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NOTE TO THE READER

The term 'carcinogenic risk' in the IARC Monograph series is taken
to mean the probability that exposure to the chemical will lead to cancer

in humans.

Inclusion of a chemical in the monographs does not imply that it is
a carcinogen, only that the published data have been examined. Equally,
the fact that a chemical has not yet been evaluated in a monograph does
not mean that it is not carcinogenic.

Anyone who is aware of published data that may alter the evaluation
of the carcinogenic risk of a chemical for humans is encouraged to make
this information available to the Unit of Chemical Carcinogenesis,
International Agency for Research on Cancer, Lyon, France, in order that
the chemical may be considered for reevaluation by a future Working Group.

Although every effort is made to prepare the monographs as accurately
as possible, mistakes may occur. Readers are requested to commmicate any
errors to the Unit of Chemical Carcinogenesis, so that corrections can be
reported in future volumes.
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JARC MONOGRAPH PROGRAMME (N THE EVALUATION OF THE
CARCINOGENIC RISK OF CHEMICALS TO HUMANS

PREAMBLE

BACKGROUND

In 1971, the International Agency for Research on Cancer (IARC)
initiated a programme on the evaluation of the carcinogenic risk of
chemicals to humans centred on the production of critically evaluated
monographs on individual chemicals. Since 1972, the programme has under-
gone considerable expansion, primarily with the scientific collaboration
and financial support of the US National Cancer Institute.

The criteria established in 1971 to evaluate the carcinogenic risk
of chemicals to humans were adopted in essence by all the working groups
whose deliberations resulted in the first 16 volumes of the TARC Monograph
series. In October 1977, a joint IARC/WHO ad hoc Working Group met to
reevaluate these guiding criteria; this preanble reflects the results of
their deliberations!.

OBJECTIVE AND SCOPE

The objective of the monograph programme is to collect all available
relevant experimental and epidemiological data about groups of chemicals
to which humans are known to be exposed, to evaluate these data in terms
of human risk with the help of international working groups of experts
in chemical carcinogenesis and related fields, and to publish and dissemi-
nate the conclusions of those working groups as a series of monographs.

The critical evaluations of experimental data given in these mono-
graphs are intended to assist national and international authorities in
formulating decisions concerning preventive measures. The WHO publications
on food additives?, drugs®, pesticides and contaminants" and occupational
carcinogens® are particularly informative.
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Since the programme began in 1971, 17 volumes have been published®—??
in the TARC Monograph series, and 380 separate chemicals have been evalu-
ated (see cumulative index to the monographs, p. 353). Each volume is
printed in 4000 copies and distributed via the World Health Organization
(WHO) publications service (see inside covers for a listing of IARC publi-

cations and back outside cover for distribution and sales services).

The TARC Monographs are recognized as an authoritative source of
information on the carcinogenicity of environmental chemicals. The first
users' survey, made in 1976, indicates that the monographs are consulted

routinely by various agencies in 24 countries.

SELECTION OF CHEMICALS FOR MONOGRAPHS

The chemicals (natural and synthetic, mixtures and manufacturing
processes) are selected for evaluation on the basis of two main criteria:
(1) there is evidence of human exposure, and (2) there is some experimental
evidence of carcinogenicity and/or there is some evidence or suspicion of
a risk to humans. Inclustion of a chemical in a volume does not imply that
the chemical is carcinogenic, only that the published data have been
examined. The evaluations must be consulted to ascertain the conclusions
of the Working Group. Equally, the fact that a chemical has not appeared

in a monograph does not mean that the chemical is not carcinogenic.

The scientific literature is monitored for published data relevant

to the monograph programme. Additionally, the IARC Survey of Chemicals
23-~29

Being Tested for Carcinogenicity often indicates those chemicals

that are to be scheduled for future meetings. The major aims of the
survey are to prevent unnecessary duplication of research, to increase
communication among scientists, and to make a census of chemicals that

are being tested and of available research facilities.

When new, relevant information becomes available concerning a
chemical (s) which has already been evaluated, or when new principles for
evaluating carcinogenic risk receive acceptance, reevaluations may be made

at subsequent meetings, and a monograph(s) may be revised and published.
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WORKING PROCEDURES

Approximately one year in advance of a working group meeting, a list
of the substances to be considered is prepared by IARC in consultation
with other experts. Subsequently, all relevant biological data are
collected by IARC; in this context, US Public Health Service Publication
No. 149%°~35 has been particularly valuable and has been used in conjunc-
tion with other recognized sources of information on chemical carcino-
genesis. The major effort in the collection of data and the preparation
of first drafts for the sections on chemical and physical properties, on
production, use and occurrence and on analysis is made by SRI International
under a separate contract with the US National Cancer Institute. Most of
the data they provide on production, use and occurrence concern the United
States and Japan; SRI and IARC try to supplement this information with
that fram other sources in Europe. Important bibliographical sources for
mutagenicity and teratogenicity data are the Environmental Mutagen Infor-
mational Center and the Environmental Teratology Information Center, both
located at the Oak Ridge National ILaboratory, USA.

Six to nine months before the meeting, reprints of articles contain-
ing relevant biological data are sent to an expert(s), or are used by
the JARC staff, for the preparation of first drafts of the monographs.
These drafts are edited by IARC staff and are sent prior to the meeting
to all participants of the Working Group for their comments. The Working
Group then meets in Lyon for seven to eight days to discuss and finalize
the texts of the monographs and to formulate the evaluations. After the
meeting, the master copy of each monograph is verified by consulting the
original literature, then edited and prepared for reproduction. The
monographs appear in print within six months after adjournment of the
Working Group meeting.

DATA FOR EVALUATIONS

With regard to biological data, generally only reports that have been
published or accepted for publication are reviewed by the working groups.
The monographs do not cite all of the literature on a particular chemical:
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only those data considered by the Working Group to be relevant to the
evaluation of the carcinogenic risk of the chemical to humans are included.

Anyone who is aware of data that have been published or are in press
which are relevant to the evaluations of the carcinogenic risk to humans
of chemicals for which monographs have appeared is urged to make them
available to the Unit bf Chemical Carcinogenesis, International Agency

for Research on Cancer, Lyon, France.

THE WORKING GROUP

During a meeting the tasks of the Working Group are generally fivefold:
(1) to confirm that all relevant published data are included; (2) to
ensure that the summaries of data enable the reader to follow the reasoning
of the camittee; (3) to judge the significance of the experimental and
epidemiological results; (4) to select and summarize the data on which to
base an evaluation; and (5) to formulate an evaluation of the carcinogenic
risk of the chemical.

Working Group participants who contributed to the consideration and
evaluation of chemicals within a particular volume are listed, with their
addresses, at the beginning of each publication (see p. 3). Each member
serves as an individual scientist and not as a representative of any
organization or government. In addition, observers are often invited

from national and international agencies, organizations and industries.

GENERAL PRINCIPLES FOR EVALUATING THE CARCINOGENIC RISK OF CHEMICALS

The widely accepted meaning of the term 'chemical carcinogenesis',
and that used in these monographs, is the induction by chemicals of
neoplasms that are not usually observed, the earlier induction by chemicals
of neoplasms that are usually observed, and/or the induction by chemicals
of more neoplasms than are usually found, although fundamentally different
mechanisms may be involved in these three phenomena. Etymologically, the
term 'carcinogenesis' means the induction of cancer, that is, of malignant
neoplasms; however, the commonly accepted meaning is the induction of
various types of neoplasms or of a combination of malignant and benign tumours.
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Within the monographs, the words 'tumour' and neoplasm' are used inter-
changeably (In scientific literature the terms 'tumourigen', 'oncogen'
and 'blastomogen' have all been used synonymously with 'carcinogen',
although occasionally 'tumourigen' has been used specifically to denote
the induction of benign tumours).

The term 'cércinogenic risk' in this TARC Monograph series is taken
to mean the probability that exposure to the chemical will lead to cancer
in humans.

Experimental Evidence

Qualitative aspects

Both the interpretation and evaluation of a particular study as well
as the overall assessment of the carcinogenic activity of a chemical
involve several qualitatively important considerations, including:

(1) the experimental conditions under which the chemical was tested,
including route of administration and exposure, species, strain, sex, age,
etc.; (2) the consistency with which the chemical has been shown to be
carcinogenic, e.g., in how many species and at which tumour sites(s);

(3) the spectrum of neoplastic response, from benign neoplasia to multiple
malignant tumours (this consideration warrants special attention);

(4) the stage of tumour formation in which a chemical may be involved:
some chemicals act as complete carcinogens and have initiating and promot-
ing activity, while others are promoters only; and 5) the possible role
of modifying agents.

Many chemicals induce both benign and malignant tumours; few instan-—
ces are recorded in which only benign neoplasms are induced by chemicals
that have been studied extensively. Benign tumours may represent a stage
in the evolution of a malignant neoplasm or they may be 'end-points’
which do not readily undergo transition to malignant neoplasms. If a
substance is found to induce only benign neoplasms in experimental animals,

the chemical should be suspected of being a carcinogen and requires further
investigation.
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Hormonal carcinogenesis

Hormonal carcinogenesis presents certain distinctive features: the
chemicals involved occur both naturally and exogenously; in most instances,
long exposure is required; tumours occur in the target issue in association
with a stimulation of non-neoplastic growth, but in some cases, hormones
pramote the proliferation of tumour cells in a target organ. Hormones
that occur in excessive amounts, hormone-mimetic agents and agents that
cause hyperactivity or imbalance in the endocrine system may require eval-
vative methods comparable with those used to identify chemical carcinogens;
particular emphasis must be laid on quantitative aspects and duration of
exposure. Some chemical carcinogens have significant side effects on the
endocrine system, which may also result in hormonal carcinogenesis. Syn-
thetic hormones and anti-hormones can be expected to possess other phar-
macological and toxicological actions in addition to those on the endocrine
system, and in this respect they must be treated like any other chemical
with regard to intrinsic carcinogenic potential.

Quantitative aspects

Dose-response studies are important in the evaluation of carcino-
genesis: the confidence with which a carcinogenic effect can be established
is strengthened by the cbservation of an increasing incidence of neoplasms

with increasing exposure.

The assessment of carcinogenicity in animals is frequently complicated
by recognized differences among the test animals (species, strain, sex, age),
in route(s) of administration and in dose/duration of exposure; often,
target organs at which a cancer occurs and its histological type may vary
with these conditions. Nevertheless, indices of carcinogenic potency in
particular experimental systems (for instance, the dose-rate required under
continuous exposure to halve the probability of the animals remaining
tunourless®®) have been formulated in the hope that, at least among categories
of fairly similar agents, such indices may be of some predictive value in

other systems, including humans.

Chemical carcinogens differ widely in the dose required to produce a
given level of tumour induction, although many of them share common
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biological properties which include metabolism to reactive (electro-
philic®’~%%) intermediates capable of interacting with DNA. The reason
for this variation in dose-response is not understood but may be due either
to differences within a common metabolic process or to the operation of
qualitatively distinct mechanisms.

Statistical analysis of animal studies

Tumours which would have arisen had an animal lived longer may not
be observed because of the death of the animal from unrelated causes, and
proper allowance must be made for this possibility. Various analytical
techniques have been developed which use the assumption of independence
of competing risks to allow for the effects of intercurrent mortality on
the final numbers of tumour-bearing animals in particular treatment groups.

For externally visible tumours and for neoplasms that cause death,
methods such as Kaplan-Meier (i.e., 'life-table', 'product-limit' or
'actuarial') estimates®®, with associated significance tests*°’*!, are
recammended .

For internal neoplasms which are discovered ‘incidentally'"? at
autopsy but which did not cause the death of the host, different estimates“?

LOrkl

and significance tests may be necessary for the unbiased study of the

numbers of tumour-bearing animals.

A1l of these methods®®’*°/*!'%2 can be used to analyse the numbers
of animals bearing particular tumour types, but they do not distinguish
between animals with one or many such tumours. In experiments which end
at a particular fixed time with the simultaneous sacrifice of many animals,
analysis of the total mumbers of internal neoplasms per animal found at
autopsy at the end of the experiment is straightforward. However, there
are no adequate statistical methods for analysing the numbers of particular
neoplasms that kill an animal host.

There are problems not only of differential survival but of differen-
tial toxicity, which may be manifested by unequal growth and weight gain
in treated and control animals. These complexities should also be considered
in the interpretation of data, or, better, in the experimental design.
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Evidence of Carcinogenicity in Humans

Evidence of carcinogenicity in humans can be derived from three types
of study, the first two of which usually provide only suggestive evidence:
(1) reports concerning individual cancer patients (case reports), including
a history of exposure to the supposed carcinogenic agent; (2) descriptive
epidemiological studies in which the incidence of cancer in human popula-
tions is found to vary (spatially or temporally) with exposure to the
agent); and (3) analytical epidemiological studies (e.g., case-control
or cohort studies) in which individual exposure to the agent is found to

be associated with an increased risk of cancer.

An analytical study that shows a positive association between an
agent and a cancer may be interpreted as implying causality to a greater
or lesser extent, if the following criteria are met: (1) There is no
identifiable positive bias (By 'positive bias' is meant the operation of
factors in study design or execution which lead erroneously to a more
strongly positive association between an agent and disease than in fact
exists. Examples of positive bias include, in case-control studies, more
nearly complete ascertainment of exposure to the agent in cases than in
controls and, in cchort studies, more nearly complete detection of cancer
in individuals exposed to the agent than in individuals not exposed).

(2) The possibility of positive confounding has been considered (By 'posi-
tive confounding' is meant a situation in which the relationship between
an agent and a disease is rendered more strongly positive than it truly
is as a result of an association between that agent and another agent
which either causes or prevents the disease. An example of positive
confounding is the association between coffee consumption and lung cancer,
which results from their joint association with cigarette smoking).

(3) The association is unlikely to be due to chance alone. (4) The asso-

ciation is strong. (5) There is a dose-response relationship.

In some instances, a single epidemiological study may be strongly
indicative of a cause-effect relationship, however, the most convincing
evidence of causality comes when several independent studies done under

different circumstances result in 'positive' findings.
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Analytical epidemiological studies that show no association between an
agent and a cancer ('negative' studies) should be interpreted according
to criteria analogous to those listed above: (1) There is no identifiable
negative bias. (2) The possibility of negative confounding has been
considered. (3) The possible effects of misclassification of exposure or
outcome have been considered.

In addition, it must be recognized that in any study there are
confidence limits around the estimate of association or relative risk.
In a study regarded as 'negative', the upper confidence limit may indicate
a relative risk substantially greater than unity; in that case, the study
excludes only relative risks that are above this upper limit. This usually
means that a 'negative' study must be large to be convincing. Confidence
in a 'negative' result is increased when several independent studies

carried out under different circumstances are in agreement.

Finally, a 'negative' study may be considered to be relevant only to
dose levels within or below the range of those cbserved in the study and
is pertinent only if sufficient time has elapsed since first human exposure
to the agent. Experience with human cancers of known etiology suggests
that the period from first exposure to a chemical carcinogen to development
of clinically cbserved cancer is usually measured in decades and may be in
excess of 30 years.

Experimental Data Relevant to the Evaluation of Carcinogenic Risk to Humans

No adequate criteria are presently available to interpret experimental
carcinogenicity data directly in terms of carcinogenic potential for humans.
Nonetheless, utilizing data collected from appropriate tests in animals,
positive extrapolations to possible human risk can reasonably be approximated.

Information compiled from the first 17 volumes of the Monographs*®~"*%
shows that of about 26 chemicals or manufacturing processes now generally
accepted to cause cancer in humans, all but possibly two (arsenic and
benzene) of those which have been tested appropriately produce cancer in
at least one animal species. For several (aflatoxins, 4-aminobiphenyl,
diethylstilboestrol, melphalan, mustard gas and vinyl chloride), evidence
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of carcinogenicity in experimental animals preceded evidence obtained
from epidemiological studies or case reports.

In general, the evidence that a chemical produces tumours in experi-
mental animals is of two degrees: (1) sufficient evidence of carcinogenicity
is indicated by the production of malignant tumours; and (2) limited
evidence of carcinogenicity reflects the qualitative and/or quantitative
limitations of the experimental results.

For many of the chemicals evaluated in the first 17 volumes of the
IARC Monographs for which there is sufficient evidence of carcinogenicity
in animals, data relating to carcinogenicity for humans are either insuf-
ficient or nonexistent. In the absence of adequate data on humans, it is
reasonable to regard for practical purposes such chemicals as if they were
carcinogenic to humans.

Sufficient evidence of carcinogenicity is provided by experimental
studies that show an increased incidence of malignant tumours: (a) in
multiple species or strains, and/or (b) in multiple experiments (routes
and/or doses), and/or (c) to an unusual degree (with regard to incidence,
site, type and/or precocity of onset). Additional evidence may be provided
by data concerning dose-response, mutagenicity or structure.

In the present state of knowledge, it would be difficult to define a
predictable relationship between the dose (mg/kg bw/day) of a particular
chemical required to produce cancer in test animals and the dose which
would produce a similar incidence of cancer in humans. The available data
suggest, however, that such a relationship may exist"®, at least for certain
classes of carcinogenic chemicals. Data that provide sufficient evidence
of carcinogenicity in test animals may therefore be used in an approximate
quantitative evaluation of the human risk at some given exposure level,
provided that the nature of the chemical concerned and the physiological,
pharmacological and toxicological differences between the test animals and
humans are taken into account. However, no acceptable methods are currently
available for quantifying the possible errors in such a procedure, whether
it is used to generalize between species or to extrapolate from high to low
doses. The methodology for such quantitative extrapolation to humans
requires further development.
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Evidence for the carcinogenicity of same chemicals in experimental
animals may be limited for two reasons. Firstly, experimental data may be
restricted to such a point that it is not possible to determine a causal
relationship between administration of a chemical and the development of a
particular lesion in the animals. Secondly, there are certain neoplasms,
including lung tumours and hepatomas in mice, which have been considered of
lesser significance than neoplasms occurring at other sites for the purpose
of evaluating the carcinogenic risk of chemicals to humans. Such tumours
occur spontaneously in high incidence in these animals, and their malignancy
is often difficult to establish. 2n evaluation of the significance of these
tumours following administration of a chemical is the responsibility of the
particular Working Group preparing the individual monograph, and it has not
been possible to set down rigid guidelines; the relevance of these tumours
must be determined by considerations which include experimental design and
campleteness of reporting.

Save chemicals for which there is limited evidence of carcinogenicity
in animals have also been studied in humans with, in general, inconclusive
results. While such chemicals may indeed be carcinogenic to humans, more
experimental and epidemiological investigation is required.

Hence, 'sufficient evidence' of carcinogenicity and 'limited evidence'
of carcinogenicity do not indicate categories of chemicals: the inherent
definitions of those terms indicate varying degrees of experimental evidence,
which may change if and when new data on the chemicals become available.

The main drawback to any rigid classification of chemicals with regard to
their carcinogenic capacity is the as yet incomplete knowledge of the
mechanism(s) of carcinogenesis.

In recent years, several short-term tests for the detection of poten-
tial carcinogens have been developed. When only inadequate experimental
data are available, positive results in validated short—term tests (see
p. 25) are an indication that the compound is a potential carcinogen and
that it should be tested in animals for an assessment of its carcinogenicity.
Negative results fraom short-term tests cannot be considered sufficient
evidence to rule out carcinogenicity. Vhether short-term tests will
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eventually attain a stature similar to that of long-term tests in predict-
ing carcinogenicity in humans will depend on further demonstrations of
consistency with long-term experiments and with data from humans.

EXPIANATORY NOTES ON THE MONOGRAPH CONTENTS

Chemical and Physical Data (Section 1)

The Chemical Abstracts Service Registry Number and the latest Chemical
Abstracts Primary Name (9th Collective Index) are recorded in section 1.
Other synonyms and trade names are given, but this list is often not
comprehensive. Further, some of the trade names are those of mixtures
in which the compound being evaluated is only one of the ingredients.

The structural and molecular formulae, molecular weight and chemical
and physical properties are given. The properties listed refer to the pure
substance, unless otherwise specified, and include, in particular, data that
might be relevant to carcinogenicity (for example, lipid solubility) and
those that concern identification. A separate description of the composition
of technical products includes available information on impurities and
formulated products.

Production, Use, Occurrence and Analysis (Section 2)

The purpose of section 2 is to provide indications of the extent of

past and present human exposure to this chemical.
Synthesis

Since cancer is a delayed toxic effect, the dates of first synthesis
and of first commercial production of the chemical are provided. In
addition, methods of synthesis used in past and present commercial produc-
tion are described. This information allows a reasonable estimate to be

made of the time before which no human exposure could have occurred.
Production

Since Europe, Japan and the United States are reasonably representative
industrialized areas of the world, most data on production, foreign trade

and uses are obtained from those countries. It should not, however, be
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inferred that those nations are the sole or even the major sources of
users of any individual chemical.

Production and foreign trade data are obtained from both governmental
and trade publications by chemical economists in the three geographical
areas. In same cases, separate production data on organic chemicals manu-
factured in the United States are not available because their publication
could disclose confidential information. In such cases, an indication of
the minimum quantity produced can be dbtained from the nurber of companies
reporting camrercial production. Each company is required to report on
individual chemicals if the sales value or the weight of the annual produc-
tion of a chemical exceeds a specified minimum level. These levels vary
for chemicals classified for different uses, e.g., medicinals, plastics;
however, the minimal annual sales value is between $1000 and $50,000 and
the minimal annual weight of production is between 450 and 22,700 kg.

Data on production in some European countries are obtained by means of
general questionnaires sent to companies thought to produce the campounds
being evaluated. Information from the completed questionnaires is compiled
by country, and the resulting estimates of production are included in the
individual monographs.

Use

Information on uses is meant to serve as a guide only and is not
complete. It is usually obtained from published data but is often comple-
mented by direct contact with manufacturers of the chemical. In the case
of drugs, mention of their therapeutic uses does not necessarily represent
current practice nor does it imply judgement as to their clinical efficacy.

Statements concerning regulations and standards (e.g., pesticide
registrations, maximm levels permitted in foods, occupational standards
and allowable limits) in specific countries are mentioned as examples only.
They may not reflect the most recent situation, since such legislation is
in a constant state of change; nor should it be taken to imply that other
countries do not have similar requlations.
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Occurrence

Information on the occurrence of a chemical in the environment is
obtained fram published data, including that derived from the monitoring
and surveillance of levels of the chemical in occupation environments, air,
water, soil, foods and tissues of animals and humans. When available,
data on the generation, persistence and biocaccumulation of a chemical are
also included.

Analysis

The purpose of the section on analysis is to give the reader an indi-
cation, rather than a complete review, of methods cited in the literature.
No attempt is made to evaluate critically or to recommend any of the methods.

Biological Data Relevant to the Evaluation of Carcinogenic Risk to Humans
(Section 3)

In general, the data recorded in section 3 are summarized as given by
the author; however, certain shortcomings of reporting, of statistical
analysis or of experimental design are commented upon by the Working Group
in square brackets. The nature and extent of impurities/contaminants in
the chemicals being tested are given when available.

Carcinogenicity and related studies in animals

The monographs are not intended to cover all reported studies. Some
studies are purposely omitted (1) because they are inadequate, as judged
from previously described criteria*’"°? (e.g., too short a duration, too
few animals, poor survival); (2) because they only confimm findings that
have already been fully described; or (3) because they are judged irrele-
vant for the purpose of the evaluation. In certain cases, however, such
studies are mentioned briefly, particularly when the information is consi-
dered to be a useful supplement to other reports or when it is the only
data available. Their inclusion does not, however, imply acceptance of
the adequacy of their experimental design and/or of the analysis and
interpretation of their results.

Mention is made of all routes of administration by which the compound
has been adequately tested and of all species in which relevant tests have
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been done*’®*?. In most cases, animal strains are given (general charac-
teristics of mouse strains have been reviewed®!). Quantitative data are
given to indicate the order of magnitude of the effective carcinogenic
doses. In general, the doses and schedules are indicated as they appear
in the original paper; saretimes units have been converted for easier
comparison. Experiments on the carcinogenicity of known metabolites,
chemical precursors, analogues and derivatives, and experiments on factors

that modify the carcinogenic effect are also reported.
Other relevant biological data

Lethality data are given when available, and other data on toxicity
are included when considered relevant. The metabolic data ave restricted
to studies that show the metabolic fate of the chemical in animals and
man, and comparisons of data from animals and humans are made when possible.
Information is also given on absorption, distribution, excretion and pla-
cental transfer.

Embryotoxicity and teratogenicity

Data on teratogenicity from studies in experimental animals and obser—
vations in humans are also included. There appears to be no necessary
causal relationship between teratogenicity®? and carcinogenicity, but
chemicals often have both properties. Evidence of teratogenicity suggests
transplacental transfer, which is a prerequisite for transplacental carcino-

genesis.
Mutagenicity and other short-term tests

Data from indirect tests are also included. Since most of these tests
have the advantage of taking less time and being less expensive than
mammalian carcinogenicity studies, they are generally known as 'short-term'
tests. They comprise assay procedures which rely on the induction of
biological and biochemical effects in in vivo and/or in vitro systems.

The end-point of the majority of these tests is not the production of neo-
plasms in animals but changes at the molecular, cellular or multicellular
level: these include the induction of DNA damage and repair, mutagenesis
in bacteria and other organisms, transformation of mammalian cells in
culture, and other systems.
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The short-term tests are proposed for use (1) in predicting potential
carcinogenicity in the absence of carcinogenicity data in animals, (2) as
a contribution in deciding which chemicals should be tested in animals,

(3) in identifying active fractions of complex mixtures containing carcino-
ges, (4) for recognizing active metabolites of known carcinogens in human
and/or animal body fluids and (5) to help elucidate mechanisms of carcino-

genesis.

Although the theory that cancer is induced as a result of somatic
mutation suggests that agents which damage DNA in vivo may be carcinogens,
the precise relevance of short-term tests to the mechanism by which cancer
is induced is not known. Predictions of potential carcinogenicity are
currently based on correlations between responses in short-term tests and
data from animal carcinogenicity and/or human epidemiological studies.

This approach is limited because the mumber of chemicals known to be
carcinogenic in humans is insufficient to provide a basis for validation,
and most validation studies involve chemicals that have been evaluated

for carcinogenicity only in animals. The selection of chemicals is in
turn limited to those classes for which data on carcinogenicity are
available. The results of validation studies could be strongly influenced
by such selection of chemicals and by the proportion of carcinogens in the
series of chemicals tested; this should be kept in mind when evaluating
the predictivity of a particular test. The usefulness of any test is
reflected by its ability to classify carcinogens and noncarcinogens, using
the animal data as a standard; however, animal tests may not always provide
a perfect standard. The attainable level of correlation between short—term
tests and animal biocassays is still under investigation.

Since many chemicals require metabolism to an active form, test systems
.that do not take this into account may fail to detect certain potential
carcinogens. The metabolic activation systems used in short-term tests
(for example, the cell-free systems used in bacterial tests) are meant to
simulate the intact human. Each has its advantages and limitations; thus,
more confidence can be placed in the conclusions when negative or positive
results for a chemical are confirmed in several such test systems. Defi-
ciencies in metabolic competence may lead to misclassification of chemicals,
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which means that not all tests are suitable for assessing the potential
carcinogenicity of all classes of compounds.

The present state of knowledge does not permit the selection of a
specific test(s) as the most appropriate for identifying potential carcino-
genicity. Before the results of a particular test can be considered to be
fully acceptable for predicting 'potential carcinogenicity, certain criteria
should be met: (1) the test should have been validated with respect to
known animal carcinogens and found to have a high capacity for discrimin-—
ating between carcinogens and noncarcinogens, and (2) when possible, a
structurally related carcinogen(s) and noncarcinogen(s) should have been
tested simultaneously with the chemical in question. The results should
have been reproduced in different laboratories, and a prediction of car-
cinogenicity should have been confirmed in additional test systems.
Confidence in positive results is increased if a mechanism of action can
be deduced and if appropriate dose-response data are available. For
optimum usefulness, data on purity must be given.

The short-term tests in current use that have been the most extensively
validated are the Salmonella typhimurium plate-incorporation assay>’>~%7,
the X-linked recessive lethal test in Drosophila melanogaster®®, unscheduled
DNA synthesis®® and in vitro transformation®’’%°. Each is compatible with

current concepts of the possible mechanism(s) of carcinogenesis.

An adequate assessment of the genetic activity of a chemical depends
on data from a wide range of test systems. The monographs include, there-
fore, data not only from those already mentioned, but also on the induction
of point mutations in other systems®!7®¢, of structural®’ and numerical
chromosome aberrations, including dominant lethal effects®®, of mitotic

recombination in fungi®! and of sister chromatid exchanges®®’7°.

The existence of a correlation between quantitative aspects of muta-
genic and carcinogenic activity has been suggested“’®®”7%, but it is not

sufficiently well established to allow general use.

Further information about mutagenicity and other short-term tests
is given in references 71-77.

27



Case reports and epidemiological studies
Observations in humans are sumarized in this section.

Summary of Data Reported and Evaluation (Section 4)

Section 4 summarizes the relevant data from animals and humans and
gives the critical views of the Working Group on those data.

Experimental data

Data relevant to the evaluation of the carcinogenicity of a chemical
in animals are summarized in this section. Results from validated muta-
genicity and other short-term tests are reported if the Working Group
considered the data to be relevant. Dose-response data are given when
available. An assessment of the carcinogenicity of the chemical in animals
is made on the basis of all of the available data.

The animal species mentioned are those in which the carcinogenicity
of the substance was clearly demonstrated. The route of administration
used in experimental animals that is similar to the possible human exposure
is given particular mention. Tumour sites are also indicated. If the
substance has produced tumours after prenatal exposure or in single-dose
experiments, this is indicated.

Human data

Human exposure to the chemical is summarized, and the significance of
data on production, use and occurrence and other relevant biological data
is discussed. Case reports and epidemiological studies that are considered
to be pertinent to an assessment of human carcinogenicity are described.
Adequate dose-response data are given when available. An assessment of
the carcinogenicity of the chemical in humans is made on the basis of all

of the available evidence.

Evaluation

This section camprises the overall evaluation by the Working Group
of the carcinogenic risk of the chemical to humans. All of the data in
the monograph, and particularly the summarized information on experimental
and human data, are considered in order to make an evaluation. In addition,
recommendations are made regarding areas in which further investigation

is considered to be necessary.
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GENERAL REMARKS ON THE SUBSTANCES CONSIDERED

In this seventeenth volume of the JARC Monograph series, certain N-
nitroso compounds are evaluated. Among these are a number of N-nitrosamines
that have been tested for carcinogenicity and that have been shown to occur
in the environment; the nitrosamides, N-nitroso-N-ethylurea and N-nitroso-
N-methylurea; and the anticancer drug, streptozotocin, which is related
structurally to the latter nitrosamide. Monographs on N-nitrosodiethylamine,
N-nitrosodimethylamine, N-nitroso-N-ethylurea and N-nitroso-N-methylurea
appeared in volume 1 of the IARC Monographs, and monographs on N-nitrosodi-
n-butylamine and streptozotocin were published in volume 4; new data on
these campounds have been included in the present volume.

In addition, a monograph on polychlorinated biphenyls, published in
volure 7 of the TARC Monographs, was re—examined and updated to include
recent observations on the effects of this class of chemicals on humans.
The resulting monograph will be combined with a future one on polybromin-
ated biphenyls, and these are to be published as a separate volume.

Following the observation in animals of the toxic (Barnes & Magee,
1954) and carcinogenic effects of N-nitrosodimethylamine (Magee & Barnes,
1956), studies were made of the biological activities of a variety of
N-nitroso campounds. The hepatotoxic effect of N-nitrosodimethylamine in
humans was reported in 1937 by Freund (1937), who described clinical and
autopsy findings in two chemists accidentally poisoned with this compound.
The carcinogenicity of several N-nitroso compounds was extensively investi-
gated and reported by Druckrey et al. (1967) and was reviewed by Magee &
Barnes (1967). More recently, reviews on their toxicity (Magee & Swann,
1969), carcinogenicity and metabolism (Magee et al., 1975, 1976), terato-
genicity (Druckrey, 1973a,b) and mutagenicity (Montesano & Bartsch, 1976;
Neale, 1976) have also appeared. The carcinogenicity studies have demon-
strated that these N-nitroso compounds have a high degree of specificity
in inducing tumours in various species and among target organs within the
same species. This group of carcinogens has provided a unique research tool
for elucidating the possible mechanism(s) of cancer induction by chemical
substances at cellular and molecular levels (Magee et al., 1976; Pegqg, 1977).
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The cbservation of severe liver disease in sheep fed a diet contain-
ing fishmeal preserved with nitrite (Koppang et al., 1964) and the identi-
fication of N-nitrosodimethylamine as the toxic principle in such products
(Ender et al., 1964; Sakshaug et al., 1965) led to widespread efforts to
evaluate levels of N-nitroso compounds in food destined for human and
animal consumption. '

Humans may be exposed to N-nitroso compounds in several ways:
formation in the enviromment and subsequent absorption fram food, water,
air or industrial and consumer products; formation in the human body
from precursors ingested separately in food, water or air; from the
consumption or smoking of tobacco; and from naturally occurring compounds.

It has been known since 1865 that the reaction of dimethylamine
hydrochloride with sodium nitrite at an acidic pH yields N-nitrosodimethyl-
amine (Fridman et al., 1971). It has been suggested (Druckrey et al., 1963;
Lijinsky & Epstein, 1970; Sander, 1967) that this reaction could occur in
the acid conditions of the mammalian stomach between ingested nitrite and
amines, and there is now substantial evidence that N-nitrosamines can be
formed in this way. The phenomenon was first demonstrated by Sander et al.
(1968) .

Nitrite and nitrate are added to some foods, particularly meats and
fish, as processing aids and as agents to prevent formation of botulinum
toxin. White (1975) estimated that about 80% of the total nitrate ingested
daily (106 mg) originates fram vegetables, and about 70% of nitrite that
enters the stomach (12.8 mg) comes from the saliva. Regulations exist in
many countries to control the addition of nitrate and nitrite to food
products. In order to prevent the possible formation of N-nitrosamines
from, for example, mixtures of spices with nitrites and/or nitrates used
in camercial meat and poultry curing (known as curing premixes), the US
Food and Drug Administration has made a regulation that allows the use of
these premixes only if the nitrites and/or nitrates are packaged separately
fram the spices with instructions on the label that they are not to be
cambined until just prior to use (US Food and Drug Administration, 1973).
Nitrate reduction by bacteria could also lead to the formation of N-nitros-
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amines either in vivo (Hawksworth & Hill, 1971) or in the environment
(Ayanaba et al., 1973).

Little is known about the metabolism of nitrate in man. Nitrite is
formed in the oral cavity by bacterial reduction of nitrate, and the normal
concentration range in individuals who do not consume large amounts of
nitrate is 6-10 mg/1 of saliva (Tannenbaum et al., 1974). when foods that
contain nitrate, such as certain root and leafy vegetables, are consumed,
salivary nitrate and nitrite levels are elevated to hundreds of mg/1
(Spiegelhalder et al., 1976; Tannenbaum et al., 1976). Under normal
conditions, nitrite arises in the stamach from the swallowing of saliva
(Klein et al., 1978), but bacterial reduction of nitrate may continue in
the stomachs of individuals who have low gastric acidity or anacidity;
low gastric acidity has been related to the etiology of gastric cancer
(Cuello et al., 1976).

Nitrosatable substances that occur in the environment include secon-
dary and tertiary amines, quaternary ammonium compounds, ureas, carbamates
and guanidines. Some of these compounds are found ubiquitously in nature;
nitrosation of a number of agricultural chemicals has been shown to occur
(Eisenbrand et al., 1974; Elespuru & Lijinsky, 1973; Preussmann, 1975;
Sen et al., 1974), and various drugs carry nitrosatable alkyl amino or
amido groups (Lijinksy, 1974; Lijinsky & Greenblatt, 1972). The chemical
kinetics of nitrosation have been reviewed recently by Mirvish (1975).

The drug amidopyrine can react rapidly with traces of nitrosating
agents (even gaseous nitrogen oxides), resulting in the formation of
N-nitrosodimethylamine; a wide variety of commercial drugs containing
amidopyrine have been found to have traces of this carcinogen (Eisenbrand
et al., 1978).

Evidence that N-nitroso compounds are formed in the body from amine
precursors is based on: (a) their detection in gastric juices in vitro
and in the mammalian or human stomach in vivo; and (b) the observation
of acute toxic and carcinogenic effects as well as damage to cellular
macromolecules after simultaneous administration of nitrite and various

amines and amides (Magee et al., 1976; Preussmann, 1975). Recently,
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N-nitrosodiethyl- and -dimethylamines have been detected in human blood
after the consumption of a meal consisting of normal dietary items (Fine
et al., 1977a).

The amount of N-nitroso compounds formed by nitrosation is affected by
many factors, such as basicity of the amine, pH and substrate concentration.
Nucleophilic ions such as thiocyanate increase the rate of N-nitrosamine
formation (Boyland et al., 1971; Fan & Tannenbaum, 1973). (-Nitrosophenols,
the product of the nitrosation of phenols, catalyse N-nitrosamine formation
(Davies et al., 1978); other naturally occurring phenols may either inhibit
or promote formation under different conditions (Walker et al., 1975).
Nitrosation may be promoted in certain environments by the presence of
bacteria (Archer et al., 1978; Klubes et al., 1972). Ascorbic acid
Mirvish et al., 1972) and a-tocopherol (Mergens et al., 1978) inhibit
the formation of N-nitroso compounds.

Other, as yet unexplored possibilities for the formation of N-nitroso
compounds are: transnitrosation reactions (Singer et al., 1978); nitro-
sation in organic solutions of strongly basic amines even by inorganic
nitrite (Angeles et al., 1978); and nitrosation even under strongly
alkaline conditions with nitrogen oxides (Challis et al., 1978).

Human exposure to N-nitroso compounds can also occur from contact
with exogenously formed N-nitroso compounds. The occurrence of nitros-
amines in foodstuffs has been reviewed recently (Crosby, 1976; Crosby &
Sawyer, 1976). Significant levels of N-nitrosamines have also been found
in cosmetics (Fan et al., 1977a).

The possible formation of N-nitrosamines in cigarette smoke was ori-
ginally suggested by Iﬁruckrey & Preussmann (1962), since tobacco contains
several nitrosatable amines and nitrosating agents. Subsequently, nitros-
amines were found in tobacco and tobacco smoke (Brunnemann & Hoffmann,

1978; Hoffmann et al., 1974, 1976) and in indoor atmospheres under conditions
of excessive tobacco smoking (Brunnemann & Hoffmann, 1978).

The occupational hazards associated with the use of N-nitroso compounds
in industry have been outlined by Magee (1972). Some are used as organic
accelerators and antioxidants in the production of rubber (Boyland et al.,
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1968). N-Nitrosodimethylamine was detected as a pollutant in the air of a
factory producing dimethylamine; its concentration correlated with the
concentrations of nitrogen dioxide and secondary amine in the air
(Bretschneider & Matz, 1974, 1976). N-Nitrosodimethylamine and three
unidentified N-nitroso compounds were also detected in samples of air in
the vicinity of a plant manufacturing 1,1-dimethylhydrazine, a rocket
propellant of which N-nitrosodimethylamine is a precursor, and in the
vicinity of a factory manufacturing amines (Fine et aZ., 1976a,b,c).
Another source of human exposure to N-nitroso compounds may be the nitrite
salts used as corrosion inhibitors in packaging materials (Archer & Wishnok,
1976), in synthetic cutting fluids (Fan et al., 1977b; Rappe & Zingmark,
1978; Zingmark & Rappe, 1977) and in some widely used herbicides (Fine

et al., 1977b) (see also monographs on N-nitrosodi-n-butylamine, N-nitroso-
dimethylamine and N-nitrosodiethanolamine).

There is considerable evidence that nitrosation reactions can occur
in soils, organic waste or water in areas where industrial or other waste
discharges contain large amounts of amines (Ayanaba et al., 1973; Tate &
Alexander, 1975).

The relevance of these traces of N-nitroso compounds to a possible risk
to humans has yet to be established. However, a large variety of animal
species and organs are susceptible to their carcinogenic action, and samples
of human liver and lung are capable of forming alkylating (Harris et «l.,
1977; Montesano & Magee, 1970) and mutagenic (Bartsch et al., 1976;

Czygan et al., 1973) metabolites. The exceedingly difficult question of
whether a proportion of human cancer or transmissible genetic damage could
be attributed to these groups of carcinogens has not so far been answered,
although some studies have indirectly examined the possible role of V-
nitrosamines in the etiology of a number of human cancers (Correa et al. P
1975; Cuello et al., 1976; Hill et al., 1973; Joint Iran-IARC Study
Group, 1977; Zaldivar & Wetterstrand, 1975).

At present, however, it may be difficult, if not impossible, to
demonstrate in the general population a cause-effect relationship between
exposure to low levels of N-nitrosamines and the incidence of certain human
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cancers, although the existence of such a correlation remains a working
hypothesis.

Most of the chemical and physical properties of the nitrosamines
described in these monographs were taken from Druckrey et al. (1967).
The principal techniques employed for the analysis of volatile M-nitros-
amines have been described in a recent publication (Preussmann et al.,
1978). The relative merits of high~ and low-resolution mass spectrometry
are discussed, since use of mass spectrometry as a confirmatory technique
is particularly important. In this respect, those data reported in the
section on occurrence which have not been confirmed by this technique have
been marked with a footnote. This does not necessarily imply that the data
are unreliable, but, in assessing the significance of such data, emphasis
should be placed on those that have been confirmed by mass spectrametry.
In certain instances, N-nitroso compounds may be formed as artefacts
during an analytical procedure; in these cases mass spectrometry adds
little to the value of the data (Fine et al., 1977b).
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N-NITROSODI-»—BUTYLAMINE

This substance was considered previously by an IARC Working Group,
in June 1973 (IARC, 1974). Since that time new data have become available,
and these have been incorporated into the monograph and taken into account
in the present evaluation.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 924-16-3
Chem. Abstr. Name: N-Butyl-V-nitroso-l-butamine

DBNA; DBN; N,N-di-n-butylnitrosamine; di-n-butylnitrosamine;
NDBRA

1.2 Structural and molecular formulae and weight

CH,—CH,—CH,—CH,
O=N-—N
CH,—CH,—CH,—CH,

C8H18N20 Mol. wt: 158.2

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow oil

(b) Boiling-point: 116°C (14 mm) (Druckrey et al., 1967)

. 20
(c) Density: d4 0.9009

@ Refractive index: n3’ 1.4475

(e) Spectroscopy data: A___ 233 and 347 nm (E! = 441.7 and 5.6) in
- max 1
water (Druckrey et al., 1967); mass spectroscopy data are given
by Pensabene et al. (1972) and Rainey et al. (1978).

(f) Solubility: Soluble in water, 0.12% (Druckrey et al., 1967),

organic solvents and vegetable oils
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(g) Volatility: Can be steam-distilled quantitatively (Eisenbrand
et al., 1970)

(h) sStability: Stable at room temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
light-sensitive, especially to ultra-violet light

(1) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis,
but can easily be split by hydrogen bromide in acetic acid
(Eisenbrand & Preussmann, 1970). Photochemically reactive
(Fridman et al., 1971). The preparation of various derivatives
has been discussed (Preussmann et al., 1978).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.
(a) Production

N-Nitrosodi-n-butylamine (NDBA) was first prepared by Linnemann in
1872 (Prager et al., 1922). It can be made by the reaction of dibutylamine
with nitrous acid (Druckrey et al., 1967).

Although NDBA is available in small quantities for research purposes,
no evidence was found that it has been manufactured commercially.

) Use

NDBA has been used in the synthesis of di-n-butylhydrazine (Derr,
1960; Joffe, 1958), although there is no indication that it has been
used commercially in this way.
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2.2 Occurrence

(a) Tobacco smoke

Analysis of the smoke fram 11 different kinds of cigarettes from 2
countries revealed 3 ng/cigarette NDBA in the smoke condensate (McCormick
et al., 1973).

(b) Water

Cohen & Bachman (1978) reported 0.82 ug/1' in the effluent from 1/18
chemical factories (a coke plant).

(c) Food and feed

NDBA has been found at a level of 290 ug/kg! in soya bean oil (Hedler
et al., 1972); and 20-30 ug/kg’! have been found in cheese (Cerutti et al.,
1975), although Alliston et al. (1972), Eisenbrand et al. (1978) and Sen
et al. (1978), among others, did not detect NDBA in cheese.

Less than 1 pg/kg! was found in pork luncheon meat (Alliston et al.,
1972). Stephany et al. (1976) found 0.4-3.9 ug/kg in salami-like sausages,
0.2-0.7 ug/kg in cocked and smoked ham, 0.4-0.6 ug/kg in bacon-like products,
0.0-0.09 ug/kg in smoked ham and beef meat, 0.0-1.1 ug/kg in fried minced
meat and 0.0-2.1 pg/kg in luncheon meat.

Gough (1978) found 0.2 and 0.5 ug/kg' NDBA in 2/30 tinned and powdered
soups and 0.04 and 0.3 ug/kg’ in 2/6 tinned meals, but none in a further
228 food samples. Havery et al. (1978) did not find NDBA in 106 food
samples, and Eisenbrand et al. (1978) found none in 34 cured meat products.

Ievels of 0.-4.1 ug/kg have been found in experimental animal feed
(IARC, 1977).

(d) Vapour-phase corrosion inhibitors

Archer & Wishnok (1976) found 100 mg/kg NDBA in a commercial corrosion-
resistant film of unknown source and composition.

lThese results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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2.3 Analzsis

An IARC Manual gives selected methods for the analysis of volatile
N-nitrosamines, including NDBA (Preussmamn et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: N-Nitrosodi-n-butylamine (NDBA) was administered at a concen-
tration of 50 mg/kg of diet to 39 male ICR mice for 12 months; 30 mice
received the basal diet only for 15 months. Of the 33 animals that lived
for more than 12 months, 27 developed squamous-cell carcinomas and 6, |

papillomas of the forestomach; 15 animals also developed liver tumours

(5 trabecular hepataomas and 10 adenomas). Papillamas of the oesophagus
and adenomas of the lung were cbserved in 4 and 8 mice, respectively.
Among the 28 control animals that lived more than 15 months, lung adenomas
developed in 2 and a lymphatic leukaemia was observed in 1 other (Takayama
& Imaizumi, 1969).

