults of generations F,,, F,;, or F,
which could be attributed to treatment. Post mortem examinations and
organ weight measurements of pups of generations F;, F, and F, did
not reveal any differences between control and treated groups which
could be related to treatment. Histopathological examination of pups
of generation F, revealed no treatment-related effects. Survival,
growth and development of pups in treated groups were similar to those
of the control group apart from a slight delay in tooth eruption in
the 150 and 500 mg/kg groups of generations F;, and F,. No delay in
tooth eruption was seen in any of the treated groups of generation
F,.
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In the teratological investigations, foetuses of all treated
groups in the generation F, were slightly more advanced in their
degree of skeletal ossification compared to the control groups.
Finally, post mortem examinations of the dams of generations F, , F,,

and F, used in the teratology studies revealed no significant

differences between control and treated animals, except for slightly
increased numbers of corpora lutea and post-implantation losses in the
150 mg/kg group of generation F,,. These were considered to be

unrelated to treatment (Grant et al., 1979).
Acute toxicity
No information available.
Short-term studies
Mouse

Mice (number not stated) were given intraperitoneal injections of
a 1 to 2% aqueous solution of the lithium salt of carminic acid for a
period of 60 days. The only abnormality observed was proliferation of
spleen tissue (Harada, 1931).

Rat

Groups of 40 rats, equally divided by sex, received ammoniacal
cochineal carmine in 0.4% aqueous agar by intubation at dosage levels
of 0, 2.5, 5.0 and 10.0 g/kg 5 days per week for 13 weeks. Body weight
was recorded bi-weekly. Blood counts were made 3 times. Gross and
microscopic findings were not remarkable, aside from a dose-related
accumulation of colour in the tissues of the rats receiving the 2
higher dosage levels. No haematological effects were noted. At the 2
highest levels some decreased growth was apparent. Urine and faeces of
the treated rats were coloured during the period of administration
(Battelle, 1962).

Groups of 50 weanling rats equally divided by sex were fed
calcium carmine in the diet at levels of 0, 50, 250 and 500 mg/kg bw
per day for 90 days. Blood counts, blood glucose, blood urea nitrogen
and urinalyses were performed 3 times. No effects due to the carmine
were reported in terms of growth, haematology and other clinical
findings. Gross and microscopic pathology were not remarkable (FDRL,
1962) .

Rabbit

Five rabbits were given intravenous injections every 5 to 7 days,
of 3 to 10 ml of a 2 to 4% aqueous solution of the lithium salt of
carminic acid. The treatment was continued for periods varying from
130 to 529 days. No tumours were observed, but great proliferation of
the tissue of the spleen was noted (Harada, 1931) .

Long-term studies
Rat

Carmine was mixed with the diet of groups of 66 male and 66
female rats to provide daily intakes of 50, 150 or 500 mg/kg bw per
day for 8 weeks. A group of 114 male and 114 female rats fed the basic
diet served as controls. The treatment continued whilst each female
was mated with a male from the same group, during pregnancy and the
rearing of the resulting offspring. Young from these litters were used
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to provide groups of 54 males and 54 females given the same dose
levels of carmine or 90 males and 90 females in a control group. The
treatment for each animal was the same as that of its parents and
continued until any one of the groups reached approximately 20%
survival. This resulted in the surviving males being killed in week
108 and the females in week 109. Feeding diets to provide intakes of
up to 500 mg/kg bw per day did not adversely affect the survival of
the rats, their growth or intakes of food and water.

Samples of blood taken at 3, 6, 12 and 18 months from some of the
animals and from all survivors showed no changes which could be
associated with treatment. Similarly, no treatment-related changes
were found in renal concentration tests and semi-quantitative analysis
of urine at 3, 6, 9, 12 and 18 months or in serum chemistry and organ
weights at the end of the study.

The incidence of tumours was not affected by treatment and most
of the non-tumour pathology could not be associated with treatment.
There were more females with mammary gland acinar hyperplasia and duct
ectasia in all treated groups than in controls and more with mild
changes of the stomach at the 2 higher doses. There was a small
increase in the incidence of animals with vaginitis or lymph node
oedema affecting the high dose females and distended hepatic sinusoids
in the high dose males. None of these findings were considered to be
due to treatment. It is concluded that carmine administered to rats
in utero and to 20% survival is not carcinogenic and that the no-
untoward-effect level is 500 mg/kg bw per day (Ford et al., 1981).

Comments

Several mutagenic studies using microorganisms both in vitro
and in host-mediated assay provide no evidence for potential
genotoxicity for carminic acid.

A teratogenicity study in which ammonium carmine was administered
by gastric intubation to pregnant rats did not show the findings of
earlier studies in which sodium or lithium carmines were injected i.p.
~ in pregnant mice. There were no significant effects on reproduction,
embryotoxicity, teratology or development when ammonium carmine was
administered in the diet to rats over 3 generations. Furthermore, a
long-term study in rats with ammonium carmine using animals exposed
in utero indicated that this compound is not carcinogenic.

The results of a short-term study in rats fed ammonium carmine
for 90 days at doses up to 10 g/kg failed to show toxic effects.

EVALUATION

Level causing no toxicological effect

Rat: 500 mg/kg bw in the diet.

Estimate of acceptable daily intake for man

0-5 mg/kg bw.

The ADI includes ammonium carmine or the equivalent of calcium,
potassium or sodium salts.
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1. EXPLANATION

Cochineal extract is obtained from the dried bodies of female Dactylopius coccus Costa insects
(cochineal). The extract is used directly in food and is also processed further to carmines.
Specifications exist for cochineal extract and carmines, both of which contain carminic acid as the
colouring principle. The Committee evaluated cochineal extract at its eighteenth and twenty-first
meetings but did not allocate an ADI (Annex 1, references 35 and 44). It evaluated carmines at its
twenty-first, twenty-fifth, and twenty-sixth meetings (Annex 1, references 44, 56, and 59). At its
twenty-sixth meeting, it allocated an ADI of 0-5 mg/kg bw for carmines, as ammonium carmine or
the equivalent of calcium, potassium or sodium salts. It did not reconsider this ADI at its present
meeting but responded to a request from the Codex Committee on Food Additives and Contaminants
(Codex Alimentarius Commission, 2000) to consider the potential allergenicity of cochineal extract,
carmine and carminic acid, collectively referred to in this report as ‘cochineal colours’.

At its fifty-third meeting (Annex 1, reference /43), the Expert Committee considered the report of an
ad hoc Panel on Food Allergens that had been convened to consider issues relating to the
allergenicity of foodstuffs. The Panel identified criteria for adding foodstuffs to the list of common
allergenic foods developed by the Codex Committee on Food Labelling, if such additions were
necessary. The Expert Committee, at its fifty-third meeting, concluded that these criteria form a
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suitable basis for addressing the allergenicity of food and food products. In summary, the criteria that
are required for the addition of a foodstuff to the Codex list of common allergenic foods are:

(1) the existence of a credible cause-and-effect relationship, based on a positive reaction
to a double-blind placebo-controlled food challenge or unequivocal reports of a reaction
with the typical features of a severe allergic or intolerance reaction;

(ii) reports of systemic reactions following intake of the foodstuff; and,

(iii) ideally, data on the prevalence of food allergies in children and adults in the general
populations of several countries or, alternatively, data on the comparative prevalence of
a specific food allergy in groups of patients in several countries. ‘

2. BIOLOGICAL DATA

2.1 Special studies of allergenicity in humans

A review of the allergenic properties of food colours of natural origin was submitted for
consideration to the Committee (Lucas et al., 2000).

2.1.1 Occupational exposure

Asthma due to occupational exposure to carmine has been described in two men, aged 36 and 54,
one of whom extracted carmine from the insects; the other worked with carmine as a cosmetic
colouring agent. The results of skin prick tests on both patients with carmine and common
aeroallergens were negative, and radioallergosorbent tests did not identify specific antibodies to an
extract of Dactylopius coccus in the serum from the cosmetics worker. The results of bronchial
provocation testing of both patients with cochineal extract were positive. Oral challenge of the first
patient with cochineal (1 ml diluted with 100 m] water) resulted in severe abdominal pain after 4 h
and a 16% decrease in lung function (forced expiratory volume in 1 min, FEV1) after 11 h. The
second patient was challenged with Campari (100 ml) and experienced early and late asthmatic
reactions with decreases in FEV1 of 15% after 45 min and 18% at 4.5 h. The condition of both
patients improved with avoidance of carmine, but exercise-induced asthma persisted (Burge et al.,
1979).

A man aged 30 had used carmine in the preparation of chorizo for 3 months when he developed
severe asthma necessitating hospitalization. The results of skin tests with aeroallergens were
negative, but he had eosinophilia and an elevated serum immunoglobulin (Ig) E concentration.
Challenge in a chamber resulted in severe bronchospasm and a 38% fall in peak expiratory flow rate
4 h after exposure. The asthma recurred when he resumed work and ceased when he stopped (Lenz
et al., 1983).

One woman and two men aged 36-54 employed in the food industry and working with carmine of
“cochineal developed respiratory problems after periods of employment of between 2 months and 10
years. None had a prior history of atopy or respiratory disease. The woman presented with asthma,
thinitis, cough, and dyspnoea on exercise, and these symptoms were exacerbated when she handled
carmine and improved when she was hospitalized. The results of skin tests to common aeroallergens
were negative, as was that of a skin prick test to a solution of carmine. Although no carmine-specific
IgE was found by radioallergosorbence, a dose-dependent liberation of histamine was found in the
presence of carmine. One of the men presented with cough and asthmatic crises precipitated by
handling carmine, which resolved during leave from the workplace. The result of a skin scratch test
with carmine powder was positive, and exposure to carmine in a chamber resulted in a fall in the
peak expiratory flow rate of 65% within 2 min, necessitating emergency treatment. The second man,
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who had worked with food colours for only 2 months, had several episodes of bronchospasm
necessitating hospitalization. The result of a skin scratch test with carmine powder was positive, and
exposure to carmine in a chamber resulted in a fall in the peak expiratory flow rate of 43% within 10
min (Tenabene et al., 1987).

Subsequently, a sales manager in the same company at which two of the patients described avove
had worked experienced recurrent episodes of spasmodic cough, followed 2-4 h later by an
influenza-like syndrome. The episodes occurred over a period of 2 years, only on those days when
carmine was used. The result of skin prick testing with carmine powder was negative, and the results
of tests for lung function and a chest radiograph were normal in the absence of exposure. No
immediate reaction occurred on challenge with 25% carmine powder mixed with lactose, but after 2
h the patient experienced coughing and decreased lung function. He complained of nausea and
vomiting 3 h after exposure, and these symptoms were maximal 4 h later. His body temperature rose
to 39 °C, crackles (rales) were heard in the chest, and chest radiographs showed a slight basal
interstitial infiltrate. Two serum precipitin bands against carmine were found by immunodiffusion.
The authors suggested that carmine was strongly implicated as the cause of allergic alveolitis in this
patient (Dietemann-Molard et al., 1991).

Workers involved in the production of carmine, annatto, and curcuma (turmeric) were investigated
for allergy to the colours. The group included nine current workers (four men and five women aged
17-40) and one former worker (a man aged 23). The materials used in the study were a cochineal
extract, carmine prepared from cochineal extract (containing 52% carminic acid), and commercially
available carminic acid. The responses to a questionnaire revealed that two current employees at the
factory had work-related symptoms of rhinitis and, in one case, of asthma. The former employee,
who had been affected by carmine-induced asthma and rhinitis, had been symptom-free since leaving
the workforce. The basal peak expiratory flow rates of all the workers were within normal limits, but
the serial rates of the worker with asthma dropped significantly from baseline values with greater
variability on the days he worked with carmine. This man showed bronchial hyperresponsiveness to
methacholine, and the responses to bronchial provocation tests were positive (> 20% fall in FEV1)
with both carmine and cochineal extract but not with carminic acid or annatto. Three control subjects
with asthma did not react in bronchial provocation tests to the highest concentrations of cochineal
extract or carmine. The results of skin prick tests with cochineal extract and carmine were positive in
only the three subjects who had work-related symptoms. No reactions were observed in any of the
employees in skin prick tests with curcuma, annatto, or common aeroallergens. Comparison groups
comprising 15 unexposed atopic individuals and 15 unallergic patients did not react to cochineal or
carmine. None of the employees was atopic, and only one had a family history of atopy. Although
IgG antibodies specific to cochineal and carmine were found in all the employees surveyed, only the
individual with current work-related asthma had specific IgE antibodies to cochineal and carmine;
the result of a radioallergosorbent test of his serum to a carminic acid—human serum albumin
conjugate was negative. Competitive radioallergosorbence with cochineal and carmine and with
fractions of these substances separated on the basis of relative molecular mass led the authors to
conclude that this patient was sensitized to an antigen or antigens with a relative molecular mass of
10-30 kDa (Quirce et al., 1993, 1994).

A non-smoking, non-atopic 18-year-old man who had worked for 1 year weighing batches of
carmine in the cosmetics industry was assessed for occupational asthma. Alterations in lung function
and increased airway responsiveness to histamine were recorded after challenge in a chamber with
lactose powder containing 3% carmine. The patient was unaware of the nature of the challenge, as
lactose powder coloured with amaranth was used in the control trial (Durham et al., 1987; Graneek et
al., 1988).

A non-atopic man aged 35 who had worked for 4 years in a spice warehouse reported asthma and
rhinoconjunctivitis when handling carmine at work, which had started 5-6 months before his first
visit to the clinic. Two weeks before that visit he had developed a systemic reaction, with
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rhinoconjunctivitis and dyspnoea, after eating a sweet containing a carmine dye (E120). Tests of
lung function showed decreases > 25% in peak flow rate after exposure to carmine. The results of
skin prick tests with the cochineal insect and carmine were positive, but those of tests with common
aeroallergens, several mites, foods, and spices were negative. The result of a specific bronchial
challenge test with a cochineal extract was positive, with a dual pattern (20% and 24% falls in
FEV1). An oral challenge with carmine gave a positive response. The patient’s serum contained
specific IgE for various high relative-molecular-mass proteins from the cochineal extract, as shown
by immunoblotting (Acero et al., 1998).

2.1.2 Dermal exposure

Three women aged 32-59, who reported soreness of the lips with cracking and bleeding, were found
to react when their coloured lip salve was used for skin patch tests. Two of the women also reacted
to an oil-soluble carmine preparation (Sarkany et al., 1961).

A 19-year-old regular soldier who volunteered to simulate a casualty in a military exercise had an
anaphylactic reaction during application of make-up containing carmine red to his trunk and was
transferred to emergency facilities. On examination, he was found to be shocked and confused, he
had tachycardia, and his blood pressure was unrecordable. He recovered, but no follow-up was
possible (Park, 1981).

Patients allergic to carmine in food or drink have reported reactions to carmine-containing cosmetic
products (K#gi et al., 1994; Kigi & Wiithrich, 1996; Baldwin et al., 1997; DiCello et al., 1999).

2.1.3 Exposure via food and drink

A 34-year-old atopic woman had a severe anaphylactic reaction 15 min after drinking Campari with
orange juice. After initial sneezing, rhinitis, and conjunctivitis, pruritus, urticaria, Quincke’s oedema,
dyspnoea, bronchospasm, chills, nausea, vomiting, and diarrhoea developed, requiring emergency
treatment. The results of skin prick tests with Campari, the carmine dye (E120) used in the
manufacture of Campari, and a commercially available carmine preparation were positive, but those
of tests with extracts of common food allergens, including those from foods that the woman had
eaten just before the anaphylactic reaction, were negative. She had previously experienced reactions
to various carmine-containing cosmetic products, and the results of skin prick tests to these
substances were positive. Specific IgE to carmine was not detected at the time of the anaphylactic
reaction but only after 1 year, during which time she had suffered minor allergic episodes caused by
the presence of undeclared colours in foodstuffs (Kagi et al., 1994; Kigi & Wiithrich, 1996).

The same group subsequently reported this case and four others that had been referred to them over 2
years. All the new patients were female (aged 25-43) and had drunk Campari with orange or
Campari Bitter before expenencmg either acute urticaria and angioedema (two cases) or an
anaphylactic reaction requiring emergency treatment (two cases). Two of the four new patients had a
history of atopic disease. All had positive responses in skin prick tests with Campari or the carmine
used in its manufacture, but only one patient reacted to a commercially available carmine
preparation. The results of specific skin prick tests were positive for camomile and celeriac (two
cases) or mugwort (one case). Class 1 or 2 reactions were found in a radioallergosorbent test to
carmine; in only one case was a positive response found in a radioallergosorbent test to a carminic
acid-human serum albumin conjugate (Wiithrich et al., 1997).

A woman aged 35 presented to an emergency service with generalized urticaria, angioedema, and
asthma that had begun 2 h after she had eaten a yoghurt containing carmine dye. She had
experienced similar episodes after eating various red-coloured foods. The amount of carmine in the
yoghurt was estimated to have been 1.3 mg. The results of skin prick tests with the same brand of
yoghurt and with carmine powder were positive, as was that of a test for the release of histamine
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from leukocytes, with a maximum of 18% release of histamine at a concentration of carmine of 0.1
mg /ml (Beaudouin et al., 1995). The amount of carmine was estimated from information provided
by the French food industry on the content of carmine of cochineal in a yoghurt containing 'forest
fruits' (Moneret-Vautrin, 2000).

A 27-year old woman with a history of allergic rhinitis and positive responses to skin prick tests with
various aeroallergens experienced an anaphylactic reaction requiring emergency treatment after
eating a popsicle (iced lollipop) containing carmine. There was immediate onset of nausea, and
pruritus, urticaria, and hypotension with tachycardia developed within 3 h. She reported having had a
pruritic, erythematous eruption after applying a cosmetic containing carmine directly to the skin,
which did not occur if the cosmetic was applied over a foundation make-up. This reaction was not
reproduced in the clinic. The results of skin prick tests with the popsicle and a carmine preparation
used in the manufacture of the popsicle were positive in the patient and negative in her husband.
Twenty additional control subjects gave negative reactions to skin prick tests with the carmine
preparation. None of the other ingredients of the popsicle elicited positive reactions in either skin
prick tests or open oral challenge of the patient. Passive sensitization (Prausnitz-Kiistner test) with
the husband as recipient was used to demonstrate the presence of carmine-specific IgE in the
patient’s serum. Reactions did not occur at sites on the husband’s arm which had been injected with
heat-treated serum but did occur at sites injected with untreated serum (Baldwin et al., 1997).

The same group reported the cases of two non-atopic women aged 27 and 42 who had experienced
anaphylactic reactions requiring emergency treatment after ingestion of, respectively, a carmine-
containing yoghurt and Campari. Both had experienced reactions to foodstuffs and carmine-
containing cosmetics on previous occasions. Positive reactions in skin prick tests to a dilution of
carmine and to a carmine filtrate containing materials of relative molecular mass < 3 kDa were
reported in both women; the results of skin prick tests to common aeroallergens were negative. The
patients refused a double-blind placebo-controlled food challenge. Forty-two control subjects, of
whom 29 were considered to be atopic, did not react to a skin prick test with carmine, and 10 control
subjects, who may have comprised a separate group, did not react to a skin prick test with the
carmine filtrate (DiCello et al., 1999).

The results of studies on the proteins in carmine that reacted with antibodies in the sera of three
female patients who had experienced allergic reactions to carmine-containing foods were reported in
an abstract. Two of these cases may not have been reported previously. Minced Dactylopius coccus
insects retained a red colour after dialysis; after sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, several bands of relative molecular mass 23-88 kDa were recognized by sera from
individual patients. The binding was inhibited by carmine. Similarly, three bands from dialysed
carmine lake were detected by the sera of two of the three patients. The authors suggested that
insect-derived proteins, possibly complexed with carminic acid, are responsible for allergy to
carmine (Chung et al., 2000).

A 28-year old woman noted a disorder of the larynx 1 h after drinking a Campari from an
unspecified company. One hour later she had irritation and oedema of the eyelids, which was
followed by generalized urticaria, severe stomach ache, and diarrhoea. Similar symptoms had
occurred on three previous occasions after consumption of strawberry-flavoured milk or red-
coloured cocktails. The results of skin prick tests to the strawberry milk, the Campari, and a
cochineal extract were positive (Kume et al., 1997).

A 35-year-old man who had developed asthma and rhinoconjunctivitis after handling carmine at

work (see above) reported an asthmatic episode after ingestion of a red-coloured sweet containing
carmine. The result of a double-blind oral challenge with E 120 was positive (Acero et al., 1998).

