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ABSTRACT
It is commonplace among many Romanian people (although proper stati sti cs to esti mate the real extent of this are not 

available) to lament that arti fi cial sweeteners, fl avours, colors and other ingredients bearing a mysterious “E number” are 
dangerous for their health. Saccharin, a rather old sweetener with a contorted history makes no excepti on. Is this 
chemophobia well founded and are the competent authoriti es proving themselves in fact incompetent by allowing the 
presence of saccharin on the market? Or are negati ve beliefs about saccharin just urban myths developed through 
amplifi cati on of misjudged evidence? In this mini-review we make a syntheti c presentati on of the data available on the 
safety of saccharin to allow an objecti ve and scienti fi c assessment of its risks and benefi ts and will end with a short look 
at its benefi ts in weight-control. The contorted regulatory history of saccharin, from its discovery through its bans and 
ban removals are presented here, together with the available evidence of carcinogenity and its limits. 

In 1986, J.E. Blundell and A.J. Hill published a paper in which reported that consumpti on of an aspartame soluti on 
resulted in an increase in rati ngs of appeti te compared with the control group, which only received water. Following this 
report, authors from the same group provided new evidence suggesti ng that aspartame, as well as saccharin and 
acesulfame can increase hunger rati ngs compared with water. However, the totality of the non-clinical, epidemiological 
and clinical studies published up to now have been inconsistent and designs varied considerably regarding study 
populati on, durati on, type of control, etc., with diff erent limitati ons. Most of the studies and especially clinical trials, have 
not found an increase in weight associated with consumpti on of arti fi cial sweeteners, but studies with contradictory 
results conti nue to be published. Uncertainty regarding benefi ts of arti fi cial sweeteners, including saccharin, will probably 
conti nue for at least a few years more. 
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URBAN MYTHS? 
It is commonplace among many Romanian 

people (although proper statistics to estimate the 
real extent of this are not available) to lament that 
artifi cial sweeteners, fl avours, colors and other 
ingredients bearing a mysterious “E number” are 
dangerous for their health. Saccharin, a rather old 
sweetener with a contorted history makes no 
exception. For illustrative purposes, we include 
here a few quotations taken from Romanian web 
pages (in our own translation): 

“Saccharin is one of the most controversial 
sweeteners currently available on the market. 
Although discovered more than a century ago, it is 
not clear yet whether it is safe for consumption or 
not. Before choosing to consume saccharin instead 
of sugar or choosing another ‘light’ product 
containing this additive, you must know well what 
you will be exposed to.” (9)

“Some specialists think that consumers 
(especially pregnant women and children) have 
been given a false feeling of safety and security 
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against the danger of developing cancer following 
saccharin use. Although it is a weak carcinogen, 
saccharin consumption may be a risk for every 
person.” (5)

 
 “Any sweetener containing saccharin, aspartame 

or cyclamate (sic) is carcinogen. I use fructose-
based Splenda… it is a tiny little bit more expensive 
but it does not contain all those carcinogenic 
substances” (83).

 “Even though it seems harmless, saccharin is 
not recommended by the food experts. Those who 
want or need to eliminate sugar from their diet have 
preferred for a long time saccharin; it is seen as an 
ideal sweetener, but laboratory studies have proven 
the existence of harmful side effects not at all ne-
gligible. Artifi cial sweetener derived from toluene 
(known carcinogen), prohibited in 1977 in USA, it 
was reintroduced under the condition of strict 
labeling.” (10)

 “Produced from oil, saccharin is sweeter than 
sugar, about 300 times, but energetically or 
nutritionally your body will use nothing from it, as 
it does with sugar. If consumed for a long time, 
various kinds of cancer may occur, especially of 
bladder, genital apparatus and prostate.” (80) 

Similar negative feelings may probably be 
encountered in most if not every place and culture 
where artifi cial sweeteners are used. Such opinions 
illustrate a deep distrust about the safety of various 
chemical additives which have become part of 
modern life and continue to be marketed with the 
offi cial blessing of the competent authorities. The 
latter should be presumed to use appropriate (and 
ideally best) expertise to base their decisions of 
allowing or prohibiting various additives on the 
market. Is this chemophobia well founded and are 
the competent authorities proving themselves in 
fact incompetent by allowing the presence of 
saccharin on the market? Or are such ideas as 
mentioned above just urban myths developed 
through amplifi cation of misjudged evidence? In 
this mini-review we make a synthetic presentation 
of the data available on the safety of saccharin to 
allow an objective and scientifi c assessment of its 
risks and benefi ts and will end with a short look at 
its benefi ts in weight-control. To understand the 
current fears associated with saccharin we need to 
look fi rst into its contorted history. 

A SHORT HISTORY
In 1879, Professor Ira Remsen from Johns 

Hopkins University was supervising a young re-
search fellow, Constantin Fahlberg, in the chemical 
study of several toluene derivatives. This seems to 
be the only indisputable fact of the story, for 
otherwise a whole set of variations on the same 
theme exists. In one version, while hastening to 
have dinner (other sources make reference to lunch), 
Remsen did not wash his hands carefully (he did 
not wash them at all, in other versions of the story) 
and in the course of the meal he felt that the food 
was inappropriately sweet, and later bitter; his wife 
felt nothing of the sort. This lead Remsen to discover 
that sweetness came not from the food, but rather 
from his fi ngers. But the same story was told by 
Fahlberg, who not only claimed that he was the sole 
discoverer of the saccharin, but patented it and 
made a fortune from its marketing. Moreover, to 
Remsen’s dismay, Fahlberg published several pa-
pers claiming his exclusive merits in the discovery 
of saccharin, although the fi rst paper on the topic 
was co-authored by both of them. This left Professor 
Remsen with a very bad taste: “Fahlberg is a 
scoundrel. It nauseates me to hear my name 
mentioned in the same breath with him”, wrote he, 
in a letter to an old friend. What he was interested in 
(he claimed), was not so much the material benefi ts 
which Fahlberg reaped, but rather the moral 
recognition of his contribution: “I did not want his 
money, but I did feel that I owed to have received a 
little credit for the discovery” (24, 40, 57). 

Soon saccharin was marketed in Europe and then 
in United States as a good alternative to sugar. 
Initially, saccharin was manufactured starting from 
toluene, which was treated with chlorosulfonic acid 
and the product of this reaction was then oxidized 
directly to saccharin. In United States this manufac-
turing process was fi rst used by the Monsanto 
Chemical Company, started by John F. Queeny in 
1901, with saccharin as its fi rst product to be 
manufactured. In the beginning of the 1950s, a 
better process was developed by Oliver Senn and 
George Schlaudecker, starting not from toluene, but 
from the common grape fl avorant methyl 
anthranilate; the saccharin thas produced was 
commercialized by the Maumee Chemical Company 
(which will subsequently be acquired by the Sherwin 
Williams Company, who later would sold the 
saccharin business to PMC Specialties Group, Inc.) 
(43). 