In 2 groups of 50 male and 50 female C57BL/6 mice, continuous admini-
stration of 29.1 and 7.6 mg/kg bw/day to males and 30.9 and 8.2 mg/kg bw/
day to females in the drinking-water led to the development of squamous-
cell carcinomas and papillomas of the oesophagus in almost all animals,
together with some tumours of the tongue and the soft palate. With the
lower dose, 5 carcinomas of the forestomach occurred also. No liver
tumours were seen in this study; however, 44/90 mice given the higher
dose level and 19/89 given the lower dose level developed papillomas
and multifocal squamous-cell carcinomas of the urinary bladder. Male
animals were more sensitive to bladder carcinogenesis than were females
(Bertram & Craig, 1970).

The different sensitivity of two strains of mice, BTO and C57BL/60,
to NDBA carcinogenicity was reported in an abstract (Akamatsu, 1975).
A single gastric intubation of 300 mg/kg bw in saline caused papillomas
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and carcinomas of the forestamach in 3/39 BTO mice, but tuwours of the
intestine in 2/11 C57BL/60 mice.

Rat: The carcinogenicity of NDBA in rats was first demonstrated
by Druckrey et al. (1962, 1967). Four concentrations were administered
in the diet to BD rats. In those receiving 75 mg/kg bw/day, liver
carcinomas were indhced in all 4 surviving rats. In those receiving the
lower doses (37.5, 20 or 10 mg/kg bw/day), the incidence of liver cancer
was lower, but malignant tumours were observed in the oesophagus and
pharynx. Squamous-cell carcinomas of the urinary bladder occurred in
5/16 and 7/10 animals that received 37.4 and 20 mg/kg bw/day.

In Wistar rats, bladder tumours occurred after the administration of
0.01 or 0.05% NDBA in the drinking-water; 1liver cancers were seen only
in those given the higher dose (Ckajima et al., 1970). In 30 female
Wistar rats given 20 mg/kg bw/day NDBA in the drinking-water, 16 papillomas
and 2 carcinomas of the urinary bladder were found (Kunze & Schauer, 1971);
Kunze et al. (1969, 1971) obtained similar results.

Bladder tumours induced by administration of 0.05% NDBA solution in
the drinking-water for 28 weeks in 12/12 male adult Wistar rats were

classified histologically as transitional-cell carcinomas (Ito, 1973).

Hamster: Groups of 100 Syrian golden and 66 Chinese male hamsters
given weekly doses of 300 mg/kg bw NDBA in olive oil by stomach tube for
life showed a low incidence of papillomas and carcinomas of the bladder
(11-14%). Syrian hamsters had high incidences of papillomas and carcinomas
of the trachea (41/100) and of the lungs (14/100). Chinese hamsters
developed papillomas (39/66) and carcinomas (21/66) of the forestomach
but no tumours of the trachea or lungs (Althoff et al., 1971). Similar
results were obtained by Mohr et al. (1970).

Single doses of 400, 800 or 1600 mg/kg bw given by stomach tube to
Syrian golden hamsters produced tumours of the respiratory tract in 3/10,
5/10 and 7/10 animals, respectively; the first tumour appeared after 31
weeks (Althoff et al., 1973).
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Guinea-pig: A dose of 40 mg/kg bw/day NDBA given 5 times a week in
the drinking-water for life induced hepatocellular carcinomas in 15/15
animals that lived longer than 550 days. Cholangiomas were also seen in
a few animals; and 3 animals had papillomas and 4, squamous—cell carcinomas
of the urinary bladder (Ivankovic & Blicheler, 1968).

(b) &chutaneous and/or intramuscular administration

Mouse: Twelve-week old IF x C57 mice (30 males and 30 females) were
given s.c. injections of 10 ul pure NDBA every two weeks for 40 weeks.
Of females that lived 54 weeks, 7/17 had carcinomas of the bladder; and
of males that lived 46 weeks, 6/12 had carcinaomas and 1, a papillama of
the urinary bladder. Carcinomas were mainly of the transitional-cell type
(Wood et al., 1970).

Female (A x I?E‘)F1 mice were given 13 fortnightly s.c. injections of
5 ul pure NDBA (average survival time, 486 days); bladder carcinomas
developed in 12/44, lung carcinomas in 19/44, lung adenomas in 21/44 and
mammary carcinomas in 19/44. Mammary carcinomas were also observed in
13/40 untreated controls (Flaks et al., 1973).

Newborn mouse: Benign and malignant liver—cell tumours developed in
36/37 male and 20/24 female IF x C57 mice given 1 pl pure NDBA in 0.05 ml
aqueous gelatine subcutaneously on days 1, 8 and 15 of life. A few lung

adenomas and carcinomas were observed, but no urinary bladder tumours.
No liver or lung tumours were observed in the controls (Wood et al.,
1970).

In CDF1 mice injected subcutaneously with 158 pg NDBA in 0.03 ml of a
1% gelatine solution on days 1, 8, 15 and 22 of life hepatocellular adenocmas
were found in 20/26 males and 5/22 females, 1 hepatocellular carcinoma was
found in 1 male, and lung tumours were found in 38/48 mice (Fujii et al.,
1977).

Rat: Weekly s.c. injections of 200 or 400 mg/kg bw NDBA to BD rats
for life resulted in the development of carcinomas of the urinary bladder
in 18/20 rats, carcinomas of the oesophagus in 3/20 and carcinomas of the
liver in 2/20. S.c. administration thus led to a greater incidence of
urinary bladder cancer than did oral administration (Druckrey et al., 1967).
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The histogenesis of NDRA-induced bladder tumours in rats was reported
in an abstract of an electron microscope study (Levin, 1973).

Weekly injections of 200 mg/kg bw NDBA in sunflower oil were given
to 60 male and 30 female 'non-bred' rats for 11 months. Of 25 male and
6 female rats still alive at the appearance of the first tumour (a lung
adenocarcinoma), the total numbers of animals with tumours were 17 males
and 4 females; the average latent period for tumour induction was 472
days. Papillomas of the bladder occurred in 11/25 males and 3/6 females,
pulmoadenocarcinomas in 9 males and squamous-cell papillomas of the oeso~
phagus in 3 males and 1 female (Vlasov et al., 1973).

Lung tumours (adenomas, adenocarcinomas, squamous—cell carcinomas)
were induced in 23/24 male SIV-50 rats given weekly s.c. injections of
200 or 400 mg/kg bw NDBA in 0.5 ml dimethylsulphoxide for 26 weeks.
Tumours of the urinary bladder were also observed in 18 animals. The
animals died or were killed within 420 days (Sander et al., 1974).

Hamster: Of 25 Syrian golden hamsters given weekly s.c. doses of
300 mg/kg bw NDBA in olive oil, 21 developed tracheal papillomas and car-
cinomas, 4 developed urinary bladder papillamas and 6, bladder carcinamas.
Of 16 Chinese hamsters treated similarly, 9 developed forestomach papillomas
and 1, a forestomach carcinama. One papilloma and two carcinomas of the
urinary bladder were found, but no tumours developed in the respiratory
tract (Althoff et al., 1971). Mohr et al. (1970) obtained similar results.
Single s.c. doses of 150, 300, 600 and 1200 mg/kg bw given to 4 groups of
10 Syrian golden hamsters produced tumours of the respiratory tract in 3,
4, 5 and 7 animals, respectively; the first tumour appeared after 19
weeks (Althoff et al., 1973).

After treatment of 55 European hamsters with 1/50-1/3 of the IDSO
(I.DOO: 2500 in males and 1900 mg/kg bw in females) once weekly for life,
all animals that survived longer than 20 weeks developed benign and malig-
nant tumours in more than one organ. The majority of neoplasms (papillary
polyps, papillomas, squamous-cell carcinomas, adenocarcinamas) were found
in the respiratory tract (up to 100% at high dose levels), in the digestiwve
system, mainly forestomach (20-60%), and in the urinary bladder (20-60%).

57



The average latent period was 36 weeks. A dose-response relationship with
regard to survival times and to weight was observed in both sexes. Two
transitional-cell carcinomas of the urinary bladder were found to have
metastasized to the lungs and one to the liver (Althoff et al., 1974).

An electron microscope study of pulmonary adenocarcinomas induced in
European hamsters by NDBA showed cells that resembled alveolar epithelial
cells type II. A possible bronchiolar origin of the neoplasms was suggested
(Reznik~Schtiller & Mohr, 1975). The ultrastructural characteristics of
NDBA-induced adenocarcinomas and squamous-cell carcinomas of the nasal
cavity in European hamsters suggest that the adenocarcinomas originate
fram goblet cells and the squamous-cell carcinomas from squamous metaplastic
or adenomatous areas (Reznik-Schfiller & Mohr, 1976). An ultrastructural
study of transitional-cell and squamous-cell carcinamas of the urinary
bladder induced in European hamsters by s.c. injection of NDBA suggests
that these tumours represent developmentally different stages of the same
type of tumour rather than two fundamentally different types of neoplasms
(Reznik-Schiiller & Mohr, 1977).

when NDBA in cammercial vegetable oil was injected subcutaneously
into groups of 20 male and 20 female Chinese hamsters at several different
dose levels (1/5, 1/10, 1/20 ]'_DSO: 284, 142, 71 mg/kg bw), weekly for 18
weeks, a similar organotropy to that seen in Syrian golden and European
hamsters was produced: mainly benign lung tumours were found. In contrast
to the controls, which received vegetable oil alone, and to the other
experimental groups, 7/19 male animals which received the highest dose

level developed fibrosarcomas at the injection site (Reznik et al., 1976).

Rabbit: S.c. injections of 400 mg/kg bw NDBA twice weekly, then once
weekly, in male rabbits for a period of 21 months resulted in 7/14 bladder
tumours (2 papillomas, 2 haemangiomas, 3 transitional-cell carcinomas) and
2/14 pulmonary adenocarcinomas within 8-26 months after the start of
treatment (Cohen et al., 1975).

(c) Intraperitoneal administration

Hamster: Single doses of 200, 400 and 800 mg/kg bw NDBA given to 3
groups of 5 male and 5 female Syrian golden hamsters produced tumours of
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the respiratory tract in 4, 6 and 7 animals, respectively; the first
tumour appeared after 17 weeks. Some papillary tumours of the forestamach
were also observed (Althoff et «l., 1973).

(d) Intravenous administration

Mouse: Twice-weekly injections of 6 pg/animal NDBA in 0.1 ml saline
for 25-30 weeks to 43 male and 46 female CBA/H—-T6'1‘6 mice resulted in
acute leukaemia of the reticulum-cell type in 13/39 males and 17/37 females
within 92-218 days. No leukaemiaé were observed in 51 control animals
(Bura, 1970).

(e) Other experimental systems

Comparative routes

After treatment with single i.p., s.c. or i.g. doses of 150-1600
mg/kg bw, mainly papillary tumours of the trachea were observed in groups
of 5 male and 5 female Syrian golden hamsters. The average survival times
were 74 weeks for males and 53 weeks for females. Tumour incidence was
dependent only on the administered dose and not on the route of application
or sex of the animal (Althoff et al., 1973). A combination of tumours in
the urinary and respiratory system was observed after weekly i.g. or s.c.
administrations of 22-464 mg/kg bw NDBA to groups of 10 male and 10 female
Syrian golden hamsters (Althoff, 1974).

Prenatal exposure

Two groups of 40 and 45 female Syrian golden hamsters were injected
subcutaneously 2-8 times or with a single injection of 30 mg/kg bw NDBA
between days 8-15 of pregnancy. Postnatal mortality in the offspring was
high: effective numbers of animals/number of animals at birth were 212/357
and 202/282 after several and single administrations, respectively. Single-
dose treatment induced no respiratory tract neoplasms in the parental
generation, but a low incidence of tumours of the respiratory tract (7%,

14 tumours) was seen in the F generation. Multiple administrations led
to a higher incidence of respiratory tract tumours in the parental genera-
tion (22%, 24 tumours) than in the F1 generation (6%, 17 tumours) (Althoff
et al., 1976).
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Carcinogenesis in plants

Seeds of hybrids of Nicotiana were soaked in 10 mM solutions of NDBA
in water for 1 or 2 days; 20 days later, tumours were found on 10.8% of
germinated seedlings, but on none of the controls (Andersen, 1973).

(f) Carcinogenicity of metabolites (see also section 3.2 (a))

N-Nitroso—-n-butyl-N-(4-hydroxybutyl)amine

(1) Oral administration

Treatment of 50 male and 50 female C57BL/6 mice with 35 mg/kg bw/day
N-nitroso-n-butyl-N-(4-hydroxybutyl)amine in the drinking-water for life
induced anaplastic carcinomas of the urinary bladder in all animals
reaching autopsy, with average tumour induction times of 190 days for
males and 253 for females (Bertram & Craig, 1972).

Daily oral doses of 40 and 20 mg/kg bw N-nitroso-n-butyl-N-(4-hydroxy-
butyl)amine given to 5 and 20 BD rats in the drinking-water selectively
induced multiple carcinomas of the urinary bladder in all animals (Druckrey
et al., 1964). Identical results were cbtained by Ito et al. (1969) in
Wistar rats and by Hashimoto et al. (1972) in ACI/N rats.

The influence of length of treatment has been investigated in groups
of 9-18 male Wistar rats given 0.05% N-nitroso-n-butyl-N- (4-hydroxybutyl)-
amine in the drinking-water for 2, 4, 6, 8 and 12 weeks. At the time the
animals were sacrificed (40 weeks), a clear dose-response effect was
ocbserved in the incidence of bladder papillomas (33-100%) and carcinocmas
(0-100%) (Ito et al., 1972).

Histological classification of 613 urinary bladder cancers induced
in rats by N-nitroso-n-butyl-¥-(4-hydroxybutyl)amine showed that the large
majority (more than 95%) were transitional-cell carcinomas. The others
were squamous—cell carcinomas, undifferentiated carcinomas and carcino-
sarcomas. The morphological characteristics of these bladder carcinomas
appeared to be similar to those seen in humans (Fukushima et al., 1976).

The histogenesis and progression of the various preneoplastic and
neoplastic lesions of the bladder in rats have been described by Kunze
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et al. (1976). Electron microscope investigations of N-nitroso-n-butyl-
N-(4-hydroxybutyl) amine~treated rats revealed characteristic surface
changes of the preneoplastic epithelium of the urinary bladder, in addition
to hyperplasia. Similar changes were observed in treated mice and hamsters
but not in guinea-pigs (Shirai et al., 1977).

Significant differences in the induction of urinary bladder tumours
by N-nitroso-n-butyl-N-(4-hydroxybutyl)amine were seen in different strains
of male rats. The tumour incidence varied fram 0% in Lewis rats to 100% in
ACI/NC rats, with intermediate values in Sprague-Dawley, BDIX/N and Wistar
rats (Ito et al., 1972).

The effect of sex and age and of the dose and period of administration
of N-nitroso-n-butyl-¥-(4-hydroxbutyl)amine on the incidence of urinary
bladder tumours in rats has also been investigated. No sex difference was
found; however, the incidence of cancer and of squamous metaplasia in
areas of cancerous tissue was much higher in older rats than in younger
ones. The minimum carcinogenic dose was 0.005% administered in the
drinking-water for 12 weeks (2/13 carcinomas); when this dose was admini-
stered for 4 weeks, 1 papilloma was produced in 15 rats. With a 0.1%
solution, the minimm period of administration before bladder cancers
were produced was 4 weeks (4/12 carcinomas) (Ito et al., 1973, 1975).

(ii) Subcutanecus and/or intrasmusculsar administration

The induction of respiratory and cholangiocellular tumours, in addition
to carcinomas of the urinary bladder, was reported in Syrian golden hamsters
after s.c. administration of N-nitroso-n-butyl-N-(4-hydroxybutyl)amine
(Althoff & Krliger, 1975).

(iii) Intravesicular instillation

Tumours of the urinary bladder were produced in female ACI/N rats
given intravesicular instillations of N-nitroso-n-butyl-#-(4-hydroxybutyl)-
amine (Hashimoto et al., 1974, 1976).

61



(iv) Route unspecified

In an abstract, production of bladder carcinomas was reported in dogs
given 10 mg/kg bw/day (total dose, 80 mg) or 15 mg/kg bw/day (total dose,
160 mg) N-nitroso-n-butyl-N-(4-hydroxybutyl)amine and observed for 4 or
2 years, respectively (Ckajima et al., 1975a). '

N-Nitroso-n—butyl-N- (3-carboxypropyl) amine

This compound is the principal urinary metabolite of NDBA and N-
nitroso-n-butyl-N- (4-hydroxybutyl)amine (Ckada & Ishidate, 1977).

( _1_ ) Oral administration

A total of 8 male ACI/N rats were treated with 0.06% N-nitroso-n-—
butyl-§- (3-carboxypropyl)amine in the drinking-water for up to 20 weeks.
Three animals killed at 14 weeks showed papillomas of the urinary bladder;
the remaining 5 animals, which were killed at 28 weeks, all showed transi-
tional-cell carcinomas of the urinary bladder (Hashimoto et al., 1972).
The histological type of tumour induced by N-nitroso-n-butyl-¥-(3-carboxy-
propyl)amine was similar to that obtained with NDBA and N-nitroso-n-butyl-
N- (4-hydroxybutyl)amine (Ckada et al., 1975, 1976).

Other urinary metabolites of NDBA and N-nitroso-n-butyl-#-(4-hydroxy-
butyl)amine did not produce bladder tumours after their oral administration
in rats (Okada et al., 1975, 1976).

(ii) Intravesicular instillation

Tumours of the urinary bladder were produced by intravesicular
instillation of N-nitroso-n-butyl-N-(3-carboxypropyl)amine in female
ACI/N rats (Hashimoto et al., 1974, 1976).

(g) Factors that modify carcinogenicity in animals

N-Nitrosodi-n-butylamine

A combination of X-irradiation with 1000 rads and 13 fortnightly s.c.
injections of 5 yl NDBRA in female (A x If)}?‘l mice markedly reduced the
incidence of mammary carcinomas (3/41, compared with 19/44 in mice that
received NDBA alone) (Flaks et al., 1973).
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When weekly s.c. injections of 200 mg/kg bw NDBA were given in
conjunction with a lipotrope (choline)-deficient diet to Sprague-Dawley
rats for 15 weeks, the incidence of hepatocarcinomas was enhanced: 16/25,
compared with 6/25 in animals given a normal diet (Rogers & Newberne, 1973;
Rogers et al., 1974).

A conplete inhibition of NDBA tumorigenesis in the liver, but not in
the bladder and oesophagus, was achieved in Wistar rats by simultaneous
administration of 1.4% DL-tryptophan in the diet and 0.05% NDBA in the
drinking-water (Hiramatsu, 1974; Okajima et al., 1971).

Indole (1.6% in the diet), given either ad Ii{bitwm or controlled by
pair-feeding, together with 0.02 or 0.05% NDBA in the drinking-water to
75 male and 69 female or 68 male and 68 female Syrian golden hamsters
significantly suppressed bladder tumour incidence (Matsumoto et al., 1977).

N-Nitroso-n-butyl-N- (4-hydroxybutyl) amine

The sex difference observed in C57BL/6 mice in the average induction
time for anaplastic carcinomas of the urinary bladder 'after treatment with
35 mg/kg bw/day N-nitroso-n-butyl-N- (4-hydroxybutyl)amine in the drinking-
water (190 days for males and 253 days for females) can be abolished by
castrating males or by treating females with testosterone (Bertram &
Craig, 1972).

The incidence of tumours of the ureter, which were seen occasionally
in Wistar rats treated with N-nitroso-n-butyl-V- (4-hydroxybutyl)amine, was
greatly increased after ligation of one ureter; this suggests that the
concentration of the carcinogen is an important factor in the induction
of tumours in the urinary system (Ito et al., 1971).

The incidence of urinary bladder tumours, but not of papillomas and
hyperplasia, induced by N-nitroso-n-butyl-N-(4-hydroxybutyl)amine in
Wistar rats was inhibited by treatment with N-nitrosopiperidine, N-nitroso-
morpholine, N-nitrosodiethylamine or N-2-fluorenylacetamide. Pretreatment
with various hepatotoxic and nephrotoxic substances, such as 4-chloroacet-
anilide and l-naphthylisothiocyanate, was found to inhibit both urinary
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bladder cancer and preneoplastic alterations of the urinary bladder
epithelium (hyperplasia and papillomas) (Ito et al., 1972, 1975).

A reduction in the incidence of bladder tumours in both castrated
and non-castrated male Wistar rats was observed after s.c. implantation
of diethylstilboestrol with or after oral administration of 0.05% ¥-
ni troso-n-butyl-N- (4-hydroxybutyl)amine in the drinking-water for 6 weeks.
In contrast, administration of testosterone in females, with or without
ovariectomy, with or after N-nitroso-n-butyl-N-(4-hydroxybutyl)amine
treatment raised the incidence of bladder tumours (Ckajima et al., 1975b).

3.2 Other relevant biological data

(@) Experimental systems

Toxic effects

The acute ID50 of NDBA in rats was 1200 mg/kg lw after either oral or
s.c. administration (Druckrey et al., 1967). In Syrian golden hamsters it
was 1200 mg/kg bw (i.p.), 1750 mg/kg bw (s.c.) and 2150 mg/kg bw (i.g.)
(Althoff et al., 1973). In European hamsters, the s.c. LDSD was 2500 mg/
kg bw in males and 1900 mg/kg bw in females (Althoff et al., 1974). In
Chinese hamsters, the s.c. IDDO in males and females was 1420 mg/kg bw
(Reznik et al., 1976).

Haematuria was observed at 28 weeks in 3/30 male mice given 10 ul
pure NDBA subcutaneously every 2 weeks for 40 weeks (Wood et al., 1970).

A dose of 500 mg/kg bw NDBA induced a 56% inhibition of thymidine
incorporation into DNA of mouse testis 3.5 hours after administration of
the carcinogen (Friedman & Staub, 1976).

Evbryotoxicity and teratogenicity

No teratogenic effects were cobserved in rats when a single maximum
tolerated dose of 1000 mg/kg bw NDBA was given intraperitoneally or when
1200 mg/kg bw were given orally during pregnancy. An increase in foetal
mortality was noted, with peaks of susceptibility on days 3 and 9 and of
high susceptibility on days 10 and 12 of gestation (Napalkov & Alexandrov,
1968).
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Metabolism

Available evidence suggests that NDBA requires metabolic activation
to form the proximate and/or ultimate carcinogen (Druckrey et al., 1967;
Magee & Barnes, 1967; Gkada et al., 1975). The main metabolites that
have been identified in the urine of rats treated with the carcinogen are
N-nitroso-n-butyl-~N- (4-hydroxybutyl)amine and N-nitroso-n-butyl-N-(3-
carboxypropyl)amine; also found are N-nitroso-n-butyl-¥-(2-hydroxy-3-
carboxypropyl)amine, N-nitroso-n-butyl-N-(carboxymethyl)amine, N-nitroso—
n~butyl-~N- (2-hydroxypropyl) amine, N-nitroso-n-butyl-¥N-(2-oxopropyl)amine,
N-nitroso-n-butyl-¥- (3-hydroxypropyl)amine, N-nitroso-n-butyl-N- (3-oxo-
propyl)amine, N-nitroso-n-butyl-N-(2~-carboxyethyl)amine and the glucuronides
of the hydroxy compounds (Blattmann & Preussmann, 1974, 1975; Okada &
Ishidate, 1977; Ckada et al., 1975). The two major metabolites were also
excreted by mice, hamsters, guinea-pigs and dogs after oral administration
of NDBA; in guinea-pigs, the glucuronide of N-nitroso-n-butyl-N-(3-hydroxy-
butyl)amine and traces of N-nitroso-n-butyl-N-(2-hydroxy-3-carboxypropyl)-
amine were also excreted (Ckada & Ishidate, 1977).

It has been suggested that the induction of bladder tumours by NDRBRA
or by N-nitroso-n-butyl-N-(4-hydroxybutyl)amine may be due to their camon
major urinary metabolite, N-nitroso-n-butyl-N-(3-carboxypropyl)amine
(Okada et al., 1975); about 45% of a dose of the latter compound given
orally to rats was recovered unchanged in the urine after 48 hours (Ckada
& Suzuki, 1972).

NDBA is oxidized to form n-butyraldehyde and small amounts of propion-
aldehyde and acetaldehyde in vitro in rat liver microsomal fractions
(Blattmann & Preussmann, 1973, 1977).

Incubation of NDBA with a rat liver microsomal system and 3,4-dichloro-
thiophenol as a trapping agent yields methyl- and butyl-thiocethers
(Preussmann et al., 1976).

Following administration of di[1-!*C]-NDRA, rat liwver RNA contained
labelled 7-n-butylguanine and 7-methylguanine (Krtiger, 1971, 1972).
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Matagenicity and other short-term tests

NDBA, in the presence of a liver microsomal fraction from Kanechlor
500- or phenobarbital-treated rats, induced reverse mutations in Salmonella
typhimurium strains TA 100, TA 1530 and TA 1535 and in Escherichia coli
(Bartsch et al., 1976; Nagao et al., 1977; Nakajima et al., 1974). No
mutagenic effect was detected in S. typhimuriwn strain TA 1530 with
microsomal fractions from human liver biopsies (Bartsch et al., 1976).

N-Nitroso-n-butyl-N- (4-hydroxybutyl)amine, N-nitroso-n-butyl-N-(3-
carboxypropyl)amine, N-nitroso-n-butyl-#N-(2-oxopropyl)amine and N-nitroso-
n-butyl-N- (2-carboxyethyl)amine were mutagenic in S. typhimurium TA 100
and TA 1535 in the presence of a liver microsomal fraction fram rats
treated with Kanechlor 500 (Nagao et al., 1977).

N-Nitroso-n-butyl-N- (c—acetoxy-n-butyl)amine, a synthetic model
compound which is readily converted into the unstable a~hydroxybutyl
derivative, is mutagenic in S. typhimurium strain TA 1530 in the absence
of microsamal activation (Camus et al., 1978).

In the presence of a liver microsomal system from phencbarbital-
treated rats, NDBA induced 8-azaguanine resistant mutants in Chinese
hamster V79 cells (Kuroki et al., 1977).

Epithelial cells of the bladder of adult rats were transformed
in vitro when treated with urea and N-nitroso-n-butyl-¥N-(4-hydroxybutyl)-
amine or N-nitroso-n-butyl-N-(3-carboxypropyl)amine. After their s.c. or
i.p. injection, or their injection into the bladder wall of rats, the
transformed cells developed into transitional-cell carcinomas (Hashimoto
& Kitagawa, 1974).

(b) Humans

No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosodi-n-butylamine is carcinogenic in all animal species tested:
mice, rats, Syrian golden, Chinese and European hamsters, rabbits and
guinea-pigs, after its oral, subcutaneous, intraperitoneal or intravenous
administration. It produces benign and malignant tumours in the urinary
bladder, oesophagus, liver, respiratory tract, stomach and intestine, and
also leukaemia; it is particularly effective as a bladder carcinogen.

It is carcinogenic following its administration prenatally and in single

doses.

The two metabolites, N-nitroso-n-butyl-N-(4-hydroxybutyl)amine and
N-nitroso-n—~butyl-N-(3-carboxypropyl) amine, are also carcinogenic, the
first in mice, rats, hamsters and dogs and the second in rats. When given
orally to mice, N-nitroso-n-butyl-N-(4-hydroxybutyl)amine produces carcino-
mas of the urinary bladder; when given orally or intravesicularly to rats,
it produces papillomas and carcinomas of the urinary bladder; when given
subcutaneously to hamsters, it produces tumours of the urinary bladder
and respiratory tract and cholangiocellular tumours; and when given
subcutaneously to dogs, it produces urinary bladder tumours. N-Nitroso-
n-butyl-N-(3-carboxypropyl)amine produces tumours of the urinary bladder

in rats after its oral administration or intravesicular instillation.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed sporadically to low levels of N-nitroso-
di-n-butylamine; however, no exposed group suitable for an epidemiological
investigation has yet been identified.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitrosodi-
n-butylamine in several experimental animal species. Although no epidemio-
logical data were available, N-nitrosodi-n-butylamine should be regarded
for practical purposes as if it were carcinogenic to humans.
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N-NITROSODIETHANOLAMINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 1116-54-7

Chem. Abstr. Name: 2,2'-(Nitrosoimino)bis-ethanol
Diethanolnitrosamine; NDELA; N-nitroso-bis(2-hydroxyethyl)amine;
nitrosoimino diethanol

1.2 Structural and molecular formalae and weight

\CHz—CHQOH
C,H, .N.O Mol. wt: 134.1

47107273

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow, viscous oil

(b) Boiling-point: 114°C (1.5 mm); decomposes at approximately
200°C (14 rm)

(¢) Refractive index: n]2)0 1.4540

(@) Spectroscopy data: A 234 and 345 mm (Ei = 470.7 and 5.3) in
water (Druckrey et al., 1967); mass spectrametry data are given
by Fan et al. (1977a).

(e) Solubility: Miscible with water in all proportions; soluble
in polar organic solvents; insoluble in non-polar organic
solvents

(f) Volatility: Not steam-wvolatile
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(g) Stability: Stable at room temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark; slightly
less stable in acidic solutions; light-sensitive, especially
to ultra-violet light

(h) Reactivity: Can be reduced to the corresponding hydrazine
and/or amine; cyclized by sulphuric acid at 155°C to form
N-nitrosomorpholine (Fan et al., 1977b)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

N-Nitrosodiethanolamine (NDELA) has been prepared by the reaction of
sodium nitrite with diethanolamine dissolved with dilute hydrochloric acid
(Jones & Wilson, 1949). No evidence was found that NDELA has been produced
commercially; it is difficult to prepare and purify.

(b) Use

No data were available to the Working Group.
2.2 Occurrence

(a) Tobacco

Schmeltz et al. (1977) found 0.1-173 ug/kg NDEIA in tobacco. The
source was believed to be a maleic hydrazide herbicide formulated as the
diethanolamine salt, which had been used on the tobacco.

(b) Cutting fluids

Cutting fluids are widely used to reduce the temperature of the
metal-tool interface during metal cutting or grinding. The may be
synthetic (water, sodium nitrite and triethanolamine), semi-synthetic
(water, oil, emulsifier) or pure oil (Bureau of National Affairs, 1976).
In Europe and the US, most cutting fluid concentrates are synthetic,
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containing up to 45% triethanolamine and 18% sodium nitrite in water, and
are diluted for final use (Fan et al., 1977b).

Zingmark & Rappe (1976) reported initially that NDELA was not found
in a freshly prepared nitrite-triethanolamine-based cutting fluid;
however, on standing for 5-7 months, the fluid was found to contain
400-800 mg/1 NDELA (colorimetric and gas chromatographic quantification)
(Rappe & Zingmark, 1978; Zingmark & Rappe, 1977). Fan et al. (1977b)
found that even when the pH of the fluids was in the range of 9-11, all
cutting fluids examined contained NDEIA at concentrations varying from
0.02-3%.

(c) Pesticides

An atrazine formulation emulsified with triethanolamine was reported
to contain 0.5 mg/kg NDEIA! (Cohen et al., 1978).

(d) Cosmetics

NDELIA was found in all of 7 facial cosmetic formulations at levels
of 42-49,000 ug/kg and in 12/13 hand and body lotions (<10-140 ug/kqg)
and in 8/9 hair shampoos (<10-260 ug/kg) (Fan et al., 1977a).

2.3 Analzsis

For the analysis of NDELA in cutting fluids, pesticides and cosmetics,
samples are extracted with ethyl acetate in the presence of ammonium
sulphamaté, washed off a silica colum with acetone and analysed by thermal
energy analyser-high-pressure liquid chromatography using a u Porasil
colum with 2 ml/min of 40% acetone and 60% hexane (Cohen et al., 1978;

Fan et al., 1977a,b).

Gas chromatography can also be used for analysis of NDELA in pesticides
(Cohen et al., 1978); for cutting fluids, conversion to the O-methyl ether
followed by gas chromatography (Fan et al., 1977b) or a colorimetric method
(Rappe & Zingmark, 1978) can be used. Analysis of NDELA in tobacco is
described by Schmeltz et al. (1977).

This result was not confirmed by mass spectroscopy (see also 'General
Remarks on the Substances Considered', p. 40).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Rat: A group of 20 BD rats was given N-nitrosodiethanolamine (NDELA)
in the drinking-water at concentrations equivalent to 600-1000 mg/kg
bw/day, up to a total dose of 150-300 g/kg bw. All 20 animals developed
hepatocellular carcinomas between 242-325 days after the start of treat-
ment; 4 rats also had renal adenomas (Druckrey et al., 1967) [The Working
Group noted that the dose required to produce the effects was very much
higher than that of other carcinogenic nitrosamines].

(b) Subcutaneous administration

Hamster: Two groups of 15 male and 15 female Syrian golden hamsters
received either 7 twice weekly s.c. injections each of 2260 mg/kg bw
NDELA (1/5 of the IDSO) or 27 injections of 565 mg/kg bw (1/20 of the LDso)
over 45 weeks; 1in the latter case, several injection-free intervals of
1-2 weeks were required due to local necrosis. Total doses were approxi-
mately 15 g/kg bw; all surviving animals were killed at 78 weeks. In
the first group, 28/30 animals were still alive at the appearance of the
first tumour (33 weeks), and 20 developed tumours, including 10 adenocar-
cinomas of the nasal cavity, 8 papillary tumours of the trachea and 3
hepatocellular adenomas. In the second group, 27/30 animals survived 33
weeks, and 19 developed tumours, including 12 adenocarcinomas of the nasal
cavity, 7 papillary tumours of the trachea and 3 fibrosarcomas at the
injection site. Of 27 effective controls, 3 developed 1 thyroid carcinoma,
1 haemangioendothelioma of the spleen and 2 adenomas of the adrenal gland
(Hilfrich et al., 1978) [The Secretariat became aware of this paper subse-
quent to the meeting of the Working Group].
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3.2 Other relevant biological data

(@) Experimental systems

The s.c. ID . of NDEIA in Syrian golden hamsters was 11.3 g/kg bw
5
(Hilfrich et al., 1978). NDEIA was not lethal when given as a single
oral dose of 7.5 g/kg Iw to rats (Druckrey et al., 1967).

No data on the metabolism, mutagenicity, embryotoxicity or terato-
genicity of this compound were available to the Working Group.

(b) Humans
No data were available to the Working Group.
3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Experimental data

N-Nitrosodiethanolamine is carcinogenic in rats after its oral admini-
stration and in hamsters after its subcutaneous injection. It produces
hepatocellular carcinomas and renal adencmas in rats, and adenocarcinomas
of the nasal cavity, papillary tumours of the trachea, hepatocellular
adenomas and local fibrosarcomas in hamsters.

4.2 Human data

No case reports or epidemiological studies were available to the
Viorking Group. N-Nitrosodiethanolamine has been found in variable concen-
trations in tobacco, one pesticide formulation, some cosmetic preparations
and, in much higher concentrations (0.02-3%), in cutting fluids. These
reports should permit the identification of exposed groups.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of FN-nitroso-
diethanolamine in two experimental animal species. In view of the widespread
exposure to appreciable concentrations of N-nitrosodiethanolamine, efforts
should be made to obtain epidemiological information. Although no epidemio-
logical data were available, N-nitrosodiethanolamine should be regarded
for practical purposes as if it were carcinogenic to humans.
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N-NITROSODIETHYLAMINE

This substance was considered previously by an IARC Working Group,
in December 1971 (IARC, 1972). Since that time new data have becaome
available, and these have been incorporated into the monograph and taken
into account in the present evaluation.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 55-18-5

Chem. Abstr. Name: N-Ethyl-V-nitroso—ethanamine

DEN;

DENA; N,V-diethylnitrosamine; diethylnitrosamine;

nitrosodiethylamine; NDEA

1.2 Structural and molecular formulae and weight

CH,—CH,
O:N—-N<
CH,—CH,
C4H10N20 Mol. wt: 102.1

1.3 Chemical and physical properties of the pure substance

(a)
(b)

(©)
@)
(e)

(£)

Description: Yellow, volatile liquid

Boiling-point: 177°C (760 mm); 64-65°C (17 mm) (Druckrey
et al., 1967)

Density: dio 0.9422

Refractive index: ngo 1.4386

Spectroscopy data: Ay, 230 and 340 mm (E' = 726.7 and 8.3)

in water (Druckrey et al., 1967); mass spectroscopy data are
given by Pensabene et al. (1972) and Rainey et al. (1978).

Solubility: Soluble in water (approximately 10%) (Druckrey
et al., 1967) and in organic solvents and lipids
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(g) Volatility: Can be steamdistilled quantitatively (Eisenbrand
et al., 1970)

(h) Stability: Stable at room temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
light-sensitive, especially to ultra-violet light

(1) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis
but can easily be split by hydrogen bromide in acetic acid
(Eisenbrand & Preussmann, 1970). Photochemically reactive
(Fridman et al., 1971). A description of the preparation of
various derivatives is available (Preussmann et al., 1978).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.
(a) Production

N-Nitrosodiethylamine (NDEA) was first prepared in 1863 by Geuther
& Kreutzhage (Prager et al., 1922). It can be made by the reaction of
diethylamine and nitrous acid (Druckrey et al., 1967).

Although NDEA is available in small quantities for research purposes,
no evidence was found that it has been manufactured commercially.

0 Use

No data were available to the Working Group.
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2.2 QOccurrence
(@) Air

When the air of a mumber of major US cities was examined for N-
nitrosamines, NDEA (200 mg/m’)! was found only in one area of Baltimore
(Fine et al., 1976a,b). Ilevels of <10 ng/m31 have been found in the
smoking compartment of a train (Brunnemann & Hoffman, 1978).

(b) Tobacco smoke

McCormick et al. (1973) reported NDEA in tobacco smoke condensate at
a level of 1-28 ng/cigarette. The mainstream smoke of a blended cigarette
without filter tip (85 mm; 0.9% nitrate; 2.05% nicotine) was reported
to contain <5 ng NDEA/cigarette (Hoffmann et al., 1974). Klimsch et al.
(1976) reported trace levels in 9 types of tobacco smoke, and 1 ng/
cigarette in one sample. Up to 8.3 ng/cigarette were found in the main-
stream smoke of 19 comrercial and experimental cigarettes; far greater
concentrations (8-73 ng/cigarette) were found in sidestream smoke
(Brunnemann & Hoffmann, 1978; Brunnemann et al., 1977).

(c) Water

NDEA was found at the 0.010 pug/1' level in high-nitrate well-water
used for drinking (Fine, 1978). Fiddler et al. (1977) reported 0.33 and
0.83 pug/1 NDEA in deionized water. Ievels of 0.07 and 0.24 ug/l1! were
found in the waste-water from 2/19 chemical plants (Cohen & Bachman, 1978).

(@ Food and feed

Cheese: NDEA was detected in a sample of Cheddar cheese in trace
amounts (>0.5 ug/kg but <1.0 ug/kg) and in Cheshire cheese at a lewvel of
1.5 ug/kg' (Alliston et al., 1972). It was found in 1/16 cheese samples
at a level of 20-30 ug/kg! (Cerutti et al., 1975). Sen et al. (1978)
reported 2-20 ug/kg NDEA in 10/63 cheeses. Eisenbrand et al. (1978)
found 3 ug/kg in 1/173 cheeses.

!These results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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Vegetables and vegetable oils: NDEA has been detected in beans at
a level of 0.2 ug/kg! (Roach, 1972), and in five sanples of freshly
expressed soya bean oil at a level of 4 ug/kg! (Hedler & Marquardt, 1974).

Cereal products: In earlier work using inadequate methodology,

conflicting reports were made about the presence of NDEA in cereal products.
Hedler & Marquardt (1968), Heyns & RSper (1974), Kroeller (1967), Marquardt
& Hedler (1966), Roach (1972), Sen et al. (1969), Thewlis (1967) and
studies in Iran (Joint Iran-IARC Study Group, 1977) found no evidence of
NDEA in such products.

Fish: NDEA has been found at levels of less than 1 ug/kg in spotted
catfish, cod, coalfish, greater silver smelt, grenadier, herring, pollock,
redfish and torsk; haddock was found to contain up to 4 ug/kg (Telling
et al., 1974). In another study, cod was found to contain up to 50 ug/kg!
in salted samples, 39 ug/kg! in samples in tomato sauce, 1 ug/kg! in

frozen samples and none in smoked samples. The same study reported that
dwarf herring contained 147 ug/kg! in baked samples, 2 pg/kg! in fresh
samples and 1 ug/kg! in smoked samples. Herring was found to contain

108 ug/kg! in pickled samples, 27 ug/kg! in samples in tomato sauce and

4 ug/kg' in smoked samples (Kann et al., 1976). Earlier studies reported
a level of 1.5 ug/kg! in both uncooked and fried stale cod (Alliston

et al., 1972) and traces' of NDEA in samples of pickled but not frozen
herring (Sen et al., 1969). Ievels of 1.2-21.0 mg/kg! have been reported
in Cantonese salt-dried fish (Fong & Walsh, 1971).

NDEA has also been detected! in salted salmon roe which contained
sodium nitrite (Sakai & Tanimura, 1971). Iyengar et al. (1976) found
4-14 yg/kg NDEA in halibut, salmon, cod, sole, ocean perch and scallops
only after frying or baking.

Meat products: A maximum of 40 ug/kg! NDFA was reported in cured
meats (Freimuth & Glaeser, 1970). Less than 1 ug/kg was detected in 1/24
samples of fried bacon, and 1-4 ug/kg were found in a sample of chopped

These results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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pork (Crosby et al., 1972). 1In the UK, 1.5 ug/kg' NDEA was found in fried
back bacon and in uncocked pig's liver (Alliston et al., 1972). ILewels of
2-25 ug/kg were found in 11/298 samples (Sen et al., 1974) and in 9/80
samples of various meat products (Panalaks et al., 1974). Trace amounts'
of NDEA were reported in samples of tea sausage, smoked 'Krekovi' sausage
and smoked 'Servelaad' sausage (Kamn et al., 1976). Samples of uncooked
bacon were found to contain 0.3 ug/kg, and cooked bacon samples contained
2.0 ug/kg! (Fine & Rounbehler, 1976).

Sen et al. (1976) found 10 ug/kg in pepperoni, 3-10 pg/kg in bologna,
7 ug/kg in wieners, 10 ug/kg in mock chicken, 16 ug/kg in meatloaf and
5 ug/kg in ham sausage. Groenen et al. (1976) found 7 and 91 ug/kg in
two samples of smoked meat and 4-43 ug/kg in fried and unfried bacon.
Stephany et al. (1976) found a mean of 0.1-0.6 ug/kg in meat products,
with up to 2.8 ug/kg in cocked and smoked ham; and Groenen et al. (1977)
found 0.1-0.8 ug/kg in 11/47 samples of processed meats.

Havery et al. (1978) and Eisenbrand et al. (1978) found no evidence
of NDEA in a large number of meat products. Gough (1978) found 0.05 ug/kg!
in 1/13 prepared meals, <0.03 ug/kg' in 3/36 pastry foods and up to 0.2
ug/kg! in cured meats.

Feed: A level of 1 ug/kg NDEA was found in 4/6 samples of fishmeal
(Mirna et al., 1976), and 28 and 36 ug/kg were found in 2/16 samples
(Juszkiewicz & Kowalski, 1976). Kann et al. (1978) reported <1.0 ug/kg
in 3/46 samples of animal feed. Iewvels of 0-17 ug/kg have been found in
experimental animal feed (IARC, 1977a).

() Alcoholic beverages

NDEA has been detected in a number of alcoholic beverages, including

apple brandy, ciders, cognac, armagnac, rum and whiskey. The average
level was 0.1 ug/kg (IARC, 1977b).

These results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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(£) In vivo

NDEA was present in human blood both before and after the ingestion
of a meal: the level in the blood increased from 0.09 pl/1' before to
0.46 ug/1! following the meal (Fine et al., 1977). Ilakritz et al. (1978)
reported the presence of 5-30 pg/kg NDEA in the stomachs of 4/35 fasting
patients [No adequate precautions were taken to prevent nitrosamine
formation during storage of the samples].

2.3 Analzsis

An IARC Manual gives selected methods for the analysis of volatile
N-nitrosamines, including NDEA (Preussmann et al., 1978).

On 29 September 1977, the US Environmental Protection Agency issued
a notice requiring all registrants of pesticide products that are poten-
tially contaminated with N-nitroso compounds to analyse commercial samples
which have been stored for at least 18 days to determine the extent of
contamination. This notice prescribes in general terms the types of
analytical methods to be used for volatile N-nitroso campounds (e.g.,
gas chromatography plus mass spectrametry or thermal energy analysis, and
others) as well as for nonvolatile N-nitroso compounds (e.g., high-pressure
liquid chromatography plus ultra-violet spectroscopy). Confirmation of
positive results by gas chromatography and mass spectrometry or by valid
independent methods is required when possible (US Environmental Protection
Agency, 1977).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: Several studies on different strains have demonstrated the

carcinogenicity of N-nitrosodiethylamine (NDEA) in this species. In the

'These results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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liver, mainly haemangioendotheliomas (Schm#hl & Thomas, 1965a; Schmihl
et al., 1963a) and adenomas (Takayama & Oota, 1965), but also hepatomas
(Clapp & Craig, 1967; Clapp et al., 1970; Schmdhl et al., 1963a), were
produced. Squamous—-cell carcinomas of the oesophagus and forestomach
were also found (Clapp & Craig, 1967; Clapp et al., 1970, 1971;
Shvemberger, 1965; Takayama & Oota, 1965). An increased incidence of
lung adenamas has also been observed (Clapp & Craig, 1967; Clapp et al.,
1970; Mirvish & Kaufman, 1970). The site and histological type of the
tumours depended to a certain extent on the mouse strain used (Clapp

et al., 1971). Tumour frequency was usually very high, approaching in
many cases 100%, in mice given a dosage of 2-13 mg/kg bw/day. Some indi-
cation of a dose-response relationship has been reported by Clapp et al.
(1970) and Schmi#hl & Thomas (1965a).

It was reported in an abstract that sfﬂéjié\i.g. doses of 60 mg/kg bw
NDEA produced 7/24 hepatomas and 7/24 lung adenomas in BTO mice; no sig-

nificant increase was seen in C57BL/60 mice (Akamatsu, 1975).