2.1.4 Studies relevant to the determination of the prevalence of allergy to carmine of
cochineal



Bx RESHR CORERT 2 P BRBHETT VAX—MRROPEEZFES 2 TROKMEII LIV
EEUETYIN (TAR - v VT —) 2R, RABRELE L LB & R8T,
HEK, FEHE. FRS & 3RFRILINICE & 728 IR % o ERIEEN I thE o 72, BEIIALIC
EHEHIAI RS R EMT %, BOLHRS A CELENHDLBELL, TLT, Z0%
BRT7 7 vrF—vavEfiTeb, TERhok, TORBIBKCERS Wbl BT
INEHET Yy MBI EDR S I I U EFIOREHT R kO RITRE B CEEORICIE
Bt Chotz, WV VEFIOKERT A NI 2 0 ADBM Lt REERE CIXBMERIETE o7z, K
JERIT R FRBE~OBRROFIRESOVWTNILE, ATV NVOMOEFEWIIBERISEFER L
Moiz, #ERE L L TRICLZZENFE/E (Prausnitz-Kistner test) 7 & MIBEFEOMBFRDOINLI D
BREeE 707 Y v E (gB) OFERMIETIAIEDbN, BB L-MELZER L2RkOBEDR
IS E U dvo 188, RABEOMIE L TR LB CIREISSEE -, (Baldwin ffi, 1997)

FREN, IVIVEEGAEI—TARERIRY Y X2 —LORYBRO%, RBERELEL
LB EEBRLIZ2 7TiRe 4 20572 DIFET b E—EOLMDERZ R U7 —7 08 8HE
Lz, BIORERTEBRE NI VEETMEERICST VIIRSEEBR LT\, DA UFRIE S
FEFE< 3 kDa DMERELIN I VIBBKOKLERT 2 FORISIZST2 0 O TIEBERE 7= ;
BEZEET VAL U ORERIT A FORBRIZRETE - 7-, BEZIETRHBE (FF72—3R) &Y
RERREGEZEST LI, 29 ABT PE—ELEZLOND 4 2 AOHBRERE IV NI L ORFERT X
MR LR o7, FLT, MOINA—FIZRo>TWESL LW 0 ADREREITA LI IR
WOEERIT A MRS Lizdso Tz, (DiCello {1, 1999)

AN EEDEDIT VX —RISEEBR L TV 3 AOLEBREDMEOHEKICEIE Lz
IVOFOEABICET AMELRIIPEICHRE SN, ThoD 2HFFLENERE TR,
b Lihiewn, 810 HA PR (Dactylopius coccus) IIMKBHT BRI ERERFLEZ;, K7y
IVIRBE — R Y 727 UL - FILVEKIKEIDE., 23 —88kDanFEDNANY FRKE., FEZFOME
FIZED BT, WAL TAL VT 4 73 IE Sz, R, 3 A0BEDSEY Om
BCBT LAY - L—XEBO 3D FEBRHERE, 24, BBRRETILI VL
hENTBBEBPINVI VOT VAF—DORRTHS 5 LEHITRE LT, (Chung fib, 2000)

2 SWMOEHIITRBFESED I /Y U X o — L EERAT 1 BERICEEOLERZ R L, 1R
%, BWEKIIBOWH L BENTE, TO%, EFICEARIEKRE, OFVWBRETHZELE, 41F
TREROFACHALED D 7 7 /L OFBE , FRLIERD 3SHORIOHRICEE T e, A FIINT
J1 XY EaFo— A HEYORERIT A N OFRERITBME 572, (Kume fll, 1997)

BRETHNI VERDH-T-%., MEBLEFEERIZZ>TWE=35@0EH (EESR) B
CEEDRHADOHKERAE, MEERRBREEZ R L, EI120 (W38 o _B5XE0HiE
B 5B TH o7, (Acero ffl, 1998)

214 aF=—LVDANI LB T VI —RBERROPEICEET HHFE



Six food colours (including carminic acid), sodium benzoate, aspirin, and penicillin were tested in
vitro in an antigen stimulation test with lymphocytes from two groups of patients. The control group
comprised 48 hospital patients with non-allergic clinical conditions; the test group included 36

~ patients with urticaria or chronic Quincke’s oedema of unknown cause from a group of 61 patients
presenting with these conditions. One of the lymphocyte preparations from 21 control patients and 7
of 34 preparations from the test group were stimulated by the addition of carminic acid. The results
of skin tests with carminic acid were positive in 10 of 34 test patients, and five of these subjects also
had positive reactions in the lymphocyte stimulation test. Four of the five subjects with positive
responses in both the stimulation and skin tests who were challenged sublingually with carminic acid
reacted with at least a simple pruritic reaction (Fernandes et al., 1977). ,

Twelve atopic and 12 non-atopic individuals, comprising four men and 20 women, with a diagnosis
of irritable bowel syndrome of no demonstrable organic origin and with symptoms that had persisted
for between 8 months and 13 years were asked to adhere to an allergen exclusion diet. After 3 weeks,
other foods were reintroduced singly or in series. If the reintroduction resulted in exacerbation of
symptoms, the foods were withheld for 1 or 2 weeks and then reintroduced. Provocation tests were
conducted in individuals who reported exacerbation at the second reintroduction. Serum IgE
concentrations were measured and skin prick tests were performed with common aeroallergens, six
food additives, and 18 food antigens; no radloallergosorbent test was performed with food additives.
Only one non-atopic patient responded to exclusion of carminic acid (and erythrosine) from the diet.
The result of the skin prick test with carminic acid was negative, as was the challenge. One atopic
individual had a positive reaction in a skin prick test with carminic acid (Petitpierre et al., 1985).

A register of cases of fatal anaphylaxis in the United Kingdom (Pumphrey, 2000a), which contains
over 200 cases more than 50 of which are attributable to food allergy, contains none attributed to
carmine of cochineal. However, the cause of the anaphylactic reaction has not been determined for
some cases (Pumphrey, 2000b).

Carmine of cochineal is reported to have been used in medicinal products. A request to the United
Kingdom’s Medicines Control Agency for reports of adverse reactions to carmine received the
following response: "At the time of writing, the Committee on Safety of Medicines/Medicines
Control Agency have received no reports of suspected Adverse Drug Reactions associated with the
colourant carmine." (Committee on Safety of Medicines, 2000).

A group of 903 patients with food allergy or intolerance have contributed to the database of the
Cercle d’Investigations Cliniques et Biologiques en Allergologie Alimentaire in France. Of these,
5.5% had an intolerance to food additives, and of these eight cases corresponded to an intolerance to
food colours. Only one case of the eight was attributable to carmine of cochineal (Moneret-Vautrin,
2000). Although this information is possibly indicative of a low incidence of allergy to carmine of
cochineal, the Committee considered that it cannot be used to estimate the prevalence of this allergy.

3. COMMENTS

Adverse reactions to cochineal colours after occupational exposure, dermal contact, or consumption
of coloured food and drinks have been the subject of case reports. The reported effects were the
consequence of allergic reactions, and the involvement of an immunologically mediated mechanism
has been demonstrated. The nature of the adverse reactions, e.g. urticaria, rhinitis, diarrhoea, and
anaphylaxis, provides clear evidence that systemic reactions can follow exposure of a sensitized
individual to cochineal colours. Some of the adverse reactions were severe and required emergency
treatment. The weight of evidence suggests that proteins in the food colours are the allergenic
species; however, the structures of the proteins and the role of protein-bound carminic acid in the
allergic reaction are unknown. The Committee considered that the first two criteria for the addition
of a foodstuff to the Codex list of allergenic foods were satisfied.
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The data on allergic reactions to food and drinks containing the cochineal colours are derived
predominantly from case reports. Although tests on control groups of patients were reported, in
general the studies were not designed so as to allow estimation of the incidence or prevalence of
allergy to the cochineal colours in the general population. Additional data were available that
suggested that sensitization to the cochineal colours is rare, but the data did not allow estimation of
even comparative prevalence rates between countries, and the third criterion for the addition of a
foodstuff to the Codex list of allergenic foods was not satisfied.

Cochineal colours are present in many foods and drinks. The quantity of the cochineal colours that
provoked an adverse reaction in an individual was estimated in only one study. Because the
occurrence and severity of an allergic reaction after ingestion of a specific amount of cochineal
colours depends on the sensitivity of each atopic individual, the Committee concluded that estimates
of the long-term intake of these colours in a population were irrelevant to its deliberations.

4. EVALUATION

The Committee concluded that cochineal extract, carmines, and, possibly, carminic acid in foods and
beverages may initiate or provoke allergic reactions in some individuals. Because some of the
adverse reactions are severe, it considered that appropriate information, for example noting the
presence of the colour in foods and beverages, should be provided to alert individuals who are
allergic to these compounds.
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SACCHARIN

Explanation

Saccharin was evaluated by the Joint Expert Committee on Food
Additives in 1967, 1974, 1978 and 1980 (see Annex I, Refs. 14, 34,
48 and 54). In 1978, the Committee changed the ADI from 5 mg/kg to a
temporary ADI of 2.5 mg/kg and withdrew the conditional ADI of
15 mg/kg for dietetic purposes only. The decision to reduce the ADI
and to restrict the use of saccharin was based primarily on the
results of animal studies which indicated that excessive and long-term
ingestion of saccharin was potentially a carcinogenic hazard for
humans. At the 1980 meeting the temporary ADI of 2.5 mg/kg was
extended pending the completion of current investigations. Further
studies have been received and evaluated and the previous monograph
has been revised.

Saccharin may be produced in various ways, starting from toluene
(Remsen & Fahlberg, 1879), phthalic anhydride or phthalic acid
(Maumee, 1951) and o-chlorotoluene (Bungard, 1967). Accordingly, a
series of different chemical impurities could find their way to the
final product. The most widely used methods for the manufacture of
saccharin are the Remsen-Fahlberg and the Maumee processes (Munro et
al., 1974).

Although a universally applicable method for identification of
impurities in saccharin regardless of its production method is not
available, a recently published procedure (Stavric et al., 1976) for
isolation and identification of organic solvent soluble impurities
gives very satisfactory results for saccharin produced by the Remsen-
Fahlberg method. The major impurity in saccharins produced by this
procedure was identified as o-toluene-sulfonamide, one of the
intermediate reaction products in the preparation of saccharin
(Stavric et al., 1974b). Methods for isolation, identification and
quantitation of water-soluble impurities have also been reported
(Stavric et al., 1974a; Nelson, 1976).

BIOLOGICAL DATA

BIOCHEMICAL ASPECTS

Saccharin and saccharin salts (sodium, ammonium, calcium) have
been in use since the late nineteenth century, salt forms being more
soluble but of the same sweetening power as the acid form.

Absorption

The absorption of ingested saccharin in animals and man occurs
rapidly. With a pKa of 2.2, saccharin exists in acidic media
predominantly in the unionized form, which is the more readily
absorbed form in a number of animal species. Saccharin is more
completely absorbed from the guinea-pig (pH 1.4) and rabbit (pH 1.9)
stomach, than from the rat's stomach (gastric pH 4.2) (Ball, 1973;
Minegishi et al., -1972). In vitro perfusion of rat stomach and small
intestine with a solution of saccharin demonstrated considerable
absorption from the stomach at pH 1.0 and slow absorption from the
small intestine, i.e. less than 9% in 2 hours (Kojima et al., 1966).
The gastrointestinal absorption of saccharin appears to be somewhat
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greater in monkeys than in rats (Pitkin et al., 1971a). In monkeys,
and also most probably in man, both gastric acidity and degree of
absorption are intermediate between those of the rabbit and guinea-pig
on one side, and the rat on the other (Ball, 1973). This also means
that the degree of absorption of saccharin could be dependent on food
intake which affects the acidity of the gastric contents.

Distribution and excretion

Lethco & Wallace (1975) studied the distribution of radioactivity
in organs and tissues of rats at various time intervals (1, 2, 4, 8,
24, 48 and 72 hours) following a single oral administration of
(3-14C)saccharin (50 mg/kg). Traces of radioactivity were found in
almost all organs 1 hour after dosing. Fat, brain and spleen contained
only minute quantities of 14C. Kidney, urinary bladder and liver
contained the highest amount of 4C, which peaked at 4 and 8 hours.
In subsequent experiments, rinsing the bladders of the treated rats
with 8, 0.5 ml portions of a 0.9% saline solution, they found that a
significant portion of the ¢C activity was retained by or bound to
the bladder tissue (Lethco & Wallace, 1975).

In similar experiments, Matthews et al. (1973) found that a
single oral dose (1 mg/kg bw) of '4C-saccharin (labelled in the
carbonyl group) was rapidly absorbed from the gastrointestinal tract,
with peak tissue radioactivity occurring within 15 minutes of dosing.
With repeated dosing, within a single day or over a period of several
days, there was an accumulation of saccharin in some tissues,
particularly in the urinary bladder. The bladders of rats which
received daily doses of saccharin contained 19 times as much saccharin
as did the bladders of animals which received only a single dose.
After the removal of saccharin from the diet, almost complete tissue
-clearance resulted in 3 days (Matthews et al., 1973).

Saccharin crosses the placenta of the rat (West, 1979; Ball et
al., 1977) and monkeys (Pitkin et al., 1971la,b) to a limited extent.
However, clearance from foetal tissues may be slower than from
maternal tissues, particularly the urinary bladder (Ball et al., 1977;
Pitkin et al., 1971a,b). Additionally, saccharin has also been found
to be excreted in the milk of goats (Carlson et al., 1923) and rats
(West, 1979).

Recently, Sweatman & Renwick (1980) studied the tissue
distribution and pharmacokinetics of saccharin in a series of
experiments. When saccharin was included in the diet of rats at a
level of 5%, there was a marked diurnal variation in the concentration
of saccharin in their plasma. Feeding male rats diets containing 1-10%
saccharin for 22 days resulted in tissue concentrations of saccharin
in the kidney and bladder which were greater than the concentration of
saccharin in the plasma, while the concentrations of saccharin in the
liver, lungs, spleen, adrenal, fat and muscle were less than in the
plasma. When female rats were fed a diet containing 5% saccharin, the
concentration of saccharin in the plasma and organs was greater than
for the male rats fed the 5% diet, particularly the concentration in
the kidney and urinary bladder. Additicnally, the concentrations of
saccharin in the plasma and tissues of the male rats fed the diets
containing 7.5% or 10% saccharin had a higher than predicted
concentration, based on a linear extrapolation from the lower dose
levels. The authors attributed this to the animals' reduced ability to
eliminate saccharin.

A single i.v. dose of [3H] saccharin was given to male and
female anaesthetized rats at levels from 1 to 1000 mg/kg. The plasma
clearance of the [3H] saccharin was found to be dose dependent with
the high dosages resulting in a 60% decrease in clearance. When rats
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were pretreated with probenecid prior to the i.v. administration of
[3H] saccharin at levels of 50-200 mg/kg, a 70% reduction in plasma
clearance was observed (Sweatman & Renwick, 1980). These findings were
similar to those of Bourgoignie et al. (1980) who used unanaesthetized
male and female rats to examine the mechanism by which saccharin was
excreted via the kidneys, using a range of [3H] saccharin
concentrations from 1 to 80 mg/dl in plasma. The authors concluded
that saccharin was excreted by a combination of filtration and tubular
excretion without resorption. The latter appeared to be carrier
mediated, since competitive inhibition was observed between saccharin
and para-aminohippurate.

Side-effects

During its long history of use, saccharin has been accused of
being responsible for a number of adverse effects both in human
beings and laboratory animals. Saccharin has been implicated in the
development of photosensitive skin eruptions in humans (Taub, 1972),
and as a hypoglycaemic agent in animals (Thompson & Mayer, 1959). Low

dietary concentrations of saccharin have been shown to alter the
concentration of serum lipid components in rats fed chemically-defined
diets (Purdom et al., 1973) ..

No effect was noted on human nitrogen balance or protein
utilization in man by doses up to 4 g of saccharin/day. Daily doses of
5 g of saccharin reduced albumin absorption and utilization by 0.94%
(Neumann, 1926a,b). No abnormal effects on total urinary nitrogen
excretion or uric acid output were noted by other investigators after
giving saccharin orally (Folin & Herter, 1912). No deleterious effects
on blood sugar, kidney function, vitamin utilization, blood
coagulation or enzyme activity were detected in man (NAS-NRC, 1955).

Metabolism

It has long been assumed that saccharin undergoes very little
metabolic conversion under normal dietary usage in animals and man
(NRC, 1974).

" Rat

Four male and 2 female Sprague-Dawley rats were dosed with
l4C-saccharin (40 mg/kg) uniformly labelled in the benzene ring. More
than 90% of the radioactivity was recovered in the urine collected for
96 hours after dosing. Only 1 radicactive spot was detected on the TLC
of the whole urine, which was identified as saccharin (Byard &
Golberg, 1973). Three to 4% of the dose was excreted in the 48-hour
collection of faeces as unmetabolized saccharin. During the first
4-8-hour collection period, no more than 0.3% of an oral dose of
l4c-saccharin was excreted in the bile as unchanged saccharin.
Induction of mixed function oxidase activity in rat liver by treatment
with phenobarbitone had no influence on saccharin metabolism (Byard &
.Golberg, 1973).

Kennedy et al. (1972), using albino rats treated with 10 or 20 uC
of sodium saccharin labelled with 14C in the carbonyl group, obtained
rapid excretion with total recovery from 90.21% to 100.57%. In 3 of
the 4 rats the amount recovered in the urine ranged from 82.65% to
96.95%, while in 1 animal it was only 67.91%. However, in this animal
a total of 31.34% of the radiocactive material appeared in the faeces.
Most of the radiocactivity excreted was within 24 hours of ingestion.
Expired air and tissues contributed very little to the total “C
recovery. The same authors demonstrated the presence of trace amounts
of 2 hydrolytic products of saccharin (o-sulfamoylbenzoic acid and
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ammonium carboxybenzene sulfonate) in urinary extracts. Minegishi et
al. (1972) failed to demonstrate the presence of any hydrolytic
products in the urine of rats given 35S-saccharin. Urine contained

70% of the administered saccharin and the remainder was in the faeces.
Similar results were found for rats given repeated daily doses of
saccharin for 4-5 weeks prior to 35S-saccharin administration,

indicating the lack of an induction mechanism for saccharin metabolism
(Minegishi et al., 1972). Lethco & Wallace (1975) obtained 56-87% of
the administered 4C-carbonyl labelled saccharin in urine and 10-40%
in the faeces. Ninety-nine per cent. of the urinary *¢C was unchanged
saccharin, while the remainder was identified as the metabolite
o-sulfamoylbenzoic acid. Matthews et al. (1973) also failed to
demonstrate the presence of any saccharin metabolites in the urine of
rats given multiple low doses of ¢C-saccharin (1 mg/kg bw).

Mouse, hamster, rabbit, guinea-pig and dog

Metabolism and rates of saccharin elimination appear similar in
these species. The fate of radiocactive saccharin in the rabbit was
studied by Ball {1973) and by Lethco & Wallace (1975). Lethco &
Wallace (1975) made comparative studies of the metabolism of saccharin
in dog, rabbit, guinea-pig and hamster. Similar comparative studies by
Byard (1972) were done with mice, golden hamsters, guinea-pigs and
dogs, while Minegishi et al. (1972) studied saccharin metabolism in
guinea-pigs. These authors concluded that these species do not
metabolize saccharin.

Ball et al. (1974) failed to detect any metabolites in the urine
of female Wistar albino rabbits treated orally with a single dose of
20 mg/kg of (3-14C)saccharin. Seventy-two per cent. of the 4C was
excreted in the urine in 24 hours and 15% in the faeces. In 48 hours,
96% of the radioactivity was recovered. Similarly no metabolites were
found in urine of rats treated in the same way, which were kept up to
12 months on diets containing 1% or 5% sodium saccharin.

Monkey

Following a single oral dose of uniformly ring-labelled
l4c-gsaccharin (1 mg/kg and 10 mg/kg) to young female rhesus monkeys,
98% of the radiocactivity was excreted in the urine within 96 hours.

A very small amount of 2 hydrolytic products of saccharin
(o-sulfamoylbenzoic acid and ammonium carboxybenzene sulfonate) were
detected in urinary extracts (prepared by ethyl acetate extraction of
acidified urines) (Pitkin et al., 1971a). Byard & Golberg (1973) found
that %C-saccharin (40 mg/kg) was not metabolized in male rhesus
monkeys. They also demonstrated that "artifactual metabolites" of
saccharin were produced if the urine was extracted under acidic
conditions. No induction of saccharin metabolism was found in groups
of rhesus monkeys receiving sodium saccharin (0, 20, 100 and

500 mg/kg/day) for 79 months. Metabolic studies conducted using
radioactive saccharin with these monkeys on several occasions during
the test indicated rapid, almost exclusively urinary excretion of
unmetabolized saccharin (McChesney et al., 1977).

Man

Orally administered saccharin appeared in the urine of man within
a half hour of dosing and was completely eliminated unchanged in 16-18
hours (Staub & Staehelin, 1936), some 90% being excreted in the urine
within 24 hours (Folin & Herter, 1912). Intravenous sodium saccharin
in doses of 2.5 g has been used without adverse effects in sick and
healthy people to determine circulation time (Fishberg et al., 1933).
studies conducted with human subjects (McChesney & Golberg, 1973)
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suggested that some degree of saccharin metabolism may occur in man,
since oral doses of saccharin could not be recovered quantitatively as
saccharin in the urine. Subsequent, more definitive studies, using
i4c-labelled saccharin (Byard et al., 1974) demonstrated that the
reduced recovery was an artifact thought to be due to the binding of a
portion of the urinary saccharin to unidentified urinary constituents.

Four men received 500 mg of 14C-saccharin (uniformly labelled in
the benzene ring) and excreta was collected at intervals up to 96
hours post-dosing. More than 98% of the 14C was recovered within 48
hours (92.3% in urine, 5.8% in faeces). An additional 0.3% was
excreted in the 48-72-hour collection interval. None of the detected
saccharin was found to have been metabolized. Consequently, it was
concluded that man, like other species, does not metabolize saccharin
(Byard et al., 1974).

TOXICOLOGICAL STUDIES
Special studies on carcinogenicity: other than dietary exposure

Saccharin and croton oil together were tested for dermal
co-carcinogenicity in mice. Although the treated group showed a
greater incidence of skin papillomas compared with the control, the
difference was not statistically significant (Salaman & Roe, 1956).

Paraffin wax pellets containing saccharin when implanted in the
mouse bladder induce a significant incidence of bladder tumours and
this was interpreted as demonstrating a co-carcinogenic effect (Allen
et al., 1957).

Hicks et al. (1973, 1975) reported a rat model system for testing
bladder carcinogens wherein each rat was subjected to a pre-test
treatment consisting of a single instillation into the bladder of up
to 2 mg of methyl-N-nitrosourea (MNU). The test treatment consisted of
adding saccharin either to the diet or drinking-water at dosage levels
up to 4 g/kg/day. This treatment produced a significantly higher
incidence of bladder tumours with a dramatically reduced latent period
in the MNU plus saccharin treated rats compared to the untreated '
control or animals receiving a single instillation of MNU or animals
receiving saccharin in their diet or drinking-water without any MNU
pretreatment. Although there does not appear to be any correlation

between the incidence of bladder tumours or bladder calculi (Hicks et
al., 1975), considerably more research is needed to evaluate the
biological significance of this model. Additionally, other
laboratories have been unable to reproduce these results (Mohr et al.,
1978; Green & Rippel, 1979; Green et al., 1980; Hooson et al., 1980).
Some of the suggested experimental variables which may have affected
the results include the quantity of MNU required to produce a
subcarcinogenic or initiator dose (Hooson et al., 1980); the length
and/or storage conditions for MNU; purity of MNU; or time lapse
between preparation of the MNU solutions and the treatment of the
animals (Mohr et al., 1978).

Subsequently, Cohen et al. (1978, 1979) developed a similar
2-stage cancer model wherein N[4-(5-nitro-2-furyl)-2-thiazolyl]
formamide (FANFT) served as the initiator, being administered in the
diet to rats at a level of 0.2%. In their initial studies, FANFT was
included in the diet for 6 weeks prior to feeding a saccharin (5%)
containing diet or a control diet for 2 weeks prior to the saccharin
(5%) diet. Both regimes resulted in a significant increase in the
incidence of bladder tumours. In subsequent studies on the rat, the
use of FANFT was decreased to 4 (Fukushima et al., 1981) and then 2
weeks (Cohen et al., 1982). The latter study employed various
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treatment regimes that included FANFT- and saccharin-containing diets,
freeze ulceration, and the i.p. injection of cyclophosphamide. The
authors found that when bladder mucosal proliferation was increased,
following freeze ulceration and cyclophosphamide injection, the
bladder appears to- be more sensitive to the promoting effects of
saccharin.

Using an experimental model similar to that of Cohen et al.
(1979), Nakanishi et al. (1980) administered N-butyl-N-
(4-hydroxybutyl) nitrosamine (BBN) in the drinking-water at a level of
0.001% for 4 weeks, either concurrently with or prior to feeding a
diet containing 5% saccharin. In the co-administration study,
saccharin enhanced the induction of urinary bladder hyperplasia
(simple, papillary or nodular) and papillomas, while the sequential
administration only enhanced the induction of papillary or nodular
hyperplasia.