Safety of saccharin was investigated relatively 
soon after its discovery and was questioned before 
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long after its marketing. In 1886 it was tested in 
Europe on workers who received single doses of up 
to 5 grams. Two years later, a French investigator 
administered the dose of 5 g to diabetic patients for 
5 months. Both these investigations were considered 
as proofs of its safety. In the following years 
sporadic reports about loss of appetite and gastro-
intestinal disturbances were reported as associated 
with saccharin consumption (91). In 1890, the 
Commission of the Health Association in France 
declared saccharin to be “harmful,” and outlawed 
its manufacture or importation. Several scientists, 
especially French hygienists, protested vehemently, 
attempting to prove the harmless character of 
saccharin (17). By 1902, governments of Germany, 
Hungary and Portugal banned the use of saccharin 
in food and beverages, purportedly because of 
concern that high level of saccharin might cause 
digestive problems (112). Other interests may also 
have played a role in taking these decisions: the 
German decision, for instance, seems to have been 
heavily infl uenced by pressures from the German 
sugar beet manufacturers (114).

In United States, in the years preceding the 
famous Food and Drug Act of 1906, saccharin and 
other sweetener manufacturers were singled out as 
food adulterators by Harvey Wiley, the nation’s 
leading authority on food and drug adulteration at 
that time. The fi rst proposal of saccharin banning 
was made in fact by Wiley, but fi rmly rejected by 
President Roosevelt (the other main force behind 
the adoption of the Food and Drug Act), in a an 
episode involving a heated exchange of words 
between two strong personalities. According to 
Wiley (in its autobiography), in the context of an 
important discussion on saccharin, Roosevelt asked 
him: “Doctor Wiley, do you think benzoate of soda 
is an injurious substance when placed in food?” At 
this, the not-very-humble Wiley retorted: “Mr. 
President, I don’t think, I know.” In his autobiogra-
phy, Harvey Wiley continues the chronicle of this 
episode: “When I said this, President Roosevelt 
turned upon me, purple with anger, and with 
clenched fists, hissing through his teeth, said: ‘You 
say saccharin is injurious to health? Why, Doctor 
Rixey gives it to me every day. Anybody who says 
saccharin is injurious to health is an idiot.”(113)

In 1912, saccharin got banned from foods in 
United States, but it still remained available as a 
medicine on this market. During World War I, sugar 
shortages lead to a temporary lifting of the ban, but 
otherwise it applied up to 1938. From this year, it 
was available in United States both as a drug 
(medicinal product) and special dietary supplement 

available to those patients with special medical 
needs. Saccharin availability seems to have been 
similar during this period also in Canada (59). 
Between 1920 and 1950 numerous attempts to 
investigate saccharin toxicity in laboratory animals 
were made. These investigations were of relatively 
short duration and did not show reasons for concern. 
In 1951, Fitzhugh et al. reported the occurrence of 
lymphosarcomas in rats fed with 5% saccharin diet 
(but not in those fed with 1% saccharin); these 
results were not considered conclusive because a 
similar high incidence of tumors was seen in the 
control group of animals (47, 91). 

Consumption of saccharin and other artifi cial 
sweeteners (especially cyclamates) increased after 
1950s on the North-American continent after 
manufacturers of artifi cially sweetened foods 
extended their marketing efforts to include not only 
diabetics, but also dieters. When in 1958 the Food 
Additives Amendment to the Food, Drug, and 
Cosmetic Act was passed by the Congress, saccharin 
was one of the substances “generally recognized as 
safe” (GRAS) (73). During this period the use of 
saccharin and cyclamates increased substantially, 
and after 1969, when FDA banned the use of 
cyclamates (because ingestion of large amounts 
were shown to be associated to some extent with 
cancer in some animals), the use of saccharin, left 
as the sole artifi cial sweetener available in US, 
escalated to unprecedented levels. By 1977, in the 
United States the diet soft drinks market was 
estimated to about 1.5 billion $ and 15% of the soft 
drink market (112). 

In 1970, the US National Academy of Sciences 
(NAS) adopted the no-effect level of 1% recom-
mended by FAO/WHO committee, but held that the 
use of a 100:1 safety factor was “unduly conserva-
tive” and instead recommended a safety factor of 
only 30:1, leading to an ADI of about 1 g per day 
for the average adult; NAS also recommended fur-
ther studies on saccharin safety (112) (in 1993, A.G. 
Renwick would propose a safety factor of 50) (96). 
Soon after this, investigation of two-generation, 
chronic toxicity in animals was initiated. A study on 
male rats, sponsored by the Winsconsin Alumni Re-
search Foundation (WARF, 1972), revealed an in-
crease incidence of bladder tumors, particularly in 
the second generation. These fi ndings lead FDA to 
remove saccharin from the GRAS list, where it had 
belonged for over 10 years. In that same year (1972) 
FDA introduced restrictions on saccharin, aimed to 
discourage its general use by consumers and asked 
the NAS to perform a new review of the toxicologi-
cal data available for saccharin. In this review (fi -
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nalized in 1974), NAS concluded that evidence was 
not concluding regarding carcinogenicity and sug-
gested that orthotoluensulfonamide (OTS), a com-
mon impurity in commercial saccharin might play a 
role in tumour induction and recommended reas-
sessment after further data would become available 
(91). In the following years OTS was found not to 
be responsible for the carcinogenicity (16, 67). 

When a 1977 study sponsored by the Canadian 
government (16) showed that saccharin administered 
as 5% in the food of animals was carcinogenic (but 
OTS was not), both Canadian and American 
authorities decided to take regulatory actions. Both 
countries announced on 9 March 1977 that they 
intended to prohibit the sale of foods containing 
saccharin (but the sweetener as such was to continue 
to be available in pharmacies) (7,59). FDA proposed 
an immediate ban on saccharin, because the so-
called Delaney Clause (an 1958 amendment of the 
food and drug legislation) requires removal from 
the market of any additive shown to cause cancer in 
animals or humans. However, the FDA announ-
cement provoked a wave of uproar and legal 
protests, later to be called by an author “the 1977 
saccharin rebellion”: about 50,000 letters reached 
FDA and 100,000 reached Congress; thousands of 
letters were received by President Carter; James 
Martin, a Representative from North Carolina alone 
received around 6,000 letters and in a statement at 
the time said that “legislators have heard from a 
million angry citizens” (41). Congress responded 
by adopting the Saccharin Study and Labeling Act, 
which introduced a two-year moratorium on 
saccharin ban and a compulsory label warning: 
“Use of this product may be hazardous to your 
health. This product contains saccharin, which has 
been determined to cause cancer in laboratory 
animals.” The moratorium was intended to allow 
performance of additional studies investigating 
saccharin safety and has been extended fi ve times 
since (73). 

EVIDENCE OF CARCINOGENICITY 
AND ITS LIMITS

While the contorted history of saccharin 
continued after 1977, we would like to stop here for 
a while to discuss the strength of the evidence 
supporting a carcinogenic effect for saccharin. It is 
undisputed that a number of experiments showed 
that saccharin may induce bladder tumours in rats, 
alone (15, 17, 25, 30, 42, 63, 66, 102) or after 
initiation with other substances (although it is only 

a weak co-carcinogen) (33, 110) and, in rather 
peculiar experimental conditions, also in mice (21). 
It is interesting to note that in mice, saccharin was 
able to potentiate lung carcinogenicity of urethane 
(106, 115). The crux of the problem, however, is 
whether these fi ndings are relevant for the human 
species and for the substantially much lower doses 
commonly used by humans. 

