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Since the genesis of tumors may be in-
fluenced to a lesser or greater deg~ee: by
the nutriemt environment furnished the
host, frequent reference is `made to the role
of nutrition and dietary factors in carcino-
genesis. A current and comprehensive re-
view of nutrition and cancer has been pre-
sented by Tannenbaum .E' While the obvi-
ous association of cancer and nutrition was
recognized earlier, a comprehensive assess-
ment of the role of food and diet in the
induction of neoplasms must more accu-
rately be viewed in relation to the ingestion
of food additives, food contaminants, proc-
essing degradation products, and other
dietary components .s, 74 Rapid advances in
modern food technology have focused
attention on dietary components other than
essential nutrients such as food additives
andprocessing degradation products. The
utilization of agricultural chemicals as soil
fumigants, plant growth regulators, and
pesticides which may remain on fruits and
vegetables if not adequately removed also
contributes food contaminants to the diet
of man . More recently, the nuclear detona-
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tions in weapons-testing programs as well
as the expanded industrial and medical,ap-
plications of radioisotopes have introduced
radionuclides into the diet as food coxi-
taminants. While : many of these materials
and identified chemical compounds appear-
ing either as additives, contaminants, or
degradation products may not be . .labeled
as poisons toxicologically, their latentefFect
must be assessed in terms of their potential
contribution to induction of cancer .

The continuous introduction of synthetic
materials as coating materials for films,
packages, and containers for foods presents
certain problems in terms of migration of
these substances from the wrapper or con-
tainer into the raw or processed food.

Whereas some compounds are essential in
processing, and for improvement of flavor
and texture, other organic compounds are
added strictly for. coloring purposes and
enhancement of acceptability . These food
colors, coating materials, and a wide spec-
trum of other materials must be tested
thoroughly for their toxic or carcinogenic
properties prior to general use . Perhaps
worth considering is the fact that condi-
ments, flavorings, or seasoning agents have
had unchallenged acceptance in home an d
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commercial food processing operations for
many years . An awareness of the potential
toxic and carcinogenic properties of food
additives culminated in the adoption of
Federal legislation on Sept . 6, 1958, as an
amendment to the Federal Food, Drug and
Cosmetics Act (Public Law 85-929) stipu-
lating that all food additives must be tested

for possible toxicity . In addition, certain
requirements relative to the carcinogenic
potential of food additives and degradation
products from processing methods, among
which is the newer concept of `preservation
by means of ionizing radiation, are speci-

fied." In 1954, the Miller Pesticide Amend-
ment of this Act also established a pro-
cedure for setting safe amounts for residues
of pesticides on fruits and vegetables . In

1960, the enactment of the color additives
amendment of this original legislation duly
recognized the potential carcinogenicity of
coal tar colors and,prevented establishment
of their harmlessness by the Food and
.Drug Administration .

The rapid advances in our knowledge of
biochemistry,: pharmacology, and toxicol-
ogy have resulted in certain refinements
and improvement in methodology for sub-
liminal pharmacology and bioassay for car-

cinogens. Perhaps a stronger motivating
force for refinement in the methodologic
approaches to assess long-term subtle toxic
and latent carcinogenic effects has been the
specific Federal legislation referred to
above . Conventional and classic methods
involving long-term chronic animal feeding
trials have been used for appraisal of a
toxic or carcinogenic agent, yielding thereto
certain gross observations, important tox-
icity cla#a, and tumor .incidence from in-
gested food materials . These procedures do
not adequately meet current requirements .
Accordingly, comprehensive studies dealing
with route and rate of absorption, levels of
storage in the tissues, and ultimate meta-
bolic fate are now requisite in order to
elucidate the mechanism of biologic action
of the dietary component under investiga-
tion. A comprehensive treatment of this

phase of the problem is reviewed in other
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reports . A general discussion of principles
is appropriate, however, before description
of the series of observations reported on
the genesis of neoplastic disease in animals
and man mediated through the multiple
factors associated with ingested materials .

General principles and considerations

In the ulitmate evaluation of experi-
mental findings, these are conditioned on
multiple factors such as (1) satisfactory de-
sign of experiment, (2) identity and purity
of material under test, (3) selection of ani-
mals and number of animals under in-
vestigation, (4) selection of range of doses,
(5) route of administration-for food addi-
tives or contaminants, the oral route is the
principle method, with subcutaneous or
intraperitoneal injection or skin painting
resorted to in confirmation of negative find-
ings in feeding trials, (6) adequate post-
lnortem and histopathologic examinations,
and (7) nutritional and dietary variants . A

detailed treatment of these factors is pre-
sented in a joint FAO/WHO Expert Com-
mittee Report on Food Additives and
Publication 749 of the Food Protection

Committee of . the Food and Nutrition
Board of the National Research Council .4 8

Role of nutrition and dietary variants .

There is considerable information on the
effect of the macronutrients and micronu-
trients and enzymes on the appearance,
period of latency, and duration of cancer.
The general effect of diet may be con-
sidered in terms of the origin and the

growth of tumors.
Caloric intake . A definitive statement on

the influence of ad libitum feeding and
.caloric restriction on tumor induction is
conditioned by age, strain, type of ration,
method of caging, and voluntary exercise
of experimental animal . In general, chronic
caloric restriction inhibits the formation
and growth of a tumor once it is formed .
Boutwell,' Iluseby,28 and Rusch,57 to name
but a few, have reported on the formation
and appearance of tumors induced by ca-
loric restriction . The data in Table I re-
ported by Tannenbaum" are illustrative of
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the effect of caloric restriction during stages
of carcinogenesis in mice to which benz-
pyrene was applied and in which skin tu-
mors were induced .

