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NATIONAL ACADEMY OF SCIENCES 

orriC:It Or TMit .. ltltSIDitNT 
a101 CONS�ITUTION AVCNUI: 
WASHINGTON. D. C:. a041. 

The Honorable Joseph A. califano, Jr. 
Secretary of Health, Education, 

and Welfare 
Washington, D. c. 

My dear Mr. Secretary: 

November 6, 1978 

Transmitted herewith is Part One of the report of our study 
of Saccharin and Food Safety Policy (Contract number 223-78-2145). 
With r_egret, I 1DUSt acknowledge that the contents of this report 
cannot do as much as one might wish to simplify the task of the 
government as it confronts a decision with respect to the use of 
saccharin as a non-nutritive sweetener in diverse food preparations. 
And it is for that reason that I take the liberty of attaching these 
personal comments. 

I am confident that the report offers an accurate analysis and 
an objective appraisal of all currently available information that 
bears on this problem, i. e. , the consequences of saccharin ingestion 
as drawn from experimental studies in animals and from epidemiolog­
ical studies in human populations, as well as estimates of the 
presumed beneficial effects of saccharin as a replacement for 
sucrose in the diets both of diabetics and of those who would con­
trol their own weights. 

It is clear from recent experimental studies that a sufficient 
quantity of saccharin fed throughout the life span, from conception 
forward, will induce a statistically significant increased incidence 
of bladder tumors in male but not female rats. These observations 
were made under circumstances designed to maximize the occurrence of 
adverse effects, were such to occur. The effects described were 
obtained only at extremely high dietary concentrations of saccharin 
(5 and 7.5 percent of the solid components of the diet); at these 

levels, bladder tumors occurred in one-quarter to one-half of all 
male rats, and approx imately 85 percent of these tumors were malig­
nant. In contrast, no excess tumors were seen at any lower dosage 
level, whether considered one dose level at a time or pooling the 
experience with all animals receiving less than 5 percent saccharin 
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in their diets. Whereas, to be sure, much larger groups of animals 
should have been employed at lower doses if a statistically mean­
ingful dose response curve was to be obtained--and such a curve is 
essential both to understanding of the physiological process and to 
intelligent regulatory action--this absolute failure to obtain any 
s ign ificant positive response at lower doses appears noteworthy. 
One can, therefore, only note that a remarkably high dose rate was 
required to establish a significant positive response so that, as 
compared with diverse other chemical carcinogens, saccharin is a 
very weak carcinogen indeed. 

It seems likely that the study summarized above yielded a 
statistically more persuasive demonstration of carcinogenesis by 
saccharin than have earlier studies because, in this instance, the 
susceptible rats were exposed to saccharin in utero, in mothers who 
had themselves received saccharin ever since weani.nq, and the second 
generation received this substance indefinitely thereafter. Pre­
vious studies, in which no excess tumors were observed, had involved 
anfmals exposed to saccharin only after weaning. One could wish 
that the effects of saccharin, limited to exposure in utero only, 
had been investigated, to ascertain whether such exposure, alone, 
can account for these results. No explanation is at hand to account 
for the fact of carci�ogenesis in males only. 

The report suggests that a ''promoter" effect of saccharin 
(increased rate of carcinogenesis after exposure to some other 

carcinogen) may be more significant than is the effect of saccharin 
as a primary carcin.ogen--a readily testable hypothesis. Meanwhile, 
these complexities, lack of a dose response curve, and the fact that 
positive effects were obtained only at saccharin levels very many 
times larger than maximum likely human experience, combine to render 
it impossible to offer any meaningful extrapolative assessment of 
the magnitude of risk in humans. One can only indicate that the 

r isk must be very small--unless human beings are decidedly more 
sensitive to saccharin as a carcinogen than are rats. 

It was hoped that epidemiological studies of human population 
might reduce these uncertainties. But only two reported studies 
were so conducted as to warrant same confidence in their findings. 
Of these, one reported no evidence of saccharin carcinogenicity; the 
second indicated a very small but statistically significant positive 
effect. Because of the great size of the American population 
(220 x 106), and of the number of saccharin users at some dosage 
(60 x 106) even a tiny risk can be calculated to result in as 
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many as 3,000 possible excess cases per year of bladder tumors in 
American males, but it should be realized that, based on the data at 
band, that figure could, almost equally likely, be as low as zero. 

The report also indicates the unsatisfactory state of kn�ledge 
concerning the presumed benefits of saccharin usage. It is certainly 
not clear that the clinical management of diabetes is simplified or 
improved by the availability of saccharin in diverse food prepara­
tions or taken ad lib. Nor is enough known about the behavior 
patterns of individuals tending to obesity to understand whether 
i.ngested saccharin does, indeed, replace a significant amount of 
sucrose that would otherwi.se be consumed or whether, instead, having 
�ngested saccharin--a� a sweetener in coffee or soft drinks, for 
example--this affords such persons a "license" for the consumption 
of s_ugar-laden desserts. Thus, without disputing the psychological 
benefi.ts that sacchari.n usage certainly appears to afford, the 
reali.ty of other presumed public health benefi.ts is qui.te uncertain. 
But, si.nce such effects seem unlikely to prove impressive, they 
cannot be used to justi.fy any significant risk. 

Patently, these studies do not offer a crisp basis for a deci­
sion in the public interest that can be made with confidence. 
Decision is difficult because the effects in question, while posi­
tive, lie at the margin of experience. Decision can be simple with 
respect to powerful carcinogens that act in low concentrations, as 
is decision·when there is no evidence of carcinogenesis or other 
manifestation of toxicity. But the information available suggests 
that saccharin ingested at the levels common to human experience 
should be d eemed to constitute a very small but real risk. What 
gives one pause are the results of narket research which indicate 
that women of childbearing _age, children, and teenagers are becoming 
the major consumers of saccharin, thereby maximizing the opportunity 
for carcinogenesis and for operation of the promoter effects of 
saccharin if these effects are operative in humans at comparatively 
low dosage. 

Under these marginal circumstances, wherein the magnitudes of 
both benefit and risk appear to be small and uncertain, regulatory 
decision must turn on values that cannot readily be formulated 
scientifically. On the one hand, there is the philosophy of the 
Delaney Amendment to the Food, Drug and Cosmetic Act, which might be 
freely translated as, "With respect to food additives, no level of 
risk of cancer is acceptable." On the other, is the philosophy that 
the government cannot protect the people from all possible risks but 
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does have a responsibility to inform the people of such risks. 

TO assist those who must make these decisions, the panel that 
prepared the present report will address these questions with 
specific reference to saccharin within the context of the second 
report under this contract, which is due on 1 February 1979. That 
study, currently under way, is being conducted under the auspices 
of our Institute of Medicine. The panel will surely consider such 
alternative decisions as: (11 to ignore the weak positive findings 
herein reported and simply allow saccharin to find its place in the 
market� (2) to pe�t the use of saccharin for all purposes for 
which it is currently used but mandate that all such products be 
labeled to indicate the presence of saccharin and its possible 
adverse consequences; {.3) to mandate labeli_ng and that exposure be 
limited to specified _age groups; (4) to limit use to such products 
as dentifrices and drug p reparations, appropriately labeled; (5) to 
limit use to status as a prescription dru9i (6) to ban all use of 
saccharin. The second report will also essay a projection of the 
possible consequences of each of these a!ternative courses. This 
elaboration will, we trust, i nfor.m the debate and assist the process 
of decision making. 

Meanwhile, it is clear that a �igorous effort is required to 
establis�.more fully the risks and benefits associated with the use 
of saccharin and of all other alternative, available non-nutritive 
sweeteners including cyclamate which was banned in consequence of 
bladder tumors observed in rats, many of which had received both 
cyclamate and saccharin in their diets. Availability of an essen­
tially risk-free non-nutritive sweetener would be widely welcomed 
and simplify the r_egulatory task. 

Finally, this will express my sincere appreciation far the 
dedicated efforts of Dr. Farber and his panel as well as our thanks 
to the many others who contriblted to this study. 

cc: Dr. Donald Kennedy 

Sincerely yours, 

"lip 
Chairman, National �esearch Council 
President, National Academy of Sciences 
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NOTICE 

The project tha t i s  the subject o f  thi s repor t was approved by the 

Governing Board of the National Research Council ,  whose members are drawn 

from the Council s  of the Nat ional Academy o f  Sciences , the Nat ional Academy 

of Engineering , and the Ins t itute of Medicine . The members of the committee 

responsible for the report were chosen for thei r special competence & and 

with regard for appropriate balance . 

This report has been reviewed by a group other than the authors 

according to procedures approved by a Report Review Committee consisting 

of members of the National Academy of Sciences , the Nat ional Academy of 

Engineering, and the Institut e  o f  Medicine . 

The work on which this report is based was performed pursuant t o  

Order from 
Contract No . 223-78-2145 with the Food and Drug Administration . 

National Technical 
Information Service. 
(' -·�"field, Va. 
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COMMITTEE CHAIRMAN ' S  PREFACE 

The issue s surrounding the use of food additives  have generated 

considerable controversy during the past few years . In Congress , the de­

bat e  reached its peak in regard to the possible ban on the use of saccharin . 

In November 1977  this culminated in the passage of the Saccharin Study and 

Labeling Act ( PL 95-203 ) .  The Act requested that  the National Academy 

of Sciences examine the risks and benefits to health of the use of saccharin 

and consider the more general issues surrounding federal food safety policy.  

A coordinating committee and two panels--one to  address the saccharin 

issue and one to  examine the general food safety  policy--were established 

by the National Academy of Sciences for this study . The panels and the 

coordinating committee , which shares responsibility for the content of the 

report , included biomedical scientists  and clinicians with a variety of 

expertise , lawyers , economists , political scientists , and persons represent­

ing the broad public interest . ( Membership of these groups i s  listed in 

the front of thi s report . )  

Because of the diverse backgrounds and point s of view represented , as 

wel l  as the complexity  of the subject , effective communication and consensus 

building were not easy . Nevertheless , as the chairman of the coordinating 

commit tee , I was most gra t ified t o  observe the rapidity with which the 

group developed cohesiveness and members displayed respect f or each other ' s  

views . 

Panel I ,  whose work focused on saccharin , was organi zed within the 

As sembly of Life Sciences . I t s  report was due November 1,  1978 . The 

panel ' s  illustrative case study of saccharin is  presented as Part I of 

the commit tee ' s  final report . 
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The basic charge contained in the Act regarding saccharin was that a 

study be conducted 

"to determine , to  the extent feasible--
( A) the chemical ident ity  of any impurities contained in 
commercially used saccharin , ( B) the toxicity or potent ial 
toxicity of any such impuri t ies , including the i r  carcinogen­
icity or potent ial carcinogenicity in humans , and ( C )  the 
health benefits , if any , to humans resulting from the use of 
nonnutritive sweeteners in general and saccharin in particular . "  

The saccharin report present s some conclusions , with varying 

degrees of certainty . But because of the shortage of t ime , Panel I makes 

no specific recommendat ions regarding the use of saccharin . The results  of 

Panel I ' s  discussion about the pos sible policy in this area will be pre-

sented in Part II of the report , in the context of broader food safety 

policy . 

Panel I I , which considered general food safety policy i s sues , was or-

ganized within the Inst itute of Medicine . I t s  report--Par t  II  of the com-

mittee ' s  f inal report--is due February 1 ,  1979 , and will respond to  the 

charge of the Act that requested 

"a  study , based on available informat ion , of ( A) current techni­
cal capabilities to predict the direct or secondary carcinogenic­
ity or other toxicity in humans of substances which are added 
to , become a part of , or naturally occur in , food and which have 
been found to cause cancer in animal s ;  ( B ) the d i rect and indirect 
health benefits  and risks to individuals from food which contain 
carcinogenic or other toxic substances ;  ( C ) the exist ing means of 
evaluat ing the risks t o  health from the carcinogenici t y  or other 
toxicity of such substances ,  the existing means of evaluating 
the health benefit s of  food s containing such substances , and the 
exi st ing statutory authority for , and appropriateness of weighing 
such risks agains t such benefit s ; ( D) instance s in which require­
ment s to rest rict or prohibit  the use of such subs tances do not 
accord with the relationship between such risks and benefits ; 
and ( E )  the relationship between exist ing Federal food regulatory 
policy and existing Federal regulatory policy applicable to carcin­
ogenic and other toxic subs tances used as other than foods . "  
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In examining the broad i ssue of food safety , the panel gave major 

attention to the problems of  food additive s  and contaminant s ,  less 

consideration to potent ially harmful natural substances , and little or 

no consideration to the effect of dietary patterns on health . The techni-

cal means of evaluating risks and benefits  were s tudied , and an effort was 

made to  delineate clearly their potential usefulne s s  and limitat ions as  a 

basis  for formulat ing food safety policy . 

Ideally , food safety regulat ion would be simple , efficient , respon-

sive , scientifically  based , and would allow f or minimal interference 

with personal freedom and maximal publi c part icipat ion , whil e  providing 

the greatest possible protection for consumers .  These element s were used 

as reference point s in the study , although a perfec t system is probably 

unattainable .  

The commit tee , panel , and staff found the subject of f ood 

safety policy to be too complex to deal with comprehensively in the 18 

months allotted for this study and therefore l imited the analyses pre-

sented in this report to those issue s that could be covered reasonably 

well . This report supplies some of the data , informat ion , and ideas 

that are needed for reevaluating national food safety policy , but 

it should be considered only a first step in this difficult task . 

Clearly , food safety policy deserves  a thorough , thought ful analysis 

and periodic review, as it  is  a vital part of federal e fforts towards 

enhancement of the public ' s  health . 

Frederick c. Robbins 
Chairman 
Coordinating Commit tee f or a Study 

on Saccharin and Food Safety Policy 
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PANEL CHAIRMAN ' S  PREFACE 

The Panel on Saccharin and i t s  Impurities , interacting with the 

Committee on Saccharin and Food Safety Policy , addressed a charge that 

included specific requests  in Publ ic Law 95-203 to examine the chemical 

ident ity and potential toxicity including carcinogenicity of impuri t ies 

in commercially used saccharin and a study  of the poss ible health benefits 

of nonnutrit ive sweeteners in general and saccharin in particular . These 

topics have been addressed in Chapters 3 ( impurities ) and 4 ( benefits ) . 

However , the evaluation of saccharin impurities cannot be separated 

ent irely from the evaluation of  saccharin itsel f . Therefore , all the 

available data on saccharin of varying degrees of  purity , including 

some new data not included in previous evaluations , have been reviewed . 

The panel met many t imes--as a whole , as subpanels , or together with 

committee members--to discus s and arrive at the conclusions that are 

detailed in this report . As Chairman , I thank the members for their 

dedicated e f fort s in completing the report under severe t ime constraints .  

The panel was helped immeasurably by the willingness of individual s ,  

professional groups , government agencies ,  and trade organizations to 

share their informat ion and insights . In addit ion , i t  received informa­

tion on June 19 , 1978 , at a public meet ing that provided an opportun-

ity for any person to place informat ion before the panel . Consultant s to  

Panel I included Israel J .  Abrams , Market Research Corporation of  America ; 

Sidney Abrams , National Center for Health Stat istics , U. s. Department of  

Health , Education , and Wel fare ; Bruce Armstrong , Public Health Department , 
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Aust ralia ; Douglas L .  Arnold , Canadian Health Protect ion Branch ; Louise 

Ball , University of Southhampton , England ; Howard Bauman , Pill sbury Com­

pany ; J .  S .  Bennett , Canadian Medical Association ; David Burch , r�nadian 

National Cancer Institute ; Thomas Coates , Stanford Univers ity ; Ell Dee 

Compton , Sherwin-Williams Company ; Thomas Dai ley , Nat ional Soft Drink 
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EXECUTIVE SUMMARY 

Historical Perspective 

For more than 70 years saccharin has been used as  a subst itute for sugar 

in the Uni ted States . For almos t tha t same length of time i t s  safety  has 

been the subject of controversy . In 1912, the substance was in fact banned 

from foods , but during World War I ,  the reduced sugar supply prompted the 

lifting of the ban . 

Over the las t quarter centur y ,  a number of  factors have combined to 

focus at tent ion on the potential risks of saccharin use and the possibility 

that it  might be removed from use as a food addi tive . In addition to  

factors that are  directly related t o  saccharin use , there are  others that 

affect the climate in which a decision will b� made regarding saccharin 

availabil i ty . Changing habit s  of food consumption and changing patterns of 

lifes tyle have led to increased dependen�e on processed and convenience 

food s containing addi tives . The presence of these additive s ha s aroused 

concern . In general , the safety of consumer products , of the workplace , 

and of the environment has become a mat ter  of grea t intere s t  t o  the public . 

Concern for personal health and appearance has propelled segment s of the 

populat ion toward weight maintenance and weight reduction programs . Approx­

imately one quarter of the u.s. population uses products containing nonnu­

tritive sweetener s  and has become accus tomed t o  the i r  availability . At the 

same time science has greatly improved i t s  techniques for detect ing and 

evaluat ing hazardous subs tances . The public , representing a wide spectrum 

of opinions , has become more vocal and sophisticated in expres sing its  

belief s and desires . 

In April 1977 the Food and Drug Administration proposed a ban on the 

use of saccharin a s  a food additive on the basi s  o f  demonstrated carcino­

genic act ivity in laboratory animal s .  React ing to public concern about 
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the loss of acce ss to products containing the only nonnutritive swee te ne r  on 

the marke t, Congre ss passed The Saccharin Study and Labe ling Act ( PL 95-203) , 

which Preside nt Carte r signe d on Nove mbe r 23, 1977. This Act calls upon the 

National Acade my of Scie nce s to study spe cific que stions that are re le vant 

to a de cision on saccharin safety and re que sts studie s on matte rs relating 

to food safe ty policy in ge ne ral. 

Chapte r 1 of this report de velops in gre ate r de tail the historical 

pe rspe ctive on saccharin. 

Consumption Patte rns 

Chapte r 2 pre se nts data on consumption patte rns of saccharin. The 

data be came available quite late in the course of the committee's de liber­

ations and have not been fully analyzed. Howeve r, it is possible to draw 

from the data some estimates of the e xte nt to which se gme nts of the popula­

tion are e xpose d to saccharin. From these data the committee e stimates that 

approximate ly 50 to 70 million Ame ricans now consume products containing 

saccharin. This e stimate include s approximate ly 80% of the approximately 5 

million pe ople with diabe te s and about a third of childre n unde r 10 ye ars 

of age . Furthe rmore , the committee e stimate s that the ave rage daily con­

sumption range s from 25 mg to 155 mg of saccharin for nondiabe tic use rs 

and 54 mg to 173 mg for diabe tic use rs. For comparison, a 12-oz bottle of 

die t soft drink contains about 150 mg of saccharin. 

The committee calls atte ntion not only to the incre ase in re ce nt years 

in the numbe r of persons using products containing saccharin but e spe cially 

to the incre ase d incide nce of use among childre n unde r 10 years of age and 

the increase in the amount that the use rs in this age group consume . Whe n 

e xpre sse d as consumption of saccharin pe r kilogram of body weight, the unde r 
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10 group consume s the highest amount of saccharin of any age group, as it 

doe s of most ingre dients. A large part of the incre ase d consumption is 

accounte d for by diet soft drinks. 

The committee re commends furthe r research on consumption patte rns. 

Since the conside ration of risks and be ne fits may be influe nce d by the 

consumption patte rn data, the question of whe the r the incre ase in saccharin 

consumption adds to or replace s sugar or othe r calorie consumption should 

be explore d. 

Risks of Saccharin Use 

In Chapte r 3 the committee has e valuated the data from laboratory ani­

mal studies ,  from othe r laboratory te sts, and from e pidemiologic studie s. 

The committee acce pts the validity of the animal te sts on saccharin. 

In rats saccharin is a carcinoge n of low pote ncy re lative to othe r 

carcinoge ns. The animal studie s that are analyzed in Chapte r 3 show that 

saccharin can act as an initiator of cancer. Howe ve r, it has re lative ly low 

potency (i. e . ,  when compared to othe r known che mical carcinoge ns, a far 

gre ate r dose of saccharin is require d to produce a standardize d cance r 

incidence ) and it e xe rts this e ffe ct only in male animals. Saccharin is most 

effe ctive as an initiator when the mothe r is e xpose d before pregnancy, the 

fe tus is e xposed throughout ge station, and the exposure continue s throughout 

the life of the offspring. 

In addition to acting by itse lf, saccharin promote s the cance r-causing 

e ffe cts of some othe r carcinoge nic compounds in rats. As state d above, 

saccharin alone can act as a carcinoge n. Furthe rmore , data show that sac­

charin acts as a promote r of carcinogenicity in rats (i. e . , when adminis­

te re d to animals that had been e xpose d previously to low dose s of some othe r 

bladde r carcinoge ns, it incre ase s the incide nce of bladde r cance r in both 
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se xes) .  The distinction be twe en an "initiator" and a "promote r" of carcino­

ge ne sis is important for two reasons: (a) it aids in the understanding of the 

mode of developme nt of cance r, including that induce d by saccharin, and 

(b) although the dire ct carcinoge nic pote ntial of saccharin in humans may be 

weak, its possible action as a promote r of cancer may be more important. 

(In laboratory animals, cance r can be induce d by e xposure to an initiator 

followe d by prolonge d exposure to promote rs. ) Whe the r an initiator or 

promote r, saccharin must be viewed as a potential cause of cancer in humans. 

Howeve r, our pre se nt state of knowledge doe s not pe rmit us to distinguish 

be twee n initiators and promoters in a regulatory conte xt. 

The re are no othe r cle ar-cut chronic toxic e ffe cts that are associate d 

with e xposure of animals to saccharin. Howeve r, some studie s indicate that 

saccharin consumption is associated with adve rse e ffe cts in the female re ­

productive syste m. 

Saccharin alone , not the associate d impuritie s, is most like ly re sponsi­

ble for the se adve rse e ffe cts. Chapte r 3 contains an analysis of whe the r 

impurities are responsible for the carcinoge nic e ffe cts of saccharin. With­

in the bounds of scie ntific certainty, the C011DDittee concludes that the car­

cinoge nic pote ntial re side s in saccharin itself and cannot be re asonably 

ascribe d to one or a numbe r of impuritie s. This conclusion is base d on the 

facts that the most highly purifie d saccharin that has bee n  teste d still 

cause s cance r in animals, that all saccharin , which is prepared commercially 

by two quite different processes and which contains a different array of 

impurities, is e qually carcinoge nic in animals, and that, whe n te sted alone , 

orthotolue nesulfonamide (OTS--a major impurity in the saccharin that was 

use d in two studie s showing saccharin to be a bladde r carcinogen) has not 

produce d cance r. 
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As for any che mical substance , absolute purity is not attain-

able for saccharin. The re fore , the re have bee n  no tests on "absolutely 

pure " saccharin, and it is unlike ly that such a substance can be obtaine d. 

The committee e xe rcises its scie ntific judgment in saying that the impuritie s 

of saccharin are not the cause of cance r that re sults from inge stion of 

saccharin by animals, unle ss the residual impuritie s are immense ly potent 

carcinoge ns. The like lihood that this is the case is small. 

The committee acce pts the logic that re sults obtained from valid animal 

te sts can, in principle , be e xtrapolate d to humans. Howe ve r, re quire me nts 

for high dose s and long pe riods of e xposure , as we ll as our curre nt inability 

to make quantitative e xtrapolations from animals to humans make s it impossi­

ble to e stimate with confide nce the magnitude of risk to humans from the use 

of saccharin. 

The committee conclude s that furthe r laboratory studie s to e stablish 

the carcinoge nicity of saccharin are not nee de d  unde r e xisting law. How­

eve r, rese arch le ading to a bette r understanding of methods for qualitative 

and quantitative extrapolation, in-ute ro exposure , and the me chanisms of 

cance r promotion would be highly desirable . 

The re sults of some short-te rmin-Vitro te sts are in accord with the 

re sults of animal cance r te sts. Saccharin has bee n  studie d e xte nsive ly in 

microbial and ce ll culture tests that de te rmine .the ability of substance s 

to produce mutations or othe r manife stations of ge ne tic damage . (Many muta­

gens are also carcinoge ns. ) The se tests, calle d "in-vitro tests" or 

11short-te rm tests , "  have shown saccharin to be we akly positive in a fe w 

case s but ne gative in most. This might be expe cte d for a ve ry we ak mutage n. 

Furthe rmore , the data on promote r activity of saccharin in one in-vitro study 

also are in accord with the data from studie s on promote r e ffe cts in rats. 
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The e pide miologic studie s that are de taile d in Chapte r 3 do not provide 

cle ar e vide nce to support or refute an association be twee n past saccharin 

use and bladde r cance r in male s. All but two of the studie s e ithe r suffe re d 

from me thodologic difficultie s or were too insensitive for re liable me asure ­

ment of a potentially low-le ve l e ffe ct of saccharin use . Of the two most 

e xtensive studie s, one shows a statistically significant e xce ss numbe r of 

case s of bladde r cance r; the othe r doe s not. 

Conce rning the e stimation of risks, the committee note s that when 

effe cts are weak, they are difficult to distinguish e ithe r from random 

variation or from the stronge r influence of othe r carcinoge ns. This is 

particularly e vide nt with bladde r cance r. This form of cance r is known to 

be associate d with cigare tte smoking and occupational e xposure to ce rtain 

che micals, e ach of which appe ars to be far stronge r than a possible e ffe ct 

of saccharin. One can ne ve r  be complete ly sure that small but significant 

e ffe cts are not be ing obscure d by such variation or that an apparent e ffe ct 

is in re ality not just part of the random variation itself. 

The results of animal studie s indicate that saccharin pose s a pote ntial 

carcinoge nic risk to humans. Base d on the laboratory and human population 

studie s take n toge the r, it is the committee 's judgment that saccharin would 

be e xpe cte d to be of low pote ncy. The committee note s that e ve n  low risks 

to a large numbe r of e xpose d persons may le ad to public health conce rns. 

Be ne fits of Saccharin 

The analysis of the possible he alth bene fits of saccharin use , which 

appe ars in Chapte r 4 ,  was spe cifically re que ste d in the Saccharin Study and 

Labeling Act. This analysis was one of the more difficult tasks unde rtake n 
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by the committee since data on possible be ne fits we re found to be sparse and 

ofte n inade quate . Howeve r, since such an analysis was spe cifically re que ste d, 

the committee has made an e ffort to re spond to the charge . 

The committee has found no studie s that pe rmit obje ctive asse ssme nt 

of the asse rte d he alth be ne fits of saccharin use . Although a nonnutritive 

swee te ne r  can be substitute d for a nutritive swee te ne r  to reduce caloric 

intake without loss of swee tne ss, data available to the committee do not 

pe rmit the e valuation of the e fficacy of saccharin in the control of dia­

be te s or body weight. This are a re quire s furthe r re se arch, through long­

te rm, we ll-controlle d clinical trials, to de te rmine if saccharin use is 

he lpful to diabetics and to overweight pe rsons. Also, although it is 

ge ne rally agree d that fe rmentable sugars are an important causative factor 

in de ntal carie s, it remains uncle ar whe the r the use of nonnutritive sweet­

ene rs, including saccharin, has a major e ffe ct in decreasing the incidence 

or se ve rity of this form of de ntal dise ase . 

Diabe te s and we ight control. Most diabe tics and many pe rsons atte mpt­

ing to maintain or reduce the ir weight pe rce ive saccharin-containing foods 

and be ve rage s as bene ficial. The perce ption of e fficacy is also e vide nt 

from the fact that a significant proportion of a surve y sample repre senting 

office -base d private physicians be lie ve that saccharin products are use ful 

for the ir diabe tic patie nts, for patients be ing tre ate d for we ight problems, 

and for patients with othe r conditions. No study that mee ts the curre nt 

crite ria for an ade quate clinical trial has bee n  conducte d e xplicitly to 

e xamine the e ffe ctivene ss of saccharin in the control of weight or blood 

sugar le ve ls. The studie s on the use of nonnutritive swee te ne rs to manage 

obe sity and those pertaining to diabe te s were conside re d by the committee 

to be inade quate to e ithe r prove or disprove the alle ge d bene fits of sac-

·charin use . 
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The committee re cognize s  a pe rce ive d nee d  or psychological re liance on 

nonnutritive swee te ne rs by ce rtain se gme nts of the population. · At this 

time, the committee is unable to draw conclusions about the implications of 

the pe rce ive d nee d  or re liance . Re g arding the psycholog ical be nefits of 

saccharin use , the committee can say only that for many humans the desire 

for swee t taste is a de monstrable biological phe nome non and that a large 

se gme nt of the population pe rce ive s swee tne ss without calorie s (for control 

of we ight and othe r conditions) as a be ne fit. The available data have not 

ye t confirme d or denie d the validity of the se perce ptions as factors that 

have an impact on he alth or dise ase . 

Furthe rmore , the committee is unable to fore cast with accuracy whe the r 

the unavailability of saccharin would increase sugar consumption or if 

such an incre ase would le ad to detrimental physical health e ffe cts. Esti­

mate s of de trime ntal e ffe cts can be made , but the ir use fulne ss is que stion­

nable be cause the e stimate s are base d, of ne ce ssity, on unde pendable 

assumptions for such parame te rs as the numbe r of pe rsons who would re vert 

to the use of sugar and the amount of sugar that those individuals would 

consume . Re cent history shows that the 1969 re moval of cyclamate s from the 

marke t re sulte d in a slig ht de cre ase in consumption of nonnutritive swee te n­

e rs, but there was no change in the patte rn of incre asing consumption of 

nutritive swee tene rs. It is not clear whe the r or not the same would occur 

today if saccharin were re stricte d. Any incre ase in sugar consumption would 

be small on the ave rage be cause saccharin, although 300 times swee ter than 

sug ar, re prese nts only about 6% of the total swee tne ss in the Ame rican die t. 

The committee acce pts the pre mise that the use of nonnutritive sweet­

e ne rs in drugs and de ntifrices pre se nts insig nificant risks and involve s 

possible be nefits. Most toothpaste s contain saccharin. Many drug s, 
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especially thos e for children , are compounded wi t h  saccharin to improve 

palatability , thereby encouraging proper use of the product s .  That benefits  

result from such us e may be  a reasonable assumption . Moreover , the amounts  

of saccharin that are contained in these product s are  s o  minute t hat they 

present only a s light risk . Chapter 4 contains a detailed discussion on the 

benefits  of saccharin . 

This report does not contain recommendat ions as to  whether or not sac­

charin should be continued in us e as  a food additive . On occasion , the com­

mit tee has discussed a variety of policy options concerning t he use of sac­

charin . Such opt ions range from no human exposure to  restriction o f  expo­

sure ( to specified age group or product) or to the continued use at 

the present rate . On one hand , scientist s can asses s risk but cannot de­

cide for society what risk it would be willing to take . On the other hand , 

measurement o f  benefit s i s  more complex : certain bene f i t s  may be objectively 

and quantitatively demons trated ( e .g., disease cont rol by use of ant ibio­

tics) ; other benefit s may be very difficult  to  measure objectively ( e . g. ,  

effect s o f  saccharin use on control of weight) ; and still other benefits  

may be so  subjective  a s  t o  defy quant itat ion ( e . g . , sat i sfaction engendered 

by sweetness  without calories) . Thus , while scient i s t s  can often contribute 

to  some aspect s of  ri sk-benefit  analysis , the ultimate judgment mus t be made 

through the sociopolitical process , taking scient ific facts into account but 

incorporating subjective considerat ions as well . Policy options for sac­

charin and other food chemicals will be dealt with in depth in t he second 

report . 

On the basis  of its  review of the scient i f i c  evidence , the committee 

sugges t s  that the following observations be cons idered when arriving at 

policy decisions : 
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( 1) In rat s saccharin i s  a carcinogen of low potency  relative 

to other carcinogens . 

(2) In addit ion to act ing by it self , saccharin promotes t he 

cancer-causing effect s of  some othe r  carcinogeni c compounds 

in rats . 

( 3) Saccharin alone , not the associated impurities , is  mos t 

likely responsible for these  adverse ef fect s . 

( 4) Whether an init iator or promoter , saccharin must be viewed 

as a potential carcinogen in humans , but one of low potency 

in comparison to other carcinogens. Although saccharin 

would be expected to  be of  low pot ency in humans , even low 

risks applied to  a large number of e�posed persons may lead 

to public  health concerns . 

(5) The state of the art in ext rapolat ion does  not permit confi­

dent estimation of the potency of saccharin as a cause of 

cancer in humans . 

( 6) Essentially , there is  no s cient ific support for the health 

benefit s of  saecharin. I t s  potential bene f i t s  would include 

management of diabetes, obesity , hypertriglycer idemia , and 

tooth decay . The commit tee accept s  the premise that the 

proper use of nonnutritive sweeteners in drugs and dent i­

frices present s s light risks and involve s pos sible benefits. 

( 7 )  Although alleged psychological benefits  of the use of  sac­

charin and othe r nonnut ritive sweeteners  cannot be evaluated 

at this t ime , it i s  evident that segment s  of t he populat ion 

regard the subs tance as desirable . 
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(8) The observat ion that  young chi ldren are becoming increas-

ingly greater consumers of saccharin sugge s t s  that public 

health official s should take a prudent cours e  o f  act ion since 

there has been insufficient t ime for t he pos sible effect s of 

thi s  greater consumption to be manifest . Thi s may be particu­

larly important because of t he anticipated long latent period 

be tween exposure to the potential carcinogen and t he manifesta­

tion of cancer and because of the recently  recognized promoter 

e ffect s tha t  have been exhibited by saccharin in laboratory 

tes ts . 
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TECHNICAL SUMMARY 

Thi s  section contains the summaries of Chapters 2 through 4.  

CONSUMPTION OF SACCHARIN 

The commit tee does not wish to draw definit ive conclus ions from the 

available data , but direct s attent ion to the following apparent trends : 

( 1 )  The percentage of the populat ion consuming saccharin-containing 

foods and the amounts consumed are both increas ing . The percentage of 

young children that consume saccharin is also ris ing . Young children con­

sume fewer total milligrams per user than do older persons , but the amount 

per unit of body weight often surpasses the intake among adult s , the same 

as one would find with other food components .  A major problem remains in 

interpreting these data : does the increase in saccharin consumpt ion add to 

or replace sugar or other calorie consumpt ion? The considerat ion of both 

risks and benefits will be influenced by the answer to this quest ion . The 

committee recommends that further research be performed on consumpt ion 

patterns . 

( 2 )  Whereas the percentage of women consuming ·saccharin was once con­

s iderably higher than the percentage of men , the margin of difference 

between the sexes has narrowed . 

( 3 )  Data indicate that the greatest  users are now females in the 

child-bearing years ( 2Q- to 39-year age group ) and males from birth to 9 

years of age . 

(4) Sixty to  90% of all diabetics ( or those who clas sify themselves 

as diabetics ) use saccharin extensively . A greater proport ion of dieters 

( on low-calorie , low-cholesterol , low-fat , and other diets )  consume 

saccharin than do nondieters . 
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(5) Soft drinks are the most  frequently consumed saccharin-containing 

product s on the market . They account for approximatel y  90% of the recent 

increased consumption of the sweetener . 

RISK ASSESSMENT OF SACCHARIN AND ITS IMPURITIES 

Laborat ory Invest igations 

Based on the evaluat ion of the data from laboratory invest igations of 

saccharin , the committee has reached the following conclus ions about the 

toxicity and potent ial human risks from exposure to saccharin . 

( 1 )  Little biotrans format ion of saccharin has been detected in labor­

atory animals and none has been observed in humans . Because of the limit s 

of experimental detect ion , it i s  possible .that a small percentage of sac­

charin may be modified enzymat ically.  Saccharin is rapidl y  absorbed via the 

gastrointest inal tract , is distributed widely throughout the body , crosses 

the placental wall , and is eliminated mainly in the urine . Accum-

ulat ions of saccharin in several tissue s  including the bladder have been 

demonstrated following repeated exposures . 

The committee concludes that either saccharin is  unusual in that its 

carcinogenic effects are due to the unmetabolized parent compound or the 

effect s are due to  small quantities of undetected metabolites . The accumu­

lat ion of saccharin in the bladder epithelium may play a role in the for­

mat ion of bladder cancer . 

( 2 ) When tested in two-generat ion studies , saccharin is a bladder 

carcinogen for male rats . A significant increase in bladder  cancer was 

found consistent ly in male offspring exposed cont inuously in utero and 

throughout life . In one two-generat ion study , a significant increase in 

bladder cancer occurred in males of the parental generat ion . 
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Studies using saccharin in combinat ion with some chemical carcinogens 

have shown that saccharin promotes tumor development in the bladder of rats . 

Since humans are exposed t o  a variety of  chemical carcinogens in their 

environment , the carcinogenic risk from saccharin as a promoter may 

be cons iderably greater than that indicated by the single compound 

studies . Because the process  of cancer promot ion is little understood , 

the estimat ion of  risks t o  humans from these experimental data  are not 

feasible at present . 

The committee concludes that the following factors in design of the 

two-generat ion chronic studies did no t confound the interpretat ion of the 

result s :  the doses studied (maximum t olerated dose ) , in-utero exposure , 

high sodium content of diet in treated versus control animals , and the 

pos sibility of microcalculi in the urinary bladder of t reated versus 

control animals . 

Since animal studies that are properly conducted to  detect carcino­

genic activity are qualitatively predictive of human responses , the 

commit tee concludes that saccharin inge st ion present s a predicted cance� 

risk to  humans . However ,  because of  the substantial uncertaint ies in ex­

trapolat ing from experimental doses to human exposure levels , the com­

mittee concludes that quant itation of risks to humans cannot be made with 

confidence . 

( 3 )  An increase in benign uterine tumors and ovarian lesions in 

saccharin-treated rat s was suggested in a few studies . 

( 4 )  Orthotoluenesulfonamide , the major impurity of saccharin manu­

factured by the Remsen-Fahlberg ( RF )  process , is not carcinogeni c in rat s 

in a s tudy that is properly des igned to  detect carcinogenesis . The pos s i­

bi lity that other minor impurities  of saccharin are responsible for 
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carcinogenic activity of commercial saccharin cannot be eliminated . 

However , the committee believes that the probability of  occurrence is  

ext remely remote for the following reasons : (a)  RF  saccharin used in 

studies by the Food and Drug Adminis t rat ion and the Wisconsin Alumni Re­

search Foundat ion had different patterns of impurit ies , ye t produced the 

same carcinogenic responses ( i . e . , bladder cancer in males ) ;  ( b )  the very 

much pure r Maumee process  saccharin has also produced bladder cancer in . 

males ; ( c )  in Maumee saccharin the impurit ies are each present in such low 

concentrat ions that if they were carcinogenic , they would be required to be 

of exquisite potency . 

(5) Short-term tests for genetic effects have been conducted with 

saccharin and some of  i t s  impurit ies . Resul t s  of 16 assays were negative , 

while those of five ( including a promot ion assay ) were pos i t ive . Because 

these assays evaluate varying type s of genetic e f fect s and because sac­

charin appears to be a carcinogen of low potency , the variation in f indings 

might be expected . The committee concludes that these s tudies  are compati­

ble with the in-vivo carcinogenic e ffect s ; however , the results  do not pro­

vide definitive informat ion on the interpretation of risks t o  humans . 

Human Population Studies 

The commit tee reviewed the epidemiologic s tudies of the relat ionship 

between saccharin and bladde r cance r and between saccharin and spontaneous 

abortion . With one exception , findings indicated the absence of a health 

hazard for either sex . However ,  there were many deficiencies in the methods 

of the s tudies that showed no associat ion . 

( 1 )  Time-trend studies by Arms trong and Dol l  in 1974  and by Burbank 

and Fraumeni in 1970 provide no evidence that saccharin use i s  necessarily 

associated with cancer . Thi s  method may be too insens itive to separate the 

effects of saccharin from known bladder cancer risk factors , such as 
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cigarette smoking , that have been changing over time . 