For the fi rst time, an association between 
saccharine and bladder carcinogenicity was seen in 
mice in 1957, when workers at the Chester Beatty 
Institute implanted, intravesically, pellets containing 
saccharin and cholesterol (1:4) and reported the 
occurrence of one papilloma and three carcinomas. 
A second similar experiment was published in 1970; 
this time, a control group of mice received pellets of 
pure cholesterol, and had a lower incidence of 
carcinomas (13% and 12%, versus 47% and 52% 
for the saccharin-containing pellets) (21). While 
such evidence is convincing (that saccharin may 
cause bladder cancer if administered intravesically 
as pellets), it is of little scientifi c relevance for the 
common use of saccharin, which is not implanted 
intravesically, but ingested orally. It is known that 
mouse bladder is rather sensitive even to pellets of 
pure excipients (22), as also shown in this 
experiment, and therefore this effect is likely to be 
limited to this particular route of administration. 
Besides, an experiment in which 50 mice were 
given 5% saccharin in diet and a control of 100 
animals were fed on standard diet, revealed no 
neoplasms of the urinary bladder on careful macros-
copic examination in the saccharin group (98). 

In experiments on rats, sodium saccharin 
increased the occurrence of bladder tumors when 
the animals were fed over two generations beginning 
either at conception or at the time of birth and 
continuing for the rest of their lifetime (15, 25, 66, 
102). Its sodium salt also promotes bladder 
carcinogenesis in the rat following initiation with 
various substances such as MNU (110), N-butyl-N-
(4-hydroxybutyl)nitrosamine or FANFT (N(4-(5-
nitro-2-furyl)-2-thiazolyl)formamide) (33). Studies 
in rats used very high doses, usually 2.5%-5% (5% 
being the most commonly utilized) in the diet of 
animals. Hicks et al. (1973) used a dose of 2 g/kg, 
but a carcinogenic effect was only seen in the 
presence of methylnitrosourea (MNU); saccharin 
alone induced only mild hyperplasia of the bladder 
epithelium in 2 out of 12 animals that received the 
sweetener alone (65, 66). In a dose-response experi-
ment involving 2,500 second-generation male rats, 
1% the 1.0% dietary level (fed to 700 rats) was 
deter mined to be a no-effect level for bladder 
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tumours (102); this NOAEL was also supported by 
other experiments (112, 56). In a study, the incidence 
of bladder tumors in the OTS-treated groups and in 
the female rats fed the 5% saccharin diet was not 
signifi cantly different from that in control animals 
(15). In other experiments also tumour response 
was greater in male compared to female rats (30, 
33). Tumorigenic effects were seen with the sodium 
and to a lesser extent with potassium salts, but not 
with the calcium salt or the acid form of saccharin 
(even 7.5% dietary levels of acid saccharin were 
not able to induce proliferative responses in rat 
bladder), despite similar levels of urinary excretion 
for all forms of saccharin (33, 60). Studies of long 
duration involving administration of sodium 
saccharin in mice (50, 98), hamsters (1,50) and 
monkeys (105, 107) have not shown any tumorigenic 
activity (33). In monkeys, after 22 years of 
continuous dosing, saccharin has shown no evidence 
of carcinogenic effects (101, 107) (the dose used in 
this experiment was 17.9 mg/kg, a dose equal to or 
close to the usual daily dose in humans, making 
some critics to deny any relevance of the study) 
(76). When sodium saccharin is given in rats after 5 
or 6 weeks of age, tumorigenicity is generally not 
detected (33). 

Sodium saccharin seems to be just one member 
of a large group of sodium salts able to act as tumor 
promoters on rat bladder in high doses. This group 
also includes sodium ascorbate (extensively investi-
gated for its bladder tumorigenicity in rat) (32, 34, 
51, 53), glutamate (38), erythorbate (52), citrate 
(72) and bicarbonate (75, 38); as in the case of 
saccharin, the acidic forms of these salts did not 
trigger proliferative responses on the rat urinary 
bladder (38, 52). The available evidence suggests 
that the anionic portion is less important for 
tumorigenicity than the physiological changes in 
the urine triggered by the administration of those 
sodium salts. It seems that the essential factors 
involved in the preneoplastic and neoplastic changes 
at bladder level are represented by elevated urinary 
pH (over 6.5) and high urinary sodium concentration 
(while urinary calcium must be equivalent to or 
below normal values) (53, 55, 111). Acidifi cation of 
urine (e.g. by administering NH4Cl) inhibits the 
proliferative activity of sodium saccharin on rat 
urinary bladder (55, 92). But inhibition of certain 
enzymes or other mechanisms have also been 
proposed to explain the carcinogenicity of saccharin 
on rat bladder (31). In 1988, it was suggested that 
“in rats with an inherently high urine output, the 
diuresis associated with NaS (sodium saccharin) 
ingestion combined with the increasing diuresis that 

occurs with age in male rats results in a chronic 
demand for a bladder-volume increase that is met 
by excessive cell division of the bladder epithelium”, 
fi nally leading to bladder hyperplasia and tumours 
(3). Sodium saccharin is not mutagenic and does 
not bind to DNA (28), which lead to its classifi cation 
as a non-genotoxic carcinogen (108).

Using such large doses as 5% of the usual diet is 
in our view a rather unhappy example of bad 
science, as even Paracelsus was aware that “sola 
dosa facit venenum” (only the dose makes a 
substance a poison). The human equivalent would 
probably be at least 50 grams, corresponding to 
over 2,700 tablets of 18 mg. An estimation by two 
of British authors in 1974 was that the amount of 
sodium saccharin needed to produce bladder cancers 
in rat was about 2,5 g/kg, that is about 8,300 times 
the usual human consumption (12). When FDA 
commissioner Sherwin Gardner announced the 
saccharin ban, to avoid the potential panic such an 
announcement could cause, he reminded in public 
that saccharin had been in use for a long time and 
that a person would have to drink 800 diet sodas per 
day to consume de equivalent dosage of saccharin 
used in the Canadian experiments, a comparison 
widely exploited by the opponents of the ban at the 
time (112). R.M. Hicks and J. Chowaniec, who 
themselves had obtained bladder cancer in rats with 
saccharin, in a letter to British Medical Journal 
from 1977, following the FDA ban announcement, 
argued against a similar ban in UK, based on the 
very high doses needed to generate tumours and 
stating that “to withdraw saccharin… from the 
market… could well create more health problems 
than it could conceivably prevent.” (64) Furthermore, 
with the publication of the large dose-response 
study of G.P. Schoenig et al. (1985) (102), it was 
realized that the dose-response function for 
saccharin was much steeper than was previously 
assumed based on this, and therefore the risk for 
humans at the usual low doses is very low (26, 45). 