Inhibition of growth of tumors has been
shown by Bischoff and Long, to be ef-
fected by underfeeding of starch or fat
alone. Growth of transplanted tumors has
been retarded through caloric restriction,
as shown by Rous" and by Suguira and
Benedict .ss In addition, the variation in
animals, the specified experimental condi-
tions, the kind of tumor, and the dosage or
potency of the carcinogen determine the
critical level of calories which determines
the development of a neoplasm.

Several concepts have been advanced in
explanation of the mechanism of caloric
restriction. It is believed by some that,the
rnitotic activity of the tissue is inhibited by
caloric restriction, and as part of this pic-
ture, carbohydrate or the intermediates of
carbohydrate_ metabolism are a limiting fac-
tor . in cell division . Others believe that re-
striction leads to adrenal hyperfunetion . and
a consequent increase in . glyconeogenesis .'
A third hypothesis is that in caloric restric-
tion, the level of estrogen, considered the
primary carcinogen, is reduced., and thereby
in the case of the mammary gland, this
reduces the incidence of cancer .2 8

Macronutrients .
FAT. In general, fat enrichment of the

diet augments the formation of certain tu-
mors; butterfat, for example, increases the
incidence of skin tumors produced by tar
substances .Z, 29 In these investigations, ul-
traviolet light or hydrocarbons as primary
carcinogens induced skin tumors at higher
rates in mice on a high fat diet than on the
control diet . . Sarcomas, on the other hand,
were not significantly altered by the high
fat diet. A different picture is revealed by
autoxidized fats as degradation products of
foods, which will be described later. With
respect to growth of tumors, variation in
level of fat was virtually ineffective on the
growth rate of various types .

Tannenbaumf9, 7° has suggested that the
fat effect in genesis of tumors may be due
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Table I . E ff eets of caloric restrictions

during the two stages of carcinogenesi s

Diet in period Diet in perio d
o f carcinogen

of

tumor
application formation Tumor

Group ( 10 wk .) (52 wk .) incidence

HH High calorie High calorie 6 9
HL High calorie Low calorie 3 4
LH Low calorie High calorie . 55
LL Low calorie Low calorie 2 4

Data from Tannenbaum .a9

to solvent action of fat deposited in tissue
which accelerates the rate of transfer or
alteration in dose level of carcinogen . Per-
haps the fat alone has a direct effect on the
developing neoplasm. Isolated fatty acids
had effect equal to the natural triglyceride
in the enhancement of tumor formation .
Cholesterol seems to stimulate tumor for-
mation, whereas phospholipids such as Ieci-
thin may retard, as may some other sub-
stances derived from the brain tiss~~e if
they are administered in large amounts .

rxoTEiN . Although. protein has a pro-
nounced effect on the development of so-
matie tissue, the alteration in . this macro-
nutrient is not as significant as mighf be
expected in terms of formation or growth
of the tumor. Of course, results of feeding
experiments may be confounded by effects
of altered caloric intake and body weight .
In diets fed ad libitum or calorically re-
stricted, Tannenbaum" and Rusch56 did
not note, any appreciable effect on sarcoma
formation in mice .

The type of protein and composition, es-
pecially total amount of sulfur-containing
amino acids, may play an important role,
as, for example, in hepatoma formation .
Sasaki and Yoshida,60 in feeding rats un-
polished rice soaked in olive oil solution of
o-aminoazotoluene, produced hepatomas in
about 24 per cent of the population and
had 25 per cent fatalities . American work-
ers were unable to repeat this when the
source of protein was wheat . Kinosita,3'
feeding rats unpolished rice soaked in solu-
tion of p-dimethylaminoazobenzene (butter
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yellow), produced hepatomas in shorter
time than Sasaki and Yoshida and found a
higher yield of neoplasms with polished
rice . Again, a bread or wheat protein diet
reduced the rate of hepatoma formation .
Yeast is particularly effective since a level
of 15 per cent of it is almost completely
protective, and any high quality protein
diet and B vitamins, especially B , are de-

fensive mechanisms in inhibiting formation
of such neoplasms .} '

White has shown the influence of a low
cystine diet on inhibition of leukemia in-
duced by methylcholanthrene in DBA
mice." Low levels of cystine and of lysine
(the latter not as marked as the former)
had a similar effect on the incidence of leu-
kemia and the latency period, perhaps be-
cause of effect on a hormonal system

(Table 11) .
41.ficwnutrien.ts .

vrlAMI:\s A ND MIN ERALS . Some vitamins •

appear to suppress while others stimulate
malignant growth. According to Cramer,'°

certain precancerous lesions of the gastric
mucosa such as gastric polyps, atrophic
gastric ulcer, and chronic atrophic gastritis
have been attributed to deficiencies in vita-
min A, riboflavin, and nicotinic acid . These
lesions may advance into neoplasia in the
presence of a carcinogen . In vitamin A de-

ficiency, papillomas appear on the mucous
membranes.10 Kline and co-workers" noted
possible inhibition of skin tumors arising
from a pyridoxine-deficient ration adminis-

tered to mice .
With respect to mammary carcinoma,

Morris}5 observed that riboflavin deficiency
contributed to lowered incidence of these

tumors. Day has reported on the procar-
cinogenic effect of vitamin B, , with rats fed
p-dimethylaminoazobenzene .13 According

to Russell, '~ by depletion of a diet of thia-
mine and riboflavin, brain tumors were in-
duced with methylcholanthrene .

