
LETTERS 

Cancer and Diet 

Bruce N. Ames' remarkable summary 
(23 Sept., p. 1256) of the evidence that 
cancer and cardiovascular and other de- 
generative diseases are of metabolic ori- 
gin comes as welcome support for the 
hitherto-little-noticed contentions by 
Totter (I), Handler (2), and Fridovich (3) 
that oxygen radicals may be an impor- 
tant proximate cause of cancer. 

The thrust of Ames' article would 
seem to be that cancer is essentially a 
natural aging process. No matter what 
we eat, the huge flood of oxygen radicals 
produced in many metabolic processes 
overwhelms all but the most heavy ex- 
ternal carcinogens, such as tobacco in 
heavy smokers. To be sure, anticarcino- 
genic substances are of benefit, but to 
choose a noncarcinogenic diet would 
probably be equivalent to starving to 
death. 

The implications of Ames' findings are 
broad and fall into three categories. 
First, our preoccupation with small efflu- 
ents of carcinogens resulting from vari- 
ous industrial processes represents a se- 
rious misdirection of resources. This was 
revealed by Totter in 1980 (I), when he 
showed that overall cancer mortality in 
19 countries, when corrected for com- 
pleting risks, was not correlated with 
degree of industrialization, as measured 
by per capita energy use. 

Second, the Delaney amendment, 
which seeks to eliminate the last trace of 
artificial carcinogen in food, seems to be 
targeting a tiny part of the carcinogenic 
burden and ignoring the major carcino- 
gen, the ubiquitous oxygen radical. In 
short, the Delaney amendment may be 
based on wrong science and be wrong 
policy. 

Finally, if we concede that cancer, like 
death itself, is "natural," then our pri- 
mary focus in cancer research ought to 
shift far more toward early detection and 
extirpation of tumors. This, I believe, 
would require rethinking of the National 
Cancer Institute's underlying strategy, 
which at present seems to be dominated 
by the belief that cancer, unlike death 
itself, is a preventable disease. 

ALVIN M. WEINBERG 
Institute for Energy Analysis, Oak 
Ridge Associated Universities, P.O. 
Box 117, Oak Ridge, Tennessee 37830 
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On page 1260 of his article "Dietary 
carcinogens and anticarcinogens" Ames 
refers to "dietary selenium (usually sele- 
nite)." The term "selenite" could cause 
confusion because geologists know the 
mineral selenite, a variety of gypsum 
(CaS04 2H20) containing no selenium. 
Ames must be referring to a compound 
of selenium when he uses the term "sele- 
nite." I doubt that the mineral selenite 
would inhibit tumor or counter the oxi- 
dative toxicity of mercuric salts. 

DALE E. INGMANSON 
Department of Natural Science, 
College of Sciences, 
San Diego State University, 
San Diego, California 92182 

Perhaps the most provocative thing in 
Ames' provocative article is his placing 
of the figs in the family Umbelliferae. It 
is often said that disciplinary crossovers 
can reinvigorate static fields by bringing 
new insights unfettered by conventional 
wisdom. It remains to be seen if Ames' 
dietary pre- and proscriptions have as 
much impact on American life-styles as 
his creative taxonomy is likely to have 
on the family Moraceae. 

ARTHUR M. SHAPIRO 
Department of Zoology, University of 
California, Davis 95616 

In his article "Dietary carcinogens and 
anticarcinogens," Ames states (p. 1258) 
that "high dietary fat is a promoter and a 
presumptive carcinogen," citing among 
his references the recent National Acad- 
emy of Sciences (NAS) report Diet, Nu- 
trition, and Cancer (1). The NAS report 
does state that "most of the data suggest 
that dietary fat has promoting activity"; 
however, this report does not refer to fat 
as "a presumptive carcinogen." Rather, 
the report notes that "there is not 
enough evidence to warrant the com- 
plete exclusion of an effect on initia- 
tion." 

Ames writes that "the amount of in- 
gested oxidized fat may be appreciable.'' 
Neither of the references he cites (2, 3), 
however, provides direct evidence in 
support of this statement. Shorland et al. 
(2) demonstrate that vitamin E supple- 
mentation to calves retarded lipid oxida- 
tion of some muscle tissue but not others 
during frozen storage. No estimates are 
provided regarding how much oxidized 
fat humans typically ingest. A perusal of 
Autoxidation in Food and Biological 
Systems, edited by Simic and Karel (3), 
reveals the same facts. There are no 
direct estimates of the amounts of oxi- 
dized fat ingested by humans, and it is 
well recognized that the unpalatable na- 
ture of rancid fats precludes their inges- 
tion in significant quantities. 

We strongly disagree with Philip H. 
Abelson's assertion that "the colon and 
digestive tract are exposed to many fat- 
derived carcinogens" (Editorial, 23 
Sept., p. 1249). Unsaturated fatty acids 
in dietary fats are subject to chemical 
reactions (oxidation, polymerization, hy- 
drolysis) that can occur to a limited 
extent during deep-fat frying. The extent 
of these reactions, however, depends 
largely on frying conditions, principally 
the temperature, aeration, and duration. 
Many of the studies used to support the 
implication that oxidation that can occur 
during cooking "form[s] mutagens, pro- 
moters, and carcinogens" were per- 
formed under exaggerated conditions 
that are unrealistic and not indicative of 
actual conditions. It is the usual practice 
of restaurants to discard frying fat when 
prolonged frying causes excessive foam- 
ing of the hot fat or when undesirable 
flavor or dark color develop. This being 
the case, Abelson's statements that 
"rancid fats are possible causative 
agents of colon and breast cancer in 
humans" and that "rancid fats should 
not be part of the diet" are unnecessarily 
alarming to prudent users of heated fat or 
other fat-containing products. 

In support of the safety of fats heated 
under more realistic conditions, a 2-year 
animal feeding study by Nolen et al. (4) 
showed that animals consuming used 
frying fats as the sole source of fat in the 
diet throughout their life-span thrived as 
well as control animals consuming the 
same fat that had not been subject to 
frying conditions. Furthermore, if "the 
colon and digestive tract are [truly being] 
exposed to many fat-derived carcino- 
gens," we should be seeing increasing 
colon and breast cancer mortality in the 
United States as a result of the marked 
increases in vegetable oil (much of it 
highly unsaturated) consumption since 
the early 1900's (5). In fact, however, 
data from the American Cancer Society 
indicate that age-adjusted mortality rates 
for both colon and breast cancer have 
remained essentially unchanged since 
1940 (6). , , 

Ames notes that "[slome fatty acids, 
such as CZ2: and certain trans fatty 
acids, appear to cause peroxisomal pro- 
liferation because they are poorly oxi- 
dized in mitochondria and are preferen- 
tially oxidized in the peroxisomes." 
Data are not accumulating, however, to 
substantiate such a theory. 