Moreover, all the data showed above indicate 
that carcinogenicity is limited to male rats given 
sodium saccharin very early in their lifetime, due to 
a specifi c mechanism not relevant for other species. 
As Bernard Oser put it in a rather memorable phrase 
in 1981, “Man is not a big rat.” (93) Straightforward, 
unqualifi ed extrapolation of data (irrespective of 
mechanism, phyisio-pathological context, etc.) from 
rodents in general, and rat in particular, to man and 
vice versa, is scientifi cally unwise (2, 35) (contrary 
to what was claimed sometimes in the past) (97): 
for instance, 2-naphthylamine is a strong bladder 
carcinogen in man, but without effect on the bladders 
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of rats (8). Data supporting a carcinogenic effect of 
sodium saccharin in humans are virtually absent. 
More than 20 epidemiologic studies investigating 
the relationship between saccharin and cancer were 
published (4, 11, 12, 13, 20, 23, 27, 29, 54, 68, 69, 
78, 79, 83, 85, 86, 88, 89, 103, 116). By 1985, over 
5,000 patients with bladder cancer had been included 
in case-control studies and over 27,000 diabetics 
had been observed for 234,000 person-years. The 
summary relative risk calculated by pooling all 
case-control studies was less than 0,98 (44, 87). In 
most of these studies the risk ratios (RRs) observed 
were close to 1 (suggesting no association), and 
weak inverse associations have been observed at 
least as often as weak direct ones (89) suggesting 
absence of any effect or a very weak one. More 
recent studies have had similar results, not sup-
porting any association between cancer and 
saccharin use (54). A case-control study from Chine 
using 254 bladder cancer patients and an equal 
number of controls reported an odd ratio of 3.9 for 
bladder cancer patients with a relatively intense use 
of saccharin; however, its results are to be interpreted 
with considerable caution, as in this study no elevated 
risk of bladder cancer in smokers was identifi ed, 
although large trials have well established the 
contribution of smoke to bladder cancer (109, 118).

Because of the great number of the epide-
miological studies, it is impossible to describe all of 
them here, even synthetically. Some of them, 
especially the fi rst ones, were more indirect, com-
paring time trends of mortality, or persons with 
diabetes with persons without diabetes. One of such 
study looked at bladder cancer mortality rates in 
England and Wales and compared them with fi gures 
for consumption (per capita) of saccharin and 
cigarettes. The increase in mortality was attributed 
to the increase in number of smoking people and no 
evidence of a break in the continuity of the mortality 
trends was identifi ed, which might have corresponded 
to the introduction of saccharin (6, 12). A second 
British study examined 18,733 patients dying from 
bladder cancer and 19,709 patients dying from other 
cancers, with the exclusion of lung and pancreas 
cancer and looked for the frequency with which 
diabetes mellitus was mentioned in the death 
certifi cates of those patients. Though it was known 
that diabetics consumed considerably more 
saccharin than non-diabetics, no evidence of 
increased risk of bladder cancer was seen in diabetics 
(11). A third investigation published in that same 
period in UK, looked at 5,971 members of the 
British Diabetic Association (99% of whom were 
suffering of diabetes) and found even a lower overall 

cancer mortality, as compared with a 10% random 
sample of all deaths which occurred in England and 
Wales in 1972 (13). None of these studies detected 
any association between sodium saccharin con-
sumption and bladder cancer, but due to their 
inherent limitations it would have been diffi cult to 
detect one if it existed (37). 

More direct studies, comparing exposed cohorts 
or cases to non-exposed ones, also had often metho-
dological limitations. Many of the studies, especially 
those performed in United States, investigated the 
relationship between artifi cial sweeteners (not 
limited to saccharin) and cancer, making diffi cult to 
separate the effects of saccharin from those of 
cyclamates (89). Others (including a Canadian one 
that found an increased risk of bladder cancer 
associated with saccharin consumption) were af-
fected by selection bias and small sample size. Most 
of these studies did not fi nd a positive association 
between saccharin use and bladder cancer (14, 37). 
One of them included a high proportion of subjects 
from UK and Japan who used saccharin in the years 
during and immediately after World War II, covering 
thus an “induction period” of 30 years or more. The 
results showed no association between sodium 
saccharin and bladder cancer; moreover, an inverse, 
unexplained relationship was seen between artifi cial 
sweeteners and bladder cancer in metropolitan 
Nagoya, Japan (89). The report of O.M. Jensen and 
C. Kamby (1982) is also of a particular interest 
because it assessed the risk of bladder cancer among 
people exposed to artifi cial sweeteners in utero and 
early childhood. In this study the risk of bladder 
cancer was evaluated in Danish people born during 
the Second World War, when saccharin use was 4-5 
times higher than in pre-war decade, thus the 
subjects experimenting increased intrauterine 
exposure. The results provided no evidence of an 
increased risk of bladder cancer during the fi rst 
30-35 years of life after in utero exposure to sodium 
saccharin (77). These data seem to provide reassurance, 
considering that it was shown that saccharin crosses 
the placental barrier and reaches the fetus (36). 

In 1991, FDA offi cially lifted its proposal to ban 
sodium saccharin based on the results of the newer 
studies showing no evident link between its 
consump tion and human cancer. The requirement 
for a special label warning was abolished in United 
States by the Saccharin Notice Repeal Act in 1996 
(48). In 1995, through its Scientifi c Committee for 
Food, the European Commission, in line with the 
joint FAO/WHO Expert Committee on Food 
Additives (JECFA), set a full ADI for sodium 
saccharin of 0-5 mg/kg bw (in 1977 and 1985, it 
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had allocated only a temporary ADI of 0-2.5 mg/kg 
bw). This was based on a No Effect Level (NOEL) 
of 1% in the diet, equivalent to 500 mg/kg bw, using 
a safety factor of 100 (in other words, the ADI is 
100 times lower than the level were no effect was 
seen in animal experiments) (46). In 1999, the 
International Agency for Research on Cancer, who 
initially classifi ed sodium saccharin as a class 2B 
carcinogen, in the light of new data reversed its 
previous decision and concluded that „saccharin 
and its salts are not classifi able as to their 
carcinogenicity to humans“ (placing it in group 3) 
(74). Following a request of the food industry, 
Health Canada has completed a comprehensive 
evaluation of sodium saccharin toxicological data 
and arrived to the same conclusion, that results of 
the previous studies on rats are not applicable to 
humans. In 2006, a letter was sent to stakeholders 
informing them of the results of Health Canada’s 
evaluation and the intention to propose regulatory 
changes to allow saccharin to be used as a food 
additive. However, no regulatory amendment regar-
ding sodium saccharin legal status has yet been 
approved in Canada (62). 

IS TOLUENE A KNOWN CARCINOGEN? 
As mentioned in the introduction of this paper, on 

one Romanian webpage, it was claimed that saccharin 
is “derived from toluene (known carcinogen)” (10). 
The implication is that because toluene as a starting 
material is a carcinogen, saccharin will also be one. 
Such reasoning is faulty, as often very slight chemical 
changes induced in a molecule may transform it from 
a non-carcinogen in a carcinogen and the other way 
out. For instance, benzene is a known human 
carcinogen (82, 90) while phenol is not (70), although 
the only difference between them is a hydroxyl group 
(phenol has an additional atom of oxygen in its 
molecule). Besides, contrary to the statement 
mentioned, toluene is not classifi able as a human 
carcinogen (81). The IARC monograph concludes 
with the following statements: “There is inadequate 
evidence in humans for the carcinogenicity of toluene. 
There is evidence suggesting lack of carcinogenicity 
of toluene in experimental animals. Overall 
evaluation: Toluene is not classifi able as to its 
carcinogenicity to humans (Group 3).” (71)

CHILDREN AND REGNANT WOMEN – 
A FALSE FEELING OF SAFETY? 