( 2 )  Studies on diabetics , by Armstrong e t  al . in 1976 , by Armstrong 

and Dol l in 1975 , and by Kessler in 1970 , do  not show a pos itive associa-

t ion between saccharin use and bladder cancer , but these s tudies suffer 

from a number of limitat ions that .  hinde r assessment of  the risk of sac-

charin : ( a )  findings in diabetics may not be applicable t o  the nondiabet ic 

populat ion ; ( b )  individual saccharin consumpt ion was not measured ; and 

( c ) there were no data on smoking habit s  and certain occupat ions that are 

known to be associated with bladder cancer . 

( 3 )  The case-control studies do not provide clear evidence t o  

support o r  refute a n  association between saccharin u s e  and bladder cance r . 

I 

Two s tudies of sufficient size for reliable measurement of low-level e ffects 

of  saccharin use are those by Howe et al . in 1977 and by Kessler and Clark 

in 1978 . The s tudy by Howe et al . used a complex method to est imate the 

relative risk of  bladder cancer in nonnutritive sweetener users and non-

users . This study reported that the proportion of male bladder cancer 

pat ient s who used nonnutritive sweeteners i s  significantly  higher ( risk 

ratio of 1 . 6 )  than the proport ion of male controls who used nonnutrit ive 

sweeteners . The study by Kes s ler and Clark reported no statist ically 

significant excess risk for either sex , and is  thus consistent with no 

excess  cases of bladder cancer attributed to the use of saccharin . 

The committee believes that the methodologic difficult ies of each 

s tudy do not allow one to judge the seemingly contradictory results .  

Four other case-control studies--those by Kessler in 1976 , 

Morgan and Jain in 1974 , Wynder and Goldsmith in 197 7 , and Simon et al . in 

1975--have failed to  demonstrate a stat ist icall y s ignificant risk , but 

these s tudies have major deficiencie s which severely limi t confidence in 

their findings . 
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The commit tee suggests  two alternative sources that could be used to 

as sess the risk of saccharin : data from prospective studies in which 

accurate dietary informat ion had been collected and surveys t o  assess 

the risk of bladder cancer in workers who are involved in the product ion 

and handl ing of saccharin . These  workers  might be compared , both retro­

spectively and prospectively , with those employed in other areas of the 

same plant . 

BENEFITS OF SACCHARIN 

Data on the efficacy of saccharin in dietary management of health 

problems are sparse and , in many cases , inadequate . I t  i s  not poss ible 

either to  rule out t otally or to  accept the claims of benefits  made by 

some groups and there is  no scient ific evidence to show whether or not 

direct benefits  to  physical health from saccharin exi s t . However , no s tudy 

that  meets  the current criteria for an adequate clinical trial has been 

conducted explicitly to examine the e ffect iveness of saccharin in the con­

trol of weight or diabetes . 

It  is  not clear that the use of saccharin is  associated with a diminu­

t ion in the incidence of dental carie s , for there have been no clinical 

trials on this subj ect . There are pos s ible bene fits  in making dentifrices 

and therapeutic drug s more palatable in orde r t o  promote their proper use . 

Human beings appear to  have a marked predilect ion for sweet foods . The 

commit tee acknowledge s a perceived need or psychological reliance on non­

nut rit ive sweeteners by certain segment s of the populat ion . However , at 

this time the committee is  unable to  evaluate their  significance or draw 

conclusions about their implications . 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


TS-7 

Concerning the benefi t s  to physical  health : 

( 1 )  Scientific evidence does not permit assessment o f  the role 

that saccharin plays in weight control or dietary compliance , both key 

factors in the prevent ion or t reatment of obesity and diabetes . 

Five studies on management of  obesity with nonnutritive sweeteners  and 

three s tudies pertaining to  diabetes were reviewed by the commit tee . It  

cons idered the design of the studie s t o  be inappropriat e for assessing 

the efficacy of saccharin in weight control or diabetic management . 

( 2 )  The informat ion on the efficacy o f  saccharin in health mainte­

nance , e . g . , the dietary management of health problems , is sparse and in 

many cases inadequate . 

( 3 )  Long-term , well-controlled clinical t rial s  using saccharin to 

control obesity or diabetes have not been performed . I t  i s  uncertain 

whether a sat i s factory study can be designed to  answer the necessary ques­

tions directly . The committee sugge s t s  that attempt s at  thi s type of study 

should cont inue and that short-te rm ,  retrospective , and other l imited 

studies should be pursued to determine indirect estimates  of benefits . 

(4) The long-term consequences to  diabetics of increased reliance 

on nut ritive sweeteners have not been examined adequately . 

( 5 )  A recent authoritat ive review by the Federat ion o f  American 

Societies for Experimental Biology doe s not support  the opinion that  most 

dietetic foods are a necessity to  the diabetic diet . Despite the 

lack of experimental evidence of efficacy in the dietary management of 

chronic disease or the maintenance of weight in the normal individual , 

some attent ion mus t be given t o  the strong preponderance of practit ioners ' 

opinion that favors the use of nonnut r i t ive sweeteners in weight reduction 

or treatment of diabetes . 
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( 6 )  Although the data are not conclusive , they indicate that sac­

charin may have potential as a noncariogenic subst itute  for sugar . It  

may have a bacteriostatic effect and may lead to reduced plaque formation 

in the short term , but i t s  noncariogenic effect has not been s tudied 

clinically . 

( 7 )  There are probable benefits  in making dent ifrices and thera­

peut ic drugs more palatable in order t o  promote their proper use . 

( 8 )  Subs t itut ion of sugar for saccharin in snack foods and possibly 

in s oft  drinks , should it occur , can be expected t o  lead t o  an increased 

incidence of dental caries . 

( 9 )  There are varying estimates and only l imited data to  indicate 

the extent to which sugar would be substituted for saccharin , should sac­

charin become unavailable . From 1969 to 1970 , there was a decrease in the 

per capita use of nonnutritive sweeteners that reflected the ban on 

cyclamates . This was not followed by a measurable change in the rate of 

increase of the use of nutritive sweeteners . In addit ion , the associat ion 

of increased sugar consumpt ion with obesity or related health problems i s  

unclear . 

Regarding psychological implications : 

( 1 )  Human beings have a s trong desire for sweets . Available evidence 

does not indicate the extent to which this  represent s a combinat ion of an 

innate biological need and an acquired preference . 

( 2 )  Public opinion polls  suggest  a perceived need or psychological 

reliance on nonnutritive sweeteners by certain segment s of  the populat ion .  

Therefore , i f  saccharin were removed from the market , a s ignificant segment 

of the populat ion may experience psychological stre s s  of a transient or 

long-term nature . Some special groups , e . g . , j uvenile d iabet ics , may be 
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part icularly affected if low-calorie foods and beverages that permi t them 

a more normal lifestyle are removed without suitable replacement . At this 

time , the committee is unable t o  evaluate the implicat ions of  such psycho­

logical reliance on saccharin . 
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CHAPTER 1 

HISTORICAL PERSPECTIVE 

Saccharin , the oldest nonnutrit ive sweetener in the American 

food supply ,  was synthesized accidentally by two American chemi sts , 

Fahlberg and Remsen , at the Johns Hopkins University in 1879 ( Fahlberg 

and Remsen , 1879 ) . Initially , i t  was used as an antisepti c  and a 

preservat ive to retard fermentat ion in foods . However , its  potential as 

a sweetening agent was soon recognized , and unti l  recent ly saccharin was 

considered to  be the sweetest substance known . It  is 200 to  700 t imes 

sweeter than sugar--its taste  can be detected at a dilut ion of 1 ip 

100 , 000--but in concentrat ions exceeding 0 . 1% ,  its  taste  is bitter 

( Newbrun , 197 3 ) . 

By 1907 , saccharin was being used in the United States as a subst itute 

for sugar in canned products . In Europe , the consumpt ion of saccharin 

increased noticeably during the two World Wars due to  a scarcity of sugar 

( U . S . Department of Health , Educat ion , and Welfare [ USDHEW] , 1977b) . 

Despite its  potency as a nonnutritive sweetener , its  use , especially for 

cooking purposes , was somewhat limited because of its bitter aftertaste 

and heat lability . However , the introduct ion of cyclamates in the 1940 ' s  

and the development in the 1950 ' s  of a variety of dieteti c  foods containing 

a mixture of cyclamate and saccharin stimulated the growth of the non­

nutritive sweetener industry ( Schrogie , 1970) . 

In 1969-1970 the ban on cyclamates rejuvenated an interest in the 

use of saccharin alone . By that time , saccharin was the only nonnutri­

tive sweetener on the FDA list of substances "generally recognized as 
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safe " ( GRAS) . Since 19 7 1 , the annua l pe r capita use of  saccharin has 

increased steadily in the Uni ted States . In 1977 , the u. s .  Department 

of Agriculture ( USDA) estimate d  the per capi ta consumpt ion to be approxi­

mately 4 . 1 kg ( sugar sweetne s s  equivalent) , approximately 6% of the t otal 

sweeteners in the American diet ( USDA , 1978 ) . Current ly , saccharin is 

used predominant ly in diet soft drinks ( 58% of the total saccharin used 

in 1976 ) , as  a tabletop sweetene r  ( approximately 24% of  the total saccharin 

used in 1976) , and to a lesser extent in dietetic foods ( Calorie Control 

Counci l ,  Apri l 1978 , unpublished data ) . It is  also used as  a sweetening 

agent in wine , tobacco , and drugs , in indust rial processes , and in a variety 

of cosmetic  and toiletry product s  ( USDHEW , 1977b) . In 197 6 , the FDA re­

ported that approximately 2 . 7  to 3 . 5  million kg of saccharin was used in 

the United States . Approximately 7 0% of that amount was used in food s and 

beverages ( USDHEW , 197 7 b) . The Sherwin-Williams Company is the sole pro­

ducer of saccharin in the United States . In addit ion , approximately 1 . 3  

million kg i s  imported annually , mainly from Japan and Korea ( U . S . Inter­

nat ional Trade Commission , 1977) . 

There are no relia�le estimates  of saccharin consumpt ion , especially 

for the highes t  levels ingested . On the basi s  of estimates  of  the total 

saccharin used in foods and beverage s in 1976 , the dai ly per capita con­

sumpt ion of  saccharin in the United State s can be calculated t o  be approx­

imately 32 mg ( USDHEW , 197 7 b ) . Public opinion surveys ( Harris , 1977 ; 

Marke t Fact s ,  Inc . , 1978) estimated that from 25% to  40% of the populat ion 

uses saccharin to some degree . Further details concerning the consumption 

of saccharin are presented in Chapter 2 . 
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RECENT AMERICAN AND INTERNATIONAL REGULATIONS GOVERNING SACCHARIN 

The United States 

In the United States , saccharin was approved for use in foods under 

the 1958 Food Additives Amendment t o  the Food , Drug , and Cosmetic  Act . 

Under the provisions of this amendment , saccharin was included among 

some 600 substances that had been in use prior to 1958 and that had 

been accorded GRAS status . In 1972 , because of quest ions about the safety 

of saccharin , the FDA removed it  from the GRAS list ( USDHEW , 1972b) . 

Pending completion of chronic toxicity studies , the FDA issued an interim 

food additives regulation to  permit cont inued limited use of saccharin 

( USDHEW , 197 2a) . 

The FDA recommended limit ing the use �f saccharin to  1 . 0 g/day for 

adults . This  is similar to the level recommended by the National Academy 

of Sciences , National Research Council ( NAS/NRC )  Committee on Food Pro­

tect ion ( 1955) , and the NAS/NRC Ad Hoc Subcommittee on Nonnut ritive 

Sweeteners of the Commit tee on Food Protection ( 1970) . 

The World Health Organizat ion 

In 1967 the Joint FAO/WHO ( Food and Agriculture Organizat ion/ 

World Health Organization)  Expert Committee on Food Additive s adopted 

an unconditional Acceptable Daily Intake ( ADI ) for saccharin of 

5 mg/kg and a condit ional ADI ( for dietetic foods only) of 15 mg/kg . 

It proposed an ADI of 5 mg/kg on the basis  of a no-effect level of 1% 

saccharin ( 500 mg/kg of saccharin daily)  in the diet s of rat s . This 

amounted t o  a safety factor of 100 : 1  ( WHO ,  1977 ) .  At a meet ing in 

Rome in April 1977 , the FAO/WHO committee reviewed recent toxicological 

studies on saccharin , abolished the unconditional ADI , and recommended 
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a temporary ADI of 0 to 2 . 5 mg/kg unt i l  further  test ing could be completed 

(WHO ,  1977 ) .  

Canada 

In Canada , saccharin and cyclamates  have been used for many years 

in low calorie foods . Under the Food and Drug s Act and Regulat ions of 

Canada these foods must bear a label indicat ing their low sugar and low 

calorie content . Since 1969 cyclamates have been banned from foods 

in Canada , but they can be obtained as an over-the-counter drug product 

( Canadian Health and Welfare Mini s try , 1977 ) . On March 9 ,  1977  the Health 

Protection Branch of the Nat ional Health and Wel fare Minis t ry of Canada 

is sued a bulletin banning the use of saccharin in beverages ( effective 

July 1 ,  1977 ) ,  in foods ( from November 1 ,  1977 ) ,  as a sweetening agent 

in drugs ( from December 31 , 1978 ) , and in cosmetics and toothpaste ( from 

December 31 , 1979 ) .  Since September 1 ,  1977 , the sale of saccharin in 

Canada bas been restricted to  a s ingle-ingredient drug or saccharin in 

combination with cyclamates . Before the restriction on saccharin , 

approximately 205 , 000 kg of saccharin annually or 24 mg per capita  daily 

were consumed by Canadians . 

Other Countries 

There is relatively little informat ion on the use of saccharin in 

other countires . In 1976 , the total consumpt ion of saccharin in 

Sweden was estimated to be approximat ely 13 , 000 kg or 5 mg per capita 

daily . In October 1977 , Sweden ( Albanus , 1978 ) proposed limitat ions on 

the use of saccharin in j uices and soft drinks ; prohibition of i t s  use in 

breads , baked goods , and fruit juices ; and labeling of package s that 

contain saccharin . These proposals had not been adopted as of 
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October 1978 . In Norway , saccharin i s  permit ted only in such dietetic 

products  as s oft  drinks , juices , and fish , with limitat ions on the 

amount per kilogram that is used in each product . The sale of saccharin 

as a tabletop sweetener is limited to drug stores ( Norwegian Ministry 

of Social Affairs , 1978 ) .  In Japan , saccharin is  regulated under the 

Food Sanitation Law of the Ministry of Health and Wel fare ( Asano , 1978 ) . 

According to Section 7 of this law , standards pertaining to  saccharin 

were developed on December 28 , 1959 . Although the law limi t s  the amount 

of saccharin per kilogram of food , it permit s the addition of saccharin 

to chewing gum , beverages , ice cream , jams , flour paste , cake , cookies , 

sauces , v inegar , processed seaweed , and proces sed fish . 

INVESTIGATIONS OF THE SAFETY OF SACCHARIN 

Concern about the safety of saccharin is not new. I t  was the 

subject of repeated invest igat ions during the las t century . However ,  

reliable evidence concerning i t s  toxicity has been s low t o  appear , and 

when it has , it has created frequent controversy among scientists . 

In 1886 , the toxicity of saccharin was tested in European workers 

by administering single doses of up to 5 g .  In 1888 , a French scient ist 

gave diabet ics 5 g doses daily for 5 months ( USDHEW , 197 7 b ) . The result s 

showed no ill effect s that were considered t o  be of serious consequence 

( USDHEW , 197 7 b ) . In the following decade , sporadic reports associated loss 

of appetite  and gastrointest inal disturbance with the ingestion of 

saccharin . 

The s implicity of the early testing techniques is highlighted in 

one colorful event in the long history of saccharin . According to the 

Hast ings Center Report ( Levine , 1977 ) ,  Harvey Washington Wiley ( Chie f  
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Chemis t ,  Department of Agriculture ) in 1902 formed "a poison squad" of 

12 volunteers t o  test numerous ingredient s ,  some of  which were suspected 

to be poisonous , in foods . The volunteers were required to inges t  the 

substance under examinat ion . The resulting ailment s formed the bas is  of 

judgment about t oxicity . After one such test ing Wiley recommended t o  

President Theodore Roosevelt that saccharin should b e  banned because 

it was "highly injurious to health . "  However , the President , as the 

s tory goes , exclaimed angrily , "You say saccharin i s  injurious t o  health? 

Why , Doctor Rixey gives it  to  me every day . Anybody who says saccharin 

i s  injurious to  health is an idiot . "  Thus , saccharin survived the first 

effort to  ban it . In 1912  saccharin was in fact banned from foods 

( Knisbacher and Dodge , 1978 ) , but during World War I ,  the reduct ion 

in sugar supplies prompted the lift ing of the ban . 

Between 1920 and 1950 , numerous attempt s were made t o  study the 

toxicological effects of saccharin in laboratory animal s .  These s tudies 

were of shorter durat ion and the findings did not generat e concern about 

toxicity ( USDHEW , 197 7 b ) . One of the earliest  s tudies of chronic toxicity 

of saccharin was conducted in 1951 . Fitzhugh e t  al . ( 19 5 1 )  fed various 

dietary levels of saccharin to rats and reported the appearance of 

lymphosarcomas in seven animals  that had received a 5% saccharin diet . 

However , these results were not cons idered conclusive because control 

animals also had a high incidence of tumors ( USDHEW , 197 7 b ) . 

In 1955 , the NAS/NRC Commit tee on Food Protect ion reviewed the 

scient ific evidence pertaining to  the safet y of saccharin and concluded 

that the "maximum probable tolerance level for saccharin in the 

human diet is  • • •  at least as great as  1 . 0 g per day . "  I t  further concluded 

that " the maximal amount of saccharin likely t o  be consumed is  not 
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hazardous . "  The latter conclusion was based on the substitution of 

saccharin for the average daily consumpt ion of sugar in the United States , 

which would amount to  approximately 0 . 3  g of saccharin . 

From 1960 to 1967 , the use of saccharin alone and in combination 

with cyclamates ted t o  an overal l  increase as  wel l  as  significant changes 

in the consumption of nonnutrit ive sweeteners .  At the request  of the 

FDA , the NAS/NRC Ad Hoc Commi ttee on Nonnutritive Sweeteners ,  Com­

mit tee on Food Protection ( 1968 ) reevaluated the safety of nonnutritive 

sweeteners . It  concluded that  an intake of 1 g or les s of saccharin 

per day by an adult should present no hazard and that 15 mg/kg of body 

weight per day is unlikely to be consumed . The committee also 

recommended further s tudy on the basis that the exis ting studies on 

carcinogenesis , as judged by current standards , were outmoded . 

The 1969 ban on cyclamates prompted new interest in saccharin 

because of an ant icipated increase in it s use . Another NAS/NRC ad hoc 

subcommittee of the Commit tee on Food Protection ( 1970 ) reviewed the 

avai lable toxicity data on saccharin . I t s  conclusions were similar to 

those issued in the 1955 and 1968 NAS report s , i . e . , that a total intake 

of 1 . 0 g of saccharin per day or 15 to 20 mg of saccharin per kilogram 

of body weight in adult s who weighed between 50 to 70 kg was safe . In 

addit ion , the subcommittee recommended further study of chronic toxicity 

in two species in accordance with modern protocols , epidemiologic 

studies with emphasis on diabetics and on the relat ionshi p of  saccharin 

to pregnancy ,  comparative metabolic s tudies in humans and in animals ,  and 

explorat ion of toxicologic interact ions wi th other  selected chemicals . 

In the 1970 ' s ,  two-generation , chronic toxicity in animals was 

studied by giving them multiple dose s of saccharin . Among these studie s , 
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one by the Wisconsin Alumni Research Foundat ion ( WARF , 197 2 )  indicated an 

increased incidence of bladder tumors in male rat s , especially in 

the second generat ion . Because of the preliminary result s of this study 

and of general questions about safety , the FDA removed saccharin f rom 

the GRAS list . Then , in the February 1 ,  1972  issue of the Federal Register , 

it published regulat ions restricting the use of saccharin ( USDHEW , 197 2 b ) . 

Es sent ially , these restrict ions discouraged general use by consumers 

pending the outcome of further toxicological studies . Simultaneously , 

the FDA asked the National Academy of Sciences to  conduct another review 

of the toxicological data on saccharin . 

The Academy ' s  report ( NAS , 1974 ) concluded that evidence had "not 

established conclusively whether saccharin is or is  not carcinogenic 

when administered orally to test animals . " I t  emphasized the uncertainty 

surrounding the role of orthotoluenesulfonamide ( OTS , a common impurity 

in commercial saccharin) in the induct ion of tumors and recommended a 

reconsiderat ion of the question when additional data become available . 

Subsequently , substant ial new evidence has come t o  light and events 

have moved rapidly ,  especially s ince March 9 ,  1977 , when the Canadian 

Government banned saccharin ( Canadian Nat ional Health and Wel fare Ministry , 

197 7 ) .  In 1974 the Health Protection Branch ( HP B) of Canada s tudied the 

relative toxicity of saccharin and OTS in two generat ions of rat s . The 

result s indicated that a 5% dietary level of saccharin increased the 

incidence of bladder tumors in male rat s , especially in the second gener­

ation . The Canadian invest igat ors concluded that saccharin is a potential 

cancer-causing agent . According to the official announcement , the HPB 

decided to  remove saccharin as an additive in processed food after con­

sultat ion with the Canadian Medical As sociat ion , the Canadian Diabetic 
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Associat ion , the Canadian Dental Associat ion , and the Regis t rars 

of Pharmacy ( Canadian National Health and Wel fare Mini stry , 1977 ) . The 

decis ion also appears t o  have been based primarily on three two-generat ion 

studies  ( two American , one Canadian ) , in which the ingestion of saccharin 

was associated with increased incidence of bladder tumors ( Canadian Nat ional 

Health and Welfare Ministry , 1977 ) . 

Prompted by the result s of the recent Canadian s tudy , the FDA in 

March 1977 announced its intention t o  ban saccharin under the general 

safety requirements of the Food Addi t ives Amendment of 1958 and the 

Delaney ant icancer clause of thi s amendment ( USDHEW , 1977b ) . The FDA ' s  

proposal t o  ban , a s  publi shed in the Federal Register on April 1 5 , 1977 , 

can be summarized as follows : 

The FDA intends  to : 

• revoke the interim f ood additive regulat ion which 

permits saccharin as  an ingredient in prepackaged food s  

such a s  soft drinks and tabletop nonnutritive sweeteners ; 

• review applications for marketing saccharin as 

a single-ingredient drug , available without a prescription , 

but bearing a warning about the risk of cancer ; 

• ban saccharin as an inactive ingredient in drugs unles s  it  

can be  shown t o  have an  overriding benefit ; 

• prohibit the use of saccharin in cosmetics that are likely 

to be ingested ; and 

• prohibit the use of saccharin in veterinary drugs 

and animal feed . 

The FDA ' s proposal was sharply cri ticized by the public , the 

food and drug industries , and numerous scient ific organizat ions . 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


1-10 

Thi s led the Subcommittee on Health and Scient ific Research of the 

Senate Commit tee on Human Resources to  approach the Office of Technology 

Assessment ( OTA) in March 1977 . The OTA was asked to s tudy the technical 

bas i s  of the FDA ' s proposal and to report within 60 days . On June 7 ,  1977 , 

the essent ial findings of the OTA were presented and discussed at  a hearing 

held before the Subcommittee on Health and Scient ific Research ( u . s. Con­

gress , 1977a ) . According to  the report , which was issued in October 1977 , 

the OTA concluded that " laboratory evidence demonst rates that saccharin 

is a carcinogen" and that " evidence lead s to the conclusion that saccharin 

is a potential cause of cancer in humans . "  It further concluded that 

"because of its widespread use , the availability  of a nonnutritive sweet­

ener is  of perceived psychological benefit  t o  many people " and that 

"whether or not using a nonnut ri tive sweetener lead s to measurable health 

benefits  has never been tested" ( U . S .  Congress , 197 7 b ) . 

Mounting public and congress ional concern about the fat e of saccharin 

is evident f rom numerous bills introduced in the House and the Senate 

s ince the FDA ' s announcement of the ban in March 1977 . Finally , on Novem­

ber 3 ,  1977 , The Saccharin Study and Labeling Act ( PL 9 5-203 ) was enacted , 

( U . S . Congress , 1977c ) . Thi s  Ac t required that the Secretary o f  Health , 

Education , and Welfare ask the National Academy of Sciences to  conduct 

"studies  concerning toxic and carcinogenic substances in foods , to conduct 

studies  concerning saccharin , its  impurities and toxicity , and the health 

benefi t s , if any , resulting from the use of nonnutritive sweeteners in­

cluding saccharin . "  It prohibited the Secretary of HEW from imple­

ment ing the proposed ban on saccharin for a period of 18 months , but 

requi red that food product s containing saccharin bear a warning on the 

label . In addition to  an evaluation of saccharin ,  the Ac t call s  upon 
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the Nat ional Academy of Sciences to study and develop policy recommendations 

concerning the safety of the nat ion ' s  food supply . 

Since this study has been in progres s at  the Academy , representatives 

of the affected food and beverage industries ( Gelardi , 197 8 ) , the FDA , 

and the National Cancer Inst itute ( USDHEW , 1977a ) have announced their 

intent ion to  conduct additional inves t igations into the carcinogenic 

potent ial of saccharin . 
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CHAPTER 2 

CONSUMPTION OF SACCHARIN 

The extent of exposure to a subs tance is a signi ficant determinant 

of the degree of risk or the magnitude of benefit . As such , an under­

standing of the patterns of consumption of saccharin i s  of particular 

relevance t o  thi s report . 

Although saccharin has been consumed by humans since the late 19th 

Century , reliable information about the prevalence of use , the demographic 

characteri s tics of the users , and the frequency and amount s  of saccharin 

consumed has been scarce . Often , es timate s of per capita use are extrap­

olated from data on the total amount of saccharin that has · been produced 

in the Uni ted States plus the quant ity  that has been imported , i . e . , 

"disappearance from the market data . "  Little  attempt has been made to 

determine the relevance of such estimate s for special populat ion groups 

such as diabetics . The limited informat ion avai lable on the direct con­

sumption of saccharin has been based on surveys of small  and perhaps 

unrepresentative samples of the populat ion . 

In an effort to draw a more meaningful profile of  the use of saccharin , 

the National Academy of Sciences ( NAS ) cont racted with the Market Research 

Corporat ion of American ( MRCA) , as i t  had in 19 7 4  ( NAS , 1974 ) , to obtain 

data concerning the direct consumption of saccharin ( MRCA , 1978a , b ) . The 

informat ion that was gathered by MRCA was based on a 2-week menu diary that 

was kept by a consumer panel of 4 , 000 households ( > 1 2 , 000 individuals ) . 

To estimate the use of saccharin , the committee compared these  data , when­

ever  applicable , with information from a public  opinion poll of  nearly 

1 , 500 individuals , which was conducted by Market Fact s Incorporated ( MFI , 
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1 
197 8 ) .  It also made comparisons with data collected by the National 

Center for Health S tat i s t i c s  during the years 1 9 7 1-19 7 4  ( U . S . Department 

of Health , Education , and Wel fare [ USDHEW] , 197 8 ) , the Household Food 

Consumption Survey conducted by the u . s .  Department of Agriculture in 

1965-1966 ( USDA , 1972 , 1978a ) , and a Nat ional Family Opini on survey ( NFO , 

1967 ) , which was conducted for the Pill sbury Company . 

Thi s  chapter contains a rough des cript ion of the use of  saccharin in 

the Uni ted States based on these data . Caut ion should be exercised when 

interpret ing these data s ince much of the informat ion was derived from 

surveys whose purpos e wa s t o  measure the size  of the marke t for noncaloric 

foods and not nutrient intake . 

THE PRODUCTION AND GENERAL USE OF SACCHARIN 

Often , disappearance data are equated with ingest ion figures . How-

ever , actual consumption i s  somewha t lowe r due t o  nonfood use , was tage , 

spoi lage , or spillage . Furthermore , d i sappearance data are not adequately 

ad j usted for discrepancies in user-consume r invent ories . Therefore , when 

comparing disappearance data with consumpt ion , one should a s sume the loss 

of a certain percentage ( perhaps as high as 20% ) . 

In the United States the use of saccharin in food s has r i sen f rom 0 . 6  

mi llion kg ( 1 . 3 million lbs ) i n  1 9 6 1  t o  2 . 9 million kg ( 6 . 4  mi l lion lbs ) 

in 1977  ( Table 2-1 ) , an increase of 385% , or 23% per year . There was a 

plateau in thi s use be tween 1970  and 1 9 7 3 , following the cyclamate ban . 

1 
For a discus s ion of the methodology used in the MRCA and MFI surveys , 
see page 2-16 . 
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TABLE 2-1 

Production , Import s , and Uses of Saccharin from 1961  t o  19 7 7  
i n  Mi llion Pounds 

Year 
Dome s t i c  

Product ion Imported a Total Used in Food b 

1961 NA
d 

1962 

1963 

1964 

1965 

1966 NA 

196 7  NA 

1968 NA 

1969 NA 

1970 

19 7 1  

19 7 2  NA 

19 7 3  2 . 7  

1974  2 . 5  

1 9 7 5  2 . 8  

1976  4 . 0 

19 7 7  4 . 8 

0 . 2 6 1 . 6  

0 . 5  e 1 . 9 

1 . 1  e 2 . 5 

0 . 8 e 3 . 2  

0 . 8  
e 3 . 3 

NA 3 . 5  

NA 3 . 7  

NA 4 . 0 

NA 4 . 4  

NA 5 . 0 

1 . 4 f 4 . 8  

NA 4 . 8 

2 . 1  4 . 8 

3 . 4 5 . 9  

3 . 1  5 . 9 

2 . 7  6 . 7  

2 . 8 g 7 . 6 

a From u . s . International Trad e Commis s ion , 1 9 7 7 . 

b u . s . Department of Agriculture , 1978b . 

1 . 3  

1 . 6  

1 . 8  

2 . 2  

2 . 5  

2 . 9 

3 . 1  

3 . 3  

3 . 7  

4 . 2  

4 . 0  

4 . 0  

4 . 0  

4 . 9 

4 . 9  

5 . 6 

6 . 3 

Used in 
Other Product s  0 

0 . 3  

0 . 3  

0 . 7  

1 . 0  

0 . 8 

0 . 6  

0 . 6  

0 . 7  

0 . 7  

0 . 8  

0 . 8  

0 . 8  

0 . 8  

1 . 0  

1 . 0 

1 . 1 

1 . 3  

° Cosmetics , pharmaceuticals , t obacco , elect rop lating , cat t l e  feed , etc . 
(Assumed to be 20% of the total except for 1963-1965 . )  From Calorie 
Control Council , personal communication , 1978 . 

d Not available . 

e From Bal linger , 1967 . 

f From Walter , 1974 . 

g Est imated from 9-month data from u . s .  International Trade Commis s ion , 
19 7 7 . 
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Approximately 80% of imported saccharin originate s in Japan . Smaller 

amounts  are imported f rom Taiwan and Korea ( U . S . International Trade Com­

mi s s ion , 197 7 ) . Recently , import s  have accounted for les s than hal f of 

the saccharin used in the Unit ed States ( Table 2- 1 ) . All imported saccharin 

is manufactured by the Remsen-Fahlberg ( RF )  method . Using the RF process , 

the Monsanto Chemical Company p roduced 50% of the saccharin on the u . s .  
marke t unt i l  1972 , when they ceased product ion of the product . Since 

then , all the domest ically p roduced saccharin has been manufactured by the 

Sherwin-Wi lliams Company , which use s the Maumee process . ( The two manu­

facturing processes  are described in Chapter 3 . ) 

In general , i t  i s  assumed that 20% of  all the saccharin produced 

and imported is used in the manufacture of such product s as  cosmet ics , 

pharmaceut icals , tobacco , and cat t l e  feed , and in elect roplat ing and other 

proces ses . The proport ion of saccharin used f or f ood and nonfood purposes 

in 1 9 7 6  i s  shown in Table 2- 2 ( Calorie Cont rol Council , pers ona l communi­

cat ion , 197 8 ) . 

TRENDS IN CONSUMPTION OF NONNUTRITIVE SWEETENERS 

It i s  difficult to compare data on the consumpt ion of nonnut ritive 

swee tene rs because the informat ion f rom diverse source s is not always com­

patible . For example , the age groups selected i n  the various surveys may 

be different , the consumption by sex may or may not be reported , an� 

informat ion may be solicited s olely for arti ficially sweetened soft drinks 

in one case and for all f oods conta ining saccharin in o thers . The f re­

quency of  use may also vary cons iderably ( daily , once  a week , et c . ) .  Thus , 

the d i s t inction between a user versus a nonuser i s  often an arbi t rary one . 

Moreove r ,  the method s of data collection can vary f rom a 24-hour diet­

recall to  2-week food diaries . The combined use of cyclamates and saccharin 
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TABLE 2-2 

Use of Saccharin in Food s and in Nonfood I tems 
in the Uni ted States , 197 6  a 

Percentage o f  
Quanti t y  used , saccharin used 

Foods million lbs in food 

Soft drinks 2 . 900 58  

Tablet op 1 . 200 24 
sweeteners 

Othe r foods ( in- 0 . 900 18 
eludes frui t s , 
premixe s ,  juices , 
candy , gum , jel-
lies , etc . 

5 . 000 1 00 

Nonfood Items 

Cosmetics ( toothpaste , 0 . 650 
mouthwash , lipstick , 
etc . )  

Pharmaceuticals ( coatings  0 . 455 
for pills ) 

Smoke less t obacco 0 . 135 
products  ( chewing to-
bacco and snuff )  

Electroplating 0 . 130 

Cat t l e  feed 0 . 06 5  

Mis ce llaneous 0 . 065 

SUBTOTAL 1 . 500 

TOTAL 6 . 500 

a 
Calorie Control Council , personal communication , Apr i l  1978 . 

Percentage of 
saccharin used 
for all purposes 

45 

18 

14 

7 7  

10 

7 

2 

2 
1 

1 

2 3  

1 00 
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( in a 10 : 1  cyclamate-saccharin mixtur e )  prior t o  1970 make s it diff icult 

to est imate the amount of saccharin consumed . Hence , a cons iderable amount 

of judgment mus t be exercised when commenting upon the
.
trends . 

Seven s tudies conducted between 1965  and 1978 are compared in Table 

2-3 . According to  the 1965-1966  Household Food Consumpt ion Survey of the 

u . s . Department of Agriculture ( 19 7 2 , 1978a) , 3% of the t otal populat ion 

reported using artificially sweetened carbonated soft  drinks . 

In 1967 , Nat ional Famil y Opinion ( NFO ) sampled the use of  cyclamat es 

and saccharin ( in a 10 : 1  mixture ) twice among 450 chi ldren and adolescents 

under age 19 . These j uveni les had been preselected f rom an earlier NFO 

s tudy in which they had responded pos itively t o  a quest ion conce rning the 

use of nonnutritive sweet eners . Fifty-eight percent of the respondent s 

used the saccharin-cyclamate mixture a t  leas t once in one o f  two 1-week 

period s . 

The National Health Survey , whi ch was conducted by the Nat i onal Center 

for Health Stat istics  ( NCHS ) from 19 7 1  t o  1974 , estimated that 13% of  the 20 , 000 

persons sampled used artifically swee tened cold drinks ( USDHEW , 197 8 ) . 

During the las t 1 1  years , MRCA used the same method in three surveys 

( MRCA , 1967-1968 ; 19 7 2-197 3 ;  1977-19 7 8 ) which measured the use of arti­

ficial sweeteners . Data were collected from a consume r pane l composed of 

approximately 4 , 000 households . Part i cipant s completed a dai l y  diary of  

all food eaten by all member s of  the  fami l y  for 14 days . The 1967-1968 

survey indi cated that 11% of the 1 2 , 78 1  respondents used tabletop sweet­

eners in a 10 : 1  cyclamate-saccharin mixture ( MRCA , 1968 ) . In 1 9 7 2-19 7 3 , 

28% of all respondent s used saccharin-containing product s of  every t ype 

( MRCA ,  1978a ) . In 1977-1978  the proport ion of saccharin user s  increased 

to 35% ( MRCA , 1978b ) . 
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TABLE 2-3 

Saccharin Use from 1965 to 1978  

Dates of 
survey 

April through 
June 1965 

April and 
July 1967 

July 1 ,  1967 
to June 30 , 
1968 

197 1-1974 

July 1 ,  19 7 2  
t o  June 30 , 
1973  

July 1 ,  1977  
t o  March 30 , 
1978 

July 12  to 
August 13 , 
1978 

Reference 

USDA , 1972 , 
1978a 

NFO , 1967 

MR.CA , 1968 

USDHEW , 1978  

MR.CA , 1978a 

MR.CA , 1978b 

MFI , 1978 

a Soft drinks only.  

b Tabletop sweeteners only.  

Descript ion of sample 

24-hour recall of food and 
nutrient intake of 14 , 519 
individuals in the United 
States 

450 children les s  than 19 
years old preselected from 
families who reported use 
of arti ficial sweeteners 
( saccharin plus cyclamates ) 

1 , 000 households participat ing 
in a 2-week menu diary ; 
12 , 781 individual respondent s 
in  a 2-week menu diary ( sac­
charin p�us cyclamates ) 

Numbers of users of artifi­
cially sweetened cold drinks 
reported from 20 , 000 inter­
views 

12 , 337  individuals using a 
2-week menu diary 

8 , 415 individuals using a 
2-week menu diary 

1 , 480 individuals over age 13 , 
weighted to  obtain a higher 
proportion of diabetics and 
users of sugar-free product s  

Users , % 

58 

28 

35 

26 
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Market Fac t s  Incorporated ( MFI , 1978 ) conducted a survey of saccharin 

use on behalf  of the Calorie Cont rol Council . Re sponse s were obtained from 

1 , 480 individual s  over age 1 3 . Thi s group was a weighted sample of  dia­

betics  and users of sugar-free product s .  MFI estimated that 2 6% of the 

total u.s. populat ion used saccharin . 

MRCA s tudies indicate that the use of arti ficial sweeteners i s  in­

creas ing in thi s country . A precise estimat e  of the proport ion of the 

populat ion us ing saccharin is not pos sible , but the surveys sugges t  a 

range of perhaps one-quarter t o  one-third of the t otal u.s. populat ion 

( approximately 50 to 70 million Americans ) . 

The MFI survey ( 1978 ) also reveal s  a rapid increase in  the number s  of 

users of saccharin .  The est imat e s  in Table 2-4 were computed f rom the 

length of time that  respondent s had used sugar- free product s .  There has 

been an approximat e doubling in the number of users every 5 years . 

CONSUMPTION BY AGE AND SEX 

Generall y ,  women are greater users of saccharin than are men as  

reported in all surveys that provide sex-speci f i c  data . Ove r  the years a 

shift  appears t o  have occurred in the relative proportion of men and women 

us ing nonnutritive sweeteners ( Table 2-5 ) . Both the 196 5  USDA ( 1 9 7 2 , 1978a ) 
and the 1 9 7 1-1974 NCHS surveys ( USDHEW , 1978 ) indicate that women used from 

50% t o  100% more diet d rinks than men . Two of  the MRCA surveys ( MRCA , 

1978a , b ) show that males consume saccharin about 80% as f requent ly as do 

females . In the 1 9 7 2-1973  MRCA study ( MRCA , 1 9 7 8a ) , the use of  saccharin 

seemed to be corre lated with increas ing age for both sexe s although the 

differences are not great . Ke s s le r  and Clark ' s  data , which were collected 

from 1972  t o  197 5 ,  are in agreement with respect t o  the s ex d i f ferences . 
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TABLE 2-4 

a 
History of sugar-free product consumptio� 

Length of use , years Number of users 

> 1 38 , 28 1 , 000 

> 5 19 , 482 , 000 

>10 9 , 399 , 000 

>15 4 , 956 , 000 

a 
Estimates based on MFI , 1978 . 
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Survey 

USDA2 1972 2 
1978a 

Male 

Female 

USDHEW , 1978 

Male 

Female 

MRCA, 1978a 

Male 

Female 

MRCA, 1978b 

Male 

Female 

MRCA, 1978a 

Both sexes 

MRCA , 1978b 

Both sexes 

a 
Both sexes . 