Citing the paper of Enig et a/ .  (7), 
which has been criticized (8) ,  Ames 
states that "Americans consume about 
12 g of trans fatty acids a day and a 
similar amount of unnatural cis isomers, 
. . . mainly from hydrogenated vegeta- 
ble fats." We believe these estimates of 



consumption are excessive and are not 
supported by reliable data. A more rea- 
sonable estimate of consumption of "un- 
usual" cis and trans positional isomers 
has been suggested by Emken to be 
around 9 grams per day (not 24 grams per 
day, as suggested by Enig et al.) or about 
6 to 8 percent of total fatty acid intake 
(9). When one considers that the fatty 
acid composition of adipose tissue re- 
flects that of the diet and that a range of 
from 2.0 to 5.8 percent trans fatty acids 
has been reported in human adipose tis- 
sue (lo), an adult male consuming his 
recommended dietary allowance of 2700 
calories per day (11) of a diet providing 
40 percent of the calories as fat would 
ingest around 2.4 to 7 grams of trans 
fatty acids per day. 

Contrary to the disputed hypotheses 
of Enig et al. (3, there are no reliable 
data relating trans fatty acids to tumor 
development. A study by Brown (12) not 
cited by Ames indicated no unusual inci- 
dence of tumors in mice treated with 
dimethylhydrazine (or with saline) and 
then fed a diet high in trans fatty acids 
for 17 months. 

Finally, Ames mentions the disagree- 
ment between the NAS report (I) and a 
critique of this report (13) by the Council 
for Agricultural Science and Technology 
(CAST) on the appropriateness of rec- 
ommending reduced fat consum~tion to - 
the American public. In doing this, he 
indirectly quotes the CAST report as 
saying that, "until we know more . . . a- 
bout which types of fats are dangerous, it 
is premature to recommend dietary 
changes" (13). However, the CAST re- 
port does not state that certain "types of 
fats are dangerous." We believe there 
are insufficient reliable data to justify the 
suggestion that certain fats in the current 
American diet represent a substantial 
cancer risk. 

J. EDWARD HUNTER 
Biological Subcommittee, 
Institute of Shortening and Edible Oils, 
Znc., 1750 New York Avenue, N W ,  
Washington, D.C. 20006 
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We commend Ames for his review of 
natural dietary toxins, but not for con- 
cluding that, rather than reducing expo- 
sure to environmental and occupational 
carcinogens, "dietary practices are the 
most promising area to explore" for re- 
ducing cancer risks. Ames' article, 
moreover, is flawed by substantial er- 
rors, omission of relevant data, and reli- 
ance on tenuous hypotheses. These limi- 
tations are more significant in view of the 
major public health implications of 
Ames' article and the accompanying edi- 
torial by Abelson, press release, and 
publicity in the mass media. 

Ames' position that there is no evi- 
dence for generalized recent increases in 
U.S. or U.K. cancer rates, other than for 
cancers attributed to tobacco, is based 
on epidemiological analyses that, with 
tenuous justification, exclude people 
over the age of 65 and also blacks of all 
ages and attribute a near exclusive to- 
bacco etiology to cancers of various or- 
gans in addition to the lung (I). In fact, 
overall cancer rates have increased 
sharply since 1970 (2). Incidence and 
mortality rates in the United States, age 
standardized to 1970, have risen sharply 
since the late 1960's particularly for per- 
sons over 60, blacks of all ages, and a 
wide range of occupational subgroups 
(2-4). From 1969 to 1976, mortality rates 
increased for white and black males by 8 
percent and 17 percent, respectively, 
and for white and black females by 4 
percent and 6 percent, respectively. 
While this increase was pronounced for 
lung cancer-21 percent and 32 percent 
for white and black males, respectively, 
and 74 percent and 56 percent for white 
and black females, respectively-in- 
creases also occurred in other organs, 
including, for whites, the prostate (11 
percent), male and female kidney (5 per- 
cent), and female breast (4 percent); 
sharper increases were noted for less 
common cancers, including those of 
brain, liver, esophagus, and multiple my- 
eloma. Incidence rates rose more rapidly 
than mortality on an overall basis and for 
cancers of various organs, such as the 
colon, bladder, kidney, skin (melano- 
ma), uterus, female breast, and prostate, 
besides lung (2); for whites, cancers of 
sites other than the lung accounted for 
approximately 70 percent of the in- 
crease. The most recent data show per- 

sistence of these trends through 1980 (5). 
These trends are consistent with the the- 
ory that past exposure to industrial car- 
cinogens, whose production have in- 
creased exponentially since the 1940's, 
are responsible for recently increasing 
cancer burdens (3, 4). 

The assertion that smoking is respon- 
sible for essentially all lung cancer, and 
thus accounts for almost all recent in- 
creases in cancer rates, is negated by 
substantial evidence (3), including (i) the 
more than doubling of lung cancer rates 
among nonsmokers over the last two 
decades, with the proportion of these 
cancers in nonsmokers approaching 20 
percent (3, 6); (ii) the sharply increasing 
incidence of adenocarcinoma of the lung, 
which is less closely related to smoking 
than are squamous and oat cell carcino- 
mas ( 7 ) ;  (iii) over the last three decades 
( 4 ,  the decline in the proportion of 
smoking males and the tar content of 
cigarettes, while lung cancer mortality 
increased at a rate that cannot be ac- 
counted for by cohort effects; (iv) the 
strong positive associations, largely in- 
dependent of smoking habits, between 
lung cancer and exposure to a wide range 
of occupational carcinogens, including 
vinyl chloride, mustard gas and chloro- 
methylmethylether, and carcinogenic 
processes, such as copper smelting and 
uranium, zinc, and lead mining (3, 4); (v) 
lung cancer rates in black men that are 
now about 40 percent higher and have 
been increasing more rapidly than in 
whites over the last 30 years, although 
blacks smoke less and start smoking 
later in life (4, 9); (vi) lung cancer rates 
that are almost equal in white and black 
women, although the proportion of whites 
smoking more than one pack a day is 
twice that of blacks (9); (vii) a threefold 
increase in lung cancer rates among 
women between 1950 and 1975, a steeper 
increase than could be accounted for by 
the modest rise in their smoking preva- 
lence (8); (viii) the major geographic 
variations in mortality rates due to can- 
cers of the lung (besides other organs) 
that have been associated with work- 
place and community air pollution (10) 
and are not explainable by differences in 
smoking patterns; (ix) the shift of the 
highest lung cancer rates from northeast- 
ern to southeastern and southcentral 
states after World War I1 industrializa- 
tion of the South; and (x) the divergent 
trends and directions observed between 
cancers of the lung, on the one hand, 
and, on the other hand, of other organs, 
including the esophagus, buccal cavity, 
and pharynx (4), which have also been 
strongly associated with cigarette smok- 
ing (I). These considerations in no way 
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detract from the critical importance of 
tobacco as a major cause of preventable 
disease and death. 