Perhaps the most interesting observations
are those of Japanese and American inves-
tigators"° '" on liver neoplasia in which
riboflavin-rich diets inhibited tumor forma-
tion. This preponderance of evidence on
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hepatomas associated with low B vitamin
diets can probably account for the high
tumor incidence among the Bantus and cer-
tain Asiatic groups .'- °

Hepatic tumors have also been reported
to occur in rats when a choline-deficient
diet was administered to a strain of rats
having a high choline requirement." In
general, the injury of liver cells resulting
from a nutrient deficiency may impair nor-
mal growth of cells, and carcinogens then
may readily induce hepatomatous nodules .

Some attention has been given to the in-
fluence of inorganic compounds or min-
erals, more particularly in recent years
since nutritionists have become interested
in mineral requirements, their role in cer-
tain enzyme systems, and potential toxicity
and carcinogenicity in levels above daily re-

quirements for animals and man . Whereas
many trace minerals at low levels are essen-
tial in metabolic functions, at higher levels
they may be regarded as toxic and are
potential promoters in presence of certain
carcinogens such as the azo dyes. However,

some effect of copper salts on the inhibition
of tumor formation in the presence of azo
dyes has been reported .3' Many of these
trace metals are in foodstuffs such as sea-

foods. These elements are important bio-
logically as metalloenzymes or chelated
compounds and are currently under study.

Some of the cations directly or indirectly
implicated in the genesis of tumors are
arsenic, beryllium, chromates, radium, and

cobalt . The toxicity of arsenic varies widely
with the nature of the compounds, and or-
ganic arsenicals, such as arsanilic acid, have
been used chemotherapeuticaIly without
any observed carcinogenic effect . Cancer of

. .the skin and liver of vineyard workers ex-
posed to arsenical pesticides in Germany
has been reported .'i Experimentation thus

far has failed to establish tumors caused in
animals by arsenic. The validity of certain
epidemiologic data on arsenic is equivocal .

In the scope of mineral elements, the
presence of radioisotopes such as radium,
uranium fallout radionuclides ( Sr"° ; CS1 3-. ,

Bat
40

, It, Sr~ ' ) K40, and C1
4 in our food,
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Table II . 141ethylcholanthrene-induced leukemia in DB A
mice as influenced by high and low levels of cystine and ly .sine in the diet

~ 31ice with leukemia I Ali ce with .scdero.si.s

Mean Alea n
~ latent latent

No. of period period
Diet mice No, % (days) No. ~% ~da~ts,

Dog chow 40 36 90 99 0
High cystine 40 36 90 90 0
Low cystine 40 4 10 10 32 80.0 144
High lysine 36 28 78 78 2 5 . 6
Low lvsine 36 26 72 72 2 5. 3

From White, White, and \(ider .' 5

water supply, and other beverages has been
considered as to potentiality for gene modi-
fication and increased frequency of neo-
plasms in succeeding generations . Further
reference to these radioactive ions will be
discussed under food contaminants .

Influence of additives, contaminants, and
degradation products in foods on muta-
genicity and carcinogenicity . A considera-
tion of food intake in carcinogenesis is not
restricted to nutrition per se but must also
include additives, contaminants, or process-
ing degradation products which may play a
more important role in tumor induction .
Inevitably in the processing of food for
preservation and increased palatability, cer-
tain products are formed such as the hy-
droperoxides in autoxidation or heating of
fats because of the action of oxygen on un-
saturated lipids . These lipid peroxides, or
organic peroxides, may act as inhibitors of
catalase or peroxidases, and on this mecha-
nism rests a possible explanation of the
potential carcinogenic effect. Radiation, of
course, produces effects comparable to au-
toxidation or polymerization through heat-
ing, and it is not surprising that radiation
preservation produces end products in food
comparable to other processing procedures .
The hydroperoxides are readily absorbed
by the organism and soon after ingestion
can be detected in anatomic sites, such as
the liver or adipose tissues of the muscles .
These organic peroxides may attack vita-
mins, inhibit certain enzvmes, affect the

mitochondria, interfere with the function
of cortisone, reduce the s•-iscosits- of desoxv-
ribonucleic acid, attack 1-icmoglobins; and
destrov vital sulfhs-dn-1 linkages . At signifi-
cant levels, they u-ill, as result of vitamin
destruction, produce steriliri-, in rats and
dogs (vitamin E destruction) and hemor-
rhagic diathesis in rats (vitamin K destnic-
tion) ."• " Organic peroxides may produce
cleavage in the 'nucleic acid chain resulting
in alteration in desoxvribonucleic acid
through depoh-merization, thus accotmtina
for their mutagenic action in Drosophila .
Neurospora, and Aspergillus .'1 These ef-
fects are potentiated in some cases b y the
addition of certain carbonvls. particularh-
formaldehvde .

The assessment of carcinocrenicits• sc-ith
respect to organic peroxides, epoxides, or
other polymeric substances is relevant not
only to toxicity but also to their potential
mutagenic action as demonstrated in uni-
cellular forms of life and insects . Ntatsuo}=
has not only shown that removal of perox-
ides from autoxidized products enhanced
the gro«-th rate of rats, but with in vitro
studies, he demonstrated the complexing of
autoxidized ethv1 esters of highly unsatu-
rated fattv acids with ovalbumin .