2-10 

TABLE 2-5 

Consum2tion of Nonnutritive Sweeteners 
by Sex and Age 

Percent of users of 
artificially sweet-
ened soft drinks , 
adjusted for age Percent of users by age group , years 

< 9 9-11 1 2-19 20-34 3 5-54 5 5-64 6 5-74 75+ - --

2 
l

a 2 1 2 2 1 1 1 

3 3 2 5 4 3 2 1 

1-5 6-11 1 2-17 18-44 45-64 65-74 

9 5 6 7 9 1 2  8 

17  6 6 "  1 5  2 2  2 2  1 1  

Percent of users o f  
a l l  foods 2 adjusted 
for age 

0-9 10-19 20-29 3 0-39 40-49 50-59 60+ 

25 23  22  2 3  2 6  24  2 7  3 3  

31  25 26 32 35 34 35 34 

31 36 29 29 31  29  28  31  

38 38  34  42  46  3 6  3 9  35 

2 2-5 6-12 13-17 18-24 2 5-34 35-44 45-54 55-64 65+ 

28 

34 

- -- -- -

13 28  25  24  25  30 29  29 3 5  3 3  

1 7  4 2  3 7  30 32 38 35 35  34  33 
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The 1 9 7 7 - 1 9 7 8  HRCA data ( MRCA , 1 9 7 8 b )  show that the highe s t  proport i on of 

user s among mal e s  i s  i n  the younge s t , i . e . ,  0- to 9-yea r , age group . For 

females , the grea t e s t  proport i on of users is in t he 20- t o  39-year age 

group . 

DAILY LEVELS OF CONSUMPTION PER KILOGRAM OF BODY WEIGHT 

Table 2-6 l i s t s four s ource s o f  dat a  conce rning the mean amount o f  sac­

charin used per day and per ki logram of body we ight per day . There are 

inherent problems in compa ring t he s e  data . The 1967 Na t i onal Family 

Opinion survey was conducted when cyclamates were s t i l l  avai lable , and the 

Marke t  Fact s Inc . ( 19 7 8 ) opinion pol l wa s pe rformed after the proposal 

to ban saccharin . The onl y l ongitudinal data are f rom the two MRCA 

surveys ( MRCA 1 9 7 8a , b ) . 

One may deduce from the int e rna l l y  cons i s t ent MRCA surveys that be­

tween 1 9 7 2  and 1 9 7 8  the amount s of saccharin consume d per day and per 

ki logram of body weight have r i sen sharply i n  the younger age groups , 

especia l l y  in the age s between 2 and 24 years . The data cons i s t ent l y  show 

that children consume l e s s  saccharin per day t han adult s ; however , ba sed 

on the amount consumed pe r uni t o f  body we ight , the younger chi ldren have 

a larger intake of saccharin t han do older children or adult s as they do 

for all food cons t i t uent s .  

From the MFI data ( 19 7 8 ) i t  appears t hat , a s  prev ious l y  s hown , male s  

and females consume es sent ially t h e  same average amount s of saccharin . 

Table 2-7 summarizes the daily consumption of saccharin by nondieters , 

dieters ( persons on a low-chole s t erol diet , low-fat diet , low-ca lor i e  diet , 

or other diet ) ,  and t hose on a diabet i c  diet . In general , t he t hree MRCA sur­

veys ( MRCA 1968 , 1 9 7 8a , b )  indica t e  tha t  a s i gni f i cant percentage o f  diabe t i cs 

( 60% to 7 8% ) use saccharin . The y use i t  more f requent l y  and in larger amounts 

( approxima t e l y  two t o  three t ime s a s  much ) than do nondiabe t i c& . The MF I  

( 19 7 8 ) survey indicated a s t i l l  highe r percent age of u s e r s  among d iabe t ics 
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Survey 

NFO 1967 

Age group , years 

mg/day 

mg/kg/day 

MRCA 197 2-1973  

Age group , 
years All 

mg/day 23 . 8  

mg/kg/day 0 . 4 

MRCA 197 7-1978  

2-12  

TABLE 2-6 

Milligrams of Saccharin Consumed Per Day 
by Age and Per Unit of Body Weight 

All 1-3 4-6 7-9 10-12 

24 . 0  11 . 5  19 . 5  26 . 0  24 . 5  

0 . 8  0 . 7  1 . 4  0 . 8  0 . 6 

13-15 16-18 

7 . 5 3 . 5 

0 . 4 o. s 

< 2  2-5 6-12 13-17 18-24 2 5-34 3 5-44 4 5-54 5 5-64 65+ - --

6 . 5  9 . 3 9 . 8  14 . 8  1� . 4  30 . 0  27 . 8  32 . 0  33 . 4  30 . 9  

0 . 6 0 . 3  0 . 2  0 . 3 0 . 4  0 . 4 0 . 4 0 . 4 o. s 0 . 4 

mg/day 32 . 0  19 . 0  23 . 1  24 . 8  32 . 9  37 . 6  35 . 5  38 . 5  3 5 . 8  3 3 . 6  30 . 9  

mg/kg/day 0 . 6  1 . 7  1 . 5  0 . 8  0 . 6  0 . 6  o . s 0 . 6  0 . 5  o. s 0 . 4 

MFI 1978 

Age group , years All 13-17 18-29 30-44 45-54 55+ 

mg/day--both sexes 157 . 1  102 . 8  159 . 0  181 . 6  17 1 . 4 134 . 8  

a 
mg/day--male 162 . 2  NA NA NA NA NA 

mg/day--female 154 . 0  NA NA NA NA NA 

a 
No data available . 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


2-13 

TABLE 2-7 

Saccharin Consumption by Type of  Diet  

Total saccharin consumed 
Type of MRCA ( 1967-68) MRCA ( 19 7 2- 7 3 )  MRCA ( 19 7 7-78)  MFI ( 1978)  
diet % % mg7day_ % mg/day_ _! mg/day_ 

a� b a a 
No diet 20 23  16 . 2  29 24 . 9  24 155 . 1  

Low 
NA 

0 
cholestrol 36 3 1 . 3  3 7  28 . 9  NA NA 

Low fat NA 38 30 . 2  30 37 . 9  3& NA 

Low calorie NA 43 3 2 . 5  5 1  40 . 3  NA NA 
e 

Other diet NA 3 3  23 . 4  3 7  30 . 6  NA NA 

Diabetic 60
b 

65  56 . 7  78  53 . 8  91  1 7 3 . 1  

a 
Excludes diabetics , but may contain other types of diets . 

b 
Tabletop sweeteners only--percent of  diabetic households . 

c 
No data available .  

d 
Percent of use among those who responded that they were either 
severely overweight ( 25 lbs or more over idea l weight ) or 
overweight . 

e 
Includes the following diets : allergy , bland/ soft , high 
calorie , high protein , low protein , low salt , and other 
unspecified diet s . 
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( 9 1% )  than did the MRCA surveys . In add it ion , 19 7 2-19 7 3  and 19 7 7-1978 

MRCA surveys ( MRCA , 1978a , b )  show that the percentage of users among 

nondieters and the mean dai ly intake of saccharin appea r t o  have increased 

during this 5-year period . 

These data are cons istent with other report s on d iabet ics . A 1970  

s tudy in The Netherland s reported that 73%  o f  1 , 593  diabet i c  respondent s 

used artificia l  sweeteners and that there was higher use among women than 

men ( Aardenhout , 1969 ) . From a surve y of member s  of the Bri t i sh Diabetes 

Associat ion , Armstrong et  al . ( 19 7 6 )  reported that 6 7 %  of males and 55% 

of females used saccharin table t s  daily . A survey of  hos pital pat ient s 

indicated that 64% of male diabetics  used saccharin , compared t o  48% of the 

female pat ient s ( Armst rong and Doll , 197 5 ) . The MRCA and MFI data d i sclose 

few difference s in the proport ions of  female and male diabe t i c  users of 

saccharin . 

An examination of the sources of foods that contain saccharin ( Table 

2-8 ) shows clearl y  tha t the mos t  abundant saccharin-containing product s are 

soft drinks and that consumption of them has increased between the two MRCA 

surveys ( 19 7 2-1973 ; 19 7 7-1978) . From 1 9 7 2  t o  1978  the proportion o f  users 

grew by 10% , while the amount of saccharin used increased by 55% . Of the 

total amount of saccharin consumed , soft  drinks account ed for 58 . 5% in 

19 7 2- 1 9 7 3  ( MRCA , 1978a)  and for 66 . 9% in 197 7-1978 ( MRCA , 1 9 7 8 b ) . The 

use of tablet op sweeteners decl ined from 34% in 1 9 7 2-1973  to 27 . 1% in 

19 7 7-19 7 8 . Overall , there has been a 36%  increase in the t otal use of  

saccharin in 5 years . Of the actual  increase , 90% can be a t t ributed to 

the increased consumption of soft drinks . 

I f , over 12 months during 1 9 7 2-19 7 3 , 92 , 526 mg of  saccharin we re 

consumed by 1 2 , 33 7  respondent s ( MRCA , 1978a) , then the 1 9 7 2  u . s .  popula­

t i on can be e s t imated to have inge s t ed 5 7 4 , 87 5 kg of saccharin . Thi s  is  
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Amount and Percent of 

Food 

Yogurt 

Chocolate 
drinks , whipped 
topping 

Ice cream , ices 

Pudding 

Juice substitutes , 
breakfast drinks 

Soft drinks 

Fruits  

Jello 

Salad dressing 

Fruit toppings , 
syrup 

Jelly 

Chewing gum 

Iced-tea mix 

Tabletop sweetener 

TOTAL 

a 
1 2  months . 

b 
9 months . 

c 
No data available . 

2-1 5  

TABLE 2-8 

Saccharin Consumed 
by Ty2e of Food 

Saccharin 
MR.CA 1 9 7 2-19 7 3a 

N •  1 2 2 337  

.!!.& % 

218 0 . 2  

4 8  0 . 1  

1 , 19 1  1 . 3  

74  0 . 1  

1 , 333  L 4  

54 , 153 58 . 5  

760  0 . 8  

780 0 . 8  

393 0 . 4  

238 0 . 2  

624 0 . 7  

17  o . o  

1 , 27 6  1 . 4  

3 1 , 4 21  34 . 0  

9 2 , 526  99 . 9 

bi MRCA res2ondent s 2  

MRCA 1977-1978
b 

N • 8 2 415  

.!!& % 

NA0 NA 

181  0 . 2  

5 11 0 . 5  

210  0 . 2  

1 , 17 3  1 . 2  

63 , 1 51  66 . 9  

196 0 . 2  

533 0 . 6  

201 0 . 2 

68 0 . 1 

330 0 . 3 

23 o . o 

2 , 233 2 . 4 

25 , 5 5 5  27 . 1  

94 , 365  99 . 9  
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equivalent t o  1 , 264 , 7 25 lbs , about one-third the amount used in food 

product ion during 1972  as est imated in a 1974 NAS report ( 3 . 7  million lbs ) 

( NAS , 197 4 ) . The 19 7 7-1978 MRCA dat a  ( MRCA , 1978b)  showed that  over 94 g 

were consumed by 8 , 4 15 respondent s .  Thi s  can be ext rapolated t o  a 

t otal consumpt ion of 900 , 4 7 6  kg of saccharin pe r yea r  in the United States . 

Thi s  is  about 2 million lbs in food product s , about 40% of the 5 mill ion 

lbs ( 2 . 3  mil lion kg ) estimated by the Calorie Cont rol Counci l for 1976 

( Calorie Cont rol Council , personal communicat ion , 1 9 7 8 ) .  In cont ras t ,  when 

the MFI ( 1978 ) consumpt ion dat a  are ext rapolated t o  the u . s . populat ion 

over  13 years of age , they approximate closely the amount s in food that were 

calculated by the Calorie Control Counci l  ( persona l communicat i on , 1978 ) . 

Thi s  is  surpris ing s ince disappearance data are not adjusted for waste  and 

are generally overestimates  o f  consume r use . 

Other Social and Economic Var iables 

The MRCA data ( MRCA , 1978a , b )  also contained informat ion on the use of 

saccharin and saccharin- containing product s  by race , income , c i t y  size , 

educat ion , and geographic region of the Uni ted States . In add i t i on , the 

fol lowing percent iles of use of saccharin were also obtained for each of 

the se variables : 50 , 90 , 95 , 97 . 5 , 99 , and 99 . 5 .  For t he sake of brevity 

thi s addit ional informat ion i s  no t being rev iewed . However ,  all  consumption 

da ta that were gathered by the commit t ee are being delivered t o  the Food 

and Drug Admini s t rat ion for i t s  use . 

METHODS USED FOR MFI AND MRCA ESTIMATE S 

The methods used by MFI ( 19 7 8 ) and MRCA ( 19 7 7-197 8 )  t o  e s t imat e sac­

charin intake differ , although both s tarted wi th the same information . The 

Calorie Control Counci l  prov ided the two organi zat ions with the number of 
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mi lligrams of saccharin in food product s ,  but each used a different 

algorithm to arrive at an average consumption figure . 

Since MRCA did not ask the respondent s to report the quantity con-

sumed per serving or how many servings they ate , these were estimated from 

age-specific data that  had been collected by the USDA in 196 5 ( USDA , 197 2 ) . 

The amount s of saccharin consumed were calculated by summing the milligrams 

of saccharin per gram of food for each meal and snack over 2 weeks and 

then dividing the total by 14 days to obtain an average daily intake . For 

example , if a 25-year-old MRCA respondent recorded that he drank a diet 

cola s ix times during the 2-week menu census period , then he is counted 

as having drunk 45 . 7 1  mg/day . This was calculated by mult iplying the 

concentration of saccharin (mg/g ) in the product by the 1965 average 
1 

amount ( g )  of the specific food consumed by age time s the number  of 

eating occasions . This total was then divided by 14 days : 

0 . 3548 mg/g  x 279 . 6  g x 6 drinks 
14 days = 4 5 . 71 mg/day 

This method is liable to underestimate the amount of saccharin consumed 

because there are no measures of actua l  intake by the respondent ; it is 

not known if the 1965 estimates  of serving size accurately reflect intakes 

during the 1970 ' s ;  and i t  is  likely that snacks and foods eaten away from 

home are underreported . 

In contrast ,  MFI asked its  respondent s to  provide a 24-hour recall 

of their use of foods containing saccharin . The amount s of saccharin 

were estimated by multiplying the milligrams per ounce or f luid ounce by 

a specified serving size . MFI recorded fract ions of servings  as whole 

1 
Age groups used were : < 2 ,  2-5 , 6-12 , 13-17 , 18-24 , and � 2 5 . 
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port ions , e . g . , for beverages , any amount unde r 12 oz was counted as 12 o z , 

from 13  to 23 oz  was counted as 24 oz , etc . In other words , each port ion 

was rounded upward to the next highe s t  speci fied serving size . In addi­

tion , the survey was conducted in July and August when intake of cold 

fluid s such as diet drinks was likely to be high . These two aspect s of 

the MFI survey would lead to overest imate s  of  the amount s o f  saccharin 

consumed . 

In this light the two surveys provide onl y a range o f  dail y  intakes 

and mus t be interpreted with caut ion . 

SUMMARY 

The committee does not wish to  draw definitive conclusions from these 

data , but direct s at tent ion to the following apparent trends : 

( 1 )  The percentage of the populat ion consuming saccharin­

containing foods and the amount s consumed are both 

increasing . The percentage of young children that 

consume saccharin is also ris ing . Young chi ldren 

consume fewer total milligrams per user than do older 

persons , but the amount per uni t of  body weight often sur­

pas ses the intake among adult s , the same as one would find 

with other food components .  A ma jor problem remains in 

interpret ing these data : doe s the increase in saccharin 

consumpt ion add to or replace sugar or other calorie 

consumpt ion? The considerat ion of both risks and bene­

fits  wil l be influenced by the answer to thi s quest ion . 

The committee recommends that further research be per­

formed on consumpt ion patterns . 
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( 2 )  Whereas the percentage of  women consuming saccharin was 

once considerably higher than the percentage of men , the 

margin o f  difference between the sexes  has narrowed . 

( 3 )  Data indicate that the greatest users are now females 

in the child-bearing years ( 2Q- to 39-year age group ) 

and males from birth to 9 years of  age . 

( 4 )  Sixty to 90% o f  all diabetics ( or those who class i fy 

themselves as diabetics ) use saccharin extensive l y .  A 

greater proportion o f  dieters ( on low-calorie , low-choles­

terol , low-fat , and other diet s )  consume saccharin than 

do nondieters . 

( 5 )  Soft drinks are the mos t frequentl y  consumed saccharin­

containing product s on the market . They account for 90% 

of the increased consumption of the sweetener . 
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CHAPTER 3 

RISK ASSESSMENT OF SACCHARIN AND ITS IMPURITIES 

LABORATORY INVESTIGATIONS 

The greatest concern regarding saccharin consumpt ion is the 

risk t o  humans o f  cancer . Thus , the following background infor­

mation on chemical carcinogenesis is presented to facilitate the 

understanding of  the finding s  that  are described  lat e r  in this 

chapter . 

Cancer in animals and in humans can be induced by a number 

of different kinds of chemicals , both man-made and naturally 

occurring . Of these , polycyclic aromat ic hydrocarbons , aromat ic 

amines , nitrosamine& and nitrosamides , nitroquinoline s , nitrofuran& , 

and mycotoxin& are among those that have been s tudied mos t  thoroughl y .  

Even with t h e  mos t active carcinogenic chemi cals , the process 

of cancer development is s low, requiring the equivalent of  one­

quarter to one-hal f of the average lifespan of the s pecies . 

For example , in rodents from 6 to 24 months may be required t o  

produce cancer whereas in humans 1 5 , 25 , 3 0  years , or  even longer 

may be needed . Cont inual exposure to  a carcinogen f or such periods 

i s  often not necessary , even for a maximum incidence of  cancer . 

In skin , liver , mammary glands , colon , and , probably , in mos t  

othe r  tissue s or organs in laboratory animals , carcinogenesis 

can be induced by a brie f  exposure to one t ype of chemical , an 

initiating carcinogen , followed by a prolonged exposure t o  other 

chemicals ,  called promoting agents or promoters . Promoters are 
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often not able t o  ini t iate carcinogene s i s  by themselve s o r  they 

do so very inefficient l y .  At best , they are carcinogens of  low 

potency . Mos t carcinogens are capable o f  both ini t iat ing and 

promot ing and , thus , can produce cancer by themselves after re­

peated or prolonged exposure . 

The apparent lat ent period between ini t iat ion and the 

appearance of cance r is not a t rue latent period . Rather , it 

is  characterized by the presence of new cells that represent 

s teps or  stage s in the s low cellular evolut ion from normal , 

through init iated , p reneopla s t i c , and premal ignant cells , t o  

the ultimat e  malignant cells tha t characte rize cancer . Generally , 

the new cell s  in the early phases grow quit e  s lowly . They may 

have d i s t inctive s t ructura l and biochemica l marke r s  that facili­

tate their ident i f icat ion with reas onable certaint y . In humans , 

these les ions have been s tudied mos t thoroughl y  i n  the cervix 

and in the skin but now are receiv ing greater a t t ent ion in the 

urinary bladder , breast , and respiratory t ract , among othe r sites . 

The proces s  of promotion appears t o  be essent ial for cancer 

development . Fo r example , in t i s sue s such as the ski n and liver , 

changes in cells or t i s sues that have been induced by a brief 

exposure t o  a carcinogen may pers i s t  for mos t  o f  the l i fetime 

of an animal without undergoing further s teps in the carcino­

genic process .  The es sentially irreversible nature of the 

init iat ing event s emphasizes the potent ial ha zard for cancer 

development from even a brie f exposure to a potent carcinogen . 

In cont rast  to init iat ion , many of the event s that occur 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


3-3 

during the proces s o f  promotion and prior t o  the appearance of 

cancer appear to be reversible . The f ocal collections of altered 

cells that proliferate during the severa l steps and tha t fall 

under the general phenomenon of promotion may disappear with 

discontinuance of  the promoting stimuli . Thus , for many 

chemicals , a cont inual exposure to a promoting env ironment over 

a relatively long period seems to be required for the development 

of cancer . 

The essential nature of the process of  promotion is not 

understood . There is general agreement that a s timulus for cell 

proli feration is  one component . However , this by i t se l f  is  in­

sufficient . Although the analysi s  o f  promot ion i s  largely un­

developed , it  appears that each organ or t issue may require i t s  

own special type of  environment in orde r t o  selec t and encourage 

the growth and further evolut ion of those few cells that are 

altered during initiation . For example , croton oil  and one 

group of its act ive derivat ives , the phorbol esters , are potent 

promoters for the skin , phenobarbital for the liver , bile acids 

and cyclopropenoid fat ty acids for the colon , and prolact in and 

other hormones for the mammary gland . I f  thi s organ-specificity 

proves to be a general phenomenon in promotion , it  poses major 

problems i n  the development of  suitable general assay procedures 

for promoters and of appropriate guidelines for wise government 

regulat ion . 

Another aspect of carcinogenesis that requires attent ion 

is the exis tence of cocarcinogens . These compound s or  agents 

enhance the development of cancer that is  caused by other sub-
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stances . For example , asbe s t o s  workers  or  uranium miners have 

li t t le if  any risk of developing lung cancer i f  they do not 

smoke , but have a very greatly increased risk ove r othe r  seg­

ment s of the popula t ion if they do smoke . It  i s  not unders t ood 

whether this so-called cocarcinogeni c effect enhance s ini t iat ion , 

promotion , or both . 

The sus cept ibility t o  the effects of carcinogens in animal s 

and , apparent l y , also in humans varie s considerably with the 

time of exposure in relation to the period of normal development . 

Since embryologic  and fetal development are characterized by 

vigorous cell proliferat ion , and s ince p roliferat ing cel l s  appear 

to be at far greater risk to carcinogens than are quie scent cells , 

fetuses of pregnant females are part i cularl y  vulnerable t o  carcinogens . 

An out s tanding recent example of thi s i s  the development of 

genital cancer in 1 8- to 25-year-old women whose mothers had re­

ceived diethylst ilbestrol during pregnancy . Also , even a brief 

exposure of laboratory animal s t o  s ome carcinogens during preg­

nancy ( t ransp lacental exposure ) can resu l t  in a very high inci­

dence of brain tumors in the offspring many months after birth . 

Simi larly , adult  organs or t i s sue s in whi ch there i s  usually no 

cel l  proli ferat ion , e . g . , the l iver , pancreas , and urinary bladder , 

are p laced at a greater risk i f  injur y  i s  induced either by the 

carcinogen i t self or by some other inj urious agent . Thi s  might 

be of importance in explaining some of the effect s of saccharin , 

as out lined below. 

Mos t  carcinogenic agent s require metabolic conversions t o  

active derivat ives , mos t  often highly reactive compound s cal led 
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" electrophilic reactants" . These active chemicals can interact 

with many different cell constituent s including deoxyribonucleic 

acid ( DNA) , ribonucleic acids ( RNA) , and proteins . Some of these 

interactions , especially some of  those with DNA , are believed to 

have special relevance to the initiation of  cancer development . 

In some instances , DNA repair processes play an important role in 

modulating the initiation event s produced by carcinogens . 

Alt erat ions in cellular macromolecules ,  especially DNA , are 

thought to  be the basi s  for the ma jority of short-term test s for 

potential carcinogens . Mutagenesis , chromosome damage , and other 

genetic effect s of the activated forms of carcinogens are a reflec­

t ion of  the damage to  DNA. Only cells that can convert metabolically 

the parent compound to  the ultimate carcinogen would be expected 

to be suitable targets  in a short-term assay . For cell l ines that are 

devoid of activat ion and that are used in short-term assays , an 

enzyme preparation from liver , either from an animal or a human , 

is  added to  the system to  carry out the activation process . The 

active product ( s )  then interact with the appropriate s ites  in the 

bacteria or other types of cells  that are the test species . 

In a few test systems , mammalian cells  are used t o  prov ide a more 

complex end-point , "cellular t ransformation" . The response of this 

system resembles cancer in many ways , and in some instances is 

believed to be a predictive surrogate tes t assay for carcinogenesis 

in vivo , provided that the assay includes reimplantation of t rans formed 

cells into the syngeneic host . Here again , an act ivating system 

is required i f  the requisite metabolic activat ion of the particular 

type of carcinogen is  missing in the test  organism or cell . 
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The presence and intens it y of metabolic convers ion t o  act ive 

or ult imate carcinogens varies widely among tis sues and , in . the 

same tissue , from species t o  species . Thi s  variation i s  an im­

portant factor in determining both the t is sue or organ specificity 

of a carcinogen as  wel l  as  the specie s specificity . 

However , the levels  of metabolic activity in many cells  

or tissue s  are  subject to  major  modulat ions by nutrition , drugs , 

and toxic agents as well as by hormones and age . These types of  

modulations may well be important in explaining some o f  the varia­

tions in target organ specificity within any one s pecies or between 

species . Thus , for example , a carcinogen , such as 2-acetylamino­

fluorene , which induces mos t ly liver cancer in one species with 

one dietary regimen , may induce urinary bladder cancer when the 

compound is given with another dietary regimen . Many carcinogens 

induce one spectrum of canc�r s in one s pecies and a different spectrum 

in another species . Such dif ferences in organ response to  a single 

carcinogen are quite common with several type s of  chemical carcinogens . 

Since the metabolic pat tern of organs or t i ssues and their 

responses to  acute injury are often very similar among different 

species , it is not surprising that chemicals that are shown t o  

b e  carcinogenic in one species often show the same type of  re-

sponse in other species . This relat ive "unity of biology" forces 

us to  assume in principle the validity of qualitative ext rapolation 

of toxic effect s of chemicals from animals t o  humans , unless adequate 

data on humans preclude thi s method of hazard assessment . However ,  

given the many factors that modify chemical-induced carcinogenesis , 
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the direct extrapolat ion at a quantitative level is fraught with 

many uncertainties . 

Genetic background is  an important cons iderat ion when determining 

the susceptibi lity of different individuals within any one species . 

Increasing experience with humans , backed by considerable evidence 

from studies with laboratory animals ,  point s clearly to the existence 

of major genetic-based di fferences in susceptibility ( estimated 

to be at least 3Q-fold [ Harris et al . ,  197 8 ] ) t o  the chronic toxic 

effects of chemicals . This poses a problem for humans , since some 

humans will  be highly suscept ible or highly res istant t o  a part icular 

toxicant . Can appropriate safeguards be devised to protect the 

majority of the suscept ible individuals ?  ·clearly , new technologic 

approaches to the ident ificat ion of high risk individuals will 

be required in developing guideline s  for their safety . 

Experimental Findings--Saccharin 

Chemistry .  Saccharin ( 1 , 2-benzisothiazol-3 ( 2H)-one 1 , 1-

dioxide ) i s  manufactured by two different processes . One older 

method , known as the Remsen-Fahlberg ( RF )  process ( Remsen and Fahlberg , 

1879 ) , i s  shown in Figure 3-1 . A more recent method , the Maumee 

process , is shown in Figure 3-2 . Certain details of these processes 

are proprietary information of the individual manufacturers ; therefore , 

they are not included in the figures . 

The RF proces s  may use either toluene or orthotoluenesulfon­

amide ( OTS ) as the starting material ( Munro et  al . ,  1975a ; Stavric 

et al . ,  1 9 7 8 ; Stavrik , personal communicat ion) . When toluene 

is used , the initial reaction is sulfonation followed by amida-
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t ion to yield OTS . The OTS is then oxidized to the acid ortho­

sulfamoylbenzoic acid . This product is hydrolyzed to saccharin 

which may be converted t o  any of  several saccharin salt s . This 

process produces characteristic impurities which may differ 

somewhat , either qualitatively or quant itatively , as a result 

of elected variations in the process ( e . g . , one of three differ­

ent oxidizing agent s may be used ) or by the introduction of un­

intent ional variations ( e . g . , a very small temperature fluctuat ion 

which may cause the introduction of sulfone by-product s  during 

the sulfonation of toluene ) .  Some of the impurity variat ion found 

in different lot s of saccharin that  have been produced by the same 

manufacturer are due to limited technical control which introduces 

such unintended variations . 

The principle impurity  in RF-manufactured saccharin i s  OTS , 

which , until 4 to 5 years ago , was present in commercia l samples 

in concentrations as high as 5 , 000 ppm . More recent refinement s ,  

either in manufacture or purificat ion , in the RF proce s s  have 

yielded commercial preparat ions with as low as 25 ppm OTS . 

The Maumee process  ( E . D .  Compton , Sherwin-Williams Co . ,  

personal communicat ion ; Munro e t  al . ,  1 9 7 5 b ) , s tarts with either 

phthalic anhydride or anthrani lic acid ( Munro et al . ,  1975b) . 

Phthalic anhydride is  converted in a three-step process  to  methyl 

anthranilate . Thi s product i s  then converted t o  the diazonium 

salt and sulfonated to give the corresponding sulfinic acid 

( 2-carbomethoxybenzenesulfini c acid ) . Subsequent chlorinat ion 

and amidation yields saccharin . If  anthranilic acid is  used as 

the starting mate rial , i t  i s  methylated to give methyl anthranilate . 
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From there on the process .  is the same as  that  used wi th phthalic 

anhydride . 

The Maumee process yield s a product with impurities that 

are , for the mos t part , different from those found in saccharin 

that has been manufactured by the RF process .  The OTS impurity 

i s  not found in the Maume·e-produced saccharin . 

Subsequent ly , saccharin preparations that are manufactured 

from both processes are analyzed and may be further puri fied , 

but these purification s teps are proprietory informat ion . 

Saccharin i s  generally prepared a s  the sodium salt although 

the calcium and ammonium salts are also available . The physical 

properties of saccharin and its salt s are 'detailed in the Food 

Chemicals Codex ( NAS ,  1 9 7 2 ) . 

The saccharin preparations that have been used in in-vivo 

studies were manufactured by the RF method , except in the 1977  

study by  the Canadian Health Protection Branch , which used 

saccharin that had been produced by the Maumee process ( Canadian 

National Health and Wel fare Ministry , 1 9 7 7 a , b ) . For the various 

in-vitro tests , lot s of saccharin from both processes were used 

in addit ion to more highly purified samples . 

Metabolism . In 1974 , the NAS/NRC Subcommittee on Non­

nutritive Sweeteners issued the report , Safety of Saccharin and 

Sodium Saccharin in the Human Diet ( NAS ,  1 9 74 ) . In addressing 

the questions of the carcinogenicity of saccharin in animal s 

and the safet y  of saccharin in the human diet , the subcommittee 

devoted a good deal of attent ion to  the metabolism of saccharin . 

The 1974  report , based on data from the intervening years , sub-
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stant iated the conclus ions o f  an earlier NAS report ( NAS , 1970 ) 

that saccharin was readi ly absorbed and rapidly excreted , mostly 

in the urine , as unmetabolized saccharin . 

The subcommittee covered three key areas in the physiologic 

disposition of saccharin--absorption , distribution and excretion , 

and metabolism . I t s  findings are summarized below. 

Several studie s have shown that mos t  saccharin wa s rapidly 

absorbed during i t s  passage from the stomach t o  the small intestine 

in the guinea pig , rat , mouse , dog , hamster , pig , and monkey , and 

that very litt le was found in the feces . 

Saccharin was widely dist ributed throughout the body after 

ingest ion but did not remain in tissues after a s ingle dose . 

Multiple dosing in rat s resulted in accumulat ion of  saccharin 

in several tissues , especially in the bladder . However , 

saccharin was cleared rapidly after the dosing wa s discont inued . 

Saccharin was also shown to cross the placental wall in pregnant 
1 4  

monkeys that had been given C-saccharin by infusion . After the 

infusion , fetal blood level s exceeded maternal value s and saccharin 

was cleared more s lowly from fetal t i ssue than from maternal t issue . 

In all specie s tested , saccharin wa s excreted primarily in 

the urine . Fecal excretion of saccharin varied from 3% to 40% 

in rat s and averaged 3% in humans . Les s  than 7% of  saccharin was 

excreted into bile so that larger amount s  of fecal saccharin were 

likely due to incomplete absorption ( Byard and Golberg , 1973 ; 

Lethco and Wallace , 197 5 ;  Minegishi et  al . ,  1 9 7 2 ) .  

Several studies demonstrated that the ma jori t y  of  orally 
14 

administered C-labelled saccharin was excreted unchanged in 
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the urine when given to  guinea pig s , rats , mice , dogs , hamsters , 

and humans . In rats and monkeys , over 97% to 99% of the ad-
1 4  

ministered C was accounted for as unchanged saccharin by 72  

hours . Trace amount s ( < 1 %  of  the administered dose ) of ortho-

sulfamoylbenzoic acid and ammonium carboxybenzenesulfonate were 

detected in the urine of tat s and monkeys in three studies . 

Saccharin was excreted virtually unchanged in humans . 

Ball et al . ( 19 7 7 ) reported a serie s of  experiments ,  in which they 
14 

invest igated the fate of [ 3- C )  saccharin in two men and one woman , 

in female rat s , and in female rabbit s .  They fed 60 rat s a diet 

containing 1% or 5% ( w/v ) saccharin for 3 to 12 months . Thi s resulted 

in an average daily saccharin consumption of 0 . 2  g and 1 g ,  respec-
14 

tively . On the final day , 16 to 22 mg/kg of [ 3- C) saccharin was 

administered by gastric intubation . 
14 

Twelve rats were given the 

oral dose of [ 3- C )  saccharin with no pretreatment . Nine rabbits 
14 

received a single dose of 6 mg/kg of [ 3- C )  saccharin , and 18 rabbits 

received drinking water containing 1% saccharin ( about 1 . 6 g/day ) 

for 6 months before being given the dose of labelled saccharin . 
1 4  

Within 2 4  hours , about 9 5% of the dose of C was eliminated 

from previously untreated rat s , 76% in the urine and 1 4 %  in the 
14  

feces . There was almost complete eliminat ion of the C dose  by 

6 days . The pat tern was s imilar in the rat s that had been pre-
1 4  

treated with saccharin except that more C was recovered in  the 

feces . By 24 hours , 5 1 %  to 72% was recovered in the urine and 

1 3% to 30% in the feces . In rabbit s receiving no pretreatment 
1 4  

with saccharin , there was almost complete recovery of C by 
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48 hours ; 82% was eliminated in the urine and 1 1 %  in the feces . 

Less  saccharin was excreted in the feces of the pretreated rabbits . 

About 92% of the dose was excreted at 48 hours--83% in the urine 

and 4% in the feces . Analysis of the rat and rabbit urines by 

paper chromatography detected no metabolites of saccharin . The 
1 4  

authors also found that the amount o f  CO in the expired air 
2 

of rat s that had been pretreated with saccharin for 1 2  months 

was less than 0 . 03% of the dose of labelled saccharin . 

The three human volunteers were given a single oral dose 
1 4  

of 0 . 2  mg/kg o f  [ 3- C )  saccharin and their urine s and feces 

were analyzed for 4 days . These same subject s were then 

given three doses of saccharin totalling 1 ·  g daily for 21 days . 

After the last dose , 0 . 2  mg/kg of labelled saccharin was ad-

ministered . Saccharin was recovered almost entirely in the 
1 4  

urine . At 24 hours , 85% to 92% o f  the C dose wa s detected 

in the urine and less than 1 . 5% in the fece s . By 4 days , 

there was almost complete recovery of the saccharin-labelled 

dose . There was 95% to 96% recovery in the urine and 3% to 

5% in the feces . No metabolite s of saccharin were detected 

in the urine . 

In two additional experiment s ,  livers and feces taken 

from previously unexposed rat s and from rat s kept on saccharin 

diets  and feces taken from rats that were capable of metabolizing 
1 4  

cyclamate t o  cyclohexylamine were incubated with C saccharin . 

No compound other than saccharin was detected after the incubations . 

From their data , Ball et al . ( 1 9 7 7 ) concluded that , within 

the limit s of the experimental method s , unchanged saccharin was 
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excreted by humans , rabbits , and rat s and that  chronic feeding 

of the sweetener did not produce further metabolism .  

Couch e t  al . ( 1 9 7 3 ) administered a 1 20 mg oral dose of 

sodium saccharin to a single subject . A blood sample was col-

lected 5 minutes before the dose was given , and blood and urine 

were collected at 6 ,  1 2 , and 24 hours . In a method developed by 

the authors , saccharin was identi fied as its N-methyl derivative 

by adding diazomethane to the tissue sample and using gas-liquid 

chromatography . By 6 hours , 43% of the dose was recovered in 

the urine and there was 96% recovery of unchanged saccharin by 

24 hours . Analysi s  of the blood sample s showed that the saccharin 

was bound to plasma proteins . 

The mechanism of urinary excretion of saccharin in rats 
� 

was invest igated by Bourgoignie et al . ( 1 977 ) , who found that 

saccharin is excreted by a combination of filtrat ion and tubular 

secret ions in both sexes . 

The ability of saccharin to bind to  liver and bladder DNA 

was investigated by Lut z and Schlat ter ( 1 977 ) . Two male rats , 
35 

weighing 1 7 3  and 1 80 g ,  were gavaged with S-labelled saccharin 

and were killed 50 hours later . The total radioactivity ad-

ministered to the rat s was 4 . 57 and 4 . 5 3 p Ci ,  corresponding to 

doses of 390 and 372 mg/kg , respectively.  Urine and feces were 

collected at 0-24 , 24-48 , and 48-50 hours . DNA was isolated 

from the livers and bladders for radioactivity measurements .  
35 

By 24 hours , 66% and 84% of the two administered S doses 

were recovered in the urine , and there was total recovery by 50 

hours . Using thin-layer chromatography , the investigators found 
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that almost all of the radioact ivity in the urine existed as 

unmetabolized saccharin . The yield of DNA from the bladder was 

small so that the sample s from the two rat s had t o  be pooled . A 

total of 0 . 68 mg of DNA was isolated from the bladder , whi le 2 . 75 

and 3 . 33 mg were taken from the rat livers . Radioactivity measure-

menta revealed that there was no incorporat ion of saccharin into 
-8 

the DNA . The limit s  of detect ion were 1 x 1 0  
-7 

mol saccharin per 

mol DNA phosphate and 1 x 1 0  mol saccharin p e r  mol DNA phos-

phat e for the liver and bladder , respectively . Therefore , the 

authors concluded that it is  unlikely that the carcinogenicity 

of saccharin is due t o  covalent binding to DNA but , rather , to 

secondary damage to the bladder epithelium .  

I n  summary , the ma jori t y  o f  data o n  the biotransformation 

of saccharin demonst rate that this compound is  excreted un-

changed predominant ly in the urine in both humans and labora-

tory animals .  There was generally a 90% to 99% recovery of the 

original dose in the urine ; the remainder was detected in the 

feces . These levels varied s omewhat depending on whether there 

was single or multiple dosing of saccharin . Up to 6% of a 
1 4  

C-labelled saccharin dose has been recovered i n  human feces . 

Generafly , there has been les s than 1 0% recovery in  the feces 

of test animals ,  although up to 40% was recovered in the feces 

of some rat s . Measurement of the expired air of rat s given 

saccharin showed that less than 0 . 03% of the dose was detected 
1 4  

as CO • Examination o f  urine and feces has shown that there 
2 

are either no or very low levels of metabolites . 

There are only three report s of saccharin biotrans format ion 
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products  in the urine . Ammonium carboxybenzenesulfonate and 

orthosulfamoylbenzoic acid were detected in rats and monkeys 

but in amount s that were les s than 1 %  of the administered dose . 

No evidence of saccharin biotransformat ion has been demonst rated 

in humans . 

After repeated exposures ,  saccharin accumulates to some 

extent in organs such as the bladder , kidney , and liver , but 

particularly in the bladder wal l . However , i t  i s  eliminated 

fairly rapidly after dosing is stopped . Whether  single or 

mult iple exposures are given , saccharin is  almost completely 

eliminated within 24 to 72 hours . 