In his statement that high-dose expo- 
sure to occupational carcinogens "might 
also turn out to be important for particu- 
lar groups of people" [emphasis added], 
Ames does not acknowledge the sub- 
stantial literature on occupational can- 
cer. According to a 1978 federal esti- 
mate, occupational exposure just to as- 
bestos and five other carcinogens could, 
on a worst case basis, account for 18 to 
38 percent of all male cancers in coming 
decades (11). Even outspoken critics of 
these estimates, whose analyses Ames 
cites, concede that "the minimum pro- 
portion of all current cancer deaths at- 
tributable to occupation can hardly be 
less than 2% or 3%" ( I ) ,  4000 to 6000 
male deaths per annum. Asbestos and 
coke plant workers both have lung can- 
cer rates five to ten times those of appro- 
priate controls ( 1 1 ) .  Some 10 million 
workers are now potentially exposed to 
11 "high volume human carcinogens," 
and there are major excesses of cancers 
throughout a wide range of occupational 
groups, including oil refinery and petro- 
chemical workers, rubber and tire work- 
ers, welders and metal-trades workers 

(41, and atomic plant workers (12). These 
studies are all the more important as 
two- to fivefold excesses in cancer rates 
have generally been necessary before 
they could be detected by standard epi- 
demiological techniques (13). 

Contrary to Ames, substantive studies 
have documented the carcinogenic ef- 
fects of urban air pollution or some relat- 
ed urban factor. Accordingly, the World 
Health Organization concluded that "it 
is probable that some urban atmospheric 
factor is involved [in the etiology of lung 
cancer], resulting from the air pollution 
from car exhausts, fumes from heating 
systems and industrial fumes" (14); 
automobile exhaust contains a wide 
range of carcinogens, many common to 
tobacco smoke. In addition, many epide- 
miological studies have documented 
large geographical variations in stan- 
dardized cancer mortality rates, on an 
overall and organ-specific basis, with 
higher rates in communities located near 
smelters, petrochemical plants and facili- 
ties producing nuclear weapons, and in 
communities with high levels of atmo- 
spheric pollution (10, 15); definitive epi- 
demiological evidence of carcinogenic 
and reproductive hazards from proximi- 
ty of residence to hazardous waste land- 

fills or industrial impoundments is not 
yet available, although preliminary data 
from sites such as Woburn, Massachu- 
setts, are highly suggestive (16). 

Ames dismisses the possibility that 
carcinogenic synthetic pesticides, mar- 
keted since the 1940's, may contribute 
substantially to cancer rates, as their 
dietary intake is claimed to be 10,000 
times lower than that of age-old "na- 
ture's pesticides." There is, however, 
much evidence to the contrary. For ex- 
ample, a number of widely used chlori- 
nated hydrocarbon pesticides have accu- 
mulated by many orders of magnitude in 
certain foods to levels comparable to 
those inducing cancer in small groups of 
experimental animals (17). Chub and 
trout in Lake Michigan have been found 
with aldrin and dieldrin residues above 
0.3 part per million, and similar residues 
of chlordane and heptachlor have been 
found in the Great Lakes and in Long 
Island and New York City lakes; in 1983 
Montana health officials warned against 
eating game contaminated with concen- 
trations of heptachlor epoxide more than 
100 times the Environmental Protection 
Agency's (EPA's) "acceptable intake 
level." Aldrin and dieldrin were found to 
be carcinogenic at dietary concentra- 
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tions of between 0.1 and 20 parts per 
million in five separate rodent bioassays, 
and residues of chlordane and heptachlor 
have been found in concentrations in 
human fat similar to those found in rats 
in whom carcinogenic effects had been 
induced by these pesticides (18). By all 
principles of extrapolation, such expo- 
sures would be expected to result in a 
significant excess of human cancers. The 
widespread use of chlordane and hepta- 
chlor for termite treatment represents 
additional major carcinogenic expo- 
sures. Indoor chlordane concentrations 
greater than an arbitrary interim guide- 
line of 5 micrograms per cubic meter 
have led to the evacuation of more than 
1500 contaminated homes at Air Force 
bases across the country (19) and to the 
petition by a New York State citizens' 
group, after the finding in April 1983 that 
63 percent of 443 treated homes were 
contaminated, to ban the use of chlor- 
dane for termite treatment. Exposure to 
5 micrograms per cubic meter of chlor- 
dane, approximately 50 micrograms per 
day for an average adult, according to 
EPA extrapolations that considerably 
underestimate risk for several reasons, 
including neglect of high-dose flattening, 
would be expected to increase lifetime 

cancer risks by as much as 0.1 to 0.5 
percent (20). 

Ames' position on the significance of 
dietary burdens of carcinogenic synthet- 
ic pesticides is not supported by recent 
data on ethylene dibromide (EDB) resi- 
dues, with concentrations up to 5000 
parts per billion in flour and citrus pulp. 
EPA estimated, again using procedures 
that minimize risk, that lifetime expo- 
sures to "realistic worst case" dietary 
concentrations of 31 parts per billion of 
EDB would result in cancer risks of from 

to (21), about 300 to 3000 
deaths per year; occupational risks were 
estimated to be as high as 40 percent. 
Ames has also objected to the regulation 
of EDB, saying that the "trace of the 
carcinogen EDB now allowed in food is 
insignificant" (22); this in spite of the 
fact that available noncarcinogenic alter- 
natives include aluminum phosphide for 
grains and cold storage for fruits and 
vegetables. 

The minimal references by Ames to 
problems of poorly regulated exposures 
to a wide range of environmental and 
occupational carcinogens are in contrast 
to his exaggerated emphasis of the roles 
of high-fat and low-fiber diets and of 
charred foods as "major risk factors," 

although evidence for such risks, where 
not negative, is generally inconclusive. 
A recent report concludes that "in the 
only human studies in which the total 
fiber consumption was quantified, no 
association was found between total fi- 
ber consumption and colon cancer" (23). 
The position that high fat consumption is 
a major cause of breast and colon cancer 
is based on experimental and epidemio- 
logical studies (1,  24). However, this 
evidence is weak and inconsistent (3,  
25). There appear to be no data on the 
correlation between the proportion of fat 
in the diet, the critical variable examined 
in the animal experiments, and rates of 
colon and breast cancers on a nation-by- 
nation basis; while those rates are 
strongly correlated with absolute fat con- 
sumption, this correlation is equally 
good with other measures of industrial- 
ization, such as per capita energy pro- 
duction (3) .  Moreover, up to 20-fold in- 
creases in dietary fat were generally nec- 
essary to increase tumor yields in ro- 
dents after the administration of 
carcinogens, whereas between-country 
differences in total fat consumption are 
generally less than a factor of 2 (3) .  
Finally, no evidence was found in two 
major case control studies of an associa- 



tion between fat consumption and breast 
cancer rates (26). These considerations 
do not denigrate the importance of a 
prudent diet in the promotion of health 
nor the need for research in this area 
which could l e a d  to future cancer pre- 
vention s t r a t e g i e s ;  a low-fat and high- 
fiber diet not only decreases intake of 
fat-soluble synthetic carcinogenic con- 
taminants but a l s o  reduces risks of car- 
diovascular disease and d ive r t i cu l i t i s .  

Evidence on the q u a l i t a t i v e  and quan- 
titative significance in generalized diets 
of Ames' examples of "nature's pesti- 
cides" and on their carcinogenicity is 
unimpressive. For i n s t a n c e ,  c o n c l u s i o n s  

about the carcinogenicity of pepper are 
based on the results of a single question- 
able study (27), and the inference that 
mushrooms are carcinogenic is based on 
the identification in certain mushroom 
extracts of unstable diazonium com- 
pounds that are carcinogenic in mice 
o n l y  after ar t i f ic ia l  in vitro stabilization. 