In vitro promotional assay systems using saccharin have also
been reported. Mondal et al. (1978) reported that an initiating but
non-transforming dose of 3-methylcholanthrene (3MC) was needed in a
C3H/10T1/2 oncogenic transformation system before saccharin produced a
significant number of transformed cells. Sivak & Tu (1980) initiated
BALB/c3T3 cells with 3MC prior to the addition of saccharin, which was
not found to be active as a direct transforming or promoting agent of
Type III transformed foci.

Special studies on carcinogenicity: feeding studies
Mouse

Groups of 50 female Swiss mice (9-14 weeks of age) were fed one
of the following diets for 18 months: control (2 groups); 10% sucrose;
or 5% saccharin. Seven days prior to the start of the study, half of
the mice received a single intragastric instillation of 0.2 ml
polyethylene glycol while a similar group of mice received an equal
amount of polyethylene glycol which contained 50 pg benzo(a) pyrene
(BP), to ascertain whether the dletary treatments might be
co-carcinogenic with BP. Neither body weight nor survival in any of
the treatment groups was different from controls. The administration
of BP clearly increased the incidence of neoplasms arising in the
forestomach epithelium, but the other dietary treatments had no effect
upon this type of neoplasm. Although no neoplasms of the urinary
bladder were seen on careful macroscopic examination of all animals,
the bladders were not examined microscopically (Roe et al., 1970).

Kroes et al. (1977) fed diets containing 0, 0.2 and 0.5% sodium
saccharin during a 6-generation study in which 50 male and 50 female
mice from the F,, F,, and F,, generations remained on the test diets

for 20 months. There were no significant treatment-related tumorigenic
effects.

In a study performed in duplicate at the Bio-Research Consultants
Inc., groups of 25 male and 25 female mice (8 weeks of age) were fed
diets containing 0, 10 000 or 50 000 ppm (0, 1 or 5%) saccharin in the
diet for 24 months. The incidence of bladder tumours in the various
groups was as followg: male controls, 1 of 19; 1% saccharin (males),
none of 14 in the first replicate and none of 15 in the second; 5%
saccharin (males), 1 of 15 in the first replicate and 2 of 19 in the
second. Similar groups of female mice were also tested and none of the
female mice developed bladder tumours (Homburger, 1978).

Miyaji (1974) fed 50 male and 50 female mice (30 days of age)

diets containing 0, 0.2, 1.0 or 5.0% saccharin for 21 months. No
adverse treatment-related effects were reported.
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Hamster

Groups of 30 male and 30 female hamsters, 8 weeks of age,
received the following levels of saccharin in their drinking-water for
the balance of their lifetime: 0, 0.156, 0.312, 0.625 or 1.25%.
Average survival time was 50-60 weeks. The overall incidence of
tumours in the control animals was 10.1% in 168 controls, while in the
saccharin group consisting of 299 animals the incidence was 14.7%. The
tumour types were similar in both groups and no urinary tract
neoplasms were found in either group (Althoff et al., 1975).

Rat (l-generation feeding studies)

Fitzhugh et al. (1951) performed the first 2-year saccharin
feeding study, where rats received a control diet (7 male and 9
" female), or diets containing 1.0% (10 male and 10 female) or 5.0%
saccharin (9 male and 9 female). Saccharin had no apparent effect upon
mortality, haematology or organ weight (liver, kidney and spleen), but
did result in a slight growth depression in the 5% group. The only
significant pathological changes observed were in the 5% group where 7
animals (sex unspecified) had lymphosarcomas as well. The urinary
bladder was not histologically examined.

In another study, groups of 20 male and 20 female rats were fed
diets containing 0, 0.005, 0.05, 0.5 or 5.0% saccharin for 2 years. A
similar group was also given 1 ml of a 1% aqueous solution of trypan
blue s.c. every 2 weeks for 1 year as a positive control. In the 5%
group and the trypan blue group, mortality was higher than in the
controls. Mortality was lower than for the controls in the 0.005%
group. Retardation of growth was observed in the males and females of
the 5% group despite greater feed consumption.

One female and 4 male rats in the 5% saccharin group had bladder
calculi and 1 male had kidney calculi. The female rat with calculi had
an extensive transitional cell papilloma of the bladder, while another
5% female without calculi had hyperplasia and papillomatosis. No
evidence of nematodes was found in any of these animals (Lessel,
1967) .

Schmahl (1973) reported spontaneous tumours in rats which were
fed diets containing either 0, 100 or 250 mg/kg of sodium saccharin
(52 males and 52 females per group). The incidence of Trichosomoides
crassicauda was 16% and was associated with a mild cystitis
condition, but no bladder tumours were observed in the control or
saccharin-treated groups.

Miyaji (1974) fed groups of 54 male rats, which were 40 days of
age, diets containing 0, 0.2, 1.0 or 5% saccharin for 28 months. No
significant tumorigenic effects were observed.

In a study conducted by Litton Bionetics, which was performed in
duplicate, 26 male and 26 female rats were fed diets containing 0, 1
or 5% saccharin for 24 months (NRC, 1974). The following was reported:
"The incidence of all tumors at 24 months in the untreated control
groups was 45% and 60% for the males, 80% and 55% for the females in
the two replicate experiments. It is important to note the extent of
the variation, indicative of the great variability of the assay as
well as the high tumor incidence in the controls.®

However, "a single papilloma of the urinary bladder was found in

a female of the high dose saccharin group in the second replicate; no
other bladder tumor was found in the study".
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Homburger (1978) fed groups of 25 male rats (8 weeks of age)
diets containing 0, 10 000 or 50 000 ppm (0, 1 or 5%) saccharin for 24
months. The study was performed in duplicate. The incidence of bladder
tumours in the various groups was as follows: controls, 1 of 16; 1%
saccharin, 1 of 13 in the first replicate and 1 of 15 in the second;
5% saccharin, 1 of 12 in the first replicate and none of 14 in the
second.

Groups of 54-56 male rats were fed either a control diet or a
diet containing 2.5 g of sodium saccharin/kg/day for 28 months. Ten to
16 rats in each group were killed at 12 months. Haematological-blood-
biochemistry and pathological examinations were performed on the rats
when sacrificed. The internal organs of all rats dying during the
study were examined macroscopically. A significant growth depression
was observed in the treated group, but no differences in mortality
were found. No bladder abnormalities were reported for either control
or treated animals (Furuya et al., 1975).

Groups of 60 male and 60 female weanling rats were fed diets
containing sodium saccharin produced by the Remsen-Fahlberg procedure
to provide daily doses of 0, 90, 270, 810 or 2430 mg of saccharin/kg/
day. The study ran for 26 months. Food consumption, body weight and
clinical examinations were conducted weekly on all rats. The animals
were free of the bladder parasite Trichosomoides crassicauda. One
bladder tumour was found in a male control, 1 each in a male and
female of the 90 mg/kg group and 2 male animals in the 810 mg/kg
group. The tumours were all transitional cell papillomas. Three
bladder calculi were observed grossly and 67 animals were found to
have bladder calculi small enough to pass through the urethra. The
presence of bladder calculi was not associated with the saccharin
treatment or with the presence of bladder tumours. Saccharin
administration was not accompanied by an increase in tumour incidence,
although high doses were associated with reduced body weight in both
sexes. No decrease in food consumption was observed. There was a
decreased longevity in male rats. Diarrhoea was observed in the
highest dose group, but was not accompanied by pathological evidence
of enteritis. The haematological parameters measured were not affected
by saccharin and saccharin had no effect upon the chemical composition
of the urine (Munro et al., 1975).

Rat (2-generation studies)

Tisdel et al. (1974) fed 20 male and 20 female rats one of the
following saccharin-containing diets for approximately 3 months prior
to mating: 0, 0.05, 0.5 or 5.0%. The saccharin used in this study was
produced by the Remsen-Fahlberg procedure. Following weaning, the F,

generation was killed and the F; generation was weaned on to their

parents' diet, which they consumed until the study was terminated 100
weeks later. Thus, the F; generation animals were exposed to

saccharin and its impurities during gestation, throughout lactation

via the dam's milk and for the remainder of their lifetime via the
diet. Transitional cell carcinomas of the urinary bladder were found
exclusively in the males of the 5.0% group with an incidence rate of 7
animals. One male in the 0.5% group had an epithelial hyperplasia of
the urinary bladder which the authors considered to be of a
precancerous type. Although no bladder tumours were observed in the
female rats, squamous cell carcinomas of the uterus were found in 1
animal in the 0.05% group and 2 animals in the 0.5% and 5.0% groups. .

In a combination 3-generation chronic feeding study reported by
Taylor & Friedman (1974) and Taylor et al. (1980), 10 males and 20
females were fed one of the following diets containing sodium
saccharin produced by the Remsen-Fahlberg procedure: 0, 0.01, 0.1,
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1.0, 5.0 or 7.5%. These animals were mated after 3 months on test on a
1 male to 2 female basis. The pups were weaned on to their parents'
diet and the F, generation was killed. The study was terminated after

28 months. The reproductive data for this study are presented in
another section. The average body weights of treated groups was
generally less than that of the control animals; the lowest body
weights were observed in the 7.5% group in which the body weight was
depressed by 15% compared to the control, but survival was not
affected by dietary treatment. The most significant pathological
finding was the incidence of bladder tumours, with 1 tumour being
found in a male control, 1 in a male on 5% sodium saccharin and a
total of 9 fed the 7.5% sodium saccharin diet (7 males and 2 females).
All the tumours were diagnosed as transitional cell carcinomas except
for 1 tumour in a male in the 7.5% saccharin group which was diagnosed
as a transitional cell papilloma.

Since the Tisdel et al. (1974) study and the study by Taylor &
Friedman (1974) have used saccharin which contained levels of o-TS up
to 4660 ppm (0.466%) (Stavric et al., 1973), it was suggested (NRC,
1974) that o-TS might be the chemical responsible for the bladder
tumours observed in these 2-generation studies.

Arnold et al. (1977, 1980) fed groups of 50 male and 50 female
rats one of the following diets for 141 weeks: control, 2.5 mg
o-TS/kg/day, 25 mg o-TS/kg/day, 250 mg o-TS/kg/day with 1% NH,Cl in
the drinking-water or 5% sodium saccharin. The saccharin used in these
experiments was produced by the Maumee procedure containing no
detectable amounts of o-TS. After the F;, animals had been on test for

3 months, they were mated on a 1:1 basis. The pups were weaned on to
their parents' diet and both generations remained on their respective
diets for their lifetime (30-32 months). The reproductive data are
presented in another section. The animals were free of the bladder
parasite Trichosomoides crassicauda. The only treatment-related
effects, other than on lactation index and litter size, were a
decreased growth rate in the 2 250 mg/kg o-TS groups and the saccharin
group, and the incidence of bladder tumours.

This is the first study where F, male animals receiving sodium

saccharin in their diet had a statistically higher incidence of
bladder tumours than did the control groups (P <0.05). The authors
suggest this observation may be attributable to the length of time on
test plus the fact that the animals were only 30 days old when the
experiment was initiated.

Special epidemiological studies

Available reports of epidemiological studies do not provide clear
evidence to support or refute an association between bladder cancer in
males and the use of saccharin.

Evaluation of these studies on saccharin is difficult for many
reasons. In some cases, only a very limited number of patients was
studied. In others, a distinction between consumption of saccharin and
cyclamates was not made, or smoking had a confounding effect.

In 2 recently published epidemiological studies in humans, the
authors concluded that no association between saccharin consumption
and the incidence of bladder cancer was present (Morrison & Buring,
1980; Wynder & Stillman, 1980).

Special studies on mutagenicity

A review on this subject was recently published (Kramers, 1975).
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A predominant feature emerging from a review of the literature on
saccharin's mutagenic effects is a lack of consistency in the results..
As an explanation, it was suggested that the detected effects might be
due to a contaminant(s), present in varying amounts in different
samples of saccharin (Kramers, 1975).

This suggestion is supported by the findings of Stoltz et al.
(1977) who reported mutagenic activity with the Ames Salmonella assay
for some, but not all, samples of organic solvent extracts of various
saccharin samples produced by the Maumee and Remsen-Fahlberg methods.

The US Technology Assessment panel (OTA, 1977) commissioned a
battery of 12 short-term tests, of which 10 had been completed prior
to the publlcatlon of the panel's report. The sister chromatid
exchange studies conducted with human lymphocytes, the mouse lymphoma
forward mutation test and the Chinese hamster ovary cell test for
chromogome aberration all gave positive results, while negative tests
included the Ames Salmonella test, mitotic recombination in yeast,
unscheduled DNA synthesis, the Pol A test, Drosophila sex-linked
recessive lethal test, in vitro transformation test and the
induction of plasminogen activator. Subsequently, Mondal et al. (1978)
reported that saccharin did not produce oncogenic transformation of
mouse embryo fibroblasts (C3H/10T1/2) unless an initiating dose of
3-methylcholanthrene was used.

Batzinger et al. (1977) orally administered saccharins of
differing degrees of purity to mice and then collected the urine to
test for mutagenic activity in the Ames Salmonella test. By modifying
the growth and selection medium, they were able to detect mutagenic
activity for all but the most purified samples of saccharin.

When yeast was grown in a medium containing saccharin of
different purities, Moore & Schmick (1979) found an inverse
relationship between the incidence of mitotic crossing-over and the
purity of the saccharin sample. The results of Saxholm et al. (1979)
with the mouse embryo fibroblast test (C3H/10T1/2) and sister
chromatid exchange, as well as those by Abe & Sasaki (1977) and Wolfe
& Rodin (1978), are somewhat divergent, possibly due to use of
saccharins with different purities or the use of different endpoints.
Simmon et al. (1982) reported on the results of the two independent
laboratories which attempted to confirm previous short-term positive
studies when saccharin was introduced into the medium of the following
tests: mouse lymphoma, human lymphocyte SCE, the CHO cytogenetic
analyses as well as the standard and modified Salmonella test. As the
findings from both laboratories were not always similar, the authors
concluded that the differences observed were attributable in part to
intrinsic test system variability generated at hlgh concentrations of
a relatively non-toxic material.

Various impurities found in Remsen-Fahlberg-produced saccharin
have been tested in the following systems: ortho- and para-
toluenesulfonamide were negative with Drosophila (Kramers, 1977) and
in a modified Salmonella assay (Poncelet et al., 1979, 1980) but
weakly mutagenic in the Ames Salmonella test and the Basc test in
Drosophila melanogaster (Eckhardt et al., 1980), while ortho- and
para-sulfamoylbenzoic acid were ineffective mutagens in the Ames
Salmonella assay, the Basc test in Drosophila melanogaster and
micronucleus test in mice (Eckhardt et al., 1980). Such impurities as
o-sulfobenzoic acid, ammonium o-sulfobenzate, p-sulfobenzoic acid and
p-sulfamoylbenzoic acid were also negative in a modified Salmonella
assay (Poncelet et al., 1979, 1980).

Special studies on pharmacokinetics
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Following the oral administration of !¢C-saccharin to pregnant
rats on the twenty-first day of gestation, Ball et al. (1977) found
that 0.6% of the administered dose was detectable in the foetuses and
radioactivity in their urinary bladder was 10 times higher than in
other tissues 26 hours post-dosing.

The pharmacokinetic properties of saccharin in man have recently
been reported. Colburn et al. (1981) had a man (who had not previously
congsumed saccharin on a routine basis) and a woman (who was a regular
user of saccharin) ingest a single 100 mg dose of saccharin, following
which blood and urine samples were obtained during the next 24 hours.

The authors calculated the half-life and apparent volume of
distribution to be 1.2 and 6.6 hours, and 41.6 and 13.1 litres,
respectively. While no measurable saccharin was detected in the plasma
of either subject prior to the test, the female subject was found to
be excreting 17.4 pg/hour during the 12 hours prior to the start of
the test. The female subject had chronically used saccharin up to 10
days prior to the test period. The authors proposed that a deep
peripheral second compartment existed in the female subject due to her
chronic use of saccharin. Sweatman et al. (1981) administered
saccharin to 3 adult male subjects and periodically determined the
concentration of saccharin during the next 400 minutes after oral

(2 g) and i.v. (10 mg/kg) doses. The authors found that their i.v.
data fitted a two-compartment open model with the half-life of the
second phase being 70 minutes. Following oral ingestion, the decrease
in plasma saccharin levels was more complex; however, if the same dose
of saccharin was given after a meal, the peak plasma levels were lower
and were delayed by 100-120 minutes versus the i.v. dosing situation.
After 96 hours, 90% of the latter dose had been recovered in the urine
and 8% in the faeces.

Special studies on reproduction
Mouse

Groups of 21 pregnant mice received 40-168 mg/kg bw per day of
saccharin through the production of 3 successive litters without
deleterious effect on growth, litter number and pups per litter when
compared with controls fed sugar. No histological studies were
performed (Lehmann, 1929).

A 6-generation study was carried out by Kroes et al. (1977) in
which mice were fed diets containing 0, 0.2 or 0.5% sodium saccharin
during the entire study. The criteria of reproductive performance
were: fertility index; viability index (percentage survival at 5
days); lactation index (percentage survival at 21 days); body weight
at 21 days; and number of infertile males. No consistent changes in
any of these parameters over the 6 generations were observed. Although
body weight at 21 days was suppressed in some groups of some
generations, this response was not consistently observed in later
generations at the same treatment level. Additionally, there was no
evidence of any teratogenic effects.

Rat

One aspect of a long-term feeding study with saccharin performed
at the Wisconsin Alumni Research Foundation (WARF) reported by Tisdel
et al., 1974 involved the mating of rats from the same treatment
groups, on a 1:1 basis, after they had received one of the following
diets for 14 weeks: 0, 0.05, 0.5 or 5% saccharin, produced by the
Remsen-Fahlberg procedure. The mothers continued to receive the test
diets during mating, gestation and lactation.
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"Pregnant animals were isolated about 5 days before parturition
"and allowed to deliver and care for their young until the litters were
weaned 21 days after birth. Survival of progeny was recorded through
day 28."

"Data recorded for each litter included: identification of
parents, number of pups born (total, alive and dead); number of
survivors 4 and 21 days after birth; and weight of survivors through
28 days of age. The results showed no effect of saccharin on mating
efficiency, survival of pups born alive, or weight gain of surviving
offgpring. All groups fed saccharin had smaller average litter sizes
and reduced average percent live births, when compared to controls,
but neither response appeared to be related to dose level."

"The differences were not statistically analyzed, but examination
of data on individual animals shows that the lower average values are
attributable to extremely poor performance of one or two animals in
each group, not to a general reduction. The apparent effect is '
therefore probably within the customary experimental variability."

"Surviving and dead fetuses were examined for gross
abnormalities; no evidence of teratogenicity was found" (NAS, 1974).

A 3-generation reproductive study (Taylor & Friedman, 1974;
Taylor et al., 1980) was carried out in which rats were continuously
fed diets containing 0, 0.01, 0.1, 1.0, 5.0 and 7.5% sodium saccharin
produced by the Remsen-Fahlberg procedure. In the F;, animals, the
male offspring of dams receiving 5.0% or 7.5% saccharin weighed 12-20%
less than controls and the females weighed 17-29% less than control
animals, but both sexes were able to overcome some of these initial
weight differences during a chronic feeding portion of the study. In
the F,, litters, the fertility and viability indices were unaffected

by treatment, but average litter size was slightly decreased for dams
receiving 5.0% or 7.5% sodium saccharin; the survival index, weaning
index and body weights of these pups were below controls. In the F,,

litters, only body weight at weaning was lower than controls for these
same two groups.

During a 2-generation lifetime feeding study by Arnold et al.
(1977, 1980), 50 male and 50 female rats were fed one of the following
diets (tap water ad libitum except where noted): control; 2.5 mg/kg
ortho-toluene-sulfonamide (o-TS); 25 mg/kg o-TS; 250 mg/kg o-TS plus
drinking-water containing 1% NH,Cl; or 5% sodium saccharin produced
by the Maumee procedure, which contained no detectable o-TS. o-TS is a
major ilmpurity in Remsen-Fahlberg-produced saccharin, and o-TS is a
known inhibitor of the enzyme carbonic anhydrase (Miller et al.,
1956) . The animals were mated on a 1:1 basis after 3 months on test.
The only treatment-related effect on reproduction was a significant
depression in the lactation index in the 2.5 mg/kg o-TS group and a
significant decrease in the litter size of the 250 mg/kg o-TS group.

There were no treatment-related effects upon fertility, gestation or
viability indices or any effect upon the body weight of pups or the
number of males in the litter.

Special studies on teratology

Teratogenic studies with mice (Tanaka, 1964; Lorke, 1969; Kroes
et al., 1977), rats (Bough et al., 1967; Fritz & Hess, 1968; Lessel,
1970; Taylor & Friedman, 1974) and rabbits (Bough et al., 1967;
Klotzsche, 1969; Lessel, 1970; Tanaka et al., 1973) have been negative
to date. )
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Lederer & Pottier-Arnould (1973) fed pregnant female rats diets
containing 0.3% saccharin throughout gestation. The pups from
saccharin-treated dams had a 37.9% incidence of lens anomalies versus
12.4% incidence for the control animals. '

Acute toxicity

LD50 )
Animal Route (mg/kg bw) *  Reference
Mouse Oral 17 500 Taylor et al., 1968
i.p. 6 300 Taylor et al., 1968
17 500 Tanaka, 1964
Hamster Oral (F) 8 700
(8-day LD., value) (M) 7 400 Althoff et al., 1975
Rat Oral 14 200-17 000 Taylor et al., 1968
i.p. 7 100 Taylor et al., 1968
Rabbit Oral - 5 000-8 000 (LD) Folin & Herter, 15912
Dog i.v. 2 500 (LD) Becht, 1920

Short-term studies
Rat

Kennedy et al. (1976) fed groups of 10 male and female
weanling rats one of the following diets for 13 weeks: (1) control;
(2) 20 000 ppm (2%) sodium saccharin; (3) 20 000 ppm (2%)
o-sulfamoylbenzoic acid (o-SABA); (4) 20 000 ppm (2%) ammonium
o-carboxybenzene sulfonate (A-0-CBS); (5) 100 ppm (0.01%) sodium
saccharin plus 450 ppm {(0.045%) o-SABA and 450 ppm (0.045%) A-o-CBS;
(6) 500 ppm (0.05%) sodium saccharin plus 2250 ppm (0.225%) o-SABA and

2250 ppm (0.225%) A-0-CBS; (7) 2000 ppm (0.2%) sodium saccharin plus
9000 ppm (0.9%) of o-SABA and $000 ppm (0.9%) A-o-CBS. (A-o-CBS and
0-SABA are hydrolytic products of saccharin.) Weight gain and feed
consumption were determined on a weekly basis and behavioural changes
were looked for. Haematological studies (RBC, total and differential
WBC, Hgb and haematocrit), clinical blood chemistry (glucose, BUN,
serum alkaline phosphatase and SGPT) and urinalysis (albumin, glucose,
microscopic elements, pH and specific gravity) were conducted prior to
starting the study, at the midpoint and upon termination. Every animal
was autopsied and examined histologically. The liver, kidney, spleen
and gonad weights were determined and organ/body weight ratios
calculated. No consistent or significant changes in any parameter were
observed.