Saccharin does not appear to bind covalent ly with DNA of 

the bladder or the liver . 

Tumorigenesis--Bladder . Many chronic studies have been 

designed and conducted to determine the carcinogenicity  of 

saccharin . All of them have been reviewed carefully by the 

commit tee . 

In July 1 9 7 0 , an ad hoc subcommittee of the NAS Committee 

on Food Protection issued a report ( NAS , 1 970b ) concluding that 

there was no evidence for the carcinogenicity of saccharin in 

the data that it reviewed . In 1974 , the Subcommittee on Non­

nut ritive Sweeteners of the NAS Committee on Food Protect ion 

reevaluated all available toxicity data on saccharin and con­

cluded that , from the evidence of 1 1  chronic studies , saccharin 

could not be considered a carcinogen . That report ( NAS , 1 9 7 4 ) 
raised the possibility that OTS or other contaminants of 

saccharin that occur in large and variable concentrat ions might 
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be  bladder carcinogens . Anothe r i s sue rai sed by tha t  report 

was the undefined and pos s ibly conf ounding role of factors such 

a s  calculi  and parasites , which are known t o  induce bladder 

tumors .  

In 1 9 7 7  an Advis ory Panel of t he Off ice of Technology 

As sessment reviewed all available informa t ion f rom chroni c 

s tudie s  of saccharin ( U . S . Congress , 1 9 7 7 ) .  I t s  conclus i on tha t  

saccharin wa s a bladder carcinogen in anima l s  wa s based especially 

on the uni formly pos i t ive two-genera t i on s tudies with ra t s . 

In the present NAS evaluat ion , the commi t tee reviewed 1 4  l ife-

time feeding studies to asce rtain the chroni c t oxicity ( including 

carcinogeni city ) of saccharin . The experimental protocols  can be 

divided int o two categorie s :  s ingle-generation exposure s ( 1 1  

s tudies ) and two-generat ion exposure s ( three studies ) .  In the 

s ingle-generat ion s tudies , animals were exposed orally , f rom 

weaning age through mos t  o r  a l l  of the i r  lives , t o  doses ranging 

as high as  2 , 700 mg /kg/day ( Table 3- 1 ) .  The commit tee conclude s 

tha t i n  the single-generat ion s tudie s saccharin did no t induce 

cancer in any organ . 

Three two-generat ion s tudies were performed with saccharin 

( Table 3- 2 )  ( U . S . Dept . of  Hea lth , Educat ion , and Wel fare [ USDHEW] , 

19 7 3a , b ;  Canadian National Health and Wel fare Mini s t ry , 1 9 7 7 a , b ;  

Wi s cons i n  Alumni Research Foundat ion [ WARF ] , 197 3 ) . In each s tudy , rat s  

of each sex of the parent genera t i on ( F  ) were f e d  saccharin in their  
0 

diet s f rom weaning through pregnancy and preweaning of the i r  offspring . 

The F generat ion was placed on the same diet a s  their  parent s 
1 

for the i r  ent i re lifespan . Thus , animals of the F generat i on were 
1 
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exposed to saccharin and its  impuri ties as wel l  as to their  metab-

olites , transplacentall y ,  via mothers ' milk , and , subsequentl y ,  

i n  their own diet . The following dose level s  of saccharin were 

used in these studies : 0 . 0 1 % ,  0 . 1 % ,  1 % ,  5% , and 7 . 5% in the FDA 

study ( USDHEW , 1 9 7 3a ) ; 0 . 05% , 0 . 5% ,  and 5% in the WARF study 

( Tisdel et al . ,  1974 ; WARF , 1973 ) ;  and 5% in the Canadian study 

( Arnold et  al . ,  1 9 77 b ;  Canadian Nat ional Health and Wel fare Ministry , 

1977 ) .  Extensive review of the pathological findings led to the result s 

that are noted in Table 3-2 . Bladder tumor incidence in treated 

males of all F generations at  the highest dose levels was consis-
1 

tent ly and stat ist ically higher than that o f  cont rols . In addition , 

males o f  the F generat ion in the Canadian s tudy demonstrated 
0 

signi ficant incidence of bladder tumors at  the 5% feeding level--

an important and unique observat ion for the F generat ion . 
0 

In summary , saccharin is  a bladder carcinogen in male rats . 

The effects were observed consistently in the F generation of  
1 

two-generat ion studies . In only one of  these three studie s  was 

saccharin a bladder carcinogen in the males o f  the F generat ion . 
0 

Several investigators have studied the possibility  that  

saccharin is  a cocarcinogen or promoter . Their result s have 

been equivocal . Hicks and coworkers have published a number of 

report s ( Chowaniec e t  al . ,  1974 ; Hicks and Chowaniec , 1 9 7 7 ; Hicks 

et al . ,  1 9 7 3 , 1975 , 1 9 7 7 ) in which saccharin wa s administered to 

rat s  in their drinking water at  2 g/kg/day or in their diet at  

4 g/kg/day . A single initiat ing dose of  N-methyl-N-nitrosourea 

( MNU )  was instilled through a catheter into the urinary bladder 

when the rats  were 6 to 8 weeks old . The animals  were monitored 
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TABLE 3-1 

Resul ts of One-Generat ion Saccharin Feed ing S tudies a 

Sacc.harin Durat ion b l!fUIIIber of Ani-ls c 
St!!!!z An illals llfl Process of Ex2 •  Dosaae S tart Sf fe c t ive 

BioResearch Consultants , 197 3 Rats RFd 2 7  IIOS . 11 , 5% 25/group c 16 
(Charles-River) lZ 1 3  

5% 12 

National Ins titu te Hygienic Rats 28 IIOS . 2500 q/kg c 54 c 14 
Sciences , Japan , 1975 (Wistar) T 5 3 T 1 7  

! ! 
Litton Bionetics , 1!17 3  RF 

Rats 26 IIOS . 1% , 5% 4Q-52/group c 32 26 
( Charles-River) lZ 38 29 � 5% 2 7  37 N 0 

� F 

Sct.ahl , 1 9 7 3  Rat s RF ani- 1 0 . 2 ,  0 . 5% 52/ group c 5 2 52 
( Sprague-Daw1ey) li fe t ime 0 . 2 5 2 5 2 

0 . 5  52 52 

!! ! 
Munro .!! al . ,  1 9 7 3 ,  l !1 7 5a Rats RF 28 IIOS . 90 , 2 70 , 60/ group c 57 5 6  

(Charles-River 810 , 2700 90 5 1  56 
Spraaue-Daw1ey q/kg 2 70 54 5 2 
De rived) 810 52 56 

2 700 54 54 

� ! 
Lessel , 1959 Rats RF 24 .,s , . 005 .,  . 05 . ,  20/ group c 6 9 

(Boots) 0 . 5 ,  5 . 0% . 005 12 1 3 
. 05 8 10 

0 . 5  s 9 
5 . 0  3 2 
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Hicks and �howaniec , 1977 ; lata RF 28 IIIOS .  4 a/ka 46-70/ group 

Hi.cka , persoul co-.1C4t1on (Viatar) 

I 
National Ins ti tute Mice RF 2 1  ., • •  0 . 2 .  1 . 0 ,  50/ aroup 
Hygienic Sc iences , Japan, 1973 51 

BioResearch Consultants , 1973 Mice RF 24 IIIOS .  u .  51 20-36/aroup 
(Charlaa-Ri ver 
CD-1) " 

Al tho f f  et a l .  • 1975  Hamsters RF l i fe t ime  . 156 , • 312 , '34/ aroup 
(Golclen-Syrian) (80 wks) . 625 , 1 . 251 

( in drinking 
water) 

Coulston � .!!.• ,  1 9 7 5  Monkey RF 5-6 yrs . 20 , 100 , 2-3/gro"' 
500 ma/ ka 
( in solution) 

Q Negat ive • no significant d i f ference be tween cont rols and t re a ted . 

b Eithe r I o f  die t  or q/kg of body we ight . 

0 E f fect ive • number of animals tha t survived 80 weeks ( ra t s )  or l onge r on wh i ch  b l adde r histopathology was done . 

dar • Remsen- Fahlberg Process .  

!! .! 
c 46 52 
% 70 68 

.! .! 
c 2 7  26 
T 2 3  2 2  

1. 0 22 29 
5 . 0  19 28 

!! .! 
c 19 17 
11 14 14 

15 14 
51 15 18 

19 18 

.! r 

c 18 15 
. 156 13 13 
. 312 17 16 w 
. 625 24 lJ I 

1'.) 
1 . 25 12 14 .... 

! ' 

c 3 3 
20 2 2 

100 2 2 
500 3 3 
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S tudy 

WARF I 1973 

FDA 

Animals/ 
Generation 

Sp rague-Dawley 
F1 

Sp rague-Dawley 

TABLE 3-2 

Results o f  Two-Generat ion S accharin Feeding S tudies 

. .  

Saccharin 
Mfg . P ro cess 

Remsen-Fahlb erg 

Remsen-Fahlberg 

Diet 

(Per centage of Diet) 

5 

5 

Inc idence of  
Bladder Cancer 

In Male Rate 

Cont rol Treated 

0 / 14 8/ 14 

1 / 2 5  1/21  

S ta tistical 
Significance* 

(P) 

. 001 

N . S .  
(USDHEW, Fl w 197 3a)  7 . 5 1/ 2 5 7/23  . 01 8  

Canadian Charles River Maumee 5 0/42 12/45 . 0002 
(Arnold . (Sp rague-Dawley 
.!! al . , Derived) /Fl 
1977a) 

Charles River Maumee 5 1/36 7/38 . 0 3 3  
(Sprague-Dawley 
De rive d) I Fo 

*S tatis tical Analy sis was carri ed out acco rding to the Fisher-Exact Tes t ;  P valuea 4were de terained fo r one side 
o f  the curve indica ting the probabili ty value for an increase in tumor incidence . 

I 
N 
N 
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for histologic and ultras tructural characteristics , premalignant 

change s , bladder calculi , and t ime to appearance of tumors . No 

bladde r tumors were observed in control rat s  that received only 

MNU . The bladder tumor incidence wi th saccharin alone was less  

than 2% , but in combination wi th MNU the incidence rose to 52% . 

In rat s  given saccharin alone , tumors first appeared at  95 weeks ; 

in rat s given saccharin and MNU the tumors appeared at 9 weeks . 

Many of the saccharin-treated rats  that developed tumors had bladder 

calculi ; however ,  several animals had tumors but no bladde r calculi . 

The parasite  Trichosomoides crassicauda was not found in any of 

the rat s . 

Since several agents that  had been tested in conjunction 

with MNU had been shown to produce tumors , /there i s  the possibility 

that the development of tumors was due , .Solely to  MNU . Cyclophos-

phamide was given alone in 18 monthly i . p .  inject ions or  as  a single 

i . p .  injection given 2 weeks before or 2 weeks after MNU was ad-

ministered . Although hyperplasia and hyperpolyploid cells  developed 

in the bladder epithelium , no tumors resulted . However ,  the data 

for cyclophosphamide are not directly comparable to  saccharin , 

since the lat ter was adminis tered daily for prolonged period s . 

The 1 9 7 4  NAS report on saccharin contained evaluat ions of 

the early work of Hicks and colleagues . Its  conclusions s tated 

tha t " the deposition of exogenous materials  in the urinary bladder 

is a highly art ificial procedure . Furthermore , the question 

arises whether the saccharin or  the bladde r stone s were cocarcino-

genic in conjunction with MNU . [ T ] he role of impurities in the 

phenomenon • • •  has not been resolved • • • •  [ T ] he observation [ of co-
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carcinogenesis ] is complicated by the presence of  a known bladder 

carcinogen , MNU . Considerably more research is needed to confirm 

and explain thi s finding . "  

Cohen et  al . ( 1 9 7 8 ) investigated the cocarcinogenicity of 

saccharin in rats  using N- [ 4- ( 5-nitro-2-furyl ) - 2-thiazolyl ] -formamide 

( FANFT ) . Male weanling s  were given through their diet either 0 . 2% 

FANFT for 6 weeks followed by a control diet ; 0 . 2% FANFT for 

36 weeks followed by a control diet ; 5% saccharin ; 0 . 2% FANFT 

for 6 weeks then 5% saccharin ; or 0 . 2% FANFT for 6 weeks , a 

cont rol diet for 6 weeks , and then 5% saccharin . The experi-

ment was continued for 2 years . The bladde r cance r incidence 

rates  were 1 6% and 1 00% for FANFT given for 6 and 36 weeks , 

0% for saccharin alone , 89% for  FANFT and saccharin , and 50% 

for FANFT plus saccharin given after a 6-week delay . These 

data sugge s t  tha t  saccharin promotes FANFT-ini t iated bladder 

cancer in rats . 

Saccharin has also been admini stered to  male and female 

rat s in combinat ion wit h  another sweetener , cyclamate  ( Oser 

et  al . ,  1975 ) .  Rats were fed a diet containing 0 ,  500 , 1 , 1 20 , 

or 2 , 500 mg/kg/day of  a 1 0 : 1  cyclamate-saccharin mixture over 

2 years . Bladder tumors were observed only at  the highe s t  

dose . There were tumors in 1 2  of 70 rat s , nine males , and 

three females . The 2 , 500 mg/kg dose is  equivalent to  about 

5% of the diet . The tumor incidence that resulted was higher 

than that obtained with cyclamate or saccharin alone at comparable 

exposure level s in the one-generat ion feeding s tudies . Thi s may 

sugges t  an addit ive or synergistic  e ffect between the two sweeteners . 
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Bryan et  al . ( 1970 ) and Bryan and Yoshida ( 1 9 7 1 ) used a test  - -
sys tem in which the cocarcinogenicity of saccharin was examined 

in connection with a cholesterol pelle t . Twenty to 24 mg of  a 

cholesterol pellet was implanted into the urinary bladders of a 

control group of 1 06 female mice ( 60 to 90 days old ) . The same 

amount of a cholesterol pellet containing 20% sodium saccharin 

was implanted in the bladders of 1 30 female mice . The animals were 

observed for up to 1 3  months . There was no d ifference in the average 

surviva l in days between the two groups . The incidence of urinary 

bladder carcinoma increased from about 1 2% in mice rece iving only 

the cholesterol implantation to about 50% in mice given cholesterol 

and saccharin . Fifty percent of the saccharin was cleared f rom 

the pellet within 5 . 5  hours and 99% by 1 . 5 days . Of the more than 

1 00 chemicals tested using the implantation method , saccharin was 

one of  only 1 5  that induced bladder cance r in  two or more trials . 

Not all investigators have found saccharin to  be a tumor-

promoter or cocarcinogen . Roe et  al . ( 1 970 ) gave female mice 

( 9  to 14 weeks old ) a single dose of 0 . 2  ml polyethylene glycol 

( PEG ) or 50 mg benzo [a ] pyrene ( BP )  in PEG by int ragastric instilla-

tion . After 7 days on a s tandard diet some mice received a diet 

containing 5% saccharin for up to 1 8  months while others were 

kept on a s tandard diet . There were 50 mice in each test group . 

No e f fect on survival rat e  was observed from any of the t reatments .  

Mice that had been given only BP had increased numbers of hepatomas 

and of papillomas of the forestomach ,  compared t o  the control group 

that received only PEG . One mouse developed a carcinoma of the 

forestomach that was not seen in the control group . No benign 
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or malignant tumors of the forestomach were observed in the group 

receiving only saccharin ; nor did saccharin given in combinat ion 

with BP produce more tumors than those observed in the group that 

was given only BP . Bladder tumors were not observed from macro­

scopic examination , but the bladders  were not examined micro­

scopicall y .  Roe et al . concluded that , under their test  conditions , 

saccharin does not cause tumors in  mice nor doe s i t  promote the 

tumor activity of BP . 

Ershoff and Bajwa ( 19 7 4 ) studied the e ffects of saccharin 

that was given in conjunct ion with 2-acetylaminofluorene ( AAF ) . 
Female rats weighing 57 g were given 300 mg/kg of AAF alone or 

with 5% saccharin through their diet for 40 weeks . There were 

1 2  rat s  in each experimental group and 1 2  rats  in the cont rol 

group . Animal s  were autopsied and their  urinary bladder s  were 

examined microscopicall y .  There was a 92%  tumor incidence rate 

of mammary and ear duct tumors in rat s  given AAF for 40 weeks 

while the group given saccharin and AAF had only a 50% rate . 

The mucosal lining of urinary bladders in rat s  from both groups 

were hyperplastic and one rat given saccharin and AAF had pre­

cancerous changes of the epithelium . I t  was not clear why 

saccharin had this inhibitory effect on tumor induct ion , but 

the authors did not rule out the possibi lity that i t  may have 

been partly due to a decrease in the intake of calories and 

AAF in the saccharin- treated group . 

Crampton is  present ly conducting s tudies on saccharin 

using the method s of  Hicks and his colleagues ( Chowaniec 

et  al . ,  1 9 7 4 ; Hicks and Chowaniec , 1 9 7 7 ; Hicks et al . ,  
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1 9 7 3 , 1 9 7 5 , 1 9 7 7 ) . Crampton ' s  interim data have been presented in 

an FDA report that was prepared by Cranmer ( 1 9 78 ) . The rats were 

injected with MNU , then given 2% saccharin in the i r  drinking water . 

Two different samples of saccharin were used . Only one sample contained 

the impurit y  OTS . The preliminary data have shown 1 2  bladder tumors 

( benign and malignant ) in 51  rat s  admini s tered only MNU ; whereas , 

no tumors  developed in thi s group in the experiment s o f  Hicks and 

his colleagues . The tumor incidence did not increase in the groups 

of  rat s  that received the saccharin samp les in addit ion t o  MNU , which 

again differed from the observations by Hicks . These data indicate 

that saccharin does not promote bladde r cance r when given through 

drinking water , but more extensive data f rom this experiment are 

needed be fore defini t ive conclusions can be drawn . 

Studies us ing saccharin in combinat ion with four di fferent 

agent s , MNU , FANFT , cyclamate , and cholest erol pellets , have 

shown saccharin t o  be a cocarcinogen or tumor promoter in the 

rat bladder .  Negative result s occurred in experiment s with 

saccharin and BP in mice and saccharin and AAF in rat s , but 

in these case s the ini tiat ing agent alone did not cause bladder 

tumors . Moreover ,  preliminary data by Crampton have not dupli­

cated the promot ion of  bladder tumors  tha t occurred in rat s that 

were given saccharin and MNU ( Cranmer , 1978 ) .  Cranmer ( 1 978 ) 

reported a multiple agent s tudy tha t  i s  being conducted by I t o , 

who i s  test ing saccharin in rat s  with either or both 4- ( butylni­

t rosamino )-1-butanol ( BBN ) and caffeine . So  far , there have been 

no data from Ito ' s  studies to indicate whe ther saccharin is a pro­

moter  or a cocarcinogen . 
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Although the relevance o f  some of the methods used i n  these 

experiment s ,  such as pellet implantat ion and direct bladder ins t i l-

lation of MNU ,  i s  questionable , the dat a  in  some of  the experiment s 

do indicate that saccharin can act a s  a promoter or cocarcinogen 

for bladder cancer . Since humans are rarely exposed t o  only 

a s ingle agent , risk assessment s  f or humans should consider the 

carcinogeni c potential no t onl y  o f  saccharin alone but also  of 

saccharin in combinat ion with o the r agent s . 

Tumorigene si s--Other Organs . The commi ttee ha s reviewed 

pathologic f indings f rom organs o the r than the bladde r .  In f our 

rat s tudies ( USDHEW , 1 9 7 3a , b ;  Canadian National Hea lth and Wel fare 

Mini s t ry , 1 9 7 7a , b ;  Munro et al , 1 9 7 3 ; WARF , 1 9 7 3 ) in whi ch dietary 

level s  of 5% or 7 . 5% saccharin were used and for which detailed 

pathology reports were avai lable , there were more animal s 

with les ions of the female reproductive tract in  the saccharin-

t reated g roups than in the cont rol groups ; however , the di fference 

be tween the t reated and cont rol groups wa s no t s tat ist ically 

signi ficant . 

The lesions that were f ound mos t  f requent l y  were benign 

ut erine tumors and cyst i c  ovaries . In the FDA study ( USDHEW , 

1 9 7 3a , b ) , the Munro study ( Munro e t  al . ,  1 9 7 3 , 1 9 7 5 ; I .  C .  Munro , 

pers onal communicat ion and unpubli shed data ) , and the Canadian 

F s tudy ( Canadian National Heal th and Wel fare Mini s t ry , 1 9 7 7 a , b ;  
1 

I .  c .  Munro , personal communication and unpubli shed data ) , there 

were increased number s  o f  animals  wi th ovarian cys t s ; whil e  in 

the WARF study ( P .  Derse , personal communi cation ; Tisde l  et al . ,  

1 9 7 4 ; WARF , 1 9 7 3 ) , there wa s an increase in ovarian tumors .  The 
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data are presented in Table 3-3 . 

The greatest  differences between cont rol and saccharin-

t reated animals  were found in expe rimental si tuat ions in 

whi ch the animal s were mated . Thi s  sugge s t s  a pos s ible hormonal 

involvement . However ,  no correlat ion wa s found between the 

reproduct ive-t ract tumors and pituitary or adrenal lesions . 

Appropriate hormone as says were no t pe rformed . 

In summary , as  a result of detai led analyses of the 

pathology data , the committee  conclude s that the experimental 

ev idence sugge s t s  that inge s t i on of saccharin at  the 5% or 

7 . 5% dietary leve l may have cont ributed to an increase in 

benign uterine tumors and ovarian les ions in female ra t s . 

Tumorigene s i s--Is sues of Data Interpretation . Some 

aspects  of the chronic toxi city/ carc inogenicity s tudies 

warrant further elaborat ion because o f  poss ible mi s-

interpretation . These i s sues are the determinat ion of 

whether the dose s tes ted me t the criteria of "maximum 

tolerated dose " ; the appropriatenes s  of in-utero exposure 

in the test ing protocol ; the lack o f  dose-respons e  for 

bladder cancer by saccharin ; and the confounding of  resul t s  

by high s odium in the d i e t  o f  t reated anima l s  or  o f  the for-

mat i on of calculi in the urine of saccharin-t reated rat s . 

The doses of saccharin tha t produced bladde r cance r in 

male rat s  were 5% and 7 . 5% of the diet . Examinat ion of all 

the parameters that were measured revealed no signi fi cant 

adverse effect  on survival or longevity other than those 

effect s produced by carcinogeni city . In F male weanlings 
1 
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TABLE 3- 3 

S accharin Ingeat iona and Le sions o f  the Female Reproduc t ive Tract in Rata 
( S ta t i s t ic al Analys is)  

No .  An1Jial.a with No. An:1JIIlls with No. An1Jrals with 
OV&r1an '1\Jiors Cystic Ovaries Uterine '1\Jiors 

c '1' p c T p c T 

C8rad1an p 0/48 0/49 10/48 11/49 . 521 6/48 13/49 
0 

lb1ro p 0/56 0/54 0/56 4154 . 055 2156 4154 0 
C8rad1an p 1/50 2149 . 492 4/50 12/49 . 024 6150 4/49 

1 

WARP' p 0/17 3/19 . 136 1/17 3/19 
1 

Fm p 0/16 0/22 2/16 6/22 .245 2/17 5/24 
1 

CcJd>1ned pb . 196 
0 

CcJd>1ned p . n5 .012 
1 

CcJd>1ned p and p . n5 . 010 
0 1 -

aAl l  s tudies at St d ietary leve l except the FDA s tudy , which was at 7 . 5t level . 
C-contro l , T•Treated , P•S tatis tical S igni f icance . 

p 
.o68 

. 322 

. 833 

.345 

. 374 

.041 

. 438 

.063 

bs ta t i s tical methods for combininq data according to Cochran ( 19 5 4 )  and Gart ( 19 7 1) 
( one- s ided , exact P va lues for an i nc reased tumor inc idence in treated animal s ) . 

UoJ I UoJ 
0 
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in the three two-generation s tudies , treated animal s  had 

less weight gain than corresponding cont rol s . However , the 

rat e  of growth o f  both t reated and cont rol rat s after  weaning 

was ident ical . The s igni ficance of the t rans ient effect on 

body weight is unclear ; however ,  i t  i s  possible tha t thi s 

effect reflects caloric restrict ion . In the Munro e t  al . 

( 1 9 7 3 ) study , an i socaloric regimen produced no difference 

in body weight during the weaning period . Difference s in 

body weight--pos tpartum and through weaning--were observed 

in both sexes ; whereas formation of bladder tumors occurred only 

i n  males . Thi s sugges ted that the carcinogeni c e f fect wa s not 

the result of the t rans ient differences in body weight . To maxi-

mize the sensitivity of  animal s tudies  to detect carcinogenic 

activity--particularly weak activity--the highe s t  t olerable 

dose that does no t  otherwi s e  produce effect s on longevity  

and survival must be  used . Saccharin doses  of 5%  and 7 . 5% 

mee t these criteria . 

The s tudies  in which saccharin produced bladder carcinoma 

employed the two-generat ion exposure design . Thi s design was 

selected to  mimic human exposure patterns which , for saccharin , 
' 

often included ingestion by pregnant women with consequent 

exposure of the fetus in utero . Since the developing fetus 

often represent s a highly suscept ible s tage to the t oxic 

effects of agent s , the determination of pos sible ri sks under 

such condi tions of exposure appear reasonable for a substance 

widely dispersed in the food suppl y .  The observat i on that  

saccharin crossed the placent a wa s addi t i ona l incentive to  
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dete rmine chronic toxi ci t y  from the t ime of concept ion . Five 

years ago , in-utero exposure / l i fe t ime feeding designs were 

rela t ively new . Consequently , there had been no history from 

whi ch safety could be evaluated . 

Current review of saccharin s tudie s using thi s design 

clearly indicate a cons istent t oxic response , both quali­

tatively and quant itatively , tha t lead s convincingly t o  the 

conclus ion that saccharin is a bladde r carcinogen when ex­

posure begins in the parenta l  generat ion and occur s from 

the t ime of conception throughout life in the offspring . 

Whether briefer exposure s yield s imilar risks ha s not been 

determined experimental l y .  The NAS s tudy in 1 9 7 4  concluded 

on the bas i s  of two in-utero / l i fe time exposure s tudies that 

commercial saccharin was a bladder carcinogen in laboratory 

anima l s  but noted tha t  the ef fect could not be ascribed to  

either saccharin or t o  one of i t s  impurities  ( NAS , 1 9 7 4 ) . 

Recent data s t rengthen the conclus ion about the car­

cinogeni c act ivity of saccharin per se . The result s of the 

two-generat ion s tudies canno t be ascribed to t oxicity during 

the reproduct ive process , s ince many reproduct ive s tudies as  

wel l  as  data  on reproductive indexe s from these  s tudie s have 

demons t rated no adverse reproduct ive e f fects . Thus , the 

commit tee concludes tha t the rat ionale for such a design i s  

reasonable and that the implementat ion of the s tudy did not 

generate confounding reproductive toxicity . The studie s are 

considered valid f or this risk asses sment . 

Animal s  exposed to  sodium saccharin were also exposed t o  
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high levels  o f  sodium in the i r  diet s . Onl y the FDA study 

attempted to cont rol for thi s element by exposing cont rol 

animal s t o  s odium carbonate ; however ,  the judiciousnes s of 

test ing with this anion has been quest ioned . The use of  

clearly mat ched control s would have been advi sable for all 

studies . The pos sibility that high s odium intake a f fected 

the product ion o f  bladder cancer appears remote .  On the 

one hand , cardiovas cula r  di sease ( e . g . , hypertension ) would 

be expected from high sodium consumpt ion , but hi s topathologic 

evaluations do not support such a conclusion . On the other 

hand , sodium could alter  the di spos i t ion of  saccharin , al­

though the absence of biot ransformat ion ( even wi th repeated 

exposures ) would argue agains t thi s . I n  addi t ion , sodium , 

at least  in the chloride form , doe s not appear t o  have 

carcinogenic propert ies . Whil e  the dat a  are indirect , high 

sodium diet s do not appear to confound the observat ion of  

bladde r cance r from exposure to  high dose s o f  saccharin . 

The pos sibility was raised that  bladder cance r actually 

resulted from irritat ion o f  the  bladder epithe lium �y foreign 

bodies such as calculi or parasites ( tTAS , 1 9 7 4 ; and u . s . Congress , 

1 9 7 7 ) .  Such foreign bodie s play an important role i n  the induction 

of bladder cancer . The se factors cannot be ruled out ent i rel y ,  

although they were taken int o limi ted account by these  studies 

( USDHEW , 1 9 7 3a , b ;  Canadian National Health and Wel fare Mini s t r y ,  

1 9 7 7a , b ;  WARF , 1 9 7 3 ) . Gros s calcul i d i d  no t appea r t o  be related 

to saccharin�induced bladder cancer ; however , microcalculi have 

not been discounted . Bladde r nematodes appea r t o  have been ruled 
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out in the Canadian study ( Canadian Nat ional Health and Wel fare 

Mini s t ry , 1 9 7 7 a , b ) within the l imitat i ons of detect ion . Such non­

specific ef fect s due to calcul i and para s i t e s  would not be expected 

to  be sex-speci fic as was the incidence of  bladder cancer . And 

the occurrence of  paras ites  would  be expected t o  afflict , with 

approximately equal f requency , both t reated and cont rol animal s .  

Thus , these factors are not l ikel y  t o  be respons ibl e for the observed 

bladder cancer . 

Confidence in the biological s igni f i cance of an adverse 

effect i s  greatly increased when the inc idence of  the les ion 

varies  in proportion to dosage . Only two dose level s  of 

saccharin ( 5% and 7 . 5% )  have been associated wi th bladder 

cancer in male rat s ; however , no dose-res ponse was ev ident . 

Neve rtheless , such a phenomenon i s  compat ible wi th a dose­

res ponse . The 5% feeding level may repre sent the beg inning 

of the measurable dose-respons e  for the numbe r o f  experimental 

subj ects  employed in the study . At 1% saccharin in the diet , 

no increase in tumors wa s observed . A measurable effect might 

be detected at doses between 1%  and 5% dietary levels ; however , 

those doses have not been s tudied adequately . To increase the 

sens i t ivity of the carcinogen bioassay to detect bladder cancer 

at dietary levels  of saccharin below 5% , the experimental design 

should be modified to  expand the numbe r of experimental animal s .  

An overall evaluation o f  the preceding i s sue s lead s the 

commit t ee to conclude that the bladder carcinomas observed in the 

two-gene rat ion s tudies are related to saccharin exposure and 

are not confounded by the dose levels used , in-utero design , 
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lack of  dose-response , or the pos sibi l i t y  tha t  sodium o r  forei gn 

bodies  signi ficant ly influenced the response s . 

Noncarcinogeni c Effect s . In  a 1 9 7 4  report  by the NAS/ NRC 

Subcommittee on Nonnut ritive Sweet eners ( NAS , 1 9 7 4 ) , data on the 

reproduct ive and terat ogeni c e ffect s of  saccharin and sodium 

saccharin were reviewed and evaluated . The f inding s  in this 

report are summarized below . 

Reproduc t ive Effects 

Rat s  were fed saccharin in the i r  diet  at 0% , 0 . 5% ,  and 

5% cont inuously through the g rowth , mat ing , gestat ion , and 

lactat ion s tages . Mat ing occurred after  the rat s were on the 

saccharin diet for about 14 weeks and the offspring were ob­

served for 28 days . There was no effect  on mat ing efficiency , 

surv ival of  the pups , or growth rate of the surv iving off-

spring compared t o  controls . Saccharin-fed rat s did have smaller 

average litter s i zes and a lower average of l ive births than the 

cont rol s , but these effect s were no t dose-related and were believed 

to be due to cus t omary experimental variabi lity . 

In a s ix-generat ion study , mice were given sodium 

saccharin in their  die t s  at  0 . 2% or 0 . 5% .  There were s ome 

decrease s in body weight at 2 1  days in some generat ions , but 

thi s  was not a cons is tent f inding . No cons i s t ent effects  on 

fert i l i t y  index , viabi lity  index , lactat i on index , and number 

of infe rt i le males were observed over the s ix genera t ions . 

In a three-generat ion s tudy in rat s  fed sodium saccharin 

at 0 . 0 1 % ,  0 . 1 % ,  1 . 0% , 5 . 0% , and 7 . 5% , the only reported e f fect s 

were in the F generat ion . There wa s an increase in preim-
1b 
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plantat ion loss except at  the 0 . 1 % leve l and an increase in 

early deaths only at the 5% level . No e ffects  were seen in 

the F ' 
2a 

F , F , 
2b 3a 

and F 
3b 

generat ions . 

Teratogenic Effect s  

N o  evidence of teratogeni c i t y  wa s found in the repro-

duct ive s tudies described above . 

In several s tudi es reported during the 1 9 60 ' s ,  invest igators 

found no teratogenic effect � in  mice , rat s , and rabbit s tha t were 

given saccharin . 

Sodium saccharin that was inj ected into chi ck embryos at  0 

and 9 6  hour s of incubat ion caused growth retardation , poor survival 

to  hat ching , and minor beak defect s . Howeve r ,  the subcommit tee 

concluded tha t because these effect s were commonly observe d in 

chi ck embryo as say systems , the i r  signi fi cance t o  safety evaluation 

was uncertain . 

No e ffect s on fetal surv ival , fetal weight , l i t ter s i z e , 

and fetal deve lopment were observed a s  a result of  sodium saccharin 

that was given to rabbi t s  at 0 . 6  g/ kg/day on days 1 through 29 

of  pregnancy ; t o  rabbi t s  at 0 . 5 or 1 . 0 g/kg/day on days 8 through 

16 of pregnanc y ;  to rat s  at 6 g/ kg/day on days 1 through 20 of 

pregnancy ; and to rat s at 0 . 5 , 1 . 0 ,  or 5 . 0 g/kg/day on days 

8 through 16 of pregnancy .  

No abnormal i t ies were observed i n  the offspring o f  rat s 

given sodium saccharin by s t omach tube at 0 . 48-38 g/kg on 

days 7- 1 3  of pregnancy and mice given s odium saccharin by 

s t omach tube at 62 . 3- 1 , 000 mg/kg on day 6 of  pregnancy . 
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When saccharin and it s s odium , calcium , o r  ammonium 

sal t s  were admini stered to  pregnant mice at up to 600 mg/kg 

for 1 0  consecutive days , there was no increase in teratogenic 

effects when compared t o  cont rol s .  

In summary , on the basis  of the avai lable data , the commit tee 

concludes tha t there i s  no evidence tha t saccharin or  its salts  

produce t eratogenic or reproduct ive effects  in mammal s .  

Short-Term Tes t s  for Genetic  Effect s . The Office o f  Technology 

Asses sment ( u . s . Congress , 1 9 7 7 ) rev iewed the exis t ing literature 

on short- term tes t s  on saccharin . It reported the result s of 1 2  

short-term test s conducted f or OTA which tes ted samples o f  saccharin 

that were used in the recent pos itive carcinogenicity t e s t  in rats 

( Canadian National Health and Welfare Mini s t ry , 1 9 7 7 a , b ) . Another 

review was recently completed by Ki lbey e t  al . ( 19 7 7 ) . 

The OTA panel concluded that although there are a number of  

pos i t ive s tudies in the literature , the  result s are  equivocal . 

Of the 1 2  short-term tests  conducted f or OTA , three ( s ister  

chromatid exchange , mouse lymphoma L5 1 7 8Y , and chromosome 

aber rat ions ) were weakly pos i t ive , s even were negat ive , and 

two were in progre s s  a t  the t ime o f  the panel ' s  final report . 

Of the three pos i t ive tests , the s i s t e r  chromat id exchange and 

mouse lymphoma result s have been publi shed as  separate reports  

( Clive et  al . ,  1 9 7 8 ; Wolff  and Rodin , 1 9 78 ) .  Of the two 

incomple t e  s tudies , in-vitro transformat ion in mous e C3H 

l OT 1 / 2  is now complet e  ( Monda! et al . ,  1 9 78 ) . 

The in-vitro t rans formation studie s and additional report s that 

have appeared in the literature s ince the OTA report are discussed 
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be low . Other short-term test s have been described e l sewhere 

( Ki lbey et  al . ,  1977 ; u . s .  Congress , 1 9 7 7 ) .  

In all but one of the short-term t e s t s  tha t have been 

reported s ince the OTA study , ei ther negat ive or borderline 

pos i t ive re sult s were observed . Thes e  s tudie s ne ithe r  convincingl y  

confi rm  nor conflict  with the weakl y  pos i t ive result s reported 

in the OTA s tudy . The exception is the s tudy o f  Monda ! e t  a l . 

( 1 9 7 8 ) , which demons t rated that highl y  purified saccharin i s  

a promoter i n  the l OT 1 / 2  in-v i t ro t rans format ion system .  

Thi s  s tudy report ed new data and expanded the l i s t  o f  short-

term t e s t s . 

Te st  for Promoter Act ivity 

In s tudies conducted for the OTA , We instein reported that 

saccharin was negat ive in a test for induct ion of plaminogen 

activator , whi ch respond s to the phorbo l ester  promoters ( U . S .  

Congress , 1 9 7 7 ) .  

Monda! e t  al . ( 19 7 8 ) , using the l OT 1 / 2  in-v i t ro trans­

format ion system , observed tha t .  highly puri fied saccharin can act 

as a weak promot ing agent t o  cause significant in-vitro t rans forma­

t ion i f  cells are t reated wi th saccharin ( 1 00 � g /ml ) in the presence 

of nont ransforming doses ( 0 . 1  � g/ml ) of the carcinogen and in-vitro 

t rans forming agent 3-methylcholanthrene . Saccharin i t sel f i s  

nont ransforming , even at very high doses . The result s of Monda! 

et al . are compelling in tha t the l OT 1 / 2  system i s  a wel l-es tabli shed 

method for studying in-vitro t rans formation ; all of the known 

promot ing agent s tha t  have been tested ( Monda ! e t  al . , 1978 ; C .  

Heidelberger ,  personal communication , 1 9 7 8 ) ;  the e ffect i s  not 
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borderl ine and i s  s tat i s t ical ly significant ; and the s tudy appears 

to have been care fully and thoroughl y conducted . 

Chromosome Aberrations 

In an abs t ract Masubuchi et al . ( 1 9 7 8a )  reported chromos ome 

breaks and gaps in-vivo in mice after i . p .  inject ion of 4 g/kg , 

a dose that was comparable t o  that rece ived by rat s in the 

Canadian pos itive carcinogeni city t e s t  ( Canadian Nat ional Health 

and Wel fare Mini s t ry , 1977a , b )  or in vitro in Chinese hamster cells 

( cell line not ident i fied ) after treatment wi th 1 0  to 30 mg/ml 

sodium saccharin ( purity not speci'fied ) .  Three papers in Japanese 

( Masubuchi e t  al . ,  1 9 7 7a , b ;  Yoshida et  al . ,  1 9 7 7 ) from the same 

research group were not evaluated . In another abst ract , Ochi and 

Tonomura ( 1 9 7 8 ) report similar result s in human fibroblas t cultures 

( from aborted fetuse s ) after t reatment wi th 1 - 1 0  mg/ml saccharin . 

These resu l t s  support those o f  Hsie and coworkers , which are 

described in the OTA report ( U . S . Congre s s , 1977 ) ;  however , there 

are enough uncertaint ies s o  that these data canno t be regarded 

as con�irmation of the preliminary data of  Hsie and colleagues . 

The data presented in the abs t ract s are not sufficiently  complete 

to permit a definitive analys i s . These s tudies report only breaks 

and gaps which are les s certain indicators of mutageni c potential 

than other chromosome aberrations , such as those found by Hsie 

and colleagues , and can occur as  a result of  nonspecific toxicity . 