The hydrocarbons as contaminants are
ubiquitous in ingested materials, and some
are classic carcinogens, such as 3 .4-benz-
pvrene in smoked products -Nvhich ,N-ill be
discussed later . Recent interest has been
shown in the concentration of poh-cyclic
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hvdrocarbons in the drinking water, and
this aspect has not been overlooked in the
incidence of stomach cancer among the
Icelanders .' }

Irritants such as paprika, mustard, and
others may possibly act as cocarcinogens or
procarcinogens when carcinogens such as
dyes or heated or carbonized foodstuffs are
present in food or beverages, according to
Steyn.« ;'

It is difficult to establish Nvhether the
chemical carcinogen acts directly through
metabolites, by hormonal mechanism, or
potentiation by a viral agent. In the case of
food additives or contaminants, it is be-
lieved that some hormonal mechanism is
implicated . Hence, such compounds in food
could be considered indirect agents or car-

cinogens. Food additives are now classified
as those permitted on the basis of exclusion
of a carcinogenic or potential mutagenicor
carcinogenic agent . Currently, in a con-
sideration of radioactivitv (food radio-
nuclides), maximal permissible concentra-

tion (MPC) values are set up as arbitrary
guidelines below ,vhich level no potential
hazard may eiist . Interestingly enough, ac-
cording to Public Law 85-929, no tolerance
levels are legally permitted where the
substance has been, established as carcino-
genic. It has been the practice to set toler-
ance levels for substances as alleged car-
cinogens which occur in the environment
and contaminate food .

With secondarv contaminants such as a
carcinogen identified and extracted from
petroleum waxes, plastics, or processing
degradation products, i.e ., from smoking or

heating, certain requirements are set, and
the process is modified or limited to reduce
the compound to an extremely low level .

Pesticide residues, for example, are reduced
to the lowest practical level when proved
as carcinogenic, or in manv cases, their use
on field crops is completely banned . Fallout
radionuclides, which have implications as
carcinogens, are at levels which in some
cases are hard to detect even by sensitive

methods . Nevertheless, should the concen-
tration increase to a level at which somatic
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tissue damage is envisioned, remedial mea-
sures would have to be instituted to reduce
this contamination to levels below the Fed-
eral Radiation Council guidelines .l '

Specific references to food additives,
food contaminants, and food
degradation products in carcinogenesis

Food colors and additives. The basis for

acceptance or rejection of these substances
applied by the food industry has been
largely through extensive animal experi-
mentation . N17hereas the critical appraisal
is on the basis of oral feeding, and certainly
a proved carcinogen by this technique
would be rejected by Food and Drug
authorities, if tumors are demonstrated by
skin painting or injection, this may also be
the basis for rejection .

Auramine 0 and tetramethyldiaminodi-
phenylcetonimine , are representative of car-
cinogenic food colors, and the component
/3-naphthylamine in yellow OB and AB or
other impurities in this color may be car-
cinogenic . In the Union of South Africa,
according to Steyn,G3 nigrosine and benzo-
purpurine have been removed from per-
mitted list of dyestuffs on the basis of toxic
eflects and not at the moment because of
tiunorigenic incidence .

Since carbon blacks have been shown to
contain 3,4-benzpyrene as a contaminant,
these materials, along with activated char-
coals used as food colors, have been inves-

tigated. The petroleum waxes used in food
packaging and as food additives (chewing
gum) have been and are receiving some
investigation, since certain petroleum frac-
tions have been shown to be highly car-
cinogenic."' In feeding rats D & C red No . 9
for 2 years, Davis and Fitzhugh11 found no
apparent effect on the growth rate, mortal-
ity, and occurrence of tumors from this
food color.

Dulcin or p-phenetylurea (Valzin or
Sucrol) used as sweetening agent has been
shown to be toxic and hepatomatous to

experimental animals.ls Fitzhugh'$ com-
pared the chronic toxicities of P-4000 (2-
amino-4-nitrophenylpropyl ether), cycla-
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mate sodium, and saccharin, and on these
tests, Dulcin was banned by the U. S . Food
and Drug Administration as a food sweet-
ening agent.

Most of the flavoring agents are not car-
cinogenic. However, recent studies by the
U. S . Food and Drug Administration72 have
demonstrated safrole ( component of oil of
sassafras) to be carcinogenic. Safrole oc-
curs as a constituent of essential oils of
cinnamon, nutmeg, and mace and has been
made synthetically. This material is a fla-
voring agent in root beer and sarsaparilla .
At a level of 5,000 p .p .m. when fed to rats,
safrole not only caused liver injury but pro-
duced tumors . Survival rate was affected
down to levels of 100 p .p .m . Within recent
years, safrole has been discontinued as a
flavoring component in beverages, and this
compound ( isosafrole and dihydrosafrole )
has been prohibited in food . No action has
been taken relative to use of cinnamon,
nutmeg, or other natural substances con-
taining low levels of safrole . Dietary factors
may enhance or protect against carcino-
genic or toxic effects of safrole .26 Differ-
ences in the hepatic susceptibility may be
strain and species dependent, and sex and
age may have some influence . Further stud-
ies with dogs are under way to confirm
these findings in another test species .

Certain emulsifying agents in foods such
as Tween 60 (polyoxyethylene sorbitan
monostearate) and in an antibloom agent

for chocolate retarded growth in rats and
hamsters and produced papillomas and car-
cinomas on skin of mice and sarcomas
when injected . This material is an excellent
activater or promoter of tumors when ap-
plied to skin of mice previously treated
with carcinogens such as the polycyclic hy-
drocarbons .4' There is no evidence that
tumors are produced when this compound
is fed .s l

Polyoxyethylene monostearate (Myrj 45),
proposed as an antistaling agent in bread,
fed to rats at a 25 per cent level in the diet
produced some bladder cancer. At lower
levels, these tumors were not produced .
Feeding at such high levels is not realistic
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and is perhaps undesirable from a toxi-
cologic viewpoint; however, the application
of this material in bread manufacture has
not been permitted .-"

As a stabilizer and emulsifie- ~n ice cream
manufacture, carboxymethylceiiulose has
been used . Feeding experiments with rats
on this material have been negative, but
subcutaneous injection in rats for a 2,vear
period resulted in sarcomas.' 2

In beverage manufacture and other
uses, tannie acid is an effective clearing
agent . Tannic acid is also present in tea
and other foods. Hepatomas have been pro-
duced in rats when this material was ad-
ministered by parenteral injection, although
not by feedingi" No restriction against its
use has been imposed since the tumoi's ob-
served have not resulted from feeding or
occurred at the site of injection .