Groups of 14 male and 14 female rats (75-100 g) received either a
control diet or one containing 0.5% sodium saccharin for 38 days. The
inclusion of saccharin in the diet depressed body weight gains and
feed intake, but efficiency of feed utilization was similar to
controls. Although diarrhoea was a common observation, no overt
behaviocural changes were apparent. Gross and microscopic inflammatory
and hydropic changes in the liver and kidneys of the saccharin-treated
group were reported, but the extent of these changes was not described
(Taylor et al., 1968).

Groups of 25 rats (5 males and 20 females) were fed diets
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containing 0, 1.0 or 10% saccharin for 36 weeks. Similar groups of
rats were fed diets containing 0, 0.1 or 1.0% saccharin for a
lifetime. One female from each group in the second experiment was
mated and 4 progeny from each litter were fed a diet containing the
same amount of saccharin as their parents for a lifetime. Growth was
retarded at the 10% level, but no adverse effects were seen at the
lower levels upon histological examination of the major organs (Fantus
& Hektoen, 1923).

In a 4-week feeding study, Anderson (1979) fed rats diets
containing 0, 1, 3, 5 or 7.5% sodium saccharin and observed: (1)
transient diarrhoea in the 5% and 7.5% group; (2) a dose-dependent
decrease in urinary ammonia; and (3) a decreased faecal odour. These
observations led the author to hypothesize that diets with high levels
of sodium saccharin may lead to changes in the intestinal microflora.
To test the hypothesis, Anderson & Kirkland (1980) fed rats diets
containing 0 or 7.5% saccharin for 10 days. The saccharin diet
produced an increased weight of the caecal tissues and contents; did
not decrease the total number of anaerobic microbes, but did result in
the inability to detect a specific anaerobic microbe; increased the
number of aerobic microbes; and reduced the amount of ammonia produced
from urea by Proteus vulgaris.

Dog

In addition to the rat study cited above, Kennedy et al. (1976)
also fed the same 7 diets to groups of 3 male and 3 female beagle dogs
for 16 weeks. In addition to the parameters indicated for the rats,
the authors also determined SGOT and protein-bound iodine in this
study. No significant treatment-related effects were observed.

One male and 1 female dog received 150 mg/day of saccharin in
their food for 18 months without any adverse effects on weight,
fertility or other bodily functions. Their pups developed normally
(Bonjean, 1922).

When given doses of 175-350 mg/day for 100 days, dogs developed
hyperaemia of the lungs, liver, myocardium and kidney, as well as
cloudy swelling of renal glomeruli and convoluted tubules (de Nito,
1936) .

Groups of 4 dogs (sex unspecified) received 6 daily doses of
sodium saccharin (0.065 g/kg dissolved in water) for 11 months via
intragastric intubation. The dogs were observed daily for survival,
general physical condition, behaviour, food and water consumption, and
character and frequency of excreta. The animals were weighed weekly.
Laboratory tests included renal and hepatic function tests which were
performed at 0, 1, 2, 4, 9 and 11 months on test. During the second
half of the study, 1 dog receiving saccharin became anorexic and
eventually died, but no abnormal organ pathology was observed. After
10 months of test, all saccharin-treated dogs developed soft, poorly-
formed stools without frank diarrhoea. Body weight, haemoglobin, total
leucocyte count, non-protein nitrogen and phenosulfonephthalein
retention were within normal limits and total erythrocyte count,
bilirubin and urinary analyses were also unaffected. Gross and
histological appearance of viscera were normal in the test group
(Taylor et al., 1968).

Monkey
McChesney et al. (1977) reported no pathological or any other
significant changes in growth, haematology or clinical chemistry in

groups of 3 rhesus monkeys of each sex receiving 0 (control) or 500 mg
of saccharin/kg/day and in groups of 2 male and 2 female monkeys
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receiving 20 or 100 mg of saccharin/kg/day 6 days per week for 79
months. One animal in each experimental group and 2 control animals
died before termination of the experiment. None of the deaths were
attributable to the treatment. Metabolic studies conducted on several
occasions during the test indicated a rapid, almost exclusively
urinary excretion of unmetabolized saccharin.

OBSERVATIONS IN MAN

Doses of 1.5-3.0 g of saccharin/day in man caused a persistent
sweet metallic taste (Carlson et al., 1923). Single doses of 5-10 g
have been tolerated and even 100 g orally is said to have caused no
harm. A few non-fatal cases of acute poisoning and allergic response
have been reported (NAS-NRC, 1955).

During high-intake balance studies, 3 male volunteers received
0.3 g of sodium saccharin/day for a maximum of 4 months and 1-1.5 g
of sodium saccharin/day for a maximum of 2 months. All of the
administered saccharin was fully accounted for. Seven volunteers
received 0.15-0.3 g of saccharin/day for 1.3 months without adverse
effects except for an increased urine output (Folin & Herter, 1912).
Doses of 90-180 mg of saccharin/day were well tolerated by children
aged 10-12 years for 13 months (Jessen, 1890) . Diabetic patients have
received as much as 4.8 g daily for 5 months without adverse effect
(Neumann, 1926a,b) and 0.4-0.5 g/day for 15-24 years without any
adverse effects (National Academy of Sciences - National Research
Council, 1955).

The principal adverse effects that have been reported from
saccharin are as follows:

(1) Mild digestive disturbances were noted by Herter & Folin (1911) in
volunteers ingesting doses of 1-1.5 g of saccharin/day. Loose stools
were observed in clinical studies when subjects consumed cyclamates
plus saccharin in doses of about 7 g/day (Berryman et al., 1968). At
these dosages, the saccharin intake was about 0.7 g/day. Evidence from
other studies indicates that cyclamate alone at intakes of 5-7 g/day
may cause loose stools.

(2) Allergic responses, principally skin reactions of a phototoxic or
photosensitivity type occur but appear to be of low incidence and, in
some cases, may have been due to cyclamate being ingested at the same
time (Fujita et al., 1965; Stritzler & Samuels, 1956; Kingsley, 1966;
Borog, 1965; Meisel, 1952; Gordon, 1972; Taub, 1972). Some authors
have suggested that there may be a cross-sensitivity to sulfonylureas
and similar drugs known to cause phototoxic skin reactions. Contact
dermatitis and photosensitivity or phototoxic reactions have not been
noted in persons occupationally exposed to saccharin (NAS, 1974).

Comments

The present Committee reviewed further findings from
epidemiological studies that did not reveal any evidence for a
saccharin-associated increase in bladder tumours. Final assessment of
the epidemiological aspect of saccharin consumption will be made
following the review of a large-scale study, now in progress but

nearing completion. The Committee decided to extend the temporary ADI
of 0-2.5 mg/kg for saccharin to 1984 and required the submission of
the results of a long-term feeding study in rats and epidemiological
studies.

EVALUATION
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Estimate of temporary acceptable daily intake for man

0-2.5 mg/kg bw.
FURTHER WORK OR INFORMATION

Required by 1984

(1) Submission of the results of a long-term feeding study, currently
in progress.

(2) Submission of the results of the epidemiological study, currently
in progress.
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~ Home
SACCHARIN, CALCIUM, POTASSIUM AND SODIUM SALTS*

Explanation

Saccharin was evaluated by the Joint Expert Committee on Food
Additives in 1967, 1974, 1977, 1980 and 1982 (Annex I, Refs. 14, 15,
35, 44, 53, 59, and 60). In 1977, the Committee changed the ADI .from
5 mg/kg to a temporary ADI of 2.5 mg/kg and withdrew the conditional
ADI of 15 mg/kg for dietetic purposes only. The decision to reduce the
ADI and to restrict the use of saccharin was based primarily on the
results of animals studies which indicated that excessive and
long-term ingestion of saccharin was potentially a carcinogenic hazard
for humans. At the 1980 and 1982 meetings, the temporary ADI of
2.5 mg/kg was extended pending the completion of current
investigations, including a long-term feeding study in rats and
epidemiological studies. Since the previous evaluation, additional
data has become available and is summarized and discussed in the
following monograph addendum.

BICLOGICAL DATA

BIOCHEMICAL ASPECTS

Absorption

Previous studies have shown that the absorption of ingested
saccharin in animals and man is rapid and this is confirmed by
observations that the peak plasma concentration occurs soon after oral
administration to rats (Matthews et al., 1973; Sweatman & Renwick,
1980) and to man (Colburn et al., 1981; Sweatman et al., 1981;
Pantarotto et al., 1981a,b). The presence of food in the gut was
associated with a reduced initial peak plasma concentration in animals
(Matthews et al., 1973; Sweatman & Renwick 1980) and in man (Sweatman
et al., 1981).

Distribution

Recent studies on the distribution of saccharin have given
attention to the nature and amounts of radiocactivity in the bladder
tissue after administration of radiolabelled saccharin and on
concentrations in this tissue during chronic intake.

* Monograph addendum

In a recent two-generation study (Sweatman & Renwick, 1982) using
SH-saccharin, it was shown that there was a slower decrease in the
saccharin content of fetal tissues than of maternal tissue, and in
particular, the concentration of saccharin in the fetal bladder wall
decreased relatively slowly during a 48h period following a single
oral dose to the dam. Despite this, the steady state concentration of
saccharin in the liver and kidneys of fetuses from mothers fed a 5%
saccharin diet were lower than the maternal values while the
concentrations in the fetal bladder were similar or slightly higher.
It was concluded that there was no evidence of excessive accumulation
in the bladder wall or other tissues of male rats during in utero
exposure or during lactation which could explain sex and generation
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specificity of the tumorigenic response.
Excretion

The saturation of renal tubular secretion of saccharin in rats
fed high dietary levels was previously demonstrated by comparison of
plasma concentrations following intravenous infusion and chronic
dietary intake (Sweatman & Renwick, 1980) and, more recently, Sims and
Renwick (1983) found a marked decrease in renal clearance rates in
rats with high plasma concentrations (200-300 pg/ml) of saccharin.

Effects on enzymes and other biochemical parameters

Sodium saccharin, at concentrations similar to those in urine of
‘rats fed 1-5% sodium saccharin in their diet, markedly inhibited
urease and the proteases pepsin, thermolysin and papain (Lok et al.,
1982) and trypsin (Sims & Renwick, 1983a). Inhibition of proteolysis
in vivo was the probable cause of the high levels of protein and
tryptophan in the caeca of rats fed saccharin-containing diets (Sims &
Renwick, 1983). In this latter study, the metabolism of tryptophan by
the caecal bacteria was altered with increase degradation to indole
and indolelactic acid.

Increased metabolism of protein to tryptophan and indole in the
caecum occurred throughout a two-generation rat feeding study and the
lactating dams showed increased excretion of indican (the main urinary
metabolite of indole) via the milk; the pups also showed caecal :
enlargements, increased protein and tryptophan in the caecum and an
increased excretion of indican immediately on weaning on to a
saccharing-containing diet. These changes persisted throughout life
as seen by subsequent analysis of urine from rats in the IRDC
carcinogenicity study (see special studies on carcinogenicity) at 13,
18, 24, 28 m (Renwick, 1983).

In a study of 15 human volunteers (Renwick, 1983) administration
of saccharin (1 g/d for 1 month) did not significantly increase the
daily excretion of indican in urine compared with the pre- and
post-administration control periods.

TOXICOLOGICAL STUDIES

Special studies on renal function

Renal slices from rats fed diets containing 5% or 7.5% saccharin
showed a reduced accumulation of para-animohippurate (PAH) in vitro
but feeding these diets did not result in a reduced renal clearance of
PAH in vivo (Berndt et al., 1981).

The renal clearance of endogenous indican in saccharin treated
rats showed a highly significant inverse relationship to the plasma

concentration of saccharin (Sims & Renwick, 1983).

Special studies on urine volume and composition

Rats fed high dietary levels of saccharin showed an increase in
fluid intake and in urine volume which was accompanied by a decrease
in osmolality (Anderson, 1979; West & Jackson, 1981; Demers et al.,
1981; Berndt et al., 1981). Dose related decreased osmolality and
increased urine volume showed a strong correlation to the occurrence
of bladder tumours in the IRDC carcinogenicity study (see special
studies on carcinogenicity). These changes were primarily observed at
dietary concentrations of 3% saccharin and above. The increased daily
urinary volume was accompanied by both an increased volume per
micturition and an increased frequency of micturition. Saccharin-fed
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rats showed a greater maximal distension of the urinary bladder
(Renwick & Sims, 1983) and these authors concluded that the increased
bladder distension would increase the possibility of interaction
between the epithelium and endogenous urinary metabolites, especially
during hours of daylight.

Administration of saccharin at a dose of 1 g/d to human
volunteers for 1 m did not affect urine volume when compared to pre-
and post-treatment control periods (Roberts & Renwick, unpublished
results) .

The effects of sodium saccharin on mineral and water balance and
a number of related parameters were studied over a 10-day period in
seven month old rats (Schoeing & Anderson, 1983). The study included
eight groups, each consisting of 10 males and 10 females. Rats in four
of the groups were from the second generation, the parental generation
having been exposed to dietary concentrations of 1.0, 3.0, 5.0, or
7.5% saccharin prior to and during gestation and lactation; the second
generation weanlings received the corresponding diets. The treatment
in two other groups was modified so that rats in one group were
exposed only in utero (via dams fed diets containing 5% sodium
saccharin) while exposure of the second group was started at birth
(via lactation dams fed similar diets) and continued at a dietary
saccharin concentration of 5%. The purpose of these modifications was
to evaluate the role of in utero exposure on the study parameters. A

group of second generation rats fed diets containing 5% soldium
hippurate was included to evaluate the specificity of sodium saccharin
and/or the effect of sodium ion on the study parameter. A group of
untreated animals served as controls. At dietary sodium saccharin
concentrations >1%, increases in water consumption and urine volume
were noted. At dietary concentrations >3.0% decreased urine
osmolality, changes in water and mineral balance, increased mass of
the caecum and bladder, and increases in bladder tissue mineral
concentrations were observed; the latter effect was noted only in male
rats. The evaluation of these parameters in rats with and without

in utero exposure indicated that in utero exposure played little

or no role in the occurrence or severity of these changes.
Qualitatively similar, but quantitatively less severe changes were
observed in rats fed sodium hippurate.

Special studies on caecal enlargement and stool hydration

In an attempt to determine why dietary sodium saccharin causes
caecal enlargement and increased stool hydration, Anderson (1983)
analyzed stools from rats fed diets containing 1, 3, 5, or 7.5%
saccharin. Saccharin ingestion resulted in a small increase in stool
ash but no change in lipid or non-saccharin nitrogen concentrations
(mg/g dry stool). Saccharin treatment also resulted in a dose-
dependent increase in the stool content of a carbohydrate soluble in
1M-NaOH. The author suggested that the source of the stool
polysaccharide was either undigested dietary polysaccharide or a
product of intestinal microbial synthesis and that the hygroscopic
carbohydrate together with the high stool saccharin content caused
caecal enlargement and increased stool hydration. In this context,
Shibata et al., (1983) showed that a strain of Streptococcus
obtained from the rat caecum produced an extra-cellular hygroscopic
glucan when grown in the presence of sucrose.

Special studies on effects on the bladder epithelium

Sodium saccharin was fed to male F344 rats at dietary levels of
0, 0.1, 0.5, 1.0, 2.5 or 5% for 10 weeks. Food consumption and body
weight gain were similar in all groups and no gross signs of toxicity
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were observed. -Sodium saccharin induced a dose-dependent proliferation
of the urinary bladder mucosa as assessed by autoradiography and
scanning electron microscopy. All rats in all groups had cells with
ropy microridges and uniform microvilli; sodium saccharin at dietary
levels >1% increased the number and size of these foci. In addition,
pleomorphic microvilli were observed at the two highest dose levels
but not in controls (Murasaki & Cohen, 1981).

' Strain and species differences in the response of the urinary
bladder to sodium saccharin were observed by Fukushima et al. (1983a).
Male ACI, Wistar, F344 and Sprague-Dawley rats were given a diet
containing 5% sodium saccharin for 52 weeks. In ACI rats, sodium

saccharin induced not only preneoplastic lesions but also bladder
tumours; in other strains it did not. The urinary bladder of ACI rats
had the most marked lesions under scanning electron microscopy, with
less marked changes in Wistar and F344 rats; Sprague-Dawley rats were
resistant to these changes.

Male F344 rats, B6C3F, mice, Syrian hamsters and Hartley guinea

pigs were given 5% sodium saccharin in the diet for 20 weeks. Animals
from each group and respective controls were sacrificed at 0, 4, 8,
12, 6 and 20 weeks after commencement of feeding. The rats developed
urinary bladder lesions as detected by light and electron microscopy
and increased DNA synthesis of the urinary bladder epithelium was
detected by autoradiography. Mice, hamsters and guinea pigs were
resistant to sodium saccharin.

Male and female Sprague-Dawley rats eight weeks of age were
given saccharin according to the standard IRDC protocol and the
effects on endogenous mitotic activity in the bladder assessed by
autoradiographic measurement of the thymidine labelling index (Tsing,
1983) . In contrast to earlier reports (Fukushima & Cohen, 1980;
Murasaki & Cohen, 1981) no treatment related effects on the thymidine
labelling index were observed; the index was higher in male than
female rats. The differences between the results of these different
studies may have been due to genetic differences between the strains
of rat used. Reitz et al. (1983) also reported no significant
differences in the thymidine labelling index between controls and
treated Fisher 344 rat pups exposed to 7.5% saccharin in the diet
in utero and subsequently up to 35 days. The thymidine labelling
index was determined 8 days and 35 days post partum.

The changes in membrane potential of the epithelium of the F344
rat bladder have been measured following treatment of the animals with
BBN or saccharin (Iamida et al., 1983). Dietary concentrations of O,
0.04, 0.2, 1 or 5% sodium saccharin were administered but only the
highest dose level caused a significantly higher membrane potential
than the control group.

Recently, El Gerzawi et al. (1982) obtained normal human bladder
tissue and studies the effects of N-methyl-N-nitroso-urea (MNU) and
saccharin on the histology of the epithelium in long-term explant
cultures. In MNU-treated cultures, a dose-response was observed.
Single doses of 1-100 pug MNU/ml induced a typical hyperplasia, however
the changes reverted to a single or double cell layer as seen in
controls. In contrast, after multiple doses of MNU the hyperplastic
changes persisted. The doses of MNU in the presence of saccharin
gave cellular changes similar to those seen with multiple doses of
MNU alone although the nuclei appeared more pleomorphic and
hyperchromatic. Continuous exposure of the explants to saccharin alone
did not result in any changes from the controls.

Special studies on food consumption patterns
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Utilizing a protocol recommended for two-generation biocassays,
Reitz et al (1983) reported that when rats were given a diet
containing 7.5% sodium saccharin through gestation and lactation, the
very young animals received considerably more sodium saccharin on a
mg/kg body weight per day basis than did adults consuming the same
diet; the young animals suffered weight depression and early mortality
when exposed to a dietary concentration which was well tolerated by
adults. These authors concluded that failure to maintain the dose of
the MTDS of 5000-6000 mg/kg body weight per day throughout a
two-generation study would compromise its usefulness in the
formulation of human risk estimates.

Three groups of 5 Rhesus monkeys were used in a study designed to
determine the maximum amount of sodium saccharin which monkeys would
voluntarily consume and/or tolerate (Westland & Helton, 1983); sodium
saccharin was incorporated into the dry diet of one group and the
drinking water of a second group with the third group serving as
controls. An increasing dose regimen in which the concentration of
sodium saccharin in the diet or drinking water was doubled every three
days was employed. Concentrations between 0.125 and 8.0% were
evaluated in the diet, and between 0.015 and 0.48% in. the drinking
water. Very little rejection of either diet or drinking water was
observed but severe diarrhoea precluded further treatment when the
concentration of sodium saccharin reached 8.0% (approximately
1600 mg/kg per day) in the diet and 0.48% (between 900 and 2400 mg/kg
per day) in the drinking water. An increase in fluid intake occurred
in monkeys in both treatment groups. In addition, an increase in urine
volume and a decrease in urine osmolality were seen in monkeys given
sodium saccharin in drinking water. No effects on body weight, food
consumption or urine pH were observed in either group. All animals
recovered rapidly after being returned to untreated diet or water.

Special studies on mutagenicity of impurities in saccharin

The known impurities in sodium saccharin produced by the Maumee
(Sherwin-Williams) and the Remsen-Fahlberg processes have been
tabulated, and saccharin produced by the former process was analysed
to determine the concentration and identities of impurities (Riggin
& Kinzer, 1983). Most of the contaminants were found to be derived
from the polythene bags in which the saccharin was packed.
N-methylsaccharin (0.15 ppm) and methyl anthranilate (0.05 ppm) were
the predominant impurities. The major polar impurities in the Maumee
product were identified as 5-, 6-, and 7-aminosaccharin which were
present at a combined level of approximately 150 ppm (Radford et al.,
1983); these polar metabolites occurred to only a minor extent in
Remsen-Fahlberg saccharin (Wolf & Voigt, 1983). ‘

Recently, an evaluation of the mutagenic activity of a mixture
of the major polar impurities of Maumee saccharin and of 5- and
6-aminosaccharins was carried out using the Ames Salmonella assay;
these compounds were found to be non-mutagenic with or without
metabolic activation by $9-mix (Litton Biometics, Inc., 1983,a,b,c).
Similarly, Riggin et al. {(1983) examined the mutagenic activity of
solvent extracts of specific manufacturing lots of saccharin produced
by the Sherwin-Williams process. All the individual components
identified were found to be non-mutagenic in the Ames assay. A weak
mutagenic activity was associated with chloroform extracts from one
lot of saccharin representing less than 1.5 ppm of the sample but was
not attributable to a single component. The possibility of artefact
formation from solvent interaction with impurities could not be
ruled out. The authors concluded that these impurities are of no
toxicological significance in animal feeding studies.
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Special studies mutagenicity of saccharin

Saccharin was classified as highly mutagenic in an in vivo
mammalian spot test for detection of genetic alterations in mouse
embryo pigment cells (Mahon & Dawson, 1982). Offspring heterozygous
for several coat-colour genes were exposed in utero by
administration of saccharin to the dams at intra-gastric doses of
0.075, 0.75, 1.5, 3.0, 5.0, or 7.5 g/kg body weight on days 8, 9, or
10 of pregnancy. The presence of colour spots on the cost of the
offspring was taken as indicative of expression of a recessive
phenotype resulting from alteration of loss of a wild-type allele from
a prospective pigment cell. The frequency of saccharin-treated mice
{all dose levels) with colour spots was 3.6% compared to a control
frequency of 0.9% (P = 1 x 10°5) but there was no significant
variation in frequency due to dose over the wide dose range used. The
lack of a proportional dose response was acknowledged to be unusual in
this test.