Also , the doses used were in the range in which saccharin is  

known t o  be  t oxic t o  Chines e  hams ter cells , thus sugges t ing tha t  data 

on protocol , t oxicity , and actual numbers of  aberrations observed be 
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made available before these s tudie s can be regarded as supportive 

of the preliminary data f rom Hsie ' s  g roup which appear in the OTA 

report . 

Dominant Lethal Tes t  ( DLT ) in Mice 

As noted in the OTA report (U . S . Congress , 1 9 7 7 ) the dominant 

v 
lethal data on saccharin are equivocal with both pos i t ive ( Sram 

and Zudova , 1 9 7 4 ) and negative results  (Macheme r and Lorke , 1 9 7 5a , 

b ) . 
v 
Sram and Zudova and Masubuchi e t  al . ( 1 9 78a , b ) reported saccharin 

as  pos i t ive in the dominant lethal t e s t  ( DLT ) . A rigorous appraisal of 

Masubuchi ' s  work is not pos s ible without an Engli sh t rans lat ion 

of  the s tudy . However ,  very few animals  were used in the s tudy , 

and the s tatist ical procedure used in analyz ing the data ( the 

Chi-square test ) doe s  not tes t for variance about the mean and 

is inappropriate for use with dominant lethal data ( Haseman and 

Soares , 1 9 7 6 ) . 

v 
The experimental des ign and s tat i s t ical analyses of S ram and 

Zudova ( 1974 ) appear adequate ; however ,  the result s tha t they obtained 

in the DLT and the chromos omal test  are confus ing , i . e . , the dominant 

lethal effect tha t they observed appears to have resulted primarily 

v 
from preimplantat ion los s ( Sram and Zudova , 1 9 7 4 ) . The data of 

Burki i and Sheridan ( 1 9 7 8 ) indicate tha t early deaths such a s  these 

are usually the result of large amount s  of chromos omal damage . 

y 
The chromosomal effect s tha t were observed by Sram and Zudova were 

not of the magnitude that would be expected to produce a dominant 

lethal effect cons i s t ing solely of preimplantat ion death . In 

light of Burki i and Sheridan ' s  work and the chromos omal e ffect s 

observed by �ram and Zudova , one would have expected t o  see ( i f , 
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in fact , saccharin caused the dominant le thal effect ) an increase 

in pos t implantat ion deaths a s  well as p reimplantat ion deaths . 

SaZmonetz.a ( Ames )  Tes t  

The OTA report described negat ive s tudie s  b y  Stol t z  e t  al . 

( 1 9 7 7 ) on highly purified samples  of  saccharin tha t were used 

in the pos i t ive Canadian carcinogeni city t e s t . The se s tudie s  

were confi rmed by Yamasaki e t  al . ( 1 9 7 7 ) . Recent ly , Ashby e t  al . 

( 1 9 7 8 ) have further confi rmed thi s f inding . 

Ba t z inge r e t  al . ( 1 9 7 7 ) slight ly modi fied the Salmonella t e s t  

( Ames e t  al . ,  1 9 7 5 ) and reported weakly pos i t ive mutagenic activity 

in impure samples of  saccharin and in urine from mice tha t had 

consumed several samples of e i ther highl y pure or impure saccharin . 

They have also submit ted t o  the commi t tee , in the form o f  several 

table s , s ome additional data on extract s  of urine f rom t reated 

mice . Some of these resul t s  are sugge s t ive , but a definit ive judg­

ment , especially  on the highly pure samples of saccharin , is dif ficult . 

Result s  f rom testing urine from saccharin- t reated mice : ( 1 )  From 

result s reported by Batzinge r e t  al . on urine f rom saccharin- t reated 

mice , an e s t imat e  of the actual data obtained ( informat ion in  the 

paper does not permit an exact calculation )  indicates that the numbe r  

of rever tant s observed were les s than twice the spontaneous revertant 

background for all of the samples , except for one sample ( presumabl y  

impure ) tha t was obtained from a local pharmacy .  F o r  thi s sample , 

results  were very weak , but were obtained cons istently ( E . Bueding , 

personal communicat ion , 197 8 ) . With the highly purified saccharin , 

the number of revertant s ,  over  a background of 158 , mus t have been 

less than 10 -- a result tha t is not statist ically signi ficant . 
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Compared t o  the subs tant ially  negative data tha t were obtained us ing 

urine of mice that had been t reated with highl y purif ied saccharin 

sample s , these data sugges t  tha t there are mutageni c impuri t i e s  present 

in impure commercial samples of saccharin . ( 2 )  A supplementary table 

tha t  was submi t ted to the commi ttee present s mutageni c i t y  dat a  that 

were obtained by test ing ext racts of urine from mice that had been 

t reated with highly puri fied saccharin . Large volume s  ( up to  30 ml ) 

of urine were ext racted ( solvent unknown) . The resu lt s a re s t i l l  

barely two time s the s pontaneous background rate . Al though these results 

are sugges t ive for extens ive data with appropriate s tat i s t i cal analyses ,  

the resul t s  of cont rol experiment s are needed t o  analyz e thi s work 

adequatel y .  

Result s test ing impure and pure saccharin direct l y : Bat zinger e t  

al . ( 19 7 7 ) reported result s  tha t are negat ive f o r  the purified saccharin 

sample s ( confirming previous work cited in the OTA report ) and that 

are weakly pos itive wi th an apparent dose-respons e effect for  two 

commercial ( presumabl y impure ) samples . These result s are sugges t ive 

but require confi rmat ion . In unpubli shed experiment s using the modified 

assay of Bat zinger et al . ,  Maron and McCann ( U . S . Congre s s , 197 7 ) and 

Simmon ( personal communication , 1978 ) were unable t o  reproduce the re­

sult s of Batzinge r et al . on commercial samples that were mos t likely 

equivalent t o  those used by Ba tzinge r and colleagues . 

DNA Repair 

Stich , in s tudies conducted for the OTA report ( U . S . Congress , 

19 7 7 ) ,  found saccha rin negat ive in tests  for unscheduled DNA synthesis . 

Recently , Ochi and Tonomura ( 1 9 7 8 ) measured uns cheduled DNA 

synthesis  ( by s ilve r  g rain counts over  non-S cells ) in cultured 
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saccharin-exposed ,  human cells  after treatment wi th 1 ,  5 ,  or 1 0  

mg/ml . These result s give some indicat ion of a weak , dose-related 

increase in counts . However , in their abstract ( the complete manu­

script was not available ) they do not discuss the statist ical procedures 

used in analyzing their  data no r do the y give any informat ion regarding 

within-group variation . Since the reported dif ference s between 

groups are very small , i . e . , cont rol : 1 . 3 grains versus 1 . 7 ,  2 . 1 , 

and 3 . 5 for 1 ,  5 ,  and 1 0  mg saccharin/ml , respectivel y ,  these data 

mus t be viewed caut iously . Variat ion among cel l s  wi thin these 

groups could easily result in a lack of  s ta t i s t i cal s ignificance . 

Addit iona l  informat ion i s  nece s sary be fore thi s result  could be 

cons ide red pos i t ive . 

DrosophiLa Sex-Linked Reces s ive Lethal Tes t  

McCann has discus sed the result s of  sex-linked recessive le thal 

tes t s  conducted by Valencia ( 19 7 8 ) in which Drosophila were exposed 

t o  saccha rin in the i r  diet . The result s of  these test s were  e s sentially 

negat ive . 

More recently , Kramers ( 1 9 7 7 ) tes ted two samples of saccharin 

( both produced by Sherwin-Wi lliams and ident if ied as P & B and 

S 1 0 2 2 , res pectively)  and two contaminant s of saccharin , ortho­

toluenesulfonamide and paratoluenesul fonamide . Compound s were e ither 

fed or  injected . The results  indicated that the P & B saccharin 

( produced by the Maumee process ) wa s weakl y mutageni c and that the 

observed effect was cons is tent and reproducible . Neither of the 

two contaminant s  nor the S 1 022  saccharin ( al s o  Maumee )  we re pos itive , 

confi rming Valencia and Abrahamsen ' s  earlier negat ive result s on 

S 1 0 2 2  ( U . S . Congress ,  1977 ) .  In light of these data , Kramer s  concludes 
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that saccharin is marginally mutageni c in Dros ophila and tha t the 

two tes ted contaminant s are not mutagenic .  

Experimental Findings--Impurities  of Saccharin 

Chemi s t ry . Impuri t ies have been ident ified in commercial 

saccharin preparat ions mad e from both the Remsen-Fahlberg ( RF )  

and the Maumee ( M )  processes . Over 30 subs tances have been reported 

from one s ource or another to be impuri t ie s  in saccharin ( Figures 

3-3 , 3-4 , and 3-5 ) ( Arters , 1 9 7 8 ; Compton , personal communication , 

1 9 7 8 ) , although not all have been wel l  characterized o r  quant i f ied . 

The methods for producing saccharin a re cons tant ly being refined 

so tha t  the nature and concent rat ion of impurities  cont inually 

vary , but in the general direct i on of a more pure saccharin p repara­

t ion . Even the concent ration of impurities  in saccharin preparations 

from the same manufacturer vary f rom lot to lot . In general , the 

level of impuri t ies has been greater  in saccharin tha t ha s been 

produced by the RF proces s  than by the M proce s s . RF saccharin 

may have up to  7 , 000 ppm of impurit ies . One M saccharin sample 

had 3 , 000 ppm of impuri ties , although the amount in M saccharin 

i s  usually very much lower . 

The laboratories of the Canadian Health Protect ion Branch 

( Stavric and Klas sen , 1 9 7 5 , 1 9 7 7 ; Stavric et al . ,  1 9 7 4 , 1 9 7 6 , 

1 9 7 7 , 1 9 7 8 ; Stoltz et al . ,  1 9 7 7 ) and Bat telle ( Arters , 1 9 7 8 ; 

Compton , personal communicat ion , 1 9 7 8 ; Kinzer , personal communi­

cat ion , 1 9 7 8 ; Zienty , personal communi cat ion , 19 7 8 )  have done the 

mos t extensive work in isolat ing and ident ifying the impurities  in 

commercial saccharin . A total of 14 impuri ties has been quanti-
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:FI-GURE 3-4 . f:mpurit :l'es in saccharin manufac tured by the Maumee Process . 
Organic so l-vent extrac t impur:f:t:f:es to t al 10-30 ppm. To tal 
vater-solu&le extrac t :f:mpur:f:t :f:es no t yet determined . 
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fied to date . These are orthotoluenesulf onamide ( OTS ) , p-t oluene­

sulfonamide ( PTS ) , 1 , 2-benzisothiaz ole- 1 , 1-dioxide , 1 , 2-benziso­

thiazoline- 1 , 1-dioxide ( BIT ) , diphenylsul fone , o , o ' - , o ,m ' - ,  

o , p ' - ,  m , p ' - ,  and p , p ' -ditolylsulfone , n-tetracosane , 4- chlo ro­

saccharin ( CS ) , methylsaccharin , and aminobenzisothiazole- 1 , 1-

dioxide ( aBIT ) . Also lead , s elenium , silver , a rsenic , bismuth 

cadmium , copper , mercury , and tin were below Food Chemical Codex 

( NAS , 1 9 7 2 )  specificat ions ( Calorie Cont rol Council , 1 9 7 8 ) . 

Mos t of thi s analyt ical work ha s been done us ing gas-liquid 

chromatography and high pres sure liquid chromatography . Authent ic 

samples have been used , primarily ·t o establish retent ion t imes . 

These subs t ances have been confi rmed us ing mas s s pect romet ry , 

thin-laye r chromatography , and ultrav iolet ( UV ) , infrared ( IR) , 

and nuclear magnetic  resonance spectros copy . 

OTS i s  the ma jor impuri t y  found in RF saccharin . Stavric 

and coworkers at the Canadian Health Protect ion Branch have 

found concentrat ions of OTS in saccharin preparat ions that 

ranged f rom 2 . 5  t o  5 , 050 ppm . OTS was not detected in saccharin 

tha t  was prepared by the Maumee proce s s  ( limi t of detect ion , 

0 . 1  ppm ) . Bat telle Laboratories , Inc . has analyzed s everal sac­

charin samples tha t were produced by the two methods . RF saccharin 

contained OTS mainly in concent rations of f rom 200 to  400 ppm , 

although concent rat ions were  a s  high as 5 , 650 ppm , PTS from 

< 1 to 2 1 0  ppm , and BIT f rom 1 to 1 0  ppm . M-derived saccha rin had 

concent rat ions of OTS and PTS tha t  were les s than 1 ppm , aBIT 

from 4 t o  48 ppm , an unident i fied subs tance thought t o  be an 

isomer of aBIT from 0 to 306 ppm , and CS from < 1 00 t o  2 , 600 
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ppm i n  one sample ( limi t o f  detect ion , 1 00 ppm ) . I n  addit ion t o  

the above-ment ioned compounds , Stavric  has isolated and quant i f ied 

organic solvent soluble impurities  ranging from 5 t o  20 ppm for 

M saccharin and 51 to 305 ppm for RF saccharin . Only this fraction 

has been shown to be mutagenic in short-term test s ; however , fract ions 

from different lots of  saccharin have not been cons i s tent ly mutagenic 

( Stavric et al . ,  1977 ; S tavric , personal communicat ion , 1978 ; 

Stol t z  e t  al . ,  1977 ) .  The levels of  ident i f ied organic s oluble 

impurities  bear no relationship to the i r  abi l i t y  to produce in-

vitro mutagenesis . Table 3-4 shows this lack o f  correlat ion . From 

these data there i s  no reason t o  believe tha t thi s fraction i s  an impor­

tant indicator of the overall t oxicity  of saccharin . For example , the 

saccharin that  produced bladder cance r in the FDA t e s t s  has an 

organic extract without mutagenic act ivit y . Methyl saccharin , the 

ma jor impurity  from Maumee saccharin lot S-102 2 , has no demons t rable 

mutagenic activity ( Stavric et al . ,  1977 ) .  

The level o f  impurities  in saccharin i s  important because 

an impurity , not saccharin , could have been respons ible for the 

bladder cancer observed in rat s . For example , OTS i s  found in 

RF saccharin in much larger quant ities  than any other impurity . 

The 1 9 7 4  NAS report estimated that in the FDA and WARF studie s , 

which showed bladder cancers in rat s , the animal s were rece iving 

OTS in concentrat ions ranging from 20 to 368 ppm ( 7 . 5% dietary 

level of  saccharin ) and from 1 2 . 5  t o  1 8 . 0  ppm ( 5% dietary level ) ,  

respectively . On the other hand , the 1 9 7 7  Canadian s tudy used 

M-proces sed saccharin that contained no OTS , but bladder cancers 

developed . On the bas i s  of the analyt ical data , which indicate 
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TABLE 3-4 

a 
Comparison of Organic Impurities and Mutasenicity 

S amp 1 esb Or ganic Impuri t i e s , ppm Mut agenic ity 

s 1022 1 3  + 
GS 12 33 s 

6 3 6 8  1 3  + 
s 14 6 9  20 + 

GSC 0 12 9 16 + 
QA 80 86 
QB 125  305 

191010  51 + 

a 
FrODl S tavric et al . , 19 7 7 . 

b The firs t four sampl es are from the Maumee process ; the others , 
from the RF process . 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


3-5 3  

that relat ively low concent rat ions of  impurities  othe r  than OTS 

are present in saccharin , if observed bladder cancers were due 

t o  a contaminant , that compound would have t o  be a very potent 

bladder carcinogen . 

Metaboli sm .  O f  the over 3 0  impurities  that have been 

ident i fied in commercial saccharin , les s than hal f  have been 

well quant i f ied , and there are t oxicity and metabolic data 

on only a handful . In a series of  experiment s ( Bal l et al . ,  

1 9 7 8 ; Renwick , 1 9 7 8 ; Renwick e t  al . ,  1 9 7 8 ; Renwick and Williams , 

1 9 78 ) , the invest igators administered the fol lowing saccharin 
1 4  

impurities b y  s t omach tube t o  adult female rat s : [ Me- C ] t oluene-
1 4  

2- sul fonamide ( OTS ) , [ 3- C ] benz [ d ] isothiazoline- 1 , 1 -dioxide 
1 4  

( BIT ) , 3-amino [ 3- C ] benz [ d ] isothiazoline- 1 , 1-dioxide ( aB IT ) , 
1 4  

5- chlorosaccharin ( CS ) , [ Me- C ] toluene-4-sul fonamide ( PTS ) , 
1 4  

and 4- sulfamoyl [ carboxy- C ]  benzoic acid ( SBA) . Urine and 

feces samples were taken daily for up to 7 days . Urinary 

metabolites were separated by thin-layer and paper chromat ography 

and confi rmed us ing gas- l iquid chromatography and mas s  spect rometry . 
14  

The doses , percent recovery of  C,  and biotrans format ion product s 

are shown in Table 3-5 . There were three rat s at each o f  the dose 

leve l s . 

The rate at which all saccharin impuri t ies were eliminated 

by the rat s was similar � At the lowe s t  doses about 90% to 95% 
1 4  

o f  the C was recovered within 24 hours . 

Similar result s were obtained for humans receiving OTS 

and B IT . Their metabolic pat terns are shown on Table 3-6 . 

The authors concluded that , i f  large amount s o f  saccharin do 
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TABLE 3-5 

Me tabo l i c  Fate of S acchar in Impuri t ies Admin i s t ered to Ra t sa 

% of Do s e  Exc r e t e d  U r i nary % of Dose 

Co�:��ound Dose Time U r i n e  Fe c e s  Tot a l  Me t abol i t e s  Ex c r e t e d  

7TS 29 m&lk& ld 78 ' 95 

r 
2 

Sd 8 1 6 1 01 4 -sufamoyl- l-S 
ben zyl al cohol 

4-sul famoyl- 2 
ben z a l d ehyde 

. 4 -sulfamoyl- 94-96 { ben z o i c  a d d  

2 0(1 ma/ka ld 63 1 7 8 N-a c e t y l t ol uene-4• 2 
4 d  70 4 90 sulfonamide 

No 4 -su1 famoy1-
ben za l d ehyde . 
o t h e rwi se same 
a s  a t  l owe r dose 

SBA 22 ma /ka l d  7 4  1 6 94 ( SBA 98-1 02 
6d 77 2 5  1 05 

a B l T  2 5  cg/k a l c!  8 7  2 9 1  a BIT 99 
4d 89 2 9 5 U n i d e n t i f i ed 

me t a bo l i t e 1 

cs 80 ma/ka ld 76 2 82 cs  90 
4 d  81  4 88 5 -chl o r o - 2 -

s u l famoyl-
ben z o i c  a c i d  t r a c e s  

�It 4 0  ma/lta l d  9 2  2 9 7  2 -sul famoyl 35 
be n z o i c  a c i d  

7 d  9 4  3 1 0 1  2-sul famoyl 1 5  
be n z y l  a l c ohol 

4 00 a;/ka l d  50 5 6 0  s a c c h a r i n  30 
6d 74 1 2 92 BIT 5-1 0 

La b i l e  p r e c u r s o r  20 
of B I T  

ors 2(1 ma /ka l d  7 8  4 92 OTS 6 
7 d  8 8 5 1 04 2-sul famoy1- 2 

ben z o i c  acid 
1 20 ma/k& ld 58 4 7 0  2-sul famoyl-

3d 72 6 87 benzyl a l c ohol : 
unc o njuaa t ed 37 

200 ma/k& ld 36 4 4 3 &l u c o r onic a c i d  2 3  
7d 7 5  7 90 

I 

oul fa t o  1 7  
s a c ch a r i n  · 3 
N-ac e t y l t oluene-2- 6 

sul fon amide 

a,-roa Ba ll � .!!,· • 
1 978 . 

1978 : Renwi ck ,  1 9 78 ;  Re uwick � !!_· , 1 9 7 8 ; Renwick and Wi l l iams 1  
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TABLE 3-6 

Metabol ic Fat e  of Two Saccharin Impurities Adminis tered to Humans 

S ex of 
Co•(!OUncl Subject 5l•ubject !!!!. 

I lT G " 37 ld 
2d 
•• 

OTS b " 14 ld 
2d 
4d 

" 30 ld 
2d 
4d 

r 14 ld 
2d 
4d 

GDat a froa lenvlck and Willi••• • 197 8 ,  

boata froa lenvlck !! !!• , 1978 • · 

lltto t  de teralnad . 

Percent of Dose 

.!!!!!!! !!E.!!. 
90 t race 
9 2 trace 
93 trace 

63 trace 
91 trace 

100 trace 

4 3  0 

7'l a 

88 a 

4 8  trace 
80 t r"ce 
97 trace 

1. of Doae 
Exc re ted Urlna!! Me tabolites �se Excreted 

.!!!!! 
90 . aaccharln 50 
9 2 2-au lfano., l beaaolc acid 7 
93  unconj uaa tad 2-aulfa.oJl-ben&Jl 

alcohol I 
conj uaated 2-sulfa.oJl ben&Jl 

alcohol 40 

6 l  unconj uaated a nd  conjuaa ted 
9 2  2-sulfa.aJlbenaJl a lcohol 4 3  

100 saccharin 40 
2-sul fa.aJlbenaoic acid 4 0 M-acatJltoluene-2-aul fo..-ide 2 

a OTS , 
a 

4 8  
8 0  
98 

w I ""' ""' 
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not inte rfere wi th renal eliminat ion o r  biot rans format ion , saccha-

rin impuri t ie s  would not accumulate in animals receiving saccharin-

containing diets . Because OTS and BIT are no t found i n  Maumee proces s  

saccharin , the only current manufacturing method in the Uni ted 

States , the me tabolism of these  impuritie s is o f  academic interest 

only . 

Chronic Toxici t y .  OTS i s  the only impurity found i n  

commercial saccharin for which pos s ible chronic effect s have 

been inve s t igated . Arnold e t  al . ( 1 9 7 7 a )  of the Canadian Health 

Protect ion Branch conducted long- term t oxici t y  tes t s  in rat s . 

They attempted t o  determine whether prev ious ly observed in-

crease s in bladder cancer were poss ibl y due to OTS , the ma jor 

impurity found in RF saccharin . In the Canadian s tudy , there 

were 50 male and 50 female rat s in each of  the following die tary 

groups : cont rol ; OTS at 2 . 5 ,  25 , and 250 mg/kg/day ; OTS at 250 

mg/kg/day wi th 1% ammonium chloride ( NH Cl ) in the d rinking 
4 

water ; and 5%  OTS- free sodium saccharin . The feeding study 

began when the rat s  were 32 days· old . The F rat s were bred 
0 

at 1 00 days . Fift y pup s  of each sex from each group were 

randomly selected and given the parental diets for the i r  

lifetimes . In thi s manner , the F rat s  were exposed f rom 
1 

the time of concept ion , through the nur sing period , and then 

for the remainder of their l ive s . The doses of OTS were 

equivalent to the amount s  inge s ted by the rat s in the WARF and 

FDA s tudies , in which saccharin-containing OTS was used . 

Ammonium chloride wa s added t o  the drinking water of one group 

to prevent alkaline urine , whi ch has been associated with the 
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product ion of bladde r calcul i and bladder tumors in mice . 

Rats were examined daily for general health s tatus and 

for any signs of toxicity . Investigators maintained complete 

records of weight , food consumption , and histopathologic 

analys i s  at necropsy . Effect s on reproduct ion were measured 

by recording fertility index , ge stat ion index , viability index , 

lactat ion index , and average l i t t e r  s ize . 

F 
0 

The general health s tatus of  all rats was found t o  be good . 

female s and F 
0 

and F males , which received 250 mg/kg/day of 
1 

OTS with or without ammonium chloride , had s ignificant ly lower 

body-weight gain than cont rol s , while  saccharin- t reated rat s 

had a moderately lower growth rate during the weaning period 

than controls . There were no s ignificant difference s in mean time 

unt i l  death between t reated rat s and cont rols . A t otal of 1 0  bladder 

and kidne y  s t one s were observed in the rat s : one in a cont rol rat 

and the rest in animal s that had been exposed to saccharin and 

OTS . Arnold and hi s colleague s observed tha t the incidence of 

s t ones did not appear to  be related to t rea tment . 

Effect s on reproduct ion from exposure to  saccharin or OTS 

were minimal . There were differences in  the viabi lity and 

lactat ion indices between cont rols and rat s  given OTS at 2 . 5  

mg/kg/day . Rat s given OTS at 250 mg/ kg/day plus ammonium chloride 

also had a smaller viabi lity index , and there wa s a decrease in 

average litter  size in the group given OTS at 250 mg/kg/day . 

De spite some of these differences , the authors concluded that 

there were no t reatment-related effects  on reproduct i on . 

Malignant bladde r tumors were detected only i n  the saccharin-
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t reated rat s : three in F males , eight in F males , and two in  
0 1 

F females . In addit ion , there were three malignant les ions of 
1 

the kidney pelvis : two in F 
0 

females and one in an F male . 
0 

There was one urethral carcinoma in an F male . The d i fference 
1 

in tumor incidence be tween F 
0 

and F 
1 

males  and cont rols was 

s tat i s t ically significant . In contrast , OTS exposure produced 

no malignant bladder tumors . 

Benign bladder tumors were observed , including one each in 

an F male  and female at the lowe s t  dose o f  OTS , two in  F females 
0 1 

at the lowe s t  dose , and one in an F mal e  a t  the highe s t  dose . 
0 

One F male control developed a benign bladde r tumor , and there 
0 

were nine benign urinary t ract tumors ( eight bladder t umors ) 

in saccharin-treated male rat s . 

Schmahl ( 1 9 7 8 ) also inve st igated the carcinogenic potent ial 

of  OTS tha t wa s given to  rat s in the i r  diets . Three-month-old 

ra t s  were g iven 0 ,  20 , or 200 mg/kg/day of OTS over the i r  l i fe-

time . Ini t ially , the re were 38 female s and 38  male rat s in 

each group . 

Weight gain and behavior were normal in all rat s throughout 

the experiment . OTS had no effect on l i fe span in compari son 

to cont rol s .  A large number of animal s in all  three test  groups 

developed lymphosarcoma s of unexplained et iology . One animal 

in the high-dose group developed bladder cancer after 759  days . 

In addit ion , four rat s at  the high-dose and three rat s  a t  the 

low-dose had bladder papillomas . The sex of these rat s was not 

ident ified . No bladder tumor s were found in  the control group . 

There were eight leukemia s  in OTS-treated rats compared with 
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cont rol s ;  however ,  the incidence wa s no t dose-re lated . There were five 

leukemias in the low-dose group and three in the high-dose g roup . 

I t  could not be determined whether o r  no t the leukemias were 

related to OTS exposure . 

The data from the Canadian s tudy demons t rate that OTS-free 

saccharin is capable of producing bladder cance r in rat s and 

that , under the condit ions of the s tudy , OTS is not a urinary 

bladder  carcinogen in rat s . However ,  Schmahl , us ing similar 

doses of OTS , observed some bladder tumors in rat s . He sug­

gested that  OTS may be a carcinogen of low potency . Cons ider­

ing both of these s tudies , it is highl y improbable that OTS 

alone , if at all , would have been responsible for the bladder 

cancers  that were observed in the FDA and WARF s tudie s . 

Anothe r  impuri ty could have been respons ible for the bladder 

tumors but only if it  was a very potent carcinogen because 

only small concentrat ions of impuritie s othe r  than OTS have been 

found in saccharin .  

Short-Term Tes t s  for Genetic  E f fect s . The s tudies by Stoltz  

e t  al . ( U . S . Congress , 1 9 7 7 ) demons t rated tha t chloroform ext ract s 

containing impurities in one lot of Maumee saccharin that was used 

in the recent pos i t ive rat carcinogenic i t y  tes t were weakl y mutagenic 

in the Salmonel la test . More recent , subs tant ially  negat ive , result s 

from t e s t s  o f  organic extracts  ( solvent and ext ract ion procedure s un­

known ) of lot S 1 02 2 , (as well as extracts of another sample reported 

pos i t ive by Stavric et  al . ( 19 7 7 ) were conducted by Litton Bionetics 

( 19 7 7 ) on samples supplied by Sherwin-Williams . These negat ive re­

sult s  do not clearly cont radict the earlier pos i t ive finding because 
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mos t of  the doses tes ted were smaller than those tha t gave posi t ive 

re sult s in the tests  by S tavric et al . In prel iminary result s o f  a 

s tudy conducted for the Calorie Cont rol Counci l ,  Bat telle Laboratories , 

Inc . conf irmed the pos i t ive findings of  Stavric  e t  al . ( Riggin e t  al . ,  

1978 ) . Following up their earlier work , Stavri c , Stolt z , and their 

colleagues are at tempt ing t o  i solate and ident ify  the impurities  

that are mutagenic . 

In the s tudy conducted by Bat telle Laboratories , Inc . ( see 

above ) ,  about 50% by weight of  the impur i t ie s  ext racted from 

Lot Sl469 ( a  sample that Stavri c  e t  al . extracted and found t o  

b e  weakly mutagenic ) were chemicall y  ident ified and some o f  these , 

along with add i t ional chemical s prev ious l y  ident if ied as impurit ies 

in Maumee saccharin , were tes ted for mutageni cit y in TA98 in the 

Salmonella test . Onl y  a few of  the ident i f ied impur i t i e s  were tested . 

The 1 7  impuritie s tested were negative , wi th the exception o f  the 

thiazoline and thiazole compound , which a re t oxic at the high doses 

used . Since one o f  these ( 3-amino-benzis othiaz ol-1 , 1-dioxide ) ,  

has been predicted t o  be mutagenic ( see below) , l ower nont oxic 

doses should be tested . 

S tructure Ac tivity  Correlat ions . Since many of the 

impurities  of saccharin had not been tested indiv iduall y  for 

their  t oxici ty , part i cularly for carcinogenes i s  and mutagenesis , 

a s t ructure-activ i t y  anal ysi s  was undertaken t o  det ermine the 

likelihood that these impuri t ies might be mutagenic when test ed 

in Salmone lla systems . Twelve impuri t ie s  were evaluated with 

the Gene see Toxicity Estimat ion Survey ( K .  Ens lein , personal 

communicat ion , 1 9 78 ) . 
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The resul t s  indicated that only 5-chlorosaccharin and 3-

aminobenzisothiazol-1 , 1-dioxide may be weakly mutageni c .  The 

other compound s evaluated are predicted t o  be nonmutageni c in the 

Ames as say . Since such s t ructure-act ivity correlation i s  found only 

in the early stage s of  development , the predicted outcome mus t 

be veri fied experimentally before conclus ions can be drawn ; 

however , such a system can be applied t o  the sett ing of 

priori ties  for test ing . 

Risk Estimates  

A chemical that has been as sociated with an increased 

cancer incidence in bioassays of laboratory animal s  is likely 

to be a carcinogen in humans . Extrapolation t o  humans of cancer 

incidence in animals is necessary to quant ify the expected 

degree of risk for humans that are exposed t o  concent rat ions of 

the chemical that �i ffer from those in  the bioas say& o f  animal s .  

Thi s extrapolat ion procedure cons ists  of two basic  s teps : 

1 .  wi thin the test  animal s pecie s , ex trapola t ion of 

the experimental result s of  tests  performed at 

high exposure or dose level s to much lowe r ex­

posures in animal s , which correspond to human 

exposures ; and 

2 .  extrapolat ion of these e s t imated risks for animal s 

at low dose s t o  the ri sks for humans a t  comparable 

levels . 

The f i r s t  step in this proce ss requires the as sumpt i on of  

some biological model , which implies a mathematical rul e  that 

relates the dose level of a particular carc inogen to an ob-
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servable response , e . g . , the occurrence of  a part icular type 

of tumor at  any t ime within the animal ' s  natural l i fespan 

or lifetime for the durat ion of  the s tudy . Thi s as sumpt ion 

is normally requi red s ince the animal s tudies are conducted 

a t  much higher exposure level s  than are commonly found for 

human exposures . These high exposure level s  mus t  be used 

t o  obtain measurable result s with a limi ted numbe r o f  animals . 

At dose level s  that correspond t o  common human exposure s , 

seve ral thousand animals  would be needed t o  estimat e  the 

increased carcinogenic risk in humans . 

Many theoret ical dose-respons e model s of  carcinogenesi s have 

been proposed , each of which l eads to a part icular mathemat ical 

form for thi s dose-respons e relationshi p . Al l theorie s have one 

concept in common : that there is no known uni form threshold dose 

below which any carcinogeni c respons e is imposs ible for a l l  indi­

viduals  a t  risk . Even if thre sholds do actually exi s t , it is s cien­

t i fically impos s ible to measure them or t o  prove the i r  exi s tence . 

In addi t ion , the assumption of one uni f orm threshold for hetero­

genous groups is unrealistic . I t  i s  much more likel y  tha t  each 

member of the popula tion has an individua l  threshold level which 

i s  some complex funct ion of  unique biochemical and phys iological 

compos ition .  A further argument against use of threshold model s  

f o r  the estimat ion o f  a t t ributable r i s k  i s  tha t the environment 

contains many carcinogenic agent s and that the particula r  chemical 

in que s t ion may be act ing addi t ivel y  ove r  and above thi s "background . "  

Therefore , s ince tumors do appear s pontaneous ly in a cont rol 

populat ion , the threshold , as suming it doe s exis t , has probably 

already been exceeded by the environmental background . Craig 
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and Miller  ( 1 9 7 4 ) , in a review of 1 5 1  dose-respons e curve s , found 

only one to be incons istent with the no-threshold hypothe s i s . 

Some of the more commonly used mathemat ica l extrapolation 

modes are the following : 

The probit model i s  derived from the as sumption that 

each membe r of the population ha s hi s own tolerance level for 

the chemical , below which there wil l  be no response and above 

which the subject wi l l  respond . Thes e  tolerance s are further 

assumed t o  vary among members of  the populat ion and to follow a 

log-normal probabi lity dist ribut ion . Mante l  and Bryan ( 1 9 6 1 ) 

have sugge s t ed use of a modif icat ion of  this model for ext rap­

olation of carcinogene s i s  bioas says from high to low doses . 

Since the tolerance dist ribut ion for the homogenous laborat ory 

animal populat ion should have a smaller variation than tha t of 

the heterogenous human popula t ion , they sugge s t  that the risk 

ext rapolat ion be based on a mode l with a more shallow s lope 

than that observed in the bioas say . This shallow s lope should 

be no greater than the average t rue s lope ove r  the ext rapolation 

range . A s lope of one probit per 1 0- fold change in dose i s  

commonly used for thi s Mantel-Bryan ext rapolat i on .  

The s ingle-hit , or s ingle-event , model i s  derived f rom 

the assumpt ion that  cance r s tart s in a s ingle cel l a s  the 

result of some random event , or "hit " ,  which produce s an 

irrevers ible change in the cell ' s  DNA . I t  i s  furthe r as sumed 

that the probability of this event , attr ibutable t o  the car­

cinogen in  quest ion , is proport iona l to the exposure level . 

The mul ti-s tage model ( Crump e t  al . ,  1 9 7 6 ) , a generali zat ion 
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of the single-event model , is derived by as suming tha t the car­

cinogenic proces s  cons i s t s  of  s ome unknown number of stages that 

are required for cancer express ion . The probabil i t y  o f  a t  least 

one of the t ransitions from one s tage t o  another is as sumed to 

be a property of the part icular carcinogen in the same manne r as 

the single-event mode l . 

Other model s ,  such as the log-logistic  and multi-hit model s  

( Food Sa fety Council , 1 9 7 8 ) have also been proposed , b u t  t h e  three 

models described above produce a range o f  extrapolat ions that would 

be obtained by mos t othe r model s . Model s of dose-respons e  based 

on the actions and reactions on in-vivo chemical and phys iologic 

processes  have also been proposed ( Gehring and Blau , 1 9 7 7 ) . These 

are determined by a series of d i f ferent ial equations corresponding 

t o  mult icompartmental model s  of  the chemical processes  within the 

body that correspond to the internal fate of  the chemical carcinogen . 

The difficulty with using any of these  dose-respons e model s  

for high- to low-dose extrapolat ion purposes i s  their  s imilarity 

ove r  the observable response range , 5% to 9 5% response rates , 

cont ras ted with their dissimilarity in the range of  very l ow 

response ra tes  ( Table 3-7 ) . 

Although all three models are s imilar in the observat ion 

range , the lower part of the table shows that extrapolation 

to exposure levels that are expected t o  give very l ow response 

rate s  is highly dependent upon the choice of  mathematical model . 

The upper part of Table 3-7 shows that three of the mos t  

commonly used model s  differ b y  very little  ove r  a 256-fold 

dose range . At a dose that i s  1 / 1 000 of the 50% re sponse 
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Rela t ive 
Do s e  

16 
8 
4 
2 
1 
. 50 
. 25 
. 1 25 
• 06 3 

0 . 01 
0 . 001 
0 . 0001 

a 
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TABLE 3-7 

Expe cted Response Rates as a Funct ion of Dose 
for Di f ferent Dos e-Response MOdel S2 

Log Normal , %  Log Logi s t i c , %  

98 96 
93 92 
84 84 
69 70 
50 50 
31 30 
16 16 

7 8 
2 4 

. 05 . 4  

. 0003 5  . 026 

. 0000001 . 0016 
. 

Data from USDBEW , 19 7 1 .  

S ingle Hit 1 %  

99+ 
99 
94 
7 5  
50 
29 
16 

8 
4 

. 7  

. 07 

. 007 
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dose , the s ingle-hi t model gives an e s t imated res ponse rate 

that i s  200 t imes as large as the log-normal mode l . The fact 

that a limited animal bioassay tha t is conducted at dose levels 

high enough to  give observable response rat es cannot discriminate 

among these various model s  and the fac t that these  same models 

are subs tant ially d ivergent at  lower dose levels prov ides the 

ma jor uncertaint y for high- t o  low-dose ext rapolation .  

When us ing a model that i s  f i t  t o  the expe rimental result 

and is then used for ext rapolat ion , it is as sumed tha t  the 

dose-response relationship observed at these high-dose level s  

wil l  cont inue t o  hold throughout the ent ire s pect rum of  exposure 

levels . Thi s as sumpt ion has been que s t i oned by t oxicolog i s t s  and 

other health scient i s t s . The effective exposure level , the amount 

of the carcinogen actually reaching the target cells and molecules , 

may wel l  be some complex funct ion of  the absorption , dist ribut ion , 

biotrans format ion , and excre t i on of  the hos t . Each factor may 

depend upon and influence the level of the carcinoge n to which 

the animals  are exposed . The in-vivo mechanisms that relate 

envi ronmental chemical exposure level s  to the level s  that 

reach the target cells cannot be adequately quant i f ied ; thus , 
• 

proport ionality between the environmenta l  exposure level and 

the effect ive exposure level is commonly assumed . Thi s  assump-

t ion i s  no doubt an oversimpli ficat ion of the t rue relationshi p ;  

however , without informat ion on metabolic  pathways , act ivat ion 

and deact ivat ion systems , and othe r  pharmacokinet i c  considerations , 

it  i s  gene rally accepted . 

The second step in the human risk asses sment process i s  
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extrapolat ion from laboratory animals t o  humans . Fo r com-

pound s that are known carcinogens in animal models as  wel l  a s  

in humans , signi ficant difference s c a n  b e  observed both among 

species and among various s t rains within s pecies . Some animal s 

are hypersens i t ive while othe r s  are refractory t o  the effec t  of 

the same chemical carcinogen . In s ome cases , di ffe rences in 

site speci ficity can be observed among various s t rains and 

specie s . Many of these differences can be related t o  metabolic 

factors , i . e . , the  compound s are metabolized through pathways 

that generat e  an ult imat e t oxicant or carcinogen . Thi s  meta-

bolic activity  is focused in s pecific organs , thereby increasing 

the probability of a t oxic response wi thin that  organ . Within 

the f ramework of metabolism , the rate s  o f  biotrans formation are 

also qui te  cri t i cal . The relative rate s  of  activat ion and 

inac t ivat ion are important factors in determining the durat ion 

of exposure of target molecules to the carcinogeni c subs tance . 