Orange TX (FD & C orange No. 2) and
1-benzeneaz.o-2-naphthol (orange E), struc-
ttu•ally similar to FD & C red No. 32 and
citrus No. 32, have been shown by Bonser,
Jull, and Clayson° to produce mammary
and lung tumors in mice. FD & C red No .
32, used for dyeing oranges, has been
banned for its high toxicity . A preservative
used in cheese, 8-hydroxyquinoline, has
been shown to produce cancer of the
breast, cervix, and brain in rats .

For fattening of poultry and cattle, di-
ethylstilbestrol has been used as implanted
pellets and as an additive to rations and
has been shown to have carcinogenic prop-
erties .'-1 The fact that a tissue residue re-
mains in poultry from pellet implantation
has resulted in prohibition of its use, but in
livestock feed it has not been discontinued
in the United States .

Food contaminants . The wide scale use
of agricultural chemicals and pesticides has
invoked certain requirements as to plant
residues, specifically those proved experi-
mentally to be carcinogens .

Aramite, used for control of mites in cer-
tain fruit crops, has been applied in this
country at level of 1 p .p .7u . This chemi-
eal ( 2-[p-tertiary-butylphenoxv]isoprop~•1-
2-ehloroethylsulfite ) contains a small
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amount of 2-(p-tert .-butylphenoxy)isopro-
pyl sulfite. In feeding trials with rats (2
years) and dogs (1 year) and subsequent
carcinogenicity studies with several strains
of rats and mice and dogs, hepatomas were
produced in several species at the level of
application of 1 p .p .m., which is used on
fruits .i0~ °' Whereas this acaricide had been
in use for 8 years, zero tolerance levels for
this compound have been established . It is
currently used on nonfood crops .

The widespread use of the fungicides
thiourea and thioacetamide for citrus fruits
was discontinued when feeding of these
compounds produced hepatomas in rats .Z°
Thiourea, which is known to be thyrotoxic,
has also been observed to produce thyroid
tumors in rats and mice .'i3 Perhaps a plant
residue of more recent national interest is
the effective weed killer aminotriazole ( 3-
amino-IH-1,2,4-triazole), which was used
in cranberry bogs . While there seemed to
be no hazard if this plant growth regulator
was used well in advance of the harvesting
of cranberries, concern was shown when
the compound was applied prior to harvest-
ing and hence there was the possibility of
residue . This compound, when fed to rats
at 15 p .p .m., produced thyroid adenomas
and some adenocarcinomas. It has been
stated that similar goitrogenic substances
occur in foods, particularly the Brassica,
and propylthiourea is used therapeutically
with no evidence of tumors in man . Never-
theless, a zero tolerance has been set for
this weed kitier in this country .3 0

Another plant growth regulator, IPC (iso-
propyl-N-phenylcarbamate), also a weed
killer, is used in sprout inhibition for po-
tatoes . Again, this chemical leaves a residue
in food . By feeding of this compound alone
to mice and rats, no tumors were produced .
However, if it was given orally to mice in
conjunction with painting the skin with cro-
ton oil in olive oil, after 6 months, skin
papillomas were produced. The incidence
of papillomas was greater for the test group
than for the control group (solution of cro-
ton oil) . Another method for sprout in-
hibition used currently in Russia and Can-
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ada is the treatment of potatoes with a
7,000 rad. dose of y radiation. Since
radiation processing does not introduce the
problem of residue (no induced radioac-
tivity with a Co" source), this method may
warrant serious consideration to obviate the
use of chemicals . The Netherlands has es-
tablished a provisional tolerance for IPC .1 6

The wide spectrum of pesticides de-
veloped and applied in this country repre-
sents a potential carcinogenic hazard . In-
deed, many experimental insecticides such
as 2-acetvlaminofluorene never reached the
marketable stage because of their major
carcinogenic properties . The literature is
replete with data on the tumorigenic po-
tential of 2-acetylaminofluorene .4 DDT,
widely found as a contaminant (milk, meat,

fodder, etc .), is a weak carcinogenic agent,
but more extensive studies are required on
this pesticide .'9 Recent studies by Davis
and Fitzhugh'" have shown that aldrin and
dieldrin, common pesticides, were not con-
sidered carcinogens since tumors produced
in mice were morphologically benign .

Certain molds and fungi can also con-
taminate food supplies . Liver injuries,

acute, subacute, and chronic, have been
induced in ddD mice and Wistar rats fed
rice contaminated with Penicillium is-
landicum according to Miyake and asso-
ciates.}' These mice had nodular hyper-
plasia of the liver and adenomatous nod-
ules . The metabolites produced by moldy
rice grains were quite toxic, and the eti-
ologic agents have been identified as a
yellow toxic substance, which is luteo-
skyrin, and a colorless toxic substance,
which is a chlorine-containing peptide . A
diet with as low as I per cent moldy rice
was fatal to some mice after 200 days . Pri-
mary hepatic carcinoma was found in rats
dying at 548 to 553 days on a diet with