The implicit identification of mutagens 
with c a r c i n o g e n s ,  the implication of an 
identity in their underlying mechanisms, 
the b l u r r i n g  of the distinction between 
different types of m u t a g e n s ,  the identifi- 
cation of quantitative mutagenicity with 
the results of Ames' bacterial a s s a y ,  and 
the derivation of carcinogenic potency 
from quantitative mutagenicity data are 
all of questionable validity (28). Many 
mutagens are inactive in carcinogenesis 
tests, and many carcinogens are inactive 
in short-term tests for mutagenicity (29); 
glutathione is positive in the Ames test 
(30),  a l t h o u g h  Ames recognizes it as an 
anticarcinogen and an antimutagen. Fur- 
t h e r m o r e ,  recent evidence has suggested 
that gross mutagenic e v e n t s ,  such as 
chromosome t r a n s l o c a t i o n s ,  are more 
likely to be crucial in carcinogenesis than 
are the point mutations or deletions de- 
tected in the Ames assay (28). M o r e o v e r ,  

while somatic mutations are likely to be 
involved in c a r c i n o g e n e s i s ,  epigenetic 
events also appear critical. 

Ames' discussion of free radicals and 
the potential anticarcinogenic effects of 
antioxidants is speculative and of dubi- 
ous relevance. Even one of the authors 
cited in support o f  the thesis that carot- 
enoid antioxidants are protective in 
smokers has admitted that various stud- 
ies revealed only "a slightly lower than 
average incidence of cancer among peo- 
ple with above average intake of p-caro- 
tene" and that even this slim association 
may be artifactual (31). A recent large- 
scale case control study (32) produced 
no evidence "relating intake or serum 
levels of antioxidant vitamins to a re- 
duced cancer risk." 

Evidence for major carcinogenic ef- 

f e c t s  of trace natural components of 
U.S. diets is speculative. Strategies 
based on this hypothesis offer l i t t le  hope 
for cancer p r e v e n t i o n ,  and the hypothe- 
sis affords no basis for Ames' trivializ- 
ing the importance of reducing exposure 
to occupational and other environment- 
a l  carcinogens. Understandably, such 
strategies are applauded by corporations 
resisting regulation of their carcinogenic 
products and processes and s e e k i n g ,  

with others, to explain away cancer cau- 
sation largely in terms of diet and faulty 
l i f e - s ty l e  (1). Strangely, Ames' current 
proposals appear at variance with his 
strongly argued recent positions (33). 

These include warnings that EDB is "a 
potent carcinogen" whose presence as 
an impurity in tris-BP [tris ( 2 , 3 - d i b r o m o -  

p r o p y l )  phosphate] is one of the reasons 
why this flame retardant "should not be 
used"; that there are "enormous possi- 
ble [carcinogenic] risks" from inade- 
quately tested industrial c h e m i c a l s ,  such 
as flame r e t a r d a n t s ;  that a "steep in- 
crease in the human cancer rate from 
[industrial] chemicals may soon oc- 
cur . . . as the 20- to 30-year lag time for 
chemical carcinogenesis in humans is 
almost o v e r " ;  that "tens of thousands o f  

man-made chemicals have been intro- 
duced into the environment in the last 
few decades-with widespread human 
exposure-to low but disturbing doses of 
these carcinogens" and that such chemi- 
cals s h o u l d  be tested for mutagenicity 
and c a r c i n o g e n i c i t y ;  and that priorities 
must be established to "minimize human 
exposure to these chemicals" (33). 

Clearly there is substantial evidence 
t h a t ,  besides smoking, i n v o l u n t a r y  expo- 
sures to occupational and industrial envi- 
ronmental carcinogens are major and 
generally avoidable contributors to the 
burgeoning national cancer burden and 
to a wide range of other chronic dis- 
eases. Vigorous public health measures 
are essential to reduce such exposures. 

SAMUEL S. EPSTEIN 
JOEL B. SWARTZ* 

Department of Preventive Medicine 
and Community Health, 
University of Illinois Medical 
Center, Chicago 60680 
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Weinberg and I are in agreement that 
cancer and heart disease appear to be in 
large part degenerative diseases of old 
age, that oxygen radicals generated dur- 
ing normal metabolism are likely to be 
major contributors to this aging process, 
and that it is unlikely we are going to 
eliminate them. I also agree that Frido- 
vich, Totter, and Handler have made 
major contributions to the field. 

We also agree that every meal con- 
tains natural carcinogens, and it is un- 
likely we are going to eliminate all of 
them. However, I do not think that this 
knowledge makes it any less important 
to work toward cancer prevention. By 
identifying smoking as a major cause of 
lung cancer and heart disease, we have 
furnished people with the knowledge 
that they can live 8 years longer on 
average by not smoking heavily. The 
incidence of stomach cancer is high in 
Japan and low in the United States, 
while colon and breast cancer incidence 
are high in the United States and low in 
Japan. This may be due to a limited 
number of dietary components, and if we 
could identify them, we might be able to 
prolong the life span of the people affect- 
ed in both countries. Understanding 
some of the main causes of cancer may 
be the first step in preventing cancer, 
and although causes and mechanisms are 
complex, with more knowledge we 
should be able to sort out some of the 
major risks in our diet and intervene in 
many ways, both to minimize significant 
carcinogens and to maximize anticarci- 
nogenic defenses. I also agree that the 
preoccupation with tiny amounts of man- 
made pollution has been blown up out of 
proportion. 

Ingmanson rightly points out that sele- 
nite is another name for the crystalline 
form of the mineral gypsum (CaS04 
. 2H20). The etymology is from the 
Greek for moonstone, "probably an allu- 
sion to the soft moon-like reflection of 
light fram some of its faces" (I). The 
selenite I meant is the Seo3'- anion 
(analogous to sulfite and tellurite). The 
name of the element selenium is also 
derived from the Greek word for moon, 

selene. Selenite also means "a supposed 
inhabitant of the moon" (2); presumably 
there will not be any confusion with this 
last meaning. 

Hunter says that "there are insuffi- 
cient reliable data to justify the sugges- 
tion that certain fats in the current Amer- 
ican diet represent a substantial cancer 
risk." The situation is confusing because 
there are so many types of fat and the 
evidence so far does not prove cause and 
effect. I referenced the considerable epi- 
demiological literature associating high 
fat consumption with colon and breast 
cancer and the considerable bodv of ani- 
mal experiments implicating high fat 
with cancer. The National Academy of 
Sciences committee (which also re- 
viewed the field), and more recently the 
American Cancer Society, have advised 
the American public that it would be 
prudent to reduce their fat intake to 
lower cancer risk. It was important to 
point out the controversy as to where 
prudence begins and to mention the dis- 
agreements with this view. Recent re- 
views on nutrition and cancer also dis- 
cuss fat (3). Most scientists would em- 
phasize that the evidence linking fat to 
cancer is much less secure than that 
implicating cigarettes, alcohol, or asbes- 
tos with cancer. I had hoped that a 
discussion of plausible molecular mecha- 
nisms for a fat-cancer connection might 
provide some testable hypotheses. I dis- 
cussed cyclopropenoid fatty acids, ran- 
cid fat, and peroxisome oxidation of cer- 
tain fats. Newmark et al. (4) and Welsch 
and Aylsworth (5) have other explana- 
tions. All of these mechanisms are plau- 
sible, but we do not know which, if any, 
are correct. 