In contrast, Fahrig (1982) categorized saccharin (Remsen-
Fahlberg, containing 27 ppm OTS) as non-mutagenic in the mammalian
spot test. In this study, saccharin (1 g/kg body weight) was
administered by i.p. injection on day 10 of pregnancy. Only one spot
of genetic relevance was found among 701 saccharin treated offspring
and this did not differ from the spontaneous frequency. The effect of
1 g/0TS kg body weight given orally was also evaluated in three
replicate tests, only one of which gave statistically significant
positive results. A clear classification of OTS as mutagenic or
non-mutagenic in this test was not possible.

The genotoxic potential of sodium saccharin and of 1-naphthalene
sulphonic acid was evaluated in the rat hepatocyte unscheduled DNA
synthesis assay at concentrations ranging from 1 x 1074 to 1 x 1071
M. Both materials were toxic to hepatocyte cultures at 3.16 x 103 to
1 xz 10-1 M. Decreasing concentrations of sodium saccharin or

1-naphthalene sulphonic acid resulted in decreased toxicity and the
culture exposed to 1 x 1073 to 1 x 10 ¢ M concentrations resembled
negative controls. Neither compound elicited significant unscheduled
DNA synthesis at any of the concentrations tested (Reitz & Medrala,
1983) .

Special studies on carcinogenicity-promoting or co-carcinogenic effects

The promoting effects of sodium saccharin and of phenobarbital
(PB) on all organs of rats were studied after initiation with
N-mitrosomethylurea (NMU) (Tsuda et al., 1983). Three groups of 25
male F344 rats were given 20 mg NMU/kg body weight i.p. twice a week
for 4 weeks, then given a diet containing 0.05% PB or 5% sodium
saccharin for the next 32 weeks. The animals were then killed, a
complete necropsy performed and sections of all tissues were stained
(H&E) and examined microscopically. The results indicated that PB
promoted the induction of neoplastic or preneoplastic changes in the
thyroid and liver but that sodium saccharin acted exclusively as a
promoter in the urinary bladder. There were significant increases in
the incidence and number of PN-hyperplastic changes (P <0.01) in the
bladders of animals given NMU + sodium saccharin. No papillomas were
observed in the bladders of any rats in this study.

The possibility of sodium saccharin acting as a co-carcinogen was
studies by co-administration of sodium saccharin and N- (4-(5-nitro-2-
furyl)-2-thiazolyl) -formamide (FANFT) at dietary levels of 5% and
0.005% respectively to male Fisher rats for 2 years. The effects of
L-tryptophan (2% of the diet) were also studied alone or
co-administered with sodium saccharin. Five of the sixteen rats given
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sodium saccharin plus FANFT developed bladder tumours whereas none of
the animals given FANFT, L-tryptophan or sodium saccharin alone,
sodium saccharin plus tryptophan or control diets, developed bladder
tumours. Two of the rats receiving only FANFT developed papillary and
nodular hyperplasia. The results were stated to indicated that sodium
saccharin had no-carcinogenic activity when given simultaneously with
FANFT (Murasaki & Cohen, 1983a).

Rats were fed diets containing 0 or 5% sodium saccharin
immediately, 2 weeks or 8 weeks after freeze ulceration of the urinary
bladder and the effects studied by light and scanning electron’
microscopy and by measurement of the thymidine labelling index. Sodium
saccharin prolonged the regenerative hyperplastic changes following
ulceration and maintained an increased proliferative rate in the
epithelium. Delaying saccharin administration for 8 weeks after
ulceration still resulted in nodular and papillary lesions, surface
abnormalities detected by scanning electron microscopy and an
increased labelling index. These changes were thought to contribute to
the eventual induction of bladder neoplasma in rats fed sodium
saccharin following ulceration (Murasaki & Cohen, 1983b).

Recent studies by Nakanishi et al. (1982) were conducted to
determine if a 4 week pre-treatment with N-butyl-N- (4-hydroxybutyl)
nitrosamine (BBN) or N-2fluorenylacetamide (2-FAA) followed by 5%
saccharin or 0.05% phenobarbital (PB) in the diet for 32 weeks induced
or enhanced liver and/or bladder tumours. Male F344 rats were
pretreated with 0.02% 2-FAA or 0.01% BBN in the drinking water. The
results indicated that, while 2-FAA and BBN have tumour-initiating
effects in both the liver and urinary bladder, the promoting effects
of saccharin and PB are organ-specific. Similar results were reported
by Tsuda et al. (1983). ‘

The effect of partial cystectomy on the occurrence of
pre-neoplastic lesions, papillary or nodular hyperplasia
(PN hyperpl.asia) of the bladder in male F344 rats was studied in an
experiment in which bladder carcinogens and promoters were given to
the rats after initiation with BBN. The bladder carcinogens tested
were N-ethyl-N- (4-hydroxybutyl) nitrosamine (EHBN) at a level of 0.01%
in drinking water or FANFT at a dietary level of 0.2%. The promoters
used were sodium saccharin (5%), sodium cyclamate (2.5%), or
DL-tryptophan (2%) in the diet. Partial cystectomy significantly
decreased the occurrence of PN hyperplasia in rats treated with EHBN
and tended to inhibit that in rats given saccharin or tryptophan i.e.,
partial cystectomy inhibited rather than enhanced the induction of PN
hyperplasia (Fukushima et al., 1982).

Fukushima et al. (1983b) studied the promoting effects of various
chemicals on bladder carcinogenesis in 22 groups of 30 males F344 rats
after initiation by BBN. The rats were initially given 0.01% BBN rats
in the drinking water for 4 weeks and then the test compounds in the
diet for 34 weeks. The test compounds used were: sodium saccharin (0.5
and 5%) sodium ascorbate (5%), calcium carbonate (5%), DL-tryptophan
(5%) allopurinol (0.02%), acetazolamide (0.35%), quercetin (5%),
sodium hippurate (5%) and vitamin D (0.002%). Each of these compounds
was given to two groups of 30 rats. Effects were judged by measuring
the formation of preneoplastic lesions - papillary or nodular
hyperplasia (PN hyperplasia) of the urinary bladder. Administration of
5% but not 0.5% sodium saccharin in the diet significantly increased
the incidence and extent of PN hyperplasia; sodium ascorbate,
DL-tryptophan and allopurincl also increased the extent of PN
hyperplasia but the other test compounds did not at the dietary
concentration used. The results with sodium saccharin and
DL-tryptophan were consistent with earlier findings and the results
with sodium ascorbate and allopurinol suggest that these compounds
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have promoting activities in urinary bladder carcinogenesis in the
rat. No correlation was found between the extent of crystalluria and
promotion of pre-neoplastic lesions.

In a two-stage bladder carcinogenesis study, Ito et al. (1983a)
evaluated the promoting effects of 16 test chemicalsby their ability
to induce PN hyperplasia in F344 rats. Male rats were given 0.01% BBN

in drinking water for four weeks followed by one of the test compounds
for 32-34 weeks. The dose response of saccharin was also studied in
rats of both sexes at dietary concentrations of 0, 0.04, 0.2, 1.0 and
5% for 32 weeks after BBN treatment. Dose-response curves showed
enhanced hyperplasic responses in both sexes given 0.2 to 5%
saccharin. Ito et al. (1983a) also studied the organ specificities of
phenobarbital or saccharin after initiation with BBN or 2AAF; the
promoting effects were found to be organ specific. Similar findings
were reported in other studies (Nakanishi et al., 1982; Tsuda et al.,
1983).

A number of tumour promoters in the two-stage mouse-skin
carcinogenesis system are known to be reversible inhibitors of nerve
growth factor-induced neurite out-growth while their non-promoting
structural congeners are not. A 50 mM concentration of Maumee sodium
saccharin inhibited neurite out-growth; the inhibition was completely
and rapidly abolished by washing out the saccharin. Saccharin also
inhibited binding of 125I-nerve growth factor in embryonic chick
sensory ganglia cells in a concentration dependent manner (Ishii,
1982) . It was postulated that alteration of cellular differentiation
by tumour promoters may result from interactions with receptor systems
that regulate cellular function.

Special studies on carcinogenicity

Rat

A two-generation carcinogenicity study has been performed with
the primary objective of investigating the dose-response curvre for
urinary bladder tumours in male Charles River CD rats. The study was
also designed to evaluate the role of in utero exposure, the
specificity of sodium saccharin and the role of excess sodium in the
occurrence of urinary bladder tumours. '

First generation (F,) parental animals were given diets
containing 0, 1.0, 3.0, 4.0, 5.0, 6.25 and 7.5% sodium saccharin from
approximately six weeks of age for approximately 4 1/2 months. During
this time, the animals were mated (one male to two females) commencing
with 110-114 days old and the females were allowed the nurse the
offspring for 21 days. When the second generation (F;) offspring were
between 28 and 38 days old, second generation male rats were randomly
selected from each treatment group for the chronic phase of the
bioassay. At this point, all F, male and female rats, all F, female
rats and F, males not selected for the carcinogenicity study were
removed from the study. F; males selected for the chronic phase were
maintained on the same diet which their parents received for a period
of up to 30 months.

Two further treatment groups were alsoc included to study the
possible role in in utero exposure in the production of urinary
bladder tumours. The F, animals in one group were fed sodium
saccharin at a dietary concentration of 5% only during mating and
gestation. After parturition, the dams were fed control diet and
selected F, males were continued on the control diet for a period of

30 months. This group was designated "5% saccharin through gestation".
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In the second group, F, animals were maintained on control diet until
parturition after which the dams were placed on a sodium saccharin
test diet beginning at 1% and increasing to 5% during lactation.
Selected F; males from these parents were fed sodium saccharin at a
dietary concentration of 5% for 30 months. This group was designated
"5% saccharin following gestation".

A third treatment group was included to study the effect of
excess sodium and to determine the specificity of high doses of
saccharin to the occurrence of bladder tumours. Animals in this group
were fed a diet containing 5% (reducing to 3%) sodium hippurate
through two generations. This compound was selected because of its
similarity to saccharin in physical, chemical and pharmacokinetic
properties, e.g. both are sodium salts of organic acids of almost
identical molecular weight and are filtered and actively secreted into
urine by the kidney.

Selected F, males from each of the groups were allocated to the

second generation long-term study using the following unbalanced
design:

F, treatment group . Number of F, males
untreated control 350
1.0% sodium saccharin 700
3.0% sodium saccharin 500
4.0% sodium saccharin 200
5.0% sodium saccharin 125
6.25% sodium saccharin 125
7.5% sodium saccharin 125
5.0% sodium saccharin through gestation 125
5.0% sodium saccharin following gestation 125
5.0/3.0% sodium hippurate 125

The F, animals were observed twice daily for signs of toxicity,

behavioural changes and survival. Individual body weights and food
consumption were measured weekly during the first 13 weeks and once
every two weeks thereafter. Urinanalyses were conducted on 30
rats/group on days 6, 30, 64, 92 and months 6, 13, 18, 24 and 29. The
urinanalysis included urinary pH, microscopic examination, bilirubin,
protein, glucose, ketones, urobilinogen, nitrite and occult blood.
Osmolality was also measured on fresh urine samples on day 6, 30 and

64, and on 24 h urine samples at each examination except day 6.
Individual 48 h water consumption was measured on the same 30 animals
per group for the first 13 weeks and approximately every two weeks
thereafter.

During the F, phase, complete post-mortem examinations were

performed on all animals which died during the course of the study or
were sacrificed in extremis and on all terminally sacrificed animals.
A complete range of tissues was fixed for possible subsequent
examination and the urinary bladder, kidney, urethra and ureters of
all animals were examined histologically. Gross lesions and masses,
from all tissues, observed at autopsy were also examined
microscopically. Examinations of the fixed urinary bladder and
subsequent microscopic examinations of tissues were conducted in a
blind manner.

Results of the F

o generation and litters

The feeding of sodium saccharin at dietary concentrations up to
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7.5% to male and female F_, rats from the post-weanling stage through

a single reproductive cycle had no effects on behaviour or survival.
However, at dietary concentrations <3.0% statistically significant
(P>0.05) body weight depressions were noted. The difference from the
untreated control group was as high as 11% in the 7.5% sodium
saccharin treatment group. The depressions in body weight were not due
to a decrease in food consumption or nutrient intake since the treated
rats compensated for the non-nutritive ingredient added to their diet
by consuming more total diet (g/rat/d) than untreated controls. At
dietary concentrations of sodium saccharin <3% there were significant
(P>0.05) reductions in the mean number of pups per litter. There was
a statistically significant increase in water intake and urine volumes
at dietary levels <1%; a decrease in urinary pH and visible increase
in the moisture content of faeces were observed at dietary
concentrations <3%.

No effects on survival or behaviour were observed through the
first 28 to 38 days of life in the offspring receiving dietary
concentrations of sodium saccharin up to 7.5% and the mean body
weights at birth were also comparable to control animals. However,
statistically significant (P>0.05) body weight depressions were noted
in all sodium saccharin groups later during the lactation period and
in males at 28 days of age. The difference was noted only at days 21
and 28 in the 1.0% sodium saccharin group and was small (approximately
2%) ; by comparison, the average body weight depressions in the 3.0%
through 7.5% sodium saccharin groups were between 8% and 24% at day
21, and between 9% and 31% at day 28. The weanling rats (28-38 day
old) from the 5% and 7.5% sodium saccharin groups were found to be
anaemic.

The feeding of 5.0% sodium saccharin only during mating and
gestation caused statistically significant depressions (P<0.05) in
both food consumption and body weight of the F, animals during the

treatment period. A statistically significant (P<0.05) decrease in
the mean number of pups born per litter was also observed which was
comparable to the decrease noted in the dose-response group in which
parental animals were fed 5.0% sodium saccharin continuously from the
weaning stage. No changes were observed in the offspring during the
first 28 to 38 days of life.

The feeding of sodium saccharin to lactating female rats on an
increasing dosage schedule of 1%, 3% and 5% during weeks 1, 2 and 3
post-parturition respectively had no observable effect until the
dietary concentration of sodium saccharin was increased to 3%. After
this time, the offspring showed statistically significant (P<0.05)
body weight depressions on days 14 and 21; the males also had lower
body weights than controls at day 28. The observed body weight
depressions were slightly less than in the dose-response group from
parents fed 5.0% sodium saccharin continuously but by day 28 the body
weights of the male rats in these two groups were similar.

The feeding of 5.0% sodium hippurate to F_ animals from weaning

through a single reproductive cycle caused statistically significant
(P<0.05) body weight depressions averaging up to 10% and 14% in male
and female rats, respectively. In females, the average depression was
only 4% until the beginning of gestation. Unlike the sodium saccharin
treated animals, F_ rats fed sodium hippurate consumed less diet than

controls. The feeding of sodium hippurate caused a statistically
significant (P<0.05) decrease in the mean number of pups per litter

at birth and aggressive behaviour and mortality in the lactating dams.
Teratogenic effects (microphthalmia, domed heads and hydrocephaly) and
statistically significant (P<0.05) depressions in body weight were
noted in the offspring. The body weight depressions were as high as
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38% in 28 day-old males. Increased water intake and urine volume were
observed in the F_, rats but the changes were less than in the
corresponding 5% sodium saccharin group. Little or no visible changes
in the faecal moisture content were observed.

Results in the F; generation

There were a statistically significant trend for increased
survival in the sodium saccharin treatment groups, being most evident
at the 5.0% and 7.5% treatment levels. The survival rates after 123
weeks of treatment were as shown:

Treatment group Survival rate (%)
Control 23
1.0% sodium saccharin 24.5
3.0% sodium saccharin 23
4.0% sodium saccharin 19
5.0% sodium saccharin 37
6.25% sodium saccharin 26
7.5% sodium saccharin 34
5.0% sodium saccharin through gestation 20
5.0% sodium saccharin following gestation 36
3.0% sodium hippurate 30

No changes in behaviour or appearance were observed in the study.

A clear dose-response was observed for physiological effects at
treatment levels of 3.0% sodium saccharin or above. Changes such as
relative depressions in body weight, food consumption and water
consumption were seen but there was no direct statisticaly correlation
with the occurrence of bladder tumours. The 1.0% dietary
concentration was considered a no-effect level for these changes.

Urinanalysis revealed a dose-dependent increase in the mean 24 h
urine volume and decrease in osmolality. These changes were primarily
observed at dietary concentrations of sodium saccharin of >3.0% and
showed a strong statistical correlation to the occurrence of bladder
tumours. During the first 92 days, the urinary pH was significantly
depressed for all groups in the dose-response portion of the bioassay
in which sodium saccharin was fed at dietary concentrations >4%;
significantly lower urinary pH values were also recorded in the 3%
sodium saccharin group at the 64 and 92 day time intervals. No
dose-related lowering of pH was evident later in the study (6-29 m)
except for the 4% and 7.5% sodium saccharin groups at the 13 m time
interval. At no stage in the study was the pH of the 1% sodium
saccharin group significantly lower than control values. The urine pH
values in the 5.0% sodium saccharin through gestation group were
comparable to control values but significant depressions were noted in
the 5% sodium saccharin following gestation group at the 6-, 30-, 64-
and 92-day time intervals, and a statistically significant depression
was also observed at 24 m for the 3% sodium hippurate group. No
treatment-related changes were seen in the analyses for urinary
urobilinogen, protein, glucose, ketones, bilirubin, occult blood and
nitrite. Analysis of the urine for calcium ion was performed at the
24 m interval and no treatment-related effects on calcium ion
concentration were observed; however, due to the increased urine
volume, there was a treatment-related increase in total calcium ion
excreted (mg/24 h) in the groups receiving >3.0% sodium saccharin.
Examination of the urine for microcrystals showed that at 13, 18, and
24 m, the control group had significantly higher crystal scores than
the 7.5% sodium saccharin group, and crystalluria did not appear to be
involved in bladder tumour formation.
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At autopsy, there was a significant increase in absolute and
relative bladder weights at sodium saccharin dietary concentrations of
3% or above. No urinary bladder weight changes were noted in animals
exposed to sodium saccharin only in utero nor in animals fed sodium
hippurate.

Histopathological examination revealed a treatment- and dose-
related mineralization of the renal pelvis but no treatment-related of
the ureter or urethra were observed.

A clear dose response for bladder tumours was observed. The slope
of the dose-response curve was steep indicating that the incidence of
bladder tumours declined rapidly with decrease in dose. The incidence
of bladder tumours observed in the various treatment groups was as
follows:

Treatment group Incidence of primary bladder tumours %
Benign Malignant Total

Control 0.0 0.0 0.0*

1.0% sodium saccharin 0.6 0.2 0.8

3.0% sodium saccharin 0.8 0.8 1.6

4.0% sodium saccharin 2.1 4.2 6.3

5.0% sodium saccharin 3.3 9.2 12.5

6.25% sodium saccharin 10.0 6.7 16.7

7.5% sodium saccharin 15.3 16.1 31.4

* Tumour incidence in 863 control male rats of the same used in

this study from 10 recent in utero lifetime studies conducted
at IRDC ranged between 0.0-2.5% for papillomas and 0.0-0.8% for
carcinomas. The mean incidence for total urinary bladder tumours
was 0.8%.

In this study, the lowest dosage level of 1.0% was considered a
no-effect level for bladder tumours based upon pairwise statistical
analyses with the concurrent untreated control group and a comparison
with background bladder tumour incidence for this strain of rat at the
IRDC laboratory utilizing an in utero lifetime design. At the 3.0%
sodium saccharin treatment level, the incidence of benign bladder
tumours alone or of malignant bladder tumours alone was not
significantly increased, but the combined incidence was significantly
higher than in concurrent controls. The incidence of benign and/or
malignant bladder tumours was significantly increased at dosage levels
of 4% or greater. No increase in the incidence of hyperplasia or other
treatment-related effects were observed in the ureter, urethra or
kidney.

The animals exposed to saccharin only in utero were comparable
to controls but the animals whose exposures began at birth (5% sodium
saccharin following gestation) had an incidence of urinary bladder

tumours similar to that of animals fed diets containing 5% sodium
saccharin whose exposure included the in utero period. Therefore it
appeared that in utero exposure was not essential to the development
of urinary bladder tumours in sodium saccharin treated rats. No
bladder tumours were seen in the group fed sodium hippurate although
the incidence of kidney mineralization was similar to that in the 3.0%
sodium saccharin group.

No other treatment-related toxic or neoplastic lesions were
observed in either the genito-urinary tissues or in the various
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tissues examined only in the event of a macroscopic lesion.

Statistical considerations

"A detailed statistical analysis of the data from the IRDC
dose-response carcinogenicity study was carried out by Carlborg
(1983) . The data were examined using four types of mathematical model
for carcinogenic dose/response viz:

the threshold level (no-effect-level) model,
the one-bit model,

the Weibull model, and

the polynomial (multi-stage) model.

Three versions of the polynomial model were considered; the first
with a cubed power of the dose as the lowest term, the second with a
squared power of the dose as the lowest term and the third with a
linear power of the dose as the lowest term.

A dose of 0.01% sodium saccharin in the diet was chosen as the
level at which low-risk assessments were made.

The data overwhelmingly rejected the one-hit model; all the other
models fitted the data in the statistical sense. The threshold level
method yielded 1.0% as a lower bound on the threshold A. The
linearized polynomial model yielded a best estimate of 5.9 x 107> for
the excess risk at a saccharin dose of 0.01% of the diet with an upper
confidence limit of 9.1 x 10-5. The Weibull model yielded a best
estimate of 2.5 x 1010 for the excess risk at a saccharin dose of
0.01% with an upper confidence limit of 1.2 x 10-°8.

The author concluded that, even under the conservative assumption
of low-dose linearity, the results from the IRDC study have reduced
the estimated risk by roughly one order of magnitude relative to the
estimates based on previous experiments; a risk assessment based on
the observable dose-response pattern showed that saccharin is
virtually safe at an exposure of societal concern. Some of the
measurable characteristics of the urine of the rat taken very early in
life appeared to be predictive of tumourigenicity.

Long-term studies

Monkey

In addition to the long-term rat study described above, Adamson &
Sieber (1983) administered saccharin (25 mg/kg bw) orally to two
groups of 10 monkeys each on 5 days/week. One group received saccharin
for an average of 122 months and the second group for 36 months. Since
the inception of the study, none of the animals have died and there is
no evidence of toxicity or tumours in any of the animals.

OBSERVATIONS IN MAN

Epidemiological studies

Morgan (1983) has reviewed the epidemiological studies carried
out in relation to ingestion of saccharin by man, including new
studies and re-analyses not previously available to JECFA (Walker et
al., 1982; Hoover & Hartge, 1982; Jensen & Kamby, 1982; Morrison et
al., 1982; Najem et al., 1982). In an attempt to summarize the studies
done to date, a statistical power analysis of previous case-control
studies was carried out. Based on this analysis, it was calculated
that, if the true relative risk of bladder cancer as a result of using
artificial sweeteners were 1.13 or larger, there was a 95% probability
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that the studies reviewed, in toto would have detected such a risk
as statistically significant.