Rat: Following the first report of liver carcinogenesis by NDEA in
rats (Schmdhl et al., 1960), many laboratories confirmed and enlarged
this finding using different strains and conditions (Grundmann & Sieburg,
1962; Ilacassagne et al., 1967; Reid et al., 1963; Takayama et al.,
1975; Thomas, 1961). In most cases, hepatocellular tumours have been
observed, often with lung metastases; in some cases, cholangiomas have
also been described (Argus & Hoch-Ligeti, 1961; Hoch-Ligeti et al., 1964).
In lifetime feeding studies with daily doses of between 1 and 10 mg/kg bw,
tumour yields approaching 100% have been found. While most investigations
have shown no sex difference, Reuber & Iee (1968) reported an increased
sensitivity in young females. The same authors also reported that four-
week-old animals were more sensitive than older animals. Feeding for only
82 days increased the latent period and reduced the tumour yield as compared
with lifetime feeding (Rajewsky et al., 1966). With lower daily dosages
(0.15-0.6 mg/kg bw), squamous-cell carcinamas of the oesophagus were
obtained in addition to liver tumours (Druckrey et al., 1963a). A single
dose of 280 mg/kg bw induced liver and kidney tumours, and 4 weekly doses
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of 25 or 35 mg/kg bw induced tumours of the liver, the oesophagus and the
kidney (Druckrey et al., 1963b, 1964).

In a dose-response study (Table 1), the mean total dose administered
in drinking-water until appearance of the first tumour ranged from 56-965
mg/kg bw, and the induction time for tumours between 68 and 750 days. All
dosages higher than 0.15 mg/kg bw/day gave a tumour yield of 100%; 0.15
mg/kg bw/day gave a tumour yield of 27/30. At a dose of 0.075 mg/kg bw/
day, 20 rats lived for more than 600 days (40/60 died from pneumonia) ;
at 750 days, 16 were dead and 1 animal had a hepatoma, 3 had maltiple
papillomas of the oesophagus, and 3 had a squarfbils—’aéll carcinoma of the
nasal cavity. The four animals given this dose level that lived at least
until 940 days of age (850 days of the experiment) all had tumours: 3 had
hepatomas (one of these also had a jaw carcinama) and one had a hepatocellular
carcinoma; 2 sarcomas were seen also (Druckrey et al., 1963a).

Liver tumours, including 13 hepatocellular carcinomas, 9 haemangio-
sarcomas and 1 unclassified blastoma, were induced in 23/25 16-week-old
male Wistar rats by daily administration of 1 mg NDEA in the drinking-water,
up to a total dose of 134 mg/animal (Hadjiolov, 1972).

Carcinomas of the oesophagus were induced in 9/14 male and 5/14 female
12-week-~0ld Buffalo rats after feeding 0.0114% NDEA in the diet for 26 weeks.
Animals survived an average of 28 weeks (Reuber, 1975).

It was reported in an abstract that nasal and other tumours (unspeci-
fied) occurred after the tenth month of life in the offspring of a female
rat given NDEA during nursing (route unspecified); the mother developed
a kidney tumour and died after 9 months (Schoental & Appleby, 1973).

Hamster: The i.g. administration of 0.4 ml of a dilute agqueous
solution of NDEA (1:250) twice weekly induced tumours of the trachea and/or
lung in 37/68 Syrian golden hamsters (Dontenwill & Mohr, 1961; Dontenwill
et al., 1962). In another study, malignant liver-cell tumours and tumours
of the nasal cavity and bronchi were also induced (Herrold & Dunham, 1963).

Tumours of the forestomach and oesophagus developed in all of 20 male
and 20 female inbred Chinese hamsters that received 40 mg/1 NDEA in
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Table 1%

N-Nitrosodiethylamine dose-response

' animals aifve a%g Su.?th Ntmﬂ?er of Number of Nuber megeufgp hageal
Daily dose at appearance malignant malignant lung
mg/kg bw of first tumours of Liver metastases
fum, |y | o e
14.2 5 5 5
9.6 25 25 25
4.8 25 25 25
2.4 34 34 34 7
1.2 36 36 36 10
0.6 49 49 49 >
0.3 67 62 4 23
0.15 30 27 18 13 2
0.075 4 1 1 3

YFram Druckrey et al., 1963a




drinking-water for 17-26 weeks. Squamous-cell carcinamas accounted for
23% of the stamach tumours and for 15% of those of the oesophagus. Hepato-
cellular carcinomas also occurred in 5 animals (Baker et al., 1974).

Guinea-pig: NDEA administered in the drinking-water as 5 mg/kg
bw/day induced hepatocellular carcinamas and liver adenocarcinomas, some
metastasizing into the lungs, in all of 11 treated animals. The median
total dose was 1200 mg/kg bw (Druckrey & Steinhoff, 1962). With a dose
of 3 mg/kg bw/day, 7/8 animals had liver tumours (Thomas & Schm#hl, 1963).
In another study, hepatocellular carcinomas were again the main tumour
type induced in 14/15 animals that lived more than 16 weeks (Argus &
Hoch-Ligeti, 1963). In a dose-response study, NDEA was given in the
drinking-water for periods of 4, 8, 12 and 24 weeks; with an average
daily intake of 1.2 mg/animal (total dose, <75 mg/animal), no tumours
were observed after one year. With a higher daily intake, treatment for
12 weeks gave a 21% tumour yield and treatment for 24 weeks a 100% yield
(Arcos et al., 1969).

Rabbit: Daily doses of 3.4 mg/kg bw NDEA given continuously in the
drinking-water induced liver-cell carcincmas in 2/2 treated rabbits
(Schidhl & Thomas, 1965b). In another experiment, all 13 animals that
received NDEA continuously in the drinking-water (0.042 g/1) on 6 days a
week died with metastasizing hepatic carcinomas; one animal had an adeno—
carcinoma of the lung (Rapp et al., 1965).

Dog: Primary hepatic neoplasms of various types were induced in 14/14
adult male mongrel dogs given 50, 100 or 500 mg/1 NDEA in the drinking-water
for 2-50 weeks; these consisted of 3 fibromas, 4 leiomyomas, 1 haemangiama,
10 haemangioendotheliomas, 4 fibrosarcomas, 2 leiamyosarcomas, 1 hepato-
cellular carcinoma, 1 cholangiocarcinoma and 1 undifferentiated-cell car-

cinoma. Six dogs developed squamous-cell carcinomas of the nasal cavity
(Hirao et al., 1974).

Pig: Various tumours of the liver, 1 adenama of the kidney and 1
squamous—cell carcinoma of the ethmoid were induced by daily doses of
4.4 mg/kg bw NDEA to 4 pigs (Schm3hl et al., 1967). In another study, 2
pigs treated with 1.5 mg/kg bw for 11 months and then 3 mg/kg bw until
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death developed a hepatoma and a kidney adenoma, respectively (total doses,
750 mg/kg bw for the pig that died after 470 days and 1090 mg/kg bw for the
one that died after 594 days) (Schmdhl et al., 1969).

A group of 6 GBttingen mini-pigs received doses of 0.4 mg/kg bw NDEA
in aqueous solution 5 times/week for 42 weeks/year. After 5 years, 3 long-
term survivors died (total dose, 420 mg/kg bw), and 2 others were killed.
All 5 mini-pigs had a hepatocellular adenama. Four animals had hepato-
cellular carcinomas; one of these animals also had a Kupffer-cell sarcoma,
and in another metastases of the hepatocellular carcinoma were found in the
lung. In addition, 1 renal carcinoma and 1 brain tumour were observed
(Graw & Berg, 1977).

Monkey: It was reported in an abstract that after oral administration
of NDEA, beginning 12 hours after birth, at a dosage varying from 2-30
mg/kg bw/day, hepatocellular carcinomas were induced in 3/15 rhesus and
cynomolgus monkeys (O'Gara & Kelly, 1965). Hepatocellular carcinamas were
induced in 6/15 rhesus and cebus monkeys treated with various doses of NDEA
for more than a year; treatment of newborn or young animals was with
2 mg/kg bw, and the dose was gradually increased up to 30 mg/kg bw. The
cumlative oral dosage ranged from 6-26 g/monkey, and the induction time
varied between 14 and 24 months (KRelly et al., 1966).

(b) Skin application

Mouse: Twice-weekly skin application of two drops of a 0.2% solution
of NDEA in acetone for 10 months induced squamous-cell carcinomas of the
nasal cavity in 17/24 animals; no local skin tumours were cbserved
(Hoffmann & Graffi, 1964a). Daily treatment with three drops of 0.2%
solution, or twice-weekly treatment with two drops, induced squamous-cell
carcinomas of the nasal cavity in almost all treated animals after appli-

cation of nore than 8 mg/animal (Hoffmann & Graffi, 1964b).

Hamster: In 6/8 Syrian hamsters, skin painting with NDEA in water
produced epithelial papillomas of the nasal cavity, but no skin tumours
(Herrold, 1964a,b).
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(c) Inhalation and/or intratracheal administration

Rat: Spray inhalation of a dilute aqueous solution of NDEA (1:250)
for 4 months produced liver carcinomas in 8/17 animals, but no lung
tumours (Dontenwill & Mohr, 1962).

Hamster: Spray inhalation of 1-2 mg NDEA twice weekly for 5 months
produced tumours of the trachea and/or lungs in 18/33 Syrian golden
hamsters (Donterwill et al., 1962). The weekly intratracheal instillation
of 0.05 ml of an aqueous solution (1:14) for a period of up to 6 months
induced tumours in the trachea in 14/14 and in the bronchi in 10/14 animals,
but no liver tumours (Herrold & Dunham, 1963).

(d) Subcutaneous and/or intramuscular administration

Mouse: S.c. doses of 50 mg/kg bw once or twice weekly, up to a total
dose of 200 or 400 mg/kg bw, significantly increased the frequency of lung
adenomas from 15% in untreated controls to 25-90% in treated animals
(Hilfrich et al., 1971).

Groups of 20 male and 20 female 8-week-old Swiss mice were treated
with single s.c. injections of 0, 2, 4, 8, 16 or 32 mg/kg bw NDEA. 1In
treated animals, the incidences of lung tumours (including adenomas and
carcinomas) were 16/39, 18/38, 24/39, 25/39 and 21/40, compared with
33/218 in controls; 3 treated mice developed s.c. sarcamas (average
survival, 88 weeks) (Cardesa et al., 1974).

Newborn mouse: Treatment of newborn mice with a single s.c. dose of

50 mg/kg bw caused a significant increase in the number of lung adenomas.
Most of the animals also developed hepatomas within 6 months (Gargus
et al., 1969).

Hamster: Several experiments with Syrian golden hamsters have shown
that NDEA produces carcinomas and papillomas of the upper and lower
respiratory tract (nasal cavity, bronchi, trachea, lungs) and, much less
frequently, tumours of the liver (Donterwill et al., 1962; Herrold, 1964b,c).
A positive dose-response relationship for tumour induction in the upper
respiratory tract, but not for that in the lower respiratory tract (where
tumour frequency was low), was observed after 12 weekly s.c. doses of
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0.5, 1, 2 or 4 mg/animal; tuwour yields in the nasal cavity and the larynx
ranged from 17-72% and in the trachea from 88-100%; one liver tumour was
observed (Montesano & Saffiotti, 1968). Six different single doses, ranging
from 0.75-4 mg/animal, produced papillomas in the trachea, while lower
doses, down to 0.03 mg/animal, were without effect when the animals were
killed at 25 weeks (Mohr et al., 1966a). A smaller dose (4.6-9.3 mg/kg bw)
was found to give a 10% yield of tracheal papillaomas in hamsters observed
for their lifespan (Dontenwill, 1968).

Twice-weekly s.c. injections of 20 mg/kg lw NDEA to 40 Syrian golden
hamsters resulted in 18 neoplasms of the nasal cavity (squamous-cell
carcinomas, adenocarcinamas, 'neurogenic tumours'), 31 papillomas of the
trachea and 19 tumours of the liver (hepatomas, hepatocellular carcinamas,
cholangiocarcinamas); the medium induction time was 190+21.4 days (Mennel
et al., 1974).

Daily s.c. injections of 5-20 mg/kg bw NDEA to 3 groups of 5 nursing
Syrian golden hamsters for 30 days, cammencing on the first day after
delivery, caused papillomas in the respiratory tracts (trachea, larynx,
bronchi, nasal cavity, lung) of mothers and their offspring. The tumour
frequency in the }3’1 generation was dependent upon the dose the mother
received; the findings indicated that the carcinogen or its metabolites
were transmitted to the offspring during lactation (Mohr et al., 1972a).

Tracheal tissue fraom Syrian golden hamsters pretreated twice weekly
with 18 mg/kg bw NDEA for 20 weeks was implanted into their mothers'
spleens, and the mothers were subsequently given 18 mg/kg bw NDEA subcu-
taneously twice weekly for 20 weeks. Tracheal tumours developed within
the spleen in the mothers (16/22); three of the tumours were squamous-cell
carcinomas (Mohr et al., 1976).

The consistent affinity of NDEA for the respiratory tract was not
adbserved in experiments with Chinese hamsters. A s.c. dose of 77 mg/kg
bw, given once weekly for up to 22 weeks to 132 animals, resulted in 82%
multiple papillomas of the forestomach and 30% papillomas of the oesophagus;

squamous metaplasia but no tumours was observed in the respiratory tract
(Mohr et al., 1967).
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In three groups of 40 Chinese hamsters, s.c. treatment with 1/5, 1/10
or 1/20 ]'.D50 NDEA (IDSO: 230 mg/kg bw) once a week for life produced
squamous—cell papillomas of the cheek pouch, tongue, pharynx, oesophagus
and forestomach in up to 100% of animals. Carcinomas were also seen
occasionally at these sites (Reznik et al., 1976).

Once-weekly s.c. injection of 20 mg/kg bw NDEA for life to 10 wild male
European hamsters yielded tumours of the respiratory system in all animals;
the main target organ was the nasal cavities. Squamous—cell papillomas
were seen in the larynx, trachea and stem bronchi (Mohr et al., 1972b).

Newborn hamster: A single s.c. dose of 0.015, 0.03, 0.09 or 0.15 mg/
animal given to newborn hamsters produced tumours of the upper respiratory
tract in 30-65% of the animals, but very few tumours were observed in the
lungs and bronchi. One liver-cell carcinoma and 1 hepatoma were seen in
144 animals (Montesano & Saffiotti, 1970).

Gerbil: When groups of 40 or 120 gerbils (Meriones unguiculatus) were

given once-weekly s.c. injections of 6, 12 or 24 mg/kg bw NDEA for life,
high incidences (66-80%) of multifocal tumours of the nasal cavity were
observed. In addition, papillomas of the tracheobronchial system, adencmas
and carcinomas of the lung, as well as cholangiocellular and hepatocellular

carcinomas were seen (Cardesa et al., 1976; Haas et al., 1975).

Guinea-pig: S.c. administration of total doses of between 341 and
1310 mg/kg bw produced malignant liver-cell tumours and same benign or
malignant tumours in the trachea and ethmoidal region of guinea-pigs
(Lombard, 1965).

Hedgehog: S.c. administration of NDEA to Algerian hedgehogs (Erinaceus)
(total dose, 375-1050 mg/kg bw) resulted in necrosis of the liver parenchyma
and benign and malignant tumours of the liver and lung (Graw et al., 1974).

Bird: Grass parakeets were injected intramiscularly once weekly with
100 mg/kg bw for 19 weeks and then once every second week, to a total dose
of 25004600 mg/kg bw; 6/9 birds that survived the treatment died with
malignant hepatic tumours (Schmdhl et al., 1966).
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(¢) Intraperitoneal administration

Mouse: Two i.p. injections of 100 mg/kg bw produced lung adenamas in
28/29 SWR mice (Mirvish & Kaufman, 1970).

A strain-specific susceptibility to NDEA carcinogenesis was identified
by Diwan & Meier (1976a). A single i.p. injection of 90 mg/kg bw led
predominantly to lung adenomas (24% versus 0% in controls) and leukaemia
(68% in both experimental and control animals) in 25 AKR/J mice, to lung
adenomas (70% versus 22% in controls) and leukaemia (28% versus 18% in
controls) in 25 SWR/J mice and to 6 hepatomas and 1 bile-duct adenoma in
21 C57BL/6J mice, No liver tumours were seen in 20 C57BL/6J control mice.

Studies on the metastatic tendency of NDEA-induced liver tumours in
(C57BL/6JxXC3HeB/FeJ)F mice revealed metastatic foci in the lungs in 22%
(Kyriazis et al., 19712) and 38% of the animals (route unspecified) (Koka
& Vesselinovitch, 1974).

Rat: A daily i.p. dose of 0.55 mg/animal for 12 or 23 weeks produced
hepatomas in more than 80% of F-344 rats treated (Svoboda & Higginson, 1968).

Hamster: An i.p. dose of 2 mg/animal once a week for 4-7 months
produced squamous-cell papillomas of the trachea, epithelial papillomas,
carcinomas and neuroepithelial tumours of the nasal cavity, squamous-cell
papillomas of the bronchi and hepatic carcinomas (Herrold, 1964b).

Monkey: Two Ceropethicus aethiops (green) monkeys treated with 20-40
mg/kg bw every two weeks for 26 months developed hepatic-cell carcinomas
(Kelly et al., 1966). It was reported in an abstract that hepatomas and
hepatocellular carcinomas were produced by i.p. administration of 40 mg/kg
bw once every two weeks for 15 months or longer in all 25 monkeys treated;
17 of these had metastases (0'Gara et al., 1970).

It was reported in an abstract that i.p. administration of NDEA
resulted in liver tumours within 8-27 months in rhesus and cynomolgus
monkeys. This was preceded by a significant increase in the alpha-foeto-
protein levels in serum between the third and sixth months (Adamson
et al., 1973).
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Mucoepidermoid carcinomas in the nasal cavities occurred in 10/14
prosimian primates (Galago crassicaudatus) treated by i.p. injection every
2 weeks with 10-30 mg/kg bw NDEA; 2/10 animals also had primary carcinomas
of the liver (Dalgard et al., 1975, 1976).

Newborn monkey: It was reported in an abstract that i.p. injections
of NDEA every other week to newborn rhesus monkeys resulted in 100% liver
tumour incidence within 10-15 months (Adamson et al., 1974).

(f) Intravenous administration

Rat: A single i.v. injection of 280 mg/kg bw NDFA to 4 rats produced
kidney tumours in all animals and one carcinoma of the ovary (Druckrey
et al., 1963b, 1964).

The effect upon the kidneys of a single i.v. injection of 1.25-160
mg/kg bw NDEA was studied in groups of 10 male and 10 female Sprague-Dawley
rats (Table 2). One female given 1.25 mg/kg bw developed an adencama of the
kidney. Dose levels of 40 mg/kg bw and above increased the tumour incidence
and decreased survival time (Mohr & Hilfrich, 1972, 1974).

Gerbil: Single i.v. injections of 50 or 100 mg/kg bw NDEA to groups
of 10 male gerbils resulted in the development of carcinomas of the nasal
cavities; the tumours originated mainly from the respiratory-olfactory
mucosal junction (Cardesa et al., 1976).

(g) Other experimental systems

Prenatal exposure

Pregnant NMRI mice were given NDEA in s.c. doses of 80-240 mg/kg bw
from the 15th to the 20th day of gestation; their offspring were killed
after 8 or 12 months. A significant increase (up to 63%) in the occurrence
of multiple pulmonary adencmas was observed (Mohr & Althoff, 1965a). In
addition to lung adenomas, benign and malignant tumours of the liver,
oesophagus and forestomach were cbserved in the offspring of pregnant
random-bred or C3H mice treated with NDEA during the last days of pregnancy
(Likhachev, 1971, 1974). After treatment with 50 mg/kg bw NDEA on day 18
of gestation, 87% of the offspring of (AKR/JxSWR/J)F1 mice developed
pulmonary adenomas (Diwan & Meier, 1976b).
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Table 2%

Females Males
Dose Survival | Number of Nurber and type Survival | Number of | Number and type
mg/kg bw (weeks) rats with of tumours (weeks) rats with of tumours
tumours tumours
1.25 117 1 1 Adencma 99 - - -
2.5 108 1 1 Adenoma 98 1 1 Adencma
5 110 2 2 Adencmas 105 1 1 Adenoma
10 93 - - - 98 3 3 Adencmas
20 112 1 1 Adenocma 81 - - -
40 82 3(l)b 3 Adencmas 77 3 2 Adenomas
1 Carcinoma 1 Carcinama
80 72 6(5) 10 Adenomas 87 3(3) 8 Adencmas
9 Carcinomas 1 Carcinoma
1 Malignant mesen-
chymal tumour
160 67 8(7) 13 Adenomas 61 3(2) 4 Adencmas
15 Carcinomas 1 Carcinoma

ZFrom Mohr & Hilfrich, 1972
Figures in parentheses are numbers of rats with tumours in both kidneys.
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Daily s.c. doses of 4 or 8 mg/animal were given to female Sprague-
Dawley rats fram the 10th to the 2lst day of pregnancy; 14/26 of the
mothers showed kidney tumours after 1 year, 5 of which were carcinomas.
Some kidney tumours were observed in the offspring at one year of age
(Wrba et al., 1967). Under similar conditions, oral or s.c. administration
to pregnant Wistar rats of varying doses of NDEA produced benign and malig-
nant tumours, mainly thymomas and adenomas of the mammary gland, in the
offspring. Treated female rats died with carcinomas and adencamas of the
kidneys and liver (Thomas & Bollmann, 1968). Daily oral doses of 1 mg/
animal given to female rats before and during pregnancy, up to a total dose
of 60-90 mg/animal, did not result in an increased tumour rate in the off-
spring during lifetime observation; however, 5 carcinomas of the kidney
were observed in 3/4 of the mothers that received a total dose of 60 mg
(Sydow, 1970).

Daily s.c. doses of 2 mg/animal were given to Syrian golden hamsters
for 1-7 days during the second half of the gestation period. Multiple
tracheal papillomas were found in 42% of the young 25 weeks after birth,
and the first tumours appeared when they were between 8 and 12 weeks of
age (Mohr et al., 1965). When 4 mg were given for 2-5 days to mothers,
75% tracheal papillamas were found in the young at 25 weeks (Mohr &
Althoff, 1965b). Of the treated mothers, 73% developed tracheal papillamas
(Mohr et al., 1966b). When Syrian golden hamsters were treated with a
single dose of 45 mg/kg bw NDEA on one of the last four days of pregnancy
(12-15 days), the offspring showed an incidence of up to 95% respiratory
tract tumours, whereas treatment of the mothers during the first 11 days
of pregnancy resulted in no respiratory tract tumours in the offspring
(Mohr et al., 1975).

Oral and subcutaneocus administration

The oral administration to a dog of 3 mg/kg bw NDEA, followed by
weekly s.c. injections of the same dose, to a total dose of 565 mg/kg bw,
induced a large leiomyosarcoma of the liver (Schmdhl et al., 1964).
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Intrarecetal administration

Twice-weekly treatment of 14 albino rats with 11.2 mg/kg bw for life-
time produced hepatocellular carcinomas in all treated animals (Schmdhl
et al., 1963b).

Intradermal administration

Weekly injections of 3.5 mg NDEA in water for 5-6 months produced
epithelial papillomas of the nasal cavity in 10/19 Syrian hamsters; no
local tumours were ocbserved (Herrold, 1964a,b).

Trmersion

Exposure of the aquarium fish, Brachydanio rerio, to 10-100 mg/1
NDEA in the tank-water for 8 weeks resulted in hepatomas or cholangiomas
in 17/63 animals (Stanton, 1965). Treatment of guppies (Lebistes reti-
culatus) with 13.3-100 mg/1 NDEA in the aquarium-water resulted in neo-
plastic changes in the liver. After 7-8 weeks, 23% of the fish exhibited
liver-cell adenamas, cholangiomas, cholangiocarcinomas or hepatocellular
carcinomas (Khudoley, 1971, 1973).

In another study, 60/224 guppies had tumours after application of
26-100 mg/1 NDEA in the water for 4-8 weeks. The average latent period
was 18 weeks. In the high-dose group (those treated with 100 mg/1 for
56 days), mortality was 40-46%; in the low-dosage groups (26-32 mg/l),
mortality was 20-28%. Females were more resistant to the toxic effects
of NDEA than males (Pliss & Khudoley, 1975).

Ievels of 15-135 mg/1 NDEA in tank-water for 8 weeks resulted in
hepatomas in 21/32 medakas (Oryszias latipes) within the subsequent 5 weeks
(Ishikawa et al., 1975).

NDEA in tank-water (50 mg/1) induced hepatocellular carcinomas and
adenamas and tumours of the haematopoietic system in 41/94 exposed frogs
(khudoley, 1977).
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Carcinogenesis in plants

Seeds of hybrids of Nicotiana were soaked in 10 mM solutions of NDEA
in water for 1 or 2 days, and tumours were found on 7.8% of germinated
seedlings 20 days later, compared with 2.1% on controls (Andersen, 1973).

(h) , Carcinogenicity of metabolites (see also section 3.2 (a))

N-Nitroso-N-ethyl-N- (2-hydroxyethyl)amine, which has been detected
in the urine of rats treated with NDEA (Blattmann & Preussmann, 1973),
produced tumours of the liver and a few oesophageal tumours when given
orally to rats (Druckrey et al., 1967).

(i) Factors that modify carcinogenicity in animals

Phenobarbital was reported to decrease the carcinogenic effect of NDEA
and to increase the survival time when the two compounds were administered
concomitantly to NMRT mice. No such effect was observed when halothane or
methoxyflurane were administered together with NDEA, although changes in
the ratio of types of tumours (haemangioendotheliomas and liver-cell
carcinomas) induced by NDEA were observed (Kunz et al., 1969).

A decreased incidence of hepatomas was observed in CF-1 mice given
NDEA neonatally if the neonatal treatment was preceded by prenatal exposure
to methylcholanthrene (Turusov et al., 1973).

In Porton rats, a single i.p. dose of 50-114 mg/kg NDEA 0-2 hours
after partial hepatectomy induced 4/9 liver tumours; 2/9 liver tumours
were induced by 100-130 mg/kg NDEA in intact animals (Craddock 1975). A
high incidence of kidney tumours and a short survival time were observed
in Wistar rats treated with 80 mg/kg bw NDEA 4, 16 or 24 hours after
partial hepatectomy (Meister & Rabes, 1973).

In male Fischer rats, combined treatment with phenobarbital and NDEA
reduced the incidence of hepatocellular carcinomas induced by NDEA, whereas
an opposite effect was observed if phenobarbital was administered one week
after cessation of the hepatocarcinogen. This increased effect was not
modified by concomitant treatment with an antilymphocytic serum (Weisburger
et al., 1975). Treatment of Fischer rats with dibenamine [N-(2-chloro-
ethyl)dibenzylamine] during chronic oral treatment with NDEA resulted in a
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decreased nutber of hepatocellular carcinamas but not of oral, pharnygeal
or oesophageal tumours seen at 25 weeks, when the animals were killed
(Weisburger et al., 1974).

Simultaneous administration to Sprague-Dawley rats of disulfiram (500
mg/kg bw/week) and NDEA (20 mg/kg bw/week) resulted in a significant decrease
in the number of liver tumours and in an increased mumber of tumours of the
oesophagus and nasal cavities, as compared with rats treated with NDEA alone
(Schmdhl et al., 1976). Canbined treatment of rats with NDEA and ethanol
resulted in an increased number of tumours of the oesophagus and forestomach
but no change in the induction of hepatomas (Gibel, 1967).

Cyclopropenoid fatty acids have no effect on the carcinogenic response
of rats treated with NDEA (Nixon et al., 1974). A large reduction in the
incidence of liver tumours induced by NDEA was observed in rats when
Kanechlor 500 was administered together with the nitrosamine (Makiura
et al., 1974); no such reduction was observed with 3-methylcholanthrene
or l-naphthyl isothiocyanate (Makiura et al., 1973).

The incidence of hepatocellular carcinomas induced in rats by NDFA was
reduced by supplementing a marginally deficient diet with lipotropes or
amino acids (both containing methionine) (Rogers, 1977), but was enhanced
by a diet high in fat and marginally deficient in lipotropes (Rogers et al.,
1974).

In Syrian golden hamsters given benzo[alpyrene and ferric oxide intra-
tracheally, followed by s.c. administration of NDEA, a higher incidence of
squamous-cell carcinomas of the tracheobronchial tract was found as compared
with hamsters treated with the carcinogens singly (Montesano et al., 1974).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The acute oral or i.v. IDSO of NDEA in rats was 280 mg/kg bw (Druckrey
et al., 1967). The s.c. IDso was 250 mg/kg bw in European hamsters (Mohr

et al., 1972b) and 230 mg/kg bw in Chinese hamsters (Reznik eg¢ al., 1976).
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Toxic doses of NDEA produce acute haemorrhagic centrilcbular necrosis
of the liver. The toxicity and the inhibitory effects on protein and
nucleic acid synthesis in the liver and other organs have been reviewed
(Magee & Barnes, 1967; Magee & Swann, 1969; Magee et al., 1976;

Witschi, 1973).

Feeding of NDFA to rats resulted in the development of histologically
distinct foci in the liver, referred to as 'enzyme-deficient islands'
(Friedrich-Freksa et al., 1969a,b; Schauer & Kunze, 1968). These islands
are considered to be precursors of liver-cell carcinomas. NDEA induces a
a hepatocellular population which is resistant to the necrogenic effect
of a second carcinogen, 2-acetylaminofluorene (Solt & Farber, 1976).

Embryotoxicity and teratogenicity

Teratogenic effects were not observed in rats given single doses of
180 mg/kg bw intraperitoneally or 200 mg/kg bw orally during pregnancy.
An increase in foetal mortality was noted when the substance was admini-
stered on days 3, 9, 10 or 12 of gestation. Similar foetal mortality was
observed after an intraplacental injection of 0.1-0.3 mg NDEA to every
embryonic chamber on day 13 of gestation (Alexandrov, 1974; Napalkov &
Alexandrov, 1968).

Absorption, distribution and excretion

In goats, one hour after oral administration of 30 mg/kg bw NDEA,
there were 11.4 mg/kg NDEA in the milk and 11.9 mg/kg in the blocod.
Only traces were found in the milk and none in the blood after 24 hours
(Juszkiewicz & Kowalski, 1974).

Metabolism

Available evidence suggests that NDEA requires metabolic activation
in order to exert its carcinogenic and toxic effects. Such activation has
been demonstrated both in vitro and in vivo. Tissue distribution and
blood concentration have been followed in rats (Magee & Barnes, 1967;
Rajewsky & Dauber, 1970); and metabolism has been monitored by measurement
of the rate of loss from the blood and by ll*COZ exhalation after admini-
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stration of !"C-NDEA (Heath, 1962; Mmdt & Hadjiolov, 1974). A dose of
200 mg/kg bw was metabolized in rats during 24 hours (Heath, 1962).

N-Nitrosoethyl-N- (2-hydroxyethyl)amine and ¥N-nitrosoethyl-N-(carboxy—
methyl)amine have been detected in the urine of rats given NDEA (Blattmann
& Preussmann, 1973).

Oxidative N-deethylation of NDEA accounts for the production of CO2
and alkylating species in vivo (Heath, 1962; Swann & Magee, 1971). The
rate of metabolism of NDEA by slices of organs from rats and hamsters
in vitro has been measured, and a correlation made between the degree of
metabolism and the distribution of induced tumours (Montesano & Magee,
1974).

After administration of NDEA to rats or hamsters, several ethylated
derivatives were produced in liver and kidney nucleic acids. These inclu-
ded 7-ethylguanine, 0°-ethylguanine and 3-ethyladenine (Magee & Iee, 1964;
Montesano & Bartsch, 1976; Pegg, 1977; Swann & Magee, 1971).

Treatment with aminoacetonitrile reduced the ethylation of liver RNA
and the exhalation of 1"COZ after a single i.p. injection of !*C-NDEA
Mundt & Hadjiolov, 1974).

NDEA incubated in the presence of a rat liver microsomal system and
3,4-dichlorothiophenol as a trapping agent yields the corresponding methyl
and ethyl thicethers (Preussmann et al., 1976).

Mutagenicity and other short-term tests

The genetic effects of NDEA have been reviewed (Montesano & Bartsch,
1976).

NDEA, in the presence of microsomal fractions from mouse liver or with
Udenfriend's oxidation system, caused forward mutations in Saccharomyces
cerevisiae and Neurospora crassa (Malling, 1966; Mayer, 1971). It produced
reverse mutations in Salmonella typhimurium strains TA 100 and TA 1530
(Bartsch et al., 1975; Sugimura et al., 1976) and in Escherichia coli in
the presence of a rat liver microsomal fraction from phencbarbital- or
polychlorinated biphenyl-treated rats (Nakajima et al., 1974).
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N-Nitrosoethyl-N- (o—acetoxyethyl)amine, which is readily converted
into the unstable a-hydroxyethyl derivative, is mitagenic in Drosophila
melanogaster (Fahmy & Fahmy, 1976) and in S. typhimurium TA 1530 in the
absence of a liver activation system (Camus et al., 1978).

In host-mediated assays in mice given doses of 50 mg/kg, tests on
S. typhimurium demonstrated mutagenic effects (Malling, 1974).

In the presence of a liver microsomal fraction from phenobarbital-
treated rats, NDEA caused 8-azaguanine-resistant mutants in Chinese hamster
V79 cells (Kuroki et al., 1977).

NDEA was mutagenic in the recessive lethal test in Drosophila melano-
gaster (Pasternak, 1963). The induction of point mutations was a function
of concentrations over more than two orders of magnitude. The ability of
NDEA to produce more than one point mutation per germ cell contrasts with
the lack of dominant lethals, translocations and chromosome loss seen with
concentrations below toxic levels (IDGO—IDQD) (Fahmy et al., 1966; Vogel
& lLeigh, 1975).

Dominant lethal mutations were not observed in mice treated with
13.5 mg/kg bw NDEA (Propping et al., 1972).

In the presence of a rat liver microsomal system i<n vitro, 4-200 mM
NDEA induced chromosomal aberrations as well as sister chromatid exchanges
in Chinese hamster cells (Natarajan et al., 1976).

NDEA did not induce transformation of hamster embryo cells; however,
treatment of the embryo by transplacental administration of NDEA led to
the appearance of transformed cells in the primary culture. These trans-
formed cells were produced at a much higher frequency than in control
cultures from untreated embryos, and they produced tumours (fibrosarcomas)
when injected back into animals (DiPaolo et al., 1972; Evans & DiPaolo,
1975).

(b) Humans

No data were available to the Working Group.
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3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Sumary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosodiethylamine is carcinogenic in all animal species tested:
mice, rats, Syrian golden, Chinese and European hamsters, guinea-pigs,
rabbits, dogs, gerbils, pigs, monkeys, hedgehogs, various fish, frogs and
birds. It induces benign and malignant tumours after its administration
by various routes, including ingestion, parenteral injection, inhalation
and rectal instillation. The major target organs are the liver, respira-—
tory and upper digestive tracts and kidney. It is carcinogenic following
its administration prenatally and in single doses. In several studies,
dose-response relationships were established.

N-Nitroso—-N-ethyl-N-(2-hydroxyethyl)amine, a metabolite of N-nitroso-
diethylamine, produced mainly liver tumours after its oral administration
to rats.

4.2 Hunan data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed to low levels of N-nitrosodiethylamine;
however, no exposed group suitable for an epidemiological investigation
has yet been identified.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitrosodi-
ethylamine in many experimental animal species. Although no epidemiological
data were available, N-nitrosodiethylamine should be regarded for practical
purpoées as if it were carcinogenic to humans. '
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N-NITROSODIMETHYLAMINE

This substance was considered previously by an IARC Working Group,
in December 1971 (IARC, 1972). Since that time new data have become
available, and these have been incorporated into the monograph and taken
into account in the present evaluation.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 62-75-9

Chem. Abstr. Name: N-Methyl-N-nitrosomethanamine

N,N-Dimethylnitrosamine; dimethylnitrosamine; DMN; DMNA; NDMA

1.2 Structural and molecular formulae and weight

C2H6N20 Mol. wt: 74.1

1.3 Chemical and physical properties of the pure substance

(a)
(b)

(<)
(@)

(e)

(£)

(9)

Description: Yellow, oily liquid (Magee & Barnes, 1967)

Boiling-point: 50-52°C (14 mm); 151°C (760 mm) (Druckrey
et al., 1967)

Density: dio 1.0061

Refractive index: n]?so 1.4368

Spectroscopy data: A 230 and 332 nm (E!' = 978.9 and 12.8)
max 1

in water (Druckrey et al., 1967); mass spectroscopy data are

given by Pensabene et al. (1972) and Rainey et al. (1978).

Solubility: Soluble in water, organic solvents and lipids

Volatility: Volatile; can be steam-distilled quantitatively
(Eisenbrand et al., 1970)
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(h) stability: Stable at room temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
sensitive to ultra-violet light

(i) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis
but can be easily split by hydrogen bromide in acetic acid
(Eisenbrand & Preussmann, 1970). Photochemically reactive
(Fridman et al., 1971). The preparation of various derivatives
has been discussed (Preussmamn et al., 1978).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.
(a) Production

N-Nitrosodimethylamine (NDMA) was first prepared in 1895 by Renouf
by the reaction of sodium nitrite with an acidified solution of dimethyl-
amine hydrochloride (Prager et al., 1922). Essentially the same procedure
is believed to have been used for its commercial production (Getz, 1960).

Production of NDMA has not been reported to the US International
Trade Commission; however, prior to 1 April 1976, one US company produced
it as an intermediate in the manufacture of 1,l-dimethylhydrazine' (unsym-
metrical dimethylhydrazine) (Anon., 1975). Prior to closing of this plant,
annual production of NDMA is believed to have been less than 500 thousand
kg per year. Production of 1,l-dimethylhydrazine was first reported to
the US International Trade Commission in 1956 (TARC, 1974). 1,1-Dimethyl-

lSee TARC (1974).
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hydrazine is also believed to have been produced in Germany in the early
1940's, but no information is available about the route of synthesis.

No evidence was found that NDMA has been produced commercially in Japan,
and it is not known if it is produced in other countries.

(b) Use

Prior to 1 April 1976, NDMA was used in the US as an intermediate in
the production of 1,1-dimethylhydrazine, a storable liquid rocket fuel
which is believed to have contained up to 0.1% NDMA as an impurity. No
evidence was found that NDMA is used at present, except for research

purposes.

Regulations in the US concerning NDMA designate strict procedures to
avoid worker contact. Mixtures containing 1.0% or more NDMA must be
maintained in isolated or closed systems, employees must observe special
personal hygiene rules, and certain procedures must be followed for movement
of the material and in case of accidental spills and emergencies (US Occu-
pational Safety and Health Administration, 1976).

2.2 Occurrence
(@) Air

Bretschneider & Matz (1974, 1976) reported levels of 1~430 ng/m3 l NDMA
inside a factory using dimethylamine. Fine et al. (1976a) reported its
presence as an air pollutant in Baltimore, Maryland and in Belle, West
Virginia (USA). In Baltimore, the prime source was found to be a chemical
plant which was manufacturing 1,1-dimethylhydrazine using NDMA as a precursor.
Typical NDMA levels were between 6000 and 36,000 ng/m® on the site of the
factory, about 1000 ng/m® in residential neighbourhoods adjacent to the
factory, and about 100 ng/m® two miles away in downtown RBaltimore (Fine,
1978; Fine et al., 1976b,c, 1977a; Pellizzari et al., 1976). Following
this study, in April 1976, the factory was closed down. In Belle, the
source of the NDMA was found to be a chemical factory manufacturing and

'This result was not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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using dimethylamine; the NDMA was being produced as an unwanted byproduct.
Typical levels in downtown Belle and Charleston ranged from 1-40 ng/m®
(Fine, 1978). Similar levels! were found by Cohen & Bachman (1978) on the
site of several chemical factories making or using dimethylamine. In
extensive studies in New York City, Boston and New Jersey, NDMA was found
at 3/40 sites at levels above the detection limit of 10 ng/m*® (Fine, 1977,
1978). Gough et al. (1976) and Sen et al. (1976a) have found that during
the frying of bacon, 70% of NDMA volatilized in the fumes.

(b) Tobacco smoke

Johnson & Rhoades (1972) and Rhoades & Johnson (1972) claimed to
have found 0-140 ng/cigarette NDMA [One of these results was confirmed
by high-resolution mass spectrametry]. Similar results were reported by
McCormick et al. (1973), using high-resolution mass spectrametry. Klimsch
et al. (1976) reported 9.5-91 ng/cigarette.

NDMA was present in the mainstream smoke of non-filtered cigarettes
at a level of 13-65 ng/cigarette, and 5.7-43 ng/cigarette were found in
filtered cigarettes. 1In the sidestream smoke, the levels were 680-823 ng/
cigarette in non-filtered cigarettes and 1040-1770 ng/cigarette in filtered
cigarettes. In smoke-filled rooms, such as bars and discotheques, 90-240
ng/m® NDMA! were found in the air. In residences, the levels' were <5 ng/m?
(Brunnemann & Hoffmann, 1978; Brunnemann et al., 1977). Walker & Castegnaro
(IARC, 1977c) found NDMA in all of 10 samples of scrapings from pipes used
for smoking tobacco in the Transkei; these are believed to be consumed by
the local inhabitants. The levels ranged from 45-340 ug/kg.

(c) Water

NMDA was present in sea-water adjacent to a 1,l1-dimethylhydrazine
chemical factory in Baltimore which was emitting NDMA into the air; the
levels varied from 0.08-0.25 ug/l1 (Fine & Rounbehler, 1976). NDMA was also
reported at a level of 3.0 ng/l in an adjacent sewage-treatment facility.

!These results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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On the site of the Baltimore factory, water in a drainage ditch contained
6 ug/1 and that in a mud puddle 200 and 6000 ug/l (Fine et al., 1977a).
Industrial waste-water from chemical factories was found to contain 0.2-
5 ug/1 (Fine, 1978); that from 8/19 chemical factories contained 0.08-
3.3 yg/1 NDMA (Cohen & Bachman, 1978).

Cohen & Bachman (1978)!, Gough (1978)! and Fiddler et al. (1977)
found 0.012-0.34 pg/1 in deionized water; the source of the NDMA was
shown to be the ion-exchange resin. Fine (1978) reported <0.01 ug/1}
NDMA in high-nitrate well-water. Cohen & Bachman (1978) also reported
that chlorination of drinking-water can result in NDMA levels of 0.02-
0.82 ng/1t.

(@ Soil

Soil samples taken from several locations near industrial plants in
New Jersey contained NDMA at levels ranging from 0-15.1 ng/g; in West
Virginia, near Belle and Charleston, soil samples contained 0.2-5.4 ng/g;
and in the New York City area, soil samples contained 0-0.32 ng/g (Fine,
1977) .

(¢) Food and feed

Cheese: Various cheeses have been analysed for NDMA. Havery et al.
(1976) found none, and Alliston et al. (1972) found only a trace. However,
Sen et al. (1978) found 2-68 ug/kg NDMA in 20/63 samples of 26 different
cheeses. Eisenbrand et al. (1978) found that 78/173 cheeses were positive
for NDMA, and levels of 1-6 ug/kg were confirmed in 20 of these sanmples.
Gough (1978) found up to 0.2 ug/kg in 13/20 samples, and 3/16 samples of
other dairy products contained NDMA at levels of <0.1 ug/kg.

Vegetables and wvegetable oils: Telling et al. (1974) found no NDMA
in raw or cooked vegetables, and Gough (1978) found no NDMA in 16 different
vegetable samples. None was found in baby food or lard (Havery et al.,
1976) , but freshly refined soya bean oil was found to contain levels of
0-20 ug/kg' (Hedler et al., 1976).

IThese results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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NDMA was found in 5/12 samples of tinned fruit at a level of <0.1
ug/kg (Gough, 1978) and in the fruit of a solanaceous bush, Solanum incanum,
used in the Transkei for the preparation of foodstuffs (Du Plessis et al.,
1969) *.

In a dietary survey to compare levels of nitrosamines in regions of
high and low incidence of ocesophageal cancer, no significant difference
in NDMA levels was found among 179 samples. Ievels were mostly <5 ug/kg?
(IARC, 1975; Joint Iran-IARC Study Group, 1977).

Meat and fish: The presence of NDMA in meat and fish products has
been demonstrated in a number of studies (Table 1).

Spices: Sen et al. (1974) found 0-850 ug/kg NDMA in spices used
for meat curing, and Havery et al. (1976) reported 29-343 ug/kg in spice
cures. No nitrosamines were found in the mixtures when the spices and

nitrite and/or nitrate salts were packaged separately.

Feed: Among the first reports of nitrosamines in the environment
were those of Sakshaug et al. (1965) and Ender et al. (1964), who found
high levels of NDMA in fishmeal, using thin-layer chromatography. Mirna
et al. (1976) reported 2, 3, 8, 18, 205 and 315 ug/kg NDMA. Fishmeal not
treated with nitrate or nitrite was found to contain between 150 and 1000
ug/kg NDMA (Hurst, 1976). Skaare & Dahle (1975) reported 100-2000 ug/kg
NDMA, and Juszkiewicz & Kowalski (1976) 5-417 ug/kgl.

ILevels of 0-42 ug/kg NDMA have been found in a number of experimental
animal feeds which contain fishmeal (IARC, 1977a). Kamn et al. (1978)
reported NDMA in 37/46 animal feeds: 23 samples contained 1-10 ug/kg and
14, more than 10 ug/kg (one of these had 79 ug/kg).

(f) Alcoholic beverages

Examination of over 100 apple brandies has shown that NDMA was present
in a majority of samples. The average level found was 0.5 ug/kg with a
maximum of 10 pg/kg. NDMA was also found in a number of ciders, cognacs,

lThese results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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Table 1

Ievels of N-nitrosodimethylamine in various foods from several countries!

No. of Number Level
Product Country samples | positive (ug/kg) Reference
Various meat products Canada 59 5 10-80 Sen (1972)
" " " " 197 57 2-12 Panalaks et al. (1973)
n " " 1] 80 29 2__35 1] " (1974)
" " " " 100 26 5-48 Sen et al. (1976b)
Bacon (fried) " 8 7 2-5 " " (1973)
Fish (fresh) " 18 11 3-18 Iyengar et al. (1976)
" (processed) " 11 3 3~6 " " "
Cured meats (raw) FRG 34 26 <1-2.4 Eisenbrand et al. (1978)
) [1] ”n (cmked.) (1] 34 20 <l_l . 7 1" 11 n
Bacon (raw) " 5 5 1-3 " " (1977)
11 (COOked) n 5 5 1_4 " " n
Liver, meatloaf (raw) " 4 4 1-8 " " "
n " (CDOked) " 4 2 l " 1" "
Pepper, salami (raw) " 5 3 1-10 " " "
. " " (cooked) " 5 5 1_12 " 1" "
Ham (raw) " 6 5 1-54 " " "
" (mked) 1] 4 4 1_6 1] " 1]
Salted fish Hong Kong 21 8 1-35 Huang et al. (1978a,b)
Fish products " " 61 27 1-15 Fong & Chan (1977)
" " 2 1 20-302 " " (1973)

Croakers (fish)

No data were available to the Working Group from other countries.