Sys temic dist ribut ion may play a vital role , s ince the ultimat e  

toxicant may b e  generat ed in one organ and redistributed t o  another 

to exert  i t s  t oxic ef fect s . Repa i r  mechanisms and the i r  rate s  also 

affect the ult imat e mani festations of the lesions . I f  the rate of 

repair  is relatively fast , one can expec t tha t  fa r more agent is 

nece s sary t o  produce irrevers ible biochemical lesions that l ead 

to clinical manifestations . Conversely , when rat e s  o f  repair 

are s low , relatively small quant i t ies of an agent may be required 

to elicit  a t oxi c syndrome such as  cance r . Route s  o f  excret ion 

and rates of elimination are also v i tal  in removing the t oxicant 

or carcinogen from the locus in which i t  can combine with the 
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target receptors . 

The Nat ional Academy of Sciences ( 1 9 7 5 )  has recommended that 

carcinogenicity  tes t ing be conducted in more than one s pecie s and 

that the result s obtained with the mos t  sens i t ive s pecies be applied 

t o  human populations . Adjustment s for  " equivalent exposure level s "  

between animal s and humans mus t  b e  made . Thi s  conversion p roces s  

should depend upon the rout e s  o f  exposure , pos s ibly different , 

for the animals and humans , informat ion on comparat ive metabolism 

of the chemical compound , and informat ion on the simi larities 

and d i s s imilarities  of all relevant biochemical and phys iological 

parameters of the two species . When thi s t ype of informat ion is 

unknown , a s imple proposed conversion rule can be used . This 

rule i s  based on the assumption tha t the locus o f  action for 

any chemical i s  on some , perhaps unknown , receptor . I t  

further as sume s  tha t  different mammalian specie s exhibi t es sent ial 

similarit ies except for s i ze . Accordingl y ,  it follows that 

any appropriate surface area in an organi sm wil l  be approxi-

mat ely proport i onal to the 2 / 3  power of  i t s  weight ( USDHEW , 1 9 7 6 ) . 

Thi s " surface area rule " can be mathemat ically s tated for any 

two species as : 

2 / 3  
dose (mg/day ) w (mg )  

1 = 1 
2 / 3  

dose (mg/day ) w (mg )  
2 2 

I f  i t  i s  also as sumed that the food o r  a i r  requi rement s for 

different s pecies are dependent upon surface areas , then con-

vers ion between s pecies i s  direct when exposure i s  given in 
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terms of  concent rat ions in the food or drink ( Mante l  and 

Schneiderman , 1 9 7 5 ) . An additional convers ion rule i s  obtained 

from s tandard t oxicological methodology ( U SDHEW , 1959 ) , which 

equates dose level s  on a milligram of dose per kilogram of  body 

weight bas i s . These rule s  apply when the exposure level s are given 

as dose per unit of t ime , i . e . , "dose rates " .  When human exposure 

is cons tant , or  nearly s o , ove r  an ent ire lifetime , the results  

of chronic , constant exposure in l i fet ime experiment s with animal s 

may be directly ext rapolated wi thout any corrections for length 

of exposure . An approach based on t otal lifetime exposure per 

uni t of  body weight has also been used to equa t e  s pecies-to-species 

exposure level s  ( NAS , 1 9 74 ) . In a recent comparison of experimental 

resul t s  in animals and epidemiologi c result s  in humans , the s e  s pecies­

to-species ext rapolat ion methods proved t o  be uniformly bet ter 

than any other ( NAS , 1 9 74 ) . 

The variability involved in ext rapolat ion between rat s 

and humans based on these "equivalent dos e "  rule s i s  shown 

in the following examples : 

• Direct equivalence between s pecies when dose i s  

expres sed as  a percent of  the dai l y  diet . This 

impli c i t ly assumes that cont inuous exposures over 

the l i fetime s of  two species are equivalent and 

not dependent upon the lifet ime lengths . Human 

exposure t o  one 1 2-oz can of die t soft  drink 

( 1 0 mg of saccharin/ o z  i s  equivalent t o  0 . 1 2 

g of saccharin inges ted pe r day ) . As suming that 

an adult consumes 1 , 825  g/day , this represent s 
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0 . 007% o f  the daily diet . 

• Dose equivalence between two animal s pecies when 

dose , expres sed in absolut e amount s ,  is proport ional 

to  the 2 / 3  power of their  weight s .  Thi s  i s  the 

" surface area " rule , whi ch also  assume s tha t con­

t inuous exposure over a lifetime i s  not dependent 

upon the lifetime length . Thi s  dose-equivalence 

calculation is based on the as sumpt ion that human 

weight i s  70 kg , ra t weight is 400 g ,  and a rat ' s  

daily f ood consumpt ion i s  20 g .  Therefore , a human 

dai ly consumpt ion of 0 . 1 2 .g/day i s  equivalent to 

a rat ' s  daily  consumpt ion of 0 . 00384 g/day [ =0 . 1 2 /  

( 70/0 . 4 ) 2 / 3 ] , which repre sent s 0 . 02% o f  a rat ' s  

daily diet . 

• Dose equivalence when dose i s  expressed in terms 

o f  daily amount ingested pe r uni t of  body weight . 

Using the previous assumpt i ons , a human daily in­

gest ion of 0 . 1 2 g/day equals 1 . 7 1 4 mg/kg/day , whi ch 

for a rat represent s 0 . 0034% of i t s  daily diet . 

• Dose equivalence when dose i s  expressed in terms 

of total lifetime inge s t ion per uni t of  body weight . 

As suming 60 years of  exposure t o  one diet drink for 

a 70  kg man , total inge stion is 37 . 5  g/kg/ lifetime . 

As suming a 400-g rat eat ing 20 g/day for 2 years , 

thi s would be the equivalent of  a dai l y  saccharin 

inge s t ion of 0 . 1 % in hi s diet . 

These dose-equivalence rules result in e s t imates of  a rat 
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dose , i n  terms o f  percentage o f  dietary intake , corresponding 

to a human intake of 0 . 1 2 g/day , that range from 0 . 0034% to 0 . 1 % ,  

a 30-fold difference . 

Table 3-8 present s a number of extrapolations that have been 

made to estimat e  the yearly cancer incidence in humans , each of 

whom has an assumed life expectancy of 70  years and a daily 

consumpt ion of one 1 2-oz can of diet sof t  drink pe r day throughout 

life . In all of the extrapolat ions , calculat ions are based on 

data from the two-generation rat bioas says ( USDHEW , 1 9 7 3a , b ;  Canadian 

National Health and Welfare Ministry , 1977a , b ;  WARF , 1973 ) .  

Table 3-8 clearly demonstrates that both the selected method 

of dose adjus tment between species as well as the method of extrap­

olat ing from high to  low dose s determine the estimat e  of human 

risk . This  table shows the extremely wide variability inherent in 

thi s ri sk-extrapolat ion proces s .  There i s  no basis , at present , 

for determining which of these figures , i f  any , accurately reflect 

human risk from saccharin consumpt ion . 

Evaluation :  Summary and Conclusions 

Based on the evaluat ion of the data from laboratory investi­

gations of saccharin , the committee has reached the following 

conclusions about the toxicity and potentia l human risks from 

exposure to  saccharin . 

1 .  Lit t le biotrans formation of saccharin has been detected 

in laboratory animals and none has been observed in humans . 

Because of the limit s of experimental detect ion , i t  is  poss ible 

that a small percentage of saccharin may be modified enzymatically . 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


3-7 2  

TABLE 3-8 

Es timated Human Risks from Saccharin Ingest ion of 0 . 12 s/day 

Rat dose adjusted to 
human dose by surface 
area rul e 

Method of high- to low­
dose extrapolat ion 

S ingl e-hit mod el (Hoel , 
1 97 7) 

Mul t i-stage mod el (with 
quadrat ic t erm) (Hoel , 1977) 

Mul t i-hit mod el (Sc ient ific 
Commi t t ee of the Food Safety 
Council ,  197 8) 

Mant el-Bryan �robit model 
(Brown ,  1978)  

Rat dose adjust ed to human 
d o s e  b y  mg/kg/day 

equiva l ence 

S ingle-hit mod el ( S a c charin 
and It s Sal t s , 1 9 7 7 )  

Mul t i-hit mod el ( S c ien t ific 
Commi t t e e  of the Food Safety 
Counc i l ,_ 1 9 7 8 )  

Man t el-Bryan probit  mod el 
(Brown ,  1 9 7 8 )  

Rat dose  adj ust ed to human 
dose · by mg /kg/lif e t ime 

equiva l en c e  

Method of high- t o  low-dose 
ext rapo l at ions 

S ingl e-hit mod el (Brown , 197 7 )  
Mul t i-hit mod el ( S c ient ific 

Commit t ee of the Food 
Safety Counc il , 1 9 7 8) 

Mant el-Bryan probit model 
(Brown ,  1978)  

Lifetime cases / 
mil l ion exposed 

1 , 200 

5 

. 001 

450 

210 

. 001 

21 

5 , 200 

. 001 

4 , 2 00 

Cases per SO 
mil l ion/yr . 

840 

3 . 5  

0. 0007 

315 

1 4 7  

0. 0007 

- 14 . 7  

3 , 64 0 

0 . 0007 

2 , 94 0  
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Saccharin i s  rapidly absorbed v i a  the 8as trointest inal t ract , 

is dist ributed widely throughout the body , cros ses the placental 

wall , and is e liminated mainly in the urine . Accumulat ions of 

saccharin in several tissues including the bladder have been demon­

s t rated following repeated exposures . The committee  conclude s that 

either saccharin is  unusual in that i t s  carcinogenic effects  are due 

to the unmetabolized parent compound or  the effec t s  are due t o  small 

quanti ties of undetected metaboli tes . The accumulation of saccharin in 

the bladder epithelium may play a role in  the format ion of  bladder cancer .  

2 .  When tested in two-generat ion s tudies , saccharin i s  a 

bladder carcinogen for male rat s . · A s ignificant increase in bladder 

cancer was found consistently in male offspring exposed cont inuously 

in utero and throughout life . In one two-generat ion study , a significant 

increase in bladder cancer occurred in males of the parental generat ion . 

Studies using saccharin in combinat ion with some chemical 

carcinogens have shown that saccharin promotes tumor development 

in the bladder  of rats . Since humans are exposed t o  a variety 

of chemical carcinogens in their env ironment , the carcinogenic risk 

from saccharin as a promoter may be considerably greater than that 

indicated by the s ingle compound s tudies . Because the proces s  of 

cancer promotion i s  little  understood , the estimat ion of  risks to 

humans f rom these experimental data are not feas ible at present . 

The committee conclude s that the following factors in des ign 

of the two-generation chronic studies  did not confound the inter­

pretat ion of the result s :  the doses studied (maximum tolerated 

dose ) , in-utero exposure , high sodium content of d ie t  in t reated 

versus control animals ,  and the possibility  of microcalculi in 
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the urinary bladder of treated versus control animals .  

Since animal studies that are properly conducted to detect 

carcinogenic activity are qualitatively predict ive of human re­

sponses , the committee concludes that saccharin inges tion presents a 

predicted cancer risk to humans . However , because of the substantial 

uncertaint ies in ext rapolating from experimental doses to  human ex­

posure levels , the commit tee concludes that quant itation of risks to  

humans cannot be  made with confidence ( Table 3-8 ) . 

3 .  An increase in benign uterine tumors and ovarian 

lesions in saccharin-treated rats was sugge sted in a few 

studies . 

4 .  Orthotoluenesulfonamide , the major impurity of RF saccharin , 

i s  not carcinogeni c in rat s in a study tha t i s  properly designed 

to detect carcinogenesis . The pos s ibility that other minor impurit ies 

of saccharin are responsible for carcinogenic act ivity  of  commercial 

saccharin cannot be eliminated . However , the committee believes that 

the probability of occurrence is extremely remot e for the following 

reasons : a )  RF saccharin used in the FDA and WARF s tudies had 

different patterns of impurit ies , yet produced the same carcinogenic 

responses ( i . e . , bladder cancer in males ) ;  b) the very much purer 

Maumee process saccharin has also produced bladder cancer in males ; 

c )  i n  Maumee saccharin the impurities are each present in such 

low concentrations that i f  they were carcinogenic ,  they would be 

required t o  be of exquisite potency . 

5 .  Short-term tes t s  for genet i c  ef fect s have been conducted 

with saccharin and some of its impurit ies . Result s of 16 assays 

were negat ive , while those of five ( including a promot ion assay) 
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were positive . Because these as says evaluate varying type s of 

genetic  effects and because saccharin appears to  be a carcinogen 

of low potency , the variation in finding s might be expected . 

The commit tee concludes that these  s tudies are compat ible with the 

in-vivo carcinogenic effects ; however , the result s do not provide 

definit ive information on the interpretat ion of risks to  humans
·
. 

HUMAN POPULATION STUDIES 

There are about 30 , 000 new cases  of  bladder cancer per year in 

the United States ( American Cancer Society , 1978 ) and about 10 , 000 

deaths per year where bladder cancer is the underlying cause ( USDHEW , 

1978 ) . Approximately 7 5% of the case s occur among males . Figure 

3-6 shows that the incidence is ris ing slowly for all males ; however , 

the mortality rate s  are increasing only for nonwhit e males ( Devesa 

and Silverman , 1978 ) .  On the other hand , both incidence and mortality 

are generally declining for all females ( Figure 3-7 ) .  Tables 3-9 

and 3- 10 show the age-specific mortality rates and the age-adjus ted 

rates  for all four race-sex groups ( Mason et al . ,  197 5 , 1976 ) .  

Previous descript ive epidemiologic research has shown that there 

is an increased frequency of lower urinary " t rac t tumors in whites , 

males , Jews , urban residents , and people in the middle clas s ( Cole , 

197 5 ) . Bladder cancer incidence i s  known t o  be elevated in places 

whe re the populat ion is  exposed to the parasite Schistosoma haema-

tobium ( Cole , 197 5 ) . The mos t  important risk indicators for thi s disease 

in the United States are smoking ( Wynder and Goldsmith , 197 7 ) and occupa­

t ion ( Cole , 197 5 ) , especially exposure to benzidine and B -napthylamine in 

the dyestuffs and rubber indus t ries . Cole ( 19 7 5 ) e s timated that smoking 
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FIGURE 3-6 .  Male inc idence and mor tal ity ra tes for bladder cance r  
b y  race . Data f r om  Deves a  and Silverman , 19 78 . 
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FIGURE 3-7 . Female inc idence and mo rtality rates for bladder cancer 
by race . Da ta from Devesa and S ilverman , 1978 . 
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TABLE 3-9 

Age-Speci fic Bladder Cancer Mortality  Rates ( Per 100 , 000 ) 
u . s .  Whites , 19 50-1969a 

� Males Females 

0-4 0 . 08  0 . 03 

5-9 0 . 02 0 . 01 

10-14 0 . 01  o . oo 

15-19 0 . 01 o . oo 

20-24 0 . 0 1  o . oo 

25-29 0 . 02 0 . 03 

30-34 0 . 09 0 . 07 

35-39 0 . 24 0 . 20 

40-4 4 0 . 7 7  0 . 4 2  

45-49 2 . 05 0 . 91  

50-54 4 . 88 1 . 68 

55-59 10 . 17 3 . 09 

60-64 19 . 20 5 . 49 

70-74 48 . 70 16 . 34 

7 5-84 78 . 14 30 . 9 2  

85+ 111 . 49 50 . 54 

TOTAL U . S .  6 . 7 8  2 . 39 
( age-ad j us ted ) 

a From Mason et  al . ,  1975 . 
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TABLE 3-10 

Age-Specific Bladder Cancer Mortality Rates ( Per  100 , 000 ) 
u . s .  Nonwhites , 1950-1969a 

!&! Males Females 

0-4 0 . 0 5  0 . 02  

5-9 o . o1 0 . 02  

10-14 o . oo o . oo 

15-19 0 . 0 1  0 . 01 

20-24 0 . 04 0 . 01 

25-29 0 . 09 0 . 05 

30-34 0 . 18 0 . 21 

35-39 0 . 67 0 . 64 

40-44 1 . 5 9  1 . 4 2  

45-49 3 . 60 2 . 78 

50-54 8 . 3 6 5 . 86 

55-59 12 . 26 8 . 11 

60-64 19 . 60 10 . 76 

65-69 24 . 55 13 . 95 

7 0-74 32 . 6 1  17 . 21 

7 5-85 36 . 10 21 . 38 

85+ 39 . 1 2 2 2 . 71 

TOTAL U . S .  5 . 05 3 . 05 
( age-adjus t ed ) 

a From Mason et  al . ,  1976 . 
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account s for 39% of the bladde r cance r in males and 29% in females .  Haz­

ardous occupat ions account for 18% and 6% of bladder cancer in males and 

females ,  respect ively . An unknown component account s for 43% of the male 

and 65% of the female bladder cancer ( Cole , 197 5 ) .  Much of this unex­

plained component may be associated with coffee drinking ( Cole , 197 5 ;  

Morgan and Jain , 1974 ; Simon et  al . , 1975 ) .  

Three type s of epidemiologic studie s are reported in thi s chapter : 

time-trend studies , prospective studies , and retrospective case-control 

studies .  Al l  three studie s were designed to determine whethe r there is 

a higher probability ( or risk) of bladde r cancer with exposure to sac­

charin than in i t s  absence . The method s and result s of these studies 

illus t rate the difficult ies that are encountered with epidemiologic data . 

First , many o f  the studies were originally conducted for purposes 

that are unrelated to the present goal of determining the associat ion , if 

any , of saccharin use with bladder cance r or othe r health effects . 

These studies rarely have detailed informat ion on saccharin consumpt ion 

because their  purpose was to invest igate othe r factors associated with 

bladder cancer such as c igarette ' smoking or coffee d rinking . 

Second , invest igat ions of thi s relat ionship are designed t o  detect a 

strong associat ion if it exists , but they may include too few s tudy subj ects 

to  measure a weak one . Since the numbe r  of persons using saccharin i s  so 

great , even weak associations are important in predict ing risks to  health . 

Finally , with the mos t  competent design and with adequate numbers of 

subj ects to ident ify weak associat ions , an invest igator will often be 

unable to dist inguish the expected as sociat ion from the confounding effect 

of some other factor . Such variables can be excluded by appropriate 

study design when the factors  are known in advance . Since unknown factors 
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cannot b e  formally excluded , i t  i s  ult imately a matter  of judgment whether 

an association that persists  after ruling out all known confounding fac-

tors should be accepted as causal . I f  the persisting association is  

strong , e . g . , a tenfold or greater increase in a d isease risk , i t  is  

difficult t o  defend the position that an  unsuspected factor may be 

responsible . However , if the persisting association is weak , e .g . , less 

than a twofold increase , such an unsuspected variable may indeed be 

respons ible . Cigarette  smoking or hazardous occupations may be variables 

that  confound low-level associations between saccharin use and the occur-

renee of bladder cancer . Ultimately , a weak association may be demon-

s t rated by intervention s tudies , clinical t rials , or  prophylact i c  t rials . 

There have been no intervention studies  of saccharin . Consequentl y ,  the 

interpretation of  any result s mus t be judgmental a t  present . 

Epidemiologic Studies--Time Trend Analyses 

Time-trend studies provide crude measurement s tha t  relate disease 

rates with other characteris t ics of  population groups . Generally , 

these s tudies cannot indicate direct associations of  disease  rates with 

a carcinogen i f  the substance is  not s trongly carcinogenic ( i . e . , the 

disease risk is low) or if only a short t ime has elapsed from exposure to 

observation .  Two t ime-trend s tudies  measured the change in bladder cancer 
-

mortality rates  against the use of saccharin ( and cyclamates )--one in 

England ( Armstrong and Doll , 1974 ) and one in the United States ( Burbank 

and Fraumeni , 1970 ) . Because of  extens ive saccharin use beginning during 

World War II in England , Armstrong and Doll ( 1974 ) investigated the 

possibility of a concomitant increase  in the bladder cancer death rate . 

However , they found no evidence of an increase in bladder cancer mortality 
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tha t could b e  attributed t o  the greater u s e  of saccharin . Although there 

was an increase in the rate of bladder cancer ( greater in males than in 

females ) ,  an assumed contribution by saccharin could not be separated from 

the increase that was attributed to c igarette smoking . 

In the United States , Burbank and Fraumeni ( 1970 ) examined bladder 

cancer death rates from 1950 to 1967 to determine if there was any 

correlation with  the dramatic increase in the consumption of a 10 : 1  cycla-

mate-saccharin mixture which began in 1962 . They did not f ind an associa-

t ion of sweetener consumpt ion with the change in the rat e  o f  bladder cancer 

mortality , but did note that the dose might have been t oo low and that 

the observation period might have 'been insufficient for them t o  detect 

any effect . This  i s  logical given that the latent period of  bladder 

cancer is estimated to be from 18 to 45 years ( Cole , 1975 ) .  

Studies of Diabe t ics and Cancer 

Diabetics are heavy users of saccharin and other artificial sweet-

eners . Arms trong et  al . ( 1976 ) reported that 66 . 6% of  the mal e  and 55 . 2 %  

o f  the female members of the British Diabetic  Association used saccharin 

tablets . This was determined from a 10% random sample of the membership 

( 3 , 096 replies received from 4 , 000 members--7 7 . 4%  response rate ) .  Males 
1 

consumed an average of 5 . 9 tablet s  per day ; females ,  3 . 4 .  Of three 

studies in which the risk of bladder cancer among d iabetics was inves tiga-

ted ( Armstrong and Doll , 197 5 ;  Armst rong et al . ,  1976 ; Kessler , 1970 ) , none 

has shown an excess .  

1 

From death cert ificates obtained from the Regist rar-General for 

Assuming the average tablet size to be a half  grain ( containing 26 . 4  mg 
of saccharin) , thi s amount s t o  an average of  156 mg of  saccharin per day 
in tablet form for males ( 2 . 2  mg/kg body weight ) and 90 mg/day for 
females ( 1 . 5  mg/kg body weight ) .  
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England and Wales , Armstrong and Doll ( 19 7 5 ) determined th� frequency with 

which diabetes was mentioned on 18 , 73 3  certificates of death from bladder 

cancer and 19 , 7 09 certificate s tha t  cited othe r  cancers , excluding cancer 

of the lung and pancreas . The study covered the period between January 1 ,  

1966 and December 3 1 , 197 2 . They hypothesized that there would be a 

greater frequency of diabetes mentioned among bladder cancer deaths than 

among other cancers because diabetics used a larger amount of saccharin . 

They reported the relative frequency to  be 0 . 98 ,  which did not differ 

significantly from 1 ,  the nul l value . 

Armstrong e t  al . ( 1976 ) assessed the risk of death from bladder 

cancer in a prospective s tudy of 5 , 9 7 1  members of  the British Diabetic 

Association . Indiv iduals were s tudied from 5 to 8 years during the 

follow-up period from 1965 t o  1973 . The expected number s  of deaths were 

calculated by applying rates that were derived from a 10% random sample 

of all deaths occurring in England and Wale s in 197 2  to the age- and sex­

specific person-years of observation . There were four observed and 5 . 8  

expected cases o f  bladder cancer , which resulted i n  a standardized mor­

tality ratio ( SMR )  of 70 . This did not differ s ignificant ly from 100 . 

Kessler ( 1970 ) reported the cancer mortalit y  profile of 21 , 447 white 

diabetics who were diagnosed at  the Joslin Clinic from January 1930 to 

July 1956 . The clinic  record s were used t o  identify al l cancer deaths 

occurring before January 1 ,  1960 , the date on which the s tudy terminated . 

The expected number of  cancer deaths was obtained by applying the 

Mas sachusetts age- and sex-specific rates to the person-years of obser­

vation from 1931 to 1959 . For male s 18 . 1  deaths from bladder cancer were 

expected and 14 occurred ; for females , 11 . 5  deaths were expected and 

seven occurred . The SMR was 7 7  for male s and 61 for females ,  nei ther of 
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which differed significantly  from 100 ( the nul l  value ) . 

The need to identify a group known t o  be high users of saccharin has 

led epidemiologists  to focus on diabetics ( Armstrong and Doll , 197 5 ;  

Armstrong e t  al . ,  197 6 ; Kessler , 1970 ) . This approach has produced no 

evidence to demonstrate an associat ion between bladder cance r and dietary 

habits of diabet ics . In general , diabetics are not part icularly useful 

in epidemiologic studies of cancer incidence and mortality . Any result 

from studies of cancer of diabetics is  difficult to generalize to the non­

diabetic populat ion because of several attributes  of the i r  disease state 

and their behavior . For example , diabetics , as a group , smoke less 

( Armstrong and Doll , 197 5 ; Christiansen , 1978 ) ;  many of them observe ther­

apeutic diets ; bladder function is often abnormal in diabetics ; and 

diabetics differ metabolically and genetically from the general population . 

In addition , they appear to seek medical care more often than the average 

individual . These studies of diabet ics , like the time-trend studies , 

are investigations of group rather than individual characteristics and 

do not include informat ion on the level s of saccharin consumption or the 

smoking habits  of individual diabet ics . 

Case-Cont rol Studies : Artificial Sweeteners and Bladder Cancer 

There have been six case-control studies in which the consumption of 

saccharin among bladder cancer cases was compared with that of a group 

without bladder cancer . Two studies measured saccharin use by mail 

questionnaire and four by personal interviews . Many studies were not de­

signed primarily to investigate the relat ionship of nonnut ritive sweet­

eners to bladder cancer . Questions on saccharin were added t o  these 

studies as an afterthought . This may have led to some features in study 

design or data analysis  which appear as methodologic flaws . 
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Using a mai l  questionnaire survey , Simon et al . ( 1975 ) investigated 

the effect s of cyclamate and saccharin in white females with lower 

urinary t ract cancer and in control s with no urinary t ract diseases . 

Sixty-two percent of the cancer cases responded and 60% of the controls , 

resulting in 135 cases and 390 controls . Each cancer case was matched 

with a control that had been t reated in the same hospital . The controls 

were also matched with the cases on year of  birth within 4 years , urban 

or rural domicile , and hospital discharge within 2 years of the diagnoses 

of the bladder cancer . The risk rati o  for cyclamate use was 1 . 2  for both 

coffee and tea drinkers which did not differ significant ly f rom 1 .  For 

saccharin the risk ratio was 1 . 0 . 

Morgan and Jain ( 1974 ) conducted a similar mail questionnaire survey 

comparing artificial sweetener consumption in bladder cancer cases with 

that in two matched noncancer control groups composed of males with 

benign prostatic hypertrophy and females with stres s incontinence . Morgan 

and Jain provided neither the dates of the study nor the source of the 

cases and controls . The response rate s  were 69% for case s and 57% for 

controls . Seventy-four female and 158 male cases were matched with the 

same number of controls of the same sex and age . The risk rati o  for 

women was 0 . 35 ,  whi ch could have been due to chance less than 1 in 100 

times , while the risk ratio  for men was 1 . 0 ,  the expected value when the 

null hypothesis is true . In the other four case-control studies , sac­

charin consumption was determined directly from interviews rather than 

mail questionnaires . 

Kessler ( 1976 ) conducted a matched case-control study of bladder 

cancer and art ificial sweetener  use . All subject s were resident s of 

Balt imore who had been discharged from local hospitals from 197 2 through 
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197 5 . The controls were matched t o  the cases by sex , race , age , marital 

status , and hospital . There were 157 male pairs and 52 female pairs , but 

the rates  of  participat ion in the study were not given . There were no 

statist ically significant differences for either sex ( or both sexes 

combined ) in the proportion of nonnutritive sweetener users , in mean 

intake of nonnutritive sweeteners per day , or in the number of mean years 

that  nonnutritive sweeteners were used . Furthermore , there were no sta­

tist ically significant differences in the use of  diet beverages ,  although 

the proportion of females  who used diet colas , tablet s , and powders was 

greater in the controls than in the cancer pat ient s . 

Recently Kessler and Clark ( 1978 ) expanded Kessler ' s  1976  stud y .  

O f  the 1 , 300 bladder cancer cases that had been identified , 509 ( 39% ) 

had died before they could be interviewed , 115  ( 9% )  refused t o  participate 

in the study , and 157 ( 12% ) were unprocessed for various reasons . There 

were a total of 1 , 038 study subject s ,  365 male pairs and 154 female pairs . 

The results of the s tudy showed the use of all nonnutri t ive sweet eners t o  

b e  a s  follows : f o r  males the mat ched odd s rat io was 0 . 9 7 , for females i t  

was 1 . 00 ,  and for both sexes the rat io was 0 . 98 .  The risk ratios for 

saccharin were 1 . 13 and 0 . 82 for males and females , respectively , neither 

of which is statistically significant . These data are consistent with 

no risk of excess bladder cancer attributable to saccharin . When esti­

mat ing ris� the investigators omitt ed the use of nonnut ritive sweeteners 

during the year prior to the diagnosis  of  cancer . Adjusting for possible 

confounding by smoking , occupation , age , race , sex , history of  

diabetes , marital status , education , weight , diet ing , and memory , 

the risk remains unchanged .  Although the invesigators stated that 

the cases and controls were matched for marital status , they did not 
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explain the differences in that variable that were reported in 

their study.  For both saccharin and cyclamates the controls reported 

greater mean years of use than did the cases of both sexes . The 

one statist ically significant finding was that male nonsmokers had 

an adj usted risk ratio of 2 . 6 1 . A single result thi s  large i s  expected 

because of sampling variation in a study with a large number of compari­

sons ; one out of 20 comparisons is expected to be significant by chance 

alone . 

From 1969 to 1974 Wynder and Goldsmith ( 1977 ) studied 574 male and 

158 female bladder cancer pat ient s and the same number of controls that 

had been matched for sex , race , hospital , and age at diagnosis . Although 

subject s had been selected from 17 hospitals in six American cities , 46% 

had been patients at Memorial Hospital in New York City . Ninety-six per­

cent of  the cases and controls agreed t o  participate in the study . Con­

trols had no previous or present t obacco-related disease , e . g . , heart 

and lung diseases . Questions concerning art ificial sweeteners were asked 

only during the 1973-1974 portion of the study . This produced a limited 

case group of  1 32 males and 31 female s and a control group of 1 24 males 

and 29 females . No statistically significant differences in artificial 

sweetener use were found . 

Howe et al . ( 1977 ) compared the use of art i ficial sweeteners among 

480 male pairs and 152 female pairs that  were mat ched for age (within 5 

years ) and residential neighborhood . The patient s with bladder cancer 

had been diagnosed between Apri l 1974 and June 197 6 . They were identi fied 

through three Canadian provincial cancer registries and through informat ion 

received from pathologist s and urologists . Of 821  eligible cases , 632 

( 77% ) participated in the s tudy .  Eighty percent of the controls responded 
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in British Columbia , 9 6% in Nova Scotia , and 100% in Newfoundland (Miller 

ana Howe , 1977 ) .  In females , there was no increased risk of bladder 

cancer associated with the use of artificial sweeteners (mat ched risk 

ratio 0 . 6 ) , while males using sweeteners had a bladder cancer risk that 

was greate r  than tha t  in controls who did not use sweeteners (mat ched risk 

ratio 1 . 6 ) . The f inding for females was not stat istically s ignificant , 

but that  for male s was highly significant ( p < . 01 ) . These significant 

results were observed onl y for the use of tablet s  or drops of sugar 

substitutes , but not for diet drinks or saccharin-containing foods . When 

controlling for the known or suspected confounding variables--educat ion , 

high risk occupations , history of 'bladde r or kidney infect ions , smoking 

combined with consumption of instant coffee , and use of a private water 

supply--the risk ratio  remained stable . Thi s suggest s that the risks 

were not due to confounding by these variables . The authors examined 

three levels  of use of tablets  per year : never , < 2 , 500 ,  and � 2 , 500 . The 

The result ing risk ratio showed an increasing gradient of 1 . 0 to 1 . 5  to  

2 . 1 .  The durat ion of  use  showed a risk gradient o f  1 . 0  t o  1 . 4  to  2 . 0  for 

never , < 3 years , and � 3 years . · Howe and his colleagues reported an un­

matched risk rat io of 5 . 3 for those who used tablet s  for more than 3 years 

and for those who used more than 2 , 500 tablets per year , compared to non­

users . Using the method of Cole and MacMahon ( 197 1 ) , they  estimated the 

bladder cancer incidence in Canadians attributed to the use of all arti­

ficial sweeteners to be 7% of  all bladder cancer found in males . At 

current exposure levels this is comparable t o  an estimate of  3 , 000 

bladder cancer cases in males each year in the United States . 
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Case-Control Studies : Spontaneous Abort ion 

Kline et al . ( 1978 ) tested whether the use of saccharin as a tabletop 

sweetener during pregnancy was associated with spontaneous abortions . They 

studied women who had been admit ted for a spontaneous abortion at three 

New York City hospitals between 1974 and 1976 . Controls were mothers who 

had delivered after 28 weeks of gestation and had been pat ients at the 

public prenatal clinics of the same hospitals . They were mat ched by age 

( within 2 years ) at the most  recent menstrual period . Ninety-seven per­

cent of the cases and 94% of the cont rols participated  in the study . Five 

hundred seventy-four cases and 320 controls were interviewed ; 29 cases and 

12 controls were excluded because they reported a history of diabetes , 

their history of diabetes was unknown , or there was no informat ion on 

body weight . Both cases and controls reported about 6% use of  sugar 

subst itutes during pregnancy .  The data were adj usted f o r  age , previous 

pregnancies ending in spontaneous abort ions , smoking , and body weight . 

However ,  no s tat istically significant result s were obtained . There were 

several deficiencie s in this study . For example , there was no adj ustment 

for social status , as measured by income , which was higher among cases . 

Furthe rmore , the questionnaire neglected t o  ask about several other para­

meters : the use of other art i ficially sweetened foods ( e .g . , soft drinks ) , 

the respondent ' s  saccharin consumpt ion before pregnancy , the saccharin 

consumption habit s  of the fathers , and any occupational exposure of the 

mothers . 

Evaluation of Epidemiologic Studies 

The relat ionship between saccharin and disease risks has been examined 

mostly through case-control studie s o f  bladder cance r (Howe et al . ,  1977 ; 

Kessler , 197 6 ; Kessler and Clark , 197 8 ; Morgan and Jain , 1974 ; Simon et al . ,  
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1975 ; Wynder and Goldsmith , 1977 ) .  The except ion is the above-mentioned 

study of spontaneous abortion ( Kline et al . ,  1978 ) .  In all of  these 

s tudies , the saccharin exposure information has been obtained by question­

naires with known shortcomings such as biased responses due t o  differential 

recall and interviewer bias in the assessment of exposure . 

Assuming that saccharin is  a carcinogen of  low potency in humans 

and that it produces a risk as low as tha t  suggested by Howe et al . 

( 19 7 7 ) ,  the numbers of bladder cancer cases studied have been 

too small ( Kessler , 1976 ; Simon et  al . , 197 5 ;  Wynder and Goldsmith , 

197 7 ) to  demonst rate a statistically s ignificant difference . Further­

�ore , the cases were often mat ched with control s but mat ching was ignored 

in the analysis ( Kessler , 197 6 ; Simon e t  al . ,  197 5 ;  Wynder and Goldsmith , 

1977 ) .  This may result in an underest imate  of  the actual risk . 

Since the respondents '  medical status could be easily dist inguished 

( or was known by the questioner) , the possibility of interviewer bias 

exists  in all retrospective quest ionnaire studies without an independent 

assessment of exposure . For example , the interviewer may have t ried to  

"coax the desired response"  from the cases with more enthusiasm than he 

or she portrayed to the controls . Thi s criticism can be made of  any study 

that is built on personal interviews and has been ment ioned by the FDA/NCI 

Interagency Saccharin Working Group ( USDHEW , 1977 ) in a critical review 

of Kessler ' s  study (Kessler , 197 6 ; Kessler and Clark , 1978 ) .  

There is  the possibility of selection bias in the use of volunteer 

cont rols whose exposure characterist ics may differ radically f rom those 

of  nonparticipant s ( Howe et al . ,  1977 ; USDHEW , 1977 ) .  Similar crit icisms 

can be made when hospitalized or privat e  pat ient s from specialty practices 

are used as controls (Kline et al . , 1978 ; Morgan and Jain , 1974 ) . Both 
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social and health characteristics of these individuals may differ dramat­

ically from those of the cases . For example , hospital controls in case­

control studies of saccharin may not be appropriate  because a high propor­

tion of patients are being t reated for diseases that are related t o  obe­

sity;  hence , their saccharin intake may not be representative of the 

general community (Kess ler , 197 6 ; Kessler and Clark , 1978 ) .  Mail ques­

tionnaires may lead to biased selection not only because the mos t advanced 

cases may die before they can respond , but also because mail surveys 

generally have poor response rates ( Morgan and Jain , 1974 ; Simon et al . ,  

1975 ) .  The deaths of advanced cases can also hamper a s tudy that i s  

conducted b y  personal interviews (Kessler , 1976 ; Kessler and Clark , 1978 ) . 

Case selection may also be biased in a variety of  ways , e . g . , by giving 

preference t o  the mos t easily treated or surviving pat ient s ( USDHEW , 197 7 ; 

Kessler , 197 6 ; Kessler and Clark , 1978 ; Wynder and Goldsmith , 1977 ) .  

These selection factors will  introduce bias in an estimat e of risks if 

saccharin is  associated with earlier mortality due t o  greater malignancy 

of the tumors . 

The possibility of recall bias exists among cases and controls in 

every study that  is  based on questionnaires ( Howe et al . ,  197 7 ; USDHEW , 

197 7 ; Kessler , 197 6 ; Kessler and Clark , 1978 ; Kline e t  al . ,  197 8 ; Morgan 

and Jain , 1974 ; Simon et al . , 1975 ; Wynder and Goldsmith , 197 7 ) .  Subject s  

may search for a cause to  explain their disease thereby recalling their 

saccharin use in greater detail , whereas controls may overlook some 

saccharin consumption when responding to  the interviewers ' quest ions . 

Ad j ustment s may not have been made for some confounding variables 

such as smoking , occupation , coffee consumption , medical history , social 

status , and type of  water supply ( Cole , 1975 ) . Thi s oversight could lead 
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t o  a spurious estimat e  of risk ( USDHEW , 1977 ) .  Although Howe et al . did 

adjust for these variables ,  they were severely critici zed for using a 

dichotomous assessment ( e . g . , dividing each category of confounding factors 

into two simply defined groups ) rather than interval or cont inuous mea­

surement s ( e . g . , finer measurement s of cigare t t e  use and coffee consumption 

[ Anonymous , 1977 ] ) .  Miller ( one of Howe ' s  coauthors ) responded to this 

crit icism by expanding the consideration of variable s to place of residence 

( by province ) ,  instant-coffee consumption , and cigarette smoking . These 

additional factors did not alter the risk substant ially ( Miller and Howe , 

197 7 ) .  A brief presentation of adj ustment procedures makes analysis  of  

possible confounding factors difficult , as  in the study by Howe et al . 

( 1977 ) .  To study spontaneous abort ion i t  seems important t o  obtain 

informat ion about consumption of  all food s containing saccharin ( especially 

soft drinks ) by females before pregnancy and by the fathers (Kline et  al . ,  

1978 ) . 

Synergy should be addressed ( Hicks and Chowaniec , 1977 ; USDHEW , 197 7 ) 

when considering multiple exposures among saccharin users . Such exposures 

are likely to include cigarette smoking , coffee drinking , and a history 

of hazardous occupat ional exposure . 

Latent t imes for malignancy are commonly measured in decades , and 

periods of 30 t o  40 years may be required for the total effect of  any 

carcinogen to  become apparent in humans . A common problem of all the 

studies on humans t o  date is  that  the major increase in use of  saccharin 

may be too recent for its  carcinogenic effect s , if present , to be manifest . 