While it was shown that saccharin crosses the 
placental barrier and reaches the fetus (36), no 

epidemiological data showed an increase in risk 
associated with saccharin consumption by children 
or pregnant women. The report of O.M. Jensen and 
C. Kamby (1982), mentioned previously, provided 
no evidence of an increased risk of bladder cancer 
during the fi rst 30-35 years of life after in utero 
exposure to sodium saccharin (77). Health Canada, 
not at all one of the quickest authorities to 
acknowledge saccharin safety, following its re-
assessment of all toxicological data, in a text for the 
general public on its website, states: “The scientifi c 
evidence revealed that saccharin can be safely con-
sumed by humans, including pregnant and breast-
feeding women. However, for nutritional reasons, 
pregnant women should be cautioned against 
excessive consumption of products containing arti-
fi cial sweeteners since such foods could be replacing 
nutrient-dense, energy-yielding foods.” (61)

IS SACCHARIN USEFUL FOR 
WEIGHT-LOSS? 

Saccharin is a low-calorie sweetener and as such 
is often used by people interested in controlling 
their body weight, in a pervasive low-calorie culture 
and obesity epidemic. In the United States, a plan 
for removing sugar-sweetened beverages from 
primary and secondary school vending machines 
and replacing them with diet sodas and other non-
nutritively sweetened or unsweetened beverages 
has been proposed in the fi ght against the current 
obesity crisis (104). Delivering sweet taste without 
sugar calories seems a rational strategy (because 
artifi cial sweeteners are several hundred times 
sweeter than sugar, their contribution to energy 
intakes is insignifi cant) (18). But might this be just 
another myth about artifi cial sweeteners in general 
and saccharin in particular? 

In 1986, J.E. Blundell and A.J. Hill published a 
paper in which reported that consumption of an 
aspartame solution resulted in an increase in ratings 
of appetite compared with the control group, which 
only received water (19). Following this report, 
authors from the same group provided new evidence 
suggesting that aspartame, as well as saccharin and 
acesulfame can increase hunger ratings compared 
with water (99, 100). 

However, the totality of the non-clinical, 
epidemiological and clinical studies published up to 
now have been inconsistent and designs varied 
considerably regarding study population, duration, 
type of control, etc., with different limitations. Most 
of the studies did not use saccharin, but were focused 
either globally on artifi cial sweeteners, or on 
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aspartame. Some studies have reported that artifi cial 
sweetener use – or sweet taste itself – may intensify 
hunger, cravings, or increase food consumption, but 
most studies have reported no such increases. A 
smaller number of studies have reported raised 
levels of insulin and/or falling glucose levels (49). 
Most of the studies have not found an increase in 
weight associated with consumption of artifi cial 
sweeteners. A meta-analysis of 16 clinical trials 
evaluating aspartame (and not saccharin) found the 
artifi cial sweetener useful for weight loss, the data 
estimated from meta-analysis being in agreement 
with the loss calculated on a theoretical basis: 
around 0.2 kg/week (39). 

Because clinical trials are the most 
methodologically sound ways of generating 
evidence, such a meta-analysis should be more 
convincing than the non-clinical and mere 
epidemiological data; but some authors seem to 
have a rather strong bias in selecting only the 
epidemiological studies supporting the contrary 
conclusion (117). Evidence has been and continues 
to be inconsistent. A very recent clinical study 
compared the effects of a sucrose-rich diet consumed 
for 10 weeks with those of a diet rich in artifi cial 
sweeteners in slightly overweight healthy subjects. 

Subjects fed with a sucrose-rich diet had signifi cant 
elevations of postprandial glycemia, insulinemia 
and lipidemia compared with those fed with a diet 
rich in artifi cial sweeteners (95). These results are 
in agreement with the fi ndings of the previous 
clinical trials. Instead, a non-clinical study recently 
published by a group of Hungarian researchers 
found that mice given water solutions of table top 
artifi cial sweeteners (saccharin, cyclamate based, 
acesulfame-K based, and aspartame) had 
signifi cantly increased body weight, although the 
food intake did not change (94). Obviously, 
comparing the evidence provided by a clinical trial 
in humans and by a non-clinical study in a different 
animal species, the former should carry more weight 
(if both methodologically sound and sensitive). But 
the diversity of the fi ndings in various studies still 
leaves the problem open: “Because the scientifi c 
fi ndings are mixed, there is currently no offi cial 
recommendation about using artifi cial sweeteners 
as a tool for weight control”, wrote T. Hampton in 
a JAMA paper published in 2008 (58). Uncertainty 
regarding benefi ts of artifi cial sweeteners, including 
saccharin, will probably continue for at least a few 
years more. 

Althoff J., Cardesa A., Pour P., Shubik P.1.  Chronic study of artifi cial 
sweeteners in Syrian golden hamsters. Cancer Lett. 1975; 1(1):21-4.
Ames B.N., Gold L.S.2.  Too Many Rodent Carcinogens: Mitogenesis 
Increases Mutagenesis (Published Erratum Appears In Science 1990; 
249:1487). Science 1990; 249:970-1
Anderson R.L.3.  An hypothesis of the mechanism of urinary bladder 
tumorigenesis in rat ingesting sodium saccharin. Food Chem Toxicol. 
1988; 26(7):637-44.
Andreatta M.M., Muñoz S.E., Lantieri M.J. et al.4.  Artifi cial sweetener 
consumption and urinary tract tumors in Cordoba, Argentina. Prev Med. 
2008; 47(1):136-9
Anon.5.  Îndulcitorii artifi ciali: zaharina, aspartamul, sucraloza (Artifi cial 
sweeteners: saccharine, aspartame, sucralose). Available online athttp://
www.sfatulmedicului.ro/Educatie-pentru-sanatate/indulcitorii-artifi ciali-
zaharina-aspartamul-sucraloza_7627 (19.07.2011)
Anon6. . Saccharin and bladder cancer. Br Med J. 1975; 3(5984):610
Anon.7.  Saccharin ban will not be total. CMA. 1977; 116: 1073
Anon.8.  Saccharin in the balance. Br Med J. 1973; 3(5873):185-6
Anon.9.  Zaharina, dulce rău… (Saccharine, badly sweet….). Available 
online at http://www.ecomagazin.ro/zaharina-dulce-rau (19.07.2011)
Anon. 10. Zaharina: dulce, dar periculoasă (Saccharine: sweet, but 
dangerous). Available online at: http://www.culinar.ro/articole/hraneste-te-
sanatos/zaharina--dulce--dar-periculoasa/195/873/ (19.07.2011)
Armstrong B., Doll R.11.  Bladder cancer mortality in diabetics in relation to 
saccharin consumption and smoking habits. Brit. J. prev. soc. Med. 1975; 
29:73–81.
Armstrong B., Doll R.12.  Bladder cancer mortality in England and Wales in 
relation to cigarette smoking and saccharin consumption. Br J Prev Soc 
Med. 1974; 28(4):233-40