“These results were not confirmed by mass spectroscopy (see also 'General Remarks on the Substances

Considered', p. 40).
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No. of Number level
Product Country samples | positive (ug/kg) Reference
Cured meats The Netherlands 5 5 0.0-27.3 | Stephany et al. (1976)

" " " 30 7 2-6 Groenen et al. (1976)
Bacon (fried) " 5 2 2-4 " " "

" " " 5 5 0.3-1.1 Stephany et al. (1976)
Meat (fried) " 5 5 0.0-0.4 " " "
Bacon (raw) " 8 7 0.9-9.5 Groenen et al. (1977)

" (fried) " 7 7 1.2-7.5 " " "
Minced meat (raw) " 5 0 - " " "

11} " (fried) " 5 5 O . 4_1 . 9 n " "
Cured meats " 22 22 0.1-15.5 " " "
Stale cod UK 2 2 12 Alliston et al. (1972)
Bacon (grilled/fried) " 29 NR® >1-3 Telling et al. (1974)

" (cooked) " 16 NR <0.1-6 Gough & Walters (1976)

" (cocked-out fat) " 42 NR <0.2~10 Telling et al. (1974)

" " "o " 16 NR <0.1-28 Gough & Walters (1976)
Spiced tinned meat " NR 5 3-5 Gough (1978)

Various meat products " 35 NR <0.2-<1 Telling et al. (1974)

" " " " 6 NR <0.5% Alliston et al. (1972)
Sausages (smoked) " 4 NR <0.2-<1 Telling et al. (1974)
Ham (tinned) " 2 NR <0.2 " " "
Bacon (raw) " 2 NR <0.5?2 Alliston et al. (1972)

" " " 10 NR <0.2 Telling et al. (1974)

" (grilled/fried) " 24 5 1-4 Crosby et al. (1972)

" (fried) " 8 8 1-10 Gough (1978)

" (grilled/fried) " 46 13 1-5 Gough et al. (1977)

“These results were not confirmed by mass spectroscopy (see also 'General Remarks on the Substances

Considered', p. 40).
’NR = not reported
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No. of Nurrber Level
Product Country samples | positive (ug/kg) Reference
Cured meat (tinned) UK 34 9 1-~10 Gough et al. (1977)
Salami, sausage " 22 2 1-5 " " "
Poultry (coocked) " 9 1 1-5 " " "
Fish (uncooked) " 61 23 1-10 " " "

" (cooked) n 9 0 <l'+ " " "
Cheese " 58 10 1-15 " " "
Yoghurt and dessert dishes " 16 0 <1* " " "
Fish (fresh) " 85 NR® <0.2~-9 Telling et al. (1974)

" (tinned) " 16 NR <0.2-2.5 " " "

" and fish products " 35 15 1-9 Crosby et al. (1972)

" " moo " " 20 10 up to 0.22 | Gough (1978)
Japanese salmon (raw) Usa 24 0 <5" Gadbois et al. (1976)
Fin fish " 26 0 <10* Havery & Fazio (1977)
Shellfish " 52 0 <10* " " "
Fish and fish products " 26 22 4-26 Fazio et al. (1971a)
Various meat products " 51 1 5 " " (1971b)
Frankfurters " 40 3 0-84 Wasserman et al. (1972)
Souse, jellied cured meats " 10 8 3-63 Fiddler et al. (1975)
Various cured meats " 39 0 <10* Havery et al. (1976)
Bacon (raw and fried) " 22 0 <10" " " "
Various cured meats " 106 some <1 " " (1978)
Sausages USSR 12 9 1-132 Kann et al. (1976)
Fish (fresh and processed) " 19 18 6-1772 " " "

*These results were not confirmed by mass spectroscopy (see also 'General Remarks

Considered', p. 40).
*NR = not reported
"Detection limited

on the Substances



armagnacs, rums and whiskeys; average levels ranged from 0.1-0.4 ug/kg
with a maximm of 1.6 ug/kg.

In 27 beers examined, the average level was 2 ug/kg, with a maximum
of 7 ug/kg (IARC, 1977b). NDMA was detected in 3/18 samples of maize beer
at levels of 1.0, 1.5 and 7.5 ug/kg (IARC, 1976).

(g) Pesticides

Fine et al. (1978) reported 190-640 mg/1 (ppm) NDMA in dimethylamine
formulations of 2,3,6-trichlorobenzoic acid; 300 pg/l NDMA were also found
in 1/3 herbicide mixtures formulated as dimethylamine salts. Cohen et al.
(1978) reported levels ranging from 0.1-335 mg/kg (ppm) NDMA in 7/8 di-

methylamine salts of various herbicides.

(h)  Drugs

Eisenbrand et al. (1978) found NDMA in all samples of 68 drugs
formulated with aminopyrine, including tablets, suppositories, injections,
drops and syrups. The concentration varied within wide limits (<10-371
ug/kg) : 35 samples contained 1-10 ug/kg, 27 samples contained 10-50 ug/kg,
5 samples contained 50-100 ug/kg and 1 sample (a tablet) contained 371 ug/kg.

(1) In vivo formation

NDMA was formed in laboratory mice in vivo following gavage with
250 ng sodium nitrite then 50 ng dimethylamine hydrochloride (Rounbehler
et al., 1977).

NDMA has been reported to be present in man <n viveo. Harington et al.
(1973) claimed that NDMA was present in vaginal fluids [Confirmation was
by low-resolution mass spectrometry, and the results have not been reported
elsewhere. No adequate precautions were taken to prevent nitrosamine
formation during analysis].

Eisenbrand et al. (1976) reported the presence of 10 and 100 nug/1
NDMA in 2/8 urine samples from patients with urinary tract infections;
Hicks et al. (1978) reported traces in the urine of same patients with
chronic bladder infections (detection limit, 1 ug/kg); Stephany & Schuller
(1978) reported levels of <1 ug/kg in the urine of hospital patients treated

134



with potassium nitrate; and similar results' have been reported by Brocks
et al. (1972) and Radomski & Hearn (1976) [In none of this work were
adequate precautions taken to prevent nitrosamine formation during
storage and analysis].

Lakritz et al. (1978) reported the presence of 2 ug/kg NDMA in the
gastric juice from 2/35 fasting patients [No adequate precautions were

taken to prevent nitrosamine formation during storage and analysis].

Fine et al. (1977c) found more NDMA in human blood immediately after
ingestion of a meal containing spinach, bacon, tomato, bread and beer
than was present before. Ingestion of ascorbate reduced the background
amount to a non-detectable level.

2.3 Analysis

An IARC Manual gives selected methods for the analysis of volatile
N-nitrosamines, including NDMA (Preussmann et al., 1978). Four techniques
have been used for trapping NDMA during air monitoring: charcoal traps
(Bretschneider & Matz, 1974), Tenax GC cartridges (Issenberg & Sornson,
1976; Pellizzari et al., 1976), cryogenic traps (Fine et al., 1976c)
and ambient temperature alkali traps (Fine et al., 1977a).

On 29 September 1977, the US Environmental Protection Agency issued a
notice requiring all registrants of pesticide products that are potentially
contaminated with N-nitroso compounds to analyse commercial samples which
have been stored for at least 18 days to determine the extent of contamin-
ation. This notice prescribes in general terms the types of analytical
methods to be used for volatile N-nitroso compounds (e.g., gas chromatography
plus mass spectrometry or themmal energy analysis and others) as well as for
nonvolatile ¥-nitroso compounds (e.g., high-pressure liquid chromatography
plus ultra-violet spectroscopy). Confirmation of positive results by gas
chromatography and mass spectrometry or by valid independent methods is
required when possible (US Environmental Protection Agency, 1977).

IThese results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(@) Oral administration

Mouse: Several studies on different strains of mice have. demonstrated
that N-nitrosodimethylamine (NDMA) produces haemangiomas, haemangioendo-
theliomas, haemangioendothelial sarcomas, adenomas and hepatocellular
carcinomas of the liver, as well as adenomas and adenocarcinomas of the
lung. Kidney adenomas have also been cbserved in some strains (Clapp &
Toya, 1970; Clapp et al., 1968, 1971; Den Engelse et al., 1969/1970;
Kuwahara et al., 1972; Otsuka & Kuwahara, 1971; Shabad & Savluchinskaya,
1971; Takayama & Oota, 1963, 1965; Terracini et al., 1966; Toth et al.,
1964; Zwicker et al., 1972). A concentration of 50 mg/1 NDMA in the
drinking-water for one week was sufficient to induce tumours in the kidney
and lung (Terracini et al., 1966). The lowest dose tested in long-term
studies, a concentration in the drinking-water that corresponded to a
dose of 0.4 mg/kg bw/day (total dose, 89 mg/kg bw), produced 13/17 lung
adenomas and 2/10 haemangiocellular tumours in male RF mice (Clapp & Toya,
1970).

Rat: The carcinogenicity of NDMA has been demonstrated in several
different strains of rat. Although differences have been seen in target
organs, a consistent observation has been that long-term treatment with
doses compatible with good survival rates, i.e., not more than 50-100 mg/kg
in the diet or drinking-water, or 4 mg/kg bw/day, leads to the development
of high incidences of hepatocellular carcinomas and cholangiocellular
tumours (Argus & Hoch-Ligeti, 1961; Geil et al., 1968; Magee & Barnes,
1956, 1962; Schmdhl & Preussmann, 1959; Terracini et al., 1967). Haeman-
gioendothelial sarcomas of the liver have also been observed (Hadjiolov &
Markow, 1973; Taylor et al., 1974). Short-term or single-dose treatment
with high doses (100-500 mg/kg of diet, or up to 30 mg/kg bw) produces
kidney tumours (Magee & Barnes, 1959, 1962; Riopelle & Jasmin, 1969;
Shinohara et al., 1976; Terracini et al., 1969; 7Zak et al., 1960);
the histology of these tumours has been described in detail (Ireton et al.,

136



1972; 1Ito, 1973; Ito et al., 1971; Jasmin & Cha, 1969; Jasmin &
Riopelle, 1968, 1969; McGiven & Ireton, 1972). Iung adenocarcinomas
and squamous—-cell carcinomas have been seen occasionally after NDMA
treatment (Argus & Hoch-Ligeti, 1961; Zak et al., 1960).

A dose-response study has been carried out in Porton rats in which
NDMA in oil solution was added to the diet. After an observation time
of up to 120 weeks, the following frequencies of liver tumours (mainly

liver-cell carcinomas) were observed (Table 2) (Terracini et al., 1967):

Table 2%

Dose-response study with N-nitrosodimethylamine in rats

NDMA mg/kg Number of rats Number of rats with
of diet initially liver tumours
0 (control) 41 0

2 37 1

5 68 5

10 5 2

20 23 15

50 12 10

%From Terracini et al., 1967

Treatment of Sprague-Dawley rats with 0.4 mg/rat 5 times weekly for
24 weeks (total dose, 48 mg/rat) induced liver tumours (3 liver-cell

carcinomas, 2 sarcomas) in 5/19 animals (Hoch-Ligeti et aZ., 1968).

Hexadeutero-NDMA, at a level of 5 mg/1 in the drinking-water, induced
a 3% incidence of liver carcinomas, while NDMA under identical conditions
induced 26% (Keefer et al., 1973).

Hamster: Administration by stomach tube of 1.6, 1.0 and 1.0 mg/
animal NDMA over 5 weeks, or of 1 dose of 1.6 mg/animal, to Syrian golden
hamsters induced cholangioadenomas, cholangiocarcinomas and haemangio-
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sarcomas as well as haemangioendotheliomas of the liver (Tomatis & Cefis,
1967). ILdiver-cell carcinomas, cholangiocarcinomas and haemangioendothe-
liomas were obtained by giving 25 mg/1 NDMA in the drinking-water for 11
weeks (Kowalewski & Todd, 1971; Tamatis et al., 1964). Administration
of 1 mg/1 NDMA in the drinking-water to inbred Syrian hamsters (strain
B10® 87.29) for 60 weeks induced 1 adenocarcinoma of the glandular
stomach in 40 animals (Homburger et al., 1976).

Guinea-pig: Male guinea-pigs given 25 or 50 mg NDMA/kg of diet for
6-49 weeks developed papillary cholangiomas and liver-cell carcinomas
(Le Page & Christie, 1969a).

Rabbit: Doses of 25 and 50 mg NDMA/kg of diet given to rabbits for
17-60 weeks resulted in hepatocellular carcinomas with lung metastases
and benign papillary cholangiomas (Le Page & Christie, 1969b).

Duck: It was reported in an abstract that treatment with diet con-
taining 50 mg NDMA/kg of diet to male Peking ducks for 8-10 months resulted
in an incidence of 71% anaplastic haemangiosarcomas of the liver after 9
months (McCracken et al., 1973).

Fish: Doses of 300, 1200, 4800 and 19,200 mg NDMA/kg of diet given
to rainbow trout for more than 6 months induced adenomas and adenocarcino—
mas of the liver (Ashley & Halver, 1968). Guppies (Lebistes reticulatus)
received 4.8 g NDMA/kg of diet for several months; after 13 months, 2/20
developed hepatic nodules, described as liver tumours, and a leiomyosar-

coma in the mesentery (Sato et al., 1973).

(b) Inhalation and/or intratracheal administration

Mouse: BALB/c mice were exposed daily to 0.005 or 0.2 mg/m® NDMA
for 17 months. Tumours were observed earlier and in larger amounts in
the lung, liver and kidney only in those given the higher concentration
(Moiseev & Benemansky, 1975).

Rat: Twice-weekly inhalation of NDMA at a concentration corresponding
to 4 mg/kg bw for 30 minutes induced tumours (aesthesioneurocepitheliomas
and squamous-cell carcinomas) of the ethmoturbinals in 4/6 BD rats. With
half the concentration, 8/12 rats developed tumours of the nasal cavity
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(Druckrey et al., 1967). In Wistar rats exposed daily by inhalation to

0.005 or 0.2 mg/m® NDMA for 25 months, those given the higher level had

tunours in the lung, kidney and liver earlier and in larger amounts than
in controls (Moiseev & Benemansky, 1975).

(c) Subcutaneous and/or intramuscular administration

Mouse: Weekly injections to DD, BALB/c and SJL/J strain mice of
0.15 mg NDMA in 0.2 ml saline for 1-25 weeks (total dose, 0.15-3.75 mg/

animal) induced haemangicendothelial sarcomas of the liver and of the

retroperitoneal and abdominal soft tissues, and adenomas or adenocarcinomas
of the lung (Kuwahara et al., 1972; Otsuka & Kuwahara, 1971). After
single s.c. administrations of NDMA, a dose-response relationship was seen
for lung tumours (adenomas and carcinomas): 1 mg/kg bw = 29%, 2 mg/kg bw

= 35%, 4 mg/kg bw = 39% and 8 mg/kg bw = 67% (Cardesa et al., 1974a).

Newborn and suckling mouse: Following single s.c. injections of

15-75 pg/animal, mice developed parenchymal-cell and vascular tumours of
the liver as well as lung adenomas (Terracini et al., 1966; Toth & Shubik,
1967; Toth et al., 1964).

Rat: Injections of 10, 20 or 30 mg/rat at day 21 or 70 after birth
produced 38% kidney tumours after median latent periods of 286-369 days;
41% of kidney tumours were of the renal cell type and 59% were stromal
nephramas. No control rats developed kidney tumours (Campbell et al., 1974).

Newborn and suckling rat: Single doses of 0.125 mg NDMA/animal induced
tunours of the kidney and hepatocellular carcinomas (Terracini & Magee, 1964;
Terracini et al., 1969).

Forty weekly s.c. injections to Wistar rats of 0.1 mg/rat, beginning
at birth, induced 6/11 kidney tumours, mainly nephroblastcomas, adenomas
and clear-cell carcinomas (Ito, 1973). Single injections to Wistar rats of
0.125 mg/rat at 1 day of age and 0.125 or 10 mg/rat at day 7 induced 63%
kidney tumours after median induction times of 218-237 days; 92% of the
induced necplasms were stromal nephromas (Campbell et al., 1974).

Hamster: Weekly s.c. injections of 0.5-1.0 mg NDMA for 6-20 weeks
(total dose, 6-14 mg/animal) caused haemangiocendothelial sarcomas and
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cholangiocarcinomas in the liver and aesthesioneuroepitheliamas of the
nasal cavity in Syrian golden hamsters (Herrold, 1967). Lifetime weekly
injections of approximately 6, 3 and 1.5 mg/kg to groups of 32, 32 and 30
Syrian golden hamsters (males and females) led mainly to liver tumours:

3, 10 and 8 in males, and 4, 4 and 2 in females, respectively. The liver
tumours were: hepatocellular carcinomas (6), hepatomas (8) and cholangio-
carcinamas (17). Only a few tumours were seen in the respiratory tract
(3), the kidney (1) and the forestomach (1) (Haas et al., 1973). Similar
results were obtained in another study (Stenback et al., 1973).

In Chinese hamsters, weekly injections of 0.89, 1.77 or 3.54 mg/kg bw
NDMA for lifetime (total doses, about 32, 54 or 104 mg/kg bw, respectively)
caused mainly liver haemangioendotheliomas (70-100%). Only 3/108 hamsters
had adenocarcinomas in the endoturbinals of the nasal cavity (Reznik, 1975;
Reznik et al., 1976).

In 60 European hamsters, weekly s.c. injections of 1.4-8.6 mg/kg bw
NDMA induced mainly malignant haemangioendotheliomas of the liver and
kidney, hepatocellular carcinomas and 1 cholangiocellular carcinoma. No
such tumwurs were seen in 20 controls (Mohr et al., 1974).

Mastamys: Twice-weekly s.c. injections of 0.1 mg NDMA/animal for
10-44 weeks induced liver tumours in 6/36 males: 2 cholangiomas, 2 cholan-
giocarcinomas, 1 haemangicendothelioma and 1 hepatic-cell carcinoma;
none were seen in the females. In controls, 4/82 liver tumours were seen
in females and none in males (Fujii & Sato, 1970).

(d) Intraperitoneal administration

Mouse: A single dose of 7 or 14 mg/kg bw NDMA given to GR or CFW/D
mice resulted in lung adencmas (Den Engelse et al., 1969/1970; Frei, 1970).
Single doses of 5, 10 or 15 mg/kg bw NDMA to RF mice induced 9/18, 16/19
and 4/5 lung tumours (adenomas, papillary carcinomas), as compared with
25/52 in controls. The incidence of leukaemia was not significantly
different from that in controls (Clapp, 1973). Weekly injections of 6 mg/
kg bw for 10 weeks in female Swiss mice resulted in a significantly increased
incidence (P<0.001) of vascular tumours (40%), mainly of the retroperitoneunm,

while the .incidence in males was only 15%. There was a low incidence of
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hepatic vascular tumours in both sexes (Cardesa et al., 1973). Single
doses of 7.5 or 15 mg/kg bw NDMA given to NZO/Bl mice at 60 days of age
induced a large increase in the incidence of lung tumours in males and
females (76-100%, compared with 19-25% in controls) and of kidney adenomas
and carcinamas in males (33% (7/21) in the lower dose group and 56% (10/33)
in the higher dose group, compared with only 1/268 in controls) (Noronha,
1975). 1In adult C3Hf mice, a single dose of 7 my/animal induced hepatomas
in 38% of males but none in females (Den Engelse et al., 1974). A positive
dose-response relationship was seen in Swiss mice with regard to lung
adenoma incidence: 0 mg/kg (control), 15%; 0.5, 17%; 1.0, 29%; 2.0, 35%;
4.0, 39%; and 8.0, 67%. No clear relationships between applied dose and

tumour rate was apparent for other tumour sites and in other strains (ASW/
SN and A) (Ii et al., 1976).

Newborn and suckling mouse: Single i.p. injections of 8 mg/kg bw
NDMA to newborn mice resulted in hepatamas (hepatocellular type) and lung
adenomas (Frei, 1970). Six i.p. injections of 1-4 mg/kg bw to 7-day-old
mice resulted in hepatomas, hepatocarcinomas, lung adenomas and haemangiocmas
(Vesselinovitch, 1969).

Rat: A single i.p. injection of 18 mg/kg bw NDMA to Wistar rats
induced kidney tumours (Murphy et al., 1966). In 80-day-old NZR rats,
starved for 48 hours, a single i.p. dose of 20 mg/kg induced squamous-cell
carcinomas of the nasal cavity (Noronha & Goodall, 1972).

The morphogenesis of kidney tumours induced by i.p. injections of NDMA
in rats has been described by Hard & Butler (1971a) and Hard et al. (1977) .

Newt: While single doses of up to 16 g/kg bw NDMA did not induce
tumours, 6~7 injections of 16 g/kg bw within 3-4 weeks induced liver tumours
(described as anaplastic and hepatic-cell tumours) in 3 newts surviving more
than 3 months (Ingram, 1972).

(e) Other experimental systems

Various injections: Rats given a single injection of 18 mg/kg bw NDMA,

either intramuscularly, retroperitoneally, or directly into the kidney,
developed kidney tumours (Murphy et al., 1966).
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Prenatal exposure: In mice, single or repeated injections of 12.5-
75 mg/kg bw NDMA during the last days of pregnancy resulted in lung adeno-
mas and hepatomas in the offspring (Smetanin, 1971). NDMA induced a low
frequency of kidney tumours in the offspring of pregnant rats treated

during the last week or during the whole of pregnancy (total dose, 11 mg)
(Alexandrov, 1968).

TImrersion: In 50 guppies exposed for 7 weeks to 100 mg/1 NDMA
dissolved in aquarium water, an incidence of 6/44 liver tumours was obser-
ved (Khudoley, 1973; Pliss & Khudoley, 1975). In frogs (Rana temporaria),
5 mg/1 NDMA in tank-water induced 19/43 tumours: hepatocellular carcinomas
and adenomas and tumours of the haematopoietic system (Khudoley, 1977).

Carcinogenesis in plants: Seeds of hybrids of Nicotiana were soaked
in 10 or 1 mM solutions of NDMA in water for 1 or 2 days, and tumours were
found on 6.5-12.8% of germinated seedlings 20 days later, as compared with
1-2% on controls (Andersen, 1973).

(f) Carcinogenicity of precursors

Administration of 0.1 or 0.025% aminopyrine together with 0.1 or
0.025% sodium nitrite in the drinking-water of Sprague-Dawley rats for 30
weeks produced haemangiocendothelial sarcomas in the liver in 29/30 and
26/30 rats, while 0.1% aminopyrine alone was inactive; 0.1% oxytetra-
cycline and 0.1% sodium nitrite administered in a similar protocol induced
4/30 liver tumours (3 hepatocellular carcinamas and 1 cholangioma) (Taylor
& Lijinsky, 1975). NDMA is the known reaction product of both interactions
in the animal body (Lijinsky & Greenblatt, 1972).

(g) Carcinogenicity of derivatives

N-Nitroso-N-methyl-N-acetoxymethylamine

(i) Oral administration

I.g. administration of 3.5 or 1.75 mg/kg bw to Sprague-Dawley rats
twice-weekly resulted in squamous-cell carcinomas and papillomas of the
forestomach in 13/16 and 18/20 animals, respectively (Wiessler & Schm#hl,
1976) .
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(ii) Intraperitoneal administration

A single i.p. injection of 13 mg/kg bw N-nitroso-N-methyl-N-acetoxy-
methylamine to 4-5-week-old (D rats resulted in a high incidence (70-86%)
of tumours, mostly in the intestine (Joshi et al., 1977; Ward et al.,
1977).

(h) Factors that modify carcinogenicity in animals

Feeding of a protein-free diet for 1 week, then a single i.p. injection
of 60 mg/kg bw NDMA, and a further week on protein-free diet induced 14/14
kidney tumours in Porton rats, compared with 0/9 in controls given the
protein~free diet only (Mclean & Magee, 1970). Similar results were
obtained by Hilfrich et al. (1975).

In rats, the incidence of kidney tumours produced by feeding NDMA at
a level of 500 mg/kg of diet for 2 weeks was markedly increased by subse-
quent treatment with 5000 mg/kg of diet of the nephrotoxin N-(3,5-dichloro-
phenyl) succinimide; pretreatment with this campound inhibited tumour
induction (Ito et al., 1974; Sugihara & Sugihara, 1976). A similar
increase in the incidence of renal-cell tumours was produced by subsequent
treatment with citrinin (Shinochara et al., 1976).

Tumours of the kidney developed in 33% of male and 63% of female
Wistar rats that received a single i.p. dose of 30 mg/kg bw NDMA. I.p.
injections of 100, 200 or 300 mg/kg bw ethylmethanesulphonate 8 hours
after NDMA injection increased kidney tumour rate, more in females than
in males (Montesano et al., 1974). In this experiment, 5/109 heart tumours
of the left ventricle were dbserved in the combined treatment groups and
diagnosed as either neurofibraomas or neurinomas; 1/34 and 8/118 heart
tumours were seen in the groups treated with NDMA or ethylmethanesulphonate,
respectively (Haas et al., 1974). '

Actinomycin D, given before or after a single i.p. dose of NDMA, did
not significantly modify kidney tumour incidence in Sprague-Dawley rats
(Hilfrich et al., 1975).

Gonadectomy abolished the kidney tumour response observed in male N20
mice after a single i.p. injection of 7.5 mg/kg bw (Noronha, 1975).
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Cambined gavage of 0.4 mg NDMA in 1 ml tap-water 5 times weekly for
24 weeks to rats together with 3-methylcholanthrene did not increase the
incidence of liver tumours; however, tumours of the lung and skin were
found (Hoch-Ligeti et al., 1968). Hepatocarcinogenesis induced by 4 mg/
kg bw/week NDMA was effectively suppressed by administration of 500 mg/kg
bw/week disulfiram 2 hours before NDMA treatment but led to the an inci-
dence of 59% of squamous-cell carcinomas in the paranasel sinus; this
tumour type was not cbserved with NDMA or disulfiram alone (Schmdhl et al.,
1976). Administration of a copper—-deficient or excess—copper diet at the
same time as treatment with 50 mg/1 NDMA in the drinking-water did not
change the incidence of liver or lung tumours; however, kidney neoplasms
occurred in 57% of rats receiving the copper—deficient diet, as compared
with 0% in the excess-copper groups (Carlton & Price, 1973). A diet high
in fat and marginally deficient in lipotropes did not enhance hepatocarcino-
genesis by NDMA, although this effect was seen for other nitrosamines
(Rogers et al., 1974).

Hepatocarcinogenesis in Sprague-Dawley rats after a single i.g. dose
of 20 mg/kg bw NDMA was increased by pretreatment with carbon tetrachloride
42 or 60 hours before oral administration. A high incidence of papillary
adenocarcinomas and nephroblastomas was observed in a group that received
40 mg/kg bw NDMA 42 hours after administration of carbon tetrachloride;
no kidney tumours were seen in the group treated with NDMA only (Pound &
Lawson, 1975; Pound et al., 1973). A single i.p. injection of 12-15.6 mg/
kg bw NDMA to female rats 24 hours after partial hepatectamy induced hepato-
cellular carcinomas; none developed in intact animals receiving NDMA
(Craddock 1973, 1975). BAn increase in the incidence of NDMA-induced kidney
tumours after partial hepatectomy was also seen (Craddock, 1971; Pound &
Lawson, 1975).

Repeated i.p. injections of phorbol given after a single s.c. injec-
tion of 0.015 mg NDMA increased the incidences of lung and liver tumours
in newborn AKR mice (Armuth & Berenblum, 1972). Cardesa et al. (1974b)
described synergestic effects of i.p. injections of NDMA and N-nitrosodi-

ethylamine; with NDMA alone, lung carcinomas and kidney tumours were seen,
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while with NDMA and F-nitrosediethylamine lung adenomas and forestomach
papillomas but no kidney tumours were seen.

Thyroidectomy significantly increased the tumour incidences in kidney
and liver in NZR rats given single i.p. injections of 20 mg/kg bw NDMA;
it reduced the sex difference in lung tumour incidence (male, 70%, female,
16%; compared with 54% and 39%, respectively) (Noronha & Goodall, 1976).

Treatment of Syrian golden hamsters with 15 mg/1 NDMA in drinking-
water and with a mixture of three antibiotics (gentamicin, nystatin and
vancomycin) increased tumour incidence (liver carcinomas, cholangiocar-
cinomas, Kupffer-cell sarcomas) to 80% as compared with an incidence
of 28% with NDMA alone in females, and to 21% compared to 4% in males
(Love et al., 1977).

Administration of aminoacetonitrile to rats decreased the carcinogenic
effects of NDMA; the number of malignant liver tumours induced decreased
by 80% (Hadjiolov, 1971).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

In rats, the acute ID for NDMA was 40 mg/kg bw when given by oral
administration, 37 mg/kg bw by inhalation (Druckrey et al., 1967) and
43 mg/kg bw by i.p. administration (Heath, 1962). The i.p. LD in mice
was 20 mg/kg bw (Frei, 1970). The s.c. ID s 30 mg/kg bw in Syrlan
golden hamsters (Haas et al., 1973), 18 mg/kg bw in Chinese hamsters

(Reznik, 1975), 43 mg/kg bw in female and 28 mg/kg bw in male European
hamsters (Mohr et al., 1974).

The major toxicity in a number of species arises from a severe centri-
lobular necrosis in the liver (Magee & Barnes, 1967; Magee & Swann, 1969).
Inhibition of protein and nucleic acid synthesis in the liver by NDMA has
been reviewed (Magee & Barnes, 1967; Magee & Swann, 1969; Pegg, 1977).
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Enbryotoxicity and teratogenicity

No teratogenic effects were observed in rats. A single dose of 30
mg/Kg bw given intraperitoneally or orally, or 20 mg/kg bw injected intra-
venously, caused an increase in foetal mortality, particularly when given
on days 3, 9, 10 or 12 of gestation (Napalkov & Alexandrov, 1968). After
intraplacental injections of 0.1-0.3 mg NDMA into each embryonic sac on
day 13 of gestation, all embryos died (Alexandrov, 1974).

Absorption, distribution and excretion

The uptake of NDMA from the gastrointestinal tract has been studied
in rats. Uptake from the stomach was slow, but that from the upper part
of the small intestine was very rapid (t3: less than 5 min); absorption
from the lower part of the small intestine and the caecum was slower but
still much faster than from the stomach (Hashimoto et al., 1976; Heading
et al., 1974). Comparisons of the relative methylation of liver and
kidney DNA after small oral or i.v. doses of NDMA in rats have indicated
that oral doses below 40 ug/kg bw were completely metabolized by the liver
and did not enter the general circulation (Diaz Gomez et al., 1977) [see
also 'Metabolism'].

In goats, one hour after oral administration of 30 mg/kg bw, 12.2 mg/
kg NDMA were found in milk and 10 mg/kg NDMA in blood. Only traces of
NDMA were found in the milk after 24 hours (Juszkiewicz & Kowalski, 1974).

Metabolism

Available evidence suggests that NDMA requires metabolic activation to
exert its toxic and carcinogenic effects. The rate of metabolism of NDMA
in vivo has been examined by measuring the rate of loss of NDMA from the
blood and exhalation of '*C0 following administration of ‘*C-NDMA. In
rats, a dose of 30 mg/kg adnénistered by i.p. injection is metabolized
within 6 hours (Heath, 1962; Magee et al., 1976; Phillips et al., 1975;
Swann & Mclean, 1971). The rate of metabolism of NDMA in vitro has been
measured by the use of slices of liver and other organs (e.q., kidney, 1lung,
small intestine, oesophagus) from rats, hamsters, monkeys, trout, goldfish
and various amphibians. Iabelled ll*COZ was produced from '“C-NDMA, and
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methylation of cellular macramolecules was cbserved (Den Engelse et al.,
1975; Montesano & Magee, 1974). These data, together with the distribu-
tion of methylated nucleic acids in vivo in rats, suggested that the liver
is the principal site of NDMA metabolism (Swann & Magee, 1968). Oxidative
N-demethylation to form formaldehyde has been demonstrated with liver
microsomes from rats, mice and hamsters (Argus et al., 1976; Czygan

et al., 1973a; lake et al., 1976; Lotlikar et al., 1975; Mizrahi &
Emrelot, 1962). Microsomal oxidation has been suggested to result in an
unstable FN-nitroso-V-methyl-N-hydroxymethylamine, which decomposes to
yvield a methylating species and formaldehyde (Druckrey et al., 1967;

Magee & Barnes, 1967). This mechanism is consistent with the observation
that N-nitroso-N-methyl-N-acetoxymethylamine is hydrolysed to yield an
alkylating intermediate (Roller et al., 1975).

Microsome-mediated methylation of both protein and nucleic acid by
NDMA has been demonstrated <n vitro (Chin & Bosmann, 1976; Kim et al.,
1977). 7-Methylguanine derived from NDMA-d has three deuterium atoms,
indicating that it must be formed via a Iret‘rslyldiazonimn ion or a methyl
carbonium ion rather than from diazomethane (Lijinsky et al., 1968).

NDMA treatment has been reported to induce methylation of cellular
protein, including histones (Magee & Hultin, 1962; Turberville & Craddock,
1971).

Studies have been made of the alkylation of cellular nucleic acids
after NDMA treatment in vivo or in tissue slices in vitro. The major
product was 7-methylguanine, but a muber of minor products have also been
identified, including l-methyl-, 3-methyl- and 7-methyladenine, 0®-methyl-
and 3-methylguanine, 3-methylcytosine, 3-methyl- and 0“-methylthymine and
methyl phospho esters (Lawley, 1974; Magee et al., 1976; Montesano &
Magee, 1974; O'Connor et al., 1972, 1973, 1975; Pegg, 1977; Swamn &
Magee, 1968). Single s.c. injections of *C-NDMA into pregnant mice on
day 12 of gestation produced no alkylation of DNA bases in embryonic
tissues, but when given on day 18 of gestation, methylation of foetal liver
and brain DNA bases was found. A similar extent of alkylation was obtained

when 18-day-old foetuses were treated directly in the same manner (Bochert,
1975).
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Studies have supported the hypothesis of Ioveless (1969) that the
formation of 0°-methylguanine may be of critical importance in carcino-
genesis and mutagenesis, since this product is formed in much smaller
amounts by other methylating agents which are less active as carcinogens
or mutagens than NDMA (Lawley, 1974; Magee et al., 1976; Pegg, 1977).

Distribution of methylated bases produced by NDMA may not be entirely
random within DNA of the chromatin (Cooper et al., 1975; Ramanathan
et al., 1976), and it has been demonstrated that hepatic mitochondrial DNA
is alkylated more extensively than nuclear DNA (Wilkinson et al., 1975;
Wunderlich et al., 1971/1972). Alteration in the velocity sedimentation
rate of liver DNA in alkaline sucrose gradient, attributed to single-strand
breaks, occurs in the DNA of rats treated with NDMA (Damjanov et al., 1973).
Repair of single-stranded regions in hepatic DNA following administration
of NDMA, as determined by chromatography on benzoylated DEAE-cellulose, is
more rapid than in kidney DNA (Huang & Stewart, 1977; Stewart & Huang, 1977).

Hepatic DNA damaged by alkylation after NDMA treatment is replicated
(Rajalakshmi & Sarma, 1975). The persistence of 0°-methylguanine in DNA
and the rate of cell division may be important factors in the tissue-specific
induction of tumours by NDMA (Margison et al., 1976; Nicoll et al., 1975;
Pegg, 1977). 0°-Methylguanine is removed from the DNA of liver and kidney
by an enzyme system (Nicoll et al., 1975; Pegg, 1977). There is evidence
that NDMA-induced carcinogenic damage to the kidney can also be repaired
(Swann et al., 1976). Administration of NDMA induces selective prolifera-
tion of tubular epithelium and interstitial cells in rat kidney (Hard, 1975;
Stewart & Magee, 1971).

Administration of aminoacetonitrile to rats reduced the metabolism of
NDMA, the induction of hepatic DNA damage and the acute toxicity (Fiume
et al., 1970; Hadjiolov & Mundt, 1974; Stewart, 1974). Such pretreatment
also reduced the production of a mutagenic metabolite from NDMA by rat liver
microsomes (Bartsch et al., 1975). Pretreatment of rats with pregnenolone-
l6o-carbonitrile (PCN) decreased the acute toxicity of NDMA (Somogyi et al.,
1972) but did not greatly reduce either conversion of !'“C-NDMA to exhaled
1'*COZ or methylation of nucleic acids (Grandjean & Somogyi, 1976). However,
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liver microsomes from PCN-pretreated rats showed an increased ability to
convert NDMA to an intermediate mutagenic for Salmonella typhimurium G-46
(Bartsch et al., 1975). The acute toxicity of NDMA in rats and mice and
the N-7-methylation of guanine in liver DNA were reduced by simultaneous
administration of disulfiram (Schm#hl et al., 1971). Microsomes from
disulfiram-treated rats showed a decreased ability to convert NDMA into
intermediates mutagenic for S. typhimurium G-46; mutagenicity was also
reduced when disulfiram was added to the assay systems (Montesano & Bartsch,
1976).

Mutagenicity and other short-term tests

The mutagenic effects of NDMA have been reviewed by Montesano & Bartsch
(1976) . In the presence of a metabolic activation system, genetic activity
has been demonstrated in S. typhimurium (reverse mutations), Escherichia
coli (forward and reverse mutations), Bacillus subtilis (reverse mutations),
Saccharomyces cerevisiae (back mutations, gene recombination and conversion),
Serratia marcescens (reverse mutations) and Neurospora crassa (forward
mutations) (Montesano & Bartsch, 1976). A mutagenic agent was produced
from NDMA in the presence of mouse kidney microsomes, and there was a
correlation between the ability to produce mutations in S. typhimurium G-46
and susceptibility for kidney tumours in different strains of mice (Weekes,
1975). NDMA was mutagenic in S. typhimurium G-46 in the presence of a
microsomal fraction from human liver biopsies (Czygan et al., 1973b).

NDMA has been tested in the host-mediated assay using mice or rats.
Mutagenicity was shown in S. typhimurium strains G-46, C-207 and C-340
after their i.p. injection into Swiss albino mice that had received 3 i.m.
injections of 0.1 ml of a 10% NDMA solution at l-hour intervals (Gabridge
& Legator, 1969). Fahrig (1975) observed mutagenicity in S. cerevisiqe D-4
injected into the peritoneum, the testes or the tail vein of male Wistar
rats injected subcutaneously with 740 mg/kg bw NDMA.

NDMA injected subcutaneously into mice at doses of 30 mg/kg bw or 300
mg/kg bw was mutagenic in a blood-mediated assay in which stationary cells
of E. coli K-12 were injected intravenously (Mohn & Ellenberger, 1973).
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NDMA and N-nitroso-N-methyl-N-acetoxymethylamine induced X-linked
recessive lethal mutations in Drosophila (Fahmy et al., 1975; Pasternak,
1962). N-Nitroso-N-methyl-N-acetoxymethylamine was also mutagenic in
S. typhimurium TA 1530 and in bacteriophages R17 and T7 (Bartsch et al.,
1977; Shooter & Wiessler, 1976).

In the presence of a rat liver microsomal fraction from phencbarbital-
treated rats, NDMA induced 8-azaguanine-resistant mutants in Chinese hamster
V79 cells (Kuroki et al., 1977). Concentrations from 8-135 mM induced
chromosome aberrations and sister chromatid exchanges in Chinese hamster
cells in the presence of liver microsomal preparations from rats (Natarajan
et al., 1976).

Chromosome aberrations, mainly dicentrics and deletions, were found in
liver cells of Chinese hamsters injected intraperitoneally with 5 g/kg bw
NDMA (Brooks & Cregger, 1973). In the dominant lethal test in mice, an
i.p. dose of 9 mg/kg NDMA was ineffective (Epstein et al., 1972), while
4.4 mg/kg administered subcutaneously produced a significant increase in
dead implants (Propping et al., 1972). Cultured lymphocytes taken fram
rats 6 hours after an i.p. injection of 30 mg/kg Iw NDMA showed an increased
frequency of chromosome aberrations (Lilly et al., 1975).

Unscheduled DNA synthesis has been observed in isolated rat hepatocytes
treated with NDMA (Williams, 1976, 1977) and in human fibroblasts in culture
in the presence of NDMA and a mouse liver microsomal fraction (Laishes &
Stich, 1973).

Rat liver epithelial-like cells maintained in culture were transformed
by treatment with NDMA, and the transformed cells induced tumours at the
site of injection in 32/42 newborn rats (Montesano et al., 1973, 1975;
Williams et al., 1973). Cells cultured from kidneys of rats treated in
vivo with a single i.p. dose of 60 mg/kg bw NDMA underwent transformation
as determined by various 7n vitro criteria (Borland & Hard, 1974; Stewart
& Hard, 1977). These transformed cells were described as morphologically
similar to the putative precursors of NDMA-induced mesenchymal neoplasms
(Hard & Butler, 1971b; Hard & Borland, 1977).
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(b) Humans

In 4 men, laboratory exposure to NDMA gave rise to acute liver
necrosis which later developed into cirrhosis; in one case, the acute
liver injury proved to be fatal (Barnes & Magee, 1954; Freund, 1937).

Studies in vitro suggest that NDMA is metabolized by human liver and
lung via the same metabolic pathway as in other mammalian species (Harris
et al., 1977; Montesano & Magee, 1970).

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosodimethylamine is carcinogenic in all animal species tested:
mice, rats, Syrian golden, Chinese and European hamsters, guinea-pigs,
rabbits, ducks, mastomys, various fish, newts and frogs. It induces
benign and malignant tumours following its administration by various
routes, including ingestion and inhalation, in various organs in various
species. It produces tumours, mainly of the liver, kidney and respiratory
tract. It is carcinogenic following its administration prenatally and in
single doses. In several studies, dose-response relationships were
established.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed to low levels of N-nitrosodimethylamine;
however, no exposed group suitable for an epidemiological investigation
has yet been identified. Reports of relatively high lewvels in certain
pesticide formulations and of occupational exposures that may have occurred
in the manufacture and use of rocket fuels may permit the identification
of exposed groups.
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4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitrosodi-
methylamine in many experimental animal species. Similarities in its
metabolism by human and rodent tissues have been demonstrated. Although
no epidemiological data were available (and efforts should be directed
toward this end), N-nitrosodimethylamine should be regarded for practical

purposes as if it were carcinogenic to humans.
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N-NITROSODI-7n—-PROPYLAMINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 621-64-7
Chem. Abstr. Name: N-Nitroso-N-propyl-1-propanamine

N, N-Di-n-propylnitrosamine; di-n-propylnitrosamine; DPNA; NDPA;
N-nitrosodipropylamine

1.2 Structural and molecular formulae and weight

CH,—CH,—CH,
0=N-—N/

CH,—CH,~CH,

C6H14N20 Mol. wt: 130.2

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow liquid

(b) Boiling-point: 81°C (5 mm) (Druckrey et al., 1967)

. 20
(c) Density: d,” 0.9160

(@) Refractive index: n’0 1.4437

(e) Spectroscopy data: A__ 233 and 339 mm (Ei = 583.5 and 6.5) in
water (Druckrey et al., 1967); mass spectroscopy data are given
by Pensabene et al. (1972) and Rainey et al. (1978).

(£) Solubility: Soluble in water (approximately 1%), in organic
solvents and in lipids

(@ Volatility: Can be steam-distilled quantitatively (Eisenbrand
et al., 1970)
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(h) sStability: Stable at room temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
light-sensitive, especially to ultra-violet light

(i) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis

but can be split by hydrogen bromide in acetic acid (Eisenbrand
et al., 1970). Photochemically reactive (Fridman et al., 1971)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

N-Nitrosodi-n—-propylamine (NDPA) was first prepared by Vincent in
1886 from di-n—propylamine and nitrous acid (Prager et al., 1922). No
evidence was found that NDPA has been produced commercially.

(b) Use
No data were available to the Working Group.
2.2 Occurrence

(a) Waste-water

NDPA was reported to occur in the waste-water from 3/18 chemical
factories at levels of 0.12 and 2.8 ug/1' (Cohen & Bachman, 1978).

(b) Food

NDPA has been detected at levels of 20~30 ug/kg! in cheese (Cerutti
et al., 1975).

!These results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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(c) Alcoholic beverages

NDPA has been shown to be present in a high proportion of samples of
apple brandy at levels of 0-3.6 ug/kg. Its presence has also been demon-
strated in a number of samples of cognac, rum and whiskey at levels of
0-0.2 ug/kg (IARC, 1977).

(d) Pesticides

Fine et al. (1977) reported 154,000 ug/l1 NDPA in the herbicide
Treflan (trifluralin, emlsified concentrate of a,a,a~trifluoro-2,6-
dinitro-N, N—dipropyl-para-toluidine); Cohen et al. (1978) found levels
varying from 190,000-17,000 ug/l. The lower level reflects an effort by
the manufacturer to reduce the nitrosamine contamination (US Environmental
Protection Agency, 1977). NDPA has also been found in isopropalin (4-
isopropyl-2,6-dinitro-N, N-dipropylaniline) at a level of 86,000 ug/l
(Cohen et al., 1978).

2.3 Analxsis

An IARC Manual gives selected methods for the analysis of volatile
N-nitrosamines, including NDPA (Preussmann et al., 1978).

On 29 September 1977, the US Environmental Protection Agency issued
a notice requiring all registrants of pesticide products that are poten-
tially contaminated with N-nitroso compounds to analyse commercial samples
which have been stored for at least 18 days to determine the extent of
contamination. This notice prescribes in general terms the types of
analytical methods to be used for volatile N-nitroso compounds (e.g.,
gas chramatography plus mass spectrometry or thermal energy analysis
and others) as well as for non-volatile N-nitroso compounds (e.g., high-
pressure liquid chromatography plus ultra-violet spectroscopy). Confir-
mation of positive results by gas chromatography and mass spectrometry
or by valid independent methods is required when possible (US Environmental
Protection Agency, 1977).
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3. Biological Data Relevant to the Evaluation
of Carcinogeriic Risk to Man

3.1 Carcinogenicity and related studies in animals

(@) Oral administration!?!

Rat: Groups of BD rats were given N-nitrosodi-n-propylamine (NDPA)
in the drinking-water at doses of 4, 8, 15 or 30 mg/kg bw/day. Of 48
animals, 45 developed liver carcinomas after average induction times of
300, 202, 155 or 120 days, respectively (average total dose to induce
tumours in 50% of animals, 1.15-3.2 g/kg bw). In addition, 8 animals
which received doses of 8 or 15 mg/kg bw/day showed papillomas or carcino-
mas of the oesophagus and 6, carcinomas of the tongue (Pruckrey et al.,
1967) .