5 per cent moldy rice .
A new disease called "turkey X disease"

has recently been reported relative to high
death rate of turkey poults in England in
1960. Postmortem examination of dead
poults from field studies revealed acute
hepatic necrosis associated with general-
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ized bile duct proliferation . Outbreaks of
this disease followed the use of a ration
containing Brazilian peanut meal . NVhile
the results with poults pointed to hepato-
toxicity, other studies with rats fed 20 per

cent of this meal in the diet led to reduced
food intake, lessened growth rate, and
severe liver lesions. The nodules in the
liver of rats fed this peanut meal consisted
of liver tumors of three types : solid yellow-
ish lobulated hepatomas and blood-filled or
bile-filled cysts . The acute liver damage in
turkey poults was not produced in rats, but
rather, multiple liver tumors (nine out of
eleven), of which some had lung metas-
tases, give evidence to the hepatotoxicity
and carcinogenicity of this agent . Toxic
peanut meal causes hepatic changes in cat-
tle, pigs, and sheep. A dose of 20 µg of
the extracted principle from toxic meal fed
orally to 1-day-old ducklings was fatal in
24 hours, but lesser amounts produce the
liver lesion .'°! 5 e

Further work on the extract from meal
(which has been characterized in products
from countries other than Brazil) has es-
tablished that the toxin-producing agent or
fungus is Aspergillus flavus Link ex Fries .
Apparently, certain strains of Aspergillus
will produce this pathologic state and oth-
ers will not since there is a body of infor-
mation in this country on the feeding of
moldy cereal grains in -which such findings
have not been reported relative to the
hepatotoxic or tumorigenic effects . Richard-
son ,' has reported on the effect of a moldy
diet on the growth and mortality of chicks
and poults with no tumorigenic findings .

With nuclear detonations and increased
use of nuclear energy, the diet is now con-
taminated with radioactivitv . An extensive
research effort is now under wav by the
U . S . Public Health Service and the Atomic
Energy Commission to ascertain the effects
of low level radioactivity relative to somatic
and genetic hazards and, more specifically,
the potential leukemogenic or sarcomagenic
properties . While the occurrence of radio-
nuclides in foods, other than fallout radio-
isotopes, is frequently overlooked, it is well
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to recognize thelevel of these in foods,
beverages, and potable water supplies .
)-lavneord stated that the British diet con-
tained amounts of radium and thorium
equivalent in effect to some 300 times the
present intake of Sr`f6 from fallout . For ex-
ample, in 4 ounces of Brazil nuts, there is
3 times the amount of radium and thorium
found in all the bone and soft tissues of a
normal adult.

Kraybill" s' has tabulated the relative
contribution of radioactivitv in foods from
various sources, including fallout and the
naturally occurring elements K4 ", Ra"", and
Ci', etc . These are listed in Table III .

The body at equilibrium has a burden
of 130,000 bLµc of K}° . The effect of K-'° has
never been established, as has neither the
influence of low levels of radium, but epi-
demiologic studies are now under wav to
ascertain, if any, the influence of uranium
and radium in certain rivers and its poten-
tial contribution to cancer incidence or
other health hazards (Farmington, Ne«-
J,Iexico, Studies) . With radiation, there is
not the issue as to threshold value belo«-
which effects are not harmful but rather of
a stopping point where dilution in space
is so great that the incidence of tumors
attributable to fallout is considered neg-
ligible in comparison with end achieved.

Food processing degradation products.
Within the last decade, investigators have
concentrated on the influence of degrada-
tion products of foods on biologic re-

Table III . Natural and fallout
radioactiLity in foods

Radioaeticity j Element and lecel

Fallout radionuclides
(1961) SO" : CS 13 -, : I 131 ° :

(uµc per day) 3-20 5-120 10- 500

Natural radioactivitv : Ra="°} : K+ott :

Probable dailv intak e
(µµc) 2-15 270 0

"At the peak of U .S .S .R . tests (values in milk) .

;Brazil nuts : 1,000 uµc per kilogram; some potable

~-aters : 30 µµc per liter.

;\ieats principal contribiitor: 800 µµc per day.

Data from Kraqbill?s. as

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved. 
 No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, 

or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



82 Kraybill

sponse of animals and man . As early as
1939, Widmark13 concluded that extracts of

roasted foods contain one or more car-
cinogenic or cocarcinogenic agents . In this
category, one might consider roasted cof-
fee, autoxidized fats, or browned butter .
In his early work, Roffo found tumor
growths in the stomach, liver, and cecum
of rats fed on bread and milk to which was
added animal fat or olive oil that had been
heated to 3500 F. for 1/2 hour. Since that
time, many experiments have been com-
pleted on heated fats showing their toxic
effects, vitamin destructive potential. (vita-
mins A, E, and K), and cocarcinogenic
properties with chemical carcinogens . Beck
and Peacock3 found that fats (cottonseed
and whale oils) heated to 200 to 2200 C.
in an iron saucepan for 30 minutes on 30
consecutive days and fed to rats caused
papillomas of the stomach associated with
vitamin A deficicncy .

. Mare recently, Sugai and KummerowG4
have 'shmvrl that a nonurea adduct-form-
ing fraction isolated from heated corn oil
acted in synergism with 2-acet\1<unino-
fluorene and enhanced its carcinogenic ac-
tivity. In this work, only 0.005 per cent of
2-acetylaminofluorene and 2 .5 per cent of
the nonurea adduct-forming fraction from
heated corn oil induced ear duct and liver
tumors . Unpolymerized or fresh fats are
not capable of inducing these tumors . The
inference from these studies is that over-
processing of foods or food fats is unwar-
ranted .