Epidemiologic Studies in Progress 

Citing several weaknesses in study design ( as noted above ) ,  the FDA/NCI 

Interagency Saccharin Working Group has recently init iated a large case-
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control study t o  determine the risk of  bladder cancer resulting from the 

use of saccharin ( USDHEW , 1977 ) .  Investigators will be informed of newly 

diagnosed bladder cancer cases from nine centers of the Surveillance , 

Epidemiology , and End Result s ( SEER) network . This is a system of tumor 

registrat ion of the Biometry Branch of the Nat ional cancer Institute , 

which encompasses the states of Connecticut , Iowa , New Mexico , and Utah , 

and the cities of Detroit , San Francisco-Oakland , New Orleans , Seattle , 

and At lanta . For this study , incidence data will be obtained also from 

the tumor registry of  New Jersey . There wil l  be approximately 4 , 200 cases 

and 8 , 400 controls in the study . The large number of subject s will make 

it possible for even small risk differences t o  be statistically  signifi­

cant . Predictions indicate that 60% of the cases will be older than 65 

years , 7 5% will  be male , and mos t  participant s wil l  be white . 

The controls will be selected from a random sample of  the population . 

They will  be s tratified so  that  they have the sex , race ( whi t e  and non­

white ) , and age composition of the general population in each study 

location . Controls older than 65 years wil l  be randomly selected from 

the records of the Health Care Financing Administrat ion . Controls younger 

than 65 will  be selected by random-digit-dialing . 

cases and cont rols will be asked t o  respond t o  a quest ionnaire that 

will be administered in their homes by trained interviewers . The questions 

will cover the following subjects because of suspected relations with 

bladder cancer . 

• Lifetime residential history 

• History of  drinking water used ( public , well , and bott led ) 

• Lifetime occupational history 
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• History of tobacco use ( especially cigarettes ) 

• Types and amounts of fluid consumption 1 2  months ago to  

avoid the measurement of any change since diagnosis 

• History of nonnut ritive sweetener use 

• Medical history ( such as diabetes or bladder disease ) 

• History of hair dye use 

• Other demographic information 

If  resources permit , the nonrespondent cases and controls will be 

compared to those who enrolled in the study . 

The study will employ regression analysis t o  assess the risk from 

many variables simultaneously (Miettinen , 1975 ) . This will  permit the 

estimation of relative risk by the calculation of risk rat io ( or odds 

ratio)  while controlling for the effect of confounding variables . The 

method allows one to  evaluate different levels of risk , thus making it 

possible to  indicate whether artificial sweeteners interact with certain 

other factors ( Hicks and Chowaniec , 1977 ) .  Finally , the percent of bladder 

cancer mortality attributed to saccharin ( known variously as the "et iologic 

fraction" or "population attributable risk percent " )  can be estimated 

( Cole and MacMahon , 197 1 ) . 

Potent ial Sources of Data 

Although prospective studies are very costly ( in money and t ime ) 

in comparison with retrospective case-control studies , the availability 

of prospective data sources might be a way to  assess dose-response rela­

tionships and to adjust for confounding factors . To avoid biased recall , 

which can occur in retrospective studies , the nonnutrit ive sweetener 

exposures should be assessed in nondiseased individuals . To do this , an 

epidemiologist might undertake a prospective study in which a sample of 
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healthy users and nonusers of saccharin are followed for a suff iciently 

long period to  observe tumor incidence . After a certain t ime , a measure 

of the relative risk among saccharin users could be obtained by comparing 

the rate of bladder cancer ( or perhaps some other disease ) among the users 

with that of the nonusers . There are several possible options : 

Diet Studies . Disease risk ( thought to  be bladder cancer )  can be 

evaluated i� individuals whose  diet s were thoroughly measured . Some 

pos sible sources are : 

• the combination of several heart disease s tudies in which 

dietary data are or were being collected . Examples are 

the Framingham , Mass . ( Dawber et al . ,  195 1 ) , Tecumseh , 

Mich . ( Francis and Epstein , 1965 ) , Evans County , Ga .  (Hames , 

197 1 ) , Mult iple Risk Factor Intervention Trial ( MRFIT 

Group , 1977 ) ,  Lipid s Research Clinics ( University o f  North 

Carolina , 1974 ) , and Hypertension Detection and Follow-up 

Project ( Borhani e; al . ,  1976 ; Castle et al . ,  1977 ) .  The 

problems are a lack of consistent protocol for measuring 

diet , insufficient sample sizes t o  obtain enough cancer cases 

among saccharin users , and , in the last three studies , an 

insufficient period of determinat ion for many cancer cases to 

be detected . 

• a subpopulat ion of known nondiabetic users of art ificial 

sweeteners , such as member s  of a self-help diet group . The 

risk of disease in this group could be compared to  the popu­

lat ion as a whole i f  adjustment s are made for the sequelae of 

obesity . The morbidity and mortality profiles of cardiovascular 

diseases in the obese are similar t o  those in diabetics . Hence , 
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using this group to examine the associat ion between saccharin 

and cancers may have the same disadvantage s as  those encountered 

in studies with diabetics . 

• a national survey of  food and nutrition f rom which responses 

about nonnutritive sweetener use were obtained . There are 

two extant studies for which a follow-up might provide a relia-

ble risk estimate : a 1965 U . S . Department of Agriculture ( USDA) 

survey of foods with 14 , 000 respondents ( with approximately 400 

saccharin users ) ( USDA , 197 2 ) , and a 197 1-1974 study of  food 

and nutrition with 20 , 000 respondent s by the National Center 

for Health Stat istics ( NCHS ) which obtained the frequency of 

saccharin use and smoking data ( with approximately 2 , 600 users ) 

( USDHEW , 1 9 78a ) . There was also  a survey with 27 , 000 respon-

dent s which was conducted in Canada ( Canadian Nat ional Health 

and Wel fare Ministry , 1976 ) , but officials do not feel that 

the data on the use of nonnutritive sweeteners are valid . 

From these data the relative risk can be obtained by comparing all 

users with a sample of nonusers to  develop a profile of causes of death . 

Calories can be correlated to  determine i f  there i s  a relationship between 

nonnutritive-sweetener use and the amount of caloric intake . 

The greatest difficult y in a prospective study i s  obtaining a large 

enough sample of saccharin users . Working from Schlesselman ' s  est imates 
1 

of sample sizes , a prospective study would require 139 , 946 artificial 

sweetener users ( or person-years of use ) and the same number of nonusers 

to  show a relative risk of  two ( Schlesselman , 1974 ) . I f  the relative risk 
1 

were four , the required number of users would have t o  be 17 , 804 with an 

1 
This assumes an a • 0 . 05 ( 1-sided ) and B • 0 . 3 and a probability 
of bladder cancer mortality of one in 10 , 000 for those aged 35  
years and over . 
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equal number of nonusers . Unles s the subjects were already enrolled in 

a survey and their vital status could be determined , such a s tudy might be 

too costly and too time-consuming to estimate  efficiently the bladder 

cancer risk for saccharin users . A further concern is that a suf ficiently 

long time interval ( commonly referred t o  as " latent period" ) from exposure 

to disease onset may not have passed . The efficiency of the study can be 

enhanced by matching for confounding variables ( Schlesselman , 1974 ) . This 

would reduce the number of s tudy subject s somewhat , but the cost of 

individually matching saccharin users with nonusers on the known confound­

ing variables is likely t o  be prohibitive . Group matching may be a viable 

alternative . 

Occupational studies . Occupat ional s tudies on workers who are in­

volved in the production or handling of saccharin offer the prospect of 

studying humans with the greatest potential exposure . Before the introduc­

tion of improvement s in industrial hygiene , exposures were likely to  be 

heaviest in areas where saccharin is dried and processed . Systemic 

exposure could have occurred through the dermal , gas trointest inal , 

or pulmonary routes . 

Occupational studiaa can address many confounding factors such as 

age , sex , social class , and previous medical disability ( Goldsmith , 197 5 ;  

McMichael , 1976 ) .  However , they may b e  unable to  separate the interactive 

effect s of other chemical exposures , cigarette  smoking , and previous non­

occupational exposures .  The central question is whether exposure data 

are available or whether surrogate instrument s for estimating exposure 

could be developed ( Gamble and Spirtas , 1976 ) .  There is  one study of 

chemical company employees who have been involved in the manufacture of 

saccharin for many years , but result s are not yet available . Unlike the 
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automated production proces s in another company , which employs only 13 

workers , there were 330 workers employed over a period of  7 0  years until 

saccharin product ion stopped in 1972 . These workers  might show an ele­

vated s tandardized mortality ratio when compared with the u. s. male 

bladder cancer rates (McMichael , 1976 ) . 

An occupational study could be approached either retrospectively or 

prospectively . I f  a retrospective case-control study design were used , 

a sample size of 188 bladder cancer cases and an equal number of cont rols 

would be required t o  show tha t work in the saccharin production area 

resulted in a statisticall y  significant odds ratio ( i . e . , risk · ratio)  of 

two ( Schlesselman , 1974 ) . I f  the odds ratio estimat e  were four , only 45 

cases and 45 controls would be required , assuming a • 0 . 05 ,  B • 0 . 10 , and 

a general exposure t o  saccharin in the plant tha t  i s  equa l to 30% 

( Schlesselman , 1974 ) .  Only Kessler and Clark ( 1978 ) and Howe et  al . ( 197 7 ) 

studied enough case s t o  show a risk rat io of two with the same assumptions . 

Most suggestions for prospective studies appear promising , but are 

unlikely to provide any useful epidemiologic data because fruitful 

studies require long observations which would preclude product ion of useful 

data within the near future . A retrospective study  of  occupational can­

cer ( s )  among saccharin product ion workers may be feasible in terms of cost 

and time and may provide additional data on other disease outcomes , if 

the number of subjects is adequate to attain appropriate sensitivity . 

Male/Female Risk Differences 

The present studies on saccharin carcinogenesis in humans ( Howe et  

al . ,  1977 ; Kessler and Clark , 1978 ; Morgan and Jain , 1974 ) and in animals 

( DREW , 1973a , b ;  Canadian National Health and Wel fare Ministry , 197 7 b ;  

Tisdel et al . ,  197 4 ) sugges t a n  elevated bladder cancer risk for 
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males and a decreased risk for females . This anomaly exists  in 

spite of the repeated observations that females consume more saccharin­

sweetened beverages than do males . Clearly , this raises another 

issue . For example , is the modifying effect of sex due to the 

hormonal difference between sexes or some other distinguishing 

characteristic , including different exposures ? Appropriately designed , 

prospective studies of humans may assist in identifying the metabolic , 

hormonal , or other characteristics that cause the difference in risk 

between the sexes . 

SUMMARY 

The cODDDit tee reviewed the ep.idemiologic studies of the relationship 

between saccharin and bladder cancer and between saccharin and spontaneous 

abortion ( Table 3-11 ) . With one exception , findings indicated the absence 

of a health hazard for either sex . However , there were many deficiencies 

in the methods of the studies that showed no association . Two studies by 

Howe et al . ( 197 7 ) and Kessler and Clark ( 1978 ) are of sufficient sensi­

tivity to measure a relationship . The study by Howe et al . ( 197 7 ) showed 

a statist ically significant increase in risk ( risk ratio of 1 . 6 )  for 

bladder cancer in males and no significant effect in females . The findings 

of this study were analyzed to determine if any confounding factors had 

been overlooked , but none were found . Howe et al . also reported an 

increasing risk of bladder cancer with increasing amount s of saccharin 

used , duration of use , or both . In contrast ,  the study by Kess ler and 

Clark ( 1978 ) showed a 1 . 1  relat ive risk factor for males , not considered 

statistically significant , and no association for females .  

The committee suggests  two alternative data sources that could be 
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TABLE 3-11 

S�ry of the Epideaioloaic Studies of Saccharin aod Bladder Cancer 

Source of Data 
95% Coofideoc:e Type BDd Meaaure of Iotervab or 

lefereoc:e oo Saccbario Ezroaure Co9ereod Years of Studz Effect Probebilitz Value 

.U.trooa 8Dd Amwal U . lt  • bladder c:eocar Saccharin cooeu.ptioo T:IM..treod lzpected eeeociatioo oot 
Doll . 1974 rates pettuoe 1911-1970 fOUIId with hip cooeu.ptioo 

durtaa World War II 

Burbeok aod Amwal u.  s .  bladder c:eocer Cycl ... te-eecchario TiM-tread Ho clear eeeociatioo with 
rra...m. . 1970 rates cooeu.ptiola petteme 195G-1967 rise 1n cooeu.ptioo duriDa 

1960 ' •  

Anetro111 aod Bladder ceocer death certi- Other ceocere (excludiq Ceee-cootrol Relative frequeocy of diabetes : 
Doll . 1975 ficetee aeotiolaioa diabetes : luq ad peoc:reee) aeo- 1966-19 7 2  

tioDilll diabetes : 

138 Mlee 138 . 0  ll&lee 1 . 00  Mlea 0 . 62-1 . 60 
81 fa.elee 81 . 8  fa.elea 0 . 9 7 f ... lee 0 . 59-l . SB  'f 

.... 
Anetrooa � Of 5 1 971 -..bare of the Bri- Expected bladder cacer Prospective Staaderdiaed .artality 0 
�· · 1976 tiah Diabetic Alleociat ioo 1 .artality for EqlBDd 1965-1973 ratio : 0 

the ou.ber dy1Da of bladder aDd Vales . 197 2 :  
cBDCer vee : 

4 5 . 8  7 0  0 . 19-1 . 79 

lteeeler1 1970 Bladder caocer deaths 880111 Kaeeacbuaette • qe- aDd Retrospective Staaderdiaed .artality 
whites for whoa diabetes had aa.-epecific death rates . ceee-cootrol ratio : 
beeo diqooeed at the Joelio 1931-1959 . b:pected 193G-1960 
CliDic fro. 193G-1956 : bladder cacer deaths : 

14 Mlee 18 . 1  Mlee 77 Mlee p > . 3  
7 f ... la. 11 . 5  f ... lee 61 feulee p > . 1  

St.oo .J! � . •  Vbite fa.ele bladder cancer White f ... le patieote Matched ceee- aiek letio : a 
1975 petieo te fro. collaborat illl with DOD-uriDBry tract cootrol 

hospitals . Boetoo : dis-a : 1965-1971 

135 390 1 . 0  p > . 1  
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Horaa IIJUI 
Jain, 1974 

Kuder , 1976 

Kusler IIJUI 
Clark, 1978 

Wyoder aad 
Goldauth, 1977 

Hove et al. , 
1977- -

Boapitaliaed bladder cancer 
pati•ta : 

158 u.lea 

74 feu.lea 

Bladder cacer patients froa 
19 cooperatina Balt t.Dre 
hospital& : 

157 JUles 

Bladder cacer patients froa 
19 cooperating Baltteore 
hospitals : 

365 •lea 
154 f-lea 

Patients with bladder cancer 
in 17 u . s .  hospitals (46% 
froa Mmar:lal Hospital in 
lev York) : 

Patients in three Canadian 
provincial tu.or reaiatriea : 

a Matchina ianored . 

Benign prostate hyper-

trophy : 

158 ..ales 

Proble• of stress in-
continence :  

7 4  f-lea 

loncancer patients : 

157 •lea 

52 feu.les 

loncancer patient s :  

365 •lea 
1S4 f-lea 

Patients with no pre-
vious or present history 
of tobacco-related disease 

124 •lea 
29 feules 

Matched neiabbor control : 

480 .ales 
152 females 

b Adj usted for smokina, occupation , aae , race , sex, diabe tes , marital s tatus , 

education ,  overveiaht , diet ina and memory us ing aultiple loai s t ic me thod . 
c Approxi.a tely . 

Matched case- Risk ratio : 
control 
Dates not aiven 

1 . 0  p > . 1  

0 . 35 p < . 01 

Matched cue- Rate ratio :a lot &ivan 
control 
Dates not aiven 

0 . 74 
1 . 65 

Matched case- Rate ratio : 
control 
19 72-1975 

b o. 75-1 . 58 1 . 1� w 
0 . 8  0 . 47-1 . 39 I .... 

0 
Matchecl case- Rate ratio : .... 
control 
197 3-1974 

0 . 7 4 0 . 2- 2 . 211 
0 . 71 o. 1-1o. oa 

Matched case- Matched riak ratio : 
control study 
April 1974-
June 1976 

1 . 6 1 . 1-2 . 3  
o �� lot aiven 
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used to  assess the risk of  saccharin : data from prospective studie s in 

which accurate dietary informat ion was collected and surveys to  assess the 

risk of bladder cancer in workers who are involved in the production and 

handling of saccharin . These workers might be compared with those em­

ployed in other areas of the same plant . 

CONCLUS IONS 

( 1 )  Time-trend studies prov ide no evidence that saccharin use 

is necessarily associated with cancer ( Arms trong and Doll , 

1974 ; Burbank and Fraumeni , 1970 ) . This  method may be 

too insensitive to separate the ef fect s of saccharin from 

known bladder cancer risk factors , such as  cigarette  

smoking , that have also been changing over  time . 

( 2 )  Studies on diabetics ( Armstrong et al . ,  1976 ; Armstrong 

and Doll , 197 5 ; Kessler , 1970 ) do  not show a positive 

association between saccharin use and bladder cancer but 

these studies suffe r from a number of limitat ions which 

hinder assessment of the risk of saccharin : ( a ) findings 

in diabetics may not ·be applicable t o  the nondiabetic 

population ;  ( b ) individual saccharin consumption was not 

measured ; and ( c ) there were no data  on difference s between 

diabetics and the general population with respect to smoking 

habit s  and certain occupations tha t  are known t o  be 

associated with bladder cancer . 

( 3 )  The case-control studie s d o  not provide clear evidence to 

support or refute an associat ion between saccharin use and 

bladder cancer . Two studie s of sufficient size  for reliable 
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measurement of low level effects of saccharin use are those 

by Howe et al . ( 197 7 ) and Kessler and Clark ( 19 7 8 ) .  The 

study by Howe et al . used a complex method to estimate  the 

relative risk of bladder cancer in nonnutritive sweetener 

users and nonusers . This study reported that  the proport ion 

of male bladder cancer patients who used nonnutritive 

sweeteners is significantly higher ( risk ratio of 1 . 6 )  

than the proportion of male controls who used nonnutrit ive 

sweeteners . The study by Kessler and Clark ( 1978 ) reported 

no statistically significant excess  risk for either sex , 

and is thus consistent with no exces s  cases of bladder 

cancer attributed to the use of saccharin . The committee 

believes that the methodologic difficulties of each study 

do not allow one to judge the seemingly contradictory 

results . Four other studies have failed to demon-

strate a statistically significant risk (Kessler , 197 6 ; Morgan 

and Jain , 197 4 ; Wynder and Goldsmith , 197 7 ; Simon et al . ,  

1975 ) ,  but these have major deficiencies which severely limit 

confidence in their findings . 
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the r a t . P ro c .  Am. As s oc . C an c e r  Re s .  19 : 4 .  (ab s t ra c t ) 
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CHAPTER 4 

BENEFITS OF SACCHARIN 

The commit tee wishes to draw attention to the difficulty in assessing 

the variety of benefits  ascribed to saccharin . Some indiv iduals  have sug­

gested that saccharin is beneficial to health because it may aid in the 

maintenance of desirable body weight or in the prevent ion of dental caries 

( Stunkard , 1977 ; Nizel , 1977 ) .  Other groups consider saccharin to  be impor­

tant in facilitating weight reduct ion ( Lee , 1978 ) , control of diabetes 

(American Diabetes Association , 1978 ) , or promot ion of the proper use of pre­

scribed drugs ( Feldman , 1977 ) .  Numerous psychological bene f i t s  have also 

been attributed to the use of saccharin ( U . S .  Congress , 1977 a ) , all related 

t� the desire for sweet s . Thes e  range from conformity to cultural pat terns 

to , s imply , aes thetic pleasure . The committee ' s  efforts to examine these 

issue s  have been severely hampered by the lack of  scient ific evidence per­

taining to health benef its , the difficulty in measuring perce ived benefits , 

and the prevalence of the confl ict ing but strongly held v iews among pro­

fessionals  and the general public . 

Discussions concerning the benefits  of saccharin have gathered 

considerable momentum s ince the Food and Drug Administration ' s  ( FDA) 

proposed ban in March 1977 . The committee ' s  decision to evaluate the 

benefits  i s  largely the outcome of public and congress ional concern that 

the beneficial effects of saccharin have been ignored in the proposed 

ban . Thi s  is  evident from the Saccharin Study and Labeling Act ( U . S .  

Congress , 197 7 b ) , which specifically mandates a s tudy o f  " the health 

benef its , if any , to humans resulting from the use of nonnutritive sweet­

eners in general and saccharin in particular . "  This i s  especially rele­

vant s ince saccharin is the only nonnutritive sweetener ( NNS ) currently 

permitted in the American food supply . 
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For the past  50 years , the use of saccharin has increased in the 

United States , and the consumption of saccharin per capita has nearly 

doubled in the last 7 years . Today , i t  i s  commonly used in diet drinks 

and dessert s , canned frui t s , candy , gum , drugs , cosmet ics , toothpaste , 

and as a tabletop subst itute for sugar . I t s  daily use by several genera­

tions of Americans ( in 1968 users of NNS ' s  were estimated t o  be approxi­

mat ely 20 mil lion [ Crampton , 1975 ] ) has made saccharin an integral part 

of the American lifestyle . 

The proposal to  ban saccharin has been subj ected t o  sharp crit icism 

from several quarters . Two nat ionwide public opinion polls , which sur­

veyed approximately 1 , 500 adult s in both April and June 197 7 ( Harris , 

1977a , b ) , reported opposit ion to  the ban by a margin of approximately 5 

to 1 .  Similar f indings were obtained from a quest ionnaire g iven t o  389 

indiv iduals in January 1978  ( Parham , 1978 ) . In Canada , where saccharin 

has been banned as a food additive s ince 197 7 , leading medical associat ions 

have made a concerted effor t  to examine the pros and cons of the res tric­

tion ( Canadian Diabetic  Associat ion , 197 7 ; Canadian Medical Associat ion , 

19 7 7 ; Roydhouse , 1977 ) ,  have formed a committee t o  contend with the issue 

( canadian Ministry of Health and Welfare , 197 7 ) ,  have suggested alternat ive s , 

or have prov ided guidelines for the use of saccharin (Hollands and Goeller , 

197 7 ) .  In the United States , a s imilar response has been made by some 

inst itutions ( American Dietetic  Associat ion , 197 7 ) , but a number of pro­

fess ional and consumer-oriented organizat ions are skept ical about the ban . 

For example , the American Diabetes Associat ion ( 1978 ) and the American 

Dental Associat ion ( 1978 ) have questioned the adv isability of the ban , 

and the Calorie Control Council , a representative of  the industrial users 

of saccharin , has lodged protests  against the FDA ' s proposal ( Gelardi , 
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197 7 ) .  Numerous object ions have been based on the assumption that the risk 

t o  human being s of cancer from saccharin has not been es tablished , that 

the scient ific data collected so far are inconclusive , and that the benefits 

of saccharin far outweigh its  supposed risk . 

Despite such assertions , it has not yet been established whether 

saccharin lead s to measurable health benefits . Furthermore , a recent 

report on saccharin by the Office of Technology Assessment ( U . S . Congress , 

197 7a ) indicates that the potent ial benefits of saccharin have not been 

subjected to the same kind of scrut iny that has been given to its risks . 

This may be explained partly by a historical perspective . In permitting 

the use of food additives , the FDA has emphasized the establishment of a 

safety record ( i . e . , the absence of ill  effects ) by toxicity test ing 

rather than by demonstrat ing a direct benefit . According to the Food 

Additives Amendment , direct food addi tives mus t satisfy two essential 

criteria . Firat , there must be proof that the addit ive is safe under 

condit ions of intended use and that it wi ll not cause adverse effect s on 

the health of consumers . Second , the substance must be functional or 

capable of accomplishing its  intended technica l  effect . A determination of 

the value of the effect and , thus , a proof of ita direct or indirect health 

bene fits are not required and , in prev ious legislat ion , has been expli­

citly excluded . Consequentl y ,  a methodology for assess ing benefits has 

not been developed . 

There is a noticeable paucity of relevant literature on benefits . 

Moreover , there is  no clear definition of what would constitute a benefit 

or how to measure it . Part icularly evident is the lack of a rational yard­

st ick for comparing inherently different dimensions , e . g . , the number of 

lives saved versus dollars expended or perception of immediate pleasure 
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and improved quality of life versus future risk of disease . Similarly , 

there is  no system for obtaining an overall estimate of benefit . This i s  

pert inent because many of the benefit s attributed t o  saccharin are subjec­

t ive , e . g . , improvement in taste or psychological well-being . As such , 

benefits  are evaluated in different terms than are risks , and they are 

generall y  harder to quant ify . However , there is a parallel . While risk 

to  animal species may be demonstrable quantitatively through experimenta­

tion , extrapolat ion of the potent ial risk to  humans requires j udgment in 

the absence of conclusive epidemiologic data . Similarly , potential bene­

fits  may be implied subject ivel y  or assessed object ively through clinical 

trials . The latter involves a different extrapolat ion , usually from an 

inadequate data base alone or combined with the experience and observation 

of the inves tigators . Therefore , while objective assessment of  risk and 

the computation of benefit  are both necessary , both involve s ome subjec­

tive s teps in the extrapolat ion process , t o  different degrees . 

The benefits  of saccharin cannot be assessed in isolat ion . They 

mus t be regarded  in view of the incremental risk posed by the consumpt ion 

of saccharin ( see Chapter 3 ) , the consequences of i t s  removal from the 

market , and whether alternative sweeteners  exist . At the outset , i t  would 

be important to consider the potential benefits  of saccharin to health , in 

terms of both maintenance of health and the prevent ion and treatment of 

specific disorders . Subsequentl y ,  it  would be neces sary t o  examine the 

origin of  the desire t o  use saccharin .  Perhaps thi s desire could be ex­

pressed in no more complex a concept than the human preference for sweet 

substances . 

The potent ial benefits  of saccharin t o  health are discussed below, 

followed by a summary of related economic considerations . 
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Weight Control . Although the importance of prevent ing weight gain 

in indiv iduals of normal weight is  les s obv ious than the need for inter­

vent ion to produce weight los s , the prevent ion of weight gain may be 

quant itat ively more s ignificant in the long run . A large number of sac­

charin users have indicated in a recent poll that saccharin a ids them in 

maintaining their normal body weight and phys ica l appearance (Market 

Facts ,  Inc . [ MF I ] , 1978a ) . However , clinical t rial s to test this percept ion 

or to study the value of nonnutritive sweeteners in weight maintenance 

have not been conducted . The few · investiga t ions of the impact of NNS ' s  

on the energy balance have focused on weight reduct ion in overweight 

subject s .  Nonnutritive sweeteners provide a means of  sat isfying the 

desire for sweetne s s  without an increase  in the consumpt ion of energy 

( calories ) that accompanies the ingest ion of sucrose or other sugars . 

Thus , despite the lack of scient ific data that are needed t o  demons trate 

either the extent or the value of NNS ' s  in weight maint enance , the 

availability of saccharin may theoret ically provide the informed consumer 

with an option : that of inges ting larger quant i t ies of highly desired 

foods or of reducing sugar intake without foregoing the desire for 

sweetness . 

Prevent ion of Dental Caries . Saccharin is  thought to  assist  indi­

rect ly in preventive dental care . Thi s  as sumpt ion stems from the concern 

that the subst itut ion of sucrose in dent ifrices and soft drinks may 

exacerbate the incidence of dental caries--a public health problem of 

major proportion in the United States . In addit ion , saccharin is used 

commonly as a sweetening agent--an additive cons idered to be necessary 
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in promot ing the use of dent ifrices . Not only is dental caries the lead­

ing chronic disease in children , it affects over 98% of the populat ion 

of all ages ( Keene et al . ,  197 1 ) . Even at  it s present leve l of  incidence , 

it poses a significant economic burden . For example , an estimated $10 . 04 

billion was spent by the public in 197 7  for denta l care . Much of thi s was 

required to  repair the damage of caries . Even so , less than half the popu­

lation obtains any dental treatment (USDHEW , 197 2 ) . 

A brief rev iew of the etiology of dental caries will assist '  in the 

evaluat ion of the potential benefit s of saccharin and other tmS ' s  t o  dental 

health . 

Dental caries result s from the interaction among certain oral bacteria , 

a tooth whose suscept ibility i s  believed t o  be due largely t o  a lack of 

fluoride in the tooth enamel , and the presence in the mouth of highly 

fermentable carbohydrates , which the bacteria uetabolize t o  organic acids . 

There is convincing evidence that sugar , e specially sucrose , is the major 

dietary contributor to the incidence of caries ( Newbrun , 1967 ) .  Oral bac­

teria , especially Streptococcus mutans (a prime microbial agent in the 

pathogenes i s  of caries ) ,  convert · sucros e  t o  acid and to  complex polygluca�s , 

which are sticky and insoluble and facili tate adhesion of bacterial plaque 

to tooth surfaces . Studies on animals show tha t  les s  frequently consumed 

saccharides ,  including glucose and fruct ose , are also highly cariogenic 

( Green and Bartles , 1969 ) . 

It is now widely accepted that the frequency of sugar consumption 

( thus , the frequency of acid at tack upon tooth enamel )  and the form in which 

sugar is  consumed are more important in the causat ion of caries than the ac­

tual amount of sugar consumed . Therefore , effort s to prevent caries by 

altering the dietary factor in caries etiology focus upon reducing the 
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frequency of sugar consumption , especially in between-meal snacks and 

beverages .  

Studies  on animals have demonstrated that a reduct ion in the frequency 

and amount of sucrose that is ingested result s in decreased incidence of 

caries . This has been confirmed in epidemiological surveys ( Takeuchi , 

1960 ; Toverud , 1950 ) as well  as in cont rolled trials with humans ( Gustafsson 

et al . ,  1954 ; Harris , 1963 ) .  In a recent , well-controlled s tudy in Finland , 

volunteers consumed a diet in which practically all sucrose was replaced 

by the polyol , xyli t ol . When compared to  controls who consumed a normal , 

sucrose-containing diet ( Scheinin et al . ,  1975 ) , the volunteers showed an 

approximately 90% reduct ion in the incidence of caries after 2 years . How­

ever , a recent preliminary report from England linking xylitol with bladder 

cancer in animals has raised questions about the utility of xylitol as a 

sweetener in foods ( J . Carlos , Hunt ington Laboratories , personal communi­

cation , 1978 ) .  

Because saccharin is nonfermentable and does not support bacterial 

growth , one may assume that i t  is noncariogenic . Therefore , it may have 

potential benefits  as a sugar subs titute in snack foods or sweet beverages 

that frequent ly contact the surface of  teeth . Saccharin i s  widely used 

as a sweetener in dent ifrices , usually at  a level of approximately 0 . 2% .  

Nizel ( 1977 ) e s timated that  the amount of saccharin ingested from dent i­

frices is from 100 to 1 , 600 times less than that consumed from a s ingle 

soft drink .  Thi s would imply a negligible risk factor compared t o  the 

potent ial increase in the incidence of caries should cariogenic sugars 

( such as sucrose ) be substituted in snack foods . Dent ifrice s containing 

fluoride reduce the incidence of caries by 15% to 25% ( Horowitz and 
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Heifetz , 1975 ) .  To the extent that saccharin improves the taste , thereby 

promoting the use of such dentifrices , additional health benefits may be 

inferred . 

Specific efforts to study the efficacy of saccharin in the prevention 

of dental caries have been limited . Linke and Chang ( 1976 ) studied the 

influence of four nutritive sweeteners and five art ificial sweeteners on 

the growth pat tern of Streptococcus mutans in vitro in a glucose medium. 

Sodium saccharin in concentrat ions of 0 . 02 to 20 mg/ml bad a definite 

growth-inhibiting effect , the magnitude of which was proportional to  the 

concentrat ion of saccharin . The authors implied that saccharin may have 

a potent ial use in the prevent ion of caries . 

Grenby ( 1975 ) studied 24 student volunteers receiving a diet that was 

sweetened with a mixture of saccharin and up to 98% glucose for 3 days . An 

average of 42 g of sweetener per person per day was consumed . He noted that 

the amount of dental plaque that formed was significantly les s than that 

in the control subjects using sucrose . It is  not clear whether the reduc­

t ion in plaque was due to the substitution of glucose ( considered to be 

slight ly less cariogenic than sucrose [ Green and Bartles , 1969 ] ) for 

sucrose or whether it  was due to saccharin , because the effect s were not 

measured separately and the amount of saccharin i n  the sweetener was not 

stated . 

One can assume that saccharin is noncariogenic ,  although there is 

no direct clinical data to support this . Nevertheless , convincing 

data suggest that substantial replacement of dietary sucrose by noncario­

genic sweeteners will result in a significant reduction in the incidence 

of caries . 
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While a single noncariogenic sweetener would probably not have a pro­

found effect on prevent ion of dental caries , an array of such sugar sub­

stitutes used in a variety of foods could have a major impact on this public 

health problem . Saccharin has definite  potent ial benefit  in thi s context . 

Treatment and/or Control of Health Problems 

Obesity . NNS ' s  are frequent ly used as  subst i tutes for sugar on the 

assumpt ion that they will replace a port ion of dietary calories , thereby 

producing a negative energy balance and weight loss . An important criter­

ion in evaluating the efficacy of NNS ' s  for the treatment of obesity rest s  

in the question , "Does the use o f  saccharin promot e sustained weight loss 

in the obese ? "  Theoretical l y ,  saccharin may contribute to  weight los s  if 

its consumption reduces total carbohydrate ingest ion by reducing refined 

sugar intake . This must occur without a compensatory increase in calories 

from other food sources , in a free-living situat ion and over an extended per­

iod . Therefore , the relevant question is not could saccharin produce these 

results ,  but does it?  I f  i t  does not , thi s may indicate simply that the 

effects of saccharin , although real , are so infrequent or weak that they 

are outweighed by the other forces that tend to maintain obes ity . Genet­

ics , endocrine changes ,  and neurological , psychological , and social influ­

ences are all thought to cont ribute t o  the reduction and maintenance of 

body weight . Several of these factors probably operate to  varying degrees 

in dif ferent obese subjects . Accordingly ,  many modes of therapy for obesity 

have been explored , mos t  with limited success . These are summarized 

below : 

• Mechani cal/ anatomical :  jaw-wiring , gastric or jejunal 

bypass surgery , panniculectomy ; 
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1 
• Hormonal : adminis t ration of thyroid hormone , or human 

chorionic gonadotropin ; 

• Neurological/ psychotropic : administration of ampheta-
1 

mines and related drugs ; or fenf luramine hydrochloride & 
( Pondimin ) ;  

• Dietary : nutrition education and diet planning to restrict 

caloric  intake or to limi t inges t ion t o  certain type s of 

foods , e . g . , high protein diet , grapefruit diet , etc . ; 

• Dilut ion of calori c dens i ty : adminis t ration of  nonnutritive 

dietary preparations , e . g . , cellulose , NNS , liquid formulas , 

e tc . ; 

• Psychiatric : psychotherapy , psychoanalys is ; 

• Behavioral techniques : aversive conditioning , behavior mod-

ification based . on operant conditioning . 

The foregoing discus sion makes i t  clear that  NNS ' s  are one component 

of a single mode of dietary intervention in the t reatment of obesity . Con-

sequently , their efficacy should be evaluated in that context . 

A few s tudies report the use of NNS ' s ,  including saccharin , for weight 

reduct ion ( Table 4-1 ) . In a 6-week study by Bres low ( 1964 ) , saccharin 

and cyclamates were substituted for sugar in desserts and beverages in the 

diets  of 25 prisoner s and of a corresponding numbers of control subjects . 

The tes t  subj ects  lost an average of 1 . 3  kg (males )  and 0 . 9  kg ( females ) 

in 6 weeks ( p  • 0 . 05 ) as compared t o  an insignificant gain by the control 

group . Breslow concluded that weight loss would occur if  the diet contains 

large quantities  of sugar for which NNS ' s  could be substituted and 

1 
No longer approved modes  of treatment . 
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i f  the total caloric intake was controlled . However , i t  i s  no t clea r whe­

ther the subj ects had a choice of t otal food quantity , hence , of caloric 

intake . Furthermore , the author doe s not indicate whether all the subjects 

that were studied were overweight and t o  what extent they were overweight 

since other anthropometric measurement s ,  e . g . , height , skin folds , were 

not given . 

Glenn ( 1 964 ) studied 1 0  hospital employees and 1 0  private patient s . 

Sucaryl ( cyclamate/ saccharin) was subst ituted for some of  the sugar in 

the diet for 10 weeks . The average weight loss was 0 . 3  kg/wk if the 

firs t week was included , or 0 . 1 6 kg/wk excluding it . The author noted 

a gradual waning of the desire to diet and a partial return to the pre­

study eating habit s . In thi s study , no control s were used , no statist ical 

data were presented , and no patient characterist ics were stated . It  is  

not clear i f  the subject s were overweight at  the star t  o f  the study . 

Both Breslow ' s  and Glenn ' s  s tudies  were of short duration . No 

follow-up data have been reported . 

McCann et  al . ( 1 956 ) surveyed 247 obese nondiabetic adults and 1 00 

adult  diabetics to  determine the association between the use of NNS ' s  

and weight loss . Of 147 obese adult s that were followed for 3 years , 65% 

los t weight . But there was no significant difference in weight los s be­

tween the users and nonusers of NNS ' s .  There was no ev ident relationship 

between the length of NNS use and the percentage of those who los t weight 

nor was there a correlation between the degree of overweight and the use 

of NNS ' s  or art ificially sweetened foods . There were no data on weight 

cont rol for the remaining 1 00 obese adult s or on the control of diabetes 

for the diabetics with the use of NNS ' s .  
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Alexander ( 1 9 6 2 ) distributed questionnaires t o  82 overweight adult s 

in outpat ient clinics in the Boston area to  evaluate the use of dietary 

aids such as formula diet s and NNS ' s .  Ninety percent of the subjects  had 

resorted at some time to at leas t one special preparat ion . In thi s s tudy , 

none of the special foods used was correlated with dramat ic weight loss ; 

in most cases , there was little or none . The author concluded that " re­

ducing" foods  do not reduce and that formula diets have not solved the 

dieter ' s  di lemma . 

Two additional s tudies that were conducted under closely controlled 

condit ions give an interesting perspective t o  the problem of weight and NNS ' s .  

Using three groups of 10 mice each , �riedhoff et  al . ( 1 9 7 1 )  studied the 

effect s of spontaneous solid food intake and weight gain by substituting 

an art ifically sweetened solution ( 6% sodium cyclamate and 0 . 6% sodium 

saccharin ) for sugar solut ion in one group . A second group received a 

sugar solut ion , and the third group , water , for a period of 23 days . 

All animals gained weight during the study;  however , there were no sig­

nificant differences among the groups or between any pairs of groups . 

In the animals  drinking the sucrose solut ion , there was a spontaneous 

reduction in solid food ingestion . The authors concluded that mice that 

were given a normal diet and sucrose solut ion did not gain weight faster 

than those eating the same diet plus either a NNS or water . This may 

not necessarily apply to the consumption of beverages by humans , but it  

does bring into question the value of  s imple substitution of no-calorie 

beverages to control weight . 

In a similar clinical trial , Porikos et  al . ( 1 977 ) measured the 

effect of caloric dilution on spontaneous food intake in eight obese 
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inpat ient s . The subject s were unaware that their food intake was being 

monitored . Caloric dilution was accompli shed by replacing the sucrose 

content with aspartame in an otherwise normal diet . No saccharin was 

used . The study lasted 1 5  days with a baseline period of 3 days ( period 

I ) , two 3-day periods  ( II and I I I )  when aspartame was substituted , and 

two 3-day periods ( IV and V )  when the baseline conditions were restored . 

Caloric intake decreased by 23% in period II  and increased slightly 

during period III . However , it was significant ly lower during period s  

II  a nd  I I I  compared t o  I ,  IV , and v .  Since the aspartame product s were 

indistinguishable in taste , appearance , and texture and were readily 

accepted by the subjects ,  the reduct�on in caloric intake during the 

tes t  periods was attributed to aspartame ingest ion . The subject s  

gained weight wi th the sucrose die t and maintained their weight with 

aspartame . The authors sugges ted that some obese subjects will not in­

crease spontaneous energy intake sufficiently in 6 days to  overcome 

covert ly imposed caloric reduct ion of approximately 25% . However , the 

6-day tests  were too short t o  examine adaptive responses t o  caloric 

depletion . Moreover , this study . could not predict the behavior of obese 

out pat ient s or subject s living at home where many factors could influence 

weight control . 