(b) Subcutaneous and/or intramuscular administration

Rat: Groups of 10 male and 10 female 12-week—old Sprague-Dawley
rats were injected subcutaneously with 1/5, 1/10 or 1/20 the I_D50 NDPA
(]'.DSO: 487 mg/kg bw) once weekly for life. Twenty male and 20 female
untreated Sprague-Dawley rats served as controls. The average total dose
ranged between 0.93 and 2.7 g/kg bw. A high incidence of neoplasms was
observed in the apical parts of the nasal cavities (35) and in the endo-
turbinals of the nasal cavities (13). Of a total of 58 effective animals,
45 developed 48 tumours of the nasal and/or paranasal cavities, 19 of which
were malignant. In addition, 13 liver tumours (mainly liver-cell carcinomas),
11 adenomas or carcinomas of the lung and 11 squamous-cell papillomas of the
oesophagus were seen. Tumours of the kidney (2 adenomas, 1 adenocarcinama)
developed in 3 animals treated with 48 mg/kg bw (1/10 IDSO) (Althoff et al.,
1973a; Reznik et al., 1975).

!The Working Group was aware of a study in monkeys, reported in an
abstract, in which liver tumours were found following i.p. and/or oral
administration of NDPA; however, the results of this study have not
been fully reported (Adamson et al., 1974).
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Hamster: Groups of 20 male and 20 female Syrian golden hamsters were
treated with 1.2% NDPA in olive oil subcutaneously once weekly for life at
5 dose levels, 3.75, 7.5, 15, 30 or 60 mg/kg bw. Of 185 effective animals,
134 had 591 tumours of the nasal and paranasal cavities, 163 had 1224
tuwurs of the laryngobronchial tract, and 56 had 112 tumours of the lung;
a few tumours occurred in a variety of other organs. The first neoplasms
were seen after 16 weeks. Among 20 male and 20 female controls, 2 thyroid
adenomas, 1 cortical adenoma of the adrenal gland and 1 papilloma of the
vagina were observed (Althoff et aql., 1973b; Pour et al., 1973).

(c) Carcinogenicity of metabolites and derivatives (see also

section 3.2a)

N-Ni troso-2-hydroxy-n-propyl-n-propylamine

Subcutaneous and/or intramiscular administration

Groups of 10 male and 10 female Sprague-Dawley rats were injected
subcutaneously once weekly for life with 255, 127 or 64 mg/kg bw (1/5,
1/10 or 1/20 I_Dso; IDSO: 1273 mg/kg bw); 53/59 animals developed benign
and malignant tumours, mainly in the nasal cavity (47 squamous—-cell papil-
lomas and carcinomas) and the liver (25 hepatocellular carcinomas, haeman-
gicendotheliomas, hepatomas). Other tumour sites were the lung (7) and
oesophagus (10) (Reznik et al., 1975).

Groups of 10 male and 10 female Syrian golden hamsters received
weekly s.c. injections of N-nitroso-2-hydroxypropyl-n-propylamine in olive
oil for life at 3 dose levels (1/10, 1/20 or 1/40 of the ID ; 1D
1500 mg/kg bw). The effective number of animals was 43; the aver;;e
survival time ranged from 39-46 weeks. Tumours of the nasal cavities were
seen in 33-69% of treated animals; 33-54% had laryngotracheal tumours;
and 7-40% had liver tumours described as cholangiomas and haemangioendo-
theliomas. A few tumours occurred at a variety of other sites (Pour
et al., 1974a,c).

Results obtained on the carcinogenicity of derivatives are summarized
in Table 1.
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Table 1
Carcinogenicity of derivatives of N-nitrosodi-n-propylamine

Compound Species tested Main tumour sites References
N=-Nitroso-bis (2- Wistar rats Respiratory tract, liver, Konishi et al., 1976
hydroxy-n- thyroid, kidney, urinary

propyl)amine

N-Nitroso—2-oxo-
n-propyl-»-
propylamine

N-nitroso-bis (2-
oxo~-n—-propyl) -
amine

N=-Nitroso-bis (2-
acetoxy-n-
propyl)amine

N-Nitroso-2,2'-
dimethyldi-»n-
propylamine

Sprague-Dawley rats

Syrian golden hamsters

Guinea-pigs

Sprague-Dawley rats
Syrian golden hamsters

Syrian golden hamsters

Syrian golden hamsters

Syrian golden hamsters

bladder and pancreas

Kidney, nasal cavities,
respiratory tract, thyroid,
cesophagus and liver

Pancreas, nasal cavities,
respiratory tract, liver,
gall bladder, kidney, lip
and vaginal epithelium

Liver
ILiver
Nasal cavities, respiratory

tract, liver and kidney

Pancreas, lung, liver and
gall bladder

Respiratory tract, liver,
pancreas, nasal cavities,
gall bladder, lip and
vaginal epithelium

Nasal cavities and respir-
atory tract

Reznik & Mohr, 1976

Althoff et al., 1976;
Krliger et al., 1974;
LeVitt et al., 1977;
Pour et al., 1974b,
1975a,b, 1977a

Rao & Reddy, 1977

Althoff et al., 1974
Pour et al., 1974c,d

Pour et al., 1975c,
1977b

Pour et al., 1976a,b,
1977a

Althoff et al., 1975




3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The acute ID50 of NDPA was 480 mg/kg bw after oral administration to
BD rats (Druckrey et al., 1967); the s.c. ]'_D50 was 487 mg/kg bw in rats
and 600 mg/kg bw in Syrian golden hamsters (Pour et al., 1973; Reznik
et al., 1975).

No data on the embryotoxicity or teratogenicity of NDPA were available
to the Working Group.

Absorption, distribution and excretion

In goats, one hour after oral administration of 30 mg/kg bw NDPA,
4.9 mg/kg NDPA were fourd in milk and 1.6 mg/kg in blood. Only traces
were found in the milk after 24 hours (Juszkiewicz & Kowalski, 1974).
Metabolism

Urine collected during 48 hours after administration of an oral LD5
dose to rats contained the following compounds: N-nitroso-3-hydroxy-#-

0

propyl-n-propylamine, ¥N-nitroso-2-carboxyethyl-n-propylamine and, to a
lesser extent, N-nitroso-2-hydroxy-n-propyl-n-propylamine and N-nitroso-
carboxymethyl-n-propylamine (Blattmann & Preussmann, 1973) [see also,
section 3.1 (c)].

Administration of [1-'*C]-NDPA to rats produced 7-[!*Cl-n-propyl-
guanine together with 7-[!“C]-methylguanine in the liver RNA. In contrast,
administration of [2-'*C]-NDPA led to production of only 7-[!*C]-n-propyl-
guanine in rat liver RNA (Krlger, 1971).

NDPA incubated in the presence of a rat-liver microsamal system and
3,4-dichlorothiophenol as a trapping agent yields the corresponding methyl
and propyl thioethers (Preussman et al., 1976).

Mutagenicity and other short-term tests

NDPA produced reverse mutations in Salmonella typhimurium TA 1530,
TA 1535 and TA 100 in the presence of microsomal fractions from rat and
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hamster liver and hamster lung (Bartsch et al., 1976; Camus et al., 1976;
Olajos & Cornish, 1976; Sugimura et al., 1976). NDPA also produced
reverse mutations in Escherichia coli in the presence of rat liver micro-
samal fractions (Nakajima et al., 1974).

In the presence of a liver microsomal system from phenobarbital-
treated rats, NDPA induced 8-azaguanine-resistant mutants in Chinese
hamster V79 cells (Kuroki et al., 1977).

A study was made of the abilities of liver, kidney and lung fractions
fram untreated or phenobarbital-treated rats and hamsters to convert B-
oxidized metabolites or synthetic putative intermediates, including V-
nitroso (2-hydroxy-»n-propyl)-n-propylamine, ¥N-nitroso-bis (2-hydroxy-»n-
propyl)amine, N-nitroso-bis (2-acetoxy-n—propyl)amine, N-nitroso (2—-oxo-n-
propyl)amine and N-nitrosomethyl-N-#n-propylamine into intermediates muta-
genic for S. typhimurium TA 1530 (Camus et al., 1976).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosodi-n-propylamine is carcinogenic in rats after its oral
administration and in rats and hamsters after its subcutaneous injection.
It produces benign and malignant tumours of the liver, kidney, oesophagus
and respiratory tract. The metabolite N-nitroso-¥-(2-hydroxy-n-propyl)-
n-propylamine is also carcinogenic in rats and hamsters: it produces

benign and malignant tumours of the respiratory tract and liver after its
‘subcutaneous injection.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
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general population may be exposed sporadically to low levels of N-nitrosodi-
n-propylamine; however, no exposed group suitable for an epidemiological
investigation has yet been identifed. The report of relatively high levels
in one pesticide formulation may permit the identification of exposed
groups.
4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitrosodi-
n-propylamine in two experimental animal species. Although no epidemio-
logical data were available (and efforts should be directed toward this

end), N-nitrosodi-n-propylamine should be regarded for practical purposes
as if it were carcinogenic to humans.
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N-NITROSO~-N-ETHYLURFA

This substance was considered previously by an IARC Working Group,
in December 1971 (IARC, 1972). Since that time new data have become
available, and these have been incorporated into the monograph and
taken into account in the present evaluation.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 759-73-9
Chem. Abstr. Name: N-Ethyl-¥-nitrosourea

ENH; ENU; l-ethyl-l-nitrosourea; NEU; nitrosoethylurea;
NSC 45403

1.2 Structural and molecular formulae and weight

CH2"—CH3
O:N-—N/
C—NH
e
O
C3H7N3O2 Mol. wt: 117.1

1.3 cChemical and physical properties of the pure substance

(a) Description: Yellow-pink crystals

(b) Melting-point: 103-104°C (decomposition) (Druckrey et al.,
1967)

(c) Spectroscopy data: A 233 mm (Ei = 469) in water
(Druckrey et al., 1967)

(d) Solubility: Soluble in water (approximately 1.3%) and in
polar organic solvents; insoluble in non-polar organic

solvents
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(e) stability: Decomposes to diazoethane in alkaline solutions;
stability in aqueous solutions is pH-dependent (20°C)
(Druckrey et al., 1967):

pH 4.0 6.0 7.0 8.0
half-life (hrs) 190 31 1.5 0.1 5

Sensitive to humidity and light and should be refrigerated
for storage

9.0
0.0

(f) Reactivity: Highly reactive (Garrett et al., 1965; McCalla
et al., 1968). Reaction rates with various biologically
important nucleophiles have been determined (Veleminsky
et al., 1970).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.

(a) Production

N-Nitroso-N-ethylurea (NEU) was first prepared in 1919 by the reaction
of N-ethylurea with nitrous acid (Werner, 1919). Although NEU is available

in small quantities for research purposes, no evidence was found that it
has been produced commercially.

(b) Use

NEU has been used in the laboratory synthesis of diazoethane. Its
mutagenic effect has been studied for pramoting the growth of various
plants (Ezhakova, 1973; Nikiforova, 1973; Samoshkin & Rodyankov, 1973).

No evidence was found that it has been used commercially for these
purposes.

2.2 Occurrence

No data were available to the Working Group.
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2.3 Analysis

NEU is labile, and this complicates its analysis. High—pressure
liquid chromatographic conditions for F-nitrosoureas have been reviewed
by Montgomery et al. (1977). Selective detectors used for analysis of
this campound include those of Fine et al. (1977) and Singer et al. (1977).

A method for the analysis of alkylureas in fish has been developed (Mirvish
et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) ' Oral administration

Rat: Ten-day-old BED-IX rats were given single oral doses of 10, 20,
40 or 80 mg/kg bw N-nitroso-N-ethylurea (NEU), and malignant neurogenic
tumours were induced in the brain, spinal cord and peripheral nervous
system in 75/80 animals. Even at the lowest dose, 23/26 animals died with
neurogenic tumours (21 with brain tumours). At the highest dose, 9/16 rats
had nephroblastomas (Druckrey et al., 1970a).

Single oral administrations of 10 mg/kg bw NEU to 10-day-old BD-IX
rats induced tumours in 8/19 animals. Tumours of the central and of the
peripheral nervous systems were seen in 4 and 4 animals, respectively
(Cravioto et al., 1974).

It was reported in an abstract that among 39 MRC rats given 60 mg
NEU/1 of drinking-water on 5 days/week for 52 weeks, 7 tumours of the
stomach (3 papillamas, 1 squamous-cell carcinoma and 3 sarcamas, all in
males), 9 tumours of the large intestine (6 adenocarcinomas and 3 sarcomas,
all in males), 9 adenocarcinomas of the mammary gland (8 in females and 1
in a male) and 12 myelocytic leukaemias were observed (Pelfrene et al., 1975).

Of 104 female Donryu rats given NEU at dose levels of 100-400 mg/1
of drinking-water, 87 developed leukaemias (Ogiu et al., 1974, 1976).

Opossum: A variety of epithelial and mesenchymal embryonal neoplasms
of the eye, liver, brain, kidney, muscle and jaw (including neuroectodermal
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tumours of the eye and nephroblastamas), closely analogous to tumours of
human infancy, were found in opossums (Didelphis virginiana Kerr) treated
orally from birth to 16 weeks of age with 100 mg/kg bw NEU in either single
or split doses (Jurgelski et al., 1974, 1976) .

(b) Subcutaneous and/or intramuscular administration

Newborn mouse: One-day-old A, C57BL, DBAf and IF mice given single

s.c. injections of NEU at dose levels ranging from 10-160 mg/kg bw
developed a high incidence of tumours. Liver tumours ranging from hepa-
tomas to hepatocellular carcinomas occurred most frequently in C57BL
(28/44) and DBAf (20/75) mice, lung adenomas and adenocarcinomas in A mice
(38/80) and lymphomas in A (16/80) and DBAf (20/75) mice. C57BL, DBAf and
IF mice developed several tumours of the nervous system (1/44, 8/75 and
5/57, respectively) (Searle & Jones, 1976).

Newborn and suckling rat: Rats were injected subcutaneously with
single doses of 5, 10, 20, 40 or 80 mg/kg bw NEU at birth, and 10-day-old
rats received single doses of 10, 20 or 40 mg/kg bw. Mainly tumours of

the central and peripheral nervous system were produced. At the lowest
dose (5 mg/kg bw), 9/28 rats had tumours of the nervous system; at 10 mg/
kg bw, 70% of the animals had tumours of the nervous system; at higher
doses, all animals except one’ had tumours of the nervous system. No
difference in response was observed between the newborn and the 10-day-
old animals (Druckrey et al., 1970a).

Single s.c. injections of 10 mg/kg bw NEU to newborn (approximately
24-hr-old) Wistar-derived albino rats and Lister hooded rats resulted
in tumours of the nervous system in 33/34 animals: 53 brain tumours, 9
spinal-cord tumours and 9 peripheral nervous system tumours were found.
No strain differences in response to the carcinogen were observed (Jones
et al., 1973; Searle et al., 1972).

(c) Intraperitoneal administration

Newborn, suckling and adult mouse: It was reported in an abstract
that doses of 60 or 120 mg/kg lbw NEU injected into C3HXAF mice less than
1
24 hours, 15 days or 6 weeks old, produced multiple types of tumours,
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including intracranial neurogenic and renal epithelial neoplasms. The
multiplicity and frequency of tumour types were dependent upon age at the
time of treatment (more than 20 different types in the two younger groups,
only 4 types of primary tumours in the 6-week-old mice) (Lombard &
Vesselinovitch, 1971; Vesselinovitch & Lombard, 1971).

First generation hybrids of C57BL/6J%C3Heb/FeJ (B6C3F1) and
C3HeB/FedxA/J (C3AF1) mice were given single i.p. injections of 60 or
120 mg/kg bw NEU at 1, 15 or 42 days of age. By the 90th week of age,
most animals had died due to the development of benign and malignant
tumours at multiple sites. Newborn animals were more susceptible to liver,
kidney and ovarian tumours, and young adults to lung, Harderian gland,
stomach, and lymphoreticular system tumours. The sex of the animals influ-
enced the development of tumours of the liver (males), Harderian gland
(males) and lymphoreticular system (females). C3AF1 Imice were more sus-
ceptible to lung tumours than B6C3AF1 mice; the latter more readily
developed tumours of the liver, Harderian gland, lymphoreticular system,
ovaries and mammary gland (Vesselinovitch et al., 1974). Most of the
renal epithelial tumours resembled the corresponding human renal adenomas
(Lombard et al., 1974).

Rat: Monthly i.p. injections of 10 mg/animal NEU for 3 months
caused thymic lymphomas in 3/10 adult Wistar rats. Monthly treatment with
10 mg/animal for 5 months produced thymic lymphomas in 9/20 treated rats
and myeloid leukaemias in 5 others (Hadjiolov, 1972).

(d) Intravenous administration

Rat: Weekly i.v. doses of 10 mg/kg bw NEU to BD rats for 25 weeks
produced leukaemias in 9/16 animals and 4 gliamas of the brain, 1 glioma
of the spinal cord and 1 adenocarcinoma of the small intestine in 4 rats
(Druckrey et al., 1967). Treatment of 30-day-old rats with a single
dose of 20, 40 or 80 mg/kg bw produced tumours predaminantly of the brain
and peripheral nervous system. With 20 mg/kg bw, 18/29 rats had tumours
of the nervous system. More tumours outside the nervous system (ovary,
uterus and, especially, kidney) were seen in animals given the highest dose
(Druckrey et al., 1970a).
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Rats treated during pregnancy with single i.v. injections of 60-150
mg/kg bw NEU developed predominantly malignant tumours in the uterus and
vagina late in life; these tumours were not produced by treatment in non-
pregnant females (Alexandrov, 1969; Ivankovic, 1969).

Monkey: In a study reported in an abstract, malignant tumours (mainly
of the ovary, uterus, vascular endothelium, bone, bone marrow and skin)
were observed in 2/4 male and 5/9 female young patas monkeys (Erythrocebus
patas) 700-900 days after the start of treatment with i.v. injections of
12 mg/kg bw NEU every 2 weeks for 2 years (Rice et al., 1977).

(e) Other experimental systems

Prenatal exposure: Since the first reports of Druckrey et al. (1966)
and Ivankovic et al. (1966) in rats, NEU has been investigated extensively

for transplacental carcinogenicity.

The offspring of female A/J, A/He, C3Hf/He, C57BL/6 and GP mice
given single i.p. injections of NEU at doses ranging from 29-117 mg/kg bw
between the 12th and 19th day of gestation were found to have pulmonary
adenomas and, occasionally, lymphocytic leukaemias at 12 weeks of age.
Hepatamas were seen in A and C3Hf mice after 40 weeks (Rice, 1969).

Single i.p. injections of 59 mg/kg bw NEU on day 12, 14, 16 or 18 of
gestation were given to AKR/J, SWR/J, DBA/2J, C57BL/6J and C57L/J mice.
The incidence, type and latency of tumours depended on both the strain
and the day of gestation on which NEU was given. The most common tumours
were single or multiple pulmonary adenomas and leukaemias, which appeared
after NEU treatment on days 16 and 18, respectively. Hepatomas, Harderian
gland adenomas, tumours of endocrine glands and neurogenic tumours were
also found, to a lesser extent. Hepatomas occurred preferentially in
males (Diwan & Meier, 1974).

Mice were given i.p. injections of 59 mg/kg bw NEU on the 16th day of
gestation. A lower incidence of pulmonary adenomas (18/36) and a longer
latent period (16-20 weeks) were observed in (AKR/J females x SWR/J males)
F1 offspring than in (SWR/J females x AKR/J males) F1 offspring, in which
the incidence of lung tumours was 36/39, with a latent period of 10 weeks
or less (Diwan et al., 1974).
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Differences in the susceptibilities of different strains of mice to
NEU were also described by Denlinger et al. (1974). Ten of the 31 off-
spring of 5 C3HeB/FeJ mice which had been injected intravenously with a
single dose of 20 mg/kg bw NEU on the 19th day of pregnancy, developed
neurogenic tumours. This is a relatively high rate compared with results
of earlier studies performed with other mouse strains.

It was reported in an abstract that perinatal treatment of 4555
DBA/2, C3H, C57BL/6, NzW, A, (C3HXCS7BL/6) F and (C3HxA) F mice with NEU
caused tumours of the peripheral nervous system in 74 animals and of the
central nervous system in 43. The latent period ranged from 150-1000 days.
In 1903 controls, only 1 primary neurinoma was seen (Wechsler et al., 1974).

Ivankovic & Druckrey (1968) gave single i.v. injections of NEU to
female BD-IX rats, varying the dose and the day of application during
pregnancy. On the 15th day of gestation, 7 different single doses of
between 5 and 80 mg/kg bw were injected. Of 222 offspring, 193 (87%) died
with malignant neurogenic tumours. At the lowest dosage (5 mg/kg bw,
approximately 2% of IDSO) ; 63% of the offspring developed neurogenic
tumours (see Table 1). The yield of neurogenic tumours in the progeny
was highest when the compound was administered during the last week of
pregnancy; no tumours were observed in the offspring when the mothers were
treated before the 12th day of gestation. Similar results were obtained in
the same and other strains of rats and by the same and other routes of
administration (Cravioto et al., 1973, 1974; Druckrey et al., 1970b;

Graw et al., 1974; FKoestner et al., 1971; Koyama et al., 1972).

Table 1¢
Dose, mg/kg bw Incidence of neuro- Induction
i.v. on day 15 genic tumours in period
of pregnancy of fspring (days)
80 5/5 160-230
70 21/22 120-490
60 51/51 not given
40 41/42 not given
20 18/21 120-600
10 32/41 132-640
5 25/40 190-700

From Ivankovic & Druckrey, 1968
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A single oral application of 30 mg/kg bw to Sprague-Dawley rats on
day 19 of gestation caused a total of 1847 malignant tumours in about 90%
of the 1068 offspring. The tumours were located mainly in the brain, the
spinal cord and the trigeminal nerve. Medium induction time was 240 days.
Various additional treatments did not affect the tumour incidence (Schmdhl
et al., 1974). '

Single i.v. injections of 1, 5, 20 or 50 mg/kg bw NEU to 2-4 Sprague-
Dawley (CD) rats and single injections of 50 mg/kg bw NEU to 3 Fischer
(CDF) rats, both on the 20th day of gestation, caused neurcectodermal
tumours in offspring of rats at all dose levels. A directly proportional
relationship was observed between dose levels and tumour incidences, while
mean survival times were inversely related to exposure (see Table 2).

A strain difference was also noted: at the 50 mg/kg bw level 69% of the
Fischer rats and only 27% of the Sprague-Dawley rats died of brain tumours
(Swenberg et al., 1972).

Table 2

Tunour incidence and survival of
rats receiving NEU transplacentally

Dose to Strain Number of rats with Mean survival
mother neuroectodermal time (days)
mg/kg bw tumours/total
number of rats
1 SDh 5/41 655
5 SD 19/24 477
20 SD 17/17 288
50 SD 25/25 211
50 Fischer 26/26 258

prom Swenberg et al., 1972

The possibility was investigated that an increased cancer risk may
persist for several generations in otherwise untreated descendants of
NEU-treated mothers. A single i.p. dose of 40 mg/kg bw NEU given to 11
female BDVI rats on the 16th day of pregnancy caused tumours in 10 rats
of the parental generation: 5 had tumours of the nervous tissue, and 7
had tumours at other sites. In the F1 generation, mainly nervous system
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tumours were found (48/55); only §/55 animals had tumours at other sites.
In the ‘:5‘2 generation, bred by brother-to-sister mating from F1 , hO nervous
tumours were observed, but 6/25 animals had tumours at other sites. 1In
the F generation, 3/38 animals had nervous system neoplasms, and 11/38
had tsmours at other sites (Tamatis et al., 1977).

Alexandrov & Napalkov (1976) demonstrated in rats that both a tera-
togenic and a carcinogenic effect can occur in the same target organ.
The induction of microcephaly by i.p. administration of 5 mg/kg bw V-
nitroso-N-methylurea (NMU) on the 15th day of pregnancy did not preclude
the induction of brain tumours by the administration of 20 mg/kg bw NEU
on the 17th day of pregnancy. Similarly, the induction of brain tumours
by the administration of 20 mg/kg bw NEU on the 17th day of pregnancy
was not influenced by the administration of 20 mg/kg bw NMU on the 21st
day of pregnancy.

The morphology and growth of tumours of the nervous system have
been described by Grossi-Paoletti et al. (1970), Kleihues et al. (1968),
Thomas & Kersting (1968) and Wechsler et al. (1969).

When 30 mg/kg bw NEU were given by i.v. injection to Syrian golden
hamsters on day 15 of pregnancy, 14/22 offspring developed tumours, mainly
of the nervous system (5 tumours of the trigeminal nerve and 11 tumours of
the peripheral nerves). No tumours of the brain or spinal cord were obser-
ved (Mennel & Zfilch, 1972). The morphology and growth of such nervous
system tumours have been described by Wechsler et al. (1969).

Three rabbits received 1 or 2 i.v. injections of 40 mg/kg bw NEU
between days 23 and 28 of gestation. Eight of the 10 offspring that
survived longer than 90 days developed adenosarcomas of the kidney within
a mean latent period of 600 days (in 3 animals, the tumours were bilateral).
Metastases to the lung, parietal pleura and para-aortic lymph nodes were
Observed in 3 animals. No tumours were observed in the mothers (Gtithert
et al., 1973). Kidney tumours, including adenomas, adenocarcinomas and
adenocarcinosarcomas were also found in the offspring of rabbits which had
received i.v. or i.p. injections of NEU between days 18-32 of gestation
(Fox et al., 1975; Stavrou & Lilbbe, 1975; Stavrou et al., 1975).
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Neurogenic tumours of the peripheral nervous system were cbserved in off-
spring of rabbits treated on day 8 or 10 of gestation with single i.v.
doses of 50 mg/kg bw (Stavrou et al., 1977).

Adencmas of the sweat glands (hidradenamas) and papillomas of the
skin were produced in litters of pigs whose mothers were given 6 i.v.
injections of 20 mg/kg bw NEU between the 20th and the 3lst day of
gestation (Kupfer et al., 1969).

In a study reported in an abstract, female patas monkeys (Erythrocebus
patas) received i.v. injections of 21 mg/kg bw NEU weekly or every two
weeks, commencing at 30 or 60 days of pregnancy and continuing until
parturition. One male infant whose mother had received 18 weekly injec-
tions starting at 30 days of pregnancy died 78 days post parturition with
a hepatama and an intracerebral haemangiosarcama. No tumours had been
observed in 33 other infants two years post parturition (Rice et al., 1977).

Results of a study still in progress indicate that following treat-
ment of 6 female monkeys (Macaca mulatta) with single i.v. injections
of 25~-70 mg/kg bw NEU 3-70 days before parturition, or treatment of 2
monkeys with 2 i.v. injections of 15-25 mg/kg bw NEU at 71 and 2 days
or 63 ard 15 days before parturition, no tumours occurred in the surviving
offspring, aged 5-6 years; one infant whose mother had received 70 mg/kg
bw was delivered stillborn (Jdnisch et al., 1977).

Intracerebral injection: A single intracerebral injection of
0.01-0.05 mg/animal (1.25-6.25 mg/kg bw) NEU to 1-, 3- and 10-day-old
BD-IX rats resulted in 70 neurogenic tumours, mostly of the brain (37),
in 85 animals. A clear dependency of tumour yield and length of latent
period on both dose and age of rats at treatment could be established.
Malignant neurinomas of the trigeminal nerve appeared only as a result of
treatment on the first day of life (Druckrey et al., 1973).

Single intracerebral administration of 10 mg/kg bw NEU to l-day-old
Iong Evans rats induced neurogenic tumours, mostly in the central nervous
system, in 9/11 animals (Cravioto et al., 1974).
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Intra—arterial administration: The injection of 0.04 mg NEU (1 mg/kg
bw) into the left carotid of 25-day-old BDVI rats under nembutal anaesthesia
(30 mg/kg bw) produced only 1 malignant neurinoma in 21 treated rats
(Druckrey et al., 1973).

Various routes of administration: Iong Evans rats were treated intra-
cerebrally or subcutaneously with 10 or 50 mg/kg bw when newborn, or were
treated transplacentally with i.v. injections of 10 mg/kg bw on the 17th
day of gestation. No differences in incidences of neurogenic tumours
(80-86%) could be established for the various routes of administration
(Cravioto et al., 1974; Fornatto & Schiffer, 1972; Grossi-Paoletti
et al., 1972a,b).

(f) Carcinogenicity of precursors

Neurogenic tumours were found in 4/20 and non-neurogenic tumours in
11/20 sprague-Dawley rats after administration of 0.03% ethylurea in the
drinking-water and 0.3% sodium nitrite in the diet. When the concentration
of ethylurea was decreased to 0.01%, and the nitrite concentration kept
constant, 18/20 animals developed non-neurogenic tumours, and none developed
neurogenic tumours (Koestner & Wechsler, 1974; Koestner et al., 1975).

The typical transplacental neurocarcinogenic effect of NEU has been
observed after oral administration of ethylurea and sodium nitrite to
pregnant BD-IX rats (Ivankovic & Preussmann, 1970; Ramadan & Wechsler,
1975). These results were confirmed in inbred E rats (Osske et al., 1972).

None of 38 offspring of 6 Wistar rats treated twice orally with
150 mg/kg bw ethylurea, 100 mg/kg bw sodium nitrite and 200 mg/kg bw
ascorbic acid on the 22nd day of gestation died of malignant tumours
within 295 days after birth. However, administration of ascorbic acid had
no influence on the carcinogenic activity of already formed NEU (Ivankovic
et al., 1973). An inhibitory effect of sodium ascorbate on transplacental
carcinogenesis by ethylurea and sodium nitrite was also found in Syrian
golden hamsters (Rustia, 1975).

Daily intragastric administration of 100 mg/kg bw ethylurea and
50 mg/kg bw sodium nitrite to adult Syrian golden hamsters for 40 days
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resulted in benign and malignant tumours in a broad spectrum of organs,
including the forestomach, vagina, ovaries and peripheral nervous system,
in 55/64 treated animals. Multiple neoplasms (average, more than 3/animal)
were seen in 85% of the hamsters; the tumours had an average latency of
46 weeks (Rustia, 1974).

Four consecutive daily i.g. doses of 100 mg/kg bw ethylurea and
50 mg/kg bw sodium nitrite administered from day 12-15 of gestation to 8
Syrian golden hamsters induced neurogenic tumours in the peripheral nervous
system of the offspring. Females had a higher tumour incidence, a greater
multiplicity of neurogenic tumours and shorter latencies than the males
(Rustia & Schenken, 1976; Rustia & Shubik, 1974).

Feeding ethylurea and sodium nitrite to pregnant rabbits on days 17,
18 and 19 of gestation resulted in the induction of kidney tumours in the
progeny (Fox et al., 1977).

(g) Factors that modify carcinogenicity in animals

BD rats were given simultaneous s.c. administrations of 10 mg/kg bw
NEU and 1 mg/kg bw anhydrous cobalt chloride or anhydrous cupric sulphate
once weekly; all of 24 rats treated with cobalt and NEU dewveloped local
sarcomas at the injection site, and, in addition, 2 malignant neurinomas
were seen. Of those treated with copper and NEU, 4 animals developed
local sarcomas. A single i.p. injection of 25-90 mg/kg bw NEU with 5-10
mg/kg bw anhydrous cupric sulphate or anhydrous cobalt chloride caused
local sarcomas in the abdominal cavity in 6/20 animals. Rats treated with

NEU or with cobalt or copper salts alone did not develop local sarcomas
(Ivankovic et al., 1972).

When the offspring of Sprague-Dawley rats given a single oral dose
of 30 mg/kg bw NEU on day 19 of gestation were treated postnatally with
cyclophosphamide or Freunds' adjuvant an increased incidence of mammary
tumours was observed (Schmdhl et al., 1974).

A reduction in the incidence of neurogenic tumours was observed in:
the offspring of Sprague-Dawley rats given X-irradiation (200 rads) on
day 15 or 16 of gestation and injected i.p. with 10 mg/kg bw NEU 1-4 days
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later. Most of the 60 offspring of irradiated and NEU-treated mothers
exhibited microcephaly and other malformations, and 10 (16.7%) developed
neurogenic tumours by 15 months of age, in comparison with a tumour rate
of 46/74 (62.2%) in the offspring of mothers treated with NEU alone
(Warkany et al., 1976).

3.2 Other relevant biological data

(@) Experimental systems

Toxic effects

The acute ID of NEU in rats was 240 mg/kg bw after administration
50
by s.c. or i.v. injection, and 300 mg/kg bw after oral administration
(Druckrey, 1972; Druckrey et al., 1967, 1970a).

The major toxic effects result from severe damage to haematopoietic,
lymphoid and other tissues with a rapid rate of cell turnover (Magee &
Barnes, 1967; Magee & Swann, 1969).

Evbryotoxicity and teratogenicity

Female rats were given a single i.v. dose of 20, 40, 60, 70 or
80 mg/kg bw NEU on day 15 of gestation; 80 mg/kg bw caused the death of
50% of the foetuses, and all surviving foetuses showed malformed extremi-
ties. With 20 mg/kg bw, no malformations could be detected; doses of
40-70 mg/kg bw induced distinct dose-related abnormalities of the paws
(Druckrey et al., 1966; Ivankovic & Druckrey, 1968).

I.v. doses of 20 mg/kg Iw NEU to rats on day 17 of gestation resulted
in microcephaly (Alexandrov & Napalkov, 1976).

When rats were treated with a single dose of 20 mg/kg bw NEU by i.v.
injection during pregnancy, peaks of embryonic mortality were noted on
days 4 (40%) and 9 (25%) of gestation. Teratogenic effects, such as
hydrocephaly and exencephaly, were cbserved in about 60% of the surviving
foetuses that had been exposed to NEU on days 9 and 10 of gestation
(Alexandrov, 1973).

In 15 mice treated on day 8 of gestation with i.p. doses of 60 mg/kg
bw NEU and examined on day 14 of gestation, embryolethality was 57% in
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C571,/3 mice and 20% in DBA/2J mice; most of the surviving embryos had
mainly eye defects, hydrocephaly, exencephaly, spina bifida and same
skeletal abnormalities. When exposed on day 12 of gestation, 76% of
C57BL/6J and 59% of C57L/J foetuses had skeletal malformations after
birth (Diwan, 1974).

In Syrian golden hamsters, i.p. injections of 60 mg/kg bw NEU on day
8 of gestation resulted in 53% resorptions and 94% malformations in the
live embryos on day 15 of gestation (Givelber & DiPaoclo, 1969).

Absorption, distribution and excretion

NEU was rapidly lost from the blood after its i.v. injection, with
a half-life of 5-6 minutes (Swann & Magee, 1971). The high chemical
reactivity of NEU renders it unlikely that enzymic catalysis is involved
in its decomposition.

Metabolism

NEU is a direct alkylating agent and has been shown to ethylate nucleic
acids both in vitro and in vivo (Goth & Rajewsky, 1974a,b; Ilawley, 1974;
Pegg, 1977; Singer, 1975; Swann & Magee, 1971). 7-Ethylguanine, 0°-
ethylguanine, 3-ethyladenine and 7-ethyladenine and ethylphosphate triesters
have been detected in rat tissues after administration of NEU <n vivo
(Goth & Rajewsky, 1974a,b; Singer & Fraenkel-Conrat, 1975; Swann &

Magee, 1971). 0°®-Ethylguanine was lost from DNA of brain (a target organ)
much more slowly than from liver DNA, whereas no such difference was obser-
ved for the rate of loss of the other ethylated products (Goth & Rajewsky,
1974a,b).

Administration of NEU led to an altered sedimentation pattern in
alkaline sucrose gradients of DNA from brain (Hadjiolov & Venkov, 1975)
and liver (Cox et al., 1973).

Decomposition of NEU yields cyanate, which reacts with proteins.
This carbamoylation has been found to be important in the toxicity of NEU
to cells in culture (Knox, 1976).
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Mutagenicity and other short-term tests

NEU induces mutations in Salmonella typhimurium, Escherichia coli,
lower and higher plants, in Drosophila melanogaster and in other organisms
(for reviews, see Montesano & Bartsch, 1976; Neale, 1976). A mutation
yield of 85% X-linked recessive lethal and visible mutations was seen
in Drosophila exposed to 4~5 mg NEU (Rapoport, 1962). '

Treatment of cultured human fibroblasts with NEU induced both
chramatid and chromosome aberrations (Sanger & Eisen, 1976). The effect
of NEU on human chromosomes from cultured blood lymphocytes and on rat
and mouse bone-marrow chromosomes in vivo was studied. The incidence of
single chromatid and isochramatid breaks, exchanges and multiple breaks
in human lymphocytes in vitro was dose-dependent at doses ranging from
25-200 pg/ml.- Treatment of mice and rats with i.p. injections of 100 or
200 mg/kg bw produced similar lesions, the incidence of which was dependent
on the dose and on the time of sampling after injection (Soukup & Au, 1975).
I.p. doses of 50 and 100 mg/kg bw to mice produced chromosome aberrations
in germ cells (Ramaiya, 1969).

Primary cell cultures derived from the brains of rats treated trans—
placentally with NEU Zn vivo were maintained for 200 days, and after long-
term culture showed characteristics of transformation. These transformed
cells, which were not present in cultures from control rats, induced tumours
vwhen transplanted back into newborn rats (Laerum & Rajewsky, 1975; ILaerum
et al., 1977).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.
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4. Sumary of Data Reported and Evaluation

4.1 Experimental data

N-Nitroso-N-ethylurea is carcinogenic in all animal species tested:
mice, rats, Syrian golden hamsters, rabbits, opossums, pigs and monkeys.
Tt produces benign and malignant tumours following its administration by
different routes, including single oral doses; the main target organ
appears to vary with the route of administration. Prenatal exposure to
the substance has been shown to be particularly effective in producing
tumours of the nervous system. In several studies, dose-response
relationships were established.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. No information on the occurrence or use of N-nitroso-N-
ethylurea was available.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
N-ethylurea in several experimental animal species. Although no epidemio-
logical data or information on occurrence were available, N-nitroso-i-
ethylurea should be regarded for practical purposes as if it were carcino-
genic to humans.
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N-NITROSOFOLIC ACID

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 29291-35-8

Chem. Abstr. Name: ~N-{4-[(2-Amino-3,4-dihydro-4-oxo-6-
pteridinyl)methyl Jamino }benzoyl-N-nitroso-L~glutamic acid

N-Nitroso-N-pteroyl-I~glutamic acid

1.2 Structural and molecular formulae and weight

H,N N N 0
- | = N o OOH
NZ | Il ?
CH,—N C—NH—CH—CH,—CH,—COOH
o}
C,.H, N.O Mol. wt: 470

197187877

1.3 Chemical and physical properties of the pure substance

(a) Description: white crystals

(b) Solubility: Slightly soluble in water and in polar organic
solvents; wvery soluble in aqueous alkalis

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

N-Nitrosofolic acid has been prepared for laboratory use by the
reaction of sodium nitrite with a solution of folic acid in hydrochloric
acid (Cosulich, 1951; Cosulich & Smith, 1949).
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No evidence was found that N-nitrosofolic acid has been produced

comercially.

(b) Use

No data were available to the Working Group.
2.2 Occurrence

No data were available to the Working Group.

2.3 Analysis
No data were available to the Working Group.

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

Intraperitoneal injection

Newborn mouse: A group of (C57Bl/6Jx(:3HeB/FeJ)F1 mice received
125 mg/Kg bw N-nitrosofolic acid suspended in trioctanoin intraperito-
neally on days 1, 4 and 7 after birth; the experiment was terminated at
85 weeks. Of 14 male animals that lived 50 or more weeks (12 survivors
at 79 weeks), 3 developed lung adenocarcinomas (first tumour at 79 weeks),
1 a liver-cell carcinoma (85 weeks), and 1 a neurofibrosarcoma (79 weeks).
Of 15 females that lived 50 or more weeks (13 survivors at 79 weeks), 1
had a lung adenocarcinoma (84 weeks), and 1 had lesions described as
'liver-cell hyperplasia'. In the control group, which received 3 x 5 ml/
kg bw trioctanoin intraperitoneally, 1/12 females had a liver-cell
carcinoma and 2/14 males exhibited 'liver-cell hyperplasia'; no lung
tumours were observed (Wogan et al., 1975) [The increased incidence of
tumours is not statistically significant (P>0.05)].
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3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The ID of single i.p. injections of N-nitrosofolic acid given to
50

. mice 24 hours after birth was estimated to be 330 mg/kg bw (Wogan et al.,

1975).

No data on the embryotoxicity, teratogenicity or metabolism of
this compound were available to the Working Group.

Mutagenicity and other short-term tests

N-Nitrosofolic acid was mutagenic in Salmonella typhimurium TA 1535,
TA 1538, TA 98 and TA 100 in the presence of a rat liver microsamal
fraction (Purchase et al., 1976) [Full details of the procedure were not

given].
(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Experimental data

N-Nitrosofolic acid has been tested only in newborn mice by intra-

peritoneal injection, with inconclusive results.
4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. No data on the occurrence or use of this material were
available which would permit the identification of exposed groups.

4.3 Evaluation

No evaluation of the carcinogenicity of N-nitrosofolic acid could
be made on the basis of the available data.
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1.1

1.2

1.3

N-NTTROSOMETHYLETHYLAMTNE

1. Chemical and Physical Data

Synonyms and trade names

Chem. Abstr. Services Reg. No.: 10595-95-6

Chem. Abstr. Name: N-Methyl-N-nitroso—ethamine

N,N-Methylethylnitrosamine; NEMA; NMEA

Structural and molecular formulae and weight

CH,

O= N—-N/
\CHz—-—CH3

C3H8N20 Mol. wt: 88.1

Chemical and physical properties of the pure substance

(a)
(b)
(c)
(@)

(e)

(£)
(g)

Description: Yellow liquid

Boiling-point: 163°C (747 mm); 70°C (35 mm); 57-58°C (12 mm)

Density: dis 0.9448

Spectroscopy data: A 230 and 335 mm (Ei = 886 and 9) in
water (Druckrey et al., 1967); mass spectroscopy data are
given by Pensabene et al. (1972) and Rainey et al. (1978).

Solubility: Soluble in water (30%) and in organic solvents
and lipids

Volatilitz: Can be steam~distilled

Stability: Stable at rcom temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
light sensitive, especially to ultra-violet light
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(h) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis
but can be split by hydrogen bromide in acetic acid (Eisenbrand
& Preussmann, 1970). Photochemically reactive (Fridman et al.,
1971)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

N-Nitrosomethylethylamine (NMEA) has been prepared by the reaction
of sodium nitrite with a solution of N,N'-dimethyl-#,N'-diethyl methylene-
diamine in concentrated hydrochloric acid (Graymore, 1938). It can also
be prepared by the reaction of sodium nitrite with methylethylamine at
60°C (Druckrey et al., 1967).

No evidence was found that NMEA has been produced commercially.
(b) Use
No data were available to the Working Group.

2.2 Occurrence

(a) Tobacco smoke condensate

McCormick et al. (1973) reported the presence of NMEA in 7/11 samples
of tobacco smoke condensate at levels of 1-40 ng/cigarette. Klimsch
et al. (1976) reported levels of up to 25 ng/cigarette.

Hoffmann et aZ. (1974) found up to 35 ng/cigarette in mainstream
smoke, and Brunnemann & Hoffmann (1978) and Brunnemann et aql. (1977) up
to 30 ng/cigarette and 75 ng/cigar in sidestream smoke.
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(b) Food

NMEA was found at levels of 1.1 ug/kg! in 1/6 samples of smoked
horsemeat and at levels of 0.2 pg/kg in 1/5 luncheon meats (Groenen et al.,
1977). Gough (1978) reported 0.2 ug/kg' NMEA in bacon and chicken and in
camplete meals containing mushrooms, and 0.1 ug/kg' in cured meats. Using
procedures which would have detected levels above 1 ug/kg, no evidence was
found that this compound occurs in other foodstuffs (Groenen et al., 1976).

2.3 Analzsis

An IARC manual gives selected methods for the analysis of volatile
N-nitrosamines, including N-nitrosomethylethylamine (Preussmamn et al.,
1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

Oral administration

Rat: A group of 15 female BD rats was given N-nitrosomethylethyl-
amine (NMEA) in the drinking-water at doses of 1 or 2 mg/kg bw/day.
Nine of 15 animals developed hepatocellular carcinomas, and 1 animal a
fibrosarcoma of the vagina. The average induction time was 500 or 360
days, respectively; the average total dose to induce tumours in 50% of

animals was 0.42 or 0.75 g/kg bw, respectively (Druckrey et al., 1967).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The oral LD5 of NMEA in BD rats was 90 mg/kg bw (Druckrey et al.,
0
1967) ..

lThese results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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No data on the embryotoxicity, teratogenicity, metabolism or muta-
genicity of this compound were available to the Working Group.

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosomethylethylamine is carcinogenic in rats after its oral
administration, the only species and route tested: it produces hepato-

cellular carcinomas.
4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed sporadically to low levels of N-nitroso-
methylethylamine; however, no exposed group suitable for an epidemiological
investigation has yet been identified. Reports suggest that tobacco smokers
may be exposed to N-nitrosomethylethylamine together with other N-nitroso
compounds.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
methylethylamine . in one experimental animal species. No epidemiological
data were available.
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N-NITROSO~N-METHYLUREA

This substance was considered previously by an IARC Working Group,
in December 1971 (IARC, 1972). Since that time new data have became
available, and these have been incorporated into the monograph and taken
into account in the present evaluation.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 684-93-5

Chem. Abstr. Name: #N-Methyl-N-nitrosourea

Methyl nitrosourea; l-methyl-l-nitrosourea; MNU; NMH; NMU;
N-nitroso-N-methylcarbamide; nitrosomethylurea; NSC 23909

1.2 Structural and molecular formulae and weight

0=N——N/
C—NH
e
()
C2H5N302 Mol. wt: 103.1

1.3 Chemical and physical properties of the pure substance

(a)
(b)

(c)

(d)

Description: Pale-yellow crystals

Melting-point: 124°% (decomposition) (Druckrey et al., 1967)

Spectroscopy data: A 231 nm (E! = 571) in water (Druckrey
max 1
et al., 1967)

Solubility: Soluble in water (approximately 1.4%) and
in polar organic solvents; insoluble in non-polar organic
solvents
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(e) Stability: Decomposes to diazomethane in alkaline solutions;
stability in aqueous solutions is pH-dependent (20°C)
(Druckrey et al., 1967):

pH 4.0 6.0 7.0 8.0 9.0
half-life (hrs) 125 24 1.2 0.1 0.03

The pure compound is sensitive to humidity and light and
should be refrigerated for storage.