Armstrong B., Lea A.J., Adelstein A.M. et al.13.  Cancer mortality and 
saccharin consumption in diabetics. Brit. J. prev. soc. Med. 1976; 
30:151-157
Armstrong B.K.14.  Saccharin/cyclamates: epidemiological evidence. IARC 
Sci Publ. 1985;(65):129-43.
Arnold D.L., Moodie C.A., Grice H.C. et al.15.  Long-term toxicity of 
ortho-touenesulfonamide and sodium saccharin in the rat. Toxicol Appl 
Pharmacol. 1980; 52(1):113-52
Arnold D.L., Moodie C.A., Grice N.C. et al.16.  Long Term Toxicity of 
Orthotoluene-sulfonamide and Sodium Saccharin in the Rat: An Interim 
Report. Toxicology Research Division, Health Protection Branch, National 
Health and Welfare Ministry, Ottawa, Canada, 1977. 
Arnold D.L. 17. Two-Generation Saccharin Bioassays. Environmental Health 
Perspectives. 1983. 50:27-36
Bellisle F., Drewnowski A.18.  Intense sweeteners, energy intake and the 
control of body weight. Eur J Clin Nutr. 2007;61(6):691-700
Blundell J.E., Hill A.J. 19. Paradoxical effects of an intense sweetener 
(aspartame) on appetite. Lancet. 1986; 1(8489):1092-3
Bosetti C., Gallus S., Talamini R. et al.20.  Artifi cial sweeteners and the risk 
of gastric, pancreatic, and endometrial cancers in Italy. Cancer Epidemiol 
Biomarkers Prev. 2009; 18(8):2235-8
Bryan G.T., Ertürk E., Yoshida O. 21. Production of urinary bladder 
carcinomas in mice by sodium saccharin. Science. 1970; 168(936): 
1238-40
Bryan G.T., Springberg P.D. 22. Role of the vehicle in the genesis of bladder 
carcinomas in mice by the pellet implantation technic. Cancer Res. 1966; 
26(1):105-9
Burbank F., Fraumeni J.F. 23. Synthetic Sweetener Consumption and 
Bladder Cancer Trends in the United States. Nature. 1970; 227:296-297

REFERENCES



77

Practica Farmaceutică – Vol. 4, Nr. 2, An 2011

Burke J. 24. American connections: the founding fathers. Networked. Simon 
& Schuster Paperbacks, New York (NY), 2007, p. 47
Cancer Testing Technology and Saccharin.25.  Washington, DC: Offi ce of 
Technology Assessment, 1977. Available online at http://www.fas.org/ota/
reports/7702.pdf (24.08.2011)
Carlborg F.W.26.  A cancer risk assessment for saccharin. Food Chem 
Toxicol. 1985; 23(4-5):499-506.
Cartwright R.A, Adib R., Glashan R., Gray B.K.27.  The epidemiology of 
bladder cancer in West Yorkshire. A preliminary report on non-
occupational aetiologies. Carcinogenesis. 1981; 2(4):343-7
Chappel C.I.28.  A review and biological risk assessment of sodium 
saccharin. Regul Toxicol Pharmacol. 1992; 15(3):253-70.
Chappel C.I. 29. Saccharin revisited. West J Med. 1994; 160(6):583-5
Chowaniec J., Hicks R.M.30.  Response of the rat to saccharin with particular 
reference to the urinary bladder. Br J Cancer. 1979; 39(4):355-75.
Clayson D.B.31.  The mode of carcinogenic action of saccharin. Cancer Lett. 
1984; 22(2):119-23.
Cohen S.M., Anderson T.A., de Oliveira L.M., Anrold L.L.32.  Tumorigenicity 
of sodium ascorbate in male rats. Cancer Research. 1998. 58: 2557-2561
Cohen S.M., Ellwein L.B., Okamura T. et al.33.  Comparative bladder tumor 
promoting activity of sodium saccharin, sodium ascorbate, related acids, 
and calcium salts in rats. Cancer Res. 1991; 51(7):1766-77
Cohen S.M., Garland E.M., Cano M. et al. 34. Effects of sodium ascorbate, 
sodium saccharin and ammonium chloride on the male rat urinary 
bladder. Carcinogenesis. 1995; 16(11):2743-50.
Cohen S.M. 35. Human relevance of animal carcinogenicity studies. Regul 
Toxicol Pharmacol. 1995; 21(1):75-80; discussion 81-6.
Cohen-Addad N., Chatterjee M., Bekersky I., Blumenthal H.P. 36. In 
utero-exposure to saccharin: a threat? Cancer Lett. 1986; 32(2):151-4.
Cordle F., Miller S.A. 37. Using Epidemiology to Regulate Food Additives: 
Saccharin Case-Control Studies. Public Health Reports, 1984; 99 (4): 
365-369
de Groot A.P., Feron V.J., Immel H.R. 38. Induction of hyperplasia in the 
bladder epithelium of rats by a dietary excess of acid or base: implications 
for toxicity/carcinogenicity testing. Food Chem Toxicol. 1988; 26(5):425-34
De La Hunty A., Gibson S., Ashwell M.39.  A review of the effectiveness of 
aspartame in helping with weight control. Br Nutr Found Nutr Bull 2006; 
31; 115–128
De la Peña C.40.  Empty pleasures: the story of artifi cial sweeteners from 
saccharin to Splenda. The University of North Carolina Press, 2010, pp. 18-20 
De La Peña C.41.  Risky Food, Risky Lives: The 1977 Saccharin Rebellion. 
Gastronomica: The Journal of Food and Culture, 2007; 7 (3) (Summer 
2007): 100-105
Demers D.M., Fukushima S., Cohen S.M.42.  Effect of sodium saccharin 
and L-tryptophan on rat urine during bladder carcinogenesis. Cancer Res. 
1981; 41(1):108-12
Dubois G.E.43.  Saccharine and cyclamate. In: Sweeteners and sugar 
alternatives in food technology. Mitchel HL (ed.). Blackwell Publishing 
Ltd., Oxford (UK), 2006, pp. 104-105
Elcock M., Morgan R.W. 44. Update on artifi cial sweeteners and bladder 
cancer. Regul Toxicol Pharmacol. 1993; 17(1):35-43.
Ellwein L.B., Cohen S.M. 45. The health risks of saccharin revisited. Crit 
Rev Toxicol. 1990;20(5):311-26.
European Commission. 46. Scientifi c Committee For Food. Opinion on 
saccharin and its sodium, potassium and calcium salts (expressed on 2 
June 1995). Annex III to Document III/5157/97. Available online at: http://
ec.europa.eu/food/fs/sc/oldcomm7/out26_en.pdf (25.08.2011).
Fitzhugh O.G., Nelson A.A., Frawley J.P.47.  A comparison of the chronic 
toxicities of synthetic sweetening agents. Journal of the American 
Pharmaceutical Association. 1951; 40:583-586
Food and Drug Administration.48.  This Week In FDA History - April 4, 
1977. Available online at:  http://www.fda.gov/AboutFDA/WhatWeDo/History/
ThisWeek/ucm117714.htm (25.08.2011)
Fowler S.P., Williams K., Resendez R.G. et al. 49. Fueling the obesity 
epidemic? Artifi cially sweetened beverage use and long-term weight gain. 
Obesity (Silver Spring). 2008; 16(8):1894-900
Fukushima S., Arai M., Nakanowatari J. et al. 50. Differences in 
susceptibility to sodium saccharin among various strains of rats and other 
animal species. Gann. 1983; 74(1):8-20.
Fukushima S., Imaida K., Sakata T. et al.51.  Promoting effects of sodium 
L-ascorbate on two-stage urinary bladder carcinogenesis in rats. Cancer 
Res. 1983 Sep;43(9):4454-7
Fukushima S., Kurata Y., Shibata M., Ikawa E., Ito N.52.  Promotion by 
ascorbic acid, sodium erythorbate and ethoxyquin of neoplastic lesions in 