Fat rancidity products in the diet still 
appear to be a possible source of muta- 
gens and carcinogens that could contrib- 
ute to colon and breast cancer. I listed in 
my article some of the carcinogenicity 
and mutagenicity data on the variety of 
hydroperoxides, enals, epoxides, and 
other reactive chemicals produced by 
the rancidity reaction. Appreciable 
amounts of lipid oxidation products may 
exist in palatable food. For example, 
Tsai et al. (6) have found significant 
amounts of cholesterol epoxide (a mix- 
ture of cu and p) in commercial dried 
eggs, scrambled egg mix, and dried 
whole egg products containing additives, 
each averaging about 20 parts per million 
(ppm), although some samples reached 
eight times this. Cholesterol epoxide is a 
weak alkylating agent, induces sarcomas 
at the injection site in rats and mice, is 
positive in a sister chromatid exchange 
test, transforms hamster embryo cells, 

induces chromosome damage in human 
fibroblast cultures, and is mutagenic in 
hamster cells (7, 8). Concentrations in 
human breast fluid, prostate secretions, 
or serum samples from particular people 
can be enormous (8, 9), although it is not 
clear whether the source is endogenous 
oxidation or the diet. We need more 
research on the extent of epoxide de- 
struction by the acid in the stomach. In 
addition, lipid hydroperoxides are pres- 
ent in heated fat that is reused. A number 
of hydroperoxides have been shown to 
be mutagens and carcinogens, and others 
are likely to be, due to their generation of 
oxygen radicals. I discussed ionizing ra- 
diation as a mutagen-carcinogen that is 
active because it generates oxygen radi- 
cals, and I also referred to the carcinoge- 
nicity of hydrogen peroxide and fatty 
acid hydroperoxides. Even a small 
amount of oxidation (for example, a per- 
oxide number as low as 2) which could 
be found commonly in cooking oil in 
restaurants and in fat (IO), would repre- 
sent a level of 1200 ppm (if it were a 
triglyceride hydroperoxide). Meat can 
also have a fair amount of rancidity. I 
mentioned Shorland's article (11) be- 
cause it reviews some of the literature on 
rancidity in meat: "In contrast to fresh 
intact meat, cooked and uncooked 
ground meat becomes rancid within 48 
hours at 4°C. . . . This phenomenon has 
been described . . . as 'warmed over' 
flavor. . . ." Rancidity products (as 
measured by malondialdehyde reaction) 
were found to be increased in ground 
meat stored in the refrigerator and in the 
urine of people who consumed the meat 
(12). I gave references to both sides of 
the trans fatty acid controversy, and I 
find Hunter's additional comments use- 
ful. 

The letter from Epstein and his co- 
signatories implies that my inquiry into 
natural dietary carcinogens and anticar- 
cinogens trivializes the importance of 
reducing exposure to the carcinogens of 
occupation and pollution and that, there- 
fore, I am aiding the corporations, which 
Epstein et al, imply are the true causes 
of cancer. They also criticize me for 
changing my mind and seem to misun- 
derstand the chief purposes of my arti- 
cle. One way in which biology advances 
is by the formulation of new hypotheses 
which can then be tested and either 
rejected, accepted, or (more commonly) 
modified and converted into the next 
generation of more specific and more 
testable hypotheses. It is through this 
process that scientists change their 
minds, which is, in fact, desirable. I was 
prompted to write the article in order 
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to draw together five areas of research: 
1) The standard epidemiological view 

that dietary factors may be important in 
the etiology of certain types of cancer (3, 
13, 14). 

2) The awareness that increasing 
numbers of natural products are being 
identified as carcinogens in rodent stud- 
ies and the realization that many of these 
compounds are present in very large 
amounts in the diet relative to the 
amounts of man-made carcinogens. 

3) The finding in recent years of a 
large number of mutagens formed on 
cooking food and also among the group 
of natural pesticides present in plants 
and molds, many of which appear in the 
human diet in large amounts. A number 
of these mutagens have now been tested 
and shown to cause cancer in laborato- 
ry animals. These mutagenicity findings 
may be much more representative of the 
dietary hazards to which humans are 
exposed than the findings of animal can- 
cer tests, in which very few chemicals 
are examined each year, almost all of 
which are man-made. 

4) The relation between cancer and 
aging in animals of widely different life 
spans, such as rodents and humans, sug- 
gesting that cancer is a degenerative dis- 
ease of old age. Of relevance to aging is 
the recent interest in the generation of 
oxygen radicals, a destructive process in 
normal metabolism, which leads to DNA 
damage and other damage in cells and 
could be a major force in both aging and 
cancer. Also relevant are the contribu- 
tions of the radiobiologists who have 
demonstrated that the oxygen radicals 
produced by radiation appear to account 
for a good part of its mutagenicity and 
carcinogenicity. 

5)  The finding by many cancer re- 
searchers that a variety of nutritional 
factors can have a marked anticarcino- 
genic effect in rodents (for example, an 
azo dye gives 90 percent of the rats 
cancer, but only 14 percent of the ani- 
mals get cancer if 4 ppm of a selenium- 
containing salt is added to the diet) (15). 
Many of the substances found to be 
anticarcinogenic in rodent experiments, 
such as selenium, p-carotene, vitamin E ,  
and ascorbate, are components of our 
normal antioxidant defenses. Many epi- 
demiological studies now implicate di- 
etary factors as being possibly protective 
against cancer, with some evidence 
pointing toward antioxidants such as se- 
lenium and p-carotene. 

I restricted my article to dietary car- 
cinogens and anticarcinogens because, 
as I stated, "whether or not any recent 
changes in lifestyle or pollution in indus- 
trialized countries will substantially af- 

fect future cancer risks, some important 
determinants of current risks remain to 
be discovered among long-established 
aspects of our way of life." In addition, I 
felt that there were certain unifying con- 
cepts in this area. I was not addressing 
future risks or that fraction of cancer 
today which might be caused by viruses, 
hormones, occupation, or pollution. I 
was not attempting to belittle these ar- 
eas, as these and other causes are of 
concern (13, 14, 16). Doll and Peto (13, 
16), for example, ascribe to occupational 
factors about 12 percent of all lung can- 
cer deaths, plus a smaller percentage of 
other cancer deaths (totaling about 4 
percent of all cancer deaths), and the 
emergence of such factors may have 
contributed to certain cancer trends-for 
example, over the last few decades the 
annual number of asbestos-induced U.S. 
lung cancer deaths has risen from per- 
haps a few hundred to perhaps a few 
thousand and is likely to continue to 
increase for some time yet. This increase 
is caused by the delayed effects of past 
heavy exposures and not the present 
asbestos levels, which are much re- 
duced. Whether occupation causes 
about 4 percent of current cancer, as 
indicated by Doll and Peto and other 
leading epidemiologists (13, 16), or even 
double that, is irrelevant to my article. 
As indicated by Epstein et al. ,  I have 
previously advocated, and still do, vigi- 
lance in the area of man-made carcino- 
gens and mutagens stemming from occu- 
pation and pollution (17). 