(f) Reactivity: The compound is highly reactive (Garrett et al.,
1965; McCalla et al., 1968). Reaction rates with various
biologically important nucleophiles have been measured
(Veleminsky et al., 1970).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preanble, p. 22.
(a) Production

N-Nitroso-N-methylurea (NMU) was first prepared by Brlning in 1889
by the reaction of sodium nitrite with an agueous solution of methylurea
nitrate (Prager et al., 1922). Although NMU is available in small quanti-
ties for research purposes, no evidence was found that it has been produced
in significant commercial quantities.

(b) Use
NMU has commonly been used for the laboratory synthesis of diazo-

methane, but it has been largely replaced by other reagents such as N-
nitroso-N-methyl-para-toluenesulphonamide.

NMU has been studied for use as a cancer chemotherapy agent by a
nunber of investigators. A review was recently published in connection

with a clinical study of its use in combination with cyclophosphamide
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Kolari&, 1977). It has also been studied for its mutagenic effects on
various plants (Kerkadze et al., 1974; Nikiforova, 1972; Zzhuravel &
Shlyapunov, 1972).

2.2 Occurrence

No data were available to the Working Group.

2.3 Analysis

NMU is labile, and this complicates its analysis. High-pressure
liquid chromatography conditions for N-nitrosoureas have been reviewed by
Montgamery et al. (1977). Selective detectors used for analysis of this
compound include those of Fine et al. (1977) and Singer et al. (1977).
A method for the analysis of alkylureas in fish has been developed
(Mirvish et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(@) Oral administration

Rat: In a lifetime feeding study, doses of 8 and 4 mg/kg bw/day
N-nitroso-N-methylurea (NMU) produced squamous—cell carcinomas of the
forestomach at cumilative doses of 700-1400 mg/kg bw (Druckrey et al.,
1961, 1967). Carcinomas of the forestomach were seen at doses of 10 mg/kg
bw given once every 2 weeks and 20 mg/kg bw given once every 4 weeks over
a period of 9 months; malignant tumours of the brain (sarcomas, gliomas)
and the peripheral nervous system (described as neurosarcomas) were also
observed (Schreiber & J4nisch, 1967). Continuous administration of NMU
in the drinking-water produced tumours of the brain, mainly gliomas, and
one neurinoma of the spinal cord, but no tumours of the forestomach
(Thomas et al., 1967). Stroobandt & Brucher (1968) have observed mainly
neurogenic malignant tumours. A single intragastric dose of 90 mg/kg bw
produced benign and malignant tumours of the kidney, the forestamach, the
small and large intestine, the skin (keratoacanthomas) and the jaw (odon-
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tomas) (Leaver et al., 1969). Odontogenic neoplasms were found in 2/10
rats after a single i.g. administration of 90 mg/kg bw (Ebling et al., 1973).

Hamster: I.g. administration of 1 mg NMU/animal twice weekly for 4
months to Syrian golden hamsters produced odontogenic tumours and epidermoid
carcinomas of the oral cavity in 6/9 animals and 5 adenocarcinomas of the
small and 1 of the large intestine, many of which metastasized to lymph
nodes (Herrold, 1968, 1969).

Guinea-pig: Doses of 2.5 mg/kg bw NMU in the drinking-water produced
malignant tumours in 12/26 animals: 3 carcinomas and 2 sarcomas of the
stomach, 2 adenocarcinomas of the pancreas, 2 malignant tumours of the
ear duct, 1 neurinoma of the lumbar nerve and 2 leukaemias were seen
(Druckrey et al., 1968). Similar results were obtained by Blicheler &
Thomas (1971).

When inbred guinea-pigs (NIH 13 strain) were treated with weekly
i.g. administrations of 10 mg/kg bw NMU, 13/24 died within 6 months;
4/11 survivors developed adenocarcinomas of the pancreas, the first of
which appeared 28 weeks after commencement of treatment (Reddy et al.,
1974). Of 74 guinea-pigs of the same strain treated similarly with NMU,
10/34 survivors at 27 weeks had adenocarcinomas of the pancreas, 2 adeno-
carcinaomas of the stomach, 1 of the ocolon, 3 lymphomas of the mesenteric
lymph nodes and 1 hepatocellular carcinoma (Reddy & Rao, 1975).

Pig: Ten Hanford minipigs received 10 mg/kg bw NMU at fortnightly
intervals for 4} years. All of the 9 animals that lived 50 months developed
benign and sare malignant tumours of the stomach (Stavrou et dZ., 1976).

Monkey: Three species of monkeys, Macaca mulatta, M. fascicularis
and Cercopithecus aethiops were administered NMU orally, beginning within
one week of birth, on 5 days/week at doses of 10, 20 or 40 mg/kg bw for
lifetime. 1In this study, which is still in progress, 41 monkeys had
received N\MU since its initiation, and 11 animals were necropsied during
the following 7-year period; 5 of these were found to have squamous-cell
carcinamas of the oropharynx and/or oesophagus. Parallels were noted
between these tumours and human ocesophageal carcinoma, including the
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clinical manifestations of the tumour and its complicated radiographic
appearance and morphology (Adamson et al., 1977).

(b) Skin application

Mouse: Topical application of a 0.5% solution of NMU in acetone 3
times/week for 18 weeks produced malignant skin tumours in 30/43 animals
(Graffi et al., 1967).

Single doses of 100 pug-6 mg NMU applied to the shaved dorsal skin of
BAIB/c mice induced papillomas in only a few animals. A higher tumorigenic
response was seen after repeated administrations of 400 ug NMU for 6-18
weeks at total doses of 2 mg/animal or more. NMU had a tumour-initiating
effect when given as a single dose or as three doses of 400 ug but was a

conplete carcinogen when 5 or more applications were made (Waynforth &
Magee, 1975).

Newborn mouse: One application of 50-100 mg/kg bw to 125 newborn
mice induced mainly lymphatic leukaemias in about 50% of treated animals
(Graffi & Hoffmann, 1966a).

Rat: Application to Wistar rats of a 0.5% solution of NMJ in acetone
3 times/week for 30 weeks (1.75 mg/dose) produced multiple squamous- and
basal-cell carcinomas of the skin in 9/9 animals, the first tumour appear-
ing at 20 weeks (Graffi & Hoffmann, 1966b; Graffi et al., 1967).

Hamster: Treatment of 20 Syrian golden hamsters with a 0.5% solution
of NMU in acetone 3 times/week for 13 weeks (0.35 mg/dose) produced
squamous—-cell carcinomas of the skin in 18/18 animals, the first tumour
appearing at 8 weeks (Graffi & Hoffmann, 1966b; Graffi et al., 1967).

(¢) Inhalation and/or intratracheal administration

Hamster: Weekly intratracheal instillations to Syrian golden hamsters
of 0.5 mg/animal NMU for 2.5 months produced epidermoid carcinomas in the

nasopharyngeal tube, pharynx, larynx, trachea, bronchi, oesophagus and
forestomach (Herrold, 1970).

Tracheal tumours (15 epidermoid carcinomas, 3 large-cell anaplastic
carcinomas) were found in 18/18 male Syrian golden hamsters alive at 15
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weeks following bi-weekly exposure of a circumscribed region of the trachea
to 1 ml of a 1% solution of NMU in 10% ethanol-water by means of a special
catheter for 15 weeks. Tumours were observed within 15-40 weeks (Schreiber
et al., 1975).

(d) Subcutaneous and/or intramuscular administration

Mouse: Treatment of 24 12-week-old male Swiss mice with single
doses of 50 or 100 mg/kg bw NMU produced 10 malignant lymphomas and 1
local s.c. sarcoma in 13 mice that died after the 24th week of life;

11 were still alive at 50 weeks of age (Terracini & Stramignoni, 1967).

Newborn mouse: Newborn Swiss mice received single injections of
0.05 mg/animal NMU (33 mg/kg bw); of those alive at 5 weeks of age,
15/19 had developed poorly differentiated lymphosarcomas involving the

thymus, myocardium, lung, spleen, lymph nodes, liver, kidney and bone
marrow (Terracini & Stramignoni, 1967). Ieukaemias (25-80%) and pulmonary
tumours (81-100%) were induced after s.c. injection of 0.05-0.2 mg NMU

in newborn (BALB/CxDBA/2)F and random-bred albino mice (Kelly et al.,
1
1968).

Newborn rat: Single s.c. injections of NMU (dose unspecified) within
24 hours post partum to newborn hooded rats resulted in a total of 233
nervous system tumours in 96/145 animals (GUthert & Warzok, 1974).

Hamster: In 10 Syrian golden hamsters, weekly s.c. injections of
0.5-1 mg NMU/animal for 3-4 months induced sarcomas at the site of injec-
tion in all animals; 6 tumours metastasized to the lung or lymph nodes.

Benign tumours of the forestomach (2), ovary (3) and vagina (2) were also
seen (Herrold, 1966).

Treatment of 30 male and 30 female European hamsters with weekly s.c.
injections of 1/5, 1/10 or 1/20 of the ID50 (IDSO: 113 mg/kg bw) for
18 weeks resulted in fibrosarcomas, carcinosarcomas and epidermal carcino-
mas at the injection site. A few papillomas of the forestomach were also
seen (Mohr et al., 1974). Fibrosarcomas at the injection site were seen
in similarly treated Chinese hamsters (ID : 49 mg/kg bw) (Reznik et al.,
1976). 1In similarly treated Syrian goldel?lohamsters (IDSO: 71 mg/kg bw),

232



Haas et al. (1973) found sarcomas at the injection site and a few papil-
lomas of the forestomach (7%).

(¢) Intraperitoneal administration

Adult and newborn mouse: I.p. injection of various single doses
(25-100 mg/kg bw) into newborn or 6-8-week-old CFW/D mice produced high
yields of thymic lymphomas (7-72%) and pulmonary adencmas (Frei, 1970;
Joshi & Frei, 1970a,b). Fractionated dose schedules, with total doses
ranging from 50-250 mg/kg bw, resulted in malignant lymphomas in up to
93% of the animals (Joshi & Frei, 1970b). Newborn and 5-week-old mice
were treated with a single dose of 50 mg/kg bw; newborn animals were more
susceptible to the induction of lymphosarcomas, lung adenomas and hepatomas;
and tumours of the forestomach were more frequent in 5-week-old mice
(Terracini & Testa, 1970).

Once-weekly i.p. injections of 5-15 mg/kg bw NMU over 10 months to
A mice and 7.5 mg/kg bw over the same period to C3H mice resulted in tumours
in 18/60 A mice and 3/20 C3H mice; most of these were bronchial adenomas,
although 2 mice had malignant lung tumours which metastasized into the liver
and the kidney (Eckert & Seidler, 1971).

C3HF/Dp mice were given single i.p. injections of 5, 25 or 50 mg/kg
bw NMU at 1 or 70 days of age and 50 mg/kg bw on day 21; the 2 higher dose
levels produced tumours in the thymus, forestomach, lung, liver (males only),
kidneys, ovaries and orbital glands (Terracini et al., 1976).

Adult or newborn rat: Repeated weekly i.p. injections of 10 mg/kg bw

NMJ to Wistar rats produced malignant tumours in the peritoneal cavity;

some of these were neurogenic tumours arising from peripheral nerves

(Thomas et al., 1968). After a single i.p. injection of 50 mg/kg bw NMU,
newborn Wistar rats developed renal anaplastic tumours and forestamach
tumours more readily than did 5-week-old animals. No significant difference
between adult and newborn rats was seen in the induction of lymphosarcamas,

intestinal adenocarcinomas or mammary tumours (Terracini & Testa, 1970).

Following i.p. injections of 10 or 20 mg/kg bw NMU (total doses,
180-200 mg/kg bw) to hooded and Wistar rats, the incidences of nervous
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system tumours were 76% and 41% in the two strains, respectively (Schreiber
et al., 1972a).

Hamster: Weekly i.p. injections of 1 mg/animal to Syrian golden
hamsters for 4-5 months produced adenocarcinomas of the large and small
intestine, some of which metastazised to the lymph nodes (Herrold, 1969).

Guinea-pig: Once-weekly i.p. administrations of 10 mg/kg bw NMU to
42 guinea-pigs of the NIH 13 strain for 18 weeks resulted in tumours in
11/22 animals that survived beyond 22 weeks. Tumours included 2 adenocar-
cinomas of the pancreas, 2 fibrosarcomas of the mesentery, 2 angiosarcomas
of the mesentery, a mesothelioma of the peritoneum, 2 tumours of the
small intestine, and a haemangiosarcoma of the liver (Rao & Reddy, 1977).

Monkey: In a study still in progress, no tumours had been observed
after 5 years in 2 Macaca mulatta monkeys whose mothers had received
N-nitroso-N-ethylurea as a single dose during pregnancy and who received
19-20 i.p. injections of 10 mg/kg bw NMU at fortnightly intervals starting
at 2 weeks of age (Jdnisch et al., 1977).

(f) Intravenous administration

Mouse: In 2/19 C3HeB/FeJ mice treated with i.v. injections of 25 mg/
kg bw NMU every 4 weeks up to a total dose of 175 mg/kg bw, tumours
developed in the stamach (7), lung (9), liver (2), lymphoid organs (3) and
brain (2). One brain tumour was an oligodendroglioma of the diencephalon,
the other was described as a mixed neurcblastoma-glioma of the cerebellum
(Denlinger et al., 1974).

Fifty female BDF1l mice given single i.v. injections of 50 mg/kg bw
NMU developed a high incidence (45/50, 90%) of leukaemia, 50% of them
within 200 days. No cases of leukaemia occurred among 40 untreated
controls (Dexter et al., 1974).

Rat: Repeated i.v. injections of NMU produced malignant tumours of
the brain, spinal cord and peripheral nervous system in B rats. Histo-
logically, the brain tumours were diagnosed as various types of gliomas,
ependymomas, medulloblastomas and intracranial sarcamas; the tumours of
the spinal cord were spongioblastomas, medulloblastomas and gliomas; and
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those of the peripheral nervous system were neurinomas. Dosage was
usually 5-10 mg/kg bw/week, with total doses between 180 and 230 mg/kg bw,
and the median induction time was 300 days (Druckrey et al., 1964a, 1965;
Fried & Fried, 1966; Jénisch et al., 1967; Schiffer et al., 1970;
Wechsler et al., 1969; Weiss et al., 1970). Single doses of 70-100 mg/
kg bw produced malignant and benign tumours in various organs, including
the forestomach, large and small intestine, kidney and brain (Druckrey

et al., 1963, 1964b).

A single i.v. injection of 70 mg/kg bw NMU to Wistar rats induced
tumours at multiple sites in 22/28 treated males and in 21/23 females
(Murthy et al., 1973).

Mammary carcinomas were seen in 206/240 (89%) BUF/N females, in 19/26
(73%) Sprague-Dawley females and in 25/28 (89%) F344 females given 3 i.v.
injections of 50 mg/kg bw NMU at 4-week intervals to 50-day-old animals.
Metastases to bone and spleen were found consistently. Mean latent periods
were 77, 86 and 94 days, respectively (Gullino et al., 1975). In lewis
rats, repeated i.v. injections of 25 mg/kg bw NMU at 4-week intervals
resulted exclusively in mammary gland tumours in 23/35 animals (Bots &
Willighagen, 1975).

In 17/18 Sprague-Dawley and 17/17 Fischer rats, 33 and 38 neurogenic
tumours, respectively, were produced after weekly i.v. injections of
5 mg/kg bw NMU over a period of 36 weeks. The tumours were classified
as astrocytomas, oligodendrogliomas, mixed gliomas, anaplastic gliomas,
gliosarcomas and differentiated and anaplastic neurinomas (Swenberg et al.,
1972).

Hamster: In Syrian golden hamsters, three to four injections of
2.5-5 mg NMU/animal produced adenocarcinomas of the small and large intes-
tine, odontogenic tumours and epidermoid carcinomas of the oral cavity
(Herrold, 1968, 1969).

Weekly sublingual i.v. injections of NMU to a group of 15 male and
15 female European hamsters at doses of 1/5, 1/10 or 1/20 ID (ID :
Su 50

50 mg/kg bw), up to total doses of 45, 90 or 180 mg/kg bw, resulted in
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tumour incidences of 20-93%. The main tumour types were sarcamas of the
heart and squamous—cell carcinomas of the stomach (Ketkar et al., 1977).

Gerbil: Two groups of 12 male and 12 female gerbils (Meriones
unguiculatus) were given sublingual i.v. injections of 1/5 or 1/10 LD50
(5 or 2.5 mg/kg bw) once weekly for 15 weeks. Carcinomas and papillomas
of the oral cavity and carcinomas and adenomas of the midventral sebaceous
gland were induced (Haas et al., 1975).

Rabbit: I.v. doses of 10 or 20 mg/kg bw NMU given every 2 weeks to
64 rabbits produced polymorphous gliomas and sarcomas in 33/48 animals;
no tumours of peripheral nerves were seen. Adenocarcinomas of the small
intestine and vascular tumours of different organs were also found (J4nisch
& Schreiber, 1967; Schreiber et al., 1969). The morphology of the malig-
nant gliomas has been described by Kleihues et al. (1970).

Carcinomas of the small intestine were produced in 61/127 crossbred
rabbits injected with 10 or 20 mg/kg bw NMU every 2 or 4 weeks. Injections
of 20 mg/kg bw every 4 weeks to 67 rabbits led to a significantly higher
frequency of small-intestine tumours (68.7%) than did 10 mg/kg bw every
2 weeks to 60 rabbits (25%). In 50% of the animals with tumours of the intes-
tine, tumours of the central nervous system were also found. Malignant
haemangiocendotheliomas were found in 19 animals, and vascular tumours,
localized particularly in the uterus, were found in 15 others (Schreiber
& Jdnisch, 1973; Schreiber et al., 1972b).

Dog: Monthly injections of 20 mg/kg bw NMU for 12-18 nonths produced
brain tumours (sarcomas or multiform glioblastomas) in 4/10 dogs. Four
dogs developed sarcomas and haemangiocendotheliomas of the lung, spleen
and heart; 2 dogs also had brain tumours (Warzok et al., 1970).

In a study described as a preliminary report, a group of 10 dogs
received 20 mg/kg bw NMU every 4 weeks for life, while 13 others were
treated with 15 ng/kg bw every 4 weeks for 48 weeks. Seven brain tumours
were observed in 16 dead animals (5 from the first group, 2 from the second
group) (Schneider & Warzok, 1972).
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Four tumours of the peripheral nervous system and 2 brain tumours
were found in 6/10 mongrel dogs that received monthly i.v. injections of
20 mg/kg bw \MU. The mean latency for these neoplasms was 25 months
(Sstavrou et al., 1975).

It was reported in an abstract that 14/20 boxer dogs developed
anaplastic neurinomas in various organs and that the other 6 developed
non-neural tumours after receiving i.v. injections of 5 mg/kg bw NMU over
a period of 36 weeks. The average survival time was 295 months (Koestner
et al., 1976).

Monkey: Two male and 4 female Macaca mulatta monkeys were given
8-16 monthly i.v. injections of 20 mg/kg bw NMU starting at 4-6 years of
age (total dose, 688-1435 mg/animal). Two animals died 1 and 2.5 years
after the start of treatment with no tumours; at the time of reporting,
the remaining animals were still alive, with a maximum survival time of
10 years (Jdnisch et al., 1977) [The Working Group noted the low dose used].

(g) Other experimental systems

Various routes

The different organotropic effects of NMU depend upon dose levels and
administration times; these have been summarized by Thomas & Bollmann
(1969) , who showed that tumours could be produced in nearly all organs of
rats by selective NMU treatment. The different oncogenic effects of NMU,
which depend upon route of administration and dose level, have been studied
by Swenberg et al. (1974, 1975).

Malignant extraneural tumours were induced in hooded and Wistar rats
by i.v., i.p. and i.g. administration of different dose levels, up to
total doses of 70-250 mg/kg bw NMU. The main localizations were: stomach
(36.9%), tongue (10.6%), colon (4.3%), mesenterium, pelvis and abdominal
wall (17.2%), heart (8.9%), ear duct (5.8%), mediastinum (4.1%), neck (3%)
and kidney (2.7%) (Schreiber et al., 1972c).

Prenatal exposure

Two-month-old C3HA mice were injected with 25-100 mg/kg bw NMU during
the last days of pregnancy. During the following 12-14 months, 53% of the
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offspring developed pulmonary adenomas and 20%, hepatomas (Likhachev,
1972; Smetanin, 1971).

Tumours of the nervous system and kidney were acbserved in the off-
spring of rats treated with NMU during the last third of pregnancy.
Mammary tumours also occurred in the treated mothers (Alexandrov, 1969,
1974).

A single i.v. dose of 50 mg/kg bw NMU to 11 pregnant Donryu rats
on the 20th day of gestation caused tumours in 60/110 offspring surviving
for longer than 163 days. Of a total of 93 tumours induced, 61 (65.6%)
arose fram the nervous sytem (Ishida et al., 1975).

A single i.v. dose of NMU to hooded rats during the last days of
pregnancy resulted in tumours of the nervous system, mainly of the central
nervous system, in 249/306 offspring (Glthert & Warzok, 1974).

Tunours of the mammary gland were observed in 5 and a lymphoma in 1
of 8 BD-IV female rats which received a single i.p. injection of 20 mg/kg

bw NMU during pregnancy. A variety of tumours were seen in their 54 F1
descendants, including 5 tumours of the nervous tissue in 5 animals, and
5 mesenchymal tumours and 1 carcinoma of the kidney in 6 animals. Kidney
tumours (1 mesenchymal and 1 tubular adenoma) were seen in 2 and a nervous
tissue tumour in 1 of 120 F descendants; and 2 nervous tissue tumours
were seen in 2/88 F descencziants. F and F generations received no other
treatment. No kidne.aey Or nervous tis::ue tumc3>urs were seen in 64 controls
(Tomatis et al., 1975).

Bladder instillation

Papillomas and transitional-cell carcinomas of the bladder occurred
in all of 100 female Wistar rats 30 weeks after administration of 4 doses
of 1.5 mg/animal NMU on alternate weeks by urethral catheterization (Hicks
& Wakefield, 1972). Total doses of 6 mg/animal NMU induced bladder papil-
lomas in 16/23 rats within 9-56 weeks (Vlasov et al., 1976).

Intrarectal administration

Two groups of 30 female ICR/Ha Swiss mice received a total dose of
9 mg/animal NMU either as 6 doses of 1.5 mg (group I) or as 30 doses of
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0.3 mg (group II0, all given intrarectally 3 times/week. Tumours of the
large intestine (adenomas and adenocarcinomas of the distal colon and
rectum, squamous—cell carcinamas of the anal canal) developed in 14/30
mice in group I and 18/28 mice in group II; lung adenomas and lymphamas
were also seen. Animals in group IT had a lower yield of lymphomas and a
higher yield of intestinal neoplasms when compared to those in group I
(Narisawa & Weisburger, 1975; Narisawa et al., 1976).

Groups of male Charles River CD-Fischer rats, 9 or 18 weeks of age,
received intrarectal administrations of 1 or 2.5 mg/animal NMU 3 times/
week for 10 weeks. Tumours of the large bowel, including adencmas,
adenocarcinomas and carcinomas, occurred in 25/29 and 27/27 rats at each
dose level, respectively, within 20-35 weeks (Narisawa et ql., 1976).

Large-bowel adenocarcinamas were induced in 9/10 female inbred
strain-2 guinea-pigs 38-56 weeks after intrarectal administration of
1.25 mg NMU twice weekly for 42 weeks (Narisawa et al., 1975).

Intracerebral injection

A single intracerebral injection of 0.2-0.4 mg/animal to newborn
rats or 0.05-0.8 mg/animal to newborn mice did not induce brain tumours
in either species but produced some kidney fibrosarcomas and 1 mammary
gland carcinoma in the rats and leukaemias (8-100%) and pulmonary tumours
(67-100%) in the mice (Kelly et al., 1968).

(h) Carcinogenicity of precursors

Of 26 Swiss mice given 5.4 g/kg of diet methylurea and 1 g/1 sodium
nitrite in the drinking-water, 16 (61%) developed lung adenamas, compared
with 14% in untreated controls (Mirvish et al., 1972).

A level of 0.3% sodium nitrite given simultaneously in the diet with
0.01 or 0.03% methylurea in drinking-water for 2 years to a group of 20
Sprague-Dawley rats caused nervous system tumours in 15 and 45% of animals,
respectively. With the dose of 0.03%, there was also a 25% increase in
lymphomas (Koestner & Wechsler, 1974; Koestner et al., 1975).
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(i) Factors that modify carcinogenicity in animals

Swiss mice given single s.c. injections of 50 ug NMU/animal at birth
and thymectomized at 12 days of age developed no tumours of the lymphatic
system; these occurred in NMU-treated, intact animals (Palestro &
Stramignoni, 1975).

A single i.p. injection of 45-90 mg/kg w NMU to female albino rats
during the period of increased DNA synthesis after partial hepatectomy
caused liver-cell adenomas in up to 50% of the animals (Craddock, & Frei,
1974).

Tumours of the salivary (5/39) and mammary gland tissues (29/39) were
observed after stimulating DNA synthesis by i.p. injection of 310 mg/kg bw
isoprenaline sulphate to 50 female Wistar rats and giving subsequent i.v.
injections of 77 mg/kg bw NMU; no salivary and 6/9 mammary gland tumours
were seen in NMU-treated controls (Parkin & Neale, 1976).

When female Wistar rats were pretreated with single intravesicular
instillations of 2 mg/animal NMU followed by 2 or 4 g/kg bw sodium
saccharin/day or 1 or 2 g/kg bw sodium cyclamate/day in the diet, more
than half of the animals developed bladder tumours from 10 weeks onwards
(46/79 with saccharin and 31/54 with cyclamate). In this experiment,
instillations of 2 mg/animal NMU alone to 124 rats did not cause bladder
cancers. Sodium saccharin and sodium cyclamate, alone, produced
4/253 and 3/228 bladder tumours, respectively (Hicks et al., 1973, 1975).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The acute LD50 of NMU in rats was 110 mg/kg bw whether given orally
or by i.v. injection (Druckrey et al., 1967). The ID by s.c. injection
in European hamsters was 110 mg/kg bw (Mohr et al., 1334) , in Chinese
hamsters, 50 mg/kg bw (Reznik et al., 1976) and in Syrian golden hamsters,
70 mg/kg bw (Haas et al., 1973). The i.v. ID5 in European hamsters was

0
50 mg/kg bw (Retkar et al., 1977).
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The major toxic effects result from severe damage to haematopoietic,
lymphoid and other tissues that have rapid rates of cell turnover (Magee
& Barnes, 1967; Magee & Swann, 1969). Acute treatment with NMU has been
shown to inhibit protein and nucleic acid synthesis in various tissues
(Magee et al., 1975; Pegg, 1977). A dose of 50 mg/kg bw NMU produced
pancreatic damage and diabetes in Chinese hamsters. Higher doses were
required to produce hyperglycaemia in golden hamsters, rats and mice;
no diabetic effects were apparent in guinea-pigs or sand rats (Wilander
& Gumnarsson, 1975; Wilander & Tjdlve, 1975).

Erbryotoxicity and teratogenicity

A single i.p. dose of 5-10 mg/kg bw NMU to rats on days 3, 4 or 5
of gestation resulted in a high rate of foetal resorptions (Alexandrov,
1973); 10-40 mg/kg bw NMU given on day 9 of gestation led to a dose-
dependent embryolethal effect. When treated before or after day 9, embryo
mortality fell sharply (Koyama et aZl., 1970).

Administration of a single i.p. dose of 10 mg/kg bw to rats on day 9

of gestation produced abnormalities of the brain in most of the surviving
foetuses. Treatment with the same dose on days 11-16 caused malformations
of the limbs (days 11-13) in 100% of the foetuses, micrognathia (days 13-14),
hydrocephaly (day 12) and microcephaly, which increased with treatment on
day 12-16. The surviving foetuses from dams treated with NMU during organo-
genesis showed significantly retarded growth (Koyama et al., 1970; Napalkov
& Alexandrov, 1968).

Daily injections of 3 mg/kg bw NMU to rats during the first week of
pregnancy induced no teratogenic lesions; 20 my/kg bw administered on day
21 of gestation induced malformation of the brain in all of the offspring
(Napalkov, 1971).

Absorption, distribution and excretion

NMU was not detected in the blood of rats 15 minutes after an i.v.
injection of 100 mg/kg bw (Swann, 1968) . The campound was widely distri-

buted in rats shortly after i.v. administration (Kleihues & Patzschke,
1971).
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Metabolism

The high chemical reactivity of NMU renders it unlikely that enzymic
catalysis is involved in its decomposition. NMU is a direct alkylating
agent and alkylates nucleic acids both in vitro and in vivo. Such alky-
lation has been detected in a number of tissues, including brain, lung,
kidney, liver, intestine, thymus and spleen, in a number of species, inclu-
ding mice, rats, hamsters and mini-pigs (Frei & Lawley, 1975; Iawley,
1974; Magee et al., 1976; Margison & Kleihues, 1975; Pegg, 1977; Swann
& Magee, 1968). All three hydrogen atoms in the methyl group of NMU are
retained in the methylated nucleosides formed in nucleic acids after
alkylation by N\MU <n vive (Lijinsky et al., 1972).

The major methylated product is 7-methylguanine, but other, minor
products are also formed. These products are similar to those produced
in liver after administration of N-nitroso-N-dimethylamine and include
l-methyl-, 3-methyl- and 7-methyladenines, 3-methyl- and 0°-methylguanines,
3-methylcytosine, 3-methyl- and 0“-methylthymine and methylphosphate
triesters (Frei & lLawley, 1975; lawley, 1974; Margison & Kleihues, 1975;
Pegg, 1977; Swenson et al., 1976). Removal of 0°-methylguanine from the
DNA of the brain and, to a lesser extent, fram that of the kidney, organs
which are relatively susceptible to the carcinogenic action of NMU, is
slower than from the liver, which is relatively insensitive to carcino-
genesis by NMU (Blicheler & Kleihues 1977; Kleihues & Margison, 1974;
Margison & Kleihues, 1975; Pegg, 1977; Pegg & Nicoll, 1976).

In vivo formation of NMU was shown by methylation of guanine at ¥’

after feeding of the precursors methylurea and sodium nitrite (Montesano
& Magee, 1971).

The importance of cellular proliferation in carcinogenesis by NMU is
suggested by studies in which liver tumours were produced by NMU only if
its administration was preceded by partial hepatectomy (Craddock & Frei,
1974) and by the finding that the DNA of neuronal cells of the brains of
young rats treated with NMU was alkylated to the same extent as the DNA
fraom glial cells. 1In these rats, the brain tumours are produced by NMU
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from the glial cells, which divide, and not from the neuronal cells which
do not (Kleihues et al., 1973).

The cyanate ion produced by decomposition of NMU at physiological pH
can react with proteins by carbamoylation. Such a reaction with serum
proteins was responsible for some of the toxic effects of NMU on the growth
of cells in culture (Knox, 1976).

Mutagenicity and other short-term tests

The genetic activity of NMU has been demonstrated in bacterial phage,
Escherichia coli, Salmonella typhimurium, Saccharomyces cerevisiae, Serratia
marcescens, Chinese hamster cells and Drosophila melanogaster, inducing
forward and reverse mutations and gene conversions (for reviews, see
Montesano & Bartsch, 1976; Neale, 1976).

Sister chromatid exchanges were found in Chinese hamster cells exposed
to NMU (Abe & Sasaki, 1977).

NMU at an i.p. dose of 50 mg/kg bw caused dominant lethal mutations
in mice during the first 3-4 weeks after administration (Parkin et al. ’
1973). NMU induced chromosome and chromatid aberrations (single breaks
and exchanges) in bone marrow of mice injected intraperitoneally with
0.8 or 0.08 mM (Frei & Venitt, 1975). I.p. injection of 100 mg/kg bw or
50 mg/kg bw NMU, administered as two injections at an interval of 4 hours,
produced chromosome fragmentation and translocations in spermatocytes and
spermatogonia from Wistar rats (Goetz, 1973).

Human fibroblasts, mouse C3H 10T} fibroblasts and rat hepatocytes
in culture treated with NMU showed unscheduled DNA synthesis. There was

no significant difference in DNA repair in the three cell lines (Zardi
et al., 1977).

Transformation of cultured fibroblasts from hamster (Sanders & Burford,
1967), mouse (Frei & Oliver, 1972) and rat embryos (Kirkland et al., 1975)

by NMU in vitro gives rise to cells which produce tumours on transplantation
into experimental animals.
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(b) Humans

Nausea and vomiting were seen after i.v. injection of 4 mg/kg bw NMU
to patients (Kolarié, 1977).

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitroso-N-methylurea is carcinogenic in all animal species tested:
mice, rats, Syrian golden, Chinese and Furopean hamsters, guinea-pigs,
rabbits, gerbils, pigs, dogs and monkeys. It induces benign and malignant
tumours following its administration by different routes, including
ingestion. It produces tumours at different sites, including the nervous
tissue, stomach, oesophagus, pancreas, respiratory tract, intestine,
lymphoreticular tissues, skin and kidney. It is carcinogenic following
its administration prenatally and in single doses.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Except for reported investigation of its use as a chemo-
therapeutic agent, no information on the occurrence or use of N-nitroso-

N-methylurea was available.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
V-methylurea in several experimental animal species. Although no epidemio-
logical data were available, N-nitroso-N-methylurea should be regarded for
practical purposes as if it were carcinogenic to humans.
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1.1

1.2

1.3

NV-NITROSOMETHYLVINYLAMINE

1. Chemical and Physical Data

Synonyms and trade names

Chem. Abstr. Services Reg. No.: 4549-40-0

Chem. Abstr. Name: N-Methyl-N-nitroso-ethenylamine

N-Methyl-N-nitrosovinylamine; methylvinylnitrosamine; NMVA

Structural and molecular formulae and weight

O:N—N/
CH=CH,
C3H6N20 Mol. wt: 86.1

Chemical and physical properties of the pure substance

(a)
(b)
(c)
(d)
(e)

(£)

()

Description: Yellow liquid

Boiling-point: 47-48° C (30 mm)

Refractive index: nSS 1.4920

Spectroscopy data: A 200, 270, 376 rm (Ei = 519, 786, 20)
in water (Druckrey et al., 1967); mass spectroscopy data are
given by Pensabene et al. (1972) and Rainey et al. (1978).

Solubility: Soluble in water (3%) and in organic solvents
and lipids

Volatility: Very volatile; can be steam-distilled
(Eisenbrand et al., 1970)

Stability: Relatively unstable; a concentration decrease of
more than 10% has been observed in aqueous solution over 24
hours (Druckrey et al., 1967); light-sensitive, especially
to ultra-violet light
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1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

N-Nitrosamethylvinylamine (NMVA) has been prepared by the reaction
of B-chloroethylmethylnitrosamine with either sodium ethoxide (Workman,
1955) or a solution of potassium hydroxide in methanol (Ogimachi & Kruse,
1961). It can be prepared by reaction of methylvinylamine with sodium
nitrite at 60°C (Druckrey et al., 1967). No evidence was found that
NMVA has been produced commercially.

(b) Use
No data were available to the Working Group.
2.2 Occurrence

A preliminary report indicates that NMVA may be present in apple
brandy (IARC, 1977).

2.3 DBnalysis
Gas chromatography/thermal energy analysis (TEA), high-pressure

liquid chramatography/TEA and gas chromatography/mass spectrometry have
been used for the analysis of NMVA (Preussmann et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Rat: Of a group of 19 BD rats given N-nitrosomethylvinylamine (NMVA)
in drinking-water at doses of 0.3 or 0.6 mg/kg bw/day, 2 developed papil-
lomas and 17, nodular and widely distributed squamous—-cell carcinomas of
the oesophagus. In addition, 4 animals had carcinomas of the tongue and
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5 animals, carcinomas of the pharynx; 8 rats showed bile-duct prolifera-
tion and cysts in the liver. The average induction time for the tumours
of the upper digestive tract was 390 or 270 days, respectively; the
average total dose that caused tumours in 50% of the animals was 0.11 or
0.16 g/kg bw (Druckrey et al., 1967; Thomas & So, 1969).

(b) Inhalation and/or intratracheal administration

Rat: Two BD rats that survived a single exposure to 18 mg/kg bw NMVA
died 277 and 374 days later with carcinomas of the nasal cavities. Ten
of 18 BD rats exposed chronically to 25 or 50 ppm in air twice weekly for
30 minutes (-1 or 2 mg/kg bw) died early as a result of severe inflammation
of the respiratory tract. Of the remaining 8 rats, 3 developed squamous-
cell carcinomas and 2, tumours described as cholesteatomas in the nasal
cavity. One animal had an aesthesioneuroepithelioma of the ethmoturbinals,
1, a carcinoma of the pharynx, and 2, an ocesophageal papilloma (Druckrey
et al., 1967; Thomas, 1965; Thomas & So, 1969).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

’Iheoral]’.D ofNMVAmBDratswas 24 mg/kg bw and that by inhala-
tion, 22 mg/kg kw (Druckrey et al., 1967).

No data on the metabolism, embryotoxicity or teratogenicity of this
compound were available to the Working Group.

Mutagenicity and other short-term tests

NMVA causes X-linked recessive lethal mutations in Drosophila
melanogaster (Pasternak, 1964).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosomethylvinylamine is carcinogenic in rats, the only species
tested. It produces carcinomas of the oesophagus, tongue and pharynx
after its continuous oral administration and carcinomas of the nasal

cavities after inhalation exposure.
4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Insufficient information on the occurrence or use of

this compound was available to permit identification of exposed groups.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
methylvinylamine in one experimental animal species. Although no epidemio-
logical data were available, N-nitrosomethylvinylamine should be regarded

for practical purposes as if it were carcinogenic to humans.
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1.1

1.2

1.3

N-NITROSOMORPHOLINE

1. Chemical and Physical Data

Synonyms and trade names

Chem. Abstr. Services Reg. No.: 59-89-2
Chem. Abstr. Name: 4-Nitroscmorpholine
NMOR

Structural and molecular formulae and weight

O =N—N o]

n/

C 4H8N202 Mol. wt: 116.1

Chemical and physical properties of the pure substance

(a) Description: Yellow crystals

(b) Boiling-point: 224-225°C (747 mm); 96°C (6 mm)
b po

(c) Melting-point: 29°C

(d) Spectroscopy data: A 237 and 346 mm (Ei = 685 and 7.3)

in water (Druckrey et al., 1967); mass spectroscopy data
are given by Pensabene et al. (1972) and Rainey et al. (1978).

(e) Solubility: Miscible in water in all proportions; soluble
in organic solvents

(f) Stability: Stable at room temperature for more than 14 days
in neutral and alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
light-sensitive, especially to ultra-violet light

(9) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis
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but can be split by hydrogen bromide in acetic acid (Eisenbrand
& Preussmann, 1970). Photochemically reactive (Fridman et al.,
1971)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.
(a) Production

N-Nitrosamorpholine (NMOR) was prepared by Knorr in 1907 and by
Bellamy et al. in 1961 by the reaction of sodium nitrite with a solution
of morpholine in sulphuric acid (Prager & Jacobson, 1937); it has also
been prepared by the reaction of nitrogen trioxide with morpholine
(Ievering & Maury, 1962).

No evidence was found that NMOR has been manufactured commercially.
(b) Use

Patents have been issued for the use of NMOR as a solvent for poly-
acrylonitrile (Kowalik et al., 1954) and as a chemical intermediate in
the synthesis of N-aminomorpholine (Zimmer et al., 1955). It has also
been found to be effective against microbial infections (Bellamy et al.,
1961). No evidence was found that it has been used commercially for
these purposes.

2.2 Occurrence

Eisenbrand et af. (1978) demonstrated the presence of NMOR in 3/11
batches of analytical grade dichloromethane at the 10-32 ug/l level and
in 4/10 batches of analytical grade chloroform at the 2-376 ug/l level.
It was not present in less pure grades of these solvents.
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2.3 Analzsis

An IARC manual gives selected methods for the analysis of volatile
N-nitrosamines, including N-nitrosomorpholine (Preussmann et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: A group of 58 male NMRI mice received N-nitrosomorpholine
(NMOR) in the drinking-water at concentrations of 100 mg/1 (corresponding
to approximately 16 mg/kg bw/day at the beginning of the experiment) for
life. Sixteen mice developed benign hepatocellular tumours after total
doses of 58-150 mg/animal; 1 animal had a haemangioendothelioma, and 2
had benign haemangiomas of the liver. In addition to liver tumours,
numerous lung adenomas and 1 squamous—cell carcinoma of the lung were
observed. Of 17 controls, only 1 had a small adenoma of the lung (Bannasch
& Miller, 1964; Miller, 1964).

Rat: A group of 16 BD rats were given NMOR in the drinking-water at
doses of 8 mg/kg bw/day for life. Fourteen animals developed hepato-
cellular carcinomas after an average induction time of 165 days (average
total dose that induced tumours in 50% of the animals, 1.3 g/kg bw);
another animal had a haemangioendothelioma of the liver (Druckrey et al.,
1967). After a short-term treatment consisting of 6 oral applications of
30 mg/kg bw NMOR, 1/9 surviving BD rats developed a renal carcinoma, 1, a
hepatoma, and 2, carcinomas of the ovary at the 540th, 590th and 600th
day, respectively (Druckrey et al., 1964a). The induction of liver tumours
by NMOR has been confirmed in BD rats (Bannasch & Miller, 1964), Sprague-
Dawley rats (Bannasch & Reiss, 1971; ILijinsky & Taylor, 1975; Newberne &
Shank, 1973) and MRC Wistar rats (Mirvish et al., 1976).

Detailed light and electron microscope investigations of the morpho-
genesis of hepatocellular tumours were performed in 102 BD rats which
received NMOR in the drinking-water at concentrations of 60, 120 or 200
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mg/1l for 7-12 weeks or for life. Foci of hepatocellular alterations
(clear, acidophilic, basophilic or vacuolated cells) consistently preceded
the development of hepatocellular carcinomas (Bannasch, 1968, 1975).

A total of 272 Sprague-Dawley rats were given NMOR in the drinking-
water at a concentration of 500 mg/1 for 3 weeks. A high incidence of
cholangiocellular tumours (cystadenomas, cholangiofibromas, cholangio-
carcinomas) was induced after a latent period of several weeks or months.
In addition to cholangiocellular tumours, benign and malignant hepatocel-
lular tumours and haemangiosarcomas were seen. The morphogenesis of the
cholangiocellular tumours was followed in detail (Bannasch & Reiss, 1971;
Bannasch & Massner, 1976). Electron microscope investigations of 11
cholangiofibramas induced by NMOR support the view that this type of
tumour originates from the intrahepatic bile ductules (Bannasch & Massner,
1978).

Sequential investigations of the morphogenesis of epithelial kidney
tumours were performed in 165 Sprague-Dawley rats which received NMOR in
the drinking-water at concentrations of 120 mg/1 or 500 mg/1 for 3-14 weeks.
No kidney tumours were observed in 66 animals that were killed up to 5 weeks
after withdrawal of the carcinogen. Only 1/21 animals that were killed
between 7 and 18 weeks after removal of the carcinogen had a microscopic
adenoma. However, 22-97 weeks after stopping the carcinogenic treatment,
47/69 animals (68%) had epithelial kidney tumours. Histologically, all
of the types of epithelial kidney tumours seen in humans were cbserved,
namely, clear-cell tumours, acidophilic tumours, basophilic tumours and
oncocytamas (Bannasch et al., 1974). 1In addition to epithelial kidney
tumours, putative preneoplastic tubular changes (clear, chromophobic,
oncocytic and basophilic cells instead of normal epithelia) were observed
in most animals (Bannasch & Schacht, 1968, 1970; Bannasch et al., 1971).

Groups of 30 male Sprague-Dawley rats were given NMOR-[3,3,5,5-d ] or
unlabelled NMOR in the drinking-water at concentrations of 41.5 or 8.5
mg/1 labelled NMOR or 40 or 8 mg/l1 unlabelled NMOR (corresponding to 0.35
and 0.O7x10_3M) for 30 weeks. Of animals given the higher dose of unlabel-
led NMOR, 16/30 had hepatocellular tumours, and 2 had haemangioendothelicmas
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of the liver; in the lower dose group, 11/30 rats dewveloped hepatocellular
tumours, and 1 had a haemangiocendotheliama of the liver. The higher dose
of the labelled NMOR induced hepatocellular tumours in 5/30 animals,
whereas the lower dose induced these tumours in 3/30 rats. No haemangio-
endotheliomas of the liver occurred in either group administered the
labelled compound (Lijinsky et al., 1976).

(b) Subcutaneous and/or intramuscular administration

Hamster: Of 18 Syrian golden hamsters treated subcutaneously with
0.5 ml of 1:125 solution of NMOR in water twice weekly for more than
2 months, 14 developed multiple papillary tumours of the trachea
(Dontenwill & Mohr, 1962).

Groups of 20 male and 20 female 8-week-old Syrian golden hamsters were
given weekly s.c. injections of 1/5, 1/10 or 1/20th of the LDso (LDSO:
males, 492 mg/kg bw; females, 562 mg/kg w) for life. The incidence of
tumours in the respiratory system (mainly nasal cavities and trachea)
ranged fram 69-100%. The total incidence of neoplasms was dose-dependent.
Multiple adenomas were located in the lung parenchyma of 4 hamsters. The
neoplasms of the nasal cavities were usually milticentric in origin and of
different histological types (squamous-cell papillomas, squamous-cell
carcinomas, anaplastic carcinomas, adenocarcinomas, mixed tumours and
olfactory neuroepitheliomas) (Haas et al., 1973). Similar results were
obtained in European (Mohr et al., 1974) and Chinese hamsters (Reznik
et al., 1976), in which, in addition, benign and/or malignant tumours of
the oesophagus and forestomach were seen.

Groups of 5 male and 5 female Syrian golden hamsters were injected
subcutaneously with single doses of 50, 100, 200 or 400 mg/kg bw NMOR.
The majority of neoplasms were found in the trachea, but some tumours were
also observed in the nasal cavities, larynx and bronchi. Epidermoid car-
cinomas and adenocarcinomas were found in the nasal cavities (Althoff
et al., 1974).
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(c) Intravencus admini inistration

Rat: Of 7 BD rats injected intravenously once weekly with 5 or 10
mg/kg bw NMOR, 2 developed hepatocellular carcinomas and 5, carcinomas of
the ethmoturbinals after an induction time of 400-450 days (Druckrey
et al., 1964b).