The results reviewed demonstrated that saccharin is not a strong
or even a moderate carcinogen for man and the author concluded that
the remarkable approximation to unity of the summary relative risk
from all studies was impressive.

Comments

New information presented to the Committee included biochemical,
pharmacokinetic, mutagenicity, and epidemiological data; the results
of special studies on urine volume and composition and the effect of
saccharin on the bladder epithelium; the results of studies on
saccharin as a promoter or co-carcinogen; and the results of a
carcinogenicity study in rats designed to investigate the dose-
response relationship in the development of bladder tumours and the
outcome of in utero exposure.

In the Committee's opinion the available evidence indicated that
saccharin is not mutagenic. An in utero phase of exposure is not
essential for a carcinogenic response to saccharin in the bladder of
the male rat. There was a definite carcinogenic effect at levels of
dietary inclusion of 3% and above in the long-term study with in
utero exposure. There was also a carcinogenic effect at a level of
5%, the only level tested, in the l-generation study with exposure

from birth, which included pups suckled by dames receiving saccharin
in their diets. The Committee considered that a 1% dietary inclusion
level could be taken as a no-effect level. Further data on the bladder
histopathology in the carcinogenicity study mentioned above were
received too late to be reviewed by the Committee. Within the
statistical limitations of the studies, the epidemiological data do
not show any evidence that saccharin is a bladder carcinogen.

EVALUATION

Level causing no toxicological effect

Rat: 1% (10.000 ppm) in the diet, equivalent to 500 mg/kg bw.

Estimate of temporary acceptable daily intake for man

0-2.5 mg/kg bw.

FURTHER WORK OR INFORMATION

(Information to be submitted when it becomes available.)

1. Data on the bladder histopathology.

2. Information to elucidate the mechanism by which the compounds
produce bladder tumours, including the possible significance of
exposure through lactation, the influence of gastrointestinal
tract microorganisms, the effect of osmolar changes in the urine,
and species specificity in the development of urothelial changes.
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SACCHARIN AND ITS SALTS

First draft prepared by

Ms E. Vavasour

Toxicological Evaluation Division

Bureau of Chemical Safety, Food Directorate
Health and Welfare Canada

Ottawa, Ontario, Canada

1 EXPLANATION

Saccharin was evaluated by the Committee at its eleventh,
eighteenth, twenty-first, twenty-fourth, twenty-sixth and
twenty-eighth meetings (Annex 1, references 14, 35, 44, 53, 59, and
66) . At the twenty-first meeting, the Committee changed the
previously unconditional ADI of 5 mg/kg bw to a temporary ADI of
0-2.5 mg/kg bw and withdrew the conditional ADI of 0-15 mg/kg bw for
dietetic purposes only. This decision was based primarily on
results of animal studies which indicated that excessive and long-
term ingestion of saccharin might represent a carcinogenic hazard.
At the twenty-fourth and twenty-sixth meetings, the temporary ADI of
0-2.5 mg/kg bw was extended pending the completion of ongoing
investigations, including a long-term feeding study in rats and a
large-scale epidemiological study. At the twenty-eighth meeting,
the results of a 2-generation feeding study in rats and
epidemiological data were reviewed and the temporary ADI was again
extended, pending the evaluation of further data on bladder
histopathology from the 2-generation study and information to
elucidate the mechanism by which the compound produced bladder
tumours. These data, along with recent epidemiological studies,
were reviewed at the present meeting, and are summarized in this
monograph addendum.

2 BIOLOGICAL DATA
2.1 Biochemical aspects
2.1.1 Absorption, distribution, and excretion

The disposition of saccharin has been discussed in the previous
monograph and monograph addendum. In additiomn, a good review of
these aspects of saccharin is presented in Renwick (1985). The main
features of saccharin disposition are presented here.

The disposition of saccharin is influenced by its acidic
properties. With a pK, of 2.2, saccharin exists predominantly in

the un-ionized form in acidic media from which it is more readily
absorbed. It is nearly completely ionized at physiological pH (in
body fluids). Saccharin is more completely absorbed from the
stomachs of species with low pH (guinea pig - pH 1.4; rabbit - pH
1.9) than from those with a higher pH (rat - pH 4.2) (Ball 1973;
Minegishi et al. 1972). 1In the higher pH of the intestines, it is
slowly absorbed, and rapidly eliminated in the urine. Following
administration of a single oral dose of saccharin in rats and
humans, peak plasma levels of saccharin were rapidly achieved
(Sweatman and Renwick 1980; Sweatman et al. 1981). However,
clearance of saccharin from the plasma was prolonged. Intravenous
administration results in rapid elimination of saccharin in the rat
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and human. Consequently, prolonged plasma clearance following oral
administration was attributed to slow and incomplete absorption from
the intestines. The presence of food in the gut was associated with
a reduced initial peak plasma concentration in animals (Matthews

et al. 1973; Sweatman and Renwick 1980) and in man (Sweatman

et al. 1981). o

The extent of faecal excretion has been used as an indicator of
unabsorbed saccharin following an oral dose. On the basis of
results from studies of i.v. administration, only a very small
percentage of absorbed saccharin appears in the faeces. Measurement
of the extent of faecal excretion of orally administered saccharin
indicated that gastrointestinal absorption was incomplete and
variable in the rat, with the percentage of the administered dose
recovered in the faeces ranging from 3-39% (Renwick 1985). For the
most part, higher doses were associated with higher faecal
concentrations of saccharin. In humans, 1-8% was recovered in the
faeces following doses of 2 g/person (Sweatman et al. 1981).

Urinary excretion has also been used as a measure of
gastrointestinal absorption since it is the main route of excretion
for absorbed saccharin and since saccharin does not undergo
detectable biotransformation. In rat feeding studies in which
saccharin and its salts were incorporated into commercial rat chow
at levels of 5 or 7.5%, approximately equal amounts of ingested
saccharin were excreted in the urine and faeces (Anderson et al.

1987b; Fisher et al. 1989). By contrast, the administration of
the same level of sodium saccharin in a semi-purified diet (AIN-76A)
resulted in the urinary excretion of 10-20 times more saccharin
compared with the faeces, indicating that absorption from the GI
tract had been more extensive (Fisher et al. 1989).

The gastrointestinal absorption of orally-administered
saccharin in man was 85% based on urinary excretion and area under
plasma concentration-time curves (Sweatman et al. 1981). Almost
80% of the daily dose was recovered in the urine of human volunteers
receiving 1 g of saccharin (as the sodium salt)/day for 4 weeks
(Roberts and Renwick 1985).

Saccharin was found to bind reversibly to plasma proteins
(Renwick 1985). The extent of binding showed a wide range: 3%,
24-35% and 69-86% in the rat and 70-80% in man. Following a single
oral dose to adult rats, saccharin was found to be distributed to
most organs with the highest concentrations in the organs of
elimination (kidney and bladder) followed by the plasma (Matthews

et al. 1973; Lethco and Wallace 1975; Ball et al. 1977;
Sweatman and Renwick 1980). The steady-state concentrations of
saccharin in adult male rats fed 1-10% saccharin in the diet were
consistent with the observations from these single-dose studies.
There is no evidence of biocaccumulation of saccharin in any tissue.
Placental transfer of saccharin to the fetus has been observed in
rats (Ball et al. 1977), monkeys (Pitkin et al. 1971) and humans
(Cohen-Addad et al. 1986). ‘

As indicated above, the urine is the principal route of
elimination for saccharin after both oral and parenteral dosing.
Renal tubular secretion is the major mechanism of elimination in
both rats and humans as indicated by the reduction in plasma
clearance of saccharin when administered with probenecid, an
inhibitor of the renal tubular secretion of anions. Glomerular
filtration is not considered to be as important a mechanism due to
the high degree of plasma protein binding of saccharin. Renal
tubular secretion is a saturable process and plasma concentrations
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fit, 1981)
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of saccharin greater than 200 pg/ml have been associated with
saturation in the rat (Sweatman and Renwick 1980). Dietary levels
of saccharin exceeding 5% resulted in accumulation of saccharin in
the plasma and tissues due to decreased renal clearance. However,
decreased renal clearance was not detected following administration
of an oral dose of 2 g in humans which produced a peak plasma
concentration of 40 pg/ml (Sweatman et al. 1981).

2.1.2 Biotransformation

The consensus of the most recently conducted research in a
number of experimental species or humans is that saccharin is not
metabolized (Renwick 1985). 1In addition, radiolabelled saccharin
did not bind to the DNA of the liver or bladder of rats in vivo

(Lutz and Schlatter 1977), indicating that saccharin was not
metabolized to an electrophilic compound.

2.1.3 Effects on enzymes and other biochemical parameters

The high concentrations of sodium saccharin in the lumen of the
gastrointestinal tract due to dietary administration of sodium
saccharin resulted in the decreased activity of a number of
digestive enzymes of the pancreas and intestines. Saccharin is an
inhibitor of urease and proteases in vitro (Lok et al. 1982) and
feeding saccharin in the diet causes accumulation of protein and
tryptophan and its metabolites in the caecum (Sims and Renwick
1985) .

Saccharin also led to the inhibition of carbohydrate digestion
which resulted in the faecal elimination of polysaccharides. The
in vitro activities of amylase, sucrase and isomaltase were
inhibited by the presence of saccharin (Renwick 1989).

Feeding male rats a diet containing 5% sodium saccharin for 14
days did not result in induction of hepatic cytochrome P-450
(Hasegawa et al. 1984).

The administration of 7.5% sodium saccharin to rats in both
1- and 2-generation feeding studies had no effect on hepatic
concentrations of cytochrome P-450, cytochrome b5, cytochrome P-450
reductase, arylhydrocarbon hydroxylase activity or glutathione
content per mg protein. Hepatic dimethylnitrosamine-N-demethylase
activity was increased in both neonatal and adult male and female
rats fed a high dietary concentration of sodium saccharin (Heaton
and Renwick 1991a) .

Sulfate conjugation of phenol in vivo was reduced in both
male and female rats fed a 7.5% sodium saccharin diet in a
2-generation protocol. The maximum effect was detected in neonatal
animals at 5 weeks of age. Dietary supplementation with cysteine
restored sulfate conjugation, indicating that the effect was caused
by poor availability of sulfur-containing amino acids rather than
inhibition of the sulfotransferase enzyme (Heaton and Renwick
1991b) .

2.2 Toxicological Studies
2.2.1 Long-term toxicity/carcinogenicity studies

There have been no additional 2-generation carcinogenicity
studies on saccharin since the IRDC study which was available as

unpublished data at the twenty-eighth meeting in 1984. The data for
this study have been published (Schoenig et al. 1985). The tumour
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incidence data for the urinary bladder of F, male rats were the
same as those reported in the previous monograph addendum (Annex 1,

reference 67) with the exception that the incidence of total tumours
at 3% sodium saccharin in the diet was 1.7%, not 1.6% as then
reported. The no-observed effect level was 1% in the diet, although
the application of a threshold dose-response model to the data
suggested a threshold close to 3% (Carlborg 1985).

The bladder histology studies have been re-evaluated under
blind conditions with the result that higher incidences of
papillomas and carcinomas were reported in both the control and
lower treatment groups and the apparent increases in transitional
cell carcinomas and combined neoplasms in the 3% group were found to
be not statistically significant (p=0.25 and 0.41, respectively).
The blind reevaluation confirmed that the 1% dietary level of sodium
saccharin had no carcinogenic nor proliferative effect on the
bladder epithelium (Squire 1985).

Although no new 2-generation study has been reported in rats or
other species, studies on promotion of bladder carcinogenicity used
control groups in which the animals received 5% sodium, calcium and
acid saccharin in the diet without treatment with an initiator.
After 2 years or 72 weeks, respectively, of feeding with sodium
saccharin, the incidence of simple hyperplasia was higher than that
in untreated controls. The incidence of papillomas and carcinomas
of the bladder was comparable in the sodium-saccharin-treated groups
and untreated controls (Hasegawa et al. 1985; Cohen et al.

1991) .

Nodular hyperplasia but no papillomas or carcinomas were
detected in the bladder epithelium of male rats given 5% sodium
saccharin in the diet for a period of 112 weeks, starting at 7 weeks
of age (Hibino et al. 1985).

2.2.2 Special studies on promoting activity

The promotion of known bladder carcinogens by high dietary
concentrations of sodium saccharin has been detected only in rats
(Fukushima et al. 1983a). Administration of 5% sodium saccharin
in the diet does not increase the incidence of bladder tumours in
mice initiated with 2-acetylaminofluorene (Frederick et al. 1989).

High dietary concentrations of sodium saccharin (5.0% of the
diet or 2.0 g/kg bw/dy from drinking water) promoted the effects of
known bladder carcinogens such as methyl-N-nitrosourea (MNU) (Hicks

et al. 1973), N-[4-(5-nitro-2-furyl)-thiazolyl] formamide (FANFT)
(Cohen et al. 1979), N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN)
(Nakanishi et al. 1980b) and 2-acetylaminofluorene (AAF)
(Nakanishi et al. 1982). Feeding rats with high concentrations of
sodium saccharin following an insult such as freeze ulceration
causes increases in nodular hyperplasia (Murasaki and Cohen 1983)
and in bladder tumours (Hasegawa et al. 1985). Promotion of the
effect of bladder carcinogens is not sex-specific and has been

reported in both male (Cohen et al. 1979) and female (Hicks et
al. 1978) rats. The sex specificity of promoting activity has
been studied in male and female F344 rats given BBN as an initiator
and up to 5% sodium saccharin as the promoter. Papillomas and
carcinomas were not detected, but both sexes showed a similar dose-
response for sodium saccharin-related simple hyperplasia and
papillary or nodular hyperplasia (Nakanishi et al. 1980a).

Administration of a diet containing 5% sodium saccharin to rats
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increased DNA synthesis in the urinary bladder, but not in liver or
forestomach. It did not affect ornithine decarboxylase activity (a
molecular marker of tumour promotion) in these organs (Tatematsu

et al. 1986). An increase in DNA synthesis in the urothelium is
produced by a number of promoters of diverse structure (Shibata

‘et al. 1989c).

Transitional cell carcinomas of the urinary bladder in rats
initiated with FANFT treatment for 4 or 6 weeks followed by long-
term treatment with sodium saccharin or other promoters have been
analyzed for the presence of H-ras gene activation. There was
evidence of increased expression of the ras gene product, p21, in
transitional cell carcinomas and of H- ras gene mutations. The
compounds used in the promoting phase had essentially no effect on
H- ras mutation, and the authors concluded that the effects
observed were due to the FANFT initiation phase (Masui et al.
1990, 1991).

Proto-oncogenes may contribute to the development of malignancy
when their structure or expression is altered, and ras gene
activation in particular has been demonstrated in 5-17% of human
urinary tract tumours (Fujita et al. 1984, 1985). Similar
activation of the ras gene has been demonstrated in animals
treated with the bladder carcinogens BBN and FANFT (Jones and Wang
1989; Sawczuk et al. 1987). The expression of ras p21 has been
studied using immunochistochemical techniques in normal urothelium as
well as in urothelial lesions in rats from long-term promotion
studies using FANFT. Immunoreactivity with ras p21 antibody was
demonstrated in urinary bladder lesions of more than 50% of rats
treated with FANFT alone or FANFT followed by sodium saccharin
(0.2 or 5.0% in the diet). Immunoreactivity to =ras p21 was not
observed in rats treated with sodium saccharin alone. More recent
studies by the same authors have confirmed the mutational activity
of the H- ras gene in rat urinary bladders induced by FANFT and the
lack of any effect of sodium ascorbate or sodium saccharin on this
activation (Masui et al. 1990, 1991).

2.2.3 Special studies on genotoxicity
The results of genotoxicity studies with saccharin are summarized in Tab

Table 1. Genotoxicity studies with saccharin.

Test System Test Object Concentration
of saccharin

Cell mutation/ouabain Human RSa cells 10 - 22.5 mg/ml

resistance

In vitro chromosomal Chinese hamster 8 - 16 mg/ml

aberration lung fibroblasts

In vivo chromosomal ICR/Swiss male mice 0, 0.5, 1.0 and

aberration 1.5 g/kg bw/day,

p.o. for 24 weeks

Dominant lethal ICR/Swiss male and 0, 1 and 2 g/kg

female mice bw/12 h x 5, p.o.
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Insect genotoxicity Drosophila melanogaster, 0.5, 5.0 and 50 mg
meiosis repair deficient in nutrient media

A review by Ashby (1985) presents evidence that the positive
results obtained in genotoxicity studies with saccharin, mostly
showing clastogenicity, probably do not involve covalent interaction
of saccharin with nuclear DNA, but are more probably the result of
ionic imbalances at the high concentrations used in the assays. The
low systemic toxicity of saccharin to mammals and their constituent
cells in culture has allowed the use of exceptionally high dose
levels in genotoxicity assays. It was concluded that the structural
disturbances of eukaryotic cells in vitro and very weak
intermittent activity in vivo were equivalent to and comparable to
the genotoxic profile for sodium chloride.

; The different salts of saccharin (at 8-16 mg/ml) showed equal
clastogenic activity in Chinese hamster lung cells (Ashby and
Ishidate 1986), indicating that both ionic and osmotic changes to
the medium may be critical determinants of the observed clastogenic
effects. Mutagenicity and/or chromosome aberrations due to sodium
chloride at high concentrations have been demonstrated recently
using mouse lymphoma cells (Brusick 1986; Moore and Brock 1988) and
Saccharomyces cerevisae (Parker and von Borstel 1987). Sodium
chloride was included as a control in a study on human RSa cells and
gave a small non-significant increase at a concentration equivalent
to the high concentration of sodium saccharin (0.11M) (Suzuki &
Suzuki 1988). However, the results of this study are difficult to
interpret because the prolonged exposure to high concentration of
sodium ion and chloride ion may have affected Na,/K, -ATPase

activity, and sodium and chloride channels, thereby altering
intracellular sodium concentration and sensitivity to ouabain.

Positive results have also been reported in 2 recent studies in
which mice were dosed with solutions prepared by dissolving
commercial saccharin tablets in water (no information was given on
the salt form, purity or the excipients present). In one study, a
dose-related increase in the incidence of chromosomal abnormalities
in bone marrow and meiotic cells (not specified) was reported
(Prasad and Rai 1987). This finding contrasts with a report that
administration of saccharin at 20 g/L (salt not specified) in
drinking water for 100 days affected neither bone marrow cells nor
dividing spermatocytes (Leonard and Leonard 1979).

The second study using commercial saccharin tablets involved a
dominant lethal test. An increased incidence of dead implants was
reported in the females mated with saccharin-treated male mice
(Prasad and Rai 1986).

A positive dominant lethal test had been reported previously in
a study in which mice were treated with a 1.72% solution of sodium
saccharin, again prepared by the dissolution of commercial saccharin
tablets manufactured in India and administered as drinking water
(Ssanjeeva Rao and Qureshi 1972).

In contrast to these studies, pure sodium saccharin has been
shown to be negative in dominant lethal studies using male mice
treated at 5 g/kg/day for 5 days (Machemer and Lorke 1973); using
male and female mice treated at 2 g/kg/day for 10 weeks (Lorke and
Machemer 1975); and using male mice given either a single
intraperitoneal injection (2 g/kg) or 2% saccharin in the drinking
water for 100 days (Leonard and Leonard 1979). The positive
findings also conflict with the negative data from multi-generation
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feeding studies in mice (Kroes et al. 1977).
2.2.4 Special studies on cell transformation

Malignant transformation of cultured human foreskin fibroblasts
occurred when the cells were exposed to a non-toxic concentration of
sodium saccharin (50 pg/ml) after being released from the G,

phase, followed by exposure to either N-ethyl or
N-methylnitrosourea. The combination of nitrosourea and saccharin
was necessary for the observation of transformation (Milo et al.
1988) . .

Prolonged exposure (up to 89 days) to sodium saccharin (6 or
12 mM; approximately 1-2 mg/ml) caused hyperplastic and other
abnormal cellular changes in cultures of bladder epithelial cells
from female rats (Knowles et al. 1986). A subsequent study
(Knowles and Jani 1986) showed that treatment of the culture with
N-methylnitrosourea (MNU) resulted in the appearance of
preneoplastic epithelial foci and that treatment with sodium
saccharin (12 mM) following a low dose of MNU (25 ug/ml) resulted in
a very small but apparently significant significant increase in such
foci. The incidences of such lesions were 0/896 for MNU alone and
3/1096 for MNU followed by saccharin. The parameters for
determining significance were not indicated. No concurrent controls
were run for this experiment and the incidence in controls from a
different experiment run in the same series was 6/863. In contrast
to the foci produced by high doses of MNU alone (250 ug/ml), none of
the foci produced by MNU (25 pg/ml) followed by saccharin gave cell
lines that were tumorigenic in vivo.

The combined effects of sodium saccharin with MNU on in vitro
explants of female rat bladders were also studied. MNU alone
exhibited severe and extensive cytotoxicity to both the urothelium
and stroma, while sodium saccharin (0.5% in the medium) as well as
sodium cyclamate and cyclophosphamide produced changes in the
urothelium consistent only with hyperplasia, demonstrating globular
and pleomorphic microvilli. Treatment with a low dose of MNU (100
pg/ml) after exposure to sodium saccharin (0.1 or 0.5% for 28 days)
elicited more extensive abnormalities. On the basis of these

in vitro data, the authors suggested that saccharin may have
initiating activity in a multistage process, a conclusion which is
at variance with the large body of information on the mechanism of
action of saccharin (Norman et al., 1987).

Sodium saccharin (6 mM) did not produce proliferating
epithelial foci in bladder explants from female rats but increased
the numbers of foci in explants treated with MNU (50 or 100 ug/ml)
prior to exposure to saccharin. Cultured cell lines from foci
derived from explants treated with MNU alone and MNU + saccharin
formed tumours when injected into mice (Nicholson and Jani 1988).