Epstein and his cosigners state that a 
generalized increase in cancer not relat- 
ed to tobacco is in progress, even though 
the most distinguished epidemiologists 
who have studied the available data on 
national trends have come to exactly 
the opposite conclusion. The question of 
trends appears to have arisen because, in 
arguing that some important determi- 
nants of cancer are likely to await dis- 
covery among long-established aspects 
of the American way of life, I noted that 
"there is no convincing evidence of any 
generalized increase in U.S. (or U.K.) 
cancer rates other than what could plau- 
sibly be ascribed to the delayed effects of 
previous increases in tobacco usage," a 
conclusion that I drew after discussing 
the work of Doll and Peto (13) with many 
leading epidemiologists. If lung cancer is 
not included, the overall cancer death 
rates have declined, not only according 
to Doll and Peto (13, 16), who, inciden- 
tally, did evaluate blacks and people 
over 65 (13, p, 1272), contrary to Ep- 
stein's statement, but also according to 
both the N e r i c a n  Cancer Society (18) 
and the recent thorough study by the 

Environmental Protection Agency and 
the National Cancer Institute (NCI) of 
three decades of cancer (19). The recent 
NCI SEER data (20) also show no con- 
vincing evidence of any increases in the 
major cancers except for lung cancer, 
while liver, stomach, and uterine cervix 
cancer are declining. The argument by 
Epstein et al,  for an increase is based on 
earlier and superseded SEER data. 

The statements by Epstein et al,  that 
20 percent of lung cancer cases occur in 
nonsmokers and that lung cancer is in- 
creasing in this group both appear to be 
incorrect. Two recent representative 
studies of the very high lung cancer areas 
of South Louisiana and the petrochemi- 
cal area near Houston show that only 
about 3 to 6 percent of lung cancer 
patients are people who have never 
smoked (21). The arguments by Epstein 
et al, about blacks and lung cancer are 
not supported by these studies; for ex- 
ample, for black males in South Louisi- 
ana, 97.6 percent of the lung cancer 
patients were smokers or ex-smokers, 
while the figure for white males was 97.7 
percent. The study in Louisiana also 
showed a sizable modifying factor of 
diet: smokers who rarely ate fresh fruits 
and vegetables had a 30 percent higher 
risk from lung cancer for a given amount 
of smoking, in agreement with the results 
of Hirayama (22) in Japan on the influ- 
ence of diet on cancer induced by ciga- 
rette smoking, which I quoted. There is 
no good evidence for any appreciable 
increase in lung cancer in nonsmokers 
(23): The conclusion by Epstein et al. is 
based on an earlier, flawed (13) study. 

Thus, only one major cancer rate, that 
of lung cancer, is increasing, and this 
appears to be largely attributable to 
smoking; the rates of liver, stomach, and 
uterine cervix cancer are decreasing. 
Breast and colorectal cancer rates (both 
associated with high fat) have been fairly 
constant for decades. Some ress com- 
mon types of cancer are becoming more 
prevalent, but the causes still have to be 
determined. We cannot assume that 
these are due to occupation or pollution, 
although some may turn out to be. In the 
case of esophageal cancer in blacks, for 
example, an epidemiological investiga- 
tion by NCI implicated high alcohol con- 
sumption as a major risk factor and a 
good diet as a protective factor (24). 

The most authoritative and thorough 
study of causes of cancer in America (16) 
suggests that diet and life-style are major 
contributors to cancer and that the con- 
tribution of occupation and pollution are 
only a very small percentage of the cause 
of the major human cancers. This study 

(Continued on page 757) 
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LETTERS ers, and so forth, until precise adjust- 

(Continued from page 670) 

discredits many of the arguments of Ep- 
stein et al. in detail. The estimates by 
Doll and Peto agree with those of other 
leading epidemiologists (13) and also are 
consistent with the analyses of cancer in 
different countries and immigrant groups 
(14), although everyone agrees there are 
uncertainties in the figures. The range of 
human intake of fat is more than Epstein 
et al. state, and the many animal tests 
showing an effect of fat were often over 
a comparable range (3). Breast cancer 
rates are not so closely correlated with 
industrial societv. Modern industrial so- 
cieties such a s - ~ a ~ a n  and the United 
States have an ever-increasing life span 
and a lower overall cancer rate than 
many less industrialized societies, such 
as Finland and New Zealand (25). 
Czechoslovakia (after Luxembourg) has 
the highest cancer rate in the world (25) 
and does not have any corporations. The 
calculations that Epstein et a / .  refer to 
stating that 18 to 38 percent of the cancer 
in coming decades will be caused by 
asbestos and five other carcinogens ap- 
pear to inappropriately assume that any- 
one with any exposure to asbestos would 
have the same risk as a person with 
massive exposure. These estimates have 
been shown to be erroneous in other 
ways as well (13, 15) and have been 
effectively criticized by a good number 
of the world's leading epidemiologists 
(26). 

Epidemiologists studying urban air 
pollution have had a difficult time dem- 
onstrating any measurable effect on can- 
cer because of the larger effects of small 
differences in smoking (27). In Contra 
Costa County, California, a possible 
connection between air pollution due to 
several refineries and excess cancer was 
widely publicized for several years. The 
connection evaporated when a more de- 
tailed epidemiological study showed that 
the excess cancer was explainable by the 
higher smoking rate in blue-collar work- 
ers, who made up a higher percentage of 
the population in the area (28). In this 
study, as in those discussed above, only 
3 percent of the males with lung cancer 
had never smoked, and green vegetable 
consumption showed a marked protec- 
tive effect. I pointed out in my article 
that one would have to breathe in Los 
Angeles smog for about a year to inhale 
an amount of burnt material equal to that 
inhaled by a smoker in one day. There- 
fore, one has to be suspicious of superfi- 
cial associations with refineries, smelt- 

ments are made for both duration and 
amount of smoking. I also pointed out 
that the major human intake of browned 
and burnt material, even more than 
smoking, comes from cooked food, 
which is also full of mutagens and carcin- 
ogens, although it is ingested rather than 
inhaled, and we do not know the human 
risk from this. 

Epstein et al, dismiss the whole area 
of dietary anticarcinogens, despite the 
fact that many leading scientists think it 
is one of the most promising areas in 
cancer research. There is a vast litera- 
ture on oxygen radicals in pathology, 
and there is a large and striking literature 
on anticarcinogens in animal tests and on 
dietary protective factors in people. Al- 
though this is an inherently difficult area, 
the impact on prevention of cancer could 
be great. We hope our own work on 
noninvasive measurement of the high 
endogenous flux of oxidative DNA dam- 
age in individual humans (and the much 
higher rate in rats) may help to open up 
new approaches to measuring the effects 
of antioxidant modifying factors in hu- 
mans and to the understanding of the 
contribution of the aging process to can- 
cer (29). 