(d) Other experimental systems

Immersion

NMOR was added to the water of tanks containing 20 zebra fish (Danto
rerio) and 30 guppies (Lebistes reticulatus) at concentrations of 100-320
mg/1l or 75-250 mg/1 for 28 weeks. Surviving fish were killed at 31 weeks.
Eight out of 9 guppies had hepatic lesions (4 hepatocellular carcinomas,
3 hepatic adenomas, 1 cystic cholangioma) after an average latent period
of 30 weeks. Four out of 13 zebra fish had hepatocellular carcincmas,
and 1 intestinal adenocarcinoma, 1 adenocarcinoma of the liver and 1
mesenchymal tumour in the abdominal cavity were also observed; the
average latent period was 16 weeks (Pliss & Khudoley, 1975).

(e) Carcinogenicity of precursors

Groups of 20 male and 20 female Swiss mice were given 0.08 g/1 NMOR
in the drinking-water for life. Corresponding groups received 6.33 g/kg
of diet morpholine concurrently with 1.0 g/1 sodium nitrite in the drinking-
water. Controls were treated with the same concentrations of morpholine
or sodium nitrite alone or left untreated. At 40 weeks, all survivors were
killed. Of those treated with NMOR, 16/22 animals (73%) developed lung
adenomas (total number, 106); in addition, 4 liver carcinomas and 1 papil-
lary adenoma of the bile duct were observed. Of those that received con-
current administration of morpholine and sodium nitrite, 20/35 (57%) had
a total of 41 lung adenomas. Treatment with morpholine alone or with
sodium nitrite alone produced no effects in the mice when compared with
untreated controls (Greenblatt et al., 1971).

The addition of 5.75, 11.5 or 23.0 g/kg of diet sodium ascorbate to
A mice resulted in 72-89% inhibition of adenoma induction by 6.33 g/kg of
diet morpholine plus 2.0 g/1 of drinking-water sodium nitrite. Moreover,
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adenoma induction by the combination was strongly inhibited (86%) by gallic
acid (5.45 or 21.8 g/kg of diet), moderately inhibited (65%) by caffeine
(1.0 g/kg of diet) and unaffected by sodium thiocyanate (1.0 g/kg of diet)
(Mirvish et al., 1975).

Groups of 7 female Sprague-Dawley rats (120 g) were given morpholine
and sodium nitrite concurrently in the diet at concentrations of 0.5% each
for 8 weeks and were observed until they died. Equal numbers of animals
received 0.5% morpholine or 0.5% sodium nitrite alone for 8 weeks. All
animals that received morpholine plus nitrite developed hepatocellular
adenomas and, with one exception, hepatocellular carcinomas. Two animals
had haemangioendotheliomas of the liver, and 1 animal had a liver tumour
diagnosed as a cyst-adenocarcinoma. Renal adenomas were found in 1 animal.
Morpholine or nitrite given alone did not induce tumours (Sander & Blrkle,
1969) .

Comprehensive investigations in Sprague-Dawley rats with different
doses of sodium nitrite and morpholine have been performed by Newberne &
Shank (1973) and Shank & Newberne (1976). Details are given in Table 1.
 Histologically, the liver tumours induced by NMOR and by nitrite plus
morpholine were identical. A great variety of tumours other than hepato-
cellular carcinamas and haemangiosarcomas developed in experimental and
control animals; tumour sites were the glandular and non-glandular epithe-
lium, lymphoreticular system, nervous system, muscles, connective tissue
and embryonal or mixed tissues. Of 104 controls that received 1000 mg/kg
of diet morpholine, 3 developed hepatocellular carcinomas and 2, lung
angiosarcomas. The diet of these animals contained no detectable nitrite,
and they were given only distilled water; thus, either morpholine itself
is weakly carcinogenic or nitrite reached the stomach from an unknown
source. Animals in this group also developed two malignant brain gliomas,
a rare finding in this species. Control animals fed the high nitrite diet
(1000 mg/kg of diet) showed a high incidence of tumours in the lymphoreti-
cular system (27%, compared with 6% in untreated controls) and a high total
number of tumours other than hepatomas and haemangiosarcomas (60%, compared
with 18% in untreated controls) (Newberne & Shank, 1973; Shank & Newberne,
1976).
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Table 1

Incidence of hepatocellular carcinomas and angiosarcomas among rats fed experimental diets!

Age at death with

Mg/kg of diet Incidence (%) liver carcinoma
Number (weeks)
of
rats Liver- Liver Lung Other Metastases
Sodium cell haemangio- | angio- angio- | from liver
nitrite | Morpholine | NMOR carcinamas | sarcomas | sarcomas | sarcomas | to lung First death |Median
0 0 0 156 0 0 0 - - -
1000 0 0 96 1 0 1 123 -
0 1000 0 104 2 1l 68 -
1000 1000 0 159 97 14 23 1 49 19 38
1000 50 0 117 59 5 6 0 17 47 111
1000 5 0 154 28 12 8 1 7 24 -
50 1000 0 109 2 1 0 0 89 -
5 1000 0 172 1 1 0 64 -
50 50 0 152 1 1 0 65 -
0 125 2 1 0 88 -
5 128 58 15 9 1 22 53 106
50 94 93 21 20 1 58 30 56

lprom Shank & Newberne, 1976




Groups of 40 male MRC Wistar rats were treated for 2 years with either
10 g/kg of diet morpholine plus 3 g/l of drinking-water sodium nitrite or
with 0.15 g/1 of drinking-water NMOR. In both cases, one group of rats
were also given sodium ascorbate (22.7 g/kg of diet). The results of
treatment with morpholine plus nitrite or with NMOR were similar to those
reported above. When ascorbate was present, the liver tumours induced by
morpholine plus nitrite had a longer induction period (93 versus 54 weeks),
a slightly lower incidence (49% versus 65%) and no metastases to the lungs;
however, ascorbate did not affect liver tumour induction by preformed NMOR.
Of those treated with morpholine, nitrite and ascorbate, 21/39 animals
developed forestamach tumours (14 squamous-cell papillomas, 7 squamous-cell
carcinomas) (Mirvish et al., 1976).

Syrian golden hamsters were fed sodium nitrite plus morpholine at con-
centrations of 5-1000 mg/kg of diet. Hepatocellular carcinomas and haeman-
giosarcomas of the liver developed in animals given the higher dose levels;
while in those given the lower dose levels, liver lesions diagnosed as
nodular hyperplasia developed in some animals (Shank & Newberne, 1976).

(f) Carcinogenicity of derivatives

2,6-Dimethylnitrosomorpholine

Oral administration: A group of 30 male Sprague-Dawley rats were
given 40 mg/1 NMOR, and a group of 15 male and 15 female Sprague-Dawley
rats were given 50 mg/1 2,6-dimethylnitrosomorpholine, in the drinking-
water at equimolar concentrations on 5 days/week for 30 weeks. Animals
treated with 2,6—dimethylnitrosomorpholine died within 35 weeks after
initiation of treatment, while those treated with NMOR lived considerably
longer and were killed at 104 weeks. After treatment with NMOR, 16/30
rats developed hepatocellular tumours, and 2 developed Kupffer-cell sar-
comas. 2,6-Dimethylnitrosomorpholine induced tumours in the nasal cavities
(28 adenocarcinomas), trachea (5 papillomas), oesophagus (28 papillamas and
carcinomas) and stomach (5 papillomas and carcinomas), but only 1 hepato-
cellular carcinoma (Lijinsky & Taylor, 1975).

Four groups of 15 male and 15 female Syrian golden hamsters were given

1/5, 1/10, or 1/20 the ]'.Dso intragastrically once weekly for life (ID
50
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367 mg/kg bw). Pancreatic—duct carcinomas and adenomas occurred in 71%
of animals; some tumours metastasized to the lungs. Tumours were also
induced in the nasal cavities, respiratory tract and kidneys (Mohr et al.,
1977).

(g) Factors that modify carcinogenicity in animals

A group of 96 BR 46 rats of both sexes received NMOR, N-nitrosodi-
ethylamine (NDEA) and N-nitrosodimethylamine (NDMA) in the drinking-water
at doses of 0.2, 0.05 and 0.01 mg/kg bw, respectively, concurrently with
3 mg/kg bw 4-dimethylaminoazobenzene (DAB) in their food for 580 days
(total doses: NMOR, 114 mg/kg bw; NDEA, 29 mg/kg bw; NDMA, 5.8 mg/kg
bw; DAB, 1630 mg/kg bw). These doses were derived from the literature
and were assumed to be not high enough to induce tumours under the experi-
mental conditions used. After an average induction time of 700+110 days,
29/86 animals (34%) developed malignant liver tumours (20 hepatocellular
carcinomas, 9 haemangioendotheliamas and/or haemangiosarcamas); 8 animals
also had benign hepatocellular tumours. Only 1 animal showed liver
cirrhosis, and 12 animals had a variety of malignant extrahepatic tumours.
Of 100 untreated control animals, 2 had tumours of the mammary gland
described as sarcamas, 1, a lung carcinoma, 6, mammary fibrosarcomas and
5, benign thymomas (Schmdhl, 1970) [No concurrent controls of animals
treated with the individual carcinogens were carried out].

An unexpected increase (15-30%) in the induction of lung adencmas in
mice by administration of 20 mg/1 NMOR in the drinking-water was observed
after the addition of sodium ascorbate (5.75-23 g/kg of diet). The authors
suggested that the mice treated with sodium ascorbate consumed more NMOR
solution (Mirvish et al., 1975).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

In rats, the ID50 of NMOR was 320 mg/kg bw by oral and i.p. admini-
stration and 100 mg/kg bw by i.v. injection (Druckrey et al., 1967; Iee

& Lijinsky, 1966). The s.c. ]'.D50 in Syrian golden hamsters was about
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500 mg/kg bw (Haas et al., 1973), that in Chinese hamsters about 170 mg/kg
bw (Reznik et al., 1976) and that in European hamsters 450 mg/kg bw (Mohr
et al., 1974). The oral IDSO in Syrian golden hamsters was 360 mg/kg bw
(Mohr et al., 1977).

In rats, NMOR causes centrolobular hepatic necrosis and a variety of
cytoplasmic and nuclear changes (Bannasch, 1968, 1975; Stewart et al.,
1975).

No data on the embryotoxicity or teratogenicity of this compound
were available to the Working Group.

Absorption, distribution and excretion

After i.p. injection of 400 mg/kg bw [3-'*C]-NMOR to rats, 3.3% of
the label was excreted as '*C0 and 81% in the urine over 24 hours; 24%
of the radiocactivity was recovéred as unchanged NMOR and 15% as N-nitroso-
diethanolamine (Stewart et al., 1974).

Metabolism

Acid hydrolysis of the liver RNA and DNA isolated from the rats in
the above experiment gave 6 distinct radioactive products, one of which
was probably 7-(2-hydroxyethyl)guanine (Stewart et al., 1974). Oral admini-
stration of *H-NMOR and NMOR-[3,5-d ] to rats also led to reaction with
liver DNA and RNA, yielding product; which were not identified (Lijinsky
et al., 1973).

After i.p. administration of 100 mg/kg bw NMOR to rats, the repair of
liver DNA was determined by wvelocity sedimentation in both alkaline and
neutral sucrose gradients. The repair of double-strand breaks was rapid,
but repair of single-strand breaks was not complete after 14 days (Stewart
& Farber, 1973).

Mutagenicity and other short-term tests

N-Nitrosomorpholine was mutagenic in Salmonella typhimurium TA 1530,
TA 1535, TA 1537 and TA 1538 in the presence of liver microsomal fractions
fram phenobarbital-treated rats and human biopsies (Bartsch et al., 1976;

Gomez et al., 1974). NMOR induced reverse mutations in Escherichia coli
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when liver microsomes from phenobarbital-treated or untreated rats were
used (Elespuru & Lijinsky, 1976; Nakajima et al., 1974).

In the presence of a liver microsomal system from phencbarbital-
pretreated rats, NMOR induced 8-azaguanine resistant mutants in Chinese
hamster V79 cells (Kuroki et al., 1977). In BHK-21 cells, NMOR induced
8-azaguanine resistant mutants as well as chramatid breaks and rearrange-
ments (Kimble et al., 1973).

In the host-mediated assay, 100 mg/kg bw NMOR given intramuscularly
or orally to mice was mutagenic to S. typhimurium G-46 injected intraperi-
toneally into the mice (Zeiger & Legator, 1971).

Induction of X-linked recessive lethal mutations and translocations
was noted in Drosophila melanogaster (Henke et al., 1964, 1965). Doses of
50 and 100 mg/kg bw NMOR injected intraperitoneally to male mice did not
increase the incidence of dominant lethal mutations (Parkin et al., 1973).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosomorpholine is carcinogenic in mice, rats, Syrian golden,
Chinese and European hamsters and various fish. Following its oral admini-
stration, it produces benign and malignant tumours of the liver and lung
in mice, of the liver, kidney and blood wvessels in rats and of the liver
in hamsters. After its subcutaneous injection it produces tumours of the
upper digestive and respiratory tracts in hamsters; it is carcinogenic
after its administration in single doses. It produces liver tumours in rats
following its intravenous injection. It produces liver tumours in various
fish following its administration in tank-water. A study in hamsters has
been reported in which a dose-response relationship was established.
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4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Insufficient information on the occurrence of N-nitroso-
morpholine was available to permit identification of exposed groups.

4.3 Evaluation

There is sufficient evidence for a carcinogenic effect of N-nitroso-
morpholine in several experimental animal species. Although no epidemio-
logical data were available, N-nitrosomorpholine should be regarded for
practical purposes as if it were carcinogenic to humans.
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N'-NITROSONORNICOTINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 53759-22-1
Chem. Abstr. Name: 3- (1-Nitroso-2-pyrrolidinyl)pyridine
1'-Desmethyl-1'-nitrosonicotine; NNN

1.2 Structural and molecular formulae and weight

C9H11N3O Mol. wt: 178

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow oil

(b) Boiling-point: 154°C (0.2 mm)

(c) Spectroscopy data: )‘max 237, 261 (inflexion), 269 (inflexion),

and 357 nm; mass spectrometry data are given by Rainey et al.
(1978) .

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(@) Production

N'-Nitrosonornicotine (NNN) has been prepared by the reaction of
sodium nitrite with a solution of nornicotine in dilute hydrochloric acid
(Hu et al., 1974). No evidence was found that NNN has been manufactured

commercially.
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(b) Use
No data were available to the Working Group.
2.2 Occurrence

(@) Cigarette smoke

Hoffmarmn et al. (1974) showed that there are approximately 140 ng
NNN/cigarette in mainstream smoke of one popular brand of US cigarettes
(see also, Klus & Kuhn, 1975). In the smoke, 46% of NNN originated in
unburned tobacco and 54% was formed during the burning of tobacco (Hoffmann
et al., 1977).

(b) Tobacco

NNN was found in snuff tobacco (12.1-29.1 mg/kg), in one type of
British cigarette (0.3 mg/kg), in three types of US cigarettes (2.2, 6
and 9 mg/kg), in US cigars (5.5 and 11.2 mg/kg), in chewing tobacco (3.5~
8.2 mg/kg), in fine—cut chewing tobacco (90.6 mg/kg) and in Indian tobacco
(2.4 mg/kg) (Hoffmann et al., 1976). Bharadwaj et al. (1975) found 1-2
mg/kg NNN in 2/10 Japanese tobaccos.

2.3 DAnalysis

NNN may be analysed by gas chramatography with flame ionization or
thermal energy analysis (TEA) or by high-pressure liquid chromatography
with ultra-violet or TEA, after extraction and clean-up on an alumina
colum (Hecht et al., 1975, 1978; Hoffmann et al., 1977).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Rat: A group of 20 7-week-old male Fischer rats were given 0.02%
N'-nitrosonornicotine (NNN) in the drinking-water 5 times weekly for 30
weeks (total dose, 630 mg/animal). By 11 months, 12 surviving rats had
developed cesophageal tumours (11 papillomas, 3 carcinomas). In addition,
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1 pharyngeal papilloma and 3 carcinomas of the nasal cavity with invasion
of the brain were observed; 19 untreated controls were free of tumours
(Hoffmann et al., 1975).

A group of 15 18-week-old female Sprague-Dawley rats were given 7 mg/
rat/day NNN in the drinking-water (354 mg/l) on 5 days/week for 44 weeks.
All rats died within 46 weeks, and all had olfactory' adenocarcinomas. In
addition, 1 squamous papilloma of the oesophagus, 1 squamous papilloma
of the forestomach and 1 hepatocellular tumour occurred in 3 rats surviving
43 or more weeks (Singer & Taylor, 1976).

(b) Skin application

Mouse: A group of 20 female Swiss (Ha/ICR/mil) mice received 0.1 ml
of a 0.03% solution of NNN in acetone thrice weekly for 50 weeks. No skin
tumours developed (Hoffmann et al., 1976) [No data are available on tumours
in other organs].

(c) Subcutaneous and/or intramuscular administration

Hamster: Groups of 10 male and 10 female Syrian golden hamsters were
injected thrice weekly with 5 mg/animal NNN in aqueous solution for 25
weeks (total dose administered, 375 mg/animal). Of 19 effective animals,
12 developed single papillary tumours of the trachea within 83 weeks (first
tumour after 38 weeks). One animal had an adenocarcinoma of the nasal
cavity after 45 weeks (Hilfrich et al., 1977).

(d) Intraperitoneal administration

Mouse: Groups of 20 male and 20 female mice (Chester Beatty stock
strain), approximately 6-weeks-old, were injected intraperitoneally once
weekly with 0.1 ml NNN dissolved in arachis oil (2%) for 41 weeks; 14
males and 11 females died during the first 7 months of treatment without
showing tumours. Of 8 animals that died after the 8th month, 7 (5 females
and 2 males) had multiple pulmonary adenomas (Boyland et al., 1964).

These results were confirmed by Hoffmamm et al. (1976).
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3.2 Other relevant biological data

(@) Experimental systems

Toxic effects

The s.c. I.Dso of NNN in male rats (8 days' observation) was more than
1000 mg/kg bw. Haemorrhages in the lungs and abdominal organs and epithe-
lial-cell necrosis in the posterior nasal cavities and liver were observed
(Hoffmann et al., 1975).

No data on the embryotoxicity, teratogenicity, metabolism or muta-
genicity of this compound were available to the Working Group.

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N'-Nitrosonornicotine is carcinogenic in rats, mice and Syrian golden
hamsters. Following its oral administration to rats, it produces carcino-
mas of the upper digestive tract, mainly the oesophagus, and of the nasal
cavities. In hamsters, its subcutaneous injection produces mainly tracheal

tumours. In mice, its intraperitoneal injection produces lung tumours.

4.2 Human data

No case reports or epidemiological studies were available to the Working
Group. Available information on occurrence suggests that tobacco users are
exposed to N'-nitrosonornicotine together with other N-nitroso compounds.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N'-nitroso-
nornicotine in several experimental animal species. Although no epidemio-
logical data were available, N'-nitrosonornicotine should be regarded for
practical purposes as if it were carcinogenic to humans.
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1.1

1.2

1.3

N-NITROSOPIPERIDINE

1. Chemical and Physical Data

Synonyms and trade names

Chem. Abstr. Services Reg. No.: 100-75-4

Chem. Abstr. Name: 1-Nitroso-piperidine

NO-Pip; N-Pip; NPip; NPIP

Structural and molecular formulae and weight

O=N—N )

C5H10N20 Mol. wt: 114.2

Chemical and physical properties of the pure substance

(a)
(®)
(c)
(@)
(e)

(£)

(h)

Description: Yellow oil

Boiling—point: 215°C (721 mm); 100°C (14 mm)

Density: diS‘S 1.0631

Refractive index: n%g's 1.4933

Spectroscopy data: A 235 and 337 (Ei = 837 and 6.4) in
water (Druckrey et al., 1967); mass spectrametry data are
given by Pensabene et al. (1972) and Rainey et al. (1978).

Solubility: Soluble in water (7.7%) and in organic solvents
and lipids

Volatility: Slightly volatile; can be steam-distilled
quantitatively (Eisenbrand et al., 1970)

Stability: Stable at room temperature for more than 14 days
in neutral or alkaline solutions in the dark (Druckrey et al.,
1967); slightly less stable in acidic solutions; light-
sensitive, especially to ultra-violet light
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(1) Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
hydrazine and/or amine; relatively resistant to hydrolysis
but can be split by hydrogen bramide in acetic acid (Eisenbrand
& Preussmann, 1970)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.
(@) Production

N-Nitrosopiperidine (NPIP) was first prepared by Wertheim in 1863
by the action of nitrogen dioxide on piperidine (Prager & Jacobson, 1935).
Numerous patents have been issued for the production of NPIP, most of
which involve the reaction of piperidine with nitrogen dioxide (Levering
& Maury, 1963; Reilly, 1964) or nitric oxide (Hercules Powder Co., 1958;
Reilly, 1960, 1961) under pressure and in the presence of suitable catalysts.

NPIP is produced by one US manufacturer of laboratory chemicals (Pfaltz
& Bauver, Inc., 1976), but no evidence was found that it has been manufactured

on a comrercial scale.

(b) Use

No data were available to the Working Group.
2.2 Occurrence

(a) Tobacco smoke

McCormick et al. {1973) reported 1-9 ng/cigarette NPIP in 5/11 samples
of tobacco smoke condensate. Klimsch et al. (1976) reported levels of
0.5-8 ng/cigarette. The vapour phase of the smoke of hand-rolled cigarettes
contained 2-63 ng NPIP/cigarette (Groenen & ten Noever de Brauw, 1975).
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Brunnemann & Hoffmann (1978), Hoffmann et al. (1974) and IARC (1977)
found no NPIP in tobacco smoke.

(b) Water

Cohen & Bachman (1978) reported levels of 0.03 ug/l! NPIP in waste-
water from 1/19 chemical factories.

(g_) Food and feed

Cheese: Sen et al. (1978) found NPIP in 3/62 samples of various
cheeses at levels of 2-11 ug/kg.

Fish: NPIP has been found at levels of less than 1.0 ug/kg! in smoked
ocod (Alliston et al., 1972).

Meat: NPIP has been found in cooking-fat from fried bacon at lewels
less than 1.0 ug/kg! (Alliston et al., 1972). It has also been found at
various concentrations in meat products such as fried smoked back rashers
(less than 1 ug/kg) (Crosby et al., 1972) and Mettwurst sausages (20-60
ug/kg) (Sen et al., 1973). Sen et al. (1976) reported 14-50 ug/kg in 6/8
bolognas, 15-50 ug/kg in 2/3 wieners and 50 ug/kg in meatloaf.

Stephany et al. (1976) reported levels of 0-8.2 ug/kg NPIP in various
processed and preserved meats. Fine & Rounbehler (1976) reported 0.2 ug/
kg! in raw bacon and 1 pg/kg! in cooked bacon. Eisenbrand et al. (1977)
reported 2-64 ug/kg in 14/52 meat samples; the concentration was observed
to increase substantially after cooking. Groenen et al. (1977) reported
0.4-7 ug/kg in 13/48 assorted raw or cooked meats. Gough (1978) reported
levels of 0.08-0.25 ug/kg! in all of 8 samples of cooked bacon and 0.1 va/
kg! in all cured meats which were examined.

Spices: Dry, premixed cures containing spices and sodium nitrite
were found to contain up to 3000 ug/kg NPIP (Gough & Goodhead, 1975;
Havery et al., 1976). Similar results were obtained by Sen et al. (1973).

IThese results were not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).

289



Feed: ,Kam et al. (1978) found NPIP at a level of 4 ug/kg in 1/10
samples of rabbit diet. A maximum of 210 ug/kg NPIP has been found in
experimental animal feed (IARC, 1977). Mirna et al. (1976) reported
1 yg/kg in 2/5 fishmeal samples.

2.3 BAnalysis
An IARC Manual gives selected methods for the analysis of volatile
N-nitrosamines, including N-nitrosopiperidine (Preussmamn et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: A group of 33 male ICR mice were fed a diet containing N-
nitrosopiperidine (NPIP) at a concentration of 50 mg/kg of diet for 12
months. Of 24 surviving mice, 18 had squamous-cell carcinomas of the
forestamach, 2, papillomas of the oesophagus, 11, liver tumours (2 hepato-
cellular carcinomas, 3 haemangioendotheliomas, 6 liver adenomas) and 10,
lung adenomas. Of the 30 control animals, 2 had lung adenomas and 1, a
lymphocytic leukaemia (Takayama, 1969).

A group of 20 male and 20 female Swiss mice were given 0.01% NPIP
in the drinking-water (total dose, 65 mg/animal) for 26 weeks; 42.5% of
the animals developed lung adencmas (Greenblatt & Lijinsky, 1972).

Rat: Groups of 10 and 20 BD rats received in NPIP at concentrations
equivalent to doses of 5 and 20 mg/kg bw/day in the drinking-water. Of
those given the high dose, 17/20 animals died early during treatment
without tumours; the remaining 3 rats developed hepatocellular carcinomas
metastasizing to the lungs, and 1 animal also had a squamous-cell carcinoma
of the oesophagus. Of those given the lower dose level, 9/10 animals
developed oesophageal tumours (8 carcinomas, 1 papilloma), and 3 had liver
tumours. The average induction time for these tumours was 280 days (average

total dose that induced tumours in 50% of the animals, 1.4 g/kg bw) (Druckrey
et al., 1967; Thomas & So, 1969). Similar results were cbtained in albino

rats (Chester Beatty strain) (Boyland et al., 1964) and in MRC rats (Garcia
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& Lijinsky, 1972); in the latter, additional tumours were cbserved in the
trachea, pharynx, larynx, nasal cavity, tongue and stamach.

A detailed study has been made of the histogenesis of the oesophageal
tumours induced in Wistar rats by NPIP (Ito et al., 1971).

Monkey: It was reported in an abstract that hepatocellular carcinomas
were cbserved in 3 animals which received NPIP orally (O'Gara et al., 1970).

(b) Subcutaneous and/or intramuscular administration

Rat: A group of 25 BD rats were injected subcutaneously with twice-
weekly injections of 10 mg/kg bw NPIP. Twenty-two animals developed tumours
of the nasal cavities, described as aesthesioneurcepitheliomas (10),
squamous-cell carcinomas (10), cholesteatamas (3) and neuroblastomas (1).
In addition, 15 animals had cesophageal squamous-cell tumours (5 papillomas,
10 carcinamas). The average induction time for the tumours was 365 days
(average total dose that induced tumours in 50% of animals, 0.85 g/kg bw)
(Druckrey et al., 1967; Thomas, 1965; Thomas & So, 1969).

Hamster: Of 21 Syrian golden hamsters that received s.c. injections
of 0.5 ml of a 1:250 solution of NPIP in water 3 times/week for life, 16
developed tumours of the trachea. Two animals had squamous-cell carcinomas
of the lung (Dontenwill & Mohr, 1962).

Groups of 20 male and 20 female 8-week-0ld Syrian golden hamsters
were treated subcutaneously once a week for life with 1/5, 1/10 or 1/20th
of the ID50 (LD50: males, 324 mg/kg bw; females, 283 mg/kg bw). The
incidences of papillomas and carcinamas of the respiratory system, mostly
in the trachea, were 65-100% (Haas et al., 1973). Tumours, mainly of the
nasal cavities, lung, tongue, palate, oesophagus, forestamach and liver,
were observed in Chinese hamsters (Reznik et al., 1976). Tumours, mainly
of the nasal cavity, lung and forestomach, were seen in European hamsters
(Mohr et al., 1974).

Groups of 5 male and 5 female Syrian golden hamsters were given single
s.c. injections of 25, 50, 100 or 200 mg/kg bw NPIP. The majority of neo-
plasms were found in the trachea (23), but some tumours were also observed
in the nasal cavities (1), larynx (3) and bronchi (3). The tracheal tumours
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were diagnosed as polyps and papillary polyps. A variety of other tumours
were also found (Althoff et al., 1974).

(c) Intraperitoneal administration

Mouse: A group of 30 9-13-week-old SWR mice of both sexes were injec-
ted intraperitoneally with single doses of 107 mg/kg bw NPIP. Sixteen
mice developed adenamas of the lung, as compared with 10 lung adenomas in
36 untreated controls; the multiplicity of lung tumours was higher in
the treated group (Mirvish & Kaufman, 1970).

(d) Intravenous administration

Rat: A group of 15 BD rats were injected intravenously with 10 mg/kg
bw NPIP twice weekly. Twelve animals developed carcinomas of the oeso-
phagus and pharynx after an average induction time of 366 days (average
total dose that induced tumours in 50% of animals, 0.75 g/kg bw). One
animal had an adenocarcinama of the glandular stomach (Druckrey et al.,
1967; Thomas & So. 1969).

(e) Other experimental systems

Prenatal exposure: Offspring of Syrian golden hamsters that had been
treated on days 8, 10, 12 or 14 of pregnancy with a single dose of 100 mg/
kg bw NPIP were observed for life. A low incidence (2-7%) of tumours of
the upper respiratory tract was observed in the offspring (highest inci-
dence in those treated on day 14). A high incidence (54%) of respiratory
tract tumours was observed in the treated mothers (Althoff et al., 1977).

(f) Carcinogenicity of derivatives

The available studies are summarized in Table 1.

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The oral IDso of NPIP in BD rats was 200 mg/kg bw, the s.c. ID o
5

100 mg/kg bw and the i.v. IDSO, is 60 mg/kg bw (Druckrey et al., 1967);
the i.p. ID50 in Wistar rats was 85 mg/kg bw (Lee & Lijinsky, 1966).
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Carcinogenicity of derivatives of N-nitrosopiperidine in Sprague-Dawley rats

Table 1

Compound

Main tumour sites

References

N-Nitroso-4-hydroxy-
piperidine

N-Nitroso—-4-piperidone

N-Nitroso—-3-hydroxy-
piperidine

N-Nitroso—-2-methyl-
piperidine

N-Nitroso-3-methyl-
piperidine

N-Nitroso—-4-methyl-
piperidine

N-Nitroso-2,6-dimethyl-
piperidine

N-Nitroso-2,2,6,6,~tetra-
methylpiperidine

Nasal cavity, liver

Nasal cavity, liver

Nasal cavity, tongue, pharynx,

ocesophagus, liver

Nasal cavity, oesophagus,
stomach, pharynx, tongue,

Nasal cavity, oesophagus,
stomach, pharynx, tongue

Nasal cavity, oesophagus,
stomach, pharynx, tongue

Negative

Negative

fore-
liver

fore-

fore—-

Lijinsky & Taylor, 1975a

"

"

n




The s.c. ID was 110 mg/kg in Chinese hamsters (Reznik et al., 1976),
50

about 300 mg/kKg bw in Syrian golden hamsters (Haas et al., 1973) and

230 mg/kg bw in European hamsters (Mohr et al., 1974).

No data on the embryotoxicity or teratogenicity of this compound were
available to the W(jrking Group.

Absorption, distribution and excretion

SH-NPIP injected into the bladder of rats or Syrian golden hamsters
was absorbed, and radioactivity was found in the liver and kidneys of both
species and in the stomach, small intestine and lungs of hamsters (Hawksworth
& Hill, 1974).

Metabolism

NPIP was oxidized by rat liver microsomes to 4-hydroxynitrosopiperidine
(Rayman et al., 1975).

Administration of 3H-NPIP or deuterated NPIP to rats led to reaction
with DNA and RNA in the liver, but the products were not characterized
(Lee & Lijinsky, 1966; Lijinsky et al., 1973). After administration of
50 mg/kg bw NPIP, repair of single-strand breaks in rat liver DNA, as
determined by velocity sedimentation in an alkaline sucrose gradient, was
not complete after 6 days (Stewart & Farber, 1973).

Mutagenicity and other short-term tests

NPIP caused reverse mutations in Escherichia coli and in Salmonella
typhimurium TA 100, TA 1530 and TA 1535 in the presence of liver microsomal
fractions from phenobarbital— or Aroclor 1254-treated rats or from human
biopsies (Bartsch et al., 1976; Elespuru & Lijinsky, 1976; McCann et al.,
1975; Nakajima et al., 1974; Rao et al., 1977; Stoltz & Sen, 1977). In
Chinese hamster V79 cells, NPIP induced 8-azaguanine-resistant mutants in
the presence of a liver microsomal fraction from phenobarbital-treated
rats (Kuroki et al., 1977).

(b) Humans

No data were available to the Working Group.
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3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosopiperidine is carcinogenic in mice, rats, Syrian golden,
Furopean and Chinese hamsters and monkeys after its administration by
oral and other routes. It produces benign and malignant tumours of the
liver, lung, forestomach and oesophagus in mice, of the liver, oesophagus
and respiratory system in rats, and of the upper digestive tract, respir-
atory system and liver in hamsters; it produces hepatocellular carcincamas
in monkeys. It is carcinogenic in mice and hamsters after its administra-
tion in single doses.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed sporadically to low levels of N-nitroso-
piperidine; however, no exposed group suitable for an epidemiological
investigation has yet been identified.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
piperidine in several experimental animal species. Although no epidemio-
logical data were available, N-nitrosopiperidine should be regarded for

practical purposes as if it were carcinogenic to humans.
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N-NITROSOPROLINE and N-NITROSOHYDROXYPROLINE

1. Chemical and Physical Data

N-Nitrosoproline

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 7519-36-0
Chem. Abstr. Name: 1-Nitroso-I~proline
NO-Pro; ~N-Pro; NPRO

1.2 Structural and melecular formulae and weight

O=N—N

COOH

C5H8N203 Mol. wt: 144

1.3 Chemical and physical properties of the pure substance

From Lijinksy et al. (1970), unless otherwise specified
(a) Description:r Pale-yellow crystals

(b) Melting-point: 100-101°C (decomposition)

25
D

(d) Spectroscopy data: )“max 238 and 343 nm (E: = 451 and 6.3) in
water; mass spectroscopy data are given by Rainey et al.
(1978) ;7 the nuclear magnetic resonance spectrum has been

(c) Optical rotation: [a]Z” -185°C

given.

(e) Solubility: Very soluble in water; soluble in polar organic

solvents; insoluble in non-polar organic solvents

(f) Reactivity: Partially decarboxylates on heating above 170°C
to form N-nitrosopyrrolidine (Eisenbrand et al., 1978)
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1.4 Technical products and impurities

No data were available to the Working Group.

N-Nitrosohydroxyproline

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 30310-80-6
Chem. Abstr. Name: trans—4-Hydroxy-l-nitroso-L~proline

1.2 Structural and molecular formulae and weight

OH
O=N-—N
COOH
C5H8N20 4 Mol. wt: 160

1.3 Chemical and physical properties of the pure substance

From Iijinsky et al. (1970), unless otherwise specified

(a) Description: Colourless crystals

(b) Melting-point: 114-115°C

25
D

(c) Optical rotation: la] -192°¢

(d) Spectroscopy data: Mass and nuclear magnetic resonance
spectra have been given

(e) Reactivity: Decarboxylates on heating at 170°C to form
N-nitroso-3-hydroxypyrrolidine (Eisenbrand et al., 1977;
Iee et al., 1977)

1.4 Technical products and impurities

No data were available to the Working Group.
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2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

N-Nitrosoproline (NPRO) and N-nitrosohydroxyproline (NHPRO) have been
prepared for laboratory use by the reaction of sodium nitrite with a solu-
tion of proline or hydroxyproline in hydrochloric acid (Hamilton & Ortiz,
1950; ILijinsky et al., 1970; Sander, 1967).

No evidence was found that NPRO or NHPRO has been manufactured commer-
cially.

() Use
No data were available to the Working Group.
2.2 Occurrence

Dhont & van Ingen (1976) found NPRO in uncoocked cured meat products,
such as bacon and smoked meat, at levels of 340-440 nug/kg. Kushnir et al.
(1975) found levels of 380-1180 ug/kg' in uncooked bacon; Sen et al.
(1978) reported 24-44 ug/kg in 4/8 uncooked bacon samples; and Green
et al. (1977) reported 70 or 80 ug/kg (depending upon the method of
analysis) in only one sample of raw bacon. Eisenbrand et al. (1978) found
8/9 meat products to be positive: ham, 2 and 172 ug/kg; boiled ham, 49
and 124 ug/kg; bologna, 42 and 401 ug/kg; meatloaf, 5 and 16 ug/kg.

One sample of meatloaf contained 8 ug/kg NHPRO (Eisenbrand et al.,
1978).

2.3 PAnalysis

Eisenbrand et al. (1976) formed the trimethylsilyl derivative and used
gas chramatography-mass spectrametry to look at single ions. Dhont & van
Ingen (1976) extracted meat samples with methanol:water, separated the amino
acids on an ion-exchange colum and then converted them into the methyl
ester for final analysis by gas chromatography-low-resolution mass spectro-
metry. Dhont (1977) and Kushnir et al. (1975) also prepared methyl esters
and used gas chromatography-flame ionization detector and gas chromatography-

IThis result was not confirmed by mass spectroscopy (see also
'General Remarks on the Substances Considered', p. 40).
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high-resolution mass spectrometry for analysis; recovery was 20-25%. The
methyl-ester technique has been further improved by Sen et al. (1978).
Wolfram et al. (1977) denitrosated and then derivatized with 7-chloro-4-
nitrobenzo-2-oxa-1,3-diazole; the highly fluorescent derivative was
analysed by either thin-layer or high-pressure liquid chromatography (HPIC).

Chromatographic conditions suitable for use with HPIC-thermal energy
analysis are described by Fan et al. (1978). Separation of syn-anti
conformers by HPIC-ultra-violet spectroscopy is described by Iwaocka &
Tannenbaum (1976). Green et al. (1977) used HPIC with detection by photo-
hydrolysis.

A collaborative study on several analytical methods for 3 N-nitroso
amino acids, including NPRO and NHPRO showed good agreement between the
methods (Castegnaro & Walker, 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity studies in animals

(a) Oral administration

Mouse: Two groups of 30 male and 30 female 5-7-week-old Swiss mice
received N-nitrosoproline (NPRO) in the drinking-water at concentrations
of 0.05% or 0.1% for 26 weeks (total doses, 325 or 650 mg/mouse). All
survivors were killed at 38 weeks. No more lung adenomas were found in
treated animals as compared with 30 male and 30 female controls; admini-
stration of N-nitrosopiperidine as a positive control gave a significantly
increased incidence dence of lung adenomas (Greenblatt & Iijinsky, 1972)
[The Working Group noted the short duration of the experiment and the low
dose used].

Rat: Two groups of 15 male and 15 female MRC rats, 8-10-weeks old,
were given NPRO or NHPRO in the drinking-water at a concentration of
0.015% for 75 weeks. Survival of the treated animals was similar to that
of 30 untreated controls. No significant difference was observed between
untreated and treated animals in proportion of tumour-bearing animals or
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in proportion of tumours commonly found in control rats (Garcia & Lijinsky,
1973) [The Working Group noted the low dose used].

No carcinogenic effects were seen in groups of 26 male weanling Wistar
rats given NPRO or NHPRO intragastrically once weekly for 4 weeks (total
dose, 290 mg/animal) and observed for lifespan (Nixon et al., 1976) [The
Working Group noted the limited duration of dosing].

(b) Carcinogenicity of derivatives

A group of 18 BD rats were given N-nitrosoproline-ethylester in the
drinking-water at concentrations of 50 or 100 mg/kg bw/day up to a total
dose of 19 or 38 g/kg bw, respectively. One animal which died after 790
days had papillomas of the oesophagus; no other tumours were observed
(Druckrey et al., 1967).

3.2 Other relevant biological data

(a) Experimental systems

No data on the toxic effects, embryotoxicity or teratogenicity of
NPRO or NHPRO were available to the Working Group.

Absorption, distribution, excretion and metabolism

All of an oral dose of 10 mg '“C-NPRO was absorbed from the gastro—
intestinal tract of rats within 24-48 hours. When the rats were fasted,
98% of the radiocactivity appeared in the urine and 1-2% in the faeces.

In rats fed normally, 71% had appeared in the urine and 20% in the faeces
after 4 days; some was excreted in the urine up to 7 days. Only 2% of
the radiocactivity was excreted as G)Z; trace amounts were found in the

tissues (Dailey et al., 1975).

Mutagenicity and other short-term tests

NPRO was not mutagenic in Salmonella typhimurium TA 1535 either in
the presence or absence of a liver microsomal fraction fram Aroclor 1254~
treated rats (Stolz & Sen, 1977).

(b) Humans

No data were available to the Working Group.
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3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosoproline has been tested in mice and rats and N-nitroso-
hydroxyproline in rats by oral administration. Although these studies
did not indicate a carcinogenic effect, they were inadequate with regard
to dose and/or duration.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed to low levels of N-nitrosoproline and
N-nitrosohydroxyproline; however, no exposed group suitable for an
epidemiological investigation has yet been identified.

4.3 Evaluation

No evaluation of the carcinogenicity of N-nitrosoproline or N-nitroso-
hydroxyproline could be made on the basis of the available data.
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N-NITROSOPYRROLIDINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 930-55-2

Chem. Abstr. Name: 1-~Nitrosopyrrolidine

N-Pyr; NO-Pyr; NPYR

1.2 Structural and molecular formulae and weight

O N—N<:|

C4H8N20 Mol. wt: 100.2

1.3 Chemical and physical properties of the pure substance

(@)

(b)

(o))

@

(e)
(£)

(9)

Description: Yellow liquid
Boiling-point: 214°C (760 mn); 98°C (12 mm)

Spectroscopy data: A 230 and 333 im (Ei = 812.8 and 10.7)
in water (Druckrey et al., 1967); mass spectroscopy data are
given by Pensabene et al. (1972) and Rainey et al. (1978).

Solubility: Miscible with water in all proportions; soluble
in organic solvents and lipids

Volatility: Can be steam~distilled (Eisenbrand et al., 1970)

Stability: Stable at room temperature for more than 14 days
in neutral or alkaline aqueous solutions in the dark (Druckrey
et al., 1967); slightly less stable in acidic solutions;
light-sensitive, especially to ultra-violet light

Reactivity: Strong oxidants (peracids) oxidize it to the
corresponding nitramine; can be reduced to the corresponding
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hydrazine and/or amine; relatively resistant to hydrolysis,
but can be split by hydrogen bromide in acetic acid (Eisenbrand
& Preussmann, 1970).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

N-Nitrosopyrrolidine (NPYR) was first prepared by Petersen in 1888 by
the reaction of pyrrolidine with potassium nitrite in a weak hydrochloric
acid solution (Prager & Jacobson, 1935). No evidence was found that NPYR
has been produced commercially.

(b) Use
No data were available to the Working Group.
2.2 Occurrence

NPYR is formed during the heating of N-nitrosoproline at 185-200°C
(Eisenbrand et al., 1977).
(@) Air

In the frying of bacon, 70-80% of the NPYR present normally is found
in the vapour (Gough et al., 1976); Sen et al. (1976) showed an average
of 50% in the vapour during frying. These results are corroborated by
those of Eisenbrand et al. (1977).

(b) Tobacco

McCormick et al. (1973) reported the presence of 1-110 ng/cigarette
NPYR in tobacco smoke condensate; Klimsch et al. (1976) reported levels
of 7-113 ng/cigarette.

From 5.1-34 ng/cigarette were found in 5 kinds of cigarettes (Brunnemann
& Hoffmann, 1978). Ievels of 115-1600 ug/kg have been found in the scrapings
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of pipes used for smoking tobacco in Transkei; these scrapings are believed
to be consumed by the local inhabitants (TARC, 1977).

(c) Waste-water

Cohen & Bachman (1978) reported 0.09-0.20 ug/l! in water from 2/19
chemical factories.

(d) Food and feed

For details of the occurrence of NPYR in various foods, see Table 1.

Meat and fish products: Gray (1976) has reviewed the literature
on the presence of NPYR and of its possible precursors in bacon. NPYR
has been found in grilled or fried bacon; it is found mainly in residual
fatty tissue and less in the lean and rind (Patterson et al., 1976).
Gough et al. (1976) found 25% NPYR in the rasher itself and 30% in cooked-
out fat. In the US, the average content in bacon is decreasing: a study
in 1971-1974 showed 67 ug/kg; in 1975-1976, the value was 17 ug/kg.
This has been attributed to the use of ascorbate and to lower permissible
levels of nitrite (Greenberg, 1977).

Spices: Dry premixed cures containing spices and sodium nitrite were
found to contain up to 40 ug/kg NPYR when received; this could increase
up to 520 ug/kg during 6-months' storage (Gough & Goodhead, 1975). Havery
et al. (1976) found 730 ug/kg NPYR in a spice-cure mixture buffered with
sodium carbonate.

Feed: NPYR was found in 50% of 46 samples of several types of animal
feed at levels of 1-26 ug/kg (Kann et al., 1978). Mirna et al. (1976)
found lewvels of 2-8 ug/kg in 5/6 fishmeal samples.

() In vivo

Fine et al. (1977) were unable to detect NPYR in the blood of 6 students
who ingested 170 g cooked bacon, although N-nitrosodimethylamine and N-
nitrosodiethylamine were detected.

IThis result was not confirmed by mass spectrometry (see also
'General Remarks on the Substances Considered', p. 40).
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Table 1

Ievels of N-nitrosopyrrolidine in various foods from several countries®

No. of Number Level :

Product Country samples | positive (ng/kg) References
Bacon (fried) Canada 14 14 10-44 Greenberg (1977)
Spiced meat products " 19 9 7-33 Sen et al. (1976b)
Sausage " 66 14 10-105 Panalaks et al. (1974)
Bacon (fried) n 12 3 3-8 " " "
Fried cured meat products FRG 34 17 0.6-8 Eisenbrand et al. (1978)
Cheese " 173 2 1.4-3.4 " ! "
Bacon (raw) " 5 1 17 " " (1977)

] (COOked) " 5 5 10_40 " " "
Liver, meatloaf (raw) " 4 0 NR " " "

1] 1] (cooked) " 4 2 5"6 " ] ]
Pepper salami (raw) " 5 1 2 " " "

" " (cooked) " 5 5 7_12 " u n
Ham (raw) " 6 3 8-15 " " "

" (cwked) " 4 4 3_46 " " "
Fish products Hong Kong 61 23 2-37 Fong & Chan (1977)
Fried bacon-like products The Netherlands NR? NR 3.3-55 Stephany et al. (1976)
Nitrite-preserved meats " NR NR 0-5.4 " " "
Assorted meats (raw and " 48 0 <10 Groenen et al. (1977)

cocked)

No data were available to the Working Group fram other countries.