rats initiated with N-butyl-N-(4-hydroxybutyl) nitrosamine. Cancer Lett. 
1984; 23(1):29-37
Fukushima S., Uwagawa S., Shirai T. et al.53.  Synergism by sodium 
l-ascorbate but inhibition by l-ascorbic acid for sodium saccharin 
promotion of rat two-stage bladder carcinogenesis. Cancer Research 
1990; 50: 4195-4198
Gallus S., Scotti L., Negri E. et al.54.  Artifi cial sweeteners and cancer risk 
in a network of case-control studies. Ann Oncol. 2007; 18 (1): 40-44
Garland E.M., Sakata T., Fisher M.J. et al.55.  Infl uences of diet and strain 
on the proliferative effect on the rat urinary bladder induced by sodium 
saccharin. Cancer Res. 1989; 49(14):3789-94
Garland E.M., Shapiro R., Kraft P.L. et al.56.  Effects of in utero and postnatal 
sodium saccharin exposure on the nutritional status of the young rat. II. 
Dose response and reversibility. Food Chem Toxicol. 1991; 29(10):669-79.
Getman F.H.57.  The life of Ira Remsen. Arno Press Inc., New York (NY), 
1980 reprint of the 1940 edition published by Journal of Chemical 
Education, Easton (PA), pp. 61-67
Hampton T. 58. Sugar Substitutes Linked to Weight Gain, JAMA. 2008; 
299(18):2137-2138
Harrison K., Hoberg G.59.  Risk, science, and politics: regulating toxic 
substances in Canada and the United States. McGill-Queen’s University 
Press, Montreal, 1994, p. 80
Hasegawa R., Cohen S.M.60.  The effect of different salts of saccharin on 
the rat urinary bladder. Cancer Lett. 1986; 30(3):261-8
Health Canada. 61. Questions and Answers: Saccharin. Available online at:  
http://www.hc-sc.gc.ca/fn-an/securit/addit/sweeten-edulcor/saccharin_qa-qr-
eng.php (28.08.2011)
Health Canada.62.  Saccharin. http://www.hc-sc.gc.ca/fn-an/securit/addit/
sweeten-edulcor/saccharin-eng.php (28.08.2011)
Hibino T., Hirasawa Y., Arai M.63.  Morphologic changes in the urinary 
bladder and stomach after long-term administration of sodium saccharin 
in F344 rats. Cancer Lett. 1985; 29(3):255-63.
Hicks R.M., Chowaniec J. 64. American ban on saccharin. Br Med J. 197; 
771
Hicks R.M., Wakefi eld J.S., Chowaniec J.65.  Impurities in saccharin and 
bladder cancer. Nature. 1973; 243(5407):424
Hicks R.M., Wakefi eld J.S., Chowaniec J. 66. Letter: Co-carcinogenic 
action of saccharin in the chemical induction of bladder cancer. Nature. 
1973; 243(5406):347-9
Hooson J., Hicks R.M., Grasso P., Chowaniec J. 67. Ortho-toluene 
sulphonamide and saccharin in the promotion of bladder cancer in the rat. 
Br. J. Cancer. 1980; 42:129
Hoover R.N., Strasser P.H. 68. Artifi cial sweeteners and human bladder 
cancer. Preliminary results. Lancet. 1980; 1(8173):837-40
Howe G.R., Burch J.D., Miller A.B. et al. 69. Artifi cial sweeteners and 
human bladder cancer. Lancet. 1977; 2(8038):578-81
IARC70.  (International Agency for Research on Cancer). Phenol. In: 
Re-Evaluation of Some Organic Chemicals, Hydrazine and Hydrogen 
Peroxide (Part 2). IARC Monographs on the Evaluation of Carcinogenic 
Risks to Humans. Vol. 71. Lyon (FR), 1999; 749-768. Available online at: 
http://monographs.iarc.fr/ENG/Monographs/vol71/volume71.pdf 
(29.08.2011).
IARC71.  (International Agency for Research on Cancer). Toluene. In: 
Re-Evaluation of Some Organic Chemicals, Hydrazine and Hydrogen 
Peroxide (Part 2). IARC Monographs on the Evaluation of Carcinogenic 
Risks to Humans. Vol. 71. Lyon (FR), 1999; 829-864. Available online at: 
http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-36.pdf 
(29.08.2011)
Inoue T., Imaida K., Suzuki E. et al.72.  Combined effects of L-ascorbic acid, 
citric acid or their sodium salts on tumor induction by N-butyl-N-(4-
hydroxybutyl)nitrosamine or N-ethyl-N-(4-hydroxybutyl)nitrosamine in the 
rat urinary bladder. Cancer Lett. 1988; 40(3):265-73
Insel P., Ross D., McMahon K., Bernstein M. 73. Nutrition, 4th edition. Jones 
and Bartlett Publishers, Sudbury (MA), 2011, p. 81
International Agency for Research on Cancer74.  (IARC), Volume 73: 
Some Chemicals that Cause Tumours of the Kidney or Urinary Bladder in 
Rodents and Some Other Substances. Saccharin and its salts. In IARC 
Monographs on the Evaluation of Carcinogenic Risks to Humans IARC, 
Lyon (FR), 1999, 517-624 (available online at http://monographs.iarc.fr/
ENG/Monographs/vol73/mono73-24.pdf (29.08.2011)) 
Iwata H., Yamamoto S., Yano Y. et al.75.  Dose-dependent amplifi cation by 
L-ascorbic acid of NaHCO3 promotion of rat urinary bladder 
carcinogenesis. Toxicol Pathol. 1997; 25(3):284-90