Epstein et al. seem to have a double 
standard about carcinogens. They em- 
phasize only industrial chemicals or pol- 
lution and belittle or ignore the evidence 
concerning the many natural carcino- 
gens, mutagens, and teratogens dis- 
cussed in my article, as evidenced by 
their comments on mushrooms, pepper, 
and fat. Toth, an expert on the carcino- 
genicity of man-made hydrazines, has 
also published numerous papers on the 
carcinogenicity of many mushroom hy- 
drazines (30). Gyromitrin, a carcinogen 
in mice (31), is present in large amounts 
(500 ppm, dry weight) in the widely eaten 
false morel and has recently been shown 
to massively alkylate the DNA of rats 
(31). The mushroom contains several 
other carcinogenic hydrazines, including 
N-methyl N-formylhydrazine, which is 
both potent and stable (30). The common 
commercial mushroom Agaricus bi- 
sporus contains agaritine, a hydroxy- 
methyl phenylhydrazine derivative (3000 
ppm, 45 milligrams per mushroom (30). 
A metabolic product of agaritine, a dia- 
zonium compound, is highly reactive and 
mutagenic and was found to cause stom- 
ach tumors in mice at low doses of both 
the sulfate and tetrafluoroborate salt 
(30). Agaritine is not appreciably de- 
stroyed by cooking and, when eaten, is 
distributed in tissues, where it is con- 
verted to the reactive mutagenic diazoni- 

um metabolite by cytochrome P-450 (30). 
The diazonium metabolite is also present 
in the mushroom (about 2 ppm) as it is 
formed from agaritine by enzymes in the 
mushroom (30). Epstein et al. dismiss 
the mushroom work because the diazoni- 
um compound was found to be a carcino- 
gen when tested as a salt, an irrelevant 
argument in view of all of the findings 
about agaritine and the fact that the 
diazonium ion would be the chloride salt 
in the stomach in any case. Toth has 
recently identified another carcinogen in 
Agaricus, p-hydrazinobenzoic acid (10 
ppm, 150 micrograms per mushroom) 
(30). Gyromitrin and some other natural 
pesticides cause lung tumors when fed to 
mice (30). Lung tumors may conceivably 
be caused in humans by natural carcino- 
gens as well as by smoking and by the 
occupational hazards listed by Epstein et 
al. The positive cancer test on pepper 
was done by skin painting and is not a 
very elegant test, but it is statistically 
significant for each of three sites: skin, 
lung, and liver. Piperine, the major natu- 
ral pesticide in black pepper (present at 
10 percent of its weight), is closely relat- 
ed in structure to the known natural 
carcinogens safrole, estragole, and meth- 
yleugenol, which are also widely distrib- 
uted in spices and plant oils. The test 
should be repeated, although, unfortu- 
nately, no government agency seems 
very interested in doing cancer tests on 
natural products. Toth has also shown 
that capsaicin, the pungent material in 
hot pepper, is a mutagen, and he has 
some preliminary evidence for its carci- 
nogenicity in mice (32). 

Epstein et al, call all of these "trace 
natural components." My article was 
full of numbers showing that the 
amounts are not traces. Nature's pesti- 
cides are present at parts per hundred 
and parts per thousand, while man-made 
pesticides are present at parts per million 
and parts per billion. We are eating more 
than 10,000 times more of nature's pesti- 
cides than of man-made pesticides. The 
arguments of Epstein et al. about man- 
made pesticides do not invalidate this 
calculation. His calculations are based 
on rare, highly contaminated foods or 
people, while mine are based on Food 
and Drug Administration values for man- 
made pesticide residues. 

Epstein et al. criticize my discussion 
of mutagens as potential carcinogens. 
There are 3000 laboratories using our 
test alone, and there are many other 
kinds of mutagenicity tests in which cells 
from mammals are used. Over the last 10 
years, more than 5000 compounds, natu- 
ral as well as man-made, have been 
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tested, and an amazing variety of muta- 
gens in the natural world have surfaced. 
These include superoxide, hydrogen per- 
oxide, and aldehydes generated by our 
normal metabolism; products of lipid 
rancidity; products of cooking food such 
as the brown color on our toast; many of 
nature's ~esticides: and the aroma of 
butter (dLcetyl). w e  cannot ignore this 
new information, as it is telling us some- 
thing important about nature. There are 
good reasons for thinking that mutagens 
are potential carcinogens and that DNA 
damage is of concern in itself. Our test is 
successful at detecting carcinogens as 
mutagens (80+ percent) and has been 
improved since validation (33). In many 
cases its mutagens have later been found 
to be carcinogens in rodents (for exam- 
ple, natural metabolic products such as 
hydrogen peroxide and formaldehyde, 
natural pesticides such as ally1 isothio- 
cyanate from mustard, many pyrolysis 
products from cooking, nitropyrenes 
from diesel exhaust, and svnthetic sub- 
stances such as ethylene dibromide, hair 
dye components, and the flame retardant 
tris-BP). Recent evidence on oncogenes 
also supports a mutation-DNA damage 
hypothesis as one aspect of cancer cau- 
sation (34). The identification of muta- ~. 
gens aids epidemiology in its search for 
hypotheses to test, serves as a bioassay 
for active principles in complex mixtures 
(for example, the mutagenic pyrolysis 
products from cooking, later shown to 
be carcinogens), and is a way of investi- 
gating active forms of carcinogens. Of 
course, it is far from a perfect guide. We 
need to understand promotion as well, 
although I pointed out recent evidence 
for an oxygen radical connection. We 
know that some chemical carcinogens 
are missed by mutagenicity tests, but the 
battery of short-term test systems agree 
with each other quite well and detect 
a remarkable percentage of the known 
carcinogens. Agents that are known 
to cause deletions, translocations, and 
chromosomal rearrangements, such as x- 
rays, are also detected by our test sys- 
tem (33). Whether there are many signifi- 
cant carcinogens that cause transloca- 
tions and are not detected as mutagens in 
short-term tests remains to be seen. Glu- 
tathione, as pointed out by Epstein et 
al., is converted to a mutagen by kidney 
homogenate (but not liver homogenate). 
This may be due to an enzyme specific 
for kidney that generates oxygen radicals 
from O2 and glutathione (39,  but this is 
not relevant to the role of glutathione as 
an antioxidant or the value of mutagenic- 
ity tests. 