The urothelial transforming activity of sodium saccharin

in vitro has been studied using epithelial cells derived from male
rat bladders and treated with 2-amino-4-(5-nitro-furyl)thiazole
(ANFT), a water-soluble metabolite of FANFT. Prolonged treatment
with ANFT (1 pg/ml), but not sodium saccharin (25 ug/ml),
transformed the cells in vitro as evidenced by morphological
changes, the ability to grow on plastic, and tumorigenicity when
injected into mice. Exposure to sodium saccharin and ANFT produced
effects similar to ANFT alone, while urea (0.05%) may have enhanced
the effects of ANFT. The absence of "promotion" in this study
compared with those presented above may have arisen from the lower
concentration of sodium saccharin employed (Mann et al. 1991).
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2. 2. 4 mm%gﬁﬁﬁﬁﬁ%

N—ZFANN—AFL= b Y REOLE L LHOBREBERIC G DRI &R, VoWV
VF R U B (50 g/ml) OESMEREICHISERE S 7RO S AR BHES
BCEMEEERMES of, = brYRBLY v H VU v ORAE DY I EEROBEIILYL
BEMEE o7, Milo #, 1988) - :

FoHUrFhITA (651 2mM; H1—2meg/ml) ORYBEIMER X I OB L&
DEEERRROHA L BEMAELOERE /o7, (Knowles #4, 1986) N— A F /L= b V[RE
(MNUYZETEREE LR HE 2B LY, MNU (2 5 1 g/ml) ERE®OY B I F IV
A (1 2mM) FFEEIORVE, AL, BEERREEMEE LY L L RICITbhicht
72(Knowles and Jani 1986)757 L7z, % DR ELFE A FRIT MNU 7217 OB, 0/896 TH v U J HEMNU
1%3/1096 72 o7z, BEMERE L7/ 3T A —F — TR ENRDP T, R—OREILIOERIC
b T, MUY — Xl iz 872 5 EBROXHRX R AERIT 6 /863 1207z, M-S MNU
(250pu gml) FiHICkoTAEUBRESBAIC, YoV HMNU (25 g/ml) IZ&
o T UTRBRIZ EAN EFEG IR ZE Lo T,

2 23 DRSS D EANEBETF v B Y T Y U AL MNUOEAEELR S,
MNU 71 330 B VR ORI 2 R 2 & BERAICR L, —H, FosYrF Iy
5 (0. 5%ME) RXEERIITA—FT NI TAEY IR T F AT 7 I FEFERRTESROWM
REZBETHEREIFTO—B LERBEROB(LESIEEI Lz, Yo WV T I T A
(0. 150. 5%, 28HM) BREHD MNU (100 p g/ml) DEEREGLEITLY ILGRER
BESR LT, INOORBRENEGT —FZREBILT, o b Y V3L OBRBREET,
bbb, PobVUEBAN =R LB LTEL OFERTFET D mE T, EERSE
ERODD Lvien & EH TR LTz, (Norman /4, 1987)

YooY F RUDTA (6mM) TR XS OBEMIMER I ERFBREAEIE L 2o 7, W
v Y AREHIC MNU (5 0421 0 0 u g/ml) AU L7-AMIR RS E NS e, MNU 726
EAYARAICEAT D LIEBE LR ESE T MNU+Y v U Vo TOMER 5 bk o 7ol
DEEEMBE N UE SNz, (Nicholson and Jani 1988)

HEX R I OB Do LEHIRE#FE ST, 2-7/—4— (5—=hr—TYN) F7
»/— L(ANFT), FANFT AIEHRBED CRBEN Y v B Y o MY U AHBREAZFEORE £
B ESRES SRS TVS, NY IR ICEALLRIC, MR EE L, HBFEEN LR
B L U CEN B EANERME ANFT (1 p g/ml) RHLEIIFEEHRSELB, Vv
BV FRITL (250 g/ml) RVEGBRSERMoT, ERICERONITE L B LT,
COMRICEITD EEW OXRMEN, FEbhid vV U F ) VADERENGAELTND
DOy LRV, (Mann #4, 1991)
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A model of promotion of bladder carcinogenicity has been
reported in which male Fischer 344 rats were given the bladder
carcinogen BBN (0.05%) for 3 weeks, followed by the possible
promoter for 9 weeks. At termination, the urinary bladders were
removed, digested with collagenase and DNAase and the number of
colonies able to grow on double soft agar was determined. Growth in
double soft agar is considered indicative of transformation
(Hamburger and Salmon 1977; Colburn et al. 1978). In this test
system, .9 weeks of dietary administration of 5% sodium saccharin, 1%
D-tryptophan, DL-, D-, or L-leucine and DL- or L-isoleucine all
significantly increased the numbers of colonies growing in vitro.
Dietary administration of 2% L-tryptophan did not significantly
increase the numbers of colonies. Treatment of the rats with BBN
for 6 weeks in the absence of a putative promoter resulted in a high
yield of colonies (Hashimura et al 1987).

High concentrations of the sodium, potassium and calcium salts
of saccharin (100-200 mM; equivalent to 18-36 mg/ml) are toxic to
the AY27 line of transformed rat bladder epithelial cells.
Comparable toxicity was shown by sodium ascorbate but not by sodium,
potassium or calcium chlorides. The authors claim that these
observations are of relevance because such high concentrations of
sodium and saccharin are present in the urine of rats fed saccharin-
containing diets. However, the intra-cellular concentration of the
saccharin anion in vivo is much closer to that of plasma which is
about 10-fold less than that in urine (Garland et al. 1989a).

2.2.5 Special studies on the effect of saccharin on urine
composition and bladder epithelial proliferation

Statistically significant, dose-related changes in urinary
parameters (increased Nat concentration, increased urine volume
and decreased osmolality) have been found to precede and to occur in
association with tumour development in the urinary bladder of male
rats. A large number of studies have been conducted to establish
the effect of factors modifying these non-neoplastic responses on
~subsequent outcomes of the treatment on the bladder epithelium.

2.2.5.1 Salt form

Feeding different salts of saccharin (sodium, potassium,
calcium and acid) for 10 weeks resulted in different effects on
[3H] -thymidine labelling in the urinary bladder epithelium
(Hasegawa & Cohen 1986). Dietary ingestion of the sodium salt
resulted in the highest labelling index (0.6+0.2%), the potassium
salt resulted in a weak, but significant, effect (0.2+0.1%), the
calcium salt resulted in a questionable and non-significant effect
(0.1+40.1%), while the acid form (0.07+0.04%) gave a result similar
to controls (0.06+0.04%). In each of these cases, the bladder
epithelium was exposed to similar concentrations of the saccharin
anion in the urine. Dietary ingestion of the sodium and potassium
salts of saccharin were associated with an increased urine volume
and slightly higher urine pH (sodium salt only) compared with
untreated controls, while a decrease in urine pH and no change in
urine volume was found in the calcium and acid saccharin groups.

These findings were essentially confirmed in a subsequent study
in which male rats were fed diets containing 200 umol/g of the
different salt forms (equivalent to 5% sodium saccharin) for 10
weeks. Simple hyperplasia of the bladder epithelium was noted in
the rats ingesting the sodium and potassium salts, but not in those
ingesting the calcium or free acid forms. The effect was independent
of the total urinary saccharin or urinary concentration of saccharin
(Anderson et al. 1988a).
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HED Fischer 3 4 4 * X I N 9WRINE 2 b HEEYH 5%, 3B, BEMLFREEME BBN (0.
05%) &5z bhBEREEHEETTARERE SN TS, KTHIZ, BEREIS BRI S AL, =
S—HFF—PLFAFVIYRX 7 L7 —E THbEN, ZEREERESEM EITHE X 28EHD
BIE SN, “EREEREEROBMBIFEEROIE L E X bhi, (Hamburger and salmon
1977; Colburn £, 1978) = DREAFIET, 5%V o BV F FU YA 1%D— I FhT 7,
DL—. D= L—BA LY & DL—hL—A Va4 o0 9 BRAHOS TOMEINRY | bk
B EBRDEERPEMSE T2, 2%L— N 7P b7 7 v AEEREIIHE Y EREEENSER
hote, HEESHBEEDE L T 6EH, Bm«&ﬁmzx BRI EH B OBEVINERIZ R o T,
(Hashimura fifi, 1987)

HoHUy (100—200mM; 18—36mg/ml ¥%) OF I vAE, HIULRE
L MEDE IR S Nk X S OREBE EEIAD AY 2 7SI EER B D, BT
FRIALNEVERTF Y T ATHETE R, Bk Y A, DY v LAREAEAIL YT AT
sk o T, BEIZINLOBEIIEESERH D EEET D, Mk, BREDOT NIV
LEYF BV BTy Y VEREOXXIDORNICHFET 200, RLABDB D, LEFEAERDM
AN v B Y VA FUBEIIRAY v A Y VEA T VBEIDV ORI 050 1 OmERY oD
U RS F U REIZREI, (Garland 74, 1989a)

2. 2. 5 [RMRCENEEBEECET Y v ) CRERRIRR
T A—F —DFFHOICEE Ch 5B SRFIC LA Na"REZEMSERLY, REZ
BMSHEY, ARENVBESRD SE) BPHEX X I OB CEEREDOKELRELY | &
TUDTAERSNoTND, BERERAED 2N SO EFAEMEFEEDOZDHROFEIICET S
S % T 2 EREE LR T 5 BICEBOMEITLR TN 5,

2. 2. 5. 1 HAH

10@EM., ¥ohVr (FHU DL, ﬁ)ﬁA ﬁ»/vA&&)mﬁﬁaﬁwﬁﬁiwm—
%T\V/%&Hﬁfﬂﬁé%@ﬁ%_&otomu@mm&cwmi%a F bV U AEEEEE
LR SRR T HEIE (0. 60, 2%) ORERICRD . B Y ¥ AR OFE (0.
2+0. 1%) ORRIZRY, ILIULEEREDLLVERTELHEE (0. 1£0. 1%) ©
BRI oT, —FH, B (0. 07x20. 04%) IXRX (0. 06+0. 04%) &k
BRI T, TREDES—AT, REOY v U VA A OREBE OBt LRI IRE
Ehtz, Fo BV rF R OREEF YA Y LAY T AEORMBRIIELESBX & & LT
BIRELEMNCLEVEWRpH (F FY DA CEERS -7, —F, RpH B LRE
DEBBZANT T LEBEDY v I Y T —T TR b,

Rex X I MERDEE (5%F v H YT kU ¥ AICHE) 200 pmolg REFEEX bt
DO TINS ORERERITERICHER SN, Bt EROBMBAEIT T v AEED
U AEAOXAITRESNE, L L, DAy A ERERE CIIRE& IR NP o7, &

SERY oV oY v b U URIBE LIRS 572, (Anderson A4, 1988a)
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Based on the finding that the sodium, potassium, calcium and
acid forms of saccharin differed in the extent to which they
produced epithelial proliferation in the bladder of the male rat in
the presence of similar concentrations of saccharinate anion,
Williamson and coworkers investigated the possibility that
differences in the ionic concentration of urine could result in
differences in the electronic structure of the saccharin molecule
itself. Using nuclear magnetic resonance spectroscopy, the
electronic structure of the saccharin molecule was observed in the
presence of varying concentrations of hydrogen, potassium, sodium,
calcium, magnesium, bicarbonate and urate ions. The presence of
these ions at physiological levels did not significantly alter the
electronic structure of the saccharin molecule (Williamson et al.,
1987) .

A recent study has extended these short-term observations to a
full initiation-promotion study in which male rats were given 0.2%
dietary FANFT for 6 weeks followed by various treatments for 72
weeks. Treatments included doses of sodium saccharin equivalent to
the bottom (3%) and middle (5%) of the dose-response as reported in
the IRDC 2-generation bioassay (Schoenig et al. 1985). Sodium
saccharin in Prolab diet produced a dose-related increase in the
incidence of bladder. carcinoma over. that in FANFT-initiated
controls. Calcium saccharin also produced a statistically
significant increase of bladder carcinomas but equimolar dietary
concentrations of acid saccharin did not produce a significant
increase in the incidence of bladder tumours.

The observation that co-administration of ammonium chloride
(NH,C1) with 5% sodium saccharin abolished the promoting activity

was of equal or greater significance to the data for the different
salt forms of saccharin. The urine pH of animals given sodium
saccharin following FANFT initiation was.slightly, but significantly
higher (by about 0.1 - 0.2 pH units) than that of the corresponding
controls, while calcium saccharin caused a slight decrease in urine
PH. In contrast, the urine pH of animals given saccharin acid or
sodium saccharin + NH,C1 was 1 pH unit less than that of the

corresponding controls. The study also showed that administration
of calcium saccharin with sodium chloride or sodium saccharin with
calcium carbonate resulted in promoting activity similar to that
with sodium saccharin alone. In addition, sodium chloride itself
had a significant tumour-promoting effect. The authors concluded
that the enhancing factors for promotion of bladder carcinogenesis
in the rat by compounds such as sodium saccharin are a high urinary
sodium concentration, a high urinary pH (»6.5) and possibly an
increase in urine volume (Cohen et al. 1991).

A study in which a range of compounds was given to male F344
rats for 16 weeks reported that 5% sodium saccharin caused an
approximately 5-fold increase in labelling index. Sodium
bicarbonate produced a 10-fold increase and a combination of sodium
saccharin and sodium bicarbonate gave an approximately additive
effect (Debiec-Rychter and Wang 1990).

2.2.5.2 BAnion specificity

High dietary concentrations of the sodium salts of other
organic acids (>1%) have also been tested for their ability to
enhance DNA synthesis or hyperplasia of the urinary epithelium of

the rat or act as promoters of bladder carcinogenesis.

In initiation-promotion models, the sodium salts of the
following compounds were found to act as promoters of bladder
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FoB YL DF R G A Y TR BEBERY Y b ) VA A OREBREOR,
HEX X I DR LB A - TRESZEX VO RERRELEBICLT, oV UHFR
4 AVBEOHEITY v 7 ) VAT EDbOET OBFHEOMEDRKRICZ VB L\ 5 Wi
¥ % Williamson & REIIRE Lic, KE, AV UL FTHIYDL AAVTLA FTXVT A,
BRI & R OG 2 RIBE CHEMERSMREE - T, F o U VAT OBTHEIEN
BB SN/, (Williamson £, 1987) | ,

7 2 BRI G 7% EIZ6EME. 0. 2 %FANFT BEEOHER X I TREG—REDTELR
W CRIFOMEIZ N b OEHBEEZMIZL T\ 5, RDC2HREMBRETHES LD
DEFUEIE(3%) . PRE(5%) Yoy YT Y v AEELLEFIEICRY AT, (Schoenig
#.1985) FANFT THefR L7z AR R 5ICBR LBitEEREREMEZ o0 ) T b
U 7 A Prolab BfEMA U S ¥ 7, BEMEEOHKICEERBEMES o VY AN T ABED
XN, VoAb U UBRERE RS VEESIIEREEREREMEHEVAELSERDo
77

5% B UL R A LEET LV ESD A (NHC) OMEREMEEES % fik S8
BEERIV DY VORRAENOT—F LEEENREAN, KVEWVWSDIZ o7, FANFT
FB%, oAV F I UAEEXONEBHORPH T/hSholz, LL, HESKRED
FpHLV &Y. E0Eho7z (0. 1—0. 2 pHEMHET), —HF, $oyB Y rhiy
B AED LR p HBP BB T Lic, SHRESC F o 0 U VB v B U v B U 7 A +NHCl
BB LNEBMORpH RN HBEOpH LY K<, 1 pHBAE -7k, Hk) Y VA
LYo B YU A—FEDOLDNRBEAINS T LEF IV T N T A—FEOLDDRE
WYy B Y F R AT ORE LR CBEESRE L ZOFEIIRLS L, B, &
bF R Y Y AZOLDREERIES —EERBYE Lz, Fy W YT N T AD XS RMLEY
K EAXZIOEMEBOBRERIIRT MY U AGRE, REpH (>6. 5) LHDWVIIL,
REOHEMTH D & EEIIFERFTT 72, (Cohen #4, 1991) ‘

1 638R, M F344 XX HHMOEDNEEXTHRIZES % F B ) T P T LR
EHATEOR S FOBEMES B L BE L, ERBET MY VA1 OFOEMEE
L. $oB U by aEEREST M) ULORSITEUEMERZR L.

2. 2. 5. 2 RAFUEERME
INA%&%%Ki@%%L&%E%%%LtD;%%%%ﬁ@ﬂkLT@&%%LtD?é%
FEESEICE LT, thofiEE (>1%) OoF M vAEORERELRRINL TS,

B —EETTAT, ROMAHOF NI U LI F X I OERBEREREZ T HER L
7z : T7Az2NE L (Fukushima 74, 1983b, 1983c, 1984, 1986aandb) Cohen #4, 1991b); =Y

kywey@ﬁmmmma@‘wmx%wk—7xzw5ﬁ@ﬁmwwmmﬁ@1%%x&17@
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carcinogenesis in the rat: ascorbate (Fukushima et al. 1983Db,
1983c, 1984, 1986a and b); Cohen et al. 1991b); erythorbate
(Fukushima et al. 1984); o-phenylphenate (Fukushima et al.

1983d); citrate (Fukushima et al. 1986c); bicarbonate (Fukushima
et al. 1986a, 1988a). All of these salts increased urine pH and
sodium excretion compared with untreated controls. Promotion of
bladder carcinogenesis was not caused by the corresponding acids
erythorbic acid (Fukushima et al. 1987a); o-phenylphenol
(Fukushima et al. 1983d); or nitrilotriacetic acid (Kitahori
et al. 1988). :

Sodium hippurate, which was not a promoter, increased urinary
sodium excretion, but did not significantly increase urine pH
(Fukushima et al. 1983b, 1986b).

‘One study did not show a promoting effect for sodium citrate or
" sodium ascorbate in an initiation-promotion protocol despite the
expected increase in urinary sodium concentrations and demonstrated
increase in urine pH (Inoue et al. 1988). The period for
promotion in this study was 20 weeks as compared with 32 weeks in
the positive studies.

Co-adminstration of ascorbic acid with salts which increased
urine pH and elevated urinary sodium concentrations (sodium
bicarbonate or potassium bicarbonate but not calcium carbonate or
magnesium carbonate), resulted in promoting activity (Fukushima

et al. 1986a, 1987b, 1988a, 1988b). Administration of the sodium
salts of ascorbic acid and nitrilotriacetic acid in conjunction with
ammonium chloride (sodium ascorbate and trisodium nitrilotriacetate)
resulted in décreased urinary pH and decreased promoting activity
(Fukushima et al. 1986a; Kitahori et al. 1988).

These data showing the importance of urine pH are consistent
with the report that co-administration of sodium ascorbate with
sodium saccharin enhances bladder tumour promotion in male rats.

The co-administration of ascorbic acid with sodium saccharin both

lowered the urine pH (by about 1 pH unit) compared with sodium

saccharin on its own and abolished the promoting activity (Fukushima
et al. 1990)]

Similar results were obtained in studies with administration of
high doses of organic acids either alone or in combination with
other acidifying and alkalinizing salts using increased DNA
synthesis and urothelial hyperplasia as the endpoints. Those
treatments which caused a marked increase in urinary pH, sodium
concentration and urine volume were associated with increased
epithelial hyperplasia of the urinary bladder (5% ascorbic acid -
Shibata et al. 1989b; 6% monosodium glutamate - De Groot et al.
1988) .

Sodium bicarbonate fed at a level of 0.64% of the diet for 104
weeks study resulted in elevated urinary pH and Na* concentration,
but did not result in pleomorphic microvilli or a significant
increase in bladder tumour incidence (Fukushima et al. 1989).

These findings suggest that although elevated urinary sodium
concentrations and elevated pH are necessary co-factors in bladder
tumour promotion, they are not sufficient stimulus for bladder
tumour formation in the absence of an initiator.

2.2.5.3 Urine volume

The possible promoting activity arising from an increase in '’
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#(Fukushima A%, 1986c); E XEEHE (Fukushima A4, 1986a, 1988a), MALEGRX LB L T, Z
NOOEOETHRREPH &7 MY v AR ZEINES ¥, BEMREREEIROBUBEICL > T
Blgf - X7 . =V Y v B(Fukushima A7, 1987a) ; AV ATz T=)—
(Fukushima 74, 1983d); #>= b Y o ZEEEE(Kitahori ##, 1988), |

(REW TR T BRET NV U MIRT M) v AS R EME T, L, RoH EEZ
HEV, BWNEERIo7, (Fukushima A, 1983b, 1986b)

FHRRESNERT MY v ABREEMCLELT, BR—{EES 0 b a LTI/ VBT NI TLAR
FRALE LT RN T AORERESY 1 FOFRIIRERLS T, RpH OBMAESMEL T,
(lnoue #4, 1988) Vv 7V VEEEEHMED 3 2H@H & HEL T, ZOMEOREHRIT2 0
BREIE -7, ‘ '

RpH RHMSE, FF b Y ARES BFEY (EREF R & ARERBEY Y ¥ A,
LU, REBANLT T LR~ 7R 7 LIHRL) L—HOT AV VBHERESIIEESE
R S W DRERIC R o7, (Fukushima 74, 1986a, 1987b, 1988a, 1988b) (LT E=T LH (TR
SAEVEET FY U AL MY O SEEBIESF U U L) E—RICBE LT A a e VBT b
Yo alEe= ) oZEEET R Y U AEEREIIRpH OB ORI, BEFBEZE ST
7z. (Fukushima A4, 1986a; Kitahori {1, 1988)

Yo BV rF RY TRETRINEVEET Y ¥ AO—HOREREANHER X I OBEBERIE
EEBRIELLVIHEL. BpH F—FOEEMEZRTINGOF—FE—HLTWE, +
SHYVF YT AETRAAE L EED—FEOMERSIEY v H ) T b o ARG L
FRpH (M1 pHEIET) 2ETFSERLY, [REEEZRIELRZY Lz, (Fukushima £, 1990)

R L LTHINN LT DNA B & JREE R %6 > C AR 2 OBEE T 70 U AL
H L DA bR B EOMEOHNE CRERBENE LN, RpH ICE LVOHMNE RE70
BT b U APREE L REIIEIN U BB R A LR B o, (5% T AIVE L ER—
Shibata 1989b; 6 %7 /L% I B2 1) kU 7 A —DeGroot i, 1988)

£H1 0 4 EBHEDO. 6 4%EREET MY VAR pH & NatBEZ BT, L, 2
RIS EIC 72 0 . EEERAEROEMEHE VR I eh o7, (Fukushima A7, 1989)

FELERF RNV ULBEL FR L pH DEREBEEICLERHEEERTHDITNED,
Z S A U I3 AL O 4 2R RIBE T,

2. 2. 5. 3 RE

FRpH F FU WAL FUBEDE LWELELICRECEMN A L SE X b HREEEE)
X7 EE S — AT I RET7atEI FORRAZHE> TSN TNWS, TEZ Y —AT X F(O.
3 5%) IXERARTAVEESY T, REERAEMNESEZ, LL, 1 HOWETREESHEZX
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urine volume without a marked change in urine pH or sodium ion
concentration has been studied using the diuretics acetazolamide and
furosemide. Acetazolamide (0.35%) decreased the urine osmolality
and increased fluid intake but lacked promoting activity in one
study (Fukushima et al. 1983b). However, that study showed

limited sensitivity in demonstrating the effects of 5% sodium
saccharin and 5% sodium ascorbate.

A more recent initiation-promotion study using acetazolamide
(0.35%) has reported significant promoting activity, but these
effects were not shown to be independent of a change in pH since
acetazolamide also increased the urine pH from 6.7 to 7.4 (Masui

et al. 1988b).