78

Practica Farmaceutică – Vol. 4, Nr. 2, An 2011

Jacobson M.F., Farber E., Clapp R.76.  Re: Long-Term Feeding of Sodium 
Saccharin to Nonhuman Primates: Implications for Urinary Tract Cancer. 
J Natl Cancer Inst. 1998; 90 (12): 934
Jensen O.M., Kamby C.77.  Intra-uterine exposure to saccharin and risk of 
bladder cancer in man. Int J Cancer. 1982; 29(5):507-9.
Kessler I.I.78.  Cancer mortality among diabetics. J Natl Cancer Inst. 1970; 
44(3):673-86
Kessler I.I.79.  Non-nutritive sweeteners and human bladder cancer: 
preliminary fi ndings. J Urol. 1976; 115(2):143-6
Lesan C. 80. Zaharina ne păcăleşte corpul. Available online at: http://
www.365days.ro/articol-741-zaharina-ne-pacaleste-corpul/ (19.07.2011).
Lewis R.J., Lewis R.J. (Sr.),81.  Hazardous chemicals desk reference , 6th 
edition. Wiley & Sons, Hoboken, New Jersey. 2008; 1350
Maltoni C., Ciliberti A., Cotti G. et al.82.  Benzene, an experimental 
multipotential carcinogen: results of the long-term bioassays performed 
at the Bologna Institute of Oncology. Environ Health Perspect. 1989; 
82:109-124
“Micicutza”. 83. Forum opinion expressed on http://www.anticonceptionale.
ro/forum/t14957-indulcitorii.htm (19.07.2011)
Miller A.B., Howe G.R.84.  Artifi cial sweeteners and bladder cancer. Lancet. 
1977; 2(8050):1221-1222
Mommsen S., Aagaard J., Sell A.85.  A case-control study of female 
bladder cancer. Eur J Cancer Clin Oncol. 1983; 19(6):725-9.
Morgan R.W., Jain M.G. 86. Bladder cancer: smoking, beverages and 
artifi cial sweeteners. Can Med Assoc J. 1974; 111(10):1067-70
Morgan R.W., Wong O.87.  A review of epidemiological studies on artifi cial 
sweeteners and bladder cancer. Food Chem Toxicol. 1985; 23(4-5):529-33.
Morrison A.S., Buring J.E.88.  Artifi cial sweeteners and cancer of the lower 
urinary tract. N Engl J Med. 1980; 302(10):537-41
Morrison A.S., Verhoek W.G., Leck I. et al.89.  Artifi cial sweeteners and 
bladder cancer in Manchester, U.K., and Nagoya, Japan. Br. J. Cancer. 
1982; 45: 332
National Center for Environmental Assessment90. –Washington Offi ce, 
U.S. Environmental Protection Agency. Carcinogenic Effects of Benzene: 
An Update. EPA/600/P-97/001F. Washington DC, 1998. Available online 
at http://www.epa.gov/ncea/pdfs/benzenef.pdf (29.08.2011)
National Research Council. 91. Technical assessments of risks and 
benefi ts. National Academy of Sciences, Washington DC, 1978, pp. 5-6
Okamura T, Garland EM, Masui T et al. 92. Lack of bladder tumor 
promoting activity in rats fed sodium saccharin in AIN-76A diet. Cancer 
Res. 1991; 51(7):1778-82
Oser BL.93.  The rat as a model for human toxicological evaluation. 
J Toxicol Environ Health. 1981; 8(4):521-42
Polyák E., Gombos K., Hajnal B. et al.94.  Effects of artifi cial sweeteners 
on body weight, food and drink intake. Acta Physiol Hung. 2010; 
97(4):401-7
Rabe n A., Møller B.K., Flint A. et al.95.  Increased postprandial 
glycaemia, insulinemia, and lipidemia after 10 weeks’ sucrose-rich diet 
compared to an artifi cially sweetened diet: a randomized controlled trial. 
Food Nutr Res. 2011;55. Epub 2011 Jul 20
Renwick A.G. 96. A data-derived safety (uncertainty) factor for the intense 
sweetener, saccharin. Food Addit Contam. 1993; 10(3):337-50.
Reuber M.D.97.  Carcinogenicity of Saccharin. Environmental Health 
Perspectives. 1978; 25:173-200 

Roe F.J., Levy L.S., Carter R.L.98.  Feeding studies on sodium cyclamate, 
saccharin and sucrose for carcinogenic and tumour-promoting activity. 
Food Cosmet Toxicol. 1970; 8(2):135-45
Rogers P.J., Carlyle J., Hill A.J., Blundell J.E. 99. Uncoupling sweet taste 
and calories: comparison of the effects of glucose and three intense 
sweeteners on hunger and food intake. Physiol Behav 1988; 
43:547-552.
Rolls B.J. 100. Effects of intense sweeteners on hunger, food intake, and 
body weight: a review. Am J C/in Nutr l991; 53:872-8.
Schoeffner D.J., Thorgeirsson U.P. 101. Susceptibility of nonhuman primates 
to carcinogens of human relevance. In Vivo. 2000; 14(1):149-56.
Schoenig G.P., Goldenthal E.I., Geil R.G. et al. 102. Evaluation of the dose 
response and in utero exposure to saccharin in the rat. Food Chem 
Toxicol. 1985; 23(4-5):475-90
Simon D., Yen S., Cole P.103.  Coffee drinking and cancer of the lower 
urinary tract. J Natl Cancer Inst. 1975;54(3):587-91
Swithers S.E., Martin A.A., Davidson T.L.104.  High-intensity sweeteners 
and energy balance. Physiol Behav. 2010; 100(1):55-62
Takayama S., Sieber S.M., Adamson R.H. et al.105.  Long-term feeding of 
sodium saccharin to nonhuman primates: implications for urinary tract 
cancer. J Natl Cancer Inst1998; 90: 19–25
Theiss J.C., Arnold L.J., Shimkin M.B. 106. Effect of commercial saccharin 
preparations on urethan-induced lung tumorigenesis in strain A mice. 
Cancer Res. 1980; 40(11):4322-4
Thorgeirsson U.P., Dalgard D.W., Reeves J., Adamson R.H.107.  Tumor 
incidence in a chemical carcinogenesis study of nonhuman primates. 
Regul Toxicol Pharmacol. 1994; 19(2):130-51.
Turner S.D., Tinwell H., Piegorsch W. et al. 108. The male rat carcinogens 
limonene and sodium saccharin are not mutagenic to male Big BlueTM 
rats. Mutagenesis. 2001; 16(4): 329-332
Weihrauch M.R., Diehl V. 109. Artifi cial sweeteners – do they bear a 
carcinogenic risk? Ann Oncol. 2004; 15 (10): 1460-1465
West R.W., Sheldon W.G., Gaylor D.W., Allen R.R., Kadlubar F.F. 110. 
Study of sodium saccharin co-carcinogenicity in the rat. Food Chem 
Toxicol. 1994; 32(3):207-13
Whysner J., Williams G.M. 111. Saccharin mechanistic data and risk 
assessment: urine composition, enhanced cell proliferation, and tumor 
promotion. Pharmacol Ther. 1996; 71(1-2):225-52.
Wildavsky A.112.  But is it true?: a citizen’s guide to environmental health and 
safety issues. Harvard University Press, Cambridge (MA), 1997, p. 26
Wiley H.113.  Autobiography. Bobbs-Merril Co., Indianapolis (Indiana), 1930, 
pp. 239-242
Wilkins M. 114. The history of foreign investment in the United States to 
1914. Harvard University Press, Cambridge (MA), 1989, p. 400
Witschi HP.115.  Promotion of Lung Tumors in Mice. Environmental Health 
Perspectives. 1983; 50: 267-273 
Wynder EL, Goldsmith R. 116. The epidemiology of bladder cancer: a 
second look. Cancer. 1977; 40(3):1246-68
Yang Q. 117. Gain weight by “going diet?” Artifi cial sweeteners and the 
neurobiology of sugar cravings: Neuroscience 2010. Yale J Biol Med. 
2010; 83(2):101-8
Yu Y., Hu J., Wang P.P. et al.118.  Risk factors for bladder cancer: a 
case-control study in northeast China (published erratum appears in Eur 
J Cancer Prev 1998; 7: 171). Eur J Cancer Prev1997; 6: 363–369