Another processing method or preserva-
tion procedure is that of smoking . Smoked
food has been showrl to contain 3,4-benz-
pyrene23 (1 .9 to 10 .5 µg per kilogram for
smoked sausage and 1 .7 to 7 .5 µg per kilo-
gram for smoked fish) . The benzpyrene
contained in 1 Kg . of smoked mutton cor-
responds to the quantity contained in the
smoke condensate of 250 cigarettes .1' The
concentration of this carcinogenic poly-

cyclic hydrocarbon and other hydrocarbons
in food is shown in Table I`' as presented
by Bailey . `

From epidemiologic studies according to
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Table IV . Polycyclic aromatic hydrocarbons
in smoked f ood "

Ht/drocarbon I b2utton I Trout I Cod I Redfish

Acenaphthylene 187 .7 83 .0 0 4 . 5

Fluorene 20 .6 31 .1 0 0

Phenanthrene 86 .5 41 .8 0 5 . 0

Anthracene 19 .8 13 .1 1 .8 1 . 5

Pyrene 5 .9 4 .9 0 .7 3 . 0

Phenanthrene 4 .6 0 0 .5 4 .0

1,2-Benzpyrene 0 0 1 .9 0 .3

3,4-Benzpyrene 1 .3 2.1 0 .5 0 . 8

From Bailey and Dungal?

°Concentration in µgm per 1,000 Gm. of cvet food

Dungal, the incidence of neoplasms among
Baltic or Icelandic fishermen eating these
smoked fish is 3 times that for inland pop-
ulations and specifically for gastrointestinal
cancer 4 times that in a population on
nonsmoked fish diets . The stomach cancer
incidence in Iceland represents about 35
to 45 per cent of all malignant tumors .

The use of uncontaminated wood and
purified smoke extracts is important, and
in many places, liquid smoke treatment is
being u.tilized= for preservation and flavor .

The channel process for making carbon
black, for example, is now used since this
material is not contaminated with 3,4-benz-

pyrene .
Ever since hatchery-reared rainbow trout

have been on dry pelleted rations, liver
tumors have appeared . The first observa-
tions were made on yearling fish, and in
some groups, the incidence was as high as
70 to 80 per cent . The lesion is quite spe-
cific for one strain of fish, the rainbow trout,
and fish maintained on fresh liver, meat
scraps, or a purified ration have practically
no incidence of hepatomas. Thus far, the
causative factor would seem to point to a
component of the dry diet . Not all dry
commercial rations will produce liver tu-
mors, and only a few "hot diets" will in-
duce a high incidence of tumors . It would
appear that extensive processing of the
plant and animal protein meals used in the
ration may be involved. Recent work by

Halver, Johnson, and Ashley'i and by
LaRoche and colleagues" points to a lipid
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fraction in fish meal or cottonseed meal
portion; these materials probably have a
high polymerized-oil content which im-
pairs the intermediary metabolic pathways
of this macronutrient.

Extensive research is now under way to

isolate and identify the etiologic agent and
to determine what practical measures can
be taken to eliminate the processing degra-
dation products responsible for induction
of hepatoma . The disease appears in both
the nodular and massive forms, and metas-
tases have been observed in hemapoietic
tissue of the kidney and spleen . These
studies are important in extending knowl-
edge on the mechanism of dietary carcino-
gens .27,

Relative to hydroperoxides and polymer-
ized lipid products, it is interesting that
Harman'-' has obtained inhibition of spon-
taneous cancer by antioxidants as well as
prolongation of life span in C3H and

AKR mice . At the 1 per cent level in
a pelleted diet, 2-mercaptoethylamine
prolonged half survival time of C3H
female mice from 14 .5 to 18 .3 months . This
antioxidant also produced a marked de-
crease in the tumor incidence of C,3H
female mice. Perhaps the antioxidant
inhibits the formation of oxidized poly-
merized material (mitochondrial lipids )
and may decrease the probability of free
radical attack on cell constituents . As for
tumor formation, it is possible that hydrox-
ylamine may depress the respiratory en-
zyme in tumor cells or may protect some
area of the desoxyribonucleic acid involved
in initiation of the cancer .

Lymphosarcoma and cancer of the lungs
were the frequent malignant states re-
ported in the TM (tropical medicine)
strain of mice on the Rockland diet sup-
plemented with raw egg yolk and hard-
boiled egg white, according to Szepsen-
wol .66 These results reported by the Puerto
Rico investigators have been challenged
by others in the United States who have
failed to confirm these findings. It is pos-
sible that a different strain of mice, pres-
ence of a viral agent in the mouse colony,
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or pathogens in , the product tested may
have some bearing on these controversial
findings . Until these experiments are con-
firmed or not validated, the concept of egg
protein being a carcinogen is indeed equiv-
ocal .

N17hile radiation processing is not at the
moment an accepted commercial proce-
dure, it is important to recognize that only
certain radiation sources would be cur-
rently approved relative to absence of in-
duced radioactivity . For food processing,
low energy sources (Co`0 at 1 .13 and 1 .33
Mev.) at least below the threshold energy
level of 12 Mev . would be recommended .
Measurable induced radioactivitv would
be possible above this energy level . Linear
accelerators with beam energies up to 24
Mev. will give rise to induced radioactivitv .
The radioisotopes produced are \a"", P3 2 ,
I733 S3', Mn", Zns', Rb", and I'"s . These
radionuclides decav in a short time on
storage of food, and the levels are below
the maximal permissible concentration val-
ues for water as reported in National . Bu-
reau of Standards Handbook 69. Despite
this, should such a process be used utiliz-

ing high energy radiation sources, the non-
carcinogenic properties of this low level
radioactivity in food would have to be
established in accordance with the Delanev
Amendment (Public La-,,,, 85-929) .