Epstein and his colleagues may be 

drawing the wrong conclusion from the 
results coming out of animal cancer 
tests. The National Cancer Institute-Na- 
tional Toxicology Program animal can- 
cer bioassay test program, which is the 
most thorough and extensive source of 
tests, is looking at only a small portion of 
the chemicals in the world. The current 
cost is more than $500,000 per chemical, 
so it is difficult to test many chemicals. 
The tests are almost exclusively done on 
man-made chemicals and therefore, of 
course, find man-made carcinogens. Out 
of about 200 chemicals tested by NCI 
in 8 years, 60 percent were judged carci- 
nogenic, 33 percent noncarcinogenic, 
and 7 percent inadequately tested (36). 
The high percentage of carcinogens 
found is somewhat disturbing, as the 
conventional wisdom is that carcinogens 
are very rare. This discrepancy could be 
accounted for by the fact that more sus- 
picious chemicals are being tested. It 
also could be that carcinogens are more 
common than we think. We have no idea 
of what the true percentage of carcino- 
gens is among chemicals in general (in- 
cluding natural ones) when tested at the 
maximum tolerated dose in rodents. 
Even if it is 10 percent, our current 
regulatory policies, which assume car- 
cinogens are rare, are in trouble. I point- 
ed out that we are ingesting enormously 
more in both number and amount of 
natural pesticides and other natural toxic 
molecules (and traditional mixtures such 
as cooked food) than we are of man- 
made substances. Plants have been de- 
vising nasty chemicals to kill off insects 
and animals throughout all of evolution. 

There is no reason to think nature is 
any more benign than man. We already 
know about natural carcinogens, such as 
psoralens, aflatoxins, sterigmatocystins, 
pyrrolizidine alkaloids, safrole, asbes- 
tos, radioactive potassium in our body, 
radon coming up from the ground into 
our houses, mushroom hydrazines, hy- 
drogen peroxide made during normal 
metabolism, and sunshine. The same de- 
toxification and activation mechanisms 
appear to operate on both man-made and 
natural chemicals. Animal cancer testing 
will not be able to catch up with the large 
number of mutagens being uncovered. 
Therefore, it might be reasonable to plan 
on doing animal cancer testing on those 
natural mutagens that we eat in largest 
amounts to see how many are rodent 
carcinogens and to provide a benchmark 
of the natural hazard for setting priorities 
relative to man-made carcinogens. 

Much fear of traces of man-made car- 
cinogens is based on ignoring the natural 
background of carcinogens and using 

"worst case" assumptions in extrapolat- 
ing risk from the most sensitive rodent 
(when the chemical is given at the maxi- 
mum tolerated dose) to low-dose human 
exposure. This quantitative extrapola- 
tion is viewed with great unease by much 
of the toxicological and epidemiological 
community because there is little scien- 
tific support underlying it (13). It is an 
extrapolation based on ideas of pru- 
dence, not on firm science (13, 37, 38). 
This is true, of course, for both natural 
and man-made carcinogens. We cannot 
validate these extrapolations. In a few 
cases, individual extrapolations from 
rats to man can be examined, although 
not very satisfactorily (38). In cases such 
as ethylene dibromide (EDB) (39), afla- 
toxin (38,40), and vinyl chloride (38), the 
extrapolations appear to markedly over- 
estimate the risk to man. We assume a 
linear response with dose, but we do not 
know if this is true. We have no basis for 
assuming metabolism in rodents and hu- 
mans is the same. We do not know if we 
can extrapolate cancer risk from short- 
lived species such as rodents to long- 
lived species such as man because of the 
cancer-longevity connection (my article 
discusses this). Antioxidant defenses can 
differ markedly from rodents to humans 
(41). We know that some dietary changes 
make great differences in cancer inci- 
dence in rodent tests. but we do not 
understand which are the dietary pro- 
tecting factors that appear to influence 
cancer risks so markedly in human 
epidemiology studies. We do not under- 
stand promotion or the interaction of 
carcinogens. Thus, it is time to do the 
same types of worst case risk calcula- 
tions on natural chemicals as well as 
man-made chemicals before deciding 
what our priorities are. I emphasized 
that 

To identify a substance, whether natural or 
man-made, as a mutagen or a carcinogen, is 
just a first step. Beyond this, it is necessary 
to . . . quantitate the approximate magnitude 
of the risk. . . . [Tlhe rapid progress of sci- 
ence and technology . . . should help to dis- 
pel confusion about how important health 
risks can be identified among the vast number 
of minor risks. 

Epstein et al. distort my statement on 
EDB (42), which was in favor of the EPA 
standards and much more stringent oc- 
cupational standards. Aluminum phos- 
phide (phosphine gas), the suggested al- 
ternative of Epstein et al. to EDB for 
grain fumigation, is both extremely toxic 
to humans and flammable, and, despite 
their statement. it has not been tested for 
carcinogenicity (43). 

Epstein and his cosigners offer sup- 
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port for the idea that cancer is basically a 
political problem, that it is "corporate 
cancer," and that the solutions are not 
scientific, since we already know what 
we need to know to solve the problem 
politically. Yet their fundamental 
hypotheses and beliefs are wrong or like- 
ly to be wrong. If we follow their advice, 
we will ignore the major area of diet as a 
source of both protective factors and risk 
factors for cancer. We will continue to 
be preoccupied instead only with indus- 
trial sources of cancer, trying to elimi- 
nate smaller and smaller risks even 
though the alternatives to these have 
unknown risks. Pollution is not being 
neglected when the budget of the EPA is 
equal to that of NCI, nor are occupation- 
al hazards when we have large govern- 
ment agencies such as the Occupational 
Safety and Health Administration and 
the National Institute of Occupational 
Safety and Health. Smoking, which 
causes 30 percent of cancer and 25 per- 
cent of heart disease, is largely neglect- 
ed: we subsidize tobacco farmers. Un- 
derstanding cancer mechanisms may 
turn out to be among the most cost- 
effective ways to reduce the burden of 
cancer that is not related to tobacco, and 
for the present the key questions are 
scientific, not political. 

I would like to correct some errors and 
omissions in my article. I omitted a pa- 
per reviewing the carcinogenicity of the 
herbs comfrey and coltsfoot (44), which 
contain the very potent carcinogenic 
pyrrolizidine alkaloids that are wide- 
spread in plants. The use of comfrey is 
increasing markedly with the new inter- 
est in returning to natural herbs and the 
increase in health food stores. I over- 
looked the extensive work of Janzen and 
others (45) on the biological role of plant 
toxins and of Morton (46) on the connec- 
tion between tannins in plants and 
esophageal cancer in a number of coun- 
tries. I also overlooked a paper on the 
plasma levels in humans of the potato 
toxins in which the toxicology of these 
compounds was reviewed (47). Also 
overlooked were the natural mutagens in 
ginger (48) and in corn, rye, and wheat 
(49) and the work on the formation of 
mutagens by the reaction of sugars with 
amino acids (nonenzymatic browning or 
Maillard reaction) during the cooking of 
food (50). It was a single dose of 400 
micrograms per gram, not 400 nano- 
grams per gram, of the mushroom diazo- 
nium derivative that caused the appre- 
ciable cancer in mice. I would also like to 
call attention to the paper of Birnboim 
(51) on the role of oxygen radicals in 
strand breaks and promotion, which I 
overlooked, and to the book in which it 

appears, which has many papers of rele- 
vance. I also apologize to Shapiro and 
my numerous botanist correspondents 
for misclassifying figs. 

BRUCE N. AMES 
Department of Biochemistry, 
University of California, 
Berkeley 94720 
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