NR = not reported




LTE

No. of

Level

Product Country samples positive (ug/kg) References
Bacon (fried) UK 56 28 1-20 Gough et al. (1977)
Assorted cured and cooked " 107 0 <1 " " "
meat products
Fish " 104 NR 0-3 Telling et al. (1974)
Bacon (fried) UsAa 18 5 5-10 Havery et al. (1978)
12 10-100
" " " 22 22 8-139 " " (1976)
Cured beef and pork " 34 0 <1 " " (1978)
Souse and jellied cured " 10 1 19 Fiddler et al. (1975)
meat products
Fried ham " 20 19 10-50 Greenberg (1975)
Bacon (fried) with added " 154 25 >58 Birdsall (1977)
ascorbate
Bacon (fried) " 12 12 8-47 Greenberg (1977)
Ham (fried) " 20 3 19-50 " "

Values only reported as less than or greater than 5 ug/kg




2.3 Analysis
An IARC Manual gives selected methods for the analysis of volatile
N-nitrosamines, including NPYR (Preussmann et al., 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity studies in animals

(8) Oral administration

Mouse: Groups of 20 male and 20 female 5-7-week-old Swiss mice were
given 5 ml of a solution containing 0.01% N-nitrosopyrrolidine (NPYR) 5
times/week in the drinking-water (total dose, 0.015 g/mouse). Many treated
animals died early in the experiment (mean survival time, 12 weeks). Of
animals that survived the subacute hepatic injury resulting from admini-
stration of the compound 4/34 animals examined had 51 lung adencmas. Only
8 adenomas were seen in 7/53 untreated controls examined (Greenblatt &
Lijinsky, 1972a).

Rat: A group of 25 BED rats were given 5 or 10 mg/kg bw/day NPYR in
the drinking-water; the doses were doubled 150 days after the start of
treatment. After an average induction time of 470 or 290 days,
respectively, 23/25 animals developed hepatocellular carcinamas (average
total doses that caused tumours in 50% of animals, 3.9 or 4.2 g/kg bw)
(Druckrey et al., 1967).

This result was confirmed in MRC rats. In addition to hepatocellular
carcinomas (25/25), 7/12 male rats developed 4 papillary mesotheliomas of
the tunica vaginalis, 2 interstitial-cell tumours and 1 cavernous haeman-
gioma of the testis (Greenblatt & Lijinsky, 1972b).

NPYR was administered to 14 male and 15 female 8-week-o0ld Sprague-Dawley
rats at a concentration of 0.02% in the drinking-water (20 ml/day) on 5 days/
week for 50 weeks (total dose, 1 g/animal). Treated animals died after
45-105 weeks, and 26/29 animals developed hepatocellular carcinomas. In
addition, 4 cholangiocarcinomas and 2 olfactory carcinomas were found
(Lijinsky & Taylor, 1976).
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Groups of 24-62 100-day-old Sprague-Dawley rats of both sexes were
given NPYR in the drinking-water at doses of 0 (control), 0.3, 1, 3 or
10 mg/kg bw/day, respectively, for lifetime. At dose levels of 1, 3 and 10
mg/kg bw, 13/62, 30/38 and 9/24 animals, respectively, had hepatocellular
carcinamas, which were not observed in animals given the lowest dose level
(0.3 mg/kg bw) or in control animals. On the other hand, 3-20% of hepato-
cellular adencmas and a slight increase of the overall incidence of malig-
nant tumours and leukaemias was found in all experimental groups but not
in controls. The mean times of death of tumour-bearing animals were at
664 days (0.3 mg/kg bw), 685 days (1 mg/kg bw), 533 days (3 mg/kg bw) and
444 days (10 mg/kg bw). The authors indicated that the commercial diet
fed to both control and treated rats contained trace quantities of volatile
nitrosamines, as analysed by gas chromatography-thermal energy analysis
(up to 60 ug/kg V-nitrosodimethylamine and up to 10 ug/kg NPYR) (Preussmann
et al., 1977).

(b) Subcutaneous and/or intramuscular administration

Hamster: The induction of lung tumours in Syrian golden hamsters by
s.c. injection of NPYR was reported (Dontenwill, 1968) [Full details were
not givenl].

(c) Carcinogenicity of derivatives

Administration of N-nitroso-2,5-dimethylpyrrolidine to Sprague-Dawley
rats induced liver tumours in only 2/29 animals. Administration of N-
nitroso-3, 4-dichloropyrrolidine induced tumours of the oesophagus in 13/14
animals and tumours of the nasal turbinals in 4/14 (Lijinsky & Taylor, 1976).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

In rats, the oral ID5 of NPYR was 900 mg/kg bw (Druckrey et al.,
0

1967), and the i.p. IDS , 650 mg/kg bw (Lee & Lijinsky, 1966).
U

No data on the embryotoxicity or teratogenicity of this compound were
available to the Working Group.
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Metabolism

After i.p. administration of 6 mg/kg bw [2,5-'*Cl- or [3,4-'"C]-NPYR
to rats, these compounds were converted to '*CO to the extent of 18-25%
within 6 hours; 7% of the radioactivity was exéreted in the urine and only
1-2% in the faeces (Krliger & Bertram, 1975). An oral dose of 4 mg/kg bw
[2,5-'*C]-NPYR was converted to '*CO to the extent of 77%, while only 14%
of a dose of 650 mg/kg bw appeared as 1“00z in 24 hours (Snyder et al.,
1977).

ILess than 1% of an i.p. dose of NPYR appeared as N-nitroso-3-hydroxy-
pyrrolidine in the urine of rats. An alkylated base, which was not identi-
fied but was shown not to be 7-methylguanine, was isolated from hydrolysates
of liver DNA (Krliger & Bertram, 1975). °*H-NPYR administered to rats reacted
with hepatic DNA and RNA; however, no products were characterized (Lijinsky
et al., 1973).

Mutagenicity and other short-term tests

NPYR produces reverse mutations in Escherichia coli and Salmonella
typhimurium strains TA 1530, TA 1535, TA 1537 and TA 1538 in the presence
of a liver microsomal fraction from phenobarbital- or Aroclor 1254-treated
rats or from human biopsies (Bartsch et al., 1976; Elespuru & Lijinsky,
1976; Gamez et al., 1974; McCann et al., 1975; Stoltz & Sen, 1977).

In the presence of a rat-liver microsomal system from phenobarbital-
treated rats, NPYR induced 8-azaguanine-resistant mutants in Chinese hamster
V79 cells (Kuroki et al., 1977).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

N-Nitrosopyrrolidine is carcinogenic in rats after its oral admini-
stration: it produces hepatocellular carcinomas. It also increases the
incidence of lung adenomas in mice following its oral administration. A
study in rats has been reported in which a dose-response relationship was
established.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed to low levels of N-nitrosopyrrolidine;
however, no exposed group suitable for an epidemiological investigation
has yet been identified.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
pyrrolidine in one experimental animal species. Although no epidemiological
data were available, N-nitrosopyrrolidine should be regarded as if it were
carcinogenic to humans.
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N-NITROSOSARCOSINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 13256-22-9

Chem. Abstr. Name: N-Methyl-N-nitroso-glycine

N-Nitrosomethylglycine; NSAR

1.2 Structural and molecular formulae and weight

CH,
O= N—N/
CHz—ﬁ-—OH
o}
C3H6N203 Mol. wt: 118.1

1.3 Chemical and physical properties of the pure substance

From Lijinsky et al. (1970), unless otherwise specified

(a)

(b)

(c)

@

(e)

Description: Pale-yellow crystals

Melting-point: 66-67°C

Spectroscopy data: A . 234 and 337 mm (Ei = 499 and 6.5)
in water (Druckrey et al., 1967); mass spectroscopy data
have been reported (Rainey et al., 1978).

Solubility: Miscible with water in all proportions;

soluble in polar organic solvents

Stability: The free acid is unstable in aqueous solution;
a concentration decrease of more than 10% in 24 hours has
been observed (Druckrey et al., 1967); light-sensitive,
especially to ultra-violet light
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(f) Reactivity: Partially decarboxylates on heating at 180-190°C
to form N-nitrosodimethylamine; it is oxidized by strong
oxidants (peracids) to the corresponding nitramine (Eisenbrand
et al., 1977).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(@) Production

N-Nitrososarcosine (NSAR) has been prepared by passing nitrous acid
fumes through a sarcosine solution (Brookes & Walker, 1957) and by the
reaction of sarcosine with sodium nitrite in an acid solution (Bergel
et al., 1963; Hammick & Voaden, 1961; Lijinsky et al., 1970). NSAR
has also been formed by nitrosating N-methylsarcosine (dimethylglycine)
hydrochloride (Friedman, 1975) and by treating N-amidinosarcosine (crea-
tine) in an acid medium with an aqueous solution of sodium nitrite
(Archer et al., 1971; Velisek et al., 1975).

No evidence was found that NSAR has been manufactured commercially.
(b) Use
No data were available to the Working Group.

2.2 Occurrence

NSAR was not found in bacon, but 1 smoked meat sample contained
10 ug/kg (Dhont & van Ingen, 1976). Eisenbrand et al. (1978) found NSAR
in 5/8 meat samples: boiled ham, 2 pg/kg; bologna, 2 and 56 ug/kg;
meatloaf, 2 and 15 ug/kg.

2.3 Analzsis

Meat has been extracted with methanol:water, separated on an ion-
exchange colum, converted into the methyl ester and determined by gas
chromatography-mass spectrometry (Dhont, 1977; Dhont & van Ingen, 1976).
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Eisenbrand et al. (1978) extracted meat with acetone:water, purified the
sample by colum chromatography, converted it to the trimethylsilyl deriva-
tive and determined NSAR by gas chromatography-thermal energy analysis.

Chramatographic conditions suitable for use with high-pressure liquid
chramatography-thermal energy analysis are described by Fan et al. (1978).
Separation of syn-anti conformers by high-pressure liquid chromatography-
ultra-violet is described by Iwacka & Tannenbaum (1976). A thin-layer
technique has been described by Rao & Bejnarowicz (1976).

A collaborative study on several analytical methods for 3 N-nitroso
amino acids, including N-nitrososarcosine, showed good agreement between
the methods (Castegnaro & Walker, 1978).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(@) Oral administration

Mouse: In a study reported as an abstract, a group of 65 male and
65 female Swiss (IRC) mice were fed a diet containing 0.25% N-nitrososar-—
cosine (NSAR) for 13 months. At that time, 21 male and 20 female survivors
were killed, and 10 male and 11 female mice had squamous-cell carcinomas
of the nasal region. Several other tumours were observed at necropsy,
including 5 tumours of the lung, 2 of the small intestine, 2 of the vagina
and 1 each of the testis, kidney, skin, thymus, bladder and pancreas. No
tumours were observed in either male or female control mice which died or
were sacrificed at 13 months (Sawyer & Friedman, 1974).

Rat: Twenty ED rats received 100 or 200 mg/kg bw/day NSAR in the
drinking-water; treatment was terminated after 286 days when total doses
of 28.6 and 57 g/kg bw, respectively, had been reached. Of animals given
the lower dose (100 mg/kg bw), 5/14 died with oesophageal carcinomas 357-
631 days after the start of treatment. Of those given the higher dose
(200 mg/kg bw), 3/6 rats developed papillomas and 3/6, squamous-cell
carcinomas of the cesophagus at 414-548 days (Druckrey et al., 1967;
Thomas & So, 1969).

329



(b) Intraperitonriesal administration

Newborn mouse: Newborn (C57BL/6JxC3HeB/FeJ )‘E‘1 mice received i.p.
injections of 75 mg/kg bw NSAR suspended in trioctanoin on days 1, 4 and
7 after birth; all survivors were killed after 78 weeks. Of 12 male mice
that survived for 50-78 weeks after dosing, 8 had liver-cell carcinamas,
and 3 had lesions described as liver-cell hyperplasia.  Three of 17 females
that survived for the same period also showed liver-cell hyperplasia. In
the control group, which received 3 x 5 mg/kg bw trioctanoin, 1/12 females
that survived for 50-85 weeks had a liver-cell carcinoma and 2/14 males
had liver-cell hyperplasia (Wogan et al., 1975).

(c) Carcinogenicity of derivatives

N-Nitrososarcosine ethyl ester

( _:i:) Oral administration

A group of 20 BD rats were given 50 or 100 mg/kg bw/day N-nitroso-
sarcosine ethyl ester in the drinking-water. After average induction
times of 200 or 160 days, respectively, all animals developed squamous-
cell carcinamas of the oesophagus (average total dose that induced a 50%
tumour incidence, 9.7 or 16 g/kg bw) (Druckrey et al., 1967). Both car-
cinamas and various preneoplastic lesions were described in an abstract
(Pozharisskii & Savost'yanov, 1972).

(ii) Intravenous administration

Twenty BD rats were injected intravenously with 100 mg/kg bw N-nitroso-
sarcosine ethyl ester once weekly (14 animals) or twice weekly (6 animals).
Nineteen of 20 treated rats developed squamous-cell carcinomas of the
oesophagus after average induction times of 300 or 254 days, respectively
(average total dose that induced a 50% tumour incidence, 3.9 or 5.7 g/kg
bw) (Druckrey et al., 1967).
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3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The ID of NSAR in mice following a single i.p. injection 24 hours
after birthsv(:ras 184 mg/kg bw (Wogan et al., 1975). The LD50 by an unspeci-
fied route in mice was reported to be 3.5 g/kg bw (Friedman & Couch, 1976).
Single oral doses of 5 g/kg bw NSAR were non-toxic in rats (Druckrey

et al., 1967).

No data on the embryotoxicity or teratogenicity of this compound were
available to the Working Group.

Metabolism

Administration of 1 g/kg bw NSAR to mice inhibits hepatic aminopyrine
demethylase and aniline hydroxylase activities (Friedman, 1974); doses of
100-500 mg/kg bw inhibited hepatic N-nitrosodimethylamine N-demethylase
activity (Friedman & Couch, 1976).

Mutagenicity and other short-term tests

NSAR (1 g/kg bw) administered to mice by gavage was not mutagenic in
the host-mediated assay using Salmonella typhimurium strain G-46 (Couch &
Friedman, 1976).

(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data  Reported and Evaluation

4.1 Experimental data

N-Nitrososarcosine is carcinogenic in mice and rats. It produces

carcinomas of the nasal cavities in mice and cesophageal carcinomas in
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rats after its oral administration, and liver-cell carcinomas in newborn
mice after its intraperitoneal injection.

4.2 Human data

No case reports or epidemiological studies were available to the
Working Group. Available information on occurrence suggests that the
general population may be exposed sporadically to low levels of this
substance; however, no exposed group suitable for an epidemiological
investigation has yet been identified.

4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of N-nitroso-
sarcosine in two experimental animal species. Although no epidemiological
data were available, N-nitrososarcosine should be regarded for practical

purposes as if it were carcinogenic to humans.
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This substance was considered previously by an IARC Working Group,
in June 1973 (IARC, 1974). Since that time new data have became available,
and these have been incorporated into the monograph and taken into account
in the present evaluation.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 18883-66-4
Chem. Abstr. Name: 2—Déoxy—2{[ (methyl-nitrosoamino) carbonyl lJamino}-
D-glucopyranose '

2-Deoxy-2- (3-methyl-3-nitrosoureido) ~D—glucopyranose; N-D-glucosyl-
(2)-N'-nitroso-N'-methylurea; NSC 85998; STR; streptozocin;
streptozoticin

1.2 Structural and molecular formulae and weight

CH,OH

H/m

H
HO " OH

H H
=0
N

—

=0

O—Z—0O—2

H,

C8H]_5N30.7 Mol. wt: 265

1.3 Chemical and physical properties of the pure substarice

§
(@) Description: Pale-yellow crystals

(b) Melting-point: Approximately 115°C (decomposition) (White, 1963)

(c) Optical rotation: Streptozotocin is a mixture of a and B stereo-
isamers; [on]lz)5 varies widely between +15 and +68°; aqueous
solutions rapidly undergo mutarotation to an equilibrium value
of [al2> = +39° (Herr et al., 1967; Rudas, 1972).
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(@) Spectroscopy data: A 228 nm (Ei = 240) (Herr et al., 1967),
380, 394 and 412 nm (Rudas, 1972) in ethanol

(e) Solubility: Very soluble in water; only slightly soluble in

polar organic solvents; insoluble in non-polar organic solvents

(f) Stability: Decomposes to diazomethane in alkaline solutions at
0°c (derr et al., 1967)

(g) Reactivity: Can be acetylated to form a tetraacetate (Herr
et al., 1967)

1.4 Technical products and impurities

The specifications of a product offered for research purposes only
by one company are as follows: off-white to tan crystalline solid, 7%

max. moisture, 0.5% max. residue on ignition, and 7% max. loss on drying.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

For background information on this section, see preamble, p. 22.
(a) Production

Streptozotocin was first isolated as an antibiotic (Iewis & Barbiers,
1960; Vavra et al., 1960). It can be obtained from Streptomyces achromo-
genes fermentation broth; it also has been synthesized by three different
procedures: (i) from tetra-O-acetylglucosamine hydrochloride (Herr et al.,
1967), (ii) from D-glucosamine and N-nitrosomethylcarbamylazide (Hardegger
et al., 1969) and (iii) from D-glucosamine and N-methylisocyanate (Hessler
& Jahnke, 1970). The method of synthesis used commercially is not known.

Streptozotocin is produced commercially in the US by two manufacturers
of research biochemicals in undisclosed amounts (see preamble, p. 23) (US
International Trade Commission, 1977). It is not believed to be produced
commercially in Japan or Europe.

(b) Use

Streptozotocin has been investigated as a potential antibacterial agent
(Lewis & Barbiers, 1960) but has never been used as such commercially.
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It has also been investigated for use in diabetes, since it has a specific
toxic action on pancreatic f-cells, inducing hyperglycaemia (Rakieten
et al., 1963).

It has been shown to have a cytotoxic effect against several experi-
mental tumours in animals (Evans et al., 1965; Rudas, 1972; Schein et «l.,
1967; WwWhite, 1963) and has been used clinically in the treatment of tumours
of the pancreatic f-cells (Broder & Carter, 1973; Rudas, 1972). It is
also active in the treatment of malignant carcinoid tumours; it is
administered as weekly i.v. or i.a. doses of 1 g/m? of body surface for 4
weeks (Calabresi & Parks, 1975).

2.2 Occurrence

Streptozotocin is produced by the soil microorganism, Streptomyces
achromogenes var. 128, first isolated from soil samples collected near
Blue Rapids, Kansas, US (Vavra et al., 1960). No information on the
occurrence of streptozotocin in soil was available to the Working Group.
2.3 Analysis

A oolorimetric procedure first described by Forist (1964) has been
improved upon by Preussmann & Schaper-Druckrey (1972).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(@) Intraperitoneal administration

Mouse: Two groups of 25 male and 25 female 6-week-old Swiss Webster
mice received thrice-weekly i.p. injections of streptozotocin (6 or 12 mg/
kg bw/dose) for 6 months and were observed for a further 12 months. Lung
tumours developed in 18/30 males and 33/39 females, and kidney tumours
occurred in 18/30 males and 7/39 females. The incidences were significantly
greater than in untreated mice (P<0.001-<0.0l). Uterine tumours occurred
in 6/39 females (P=0.001) (Weisburger et al., 1975) [The tumour types were
not specified].
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Rat: Two groups of 25 male and 25 female 6-week-old Sprague-Dawley-
derived Charles River (D rats received thrice-weekly i.p. injections of
streptozotocin (6 or 12 mg/kg bw/dose) for 6 months and were observed for
a further 12 months. Kidney tumours occurred in 19/42 males and 16/46
females; pancreatic tumours were observed in 3/42 males and in 4/46 females;
19/46 females developed liver tumours; and 4/42 males developed peritoneal
sarcamas. These tumour incidences were statistically significant in compari-
son with controls (P<0.001-P=0.006) (Weisburger et al., 1975) [The tumour
types were not specified].

Hamster: A group of 84 young adult Chinese hamsters (Cricetulus
griseus) received single i.p. injections of 100 mg/kg bw streptozotocin
(in some cases the dose was given as 4 divided doses at monthly intervals)
and were observed for 14-18 months. Cholangiamas (13%) and hepatamas (13%)
and non-hepatic benign or malignant tumours (24%) were observed in the
treated animals (Berman et al., 1973).

(b) Intravenous administration

Rat: Following a single i.v. injection of 50 mg/kg bw streptozotocin
in saline and citric acid to adult male Holtzman rats, 10/19 animals killed
between 8-16 months after the injection had tumours; 9 rats developed
adenomas of the renal cortex, and 1 rat, a tumour of the pancreas (Arison &
Feudale, 1967). Of 37 Holtzman rats treated in the same way, 6 males and
6 females survived for more than 8 months, and 5 males and 1 female had
kidney tumours, which appeared between 304 and 485 days after the start of
the experiment. Experiments designed to show that streptozotocin itself
was carcinogenic and that an accompanying substance, also derived fram
Streptomyces achromogenes, zedalan, was not responsible for the observed
tumorigenicity, gave similar results in Sherman and Holtzman rats; an 85:15
mixture of streptozotocin:zedalan was used. Kidney tumours were not seen in

rats treated with zedalan alone (10 mg/kg bw i.p.) or in controls that
received saline and citric acid only (Rakieten et al., 1968). Some of the

kidney tumours observed were adenocarcinomas and sarcomas, and these were
shown to metastasize (Rakieten & Gordon, 1975). Administration of a single
i.v. dose of 50 mg/kg bw streptozotocin to 28 male Holtzman rats induced

a pancreatic tumour in 1/21 animals surviving for 8 months or longer.

340



No kidney tumours were observed. Controls given saline and citric acid
developed no tumours within 550 days, by which time all experimental animals
were dead (Rakieten et aql., 1971).

Sixty Sprague-Dawley and 100 Iewis rats were treated with single i.v.
injections of 65 mg/kg bw streptozotocin. Of the 130 animals that survived
the accompanying diabetes for more than 2 months, 27 developed renal tumours
of the epithelial type, 40% of which were bilateral; 3/56 were found in
animals killed before 8 months and 24/74 in animals killed after 8 months
(Maver et al., 1974a).

After a single i.v. dose of 50 mg/kg bw streptozotocin, 20/21 male
Holtzman rats (77%) developed adenomas of the kidney (Rakieten et al., 1976a).

Hamster: Of 35 Chinese hamsters injected with streptozotocin, 13
developed tumours of the liver. The tumours affected mainly the parenchyma
(hepatomas) and the biliary epithelium, but 3 sarcomas, possibly of extra-
hepatic origin, were also seen in the liver (Sibay & Hayes, 1969) [The dose
and period of observation were not recorded].

(c) Other experimental systems

Transplantation

Lewis rats injected intravenously with 65 mg/kg bw streptozotocin
demonstrated chronic diabetes, but none had evidence of renal tumours.
When the kidneys from these rats were transplanted 6 months after treatment
into unilaterally nephrectomized recipients, 4 of the 11 transplanted
kidneys developed tumours within the next 4 months (Mauer et al., 1974b).

(d) Factors that modify carcinogenicity in animals

In two groups of 25 male and 25 female 6-week-old Swiss Webster mice
that received thrice-weekly i.p. injections of 6 or 12 mg/kg bw streptozo-
tocin plus 250 mg/kg bw nicotinamide at the same for 6 months, the inci-
dence of kidney tumours was lower than in animals that received streptozo-
tocin alone (2/46 versus 18/30 in males; 1/45 versus 7/39 in females),
and a low incidence (P=0.2-0.3) of pancreatic tumours was observed (1/46

and 1/45) (Weisburger et al., 1975) [The tumour types were not specified].
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Administration of 250 mg/kg bw nicotinamide with 6 or 12 mg/kg bw
streptozotocin intraperitoneally thrice weekly for 6 months to two groups
of 25 male and 25 female 6-week-old Sprague-Dawley Charles River (D rats

did not alter the tumour incidences produced by streptozotocin alone
(Weisburger et al., 1975) [The tumour types were not specified].

Co—administration intraperitoneally of 2 doses of 350 mg/kg bw
nicotinamide after a single i.v. dose of 50 mg/kg bw streptozotocin to
28 male Holtzman rats induced pancreatic islet-cell tumours (nesidio-
blastomas) in 18/26 rats that lived longer than 8 months, whereas strepto-
zotocin alone produced a single pancreatic tumour in 1/21 animals (Rakieten

et al., 1971).

When male Holtzman rats were given 2 i.p. injections of 350 mg/kg bw
nicotinamide 10 minutes before and 180 minutes after an i.v. injecticn of
50 mg/kg bw streptozotocin, 5/26 (18%) of animals develcped kidney tumours

versus 20/21 rats given streptozotocin alone (Rakieten et «l., 1976a).

Twenty-two hypoglycaemic Holtzmen rats bearing insulin-screening
islet—cell adenomas induced by one i.v. injection of 50 mg/kg bw strepto-
zotocin plus 2 i.p. injections of 350 mg/kg bw nicotinamide were injected
intravencusly 18 months after the initial treatment with 50 mg/kg bw
streptozotocin weekly for 1-8 weeks. An antitumour response was cbserved,
consisting of an increased blood glucose level and a reduction in plasma
and tumour immumo-reactive insulin; there was also a reduction in histo-
pathological changes in the R—cell neoplasm, which included cellular

necrosis, degeneration and haemorrhages (Rakieten et al., 1976b).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The oral ID50 in mice is 260 mg/kg bw (Evans et al., 1965).

I.v. injection of 50-200 mg/kg bw streptozotocin causes destruction
of the pancreatic B-cells and subsequent diabetes in a range of animal
species, including dogs, rodents and monkeys (Rakieten et al., 1963;
Schein et al., 1973). It has been postulated that the glucose residue in
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the streptozotocin molecule potentiates its B—cytotoxic effect (Gunnarsson
et al., 1974). Prior or simultaneous injection of nicotinamide protects
against B-cell destruction (Schein et al., 1973). Increased urinary excre-
tion of f—glucoronidase, indicating renal damage, was found in rats treated
with 50 or 100 mg/kg bw streptozotocin (Conzelman & Gribble, 1973).

I.p. injection of 100 mg/kg bw resulted in a transient diabetic state
and in hepatic lesions, including parenchymal necrosis, cirrhosis, biliary
and nodular hepatic hyperplasia, in Chinese hamsters (Berman et aql., 1973).

No data on the embryotoxicity or teratogenicity of this compound were
available to the Working Group.

Absorption, distribution and excretion

Streptozotocin is well absorbed fraom the gastrointestinal tract in
mice, but absorption was poor in monkeys and negligible in dogs (White,
1963). !*C-Labelled streptozotocin given by i.v. injection was rapidly
cleared from the blood of rats, so that less than 1% remained after 10
minutes (Karunanayake et al., 1976).

Metabolism

Radicactive products derived from streptozotocin remained bound to
liver, kidney and pancreas for at least 6 hours (Karunanayake et al., 1976)
[The data suggest that streptozotocin decomposes rapidly <#n vivo, but no
products have yet been characterized, and it is not clear whether enzymatic
reactions are required for this decomposition].

Mutagenicity and other short-term tests

Streptozotocin does not appear to require enzymatic conversion into
mutagenic metabolites, since it was shown to be mutagenic for Salmonella
typhimurium in the absence of a liver microsomal activation system (Kolbye
& legator, 1968). It causes X-linked recessive lethal mutations in
Drosophila melanogaster (Browning, 1973).

Its mutagenic activity was also demonstrated in host-mediated assays,
using S. typhimurium G46, in rats (1 or 10 mg/kg bw) and in mice (400 ug/
mouse) (Ficsor et al., 1971; Gabridge et al., 1969).
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(b) Humans

Data on the toxic effects of clinical exposure to streptozotocin used
for the treatment of pancreatic islet-cell carcinomas has been reviewed
(Rudas, 1972; Schein et al., 1974). Nausea and vomiting were seen in
almost all of 52 patients treated for islet-cell carcinama (Broder & Carter,
1973). Renal or hepatic toxicity was seen in 2/3 patients, and bone-marrow
damage was observed in about 10%; renal toxicity was responsible for 5
deaths. BAnaemia, leucopenia or thrambocytopenia was observed in 20% of
patients and was responsible for 1 death (Broder & Carter, 1973; Calabresi
& Parks, 1975).

Nephrosis and cytoproliferative changes in the kidneys were observed
at autopsy in a patient given a total dose of 15 g streptozotocin for the
treatment of a pancreatic islet-cell carcinoma (Myerowitz et al., 1976).

After its i.v. injection in patients with advanced cancer, strepto-
zotocin was rapidly cleared from the plasma so that none was detectable
within 3 hours. Up to 15% of the unchanged streptozotocin was excreted
in the urine within 2 hours (Adolphe et al., 1975).

3.3 Case reports and epidemiological studies

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Streptozotocin is carcinogenic in mice, rats and Syrian golden and
Chinese hamsters following its intravenous or intraperitoneal administration.
It produces benign and malignant tumours of the liver and kidney and islet-
cell tumours of the pancreas. It is carcinogenic after its administration
in single doses.

4.2 Human data

No adequate data on humans were available to the Working Group, but the
chemotherapeutic use of streptozotocin indicates the existence of an

exposed group.
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4.3 Evaluation

There is sufficient evidence of a carcinogenic effect of streptozotocin
in several experimental animal species. Although no epidemiological data
were available (and efforts should be directed toward this end), streptozo-
tocin should be regarded for practical purposes as it it were carcinogenic

to humans.
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SUPPLEMENTARY CORRIGENDA TO VOLUMES 1 - 16

Corrigenda covering Volumes 1 -~ 6 appeared in Volume 7, others
appeared in Volumes 8, 10, 11, 12, 13, 15 and 16.

Volume 14 Asbestos
p. 33 (a) Air replace "some factories using asbestos"
1st para. by "asbestos mills"
last line delete "Rickards, 1973"
p. 44 Table 14 add "1 papillary carcinoma of the lung"
2nd line to "Amosite"
2nd para. delete
p. 45 Other species delete "however ..." to "reported"
p. 55 Table 21 delete "Reeves (1976)" all data
p. 67 Amosite: replace "Selikoff (1976a)" by "Selikoff
1st para. (1976b) "
p. 72 3.4 replace "Timbrell (1972) has shown" by
2nd para. "Timbrell (1972) reported"
add "Timbrell et al., 1971" after
"Langer et al., 1974"
p. 78 Table 22 replace "Selikoff, 1976a" by
"Selikoff, 1976b"
p. 100 References delete "Rickards et al. (1973) ..."
p. 104 References add “"Timbrell, V., Griffiths, D.M. &

Pooley, F.D. (1971) Possible biological
importance of fibre diameters in South
African amphiboles. WNature (Lond.), 232,
55-56"
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CUMUIATIVE INDEX TO TARC MONOGRAPHS (N THE EVALUATION
OF THE CARCINOGENIC RISK (F CHEMICALS TO HUMANS

Numbers underlined indicate volume, and numbers in italics indicate
page. References to corrigenda are given in parentheses.

Acetamide

Acridine orange
Acriflavinium chloride
Actinamycins
Adriamycin

Aflatoxins

Aldrin

Amaranth

5-Aminoacenaphthene

para-Aminoazobenzene

ortho-Aminoazotoluene

para-Aminobenzoic acid

4-Aminobiphenyl

2-Amino-5- (5-nitro-2-furyl) -1, 3, 4-thiadiazole

4~Amino—-2-ni trophenol

Amitrole

Anaesthetics, volatile

Anthranilic acid

Aniline

Apholate

Aramite

Arsenic and inorganic arsenic compounds
Arsenic (inorganic)
Arsenic pentoxide
Arsenic trioxide
Calcium arsenate
Calcium arsenite

Potassium arsenate

7,197
16,145
13,31
10,29
10,43
1,145

10,51
5,25
8,41

16,243
8,53
8,61

16,249
1,74
7,143

16,43
7,31

11,285

16,265
4,27
9,31
5,39
2,48

(corr. 7,319)
(corr. 8,349)

(corr. 11,295)

(corr. 10,343)

(corr. 7,320)
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Potassium arsenite

Sodium arsenate

Sodium arsenite
Asbestos

Amosite
Anthophyllite
Chrysotile
Crocidolite
Auramine
Aurothioglucose
Azaserine
Aziridine
2—-(1-Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene
Benz[clacridine
Benz[a]lanthracene
Benzene
Benzidine
Benzo[b ]fluoranthene
Benzol j ]fluoranthene
Benzola |pyrene
Benzole Jpyrene
Benzyl chloride
Benzyl violet 4B

Beryllium and beryllium compounds

Beryl ore

Beryllium oxide

Beryllium phosphate

Beryllium sulphate
BHC (technical grades)

Bis (1-aziridinyl)morpholinophosphine sulphide

Bis (2-chloroethyl)ether
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3,137

(corr. 7,319)

(corr. l§,341)
(corr. 121351)

(corr. 21319)

11,217 (corr. 13,243)

16,153

1,17
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N, N-Bis (2-chloroethyl) —2-naphthylamine

1, 2-Bis (chloramethoxy) ethane

1,4-Bis (chloramethoxymethyl) benzene

Bis (chloramethyl)ether

Blue VRS

Brilliant blue FCF diammonium and disodium salts
1,4-Butanediol dimethanesulphonate (Myleran)
B-Butyrolactone

Y-Butyrolactone

Cadmium and cadmium compounds

Cadmium acetate
Cadmium carbonate
Cadmium chloride
Cadmium oxide
Cadmium powder
Cadmium sulphate
Cadmium sulphide
Cantharidin
Carbaryl
Carbon tetrachloride
Carmoisine
Catechol
Chlorambucil ‘
Chloramphenicol
Chlorinated dibenzodioxins
Chlormadinone acetate
Chlorobenzilate
Chloroform
Chloramethyl methyl ether
Chloropropham
Chloroquine
para-Chloro-ortho-toluidine and its hydrochloride
Cholesterol

4,119
15,31
15,37

4,231
16,163
16,171

4,247
11,225
11,231

2,74
11,39

10,79
12,37
1,53
8,83
15,155
9,125
10,85
15,41
6,149
5,75
1,61
4,239
12,55
13,47
16,277
10,99

(corr. 13,243)
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Chromium and inorganic chromium compounds

Barium chromate
Calcium chromate
Chromic chromate
Chromic oxide
Chromium acetate
Chramium carbonate
Chramium dioxide
Chromium phosphate
Chromium trioxide
Iead chramate
Potassium chramate
Potassium dichramate
Sodium chromate
Sodium dichromate
Strontium chromate
Zinc chramate hydroxide
Chrysene
Chrysoidine
C.I. Disperse Yellow 3
Cinnamyl anthranilate
Citrus Red No. 2
Copper 8-hydroxyquinoline
Coumarin

Cycasin

Cyclochlorotine

Cyclophosphamide

2,4-D and esters

D & CRed No. 9

Daunomycin

DDT and associated substances
DDD (TDE)
DDE
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2,100

3,159
8,91
8,97
16,287
8,101
15,103
10,113
1,157
10,121
10,139
9,135
15,111
8,107
10,145
5,83

(corr. 7,319)

(corr. 7,320)



Diacetylaminoazotoluene
N,N'-Diacetylbenzidine

Diallate

2,4-Diaminocanisole and its sulphate
4,4'-Diaminodiphenyl ether

1, 2-Diamino—4-nitrcbenzene

1, 4-Diamino~2-nitrobenzene

2,6~Diamino—-3- (phenylazo)pyridine and its
hydrochloride

2,4-Diaminotoluene
2,5-Diaminotoluene and its sulphate
Diazepam

Diazomethane

Dibenz[a, h]lacridine
Dibenz{a, jlacridine
Dibenz[a, #]anthracene
TH-Dibenzol[ ¢, g lcarbazole
Dibenzol %, rst ]Jpentaphene
Dibenzola, elpyrene
Dibenzola, A lpyrene
Dibenzola, 7 Jpyrene
Dibenzola, 7 lpyrene

1, 2-Dibraomo—-3-chloropropane
ortho-Dichlorobenzene
para-Dichlorobenzene
3,3'-Dichlorobenzidine
trans-1,4-Dichlorobutene
3,3'-Dichloro-4,4'-diaminodiphenyl ether
Dieldrin

Diepoxybutane
1,2-Diethylhydrazine
Diethylstilboestrol

Diethyl sulphate

Diglycidyl resorcinol ether

8,113
16,293
12,69
16,51
16,301
16,63
16,73

8,117
16,83
16,97
13,57
7,223
3,247
3,254
3,178
3,260
3,197
3,201
3,207
3,215
3,224
15,139
7,231
7,231
4,49
15,149
16,309
5,125
11,115
4,153
6,55
4,277
11,125
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Dihydrosafrole

Dihydroxybenzenes
Dimethisterone

Dimethoxane

3, 3'-Dimethoxybenzidine (o-Dianisidine)

para-Dimethylaminoazobenzene

para-Dimethylaminobenzenediazo sodium sulphonate
trans-2[ (Dimethylamino)methylimino]-5-[2- (5-nitro-

2-furyl)vinyl]l-1, 3, 4-oxadiazole
3,3'-Dimethylbenzidine (o-Tolidine)
Dimethylcarbamoyl chloride
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine
Dimethyl sulphate
Dinitrosopentamethylenetetramine
1,4-Dioxane
2,4'-Diphenyldiamine
Disulfiram
Dithranol
Dulcin
Endrin
Fosin (disodium salt)
Epichlorohydrin
1-Epoxyethyl-3, 4—epoxycyclohexane

3, 4-Epoxy-6-methylcyclohexylmethyl-3, 4—epoxy-

6-methylcyclohexane carboxylate
c¢i1s-9,10-Epoxystearic acid
Ethinyloestradiol
Ethionamide
Ethylene dibromide
Ethylene oxide
Ethylene sulphide
Ethylenethiourea
Ethyl methanesulphonate
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1,170
10,233
15,155

6,167
15,177

4,41

8,125

8,147

7,147
1,87
12,77
4,137
4,145
4,271
11,241
11,247
16,513
12,85
13,75
12,97
5,157
15,183
11,131
11,147

11,147
11,153
6,77

13,83
15,195
11,157
11,257
7,45
7,245

(corr. 7,320)



Ethyl selenac

Ethyl tellurac
Ethynodiol diacetate
Evans blue

Fast green FCF
Ferbam

2~ (2-Formylhydrazino) -4- (5-nitro-2-furyl) thiazole

Fusarenon—-X

Glycidaldehyde

Glycidyl oleate

Glycidyl stearate
Griseofulvin

Guinea green B

Haematite

Heptachlor and its epoxide
Hexamethylphosphoramide
Hycanthone and its mesylate
Hydrazine

Hydroquinone
4-Hydroxyazobenzene
8-Hydroxyquinoline
Hydroxysenkirkine

Indenol1, 2, 3-cd lpyrene
Iron~-dextran complex
Iron-dextrin complex

Iron oxide

Iron sorbitol-citric acid complex
Isatidine

Isonicotinic acid hydrazide
Isosafrole

Isopropyl alcohol
Isopropyl oils
Jacobine

12,107
12,115
6,173
8,151
16,187
12,121
7,151
11,169
11,175
11,183
11,187
10,153
16,199
1,29
5,173
15,211
13,91
4,127
15,155
8,157
13,101
10,265
3,229
2,161
2,161
1,29
2,161
10, 269
4,159
1,169
10,232
15,223
15,223
10,275

(corr. 13,243)
(corr. 11,295)

(corr. 7,319)
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Iasiocarpine
Iead salts

Iead acetate

Iead arsenate

Iead carbonate

Iead phosphate

Iead subacetate
Iedate
Light green SF
Lindane
Luteoskyrin
Magenta
Maleic hydrazide
Maneb
Mannomustine and its dihydrochloride
Medphalan
Medroxyprogesterone acetate
Melphalan
Merphalan
Mestranol
Methoxychlor
2-Methylaziridine
Methylazoxymethanol acetate

Methyl carbamate
N-Methyl-N,4-dinitrosoaniline
4,4'-Methylene bis (2-chloroaniline)
4,4'-Methylene bis (2-methylaniline)
4,4'-Methylenedianiline

Methyl iodide

Methyl methanesulphonate
N-Methyl-N'-nitro-N-nitrosoguanidine
Methyl red '
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10,281
1,40

12,131
16,209
5,47
10,163
4,57

4,173
12,137
9,157
9,167
6,157
9,167
9,167
6,87
5,193
9,61
1,164
10,131
12,151
1,141
4,65
4,73
4,79
15,245
7,253
4,183
8,161

(corr. 7,319)
(corr. 8,349)

(corr. 7,320)

(corr. 7,320)



Methyl selenac
Methylthiouracil
Metronidazole
Mirex

Mitamycin C
Monocrotaline
Monuron

5- (Morpholinamethyl) -3-[ (5-nitrofurfurylidene)-
amino]-2-oxazolidinone

Mustard gas

1-Naphthylamine
2-Naphthylamine

Native carrageenans

Nickel and nickel campounds

Nickel acetate
Nickel carbonate
Nickel carbonyl
Nickelocene
Nickel oxide
Nickel powder
Nickel subsulphide
Nickel sulphate
Niridazole
5-Nitroacenaphthene
4-Nitrobiphenyl
5-Nitro-2-furaldehyde semicarbazone
1[ (5-Nitrofurfurylidene)amino]-2-imidazolidinone
N-[4- (5-Nitro-2-furyl)-2-thiazolyl Jacetamide

Nitrogen mustard and its hydrochloride
Nitrogen mustard N-oxide and its hydrochloride
N-Nitrosodi-#n-butylamine

12,161
7,53
13,113

5,203
10,171
10, 291
12,167

7,161
9,181 (corr.
4,87 (corr.
4,97
10,181 (corr.
2,126 (corr.

11,75

13,123

16,319
4,113
7,171
7,181
1,181
7,185
9,193
9,209
4,197

17,51

13,243)
8,349)

11,295)
7,319)
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N-Nitrosodiethanolamine
N-Nitrosodiethylamine

N-Nitrosodimethylamine

N-Nitrosodi-n—~propylamine
N-Nitroso-N-ethylurea

N-Nitrosofolic acid
N-Nitrosohydroxyproline
N-Nitrosomethylethylamine
N-Nitroso-N-methylurea

N-Nitroso-N-methylurethane
N-Nitrosomethylvinylamine
N-Nitrosomorpholine
N'-Nitrosonornicotine
N-Nitrosopiperidine
N~-Nitrosoproline
N-Nitrosopyrrolidine
N-Nitrososarcosine
Norethisterone and its acetate
Norethynodrel

Norgestrel

Ochratoxin A
Oestradiol-178
Oestradiol mustard
QOestriol

Qestrone

0il Orange SS

Orange I

Orange G

Oxazepam

Oxymetholone
Oxyphenbutazone

362

17,77
1,107 (corr. 11,295)
17,83
1,95
17,125
17,177
1,135
17,191
17,217
17, 303
17, 221
1,125

17,227

4,211
17,257
17, 263
17, 281
17, 287
17, 303
17, 313
17, 327
6,179
6,191
6,201
10,1791
6,99
9,217
6,117
6,123
8,165
8,173
8,181
13,58
13,131
13,185



Parasorbic acid 10,1799

Patulin 10,205
Penicillic acid 10,211
Phenacetin 13,141
Phenicarbazide 12,177
Phenobarbital 13,157
Phenobarbital sodium 13,159
Phenoxybenzamine and its hydrochloride 9,223
Phenylbutazone 13,783
meta-Phenylenediamine and its hydrochloride 16,111
para-Phenylenediamine and its hydrochloride 16,125
N-Phenyl-2-naphthylamine 16,325
Phenytoin 13,201
Phenytoin sodium 13,202
Polychlorinated biphenyls 7,261
Ponceau MX 8,189
Ponceau 3R 8,199
Ponceau SX 8,207
Potassium bis (2-hydroxyethyl)dithiocarbamate 12,183
Progesterone § 1136
Pronetalol hydrochloride 13,227 (corr. 16,387)
1,3-Propane sultone 4,263 (corr. 13,243)
Propham 12,189
B-Propiolactone 4,269 (corr. 15,347)
n-Propyl carbamate 12,201
Propylene oxide 11,191
Propylthiouracil 7,67
Pyrimethamine 13,233
para—Quinone 15,2565
Quintozene (Pentachloronitrobenzene) 5,211
Reserpine 10,217
Resorcinol 15,1766
Retrorsine 10,3508
Rhodamine B 16,221
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Rhodamine 6G
Riddelliine
Saccharated iron oxide
Safrole

Scarlet red

Selenium and selenium compounds
Semicarbazide hydrochloride
Seneciphylline

Senkirkine

Sodium diethyldithiocarbamate
Soot, tars and shale oils
Sterigmatocystin

Streptozotocin

Styrene oxide
Succinic anhydride
Sudan I

Sudan II

Sudan IIT

Sudan brown RR
Sudan red 7B
Sunset yellow FCF
2,4,5,-T and esters
Tannic acid
Tannins

Terpene polychlorinates (Stzxﬂxumaqg)
Testosterone
Tetraethyllead
Tetramethyllead
Thiocacetamide
4,4'-Thiodianiline
Thiouracil
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16,233
10,313
2,161
1,169
10, 231
8,217
9,245
12,209
10,319
10,327
12,217
3,22
1,175
10,245
4,221
17,337
11,201
15,265
8,225
8,233
8,241
8,249
8,253
8,257
15,273
10,253
10,254
5,219
6,209
2,150
2,150
7,77
16,343
7,85

(corr. 16,387)

(corr. 16,387)



Thiourea

Thiram

ortho-Toluidine and its hydrochloride
Trichloroethylene
Trichlorotriethylamine hydrochloride
Triethylene glycol diglycidyl ether
Tris (aziridinyl)-para~benzoquinone
Tris (l-aziridinyl)phosphine oxide
Tris (1-aziridinyl)phosphine sulphide
2,4,6-Tris(l-aziridinyl)-s-triazine
1,2, 3-Tris (chloromethoxy) propane
Tris (2-methyl-1-aziridinyl)phosphine oxide
Trypan blue

Uracil mustard

Urethane

Vinyl chloride

4-Vinylcyclohexene

2,4-Xylidine and its hydrochloride
2,5-Xylidine and its hydrochloride
Yellow AB

Yellow OB

Zectran

Zineb

Ziram

365



	Cover
	Title
	List of Participants
	Contents
	Note to the Reader
	Preamble
	General Remarks on the Substances Considered
	The Monographs
	N-Nitrosodi-n-butylamine
	N-Nitrosodiethanolamine
	N-Nitrosodiethylamine
	N-Nitrosodimethylamine
	N-Nitrosodi-n-propylamine
	N-Nitroso-N-ethylurea
	N-Nitrosofolic acid
	N-Nitrosomethylethylamine
	N-Nitroso-N-methylurea
	N-Nitrosomethylvinylamine
	N-Nitrosomorpholine
	N'-Nitrosonornicotine
	N-Nitrosopiperidine
	N-Nitrosoproline and N-nitrosohydroxyproline
	N-Nitrosopyrrolidine
	N-Nitrososarcosine
	Streptozotocin

	Supplementary Corrigenda to Volumes 1-16
	Cumulative Index to Monographs