Furosemide treatment 250 mg/kg, 3 times weekly for 32 weeks)
was not a promoter of bladder carcinogenesis in male F344 rats. The
dose produced an increase in urine volume, a slight increase in
urine pH, but did not increase urinary sodium ion concentration
(shibata et al. 1989a). These data suggest that an increase in
urine volume in the absence of changes in pH and sodium ion
concentration does not result in the promotion of bladder
carcinogenicity.

2.2.5.4 Diet and rat strain

Feeding rats 5 or 7.5% sodium saccharin in commercial diets,

i.e. Prolab and Purina for 4 or 10 weeks resulted in an increased
[3H] thymidine labelling index in the bladder epithelium. However,
a greatly diminished or negligible increase in labelling index was
observed when the same concentrations were incorporated into NIH-07
(a crude cereal-based diet) or AIN-76A (a purified diet) diets.
Diet-related differences in urine volumes and urine pH were
implicated as being contributory factors since rats fed 7.5% sodium
saccharin in the AIN-76A diet had the lowest urine volume and the
lowest pH compared with Purina diet. The urinary concentration of
saccharin per se was highest in the group fed saccharin in the
AIN-76A diet (this was the group which showed no increase in
labelling index) indicating that the urinary concentration of
saccharin is not a critical factor. The F344 strain was more
sensitive to saccharin-induced hyperplasia and increases in the

[3H] -thymidine labelling index than were Sprague-Dawley rats
(Garland et al. 1989Db).

In a similar study, sodium and calcium saccharin were fed to
male F344 rats at 5% in either Prolab 3200 or AIN-76A diets to
assess the effects on urinary parameters. The urine volume was
actually greater in rats fed the AIN-76A diet containing saccharin
than in the corresponding Prolab group and the urinary saccharin
concentration was less. The urine pH was about 1.5 units lower in
the urine from rats fed with the AIN-76A diets compared with those
fed the Prolab diets (Fisher et al. 1989).

A full initiation-promotion study with sodium saccharin has
shown that dietary levels of 5% do not act as a promoter of bladder
carcinogenesis if given to rats in the AIN-76A diet (OCkamura et al.
1991). This is consistent with an earlier observation with this
diet (Imaida and Wang 1986).

The basal diet has been shown to play a similar critical role
in the promotion of bladder carcinogenesis by sodium ascorbate (Mori
et al. 1987). The nature of the basal diet also influences the
urinary changes associated with the administration of monosodium
glutamate (De Groot et al. 1988).
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W=, (Fukushima #4, 1983b) RALZNH, 5%V v B VYT P UALLERT AINVEVRRT
R U Y ADFEESEEY B I OB RITR O NS LAVRS 2o T,

FEsS—ATIE (0. 35%) Bof, k0REORM—REFERNY OREES
EWMELTVS, LiL, TEFY—ATIFLRpH 26. 7157, 4ETHEMSELDOT
THLOEEI pHEMEEERTH D LRI o7z, (Masui £, 1988b)

3 2. WMIZ3E. 250mg/keg 7ot I FAEIIHEFS 4 4 XX I OEMEEFERIERE
WX EN- T, ZOREIREOCEMERpH OBEMER L, LHL, RFMITVASE
VYBRE AN SR h o, (Shibta A, 1989a) pH & FU VAL FUREOEDOENRE
BAIERE R RE R R S o2 E 2RO DT — HITRB L TV D,

2. 2. 5. 4 BEIXIIZHRK '
4h5 1 03EM, HRARLE, 372D Prolab & Putina FIZ5227. 5%F vy WY F I Y

ADF X I RETEBEN L OPHIF I O VSR B RS e, AL S, NIH-0 7

(RS EE]) 2 AIN—7 6 A (BRAEH) LAEINRC, ERTHEREZRE BD
So, WmETEBRMAEESNT, AN—7 6A REEDT7. 5% Yy h Y F b YU AREED
5% 375 Purina RETE W LT, BERELEEpH 28 L0T, AHICHEELZRES R
H OMEIFEEECHAFELER L, Vo) VREBENSREHERTRVWERT AIN—7
6 A B (Z OBEIHESM T IECEMERS RN AV—TEol) Tyl vehxbh
I N—FTH oV EDOLDORBENERbENPo T, Ty ) VERERELPH]T IV
EESAHTEE OB KT LT Spraque-Dawley X A X XV HF3 4 4 RFEDFH, & Rt LTz,
(Garland 7, 1989b)

FEATIRT, BT A —EBEBEET B oI VT IR LYy B Y Ay
T ANHEFS 4 4 3R 3IUT 5 %IEEE T Prolab 3200 7 AIN—7 6 A BREED EH L INTEX BT,
Prolab 2L —7 50 b ¥ v h U L EETe AIN— 7 6 ARIRZ 52 b3 X I OFITREBIZER,
Sinot- L. BYoH U VBER. XVIENPoT, AIN—7 6A BEEOFXXIDROFFH Prolab
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2.2.6 Special studies on the basis of sex/species specificity of
carcinogenic effects of saccharin

Crystals and flocculent precipitate have been observed in the
urine of rats fed sodium saccharin for four weeks (Cohen et al.
1989) . Milky flocculent precipitate has also been noted in the
urine of rats fed 5% sodium saccharin in a chronic study which was
more pronounced in males than in females and was found to contain
saccharin and protein (Arnold et al. 1980).

In preliminary evaluations, a correlation was demonstrated for
individual rats between early appearance of the precipitate,
consistent appearance over the course of the study and the
subsequent severity of "bladder effects" over a 10-week treatment
period {(cited Cohen and Garland 1992).

A number of methods have been used to quantify this urinary
precipitate. Visual inspection of the filtered urine showed that a
white precipitate was frequently noted on the filters from male rats
treated with sodium saccharin, but rarely on the filters from
control male rats, control and treated female rats and control and
treated male and female mice. In addition, precipitate was not noted
in the filtered urine of rats treated with acid saccharin. A
turbidity assay which measured absorbance of the urine at 620 nm
showed that urine turbidity was increased by feeding of sodium
saccharin to rats (information on sex not available but presumed to
be male), at levels exceeding 3% and with sodium ascorbate at 6.84%.
The urine turbidity of rats treated with lower levels of saccharin
or with acid saccharin, ascorbic acid, sodium saccharin with

ammonium chloride or sodium saccharin in AIN-76A semi-synthetic diet
was similar to that in untreated rats (cited in Cohen and Garland
1992) .

Gel filtration of the protein component of the urinary
precipitate showed it to migrate with low molecular weight proteins
including alpha, -globulin (Cohen et al. 1990). Binding of

saccharin to urinary proteins is minimal at a pH of 5.5, but
increases with increasing pH. Treatments which were associated with
a urinary pH less than 6.5 did not result in the formation of a
urinary precipitate or in the production of proliferative changes in
the bladder (cited in Cohen and Garland 1992).

A study was conducted to determine whether alpha, -globulin

plays a role in the development of bladder lesions in sodium

saccharin-treated rats. The effects of sodium saccharin on urinary
parameters and bladder morphology were compared in NCI-Black-Reiter
(NBR) male rats which do not synthesize alpha, -globulin, castrated

male F344 rats which have lower alphazu—globulin levels, and intact

male F344 rats. Scanning electron microscopy and light microscopy
showed that 7.5% sodium saccharin in the diet had less of an effect
on the bladders with respect to morphological changes (simple and
proliferative hyperplasia) of the NBR rats than in the intact F344
rats, and the results from the castrated F344 rats were intermediate
between the intact F344 and NBR male rats. The ability of saccharin
to bind in vitro to urinary proteins was much less with NBR rat
urine than with urine from intact F344 rats. Urine from castrated
F344 rats was not tested. Binding was predominantly to proteins of
low molecular weight in the F344 rat and equally divided between low
and higher MW proteins in the NBR rat. Although urine volume and
sodium concentration were elevated, urine pH was actually decreased
in sodium saccharin-treated rats as compared with respective
controls, but still exceeded values of 6.5. The NBR rats had in
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general a much greater urine volume, so that urinary concentration
of solutes was decreased. Visual inspection indicated that a white
precipitate was occasionally present in the urine of untreated rats,
in the majority of urine samples collected from sodium saccharin-
treated intact and castrated F344 rats and in approximately half of
the sodium saccharin-treated NBR rats. The presence of

alpha

2u-globulin was detected using Western blot analysis in the

urine from intact male F344 rats, very low levels in the urine from
female F344 rats and none in the urine from NBR rats. Data for the
castrated rats were not available from this study, but levels are
reported to be intermediate between those of intact and NBR rats.
The results of this experiment demonstrated a relationship between
urinary alpha, -globulin levels, binding of saccharin to urinary
proteins and morphological changes in the bladder (Garland et al.
1992a) .

The Committee was not convinced that this evidence showed that
alpha, -globulin has a role in bladder carcinogenesis.

2.2.7 Special studies on the possible significance of exposure to
saccharin through lactation

The physiological changes in young male rats that had been
exposed to sodium saccharin from parturition (up to 5% in the diet)
have been compared to those detected in animals exposed only from
weaning and to controls. The results at 10 weeks after weaning
showed that exposure during lactation slightly enhanced the effects
of saccharin compared to animals exposed only from weaning. The
animals exposed from parturition showed a significantly lower urine
osmolality, lower body weight and lower food intake and a non-
significant increase in urine mass, bladder mass and bladder
hyperplasia compared with those exposed after weaning (Anderson

et al. 1988b).

Administration of a diet containing 7.5% sodium saccharin
during a 2-generation protocol resulted in anaemia in both dams and
pups and a severe reduction in post-natal body weight (35% by day
30). This observation had been made previously in weanling rats
from the IRDC long-term study (Schoenig et al. 1985). Saccharin-
treated pups, 28-30 days old, showed the typical saccharin-related
changes in the gastrointestinal tract (increased caecum weight and
moist faeces) and in the urine (increased volume and decreased
osmolality, increased Na* and decreased K* and Ca**). Pups
raised on saccharin-containing diets had elevated serum
concentrations of cholesterol, triglycerides and Vitamin E, and
decreased concentrations of Vitamin A and folate in the serum and
liver compared with untreated controls (Garland et al. 1991a).

A subsequent investigation at dietary concentrations of 0, 1, 3
and 7.5% sodium saccharin using a two-generation protocol,
investigated these findings in 30-day-old pups in more detail. The
effects of sodium saccharin on anaemia, serum folate and Vitamin A
were dose-dependent, while the effect on serum concentrations of
vitamin E, cholesterol and triglycerides was biphasic, with a
decrease at 1% and 3% and an increase at 7.5% in the diet. These
effects were mostly reversible by 90 days of age., At 7.5% in the
diet, there was a decrease in liver weight which was associated with
a decrease in glycogen and an increase in the numbers of lipid
vacuoles. The dietary NOEL for sodium saccharin-induced changes in
the liver and for anaemia was estimated to be 1% (Garland et al.
1991b) .

These nutritional and biochemical effects resemble findings in
pups of iron-deficient dams, and further studies were conducted to
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see whether iron and/or folate supplementation could counteract the

effects of 7.5% dietary sodium saccharin in pups up to 30 days old.
" Iron supplementation reversed some of the biochemical changes, but
had no effect on the majority of the urinary changes which are
typically observed with high dietary levels of sodium saccharin and
implicated with enhancing the epithelial hyperplasia of the bladder.
It is likely that the biochemical changes in the neonatal rat

described above are a consequence of iron deficiency which is an
indirect effect of sodium saccharin treatment and probably
independent of urinary and bladder effects (Garland et al. 1992b).

Cohen and his associates have proposed that during the neonatal
period newborn rats are uniquely sensitive to the mitogenic effects
of saccharin on the urothelium. In this model, the importance of
exposure to sodium saccharin during the this period arises from the
fact that approximately one third of the total lifetime mitoses of
the urothelium occur within the first 3 weeks of life (Cohen and
Ellwein 1991). A significant increase in cell proliferation rates
due to sodium saccharin administration during the 3 weeks after
birth (Masui et al 1988a), coupled with the background probability
of spontaneous genomic errors would substantially increase the
number of initiated cells (Cohen and Ellwein 1990).

The critical event(s) occurring during the neonatal phase,
leading to an increased population of initiated cells, has not been
identified.

2.2.8 S8pecial studies on the effects of saccharin on digestion

The caecal enlargement which results from feeding high dietary
concentrations of saccharin to rats is accompanied by an increase in
the total numbers of micro-organisms (Mallett et al. 1985). Since
saccharin has been shown to inhibit the activity of digestive
enzymes mediating hydrolysis of complex carbohydrates, as well as
that of several proteases and urease (Section 2.1.3), this increase
in the numbers of caecal bacteria suggests a large increase in
nutrient availability for microorganisms in the lower GI tract.

A study was performed to investigate a possible connection
between the saccharin-mediated decrease in hydrolysis of complex
carbohydrates and altered urinary parameters (increased urine
volume, concomitant bladder mass increase and decreased osmolality)
in the male rat. However, when the starch component of the 5%
saccharin-containing diet was replaced with an equivalent amount of
glucose, the effect on caecal enlargement was the same, leading the
authors to conclude that in addition to inhibiting carbohydrate
digestion, 5% sodium saccharin in the diet of rats also inhibited
intestinal transport of glucose. A diet low in carbohydrates (3%
sucrose) resulted in a smaller increase in caecal volume compared
with diets containing various forms of carbohydrates at a level of
65%. It abolished the increase in relative urine volume and bladder
mass noted in the carbohydrate-fed groups even though low-
carbohydrate groups had a comparable increase in water intake. The
authors concluded that the responses of urinary parameters in rats
ingesting high doses of sodium saccharin were dependent on the
effects of sodium saccharin on carbohydrate metabolism and glucose
transport from the intestine. However, they did not take into
consideration the effects of the high concentrations of cellulose
and fat in the low-carbohydrate diet on the absorption of water from

the GI tract. They also did not comment on the fact that absorption

of ingested saccharin was markedly decreased in rats on the low
carbohydrate diet compared with the 65% carbohydrate diets; only
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31% of the ingested dose of saccharin was excreted in the urine
compared with 67-83% in the carbohydrate diets (Anderson et al.
1987a) .

Measurement of the caecal contents of the rat has shown that
sodium saccharin ingestion increases the total protein content of
the caecum (Sims and Renwick 1985) and produces dose-related
increases in the urinary excretion of the bacterial amino acid
metabolites, indican and p-cresol, which are known to have
promoting or co-carcinogenic properties (Lawrie et al. 1985;
Lawrie and Renwick 1987). The toxicological significance of these
abnormal metabolic profiles is uncertain.

Comparison of the extent of hyperplasia of the bladder
epithelium in rats fed diets containing 5% sodium saccharin and/or
1.5% indole has demonstrated that indole per se does not
contribute significantly to hyperplasia in the urinary bladder
(Anderson et al. 1989).

Administration of 1 g/day of sodium saccharin to humans did not
alter the urinary excretion of these bacterial amino acid
metabolites (Lawrie and Renwick 1987).

A mechanism of action involving enhanced microbial activity in
the gut resulting from excess undigested carbohydrates and protein
in saccharin-treated rats was not apparent.

2.3 Observations in humans

Epidemiology studies on the possible association between
saccharin ingestion and bladder cancer in humans covering the period
up to 1983 were reviewed. The studies and conclusions included in
this review were mentioned in the previous monograph addendum (Annex
1, reference 67), including a meta-analysis of 8 of the studies
which concluded that the relative risk associated with ingestion of
saccharin and subsequent development of bladder cancer was close to
one for males, females or both sexes combined (Morgan and Wong
1985) . i

Since the review of 1985, there have been additional
epidemiology studies published which considered the potential effect
of saccharin on the urinary bladder. A novel study using autopsy
specimens reported on the histological changes in sections from the
urinary bladder in humans in which the numbers of cell rows and the
presence and extent of cells with atypical nuclei were recorded. A
total of 6503 sections from 282 patients were examined. No
relationship was found between the changes in the bladder epithelium

and the use of artificial sweeteners in general (Auerbach and
Garfinkel 1989).

Another important study was published by the group which had
previously reported a significantly increased saccharin-related risk
for males (odds ratioc 1.6) but not females (Howe et al., 1977).

The more recent case-control study used 826 histologically-verified

cases of bladder cancer (compared with 480 men and 152 women in the

earlier study). The relative risk for the use of a number of

artificial sweeteners, including saccharin, did not suggest an

association with bladder cancer in either males or females (Risch
et al. 1988).

Two studies attempted to identify the principal risk factors

for bladder cancer in Spain using 406 patients with bladder cancer
(353 males and 53 females) and age-matched controls from the same
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hospital who did not have any malignant disease. Consumption of
wine with "gaseosa", which contains saccharin and cyclamate, was
associated with an enhanced risk of bladder cancer in males although
there was no association between alcohol ingestion and bladder
cancer (after stratification for smoking). The authors did point
out, however, that the wine consumed with gaseosa was typically of
low quality and contained large amounts of impurities.

Consequently, the low quality of the wine was an additional risk
factor (Bravo and Del Rey-Calero 1987).

In a related paper, discriminant analysis was applied to the
data obtained from the same patients (not presented) in order to
identify and rank factors increasing the risk of bladder cancer.
Use of artificially-sweetened beverages ranked fourth and use of
artificial sweeteners themselves ranked eighth. The number of
cigarettes smoked was the most important factor. Saccharin was not
specifically mentioned (Bravo et al. 1987).

A small case-control study (194 bladder cancer patients and the
same number of age- and sex-matched controls) conducted in Turkey
reported a statistically significant association (p<0.05) between
the use of artificial sweeteners and the development of bladder
cancer. The authors did not distinguish between the use of specific
sweeteners and only 19 cases and 8 controls reported using these
substances. In addition, there was no investigation of the possible
influence of confounding factors (Akdas et al. 1990).

Two population-based case-control studies in the U.S.A.
concluded that there was no link between consumption of artificial
sweeteners and bladder cancer. One study was conducted with 173
female patients with bladder cancer and had only two categories of
use of artificial sweeteners, that being 100 times or more life-time
use of artificially-sweetened beverages or tabletop sweeteners or
less than 100 times use (Piper et al. 1986).

The second study investigated the potential of increased volume
of fluid intake or of specific fluids, including artificially-
sweetened beverages, to increase the'risk of bladder cancer. No
association was found between the volume of intake of artificially-
sweetened beverages and bladder cancer (Slattery et al. 1988).

A case-control study with 117 patients apparently showed no
association between saccharin consumption and bladder cancer (the
data were not presented) (Iscovitch et al. 1987). Although this
study was small compared with some previous investigations, it was
of sufficient power to show that cigarette smoking was a major risk
factor.

An update of the earlier review of Morgan and Wong (1985) in
which most of the above-mentioned studies were analyzed, was
provided. 1In addition, they added two of these studies to the
meta-analysis performed previously. The conclusions from this
meta-analysis were the same as those in the previous paper: the
relative risk from the combined data of 15 studies indicated that
there was no association between ingestion of saccharin and
development of bladder cancer (Elcock and Morgan 1992).

A study which investigated the correlation between the urinary
excretion of the microbial amino acid metabolites indican,
p-cresol and phenol (which have been shown to be co-carcinogenic
or promoters) and bladder cancer was conducted in thirty-two
patients with histologically-confirmed carcinoma of the urinary
bladder and a similar number of matched controls. There was wide
variability between individuals in the excretion of these
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AT HBEMEA L IEERAE L O OFKHIcEEREES (p<0. 05) 2 LaTiTb
N/ NEBIRTRXBZ (1 9 4 ADOBEMEERE & FEOERD & HRHREX) BNiE Lz, EE
Bt 1 9GFOEFF T CRICHEBIORAE Lizho7-, £ LT, SKBRNZNLOHKEY
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KE T DI 2 HOFER % ZERET U 7B B RBFZEIE A T H BRRHER & B & oRic
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metabolites, but no difference was detected between the two groups
(Renwick et al. 1988).

3. COMMENTS

An independent assessment of the bladder histopathology data
from the most recent two-generation feeding study in rats that was
reviewed at the twenty-eighth meeting revealed the presence of
transitional cell papillomas and carcinomas in the control group.
This assessment reduced concern over setting the NOEL at a dose
where tumours were observed and it eradicated the statistical
significance of the inc¢rease in tumour incidence at the 3% dietary
level. Application of a dose-response model to the carcinogenicity
data suggested a threshold for carcinogenesis close to 3% saccharin
in the diet. This is the dietary level at which saturation of renal
tubular secretion occurs in the rat and anaemia and other
biochemical changes occur in weanling rats. In this study, the
absolute and relative weights of the urinary bladder of treated rats
were significantly higher than those of controls when sodium
saccharin was included in the diet at levels of 3% or higher.

The rat is the only species that has been reported to show an
increase in the incidence of. bladder tumours at high dietary
concentrations of sodium saccharin in a 2-generation study. Apart
from mice, studies in other species have not included neonatal
exposure to saccharin at levels above the maximum tolerated dose.
The Committee concluded from the long-term feeding studies that the
dose-related carcinogenic activity of sodium saccharin on the
urinary bladder was specific to the male rat and that exposure
during the necnatal period was critical for the subsequent
development of these tumours in the absence of an initiator or
stimulus such as freeze ulceration. The critical events during the
neonatal phase that lead to an increase in the population of
initiated cells have not been identified.

The Committee considered the genotoxic potential of saccharin

on the basis of its physicochemical properties and results from

in vitro and 1in vivo assays. At physiological pH, saccharin
exists almost exclusively as the anion. As such, the parent
compound does not resemble an electrophilic chemical carcinogen that
would bind to DNA, nor has it been shown to bind to DNA in vivo.
Because it is not metabolized, it is not converted to an active
metabolite. On the other hand, sodium saccharin has exhibited’
clastogenic activity in a number of in vivo and in vitro
genotoxicity assays. Since high concentrations of sodium saccharin
were used in these assays, it has been suggested that the
clastogenic activity could be attributable to ionic imbalances at
the chromosomal level at high concentrations. The clastogenic
activity is also in disagreement with the results of the long-term
studies and tumour-initiation promotion studies with sodium
saccharin.

The conditions required for the hyperplastic and tumour-
promoting activities of high dietary concentrations of saccharin
(usually 5% or higher) on the urothelium in the male rat are an
increased urinary concentration of sodium ion and an elevated pH.
The response does not appear to be specific to saccharin, since high
dietary concentrations of other organic anions have been shown to
promote bladder carcinogenesis and induce urothelial hyperplasia
under the same conditions. The differences in tumour-promoting
activities observed between organic acids and their sodium salts
were unrelated to the urinary concentration of the parent organic
molecule.
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The Committee was not convinced that the available evidence
implicated alpha,,-globulin in bladder carcinogenesis. The

Committee also noted that a proposed mechanism of action involving
enhanced microbial activities in the gut, resulting from excess
undigested carbohydrates and protein in rats administered saccharin
in the diet had been investigated without any conclusive evidence<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>