Conduding comments

In a critical assessment of the factors in-
volved in the genesis of neoplastic disease,
the role of ingested materials, food, drugs ,
and water cannot be overlooked as a major
environmental effect . Earlier studies with
experimental animals and more indirect
clinical observations with man directed at-

tention to the importance of caloric intake
and the effect of protein fat and vitamins
on the initiation and growth of tumors . Die-
tary intake or nutrition per se must in gen-
eral be viewed as a modifier in develop-
ment of a neoplasm rather than the causa-

tive agent. A low level of nutrition, mini-
mal calories, and submarginal deficiencies
of vitamins tend to inhibit and retard the
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growth of the tumor. However, these con-
ditions may also have adverse physiologic

effects .
More recently, attention has been fo-

cused not on the role of nutrition but rather
on the specific and additive influences of
perhaps more important contributors, such
as the materials that are added to food (in
processing), contaminants such as spray
residues, and finally, through processing,
canning, or heating, the degradation prod-
ucts that are ever present . It is not sur-
prising with the present state of the art
and,advances in foodresearch and tech-
nology that over 800 chemical substances
find their way into foodstuffs . Many of the
chemical additives such as emulsifiers and
stabilizers for aqueous and fat phases are
designed to facilitate processing of many
food products . Others enhance color, im-
prove palatability, extend shelf life, and
modify texture . To prevent insect damage
to fruits and vegetables and to control size
of plants, pesticides and plant growth reg-
ulators have become an integral part of

agricultural practice . Spray or plant resi-
dues of these chemicals may not be com-
pletely, removed in some cases prior to
consumption and hence contribute to food
contamination .

Recent legislation has required that tox-
icity tolerances be established for many
substances, and if it is proved carcinogenic,
such a chemical or additive may be com-
pletely restricted. Food and drug regula-

tory groups have accordingly evaluated
many materials for their potential toxi-
cologic or carcinogenic properties ; some
have been cleared and are on approved
lists, while others have been rejected.

Current research has established the fact
that some chemicals or food degradation
products such as the hydroperoxides may,
in the presence of a chemical carcinogen
or a latent viral agent, serve as promoters
in the induction of certain tumors . Such

examples as moldy peanut meal and drv
pelleted trout ration with certain degra-
dative products may be illustrative of the
effect of these etiologic agents in the forma-
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tion of liver tumors in rats and rainbow

trout. The effect of agricultural chemicals
or insecticides which may inadvertently en-
ter food must be removed to obviate the
possibility of initiating and accelerating tu-
mor growth. The effect of low level radio-
activity, specifically fallout radionuclides,
on carcinogenic processes has not been as-
sessed as critical on the basis of current
experience or experiments. However, the
long-term or latent effect of these radio-
active elements does remain in doubt .

More extensive testing and research are
needed to achieve a better understanding
of the mechanism of action of food addi-
tives, contaminants, and especially the
lesser-known processing degradation prod-
ucts . With respect to processing and pres-
ervation of foods, freezing, freeze drying,
cold storage, or refrigeration of foods
would appear to present the least deterio-

rative changes . Since current investigations
have directed attention to the effect of
processing on nutrient value and potential
toxicity, the synergistic action of degrada-
tive end products must also be appraised
in the presence of a chemical carcinogen
and the subsequent induction of a neo-
plasm.

The effect of heated fats on induction of
certain tumors, specifically hepatomas, is
illustrative of the property of these break-
down products to promote tumors in rats
in the presence of classic carcinogens such
as 2-acetylaminofluorene.

The probable influence of multiple fac-
tors and the diverse characteristics of dif-
ferent neoplasn-is contribute much to the
complexity of the problem and preclude

the establishment of a single chemical en-
tity as a food additive, contaminant, or
breakdown product as solely responsible

for induction and growth of a tumor . With

more extensive research, however, it is
hoped that a clearer understanding of the
mechanism will provide some insight into
the specific role, if any, of all these asso-
ciated factors and nutrient levels on the
fundamental development, growth, or re-
gression of malignant cells .
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Summary

Extensive animal investigations and clin-
ical evidence in man demonstrate that
cancer is a disease which is enhanced
through an optimal nutritional status of the
host. Caloric restriction and marginal vita-
min deficiencies serve to inhibit tumor for-
mation. There are some notable exceptions,
however, where dietary deficiencies poten-
tiate formation of tumors . Current attention
through research and testing is directed to
the role of food additives, pesticides as con-
taminants, and heat-processing degradation
products (organic peroxides, etc.), in their
synergistic action or as promoters in tan-
dem with primary chemical carcinogens in
the genesis of neoplasms . Some food colors
previously approved and utilized in food
industry have now been rejected on basis
of cancer-producing properties in animals .
Similarly, certain pesticides have been dis-
continued on the same basis.

The association of processing degrada-
tion products arising, for example, from
heating and smoking with tumor induction
has directed attention to these products as
potential etiologic agents . Gastrointestinal
or stomach cancer from continuous inges-
tion of smoked meats containing 3,4-benz-
pyrene as observed in Icelanders is illus-
trative . Treatment with azo dyes of rats
which were maintained on diets containing
heated fats induced hepatomas, showing
the effect of autoxidized lipids as promo-
ters . Liver tumors have also been observed
in rats consuming certain moldly peanut
meals and in trout fed dry pelleted rations
containing allegedly polymerized lipids,
providing additional evidence of the effect
of degradative products and contaminants
in tumor production.

The sequence of events leading to the
establishment of Federal legislation requir-
ing evaluation of a wide spectrum of food
materials in terms of potential toxic or car-
cinogenic properties is discussed . Examples
of food additives, food contaminants, and
food degradation products implicated in
various types of tumor induction are cited.
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Exploitation of the .leads from this area of
research is considered important in provid-
ing a better understanding of the mech-
anism of carcinogenesis .
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