Diabetes . Saccharin has a potent ial benefit  for diabetics by re­

stricting calories for overweight pat ient s while satisfying a craving 

for sweet s  without influencing blood glucose concentrations .  Theoret i­

cally , saccharin could improve dietary compliance as wel l . In addit ion , 

it would be important to assess whether the consumption of saccharin 

improves metabolic control in diabetics . 
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The therapy o f  diabetes combine s  dietary and pharmacologic e lements .  

Mos t adult-onset diabetics are obese . Since obesity exacerbates the 

metabolic abnormalities of diabetes , dietary therapy in this group is  

directed primarily toward the normalizat ion of body weight . By contrast ,  

mos t  juvenile-onset diabet ics are not overweight . Indeed , many have 

difficulty maintaining normal weight . Dietary therapy in this group is 

designed to  mat ch food avai lability to insulin act ion , prevent hypoglycemic 

( insulin) react ions , and minimize blood sugar peaks . 

Saccharin would probably facilitate metabolic control in the obese , 

adult-onset diabetic by improving weight los s . In the juvenile-onse t  dia­

betic , the replacement of refined ·sugar by saccharin might provide addi­

tional benefit  by acutely reducing or limit ing blood sugar peaks . 

If the consumption of saccharin reduces the intake of refined sugar 

without a compensatory increase in polysaccharide ( starch ) ingest ion , 

the size and frequency of hyperglycemic peaks should also be reduced . 

Insulin-dependent patient s and juvenile diabetics of normal weight must 

compensate for reduced free-sugar intake by increased inges tion of an­

other caloric source in order to maintain body weight . I t  i s  both likely 

and desirable (Weinsier e t  al . ,  1974 ) that mos t  or all of that compensa­

tory increase be derived from polysaccharides rather than fat ( Bierman 

et  al . ,  1974 ) .  The potential benefit of saccharin in relat ion to  dimin­

ished hyperglycemic peaks would then depend upon whether refined sugar 

( sucrose )  produces larger hyperglycemic peaks than do isocaloric quan­

tities  of polysaccharides .  

Farkas and Forbes ( 1 965 ) interviewed 1 00 adult diabetic women who 

had used NNS ' s  for at least 1 year to  determine the frequency and extent 

of consumption of NNS ' s  and the relationship of NNS ' s  to the subj ect s ' 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


4-16 

adherence to a carbohydrate-res tricted diet . They discovered that NNS 

users ( arbi trari ly classified as those using NNS ' s  more than once weekly) 

did not adhere to their diet s more frequent ly than did nonusers . The 

authors concluded that " there was little bas is  for implying that adherence 

or nonadherence to a low carbohydrate diet i s  related to the use of a 

noncaloric sweetener . "  Both cyclamates and saccharin were used by the 

subjects ;  however ,  no quant ities of intake were s tated . No biochemical 

measures of diabetic control , e . g . , the frequency of hyperglycemic peaks , 

were taken , nor were data supplied on the type of  diabetes that had been 

diagnosed in the subjects--a key factor in determining the importance of 

carbohydrates in the diabetic  diet (West , 1 9 76 ) . 

Stern ( 1 968 ) reported a 1 3-month s tudy of 34 diabetics 

who were users of  NNS ' s  and of 14  diabetic  controls who were nonusers . 

The subjects were further divided into obese and nonobese groups . The 

dai ly ingest ion of saccharin and cyclamate-containing foods was recorded 

during three periods : a 1-month baseline period , a 6-month period when 

the use of cyclamates was "encouraged" ,  and a 7-month period when the 

diet was " supplemented" with capsules containing a 10 : 1  mixture of cycla­

mates-saccharin . There were no signi ficant change s in the group averages 

for body weight , fasting blood sugar , or in the other laboratory indices 

measured . No weight los s occurred among the obese  diabetics even after 

large doses or prolonged ingestion of NNS ' s .  However , total caloric in-

take was not measured , and the type s of dietary controls that were exerci sed , 

if any , were not s tated . 

In Sweden , Lenner ( 1 976a ) studied nine adult d iabetics and three 

controls to test the effect of four isocaloric breakfast s on blood and 

urinary glucose . The test meal consis ted of a basal diet plus applesauce 

Copyright © National Academy of Sciences. All rights reserved.

Saccharin:  Technical Assessment of Risks and Benefits
http://www.nap.edu/catalog.php?record_id=20013

http://www.nap.edu/catalog.php?record_id=20013


4- 1 7  

that had been sweetened with either sucrose , fructose , sorbitol , or 

a s tarch/ saccharin mixture . The proport ions of  protein , carbohydrates , 

fat s , and total calories were the same in each case . Cont rary t o  popular 

belie f , there were no s ignificant differences in the effects of sucrose , 

fruct ose , or sorbitol meals on blood glucose or on glucosuria . The higher 

blood glucose level s  result ing from the s tarch/ saccharin meal after 60 

minute s  were s ignificant only in comparison to fructose and sorbitol but 

not to sucrose . Lenner did not comment on the e ffect of saccharin per !! •  

but she noted that fructose and sorbitol (a  sugar subst itut e  in "diet 

gum" ) had no demonstrable advantage over sucrose in maintaining blood 

glucose level s  in well-regulated d'iabet ics . 

With the except ion of the study by Stern ( 1 968 ) who noted that blood 

sugar and body weight s were unaffected , there are no published longitudinal 

data associat ing saccharin and the control of  d iabetes ( see Table 4-1 ) . So 

far , there is no evidence to indicate whethe r or not saccharin or other 

NNS ' s  are useful in the cont rol of this disease . However , the limited 

data preclude definitive conclusions . 

According to  an authoritat ive rev iew by the Federation of American 

Societies for Experimental Biology ( Talbot , 1 9 78 ) , expert s do not support 

the not ion that special dietetic foods are a necessity in the d iabe t ic 

diet , with the pos sible except ion o f  water-packed frui t s  and art ifically 

sweetened drinks . Leading authorit ies on dietary management affirm that 

the main emphasis  should be placed on controlling caloric intake to 

maintain ideal body weight , increasing dietary carbohydrates , decreasing 

fats , and maintaining normoglycemia by avoiding exces s ive amount s of 

sucrose and glucose ( Talbot , 1978 ) .  In another monograph on diet and 

diabetes , Wes t  ( 1 9 7 6 ) states that high carbohydrat e  die t s  are well 
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tolerated by diabetics if tota l calorie s are cont rolled , and tha t the 

level of hypergl ycemia is related more to the t otal fuel supply than t o  

the level of  dietary carbohydrate . Thi s  suggest s that sucros e or simple 

saccharides may have a place in the diabetic diet and that saccharin 

may be bene f icial not so  much as  a sugar substitut e but as an aid to 

total caloric cont rol . 

Juvenile-onse t  diabetes may present special problems . For adoles­

cent diabetics , diet snacks and beverage s cont ribut e to a normal life­

style and , psychologically , to easier adaptation to peer pressures . 

Moreover , avoidance of  fluctuat ions in blood glucose level s and hypo­

glycemia are of prime concern for young insulin-dependent d iabetics . 

However , in well-controlled juvenile diabet ics , the type o f  carbohydrate 

ingested , i . e . , disaccharide versus s tarch , may not affect the degree of 

postprandial blood glucose rise ; rather , the level of  fas ting blood 

sugar may be a primary determinant of the subsequent glucose increment 

( Lenner , 1976b) . 

The s tudies rev iewed above do not provide a clinical basis  for con­

cluding whethe r  or not saccharin assist s in weight reduction or diabetic 

control . 

In the two s tudies that reported weight loss ( Breslow ,  1964 ; Glenn , 

1 9 64 ) , i t  i s  not clear that all the subject s were  overweigh t or t o  what 

degree . However , these report s  do not consider individuals who avoided 

overweight by using NNS ' s .  No r do the report s examine the efficacy of 

an NNS as a s ingle component in a multifaceted t reatment regimen of a 

complicated chronic disorder nor do  they focus on the extent t o  which over­

weight is controlled or mot ivation for achieving weight loss is attained . 

The extraordinary constancy o f  body weight or res i stance of  weight loss 
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i n  a somewhat obese diabetic population has been well documented ( Goodner 

and Oligvie , 1974 ) . However , Davidson ( 1 974 ) produced s ignificant 

weight loss ( less  than 1 0% )  in two-third s  of a pat ient population at the 

end of 2 years . He recommended that a weight reduct ion diet "does not re­

quire special or dietetic food s "  and discouraged the use of art ificially 

sweetened fruit . Saccharin , other art ificial sweet eners , lactose , and 

sorbitol were allowed " in reasonable amount s . " 

There has been little attempt to dist inguish between obese and non­

obese diabet ics , or between the juvenile- or adult-onset diabetic--groups 

for whom the value of NNS ' s  may be inherent ly different . Studies sugges t  

that  whether or not saccharin o r  NNS ' s  a r e  dietary aid s  i n  the preven­

tion or cont rol of d isease , they are used extens ively by overweight 

subject s and by diabetics ( Alexander ,  1962 ; Farka s and Forbes , 1 965 ; 

Friedhoff e t  al . , 1 9 7 1 )  t o  add variety to  their rest ricted diet s , t o  

satisfy their desire f o r  sweet taste , and , perhaps , t o  a i d  with the 

burden of disease by providing a psychological crutch . 

In conclus ion , scient ific evidence doe s no t indicate whethe r or not 

the use of saccharin is directly bene ficial to phys ical health . However , 

no studies that meet the current criteria for adequate clinica l  t rial s  have 

addressed this quest ion explicit l y .  Five s tudies concerned with the use 

of  NNS ' s  in managing obesity and the three pertaining to diabetes have 

methodologic shortcomings . 

Both diabetes and obesity are chronic pervas ive disorders . To 

assess the uti lity of saccharin as an aid in the i r  control , it would 

be logical to design prospect ive clinical t rials that 

• include a sufficiently large , clearly defined representative 

population , 
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• closely simulate the normal daily use of saccharin , 

• are longitudinal , thereby excluding trans ient effect s , 

• are carefully cont rolled , with a randomized , prospective , double­

blind design , wherever pos s ible , 

• use quant itative measure s of saccharin consumption and of  the 

desired end point s , e . g . , blood sugar level s and body weight s , 

and 

• provide follow-up data . 

Such t rials have not been conducted . Because of the complex nature 

of the problem& , it might no t be pract ical to design an ideal study . 

Commercial and Pharmaceut ical Products  

Another concern may be  the impact of  saccharin on �he pharmaceut ical 

industry . Saccharin i s  commonly contained in pediatric drugs , especially 

antibiot ics , vitamins , and aspirin . It  is  also used in ant iasthmat ics , 

ant iconvulsant & ,  cardiovascular agents , antacids , sedatives , cold and 

cough preparations , tranquilizers , and antispasmodics ( Adams , 1978 ) .  

The removal of  saccharin from the marke t may necessitate a reformulat ion 

of certain drugs with alternat ive
.
NNS ' s .  I f  natural , fermentable 

sweeteners are subst ituted , the bioavailability and absorption charac­

terist ics of the drugs may be altered . Since saccharin is 200 to 700 

times sweeter than sugar , substitut ion of sucrose may mean enormous 

pills . Alternat ively , if medicines are distasteful , drug compliance by 

pat ient s may be discouraged ( Feldmann , 1 9 77 ) . Also , s ince natural 

sweeteners are fermentable and support microbial growth , the shelf-life 

of drugs , pharmaceut icals , and certain food product s  may be affected , 

thereby increas ing the economic burden t o  the consumer . According to a 
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survey of the 75  members ( 6 1  respondent s )  of the Pharmaceut ica l Manu­

facturers Association ( Adams , 1978 ) , 6 1 9 product s marketed by 51  of the 

61  firms contain saccharin and product s  from 1 0  companie s do not . If  

saccharin were banned , from 6 to 24  months may be  required for reformu­

lat ion where feasible . The estimated cos t to  27 companies , which market 

4 1 4  of the product s ,  would be approximately $ 1 7 0  million . In a testi­

mony t o  the FDA in June 1977 , the Cosmet ic , Toiletry , and Fragrance 

Associat ion ( CTFA , 1 9 7 7 ) estimated that the init ial cost of changing 

the saccharin content of product s  t o  sucrose would be $ 24 million , and 

to xylitol , $379  million , as compared t o  the $ 1 . 0  million now spent 

annually by CTFA member companie s · to  sweeten drugs with saccharin . The 

cos t  of replacing saccharin product s ,  the cost of raw materials ,  and the 

losse s in sales for product s that canno t be reformulated would be approxi­

mately $ 200 to 300 million to CTFA member companies . 

The efficacy of saccharin alone in masking the bad tas t e  of drugs 

or increas ing their palatability is not uni formly accepted . Schumacher 

( 1968 ) suggested that a combination of sucrose , sorbitol , and a syn­

thetic sweetener may produce the mos t  palatable product . In a rev iew 

of the benefit s of saccharin , Rosenman ( 1 978 ) suggested tha t saccharin­

containing drugs be ident i fied . Otherwise no asses sment of saccharin 

as an inert ingredient in drugs can be made . 

Consequences of Restriction of Saccharin 

Evidence indicates that  measurable health benefit s cannot be attrib­

uted to the use of saccharin . However , Nizel ( 1 9 7 7 ) and Stunkard ( 1 977 ) 

suggested that potent ial benefit s may be inferred i f  the use of saccharin 

leads to the avoidance of sucrose in condit ions such as diabetes , obesity , 
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and dental caries . Other authorit ie s have voiced concern that removal of  

saccharin from the market would affect the incidence of obesity ( Lee , 197 8 ; 

Stunkard , 1 9 77 ) . For example , the American Society of Bariatric Phys icians 

estimates  that during the 5 years following removal of saccharin , sugar 

consumpt ion would increase and weight gain would ave rage 6 . 8 t o  10 . 0  kg 

per person ( Lee , 1 9 78 ) .  

The content ion that saccharin may be useful in the cont rol or preven­

t ion of diabetes and obesity i s  based on two assumpt ions : tha t the removal 

of saccharin would necessarily lead to increased sucrose inges tion ( Stunkard , 

197 7 ) and that increased sucrose and nutritive sweetener consumpt ion may 

increase the prevalence of obes ity , leading to a higher incidence of hyper­

tens ion and hyperlipidemia--both ma jor risk factors in coronary heart dis­

ease . In addit ion , some invest igators have sugge s ted that high sugar 

intake may be direct ly associated with coronary heart disease . 

The assert ion that increased sucrose and nutrit ive sweetener con­

sumpt ion i s  associated with increased incidence of  coronary heart disease 

is based on the controversial epidemiological data of Yudkin and Morland 

( 1 967 ) . Little et al . ( 1965 ) found no significant difference s in the con­

sumption of sugar among cont rols and subjects with a history of heart 

at tacks . Walke r ( 1 9 7 1 ) contended that coronary heart disease is related 

to long-term complicat ions of condit ions such as d iabetes and overweight 

rather than to a direct consequence of increased sugar intake . Gordon and 

Kannel ( 1 9 7 3 ) have suggested that there i s  an accelerat ion of both coronary 

heart disease and s troke with increas ing degree s of  overweight . Whether 

or not the prevalence of obesity would be influenced by increased sugar 

consumpt ion would largely depend on the total caloric intake . 
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A ban on saccharin might lead to an increase in the use of such 

nutritive sweet eners as sucrose or f ructose . At this t ime , little is  known 

about blood sugar or lipid profiles of diabetic  pat ient s who consume mixed 

meals containing nutritive sweeteners for prolonged period s . Poorly con­

trolled or unstable diabetics could develop hyperglycemia by using nut ritive 

sweeteners liberally.  Blood t riglyceride concentrat ions could also be 

disturbed in a segment of thi s group . In addition , the liberal use of 

nut ritive sweeteners might poss ibly influence the format ion of glycoprotein 

and complicat ions of diabetes . But thi s i s  s t i l l  not clear . Daily 

fructose ingestion of 100 g or more , which can accrue by d rinking soft 

drinks containing thi s sweetener , could give rise  to toxic metabolites . 

This area needs further investigation , especially in v iew of the recent 

increase in the consumption of high-fructose corn syrup ( U . S . Department 

of Agriculture [ USDA] , 1 9 78 ) .  In general , however , there appears to be 

no scient ific basis for the concern that refined sugars ( i . e . , the disac­

charide& sucrose and lactose ) are " fast "  carbohydrates ( Bierman et al . ,  

1974 ) in diabetic  subjects . How a ban on saccharin would affec t acute 

blood sugar fluct uations in d iabetics is uncertain . However , the nonavail­

ability of NNS ' s  could contribute t o  othe r problems in diabet ics : 

• There may be an increase in ingest ion of calories as refined 

sugar , rather than starch , because of the high caloric density 

of sugar and its  appealing tas te , 

• There may be less satiety and greater tendency t o  reactive 

hypoglycemia following sucrose inges t ion than occurs following 

starch ingest ion , 

• There may be a greater tendency to  hypertrigl yceridemia 

following ingest ion of sucrose . 
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• Meal s  that  are high in refined sugars tend t o  be low in certain 

nut rient s ( e . g . , the B vitamins ) and in nonnutrit ive but essential 

dietary components ( e . g . , dietary fiber ) . Therefore , i t  is pos­

sible that the removal of NNS ' s  from the market may ult imately di­

minis h  the intake of such important dietary substance s through 

their replacement or dilut ion with refined sugars . 

Figure 4-1 illustrate s the trend s in sweetener consumption . In gen­

eral , the consumption of total caloric sweeteners and of the caloric 

sweeteners  plus NNS ' s  has been increas ing . Based on USDA ( 1 978 ) estimates 

from 1960 to 1 9 69 , per capita consumption of NNS ' s  (mainly cyclamate ) 
increased more than threefold , an anttual rat e  exceeding 20% . However ,  

there was no concomitant reduct ion in total caloric sweet eners or in 

sugar consumpt ion . Per capita use of  tota l calori c  sweeteners rose approx­

imately 1 %  annuall y .  From 1969 , when the ban o n  cyclamates was announced , 

to 1 9 7 1 , when the effect s o f  the ban could be ful ly measured , the per 

capita consumption of NNS ' s  dropped 7% annuall y ,  while use of sugar and 

total caloric sweeteners cont inued t o  increase at  about the same rate 

as before the ban . From 1 9 7 2  to 1977 , NNS ' s  ( saccharin only) bounded 

back to  a per capi ta rate of increase of 8 . 3% annually . During thi s per­

iod there was a 1 %  decrease in the annual rate of sugar consumption , which 

was due largely t o  the sharp rise in sugar prices from 1974 t o  197 5 .  

There was no apparent change in the rate o f  increase o f  total caloric 

sweetene r consumpt ion . On thi s bas i s  i t  would appear that  the consumption 

of NNS ' s  ( roughl y estimated by USDA , 197 8 ) is  not closely associated with 

sugar or caloric sweetener consumpt ion , and , i f  measured on a per capita 

basis , it may not reflect a pattern of subst itut ion for d ietary sugar . 
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FIGURE 4-1 . Trend s  in per capita sweetene r consumption , 1960-1977 . 
Data from USDA , 1968 and 1978 . 
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Two U . S . Department of Agriculture reports give conflict ing views on 

the possible outcome i f  saccharin i s  banned . The Agricultural Economic Re­

port No . 364 ( March 1977 ) notes that " Because noncaloric sweeteners are used 

mainly by people for dieting and so forth , reduced noncaloric consumption 

would probably not increase caloric consumption by very much " ( USDA , 1977b) . 

A May 1977  report by the Economic Research Service ( USDA ,  1977a)  predicts 

that while over-the-counter sales of saccharin could retain about 10% of 

the saccharin sales ( 0 . 7  billion kg in suga r sweetness equivalent ) ,  about 

hal f  of the saccharin market may be captured by sugar and other caloric 

sweeteners in the future while about 40% may be completely lost . 

In a recent survey of consumer reaction t o  the proposed ban on sac­

charin ( Parham , 1977 ) , 6 1 %  of the part icipants ( from a total of 389 ) said 

that they would do without saccharin . Sixty-three percent of the partic­

ipant s would look for other NNS ' s ;  but 25% indicated that they would use 

sugar . This was a small study. Unfortunate l y ,  the invest igators did not 

ask what the consumer would do if no alternative NNS ' s  were approved for 

use . The accuracy of such a survey in predicting consumer actions cannot 

be judged . 

The transitional costs  associated with a restriction on saccharin use 

may also be of consequence . The Nat ional Ins t i tut e for Occupational Safety 

and Health estimates that about 13 workers are directly involved in the 

production of saccharin in the United States ( Robinson and Ludwig , 1977 ) , 

and that these few workers produce a major port ion of the saccharin that 

is used in the nation . Thus , the impac t of  a drast i c  restrict ion on the 

manufacturing industry would be small . 

Since most  saccharin is consumed in diet drinks , a look at the s oft 

drink industry may give some indication of  the transitional costs . This 
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industry has grown dramatically s ince 1 960 when i t  held 1 1 . 3% of  the 

beverage industry ' s  share ( including milk , coffee , j uices , etc . ) .  In 1975  

its  share had grown to 2 2 . 0% ( National Soft  Drink Association [ NSDA] , 1977 ) .  

Diet drinks as a percentage of total sales have been increasing steadily 

s ince 1963 when they comprised 5 . 9% of  sale s of  packaged drinks t o  a high 

of 1 1 . 2% in 1967 . Perhaps as a consequence of the ban on cyclamates in 

1969 , sales of diet drinks accounted for only 7% of the total in 1970 but 

gradually rose to 1 2% of packaged sales in 1 9 7 7  ( NSDA , 1978 ) ( see Figure 

4-2 ) . Thi s  was the equivalent of $ 1 . 38 billion in wholesale dollars . By 

1985 , not only are d iet drinks expected to capture a larger share of the 

total sales but the soft drink industry ' s  shipment s of diet and regular 

drinks are estimated to be worth over $20 billion . 

The impact on the packagers , distributors , and commercial users of 

saccharin would depend on the extent of the restrict ion and the t ime over 

which it  would be put into ef fect . Principally , these  would be one-time 

transitional or reformulation cost s .  Should the reformulations involve 

cont inuing costs , these would necessarily be passed on to the consumer . 

The degree to  which the dietetic food and beverage industry would be 

affected by the removal of saccharin would also depend on the availability 

of adequate subs titutes for saccharin . 

Some claim that alternat ive NNS ' s  or d ietetic product s are ready to 

be marketed should saccharin be banned . The soft drink industry is  said 

to be considering various alternat ives , whi ch include unsweetened product s ;  

low-calorie , nut ritive sweetener product s ;  or a range of  product s that per­

mit a choice of caloric intake ( Anonymous , 1 9 7 7 ) .  Several NNS ' s ,  such as 

aspartame and neohesperidine dihydrochalcone , are in various stage s of  devel­

opment and test ing , and petit ions for approval have been f iled periodically 
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with the FDA. However , the possibi lit y  of  speedily finding an NNS that is  

safe , economical , and esthet ically acceptable for widespread use appears 

to  be remot e (U . S .  Congress , 1977a) . Unfortunately , the committee did not 

have the opportunity to address  this issue . 

A more detailed exploration of the economi c consequences ,  favorable 

or unfavorable , associated with food additive regulations will be discussed 

in the second part  of the report , which will be prepared by Panel II . 

PREFERENCE FOR SWEET TASTE 

Perhaps no benefits of saccharin have been more strongly asserted and 

more difficult t o  quantify than the psychological ones . In an effort to 

examine the validity of these claims , this sect ion addresses the psycho-

logical factors surrounding the desire for sweetne s s  in genera l and for 

saccharin in part icular . Included are a review of the scientific informa-

tion relative to taste preference , a descript ion of  the population that 

uses saccharin ( thereby demonstrating the perception of a benefit ) ,  and a 

discuss ion of the manner in which psychological benefit s are expressed . 

The Desire for Sweets  

The des ire for  sweet s  as a basic biological drive has been the subject 

of many studies in animals and of human infant behavior . For example , in-

vestigations of taste preference indicate that neonate rats  and hamsters 

demonstrate a strong preference for sweet substance s compared t o  salty , 

bit ter , and sour stimuli ( Jacobs et  al . ,  1 9 7 7 ) .  Early psychological re-

search on taste in infant s was done by Kussmaul in 1 859 . He noted that 

human infants made sucking movement s  in response to sugar , but grimaces 

to  salt , tartaric acid , and quinine sulfate . Lips i t t  ( 1 977 ) summarized 

several subsequent studies which indicated t hat the sweet preference in 

the human infant may be manifest at  birth , before experient ia l fact ors 
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have intervened . DeSnoo ( 1937 ) reported increased swallowing in two out 

of three human fetuses that had been exposed to saccharin , implying that 

the drive for sweet s  may even be present in utero . However ,  no solutions 

aside from saccharin were tested . Although unequivocal statement s about 

the ability of neonates to di fferent iate taste cannot be made , evidence 

indicates that infants react posi t ively to sweet substances , but negatively 

t o  salt , sour , and bit te r  tastes . 

The cultural and social environment plays an important role in 

determining the degree of  psychological need for sweet s .  In the American 

culture , the frequent use of sweet s  has come t o  be equated with a sense 

of enjoyment , celebration , and even a reward for good behav ior . However , 

sucrose is not a necessary ingredient of the diet in all cultures . 

Some groups of individuals may desire sweet s  more than others . While 

there is some evidence ( Engel , l9 28 ) that past  experience may influence 

the liking for sweets , differences in preference may also have a physio­

logic basis . Grinker ( 1977 ) studied cbese girls in a summer camp who 

were on a weight reduct ion diet . The obese girls found the taste of  su­

crose solut ions to  decrease in pleasantness monotonically with increasing 

sweetness while the girls of normal weight showed no aversion t o  the 

sweet taste  at higher concentrat ions . This is in contras t  to the obser­

vat ions of Rodin et al . as reported by Moskowitz ( 19 7 7 ) and to the widely 

accepted belief that obese children have a s trong " sweet t ooth . "  Al­

though the question of  taste percept ion among overweight individuals has 

not been resolved satisfactorily,  it appears to be related to the degree 

of  overweight . 

In overweight subjects , taste preference may not be influenced by 

short-term sat iety cue s to the same degree as in subject s of normal weight . 
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The eating behavior of  obese animals with hypothalamic lesions i s  charac­

teristic of impairment in the mechanism of sat iety , i . e . , food intake does 

not appear to  be controlled by internal mechanisms to the same extent as 

it is in animals of normal weight ( Stunkard , 1975 ) . This concept has been 

applied in the clinical management of obesity . Schachter ( 19 7 7 ) has de­

scribed the susceptibility of obese persons to  environmental rather than 

internal cues that control food intake . These observat ions would bring 

into question the notion of satisfying the sweet taste with limited amounts 

of foods . One possible inference is  that sweeteners , even noncalori c ones , 

may intensify the desire for sweet s  in obese individual s  instead of  curbing 

it . 

Clearly , humans desire sweets . It is  equally evident that this 

desire may increase the incidence of dental caries , overweight , and , 

possibly , related problems . The convenient availability of a nonnutritive 

sweetener may abate some of these problems while raising dif ferent 

ones . 

The Population Using Nonnutritive Sweeteners 

Saccharin is  used widely in a variety of f ood s and by a diversity of 

individuals . Chapter 2 provides more detailed informat ion on the patterns 

of saccharin consumption . 

The psychological consequences of the unavailabi lity of saccharin may 

be of particular signi ficance to individuals who use saccharin with greater 

frequenc y ,  especially obese persons and diabet ics . The prevalence of 

overweight varie s according t o  definition and the avai lable populat ion-wide 

estimates are therefore of limited ut ility . For example , the first Health 

and Nutrition Examinat ion Survey ( u.s. Department of  Health , Educat ion , 

and Welfare [ USDHEW ] , 1975 ) estimated that 7 . 7% to  32%  of adult Americans 
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are obese . I f  15% of the population under 20 years of  age can be assumed 

to be obese , approximately 28 . 7  to 46 million Americans may be obese . 

Knowles et  al . ( 1976 ) estimated that diabetics comprise 2 %  ( 4 . 2  million) 

of the u . s .  population . Of these , 5% to 10% ( 200 , 000 to 400 , 000 ) may be 

of  the juvenile-onset type (West , 197 7 ) . If 25% to 38% (Marke t Research 

Corporation of America [ MRCA] , 1978 ) is assumed to  be an accurate reflec­

t ion of the prevalence of saccharin users , approximately 13 . 5  to 20 . 5  

million obese and diabetic individuals may be affected should the use 

of saccharin be res t ricted . These rough e stimates do not include the 

population at large which , presumably , does not exhibit such a s trong 

need for saccharin . In a 1974 report on saccharin , a commi ttee of the 

National Academy of Sciences ( NAS ,  197 4 )  discussed a menu survey conducted 

in 1967 to 1968 . It  noted that 60 . 5% of  household s with diabetics used 

NNS ' s  as compared to 19 . 6% of nondiabetic  household s .  However , s ince there 

are many more nondiabetic& than diabet ics , usage by nondiabetic  households 

accounted for 86% of the total NNS ' s .  While average consumers may be 

able to sat isfy their requirement s by subst itut ing other product s for 

sucrose , the removal of saccharin from the market may const i tute a form 

of deprivat ion for certain segment s of  the population ( e . g . , diabetics and 

overweight persons ) ,  which perceive that saccharin i s  indispensable to  

them . 

Expression of Perceived Bene fits  

While opinion polls  cannot be  equated with sound scient i fic evidence 

and their validit y  as accurate predictors of human behavior may be ques­

t ionnable , their importance as indicators of the preponderance of  current 

public belief cannot be ignored . Therefore , in the absence of scient i fic 
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data , the commit tee has used attitude s expressed by consumers in recent 

surveys as a measure of the perce ived or psychological need for saccharin . 

According to a Harris Poll of April 1977 , 49% re jected and 36% 

accepted the statement , "Artificial sweeteners are not an essential part 

of our diet , and it is not worth risking cancer to have saccharin in our 

foods"  ( Harris , 19 77 a ) . In June 19 77 , 43% re jected and 43% accepted the 

same statement (Harri s , 1977b) . Forty-one percent of the adult populat ion 

surveyed ( out of approximately 1 , 500 individuals ) used saccharin and 

77% of the users indicated that they wil l  cont inue to use i t  despite 

the proposed ban ( Harris , 19 7 7 b ) . 

In 1977 , Parham administered a questionnaire to 389 individuals ask­

ing them to summarize their attitude towards the ban . The re sponses of 

this small and perhaps unrepresentative sample were compared to a survey 

performed by the same author with a similar sample in 1969 ( Parham , 1970 ) . 

Selected data from the 1977  survey ( Parham , 1978 ) are shown in Table 4-2 . 

There i s  an apparent shift  in opinion in favor of  continued use of sac­

charin despite the proposal to ban it . In 1969 saccharin was still avail­

able as a subst itute for cyclaaates , whereas currently it is the only 

legally permit t ed NNS . 

The Calorie Control Council  commissioned Market Fac t s  Incorporated 

( MFI )  to  conduct two polls . In these polls , approximately 500 health 

professionals (MFI , 1978b)  and 1 , 480 subjects from the general population 

( MFI , 1978a )  were asked to expres s  their opinions on saccharin . 

In the professional opinion poll , phys icians est imated that nearly 

half  of their patient s "require some form of caloric or sugar intake 
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TABLE 4-2 

Selected Public Responses  to a questionnaire 
Regarding the Proposed Ban on Saccharin 

Percent Agreement with Statement 
questionnaire Statement 

Have discarded involved product 

Using up product , will buy no more 

Will continue to buy and use as 
long as avai lable 

Stocking up on involved product 

Data from Parham , 1978 . 

1977  1969 

8 . 3  33 . 3  

5 . 9  36 . 8  

60 . 6  17 . 0  

14 . 2  1 . 7  
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control . "  Generally , the professional s  expressed the be lief that 

saccharin was "absolutely essent ial" or "of great value , but not essential" 

for the following conditions : diabetes , hyperglycemia , obesity , mi ld over­

weight , cardiovascular problems , hypertension , and elevated t riglyceride& 

or cholesterol . 

The quest ionnaire focused only on profess ional opinion regarding the 

use of saccharin but made no attempt to assess the efficacy of saccharin 

on a controlled scient ific basis  in the management of the above-mentioned 

disorders . About 15% of the physicians and more than one- fourth of 

the dent ists  did not name saccharin when asked , "What calorie-free 

sweeteners are currently on the market ? "  A third of the dent ists  were 

unaware that mos t  toothpaste contains saccharin . 

The public opinion survey of 1 , 480 subjects ( MRCA , 1978a ) suggested 

that 25 . 8% of the population aged 13  and over uses saccharin , and that 

91% of all diabetics use saccharin . Responses indicated that saccharin 

is used to manage overweight , hypertension , high cholesterol , hypoglycemia , 

and dental caries . These data mus t be interpreted with caut ion because 

the population sample included a larger-than-representative cont ingent of 

diabetic and nondiabetic users of saccharin . Furthermore , the quest ion­

naire focused explicitly on the usage and benefits  of saccharin and 

saccharin-containing product s while making no attempt to asses s comparable 

usage of regular foods or attitudes towards risk from saccharin . 

Obviously , the heaviest user s of saccharin are the most  concerned 

about a pos s ible ban . For dieters and diabet ics , who represent approxi­

mately 25% of the population , artificially sweetened food s provide a more 

normal and varied diet , thereby contribut ing to a sense of wel l-being . 

The Juvenile Diabetics Associat ion claimed that the impact of  a ban on 

saccharin would be felt part icularly by the approximately 300 , 000 juvenile 
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diabet ics who would be set apart from their social peers if forced t o  ex­

pose their special dietary needs by a ban on saccharin-containing beverages 

( NAS , 1978 ) . 

Numerous letters t o  the Senate Subcommit tee on Health and Scientific 

Research ( U . S . Congress ,  197 7 c ) , to  individual Congressmen , and t o  the FDA 

( in one of the greatest volumes received on one issue this decade ) are 

addit ional testimonials of the intensity of the individual ' s  attachment to 

saccharin . 

Reasoning drawn from the field of economics also reflects the common 

perception of benefits of saccharin . Particularly in the area of food 

consumption , some economis t s  believe· that  a demand for a product reflects 

consumer benefits unles s  there are overriding reasons not t o  do so . In 

the absence of consumer rejection , the eliminat ion of an economica�ly 

viable product necessarily involves the los s of valued consumer benefits . 

A further economic insight rests  on the principle that the public will pay 

more to obtain what it perceives to be a beneficial product . Specifi c to 

this discussion is  the fact that artificially sweetene� chewing gums are 

occupying an increasing share of the market though they cost 20% more 

than gum sweetened with sugar . 

A restriction on the availability of saccharin would affect different 

segment s of the populat ion differently . The degree of psychological stress 

that would be imposed by such a restrict ion would be difficult t o  quanti­

fy . Furthermore , i t  is difficult to s tate whether these effect s would be 

trans ient or whether they would extend over a long period . 

The committee acknowledges that  there is  a perceived need or psycho­

logical reliance on nonnutritive sweeteners by certain segment s of the 

populat ion . However , at this t ime the commit tee i s  unable to evaluate this 

need or to draw conclusions concerning i t s  implicat ions . 
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SUMMARY AND CONCLUS IONS 

The data on the efficacy of saccharin in dietary management of health 

problems are sparse and , in many cases , inadequate . It  i s  not possible 

either to rule out t otally or to accept the claims of benefits  made by 

some groups . Scient ific evidence has not shown whether or not direct 

benefits to physical health from saccharin exist . However , no study that 

meets the current criteria for an adequate clinical trial has been con­

ducted expli citly t o  examine the effectiveness  of saccharin in the 

control of weight or diabetes . 

It is not clear that the use of saccharin is  associated with a di­

minution in the incidence of dental caries , for there have been no clinical 

trials on this subject . There are poss ible benefits  in making dent ifrices 

and therapeut ic drugs more palatable in order to promot e their prope r use . 

Human beings appear to have a marked predilect ion for sweet food s . 

The commit tee acknowledges a perceived need or  psychological reliance on 

nonnutritive sweeteners by certain segments of the population . However , 

at this time the committee i s  unable t o  evaluate their  significance or 

draw conclusions about their implications . 

Concerning the benefit s t o  physical health : 

• Scient ific evidence does not permit assessment of  the role 

that saccharin plays in weight control or  dietary compli­

ance , both key factors in the prevention or t reatment of 

obesity and diabetes . Five studies on management of 

obesity with nonnutritive sweeteners and three studies 

pertaining to diabetes were reviewed by the commi t tee . It 

considered the design of the studies t o  be inappropriate 

for assessing the efficacy of saccharin in weight control 

or diabetic management . 
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• The information on the efficacy of saccharin in health main­

tenance , e . g . , the dietary management of health problems is  

sparse and in many cases inadequate . 

• Long-term , well-controlled clinical trials using saccharin 

to control obesity or diabetes have not been performed . It is 

uncertain whether a satis factory s tudy can be designed to 

answer the necessary quest ions directly . The committee sug­

gest s  that attempts at this type of study should cont inue 

and tha t  short-term retrospective and other limited studies 

should be pursued to determine indirect e s t imates of  benefit s .  

• The long-term consequences to diabet ics of  increased reliance 

on nutritive sweeteners have not been examined adequately.  

• A recent authoritative review by FASEB doe s not support the 

opinion that most  dietetic foods are neces sary to the dia� 

bet ic diet . Despi t e  the lack of experimenta l  evidence 

of efficacy in the dietary management of chronic disease or 

the maintenanc� of  weight in the normal individual , some 

attention must be given t o  the s trong preponderance of prac­

tit ioners ' opinion that  favors  the use of NNS ' s  in weight re­

duct ion or treatment of diabetes . 

• Although the data are not conclusive , they indicate that 

saccharin may have potential as a noncariogenic substitute 

for sugar . I t  may have a bacterios tat ic ef fec t and may 

lead to  reduced plaque formation in the short t erm , but i t s  

noncariogenic effect has not been studied clinically .  

• There are possible benefits  i n  making dent i frices and thera­

peutic drugs more palatable in orde r to promote their 

proper use . 
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• Subs t i tut ion of suga r for aaeeharin in anaek food s and poss­

ibly in soft drinks , should it oeeur , ean be expeeted to lead 

to an inereaaed ineidenee of dental eariea . 

• There are varying estimates and onl y l imited data to indi ea te 

the extent t o  whieh suga r woul d be subs t i tute d  for aaeeharin , 

should aaeeharin beeome unavai lable . From 1969 to 1970 there 

was a deereaae in the per eapit a  us e of nonnut ritive sweeteners 

tha t  refleeted the ban on eyelamatea . Thi s was not followed by 

a measurable ehange in the rat e  of inereaae o f  the us e of 

nutritive swee teners . In addit ion , the aaaoeiation of inereaaed 

sugar eonaumpt ion wi th obesit y or related health problema ia 

unelear . 

Regarding payehologieal implieat iona : 

• Human beings have a s t rong desire for sweet s .  Available evidence 

does not indicate the extent to whi ch this repre sent s a com­

bination of an innate biological need and an acquired preference . 

• Public opinion poll s suggest a perceived need or psychological 

reliance on nonnut ritive sweeteners by certain segment s of the 

population . Therefore , if saccharin were removed from the 

market , a s igni ficant segment of the populat ion may experience 

psychological s tres s  of a transient or long- term nature . 

Some special groups , e . g . , juveni le diabet ics , may be part icu­

larly affected i f  low-calorie food s  and beverages that permit 

them a more normal lifestyle are removed without suitable 

replacement . At this time , the commit tee i a  unable to evalu­

ate the implicat ions of such psychologica l  reliance on saccharin . 
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